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Abstract

This study analyzed the quality characteristics of 12 indigenous soybean lines cultivated in Goesan, Chungbuk province, focusing
on their proximate composition, antioxidant activities, and isoflavone content. Proximate composition varied significantly among lines:
moisture (4.92—12.87%), crude ash (3.79—5.98%), crude protein (15.24—39.60%), crude lipid (1.08 —30.40%), and carbohydrate
(34.31 —65.43%). Jinunikong exhibited the highest crude protein content (39.60%), while Hayanultarikong had the lowest (15.24%).
Ajukkaribamkong (brown) contained the highest crude lipid content (30.40%). Napdegikong demonstrated the highest antioxidant
activities, with peak values in total polyphenol (843.79 mg%), total flavonoid (508.98 mg%), 2,2'-azino-bis (3-ethylbenzthiazoline-6-
sulfonic acid) (ABTS) radical scavenging (97.20%), and 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging (85.92%). In contrast,
Hayanultarikong and Ajukkaribamkong (brown) showed the lowest antioxidant activities, with no significant difference between them.
Malonyl daidzin and malonyl genistin were the predominant isoflavones. Namdojangkong had the highest levels of these compounds
(92.80 and 179.85 mg/100g, respectively). However, no isoflavones were detected in Hayanultarikong, Ajukkaribamkong (brown), and
Eollukgangnangkong. Correlation analysis revealed positive relationships among crude protein, antioxidant activities, polyphenols,
flavonoids, and isoflavones, while negative correlations were observed with carbohydrate content. These findings provide fundamental
data on the physicochemical and functional properties of Chungbuk indigenous soybeans, confirming their potential as valuable genetic
resources for functional food development and cultivar improvement.

Key words: indigenous soybean, isoflavone, antioxidant activity, proximate composition

N 2 (Kim - 2021a; Park 5 2025)3}3 9lo] A8# A% 54
(Zaheer & Akhtar 2017), &5 & 3K Bames 5 1996), ZTH>
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i%E}EA SFFT A2 EF, Al A9, AH A
2 A QRlof wet FA GefA|= ZC0E HilE

Mgtq(Wang & Murphy 1994), o]= EEZ SAXY o
7oA F85HA 1ed Akgroltt

T, T 55 4 e w2 A, BEks A48 W
Y 59 FE S FEE F59] T8 FhKim 5
2025). FZolle 715 Hefet WahE VA9 & &4 71 |
sjo] m} Y=g 9 714 2 23443 g2 FHo] AF
T oM H& F4EAL 9loU(Kato 5 2021; Kim 5
2025), At 22 AR} thekAlo] AltfA o= trol 3h4 H
sio} 715 AEd|2o] et Hgeo] Astels BA] Ytk

ES52 2f 717 A9 ol A8t w7l s A
B! *ZPQJ o=, FZof S4H w3 vl 74
Sk L 5ol BRel UAZ 3 AkS 3
AU ol AERR T U o g WO 2 ol
EO]E%(Yoon% 2021), ol= l% g *XH 2 &S 54 A
S 2AM F8% 7HAE AT Lee 5 (013)2 2] 37 &
9] & o]|AEEHE TFo] 97.54~402.00 mg/100gC.2 &F 7+
2 Aolg nelcta s B 52 $59 4420
ek A Ao wet 7154 R elggel 4212 3
o7} 9J&o] H1E H} YthLee 5 2021).

JFL 715 raste} ARpete £A, 123l 715/ AEl o

S8 Z7M) weh EEES T U 3 94

_4 Hz 9 32 =9 Xo| ¢ ZZRE1 ot E3], E

< WEd 4, A9 4384 o 715 =2 g S Oﬂ/ﬂ

A X7} ol A&7 5 ° DRAH A
AolM F83% qd& & o= VHEnt

b 2 AE S5 AR Aol A - A s
AL EZF 1220 Y5t et 8 o] A ZTES ESHSH
BeE@de 243 ol A3 E85te] de=

A=Se)
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FEO Qe 25FE 02 oL Il B
St
M= 2 g
1. A8 M= Y JA2
B Q7o) AgH EFFL 2039 FE 4] 599
AFERl SN OHAGEIA At Ao, F2ulF, HE
O]Sé’_’ ]4—%5(;’_ ﬂ]—%—%’—, ]'O}:EE}‘ﬂ 5, EIE;%—(‘)— O]‘Tﬁ}ﬂtﬂ‘

AT, LELHT, Avlgols, okt

ot
i
Z
e
Hﬂi -
O

O - e - U

FELH), GU71E 5 & 50|} 43t 22 16% A%
Zpgtgo] HEE AAAZS B, Ra7|E olgalo] B
ZH7 12 mesh BETAS o] &ste] YA Badl A 22 A}
L3 BT T AR ATy BAL B 10 ¢

80% OEFS 90 mLE 2A17F B9t X8 2&5191 1, AE )
(12,157xg, 20 min) 5} 7+Q}odT(Adventec No. 2, Advantec,
Tokyo, Japan) & EX4of AME-5}Tt

i

2. YHIME =X
EZF O] AUt E BA2 AOACHHH(AOAC 2002)0f )
2t S5t 8 T2 15T A7t dxs, 2o

22 Micro-Kjeldahl (th 2 A4 Nx6.25), A2

Soxhlet $=&4, £3]H9] g=F2 550C 2| H3|sHES A5
At S531E] S 100%0] SR, ZehlE 22 9

23129 ge W gos Aol

3. BHAlS} M =X
EZF9] ABT S(Z,Z’-azmo—bis(3—ethylbenzthiazoline—6-sulf0nic
A g

mM potassium persulfateS 24A17F St Aof B3 Ol'oq ABTS
FolLg FAPAIZ F o] FNL 735 nmoll A FFE7T 1.3~1.5
7F Hes SRR SA5HT 34 E ABTS &9 1 mLeo}
FE2Y 50 pLE E5to] 3081 ¥RAIXl & FYEE 735
nme Al S5, ABTSE2 Al F7Het AlE BIR71-
9 T4 E WELRE YERUTHRe 5 1999). DPPH(22-
diphenyl-1-picrylhydrazyl) 2ttjZd £752 04 mM DPPH
(Sigma-Aldrich Co.) -8 3% 1.5~1.70] HE= oeZ=
343t &, 5|4 H FE5 0.2 mLoj] DPPH € 0.8 mLE 7}5}
of L2 3087 HAT T 525 nmol A FUEES 24019
o}, DPPHgE T3t A2 H71e} vl 8710 SR Holg
& (%)% HER ATHChoi 5 2003).

4. & Efu= & &3
EZTO & Evs e T FEE

1 mLE &3slo] 3871 ®FA]$t &, 1 N Folin-Ciocalteu’s phenol
reagent(Sigma-Aldrich Co.) 50 tLE Z§5lo] 302 59t HR3-A]
Zch BFSHo] 5w 21O 750 nmof|A] 2351910, BEEE
gallic acid(Sigma-Aldrich Co.)E AME-5to] HZAZ 25kt
FE 72 mg gallic acid equivalent(GAE)/g(dry basis)Z IA|5}
9K Amerine & Ough 1980).

E 50 Lol 2% Na,COy
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5. & E2lEL0|1E SH

ESTO T EHELo|E TF2 F FEE 200 uLoj 1
N NaOH 600 pL €} diethylene glycol 4 mLE 7}5}o] 377Cof A
IA[ZF B9F BESAIZD &, 420 nmof| 4] §FHO] S35k Fh
27519t EEEZ rutin(Sigma-Aldrich Co.)E AR&-5lo] A
XS AAJSE &, mg rutin equivalent(RE)/g(dry basis)Z A
3}91THChung HJ 2014).

6. O|&E2=

B2 o4 Yo HHG T 22E Az AR
2.00£0.05 g J&s] A5 0.05% acetic acid”} $H-H 80%
Here 25 mLE H7lelal 3087 2SIHDH.WUC.A22H,
Daihan Scientific) 3225}t 11 & 1,954xgol| A 1038271 QA=
](Union 55R, Hanil Science)5to] 4J-5H= 3]4=5t3iet. 9] 2
= 28] ¥HEsto] XF 50 mLE 4-85ko] 02 um syringe
filter(PVDF, Whatman)& oj7}ste] UPLC(Waters ACQUITY
UPLC system, Waters)% H-4]5}1c}. £4-8 ZHE-2 CORTECS®
UPLOR(2.1x150 mm, 2.7 pm, WatersyS AF&51911, o} 54k 8
L =720 0.1% formic acid®} acetonitrile®]] 0.1% formic acidS
gradient conditionof|4] 0.3 mL/min £ 2 S&FQom, AYH &
= 35°CE FAISKAITE 2 ile] AlRE F=45He] 260 nmef|A]
PDA HZ7]|(ACQUITY UPLC PDA Detector, WatersyS- ©]-25}c]

2879 EZXTOl A 49 AETA B 85

2291 daidzin, glycitin, genistin, malonyl-daidzin, malonyl-glycitin,
acetyl-daidzin, acetyl-glycitin, malonyl-genistin, daidzein, glycitein,
acetyl-genistin, genistein (Sigma-Aldrich Co.)9] H&=+410 2 RE| At

Z35199tHKim 5 2021by).

7. SAHXNZ
HE AgL 3utE 284519 0H
(standard deviation, SD)Z WE}Q

Chicago, IL, USAYE

AFE(ANOVA)S o] o8
Duncan’s multiple range test2 p<0.055F0A HESSIAH. E
et B4 EA 119 A= Pearson®] HEAATAS
stol wslgom,
2 p<0.012 AA5}ct.

ANT T 2RY

d

(Pearson's correlation coefﬁcient)—E—' ol-&

RO)5FS p<0.05 B

SoI3ith E2E 7 w3 oA fEiEal HarH ojaE
Table 1. Proximate composition of 12 indigenous soybeans in Chungbuk province (Unit: %)
Sample Moisture Crude ash Crude protein Crude lipid Carbohydrate
Purmikong 6.68+0.01™"? 5.57+0.02¢ 32.82+0.07' 14.05+0.45% 40.88+0.36°
Jinunikong 5.67+0.01 5.01+0.018 39.60+0.04° 11.63+0.13 38.09:0.16*
Namulkong 9.64+0.06° 5.98+0.01° 34.38+0.02 15.69+0.20° 34.31+0.18"
Mejukong 5.27+0.01* 5.62+0.01° 34.90+0.04° 18.15+0.72° 36.06+0.69°
Hayanultarikong 12.87+0.04* 4.65+0.00' 15.240.00' 2460218 64.78+0.25"
Namdojangkong 10.58+0.01° 5.17+0.00" 34.20£0.018 15.47+0.04° 34.58+0.04"
Ajukkaribamkong (brown) 4.92+0.00' 3.79+0.00’ 18.42+0.01* 30.40:+0.55° 42.47+0.56°
Eollukgangnangkong 7.34+0.00° 4.69+0.01" 21.46+0.04 1.08+0.05" 65.43+0.03°
Orialtackong 6.9320.00" 5.69+0.01° 37.93+0.01° 14.42+0.15 35.03£0.16
Seonbijabikong 5.87£0.00' 5.52+0.02° 37.06+0.04° 15.690.21° 35.86+0.18°
Ajukkaribamkong (black) 6.88+0.01° 5.68+0.01° 35.97+0.06" 15.29+0.65° 36.18+0.62°
Napdegikong 8.65+0.03¢ 5.97+0.01° 33.56£0.04" 13.25+0.03° 38.57+0.04°

D Each values mean£SD (n=3).

2 271 yalues with different capital letters within a column are significantly different by Duncan’s multiple range test (p<0.05).
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3| E2 379-598%% Z& 7} 897
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180l 7HE =2 S B3k A
SHe W(RDA 2025), 335 & Z(3.58%), 7
olF Tl A (4.88%), 244 wHg d A (6%), HF(HE,
4.87%), HF(EAP3E, 4.86%)= UERY &2 A Aaket {A
gt S Ytk B o] FRole EEHd, A E,
?l, ZEFH 2 F7do] 52 FFoE FFEo 9o
(RDA 2025), £ Ao AHEH ETT F3°l% ol 771
o] =2 dgFog xZItEo] U Ao JSHTt
Fo ohlE gheFol oF 40%E =1 W4rotu|Ato] #3
S o|F1 Qo] FEA THAS AT = U= AR B
TEI Ql=H(Kim 5 2022), & Ao AT ek ghgo]
15.24~39.60%= WSt 71 W2 3hR2 SIRFZEH T2
2 15.24%, 1 2o 2 ZHA) ofEzta|dlgo] 18.42%, A=
ol 21.46%= et it 2 FA YEr
ol 5&ATH AFAAEHNAN T AT T AH(21.01%)
o] WA et A}t AA|5HITHRDA 2025). ¥HH, F=0]
o] 39.60%2 7MY =2 S HYQ, I 2oz QF
AEF(37.93%), A ofF712]RHE(37.06%) 2= et
F2 S0 ZR7F Ol o] w2 AoE YEth
AYATHRDA 2025)°14 FEolg T A(37.32%), 24 vt
T I A B5%), HF(HF, 34.36%), HF(FABZE, 34.6%)
2 Ueht ety o g F2 @ 7] F5S Aokl 30%
o9 w2 2UME 71zl Ao YEtyth. 3t Han &
2008y S AW F T 1,3000] M| FAZ AR A}
Z e FHFo] 32.7~492%2 2 AT AIET 2 AFS
Bastled, ole 39 $etxrio] 2% 1 84 B4,
Az 5 et 82lol s EEbA|7] wiZel yERd &}
olo] 7]QIgt Ao 2 WHETH(Yoon 5 2003; Han 5 2008).

ALS 1.08~3040%2 LHHE 5 &5 7F oSt o
< Bt 7P} 22 2AHE dEGFTOE 1L08% AL,
11 2O 2 SIRFZERFo] 246%E A YEHT BHH,
71 =2 g2 4 ol 7NN o & 30.40%E YERY
T 5 39 W9 =2 FFE Bk A 9 2F2
11~18%2] e Yetiltt. 52734 AEEE(RDA
20259 dE T A(141%), FAzold 4™ A
(14.61%), ZFA b2 3kl 21(17.20%), SF(THE, 13.83%), O
FHAE, 12.6%) & Ve, 224 g2 7d-go] Wk
I, 4R F52 2 AFAH™ 11-18% HE Qo] Sojgitt.
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grotee o B, A, S 10004 W gro =
LEATTH SRRFZEEFC] 7MY AL, tEo® 24
ofF7tE TR UEth 2ehlyt A0 ghe] A
FR7F 018622 JHHA 7L fle AR YEer, £
ol g2 298, AR ¢ B olaEEE R 4
AN w2 4HATE B g3 de 29 &
AZF A 224 B FedTY geslEolAe
=9 AN £ ARAFE B, YAt Jud
A7t e ALE YERETH(Table 2).

2. & E2julEs & ERE0|= & Y 2lCi2 A0 24
FEAY EST 2% digt P45 &4, F EYdE,
% EgHkolt ¥ 9 ZAIbe= Table 39 HeERHIT
ABTS ZttZt &A5S &A5H7] flste] F AlRE 80%
EtOHO] 58 3l&sto] &A%t 23, E ARE 1524~
97.20%2] WS UEHHAL, FwolF 95.90%, LIUEHT
95.66%, A2M o}F7lE]HHE 95.68% U B 7]E 97.20%E
2 &aAGE Blon 714 £33 1 1942 Aol= ¢l
Aot SRRFZEE T Z4M ol 7k -2 72t 20.78% 2
15.24%% 7P @2 AASS Hetllon, & £5 1F /9
2l Zfol= itk DPPH 2tz 4745 E3F ESF Al
£ 80% EtOHo| sulj 3|45t} &7t Axt, gu|7]Fo]
85.92%2 7P &=okal, EEU|F 6.14%, LFEE 9.42%, SFQF
SEEF 627% 9 ZA o7 REE 7.28%E TP B2 &
< yeton, v &% 7 §94Q Zole h
% Zojs RS 129.12-843.79 mg%E YERE T, d
7180] 843.79 mg%=E 7P =2 TS Bl on SIFE
2o A of7hEHrgol 138.53 9 129.12 mg%E 7HY
W2 S R, £ EF5 7 f9AQ1 Aol= igith
ZolHo]E FHEES 40.22-508.98 mg%= LFEFA L, &
HE53 22 FFo2 Jd7]Fo] 508.98 mg%=2 7H
TS B, siRkeEre g 244 of7tekEol
94022 mg%= 7Y F2 EE UEiley, & £%
O]l Zpol= QI AHH o7 B FA oA 7
e el dH7|FY FAst &4, F EQHe
iR o|E e 7P W2 kS YERH SRR E
253 A ofF7telkg Tt oF 6~148) F= XolE HTt.
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Table 2. Correlation coefficients among quality characteristics of 12 indigenous soybeans in Chungbuk province

ABTS DPPH
Contents Moisture Crude Crud.e C.m.de Carbohy- radica.I radica.l Total Total. Ma?on'yl- Mal(?nyl-
ash protein lipid drate  scavenging scavenging polyphenol flavonoid daidzin  genistin
activity activity
Moisture 1
Crude ash 00677 1
Crude protein ~ —0.345"  0.759™ 1
Crude lipid ~ —0.5317 —0.112  0.186 1
Carbohydrate 038 —0.552" —0.823" —0.679" 1
ABTS radical
scavenging ~ —0.201 0721 0.792” —0239 -0418 1
activity
DPPH radical
scavenging  —0205  0348" 04077 -0215 -0.130  0.705" 1
activity
Total polyphenol —0.024  0.739” 0.665~ —0.066 —0479" 0.804"  0.783" 1
Total flavonoid —0.021 0593  0.502" —0.065 —0353" 06547 08487 0927 1
Malonyl-daidzin ~ 0.007  0.727" 0813 0.156 —0.740" 0.646° 0357  0.689"  0.609" 1
Malonyl-genistin ~~ 0.064  0.607" 0.712" 0.163 —0.677  0.540" 0.160 04917 0423 08817 1

Y "p<0.05, "p<0.01; Significant correlation by Pearson's correlation analysis.

Table 3. Comparison of antioxidant activities and total polyphenol and flavonoid contents among 12 indigenous soybeans

in Chungbuk province

Total polyphenol

Total flavonoid

ABTS radical

DPPH radical

Sample (mg%) (mg%) scavenging activity (%)  scavenging activity (%)
Purmikong 330.4543.185D?) 131.04+11.54%F 68.34+0.55° 6.14+1.86'
Jinunikong 537.26+15.57° 249.50:£9.80° 95.90+1.36 58.50+0.95
Namulkong 554.60+24.67° 168.36+10.02° 80.79+1.00° 9.42+223"
Mejukong 332.13+15.64° 134.43+18.17%f 65.82+1.03¢ 18.71+1.22°

Hayanultarikong 138.53+9.852 55.49+11.71¢ 20.78+1.42° 6.27+0.62'
Namdojangkong 360.91+7.44° 126.35+4.71% 72.52+1.36 12.69+2.238
Ajukkaribamkong (brown) 129.1244.74¢ 40.2249.09° 15.24+11.92° 7.28+0.83"
Eollukgangnangkong 323.67+5.32" 108.98+2.86 85.17+1.21° 42.99+1.344
Orialtackong 476.57+16.08° 206.29425.53°¢ 95.66+3.99* 47.750.78°
Seonbijabikong 401.46£14.07¢ 150.90+4.22% 78.73+4.88% 32.59+1.86°
Ajukkaribamkong (black) 484.06+8.90° 205.39+9.08° 95.68+1.40° 47.61£1.12°
Napdegikong 843.79+17.28° 508.98+61.67° 97.20+£0.79* 85.92+0.29°

) Each values meantSD (n=3).
2 271 Values with different capital letters within a column are significantly different by Duncan’s multiple range test (p<0.05)
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(Zaheer & Akhtar 2017) Fogt = Hé = o|AZEHE FF
o= tho]=A|R](daidzein), AU H]Rl(genistein), =2 AlE|
Ql(glycitein) 371X 9] o}Z&]Z(aglycone)T} Z+Z+0] 28] T A
I (glycoside), =222 FA|=(malonyl glycoside) Z oA
g2 FA| E(acetyl glycoside)”’} ZAJ$H (Jin & Ho 2004;
Lee 5 2013; Yoon 5 2021). £3] & £40f §7-5 o|A=c}
2 FEELESYIANEY v o] 7MY B2 Z o HiE
o] 9]0 ™(Kim 5 2018; Kim 5 2019; Yoon 5 2021), & A
JHE T2drfo| =X} T2 YA YARo] FQ o]AEd}
202 golEo] o]l Ael YX|st= ATE HA
TEAY ESF 12&0“ o|aETRE F 3714 of=E &
A EQEEEﬂ:”\] Z 6=dof ot ek EASk o
(Fig. 1). 67}A] o|&ETHE 5 Tho|EAR], SYAH IS He
FollA A9 AEEA FUAL, AU AHRI} DRI A™
(malonyl glycitin)®] 9= 31k ELE]E, ZA ol7le]utE
9 S Bole A2EA YL, olA 957l ol

27770
A2 o] ZE o] AT thFEO] FollA Trdrto]

Fig. 1. Isoflavone content of 12 indigenous soybeans cultivated in Chungbuk province. ** Values with different small letters

within a column are significantly different by Duncan’s multiple range test (p<0.05).
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Zl(malonyl daidzin)¥} T2 A Y A%l (malonyl genistin)2]
o] =A AEEUEH, oA 3 sREEHF, 24 of
Z7edrE 9 dE7GE0E A& R 8okt & 714 o]
AZHE Z GEAEL 92807} 179.85 mg/100g0 &2 7H @
| hsHaL, B2 o 2 JH7|3>dA ol 7EdE>F 2
HE <22 UEt
2 dcio|E 9] ALY 238, Ruhil ABTS ¥ DPPH
gz 275, & Eds, & EdikolE 9 TEYA
YART o] AABAE UEila, ’“ﬂ-‘%ﬂh =94
AHA 7L AUTh CELAYAE Y] ALw F3| 8, Zrhul,
ABTS &z 275, & E9¥s, & %ﬁ‘rilcOlE 4 o=
dopol=di} 2 OCH S EEsts 74]% HATH(Table 2). °l=
o] _/J\_ua]-i o]—%o] =2 %}_C‘)___I, Hﬂ%___] 61—% ol ELA]—Q
e 2 ATl U2
(1994)7} B 13t e} o] Fo Oli%E}l‘i: J
A 2ol weh 2A gt o Qlo 5 1 & Aot
Ut 208 Atg

o|aETRE o] 7MY A UEhd dxdEY A¢
Lee 5(2013)> FHEE 42T T ol Tl
402.00 mg/100g2. 2 7P &4 Uelgtiy B uske] £
2 o]AEThE FFO] Apo|7t 2 AFe} FARRE 736& 1<
gl 4= AU ¥HH SRS ERF, 24 of7teitE H

nsl il

[©)
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mﬂ OHJ
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é%z}%%— olaBetio] A8 AEHA FEH, 1~
Lee 5(2013)0] B 115t ule} o] o] AZalE ghefo] Z-X0
upet 2 2ol & Hol7] wiiZo|tt. $HH Han 5 (2008)2 OH}

AelS B FARAY o] ABeHE o] 278.4-2736.9 e

o Tj9 e Welo) MolE Reltky Rustdiy), &

THE ol aZehE Fapo] BF 1+ FAY Aol L}E}LH

AL EBE fae) laBhe e 2T RO

A L 44 7S S A on
Z

Aol B8 HsAe HelRh

B AT 32 WA §71% SrrolA Au-Raw T 9l
L EEF DEEENE, AkolF, UEE, 3T, sk
o2, FEAF, 24 ol telurE, 28R, e dd
2, AulgolF, 44 olF N, dd/1B)e o
AV, PAT B o o aZehE A 59 BY 54

5

E_/Ké].g_ H]E_‘S}%E} om}H_PE N
, SEIEES 492-12.87%, R3|E 3.79~5.98%, Rt
tng 15.24~39.60%, A5} 1.08~30.40%, EH=3HE 3431~
6543%% FF A Aolg Bk 2 g
FieolFol 39.60%= 7Y =3k, SHFEEHE|Fo] 15.24%
2 714 worom, A HRe ZHA o} ztE|dEo] 30.40%5
Ve =2 TS sty 4R £4 23, d|7)gel
T EYHE843.79 mgh), & ETHE 0] =(508.98 mg%),
ABTS(97.20%) 9 DPPH(85.92%) &tt]Z A 75 HFoA 7}
=2 2 UEleh v sk e Fa 24 ol
l:‘g—i}l = A5t R HOA AP He S BHYgon &

z= 7} 04;(40 x}o]‘— oioh;} ]/\.&E]—E_ S| 7:14 o}
i‘éﬁ‘rﬂEﬂﬁr dE2IAYA-o] 9 o|AZeHEog &
QlE|glon, Yol ZkzF 92.80 L 179.85 mg/100 gO 2
7 w2 SRS EYd siRk2EREE, 24 of7tE s
9 AS7FFolA = oladZehEo] AEHA EUTh 4T
24 A3, 2dE, ABTS #od 275, & EY¥s, &

FehuiolS U o ABIRFL AR Fo JUWAS 1}
Shilos, BTt o LA n5iv £ A7
A 38A9 EFFY olatha 54 2 71540 B
7% A28 Agsh, 1 A A 2ARAL e o
AL, FF 35 4G EFFY ALS 4 ALt 94

A A28 %&& Zéiﬂ g 0% wdH
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Anti-Inflammatory Effects of Porcine Hydrolysate in RAW264.7 Macrophages
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Abstract

This study aimed to evaluate the anti-inflammatory effects of pork-derived digestive hydrolysates and explore their underlying
mechanisms. Pork meat was subjected to simulated gastrointestinal digestion and fractionated into different molecular weight fractions.
Cytotoxicity assessment using RAW264.7 macrophages revealed no significant cytotoxic effects in any of the treatment groups.
Treatment with pork hydrolysates significantly reduced the production of nitric oxide (NO) and pro-inflammatory cytokines, including
tumor necrosis factor-a (TNF-a), interleukin-6 (IL-6), and interleukin-18 (IL-18), in a dose-dependent manner. In addition, both
mRNA and protein expression levels of inducible nitric oxide synthase (INOS) and cyclooxygenase-2 (COX-2) were markedly
suppressed, with the <5 kDa fraction showing the most pronounced effects. Furthermore, the hydrolysates significantly inhibited the
phosphorylation of mitogen-activated protein kinases (MAPKS), specifically c-Jun N-terminal kinase (JNK) and p38, indicating the
regulation of inflammatory signaling pathways. Taken together, these results suggest that pork-derived digestive hydrolysates,
particularly the low-molecular-weight fraction (<5 kDa), may exhibit anti-inflammatory effects by suppressing MAPK signaling
pathways and downstream inflammatory mediators. These findings suggest that pork-derived hydrolysates, particularly the
low-molecular-weight fraction (<5 kDa), may possess in vitro anti-inflammatory potential through the modulation of inflammatory
signaling pathways.

Key words: pork hydrolysates, anti-inflammatory effects, RAW264.7 cells

M E 2 28T 4 e st A& 7Hset Aol /4 7154

=49 dro] gt WAlo] A&AH o7 F7Fskal Utk (Ahn

AL T A=of| gk YA wo] 7| o 24 I3 S 2002; Bae 5 2014; Sanjeewa 5 2017; Zhu 5 2018; Lee

ol B2 BhGolAYE, HestAY THdF o X&d Fe 5 2025)

HAPESE, AEHES 9 WY I A% 5 oyt dH Y FToe AE dlAE 54K 0F Eojolo] O*OWL
A WA AwEo] QUtk(Chen 5 2017; Chavda &  E3|Eo] thdet A4S UrE}%_‘ 4 o] BaE

2024). £3] v dE58 A &4 9 7% 74—}— okl CH(Fadimu 5 2022). @18 E3f i7go)A Bde= =4 —%

A APE £X5t= 79 AR A8ots 20 & g A AF FRONA = A Fd =L 758S &

A} ATH(Chen 5 2017). °|23t OlF =2 HS HJ—S—% aIHO ofits 4= o, 53] BAFgo] A2 A2 A &5 4
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o]& 7ks/do] Eot BYE SHolA Fa% e
UTHRen 5 2022). AAZ A 22} i BojE2 FAksh
F1EY 4 FAF T O YL S UEi= R
LA lom, o]t EAFZ 754 AFE AAEA Y &8
7FsAe Ho]1 UtHGarrido-Ortiz & Morales-Camacho
2025; Rzhepakovsky 5 2025). oo w}et THild Ea&ES &2
Aol wet 25kl 7 £E9] 7]5A8E vl - Behe
A7F &S] o] FofA AL it

SHH, A1 T2 AHujol A 9] 9 A7go] o] A&A 9l

0 18
ol

)

filo

ol

)

T B9 YL AXR, o] oA YL BojRe 2
7] ST ThE ed SAS e 4 9ok theb

AA BA W g2 Wt 7154 B7FE fsiAe &%)
WAL ARG Ao] "asith E3] A A3Kin vitro
digestion) &2 A chulgo] Ao FH= &34 - 3het
A WSS W Y 8T PUOZ FBET Yo,
olg B AN LohE) TS WAL B B
7Fskal Ith(Wojtunik-Kulesza 5 2020; Lee 5 2023).
S5L Aelel AU 1 FR3 T ol
F otuolH, 1% HA 7= S &7 AH|FolA 2 H
22 Aoka 9t F8 Bl FEdolt Tet R o
= AdoflA = Aoy B4 5 54 A F-9of gt
aH] HE @AYol 43lE o] glom, o]& <l Tl 3ol
1 Aol A Rrte] ROt AHE B9z BRE] B
VR 7E A o2 WA grpEa Stk wEba] SuiAl =
& Sty B919 S8EE Folil AF AdolA 9] FAE
2 Fusp] oo, Bad 9 TIUL Wold 1154 A4
g 2AAe) IS sk 957} st wet
A 2 Ao E =5 HuEE e R adtas AE
Sol BohES AXIL, ol BA] et A BojE
(whole), 5 kDa %3} £-8](>5 kDa), 5 kDa 0|5} £&](<5 kDa)2.
2 253 o] RAW264.7 HAA| L HES 0]-§5}o
2t #5j0] 93 t) A4S Aol vIAE AFL BT
24, £2 99 A% Bojze] 3AF BAL vIE - 2%
12 5iink & dAte =5 ok f E6iEe] AR
7Fs/de "Mt SRt 712 ARE AlAlstaLAr gt
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1. £ SOl J2sE AE
HATAE AFolH FYstel ER9| kel 4§}

= S 7 29 ZfEe] tiAE FAES 24 93

RoH, 7R ARE AATT & 5
o|% AlmE ®45to] YA 2717} | mm o5ty
H gk 7 A|9] 48t A9dof] ARGt A9 4%k= Seo
(2022)9] WS 7|Ht o 2 sho] 9 @A &% TAE At
Ao w st WA, € Al 1 gof tisto] 10 mL
o] SRS 7St AERt &, 9] ASFAANA pepsin
(Sigma-Aldrich, St. Louis, MO, USA)S & %1 2,000 U/mL
7F =5 A7kt ¥ES &4 pHe 1 N HClE ©]-8-5}
of pH 2.00.2 2A35}% 0™, 39T, 150 pmO. 2 6A]7F Hk-S
A At} ol& A% WA A= pancreatin(Sigma- Aldrich)T}t
bile salts(Sigma-Aldrichyg Z+Z} & =X 100 UmL ¥ 10
mMo| FHZE H7}5l%oH, 1 N NaOHE ©]-g3}e] pHE
758 243 3 39C, 170 tpm ZAA] 1847k HH-SAZ ).
A7t &dwE AlEE 022 pum membrane filter(Millipore,
Burlingion, MA, USAYS: o 83t0] ofatstom, ojztel 4
A 23 Bk (whole)S MEE S5dtel BAAR T B
P2 A Z5FT) o]F YE AFE 5 kDa molecular weight
cut-off ultrafiltration membrane(Amicon Ultra-15, Millipore)<
AH&5to] 23519101, 5 kDa 0|5} £8)(<5 kDa)Z} 5 kDa
23} 2965 kDo) 242} Bioiolt BE 28 ARt 5
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2. M= HHk

oA O] AAEFQ RAW264.7 A|EE American
Type Culture Collection(ATCC, Rockville, MD, USA)ZH-E £
to} A3} T} A E= 10% fetal bovine serum(FBS, Gibco,
Grand Island, NY, USA)¥} 1% Penicillin-streptomycin(welgene
Inc., Gyeongsan, Korea)©] 7} Dulbecco’s modified Eagle’s
medium(DMEM, Welgene) BiA| S ARE5F 01, 37C, 5% CO,
Z7A9] humidified incubatorof| A B8}t HjA|= 2~3Y 7T
Ao g wABIE o, AE7t 2F 80% confluenceo] =5}
= o Adfeigsto] Aol ARSIt FHS 24 B7HE
95l RAW264.7 A|32of| Al 2E T=EE AP sto] 1A &
oF A& 2]3t &, lipopolysaccharide(LPS, 1 pg/mL)yS 2] &5}
9% Wee REaA

3. MEZMEE =3

MZEEAL EZ-Cytox cell viability assay kit(Daeil Lab
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Service, Seoul, Republic of Korea)S ©]&35}o] =451t
RAW264.7 A|ZLZ 96-well plateo] EF35}o] 2447k 59F <t
48Rt &, Al=E 7+ 50, 100, 200 ng/mL=E A 2]5ko] 24A17F
BAQFSHSITE BI%F E 5 7} wello] EZ-Cytox A9 10 4L
4 A7k 37CAlA 1A WEAIZ ThE, mictoplate
readerE ©]-8510] 450 nmof| A SLEE =451 A EAY
&2 2 i8] HEEE A4St

4. NO M4 ofmigt =3

RAW264.7 A3 0] A nitric oxide(NO) AJ A TF-2 Nitric oxide
Assay kit(abcam, Cambridge, UK)Z 0]-23}0] Z43}t}. A
EE 96-well plateo] E510] 24A17F FRF viFsE &, A7
£ sEE Aol 1A FRt ARt 5 LPS(1 u
gm)E sttt Mo 5 43 8l5ste] ARA)
A Zof wa}t ¥h3-A]Z] 3, microplate readerS ©]-8-5}0] 540
oA FFEE S48 NO A4 A& LPS A/
o tH] WEL(%Z AR

5. Quantitative real-time PCR(qRT-PCR)

RAW264.7 Al 2o A 45 T {4 EFS 245
913l qRT-PCRZ 33T Ao Al mE sz AT
shod 1A17F WA & LPS(1 ng/mL)yE A28k} o] %
Trizol reagent(Invitrogen, Carlsbad, CA, USA)E ©]-&3d} &
RNAE FE35199}. RNAY] X9} L= spectrophotometer
£ olgelol Tslsiom, AT Fol RNAZ AHBalol
cDNA synthesis kit(Invitrogen)S E3f cDNAS $HA4I5ITh
o]% SYBR Green PCR master mix(InVitrogen)—g AE-5}o]
qRT-PCRES $33519tt 9= T S-AXHEINOS, COX-2)9]
S EA5F e, B-acting lﬁ—r iz g AMESHR
=

6. Western blot analysis

RAW264.7 | 20] A 2E F=E = A2sto] 147 4]
2%t & LPS(1 ng/mLyE A3t o|F AZE
PBS=Z A|&5}al RIPA buffer(Sigma-Adlrich Co., St. Louis,
MO, USAYE o|-§sto] A S &5t Al G2
4TCoA fA=est FSHEZ staon, gl 5=
+= BCA protein assay kit(abcam)E ©|-85}] HFolAtt. &
A3t Fo] THF(20 ng)S SDS-PAGER Eed &

nitrocellulose membraneC. = A 0]5}9Itl. Membrane2 5%

ice-cold

skim milk® 1A} blockingdt &, 1} A|(INOS, COX2, p38,
p-p38, INK, p-INK, B-actin)@} 4°CoJ|A] overnight ¥H-3-A] 7;3\1;}
0]% HRP-conjugated secondary antibody?} HESA|ZI X
ECL-detection reagent= ©]|-8-5}o] thil 2l W= & 3lols}9ich.
ol A ¥ L Bacting 7|F02 AHEE9oH, Imagel
software(NIH, USA)S o]&35}o] At WdHe B43519)

7. MHEM AOIEFIQI
RAW264.7 A|ZEOA AAZA AO]EFIRI(TNF-a, IL-6,
IL-1B)9] EH]F2

2HE 53

enzyme-linked immunosorbent assay(ELISA)
kit(R&D systems, Minneapolis, MN, USA)E o]-8-5}o] =25}
At M EZE 96-well plateo] EF35}0] 24A]7F vjFst &, A]
£ sEE Asto] 1A7F AA T o2 LPS(1 pg/mL)
£ A HiF &, 4SS 3l5to] 1,000<gol A 32
AR H ASHE ANESEo] Al 2R Ao uthEt
A $H5lH T 2 Ao|E71919] 5= microplate reader
8lo] 450 ol A FHEES Z4oto] HLelolct.
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£ °l

8. 24 24
EE A9 23

rlr

PosEEHAtE YEiglon, 2

B2 33] o} ke STt $A LHE SpSS L
Eﬂ(Ver 28, SPSS Inc., Chicago, IL, USA)S ©o]-&-5}o] ALHjX]
BAHLAANOVAIS AAISISIE) ARE ko] B2 Holo]
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Fig. 1. Effects of pork hydrolysates and their molecular
weight fractions on the viability of RAW264.7 cells. Cells
were treated with different concentrations (50, 100, and 200
ng/mL) of whole hydrolysate, >5 kDa fraction, and <5 kDa
fraction for 24 h. Cell viability was measured using the
EZ-Cytox cell viability assay kit. The values represent the
mean+SD (n=3).

85 5 W7 AR AE0] FRE XA ke okl

F2Ye et

RAW264.7 A 22o] T3 £42 UiekthA] ehor, o

e

2. INOS 2 COX-2 mRNA s x| &3}

FZ HhS9 393 ulj7fjA| 9l NOL} Prostaglandin Ey(PGE;)
£ 747} INOS®} COX-28h= a0l oJ5f g4dH th(Weinberg
JB 2000). WEHA] o5 FAASY] HAE JA|ot= A2 T
T 4L Hlkokes dl 583 A ;olth. =5 7 4%}
siEo] AT T FAA W nA = JF= 5] ¢
Slo] RAW264.7 A| 2] A iNOS @ COX-2 mRNA E S
A5}l ch(Fig. 2). &2} Bl ste] LPS T & 2ol A
INOSE} COX-29] mRNA & gFo] Zkz- oF 4.2uf 9 5282
FoH o2 FrIekH 18y =5 Rohe] 4%} 2ol 2
2YES AYPS 4 BE AR F AR TE
o] & oJE&F o0& FAst= AYFE Hth 29 7t 8w
A}, BajgFo] YS42 iNOS ¥ COX-2 oA it
o 34 YebgoH, Y XA <5 kDa 30| 7H
$g A4 244 Bk ot A =5 @]
43 S AR PG Hepol|& F, BAo] A2 A
24 Hepol 2ot AN Y A5 AT A AA B &
A0 7 FofFhZ AJAFRITE 7]& Atol| WEH 2~207] 9

fr fe do Ae

= S 7 29 ZfEe] tiAE FAES 24 95
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Fig. 2. Effects of pork hydrolysates and their molecular
weight fractions on the mRNA expression of (A) iNOS and
(B) COX-2 in LPS-stimulated RAW264.7 cells. RAW264.7
cells were pretreated with different concentrations (50, 100,
and 200 pg/mL) of whole hydrolysate, >5 kDa fraction, and
<5 kDa fraction for 1 h, followed by stimulation with LPS
(1 pg/mL) for 24 h. The mRNA levels were determined by
gRT-PCR and normalized to [B-actin as an internal control.
The values represent the meantSD (n=3). "*p<0.001
compared to the control group (without LPS). “p<0.01 and

ook

p<0.001 compared to the LPS-alone treated group.
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(Wang 5 2022), ¥ 47 A7 EgF o] 53 e AX|atet.
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Z2 S FEste Ao d3A Utk (Cao 5 2019). = 4. MHSYH AOIEFIRI(TNF-q, IL-6, IL-18) =2H| 2AH|
% 7 4% EoiEe] %5 WAEE A0l viAe dFe &
gelst7] f15to] NO A== S48 thFig. 3). LPS A& AESA APIEZIIS HAA 7} QF A=(LPS 5)=
o AE NO Aol iz Blg] fof2oz S76t RSk ff EH|EE F8 WY 2 AR, L BHl=
o, ol g% HhSol AR FEHUSS YEtdT. Tk 05% 9 22 &40 A1 Uelo] Hrk(Soromou 5
ARE AT 43}, BE 2804 NO o] ik &4 2012). Qe A3} BlEo] GEA AtolEFIQl Eulo
O Haste FFE eI 228 ¥ 43}, 5 kDa ]x]L 6(}:0— B7}5t7] 915te] RAW264.7 A )| 4] TNF-q,

o} &glofA 7Y 943 NO B4 A a7t Uete
, 0] 94 EolH INOSS} COX-2 mRNA e 7HA AgF
A X5} c} B whole 2 5 kDa o)A} £33 = /‘HZHX“
O 7 W2 oA a7t YE oW, o -5 942 1
Ktk NO= HesHA B2 4% 23 —5% el
& X5t Zo® dHA Ut TEtA 2 A

NO /g oAl adh= =5 f&f 4% BofE ]
AT & A AlAbotH, ol= A &
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Fig. 3. Effects of pork hydrolysates and their molecular
weight fractions on NO production in DLPS-stimulated
RAW264.7 cells. RAW264.7 cells were pretreated with
different concentrations (50, 100, and 200 pg/mL) of whole
hydrolysate, >5 kDa fraction, and <5 kDa fraction for 1 h,
followed by stimulation with LPS (1 pg/mL) for 24 h. NO
production in the culture supernatant was measured using Griess
reagent. The values represent the mean+SD (n=3). **p<0.001
compared to the control group (without LPS). "p<0.05, “p<0.01
and “"p<0.001 compared to the LPS-alone treated group.
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Fig. 4. Effects of pork hydrolysates and their molecular
weight fractions on the secretion of pro-inflammatory cytokines
(A) TNF-a, (B) IL-6 and (C) IL-1B8 in LPS-stimulated
RAW264.7 cells. RAW264.7 cells were pretreated with
different concentrations (50, 100, and 200 pg/mL) of whole
hydrolysate, >5 kDa fraction, and <5 kDa fraction for 1 h,
followed by stimulation with LPS (Ipg/mL) for 24 h. The
values represent the mean+SD (n=3). *p<0.001 compared to
the control group (without LPS). "p<0.05, "p<0.01 and

otk

p<0.001 compared to the LPS-alone treated group.
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Fig. 5. Effects of <§ kDa pork hydrolysate fraction on the
protein expression of iNOS and COX-2 in LPS-stimulated
RAW264.7 cells. Representative western blot bands and
relative protein expression levels normalized to [B-actin. Cells
were pretreated with different concentrations (50, 100, and 200
ng/mL) of the <5 kDa fraction for 1 h, followed by stimulation
with LPS (1 pg/mL) for 24 h. The values represent the
mean+SD (n=3). *p<0.001 compared to the control group

(without LPS), "p<0.01 and ““p<0.001 compared to the
LPS-alone treated group.
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Fig. 6. Effects of <§ kDa pork hydrolysate fraction on the
phosphorylation of JNK and p38 in LPS-stimulated RAW264.7
cells. Representative western blot bands, relative ratio of
p-JNK/INK, and relative ratio p-p38/p38 are shown. The
expression levels were normalized to their respective total
protein forms. Cells were pretreated with different
concentrations (50, 100, and 200 pg/mL) of the <5 kDa
fraction for 1 h, followed by stimulation with LPS (1 ng/mL)
for 24 h. The values represent the meantSD (n=3). *p<0.001
compared to the control group (without LPS). “p<0.01 and
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p<0.001 compared to the LPS-alone treated group.
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Fig. 7. Proposed mechanism underlying the anti-
inflammatory effects of the <S5 kDa pork hydrolysate fraction
in LPS-stimulated RAW264.7 macrophages. The <5 kDa
fraction derived from pork hind leg digestive hydrolysates
suppresses LPS-induced inflammatory responses in RAW264.7
macrophages. The fraction inhibits the phosphorylation of JNK
and p38 in the MAPK signaling pathway, leading to decreased
expression of iNOS and COX-2. As a result, NO production
and the secretion of pro-inflammatory cytokines, including
TNF-q, IL-6, and IL-1[3, are reduced, thereby exerting anti-
inflammatory effects.
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Associations between Influencer Imitation, Body Esteem, and Eating Attitudes
among Women in Their 20s and 30s
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Abstract

This study investigated the effects of social media influencer imitation on body esteem and eating attitudes among women in their
20s and 30s. The aim was to inform healthy weight management and nutrition education in SNS environments. An online survey
of 200 women aged 20 - 39 was conducted from January 16—20, 2026. Data were analyzed using SPSS 28.0 and AMOS, employing
factor analysis, reliability testing, and structural equation modeling. Results showed that appearance-related imitation was the most
prevalent, accompanied by negative body perception and a prominent fear of weight gain. Imitation behaviors did not significantly
impact body esteem. However, cognitive imitation increased body distortion, dieting, and inappropriate eating, while behavioral
imitation specifically affected body distortion. Conversely, higher body esteem reduced all eating-related risk factors. The findings
suggest that cognitive imitation may elevate risk, whereas body esteem serves as a protective factor. This highlights the importance
of educational interventions promoting critical SNS use and positive body image.

Key words: influencer, imitation behavior, body esteem, eating attitude, nutrition education
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T HFS)-5(imitation behavior)} EFQ19] 53} g I
S ol AEseE AHA He FHez HelHy
(Bandura A 1962), A2, Q1ol, B, AL 5 ToFet AL
EgsHe 2 B4to]ch(FloritPons 5 2026). 5] 4514
02 =} AT SASITL sk AASS B
W 7Fs/d0] oA H(Stein 5 2024), SNS 2HF A= <l
FAAZE o]t =8 o] HlLi 5 2022). JAEFAX
= oAl AA olu| x| e} gto] TAEMA S AA|ShH, HEE
A &2 oAt v s FEstal AA Y5O E o]of
2 4 AtH(Hwang SE 2022; Wang D 2023). £35] 2|2, g,
A&HT 22 AA BE 94 F8 1 tiado] EH, o
‘A= JIEFAA Y 7HXE g 85k 141H SH
o] WHHE ofUg} Aoy A52d 5 5= HAAE A
At P52 B2 Ho|7| & Fit) o3t HHes2 7
Q19 AlA 147} Y5 WStol| FF= v]A 5= UTH(Kwon
OH 2023). 121} 7|& A+ A&
82l FF= o] 9low, ojzigt By Eo] AAEFH oI
Alo] Biote] IAE tE Aie FE5T A4tk

AAESHE A4 AA o HiRE ARl H7e} 7
= 2Jv]3HH (Mendelson 5 2001), A71&54 B AlA| o] =
o BstA #E A4 7golthKim JH 2025). & 4l
AEFHE A4 A4S FHHCE 85t AFE &
ol ¥y, W2 A& Al ENS} A4 o=
ojojd &= Qlth(Lee 5 2022). FAWUZ G E T A9
Az AFZ2A oo wet AATFEL; AokEFol &
O3t Zpo] 7t Yeth= A 2= H 3% 0f(Song HJ 2017), 414
of gt Q14jo] 7jle] i Hwet WsiA BeEe o
QI % Stk w3k SNsol A ol4kstel 417 o]w|Alof Hhet
WA w33 s AAEEEE AL 5 Ao
(Quan & Zhang 2024; Seung JS 2024), 0]+= 4lo] € FAI 7}
T gHsHA AZd4€

AolHl == 54 AFet Al 24y #HE AAA -
4 E4& 25t ME2E(Lee T 1998), THO|oE

=4 H2& 5 ogFet FEE YEdti(Janahi
5] to]o|E PF2 AT g g dAloj 4
SOoE U, AH4l9 AP FHHoR
123 AS2 4 50] S75t= Aol Hilk
AAL(Seo 5 2018), FAH A5 AlAof et F44
QU4jz} A4 BT Z7he} BAH A0 B IHATHK &
Lee 2025). w3, AASNZL AA| A3t WA A4
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AAE FHHOR s Sk, ol Alo] Agtolut Fet
A AEz2E Y507 o]ojd 4 i(Stice & Shaw 2002).
olefgt Alojeri A3 - Eot4 843t Aleld acle] o
S I A 2o W(Lim & Won 2023), £3] o]&4& A 71&
o] Hzet AlA| vl FH-2 FAZH A4 P52 LT
2= 9IthLim & Seol 2023; Kim JH 2025). L}o}7} Z SNSS
BT JAEFAA Y thololE E Atk 3 FRl=+= o] =gt
AlolEik P40l 83T FFZ mA|H, o] 8AEL ol& F
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(Kim & Yeon 2017; Kim GB 2022). o] & H}E O 2 E ¢j3Lo]
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Fig. 1. The research model and hypothesis.
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AL AR LutA EAL Table 13} 2t} & 200 &
20tH 1007 (50.0%), 30T] 10078(50.0%)°]Qltt. AF X J&
S 1399(69.5%), HIGEA 61%(30.5%) 22 YR
SNS o|-& A¥o] Sl AAE 2ddsto] e SHAH
“a’(100.0%)% S35+ AR] SNS= 22~ 9to g QA
E}T130] 1949 (97.0%) 02 7P =9ty §EH 1799
(89.5%), X 657(32.5%), ElE 47%H(23.5%), Ho]AE 347
(17.0%) =2 = UEFETE SNS HHE ¥lki= 51 of2] ®°
123%8(61.5%), 3H2 13 2478(12.0%), ‘3= 3~43]" 208
(10.0%), ‘3= 5~63]" 199(9.5%), ‘F= 123" 1495(7.0%) <=°]

Table 1. General characteristics of respondents

Characteristics n (%)

20s 100 (50.0)
Age
30s 100 (50.0)
) . Metropolitan area 139 (69.5)
Region of residence .

Non-metropolitan area 61 (30.5)
SNS usage Yes 200 (100.0)
Instagram 194 (97.0)
YouTube 179 (89.5)

SNS platforms used X (formerly Twitter) 65 (35.5)
Facebook 34 (23.5)

TikTok 47 (17.0)

1—2 times per week 14 (7.0)

3 -4 times per week 20 (10.0)

SNS visit frequency  5—6 times per week 19 (9.5)
Once per day 24 (12.0)
Several times per day 123 (61.5)

Less than 1 hour 71 (35.5)

. o 1 -2 hours 64 (32.0)

Daily SNS viewing time

2 —3 hours 34 (17.0)

More than 3 hours 31 (15.5)

Very poor 9 (4.5)

) Poor 37 (18.5)
Self—perc.e.lved health and Average 67 (33.5)

nutritional status

Good 65 (32.5)

Very good 22 (11.0)

ATt SHF AIFAIZE 1A BT 717(35.5%), 1~2A]7F
a|qb 6475(32.0%), 2~3A|17F BIRE 3478(17.0%), 3A1ZE o4
319 (15.5%) 0.2 Yebgth 23Eo = QAsH A7 I °§°*
A QAL HEo|th 679H(33.5%), ‘T2 Holty 6
(32.5%), ‘L2 Holtp 377(18.5%), ‘M- £ #
(11.0%), “vj-- Y& Holty 97 (4.5%) =22 e

2. Qi Bi=p0f| CHSH EFAEE] 201

A Bgeo] oie ' 8 RIEA
+ Table 29} et HAZ QQlE~
0.5 oJst& U2 AAEFH 13 2
go] 247+ A A=A

AEFAA 2 ds 32 271 810 =® FEH3loH,
Q9] 1_8_ ‘oﬂEX—] EH]—’ _gLo] 2 ‘C‘)_]_/}_]'Z:]' EHO]”_QE Egtg'a}
Atk 2+ 8919 ITR-Fk(eigen value)2 1 O]A;, 24 HAF A
HL 66.649%, QAARFL HF 0.5 o]0 R QRIFZ
9] AglAo] R, AFE BA A3} Cronbach’s a 7|
S P mgEo] 0881, 14F mEeYEo] 0.752%
Yeht s A85 A g,

AAESHE 9 8908 FEH| AAEFH S
AT AR gh(eigen valuey> 1 o4, F+4 &AF AT
2 67.926%, LRJAXAFL F 0.5 o]4Fo2 gQIFZR9]
StAjo] R EQY, AFE 24 AT} Cronbach’s a Al$=
0.877%2 UERY AlZ| &7 HS =AU

AloJeie {P2 37 8RIoE FEHSoH, 89 12
‘Tho]olE g5, 821 2= FAHE HAPE, 82 32 AlA|
=07 st ZF 8219 11-R-Fh(eigen value)2 1 O]
AL, T2 BA A EL 70.566%, 2717 AT BE 0.5 0]
Ao QRIFF9 Aol FHEUN, AFE £ Aut
Cronbach’s a A= tho]o]E 3= 0.858, HAE HAg=
0.761, AA| 3 0.822=2 Yeh BT A E7F S E AT

e 849 Z}
2919] 5 Aol
olElE §7 4%

HU 1%
oot w2 HI
> # 2] 1z

C

oH ¥

[©)

o

PERERT
© 2)%:0] 7]

o

r-lN Hu:

Table 30 Xﬂﬂl OPME‘r.
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Table 2. Exploratory factor analysis of imitation behavior of influencers, body esteem, eating attitudes

Variable Question Factor Cronbach’s
Factor]  Factor2  Factor3 a
I have followed diet plans introduced by influencers. 0.864 - -
I have tried weight-control methods introduced by influencers. 0.853 - -
After watching influencer content, I have tried to reduce my 0781 i i 0881
food intake or avoid certain foods.
I have purchased diet supplements or health functional foods 0758 ) i
Influencer recommended by influencers.
imitation [ think clothes worn by slim influencers look more attractive. - 0.852 -
behavior  When 1 see content featuring slim or idealized body types,
I feel that I want to look like them. ) 0.722 i 0.752
Influencers present the type of appearance that I consider to be my ideal. - 0.681 -
I tend to compare my body with those of influencers. - 0.576 -
Eigen value 2.987 2.345 - -
Cumulative variance (%) 37336 66.649 - -
I like the way I look when I see myself in the mirror. 0.892 - -
I am proud of my appearance. 0.877 - -
I believe that I have a more attractive appearance than others. 0.849 - - 0.877
elgt(:eii,n There are many aspects of my appearance that I would like to change. 0.707 - -
I think my current weight is appropriate for my height. 0.782 - -
Eigen value 3.396 - - -
Cumulative variance (%) 67.926 - - -
1 particularly avoid carbohydrate-rich foods such as bread or potatoes. 0.793 - -
I engage in exercise or other behaviors to reduce my weight. 0.739 - -
1 consume diet foods to control my weight. 0.738 - - 0.858
I pay attention to the nutritional content and calories of the food I eat. 0.665 - -
When exercising, I calculate or think about the calories that will be burned.  0.587 - -
Eating I feel that food dominates my life. - 0.844 -
attitudes T am preoccupied with food. - 0.713 - 0.761
I feel intense guilt after eating. - 0.615 -
I am afraid of gaining weight. - - 0.869 0.822
I cannot get the thought of needing to become thinner out of my mind. - - 0.801

Eigen value

2.858 2.199 1.999 -

Cumulative variance (%)

28.582  50.573 70.566 -

TLI(Turker-Lewis index), CFI(comparative fit index), RMSEA(root
mean square error of approximation)’} 7|&2 &=5}9ct x> 4
2 2 370 Wgste] Ak B7ho) Arjd 7)zo] oh
D, Be AgE N85 o SeHoR Bue Bavt

AUTHKIm GS 2008). o]of w} & Ao] &7 Ky A
@ Ao Wt Sy RelRd 24 wyo U
g 452 9sto] 7Hd AlZ]| = (composite reliability,
C.R.), Ha-EAL5=Z (average variance extracted, AVE), -4
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Table 3. Fit verification of measurement model

Table 4. Hypothetical model fit index

y CMIN/

) CMIN/

Model X2 (p) pp RMR GFI TLI CFI RMSEA Model X2 (p) pp RMR GFI TLI CFI RMSEA

ti ti
Optimum 05y <3 <005 509 09 >09 <0.08 Optimum = 105) <3 <005 >09 09 >09 <008
model model
Influencer 34.011 Hypothetical 441.388

. 1.790 0.059 0.962 0.970 0.980 0.063 2.053 0.109 0.851 0.896 0912 0.073
imitation  (0.018) 7 009 o7 ? model (0.000) o 0 ? 7
Body 5.645 L411 0,026 0989 0.992 0.997 0.045 Result Unfit Fit Fit Unfit Unfit Fit Fit
esteem  (0.227) b2 .
) ) % Chi-square.
E?ltmg 58.403 1.825 0.057 0.948 0.961 0.972 0.064 CMIN/DF: Chi-square minimized normed fit index.
attitudes  (0.003)

Dy Chi-square.

CMIN/DF: Chi-square minimized normed fit index.
RMR: Root mean squared residual.

GFI: Goodness of fit index.

TLI: Tucker-Lewis index.

CFIL: Comparative fit index.

RMSEA: Root mean square error of approximation.

(t-valueyZ BHRISIAY. 4 23 e 2219 #ESF 81
AAZF By 0.6 odolH, Zk F2Y] t-value GA] 1.96 0]
o7 Uty AR Fostth BdEatrES A4
A B 891 ARt BE QRloA 05 oo R Ut
Ebgor, Fig a9lo] 4% 0.5 njvte g yehdtt 28y
HE 899 JiE AREE 0.7 oo & et Ao
S RE O, Fornell & Larcker(1981)9] 7|&of wet &2 A
79 24 UYL 42 BYES FUA 202 WA,

4 TEUEA DY 2N U 1 A
FEYHA LY APE W 7|50 e 24 23}
L Table 4% 2k 7REP] APEL AATAS

(CMIN/DF, GFI, RMR), ZE&3x|2~(TLI, CFl), 183
RMSEA 52 E3) £318 0= 37159 tHLee & Lim 2017).
B4 A3}, x2(p) 441.388(p<0.001), CMIN/DF 2.053, RMR
0.109, GFI 0.851, TLI 0.896, CFI 0.912, RMSEA 0.0732.2 1}
ERtth GFI9F TLI= ZH2F 0.8 ol A% Fost 20
7= w(Kim WP 2017; Kwon SY 2023), CFI= 0.9 o4},
RMSEA:= 008 ©o|std uf At Koz IirHo
(Schermelleh-Engel 5 2003). wehA] 45 AJtE 4= A
712 oA wAA] Zotl oy 8bsT 0 E U
Eigton, 9 A3 X429l CMIN/DF, CFl, RMSEAE 7]

RMR: Root mean squared residual.

GFIL: Goodness of fit index.

TLI: Tucker-Lewis index.

CFIL: Comparative fit index.

RMSEA: Root mean square error of approximation.

F2 3550 qlof & 7o) By AvkoR v A
oF FHETt

PR AR A AT Fig 29 Zor, QBN
s mE AAESH R Alo] kol digt M AA
ZAI}= Table 59 Zch

AEFAA 5ol AAEFHol vA= TF= 4
HiE 23 7 HI-191 91418 Bl a2 AAESH] &
OISt FFE PIAA Y= AL YEAT(p=0.754). ESE, 7}
4 129 YEH DA 4] AREETO) fo% GG

J

U A] = AL YERTHp=0.779). WtA 7Hd HI-1
HAe. of2fet Adts AA B sy
F&o] H=A] TRl AAIES A

o

Bl AHAA B2
THERA] AAlES A2 2
S5 2 aRlof o5 F9€
o, 7]& A3 A} Hong 5(2024)9] A+
kg Bl

AAIEZA ] AolEo] vAl= I dEd 23 7t
A H2-191 AAEZAE AA=FCl - 0.518(p<0.00)2 <]
3 H(—)Y G vAE o0& UERd ol AXEFH
o] 2 /MRJALF AA1e] AlA o it =2 ]14je] wof
A 7Fs40] #2-2 Qudttt. 0|23t Auh= Qo] A4l
AAE SEH R AXDF AlAo] it 7744 H7ht o
25 Ql4jo] 74T Park & Han(2022), Liu 5(2025)2] 2
TS ARk AR & & Qlnt 7hd H2-290 AAIESA
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Fig. 2. Structural equation model of influencer imitation behavior, body esteem, eating attitudes. "p<0.05, ~“p<0.01,

"p<0.001.

Table 5. Results of hypothesis testing for the structural equation model

Standardized Factor

Hypothesis factor loading  loading S.EY CR? P’ Result
H1-1 Cognitive imitation behavior — Body esteem —0.190 -0.362 1.156 -0.313 0.754 Reject
H1-2 Behavioral imitation behavior — Body esteem 0.163 0.151 0.539 0280 0.779 Reject
H2-1 Body esteem —  Body image distortion -0.518 -0478  0.109 -4379 -7 Support
H2-2 Body esteem — Dieting behavior -0.270 -0271  0.100 —2.720 0.007" Support
H2-3 Body esteem —  Disordered eating behavior —-0.321 -0276  0.094 —2951 0.003" Support
H3-1 Cognitive imitation behavior —  Body image distortion 1.520 2676 0.835 3203 0.001™" Support
H3-2 Cognitive imitation behavior —> Dieting behavior 1.283 2460 0761  3.235 0.001™" Support
H3-3 Cognitive imitation behavior —  Disordered eating behavior 1.384 2272 0710 3.198 0.001™"  Support
H3-4 Behavioral imitation behavior — Body image distortion —0.965 —-0.828 0379 —2.184 0.029°  Support
H3-5 Behavioral imitation behavior — Dieting behavior —0.515 —0.481 0.339 —-1418 0.156 Reject
H3-6 Behavioral imitation behavior —  Disordered eating behavior —0.605 -0484 0316 -1.531 0.126 Reject

D Standard error.
? (ritical ratio.

stk

) "p<0.05, “p<0.01, “p<0.001.

tololE #Eo] -0270p-0.007 02 FOFt R(-)o] FF I

2 ulAE Ao® UehT o) AAESO] £ AANY Sk So & Kwon(021)7 Kim M2024)0] ATtole 2
[} tholojzet BelE W dhmshA o b H2-3Q) AAES ] B PAlaEo] vA
g ojujgith, 410 ARo] et 2R e AR A3k -032(-0003)% FIT F(—)0] FFL
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Abstract

This study investigated how extraction temperature (60, 90, and 120°C) affected the yield and functional properties of mealworm
(Tenebrio molitor) larvae oil (MO). Extraction yield was comparable at 60 and 90C but declined at 120°C, while oil purity
consistently exceeded 99.5%. MO was rich in unsaturated fatty acids, especially oleic and linoleic acids, with the highest total
unsaturated fatty acid content observed at 90°C. Tocopherol content peaked at 60°C, suggesting temperature-sensitive preservation
of these bioactive compounds. Antioxidant activity was greatest at 90°C and correlated with flavonoid content. Oxidative stability
during storage was enhanced at 4C but diminished at 25°C, with higher antioxidant levels improving this stability. MO demonstrated
dose-dependent antibacterial activity against Staphylococcus aureus, Staphylococcus epidermidis, and Cutibacterium acnes.
Furthermore, MO showed no cytotoxicity in RAW 264.7 cells and significantly inhibited both nitric oxide production and tyrosinase
activity. These findings indicate that MO holds promise as a functional ingredient for food and cosmetic applications, with 90C
being optimal for overall functionality and 60°C for maximizing tocopherol preservation.

Key words: mealworm oil, antioxidant activity, tocopherol, antibacterial activity

M B2 ol g FEEial At 59 SRS SR

574 &4
T A& 7}“: A3 AT 7157 Aol Bt Balol 7b & (Lee & 2025). @A ZAAA ] it A =
S7Ftol wet 25 fef ALY AdA 28 7ol 5 abeh W B A% X (Back 5 2017), ZHFA| ] iRt
T3 QUek. 55| AR (Tenebrio molitor) 52 T AZE4 5 (Lee T 2015), TH7IE 39| Fitst 24
ol wof vl AF AdezA 9] FAjgo] & &A= ¥ (Yu 5 2017), 27 A2 75 D] FAHS A5(Se0 &
7HEAL om, A8EE FAAE 7P BEs] o]l 8HL /L 2019) 5 HFR AR 7IsAel At AE R
ot 71& Ao M AR 752 50~60%2] E2 ojAY AMAX ] Ut A+ F= IHE & L F
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F AA9 71574 Bl 5=
& A S FFYUL 29 7HA| o
ok webA 7k oA E
A 70l BpAog pHE 24
71 9F 30% W9l A2 Rkl e H(Yu 5 2017),
A BGollA FFFY Yol FAREE TAYSHA =
Zu o3t @2 Tt A1 W AYE S e
7Fs/dol ol E+total, 1 &8 7Hxo] Bt A=
BiH o2 BEshy, & A ds] &EEA Xotal

(Lee 5 2025).

QA AHAA Y 759 EA= dF= 7144 2=
= O]-&%t &gt A FHIE o] FojA| 1 QloH, 2R
R AP4ERE] A 7@ et A E= F97T Bk o]
of weh ik 2ol & o] #YUsHA| g 7Hs/dol
AT ESE At A-8-Fot D HA| IS ARA] ot o
Agd 245 R AR dEA Y2 HH(Kim 5 2009),
FZ0HE 2Hg 240] gHE o] QUA] ghot &Ry 7o) whet
4 84 4 715700 Ao|7t AT Ao g o idE
L5 1 Y2 Al Uy ApEskE A 24 9

g S TR 7HsAol Aom, 2y 240 ot
4 54 4 Aol 2A - 4 AUth(Lee T 2024
Lee 5 2025). A&/ FA9 AF F5 229 &F 20L&
& 8T ofYzt AL ARV EFHE T 2 4t
3t Aol A% FFE PIA= AL E HIAE I TH(Kim
T 2022). Jeong JY(2021)> Ax W A 2F 2o &
715 & Wskel A 24 WS A4S 18y
oSt AFEL F2 58 T UM 24 Hrlo] =3ty
of Jlom QU9 ojglstd 54, 75 H A% M8 5
4 B4 A= 9FE AAZLE B A= o4
AgtA Q1 Aot
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PATFAONA AR B A X & (Tenebrio molitor) {52 =
23 9AlY 932 525 T AH U Axstel 2R
s} S| @ 2aalo] ALgal) ZAA A 9 2L
Jeong 1Y(2021)9] HPES BT3k] S H871(2-pod ol
press, National ENG Co., Ltd., Korea)& o]-85}o] 2} &5}
Ack A& 15 kg AT o] £ F | 60 MPa7tA]
TEolE R RHEHO R 7k 2794 60T, 90T &
12002 A4E w0l Zk2t 208 Fok FBahelr)

A iy F2EH 2d9] FAHE
Sttt @9l ¢ 9 2k A k2 SOXTEC AUTO
8000(FOSS)YE ©]-&-5kof Soxhlet Yol Wzt S50 2H,
A & 8= petroleum etherS AHE-SFATE <3 5442
AEE 5L 274 47 7HE 02 vjx|gt & HAgr}
HZHEOS 800D, Canon Inc., Japan)= &35}, AAF 4l B
£ 59 548 slasiach

3. Rl BN

ARpAE 24842 Kim 5(2021)9] BHS 47 45t
of 35ttt A& 25 mgo] 0.5 N NaOH/MeOHE 1.5
mLA 93, 100CoA o 5§ B e, olF A
07 Y75 & BF3-H®E &4 2 mLE 7Isto] 100T
oflA 30&7+ A7FES F YA, AFAL HE A
(fatty acid methyl ester, FAME)YE $&517] €|5}o]

NaCl 891 5 mLZ 2] H7bslo] tha] Mgalolct. Reld
iso-octane S FHit HEFOE G493t & 48 A
22 Agaer A B 7AaR0kE 19 Ge
System 7890A, Agilent Technolgies Inc., Santa Clara, CA,
USA)E ARE3SI3 oY, AZ7]+= flame ionization detector
(FID), carrier gasZ+ dAFS ARG £4€ columne
capillary column(SP-2560, 100 mx0.25 mm L.D., 0.2 pm
film thickness, Supelco Inc., Bellefonte, PA, USA)Z ARE-9]
9} 29 (injector) X AE7] &= Z+7F 250°C 2 260°C
2 dAstgon, B 2n mad;|Lo 140C(10 min) —
4°C/min — 240°C(30 min) A0 E A3} A|HpAke]
8 2 A A4 HEoaH BEEEE(FAME.
Mix, C4~C24, Sigma-Aldrich Co., St. Louis, MO, USA)&
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Agstel ST, 7t AL EEEA PR A
ZH(retention time)X} v W 3}o] BA5} 13 HAHS o

of gttt

o
ol
S8

=|E.||E =IA-I
E:“lﬂi o] A& A(a-, B-, Y-, S-tocopherol) £41-2 Moon
50179 We st ST AR Y2
n-hexaneoﬂ A 45| g]Asto] A|P-GA0 g ZAgH & HPLC
HA5HT EA42 HPLC system(LC-20AR, Shimadzu
AL8-3} 0.1, silica column(silica 60,
ol85}%

Corp., Kyoto, Japan)=-
5 um, 4.6 x 250 mm, Tosoh Corp., Tokyo, Japan)=
t} o] ZARS 0.9%(v/v) isopropanol©] E$HE n-hexaneS ARE-
YT, §4-L 0.8 mUmin© 2 AGstsich. AETA-L 295
nm, Y 2L 30CE SX|5t9t} ZF ERHE o] A4
o] A4 U FFL a-, B-, ¥-, S5-tocopherol EFEZ S AFHES
of o, EFEEZ9 HEFA| I retention time)Zt
H|wsto] S5k, A4S o]&dto] AT

111 1 ujet 2gekict
(Singleton VL 1999). A| 25 MeOHO|| 24 5L & 3435t &
254 500 uLe} Folin - Ciocalteu reagent 500 ULE 7}olo] &
ARt &, 33} NayCO; & 500 uLE H7Fsto] REGAIF T
53t 8942 AAoA 308 WRSAIZI T, microplate
reader(VERSAmax, Molecular Devices, San Jose, CA, USA)S
o].Q_o]_oq 700 nmoﬂfﬂ ——%‘E—E— =2 o].oﬂu} ]l-_ Shfo
gallic acid EEIFAE o]gsto] AASIE oM, gallic acid
equivalent(GAE)Z UEFHCE.

Z ZHLo|E T2 Lee & Lee(1994)9] HHS Y
Sko] S5k A& 100 nl(MeOH F=&)°fl S/ 900 1L
£ 5313 & 5% NaNO, €9 70 uLE A7fsho] 587t ¥ks
AlZ T} 0]% 10% AICl; 290 150 pL2} 1 N NaOH 89 500
ULE 37Fste] S9ket £, 045 ym PTFE ZE| 2 of1}s}q]rt
o] 7}H-2- microplate readerE ©]-&-5}0] 517 nmoj|A] SHEE
SAoIt. & E2tEolE FF2 catechin HFEFAZ ©]
235} AASIFH .M, catechin equivalent(CE)Z LEFY At

6. DPPH X ABTS |2t AJ{E =X
DPPH radical scavenging 432 Choi 5(1994)9] ®HH-& W
Welo] 219k A2 891 100 1Lo] 500 1M DPPH ]

- o]y

- oS . s3] - BAJS} P AR

100 uLE 239tsto] 25 lnE 250 IME. 243t &, A4ofl A
3087 BSAIAHYE B8 & microplate readerS ©]-8-510q

BeE 5453t DPPH St &2A842
th2Alo] w2t A4kttt

DPPH radical scavenging activity (%)

~ (Control—RS)
a Control <100

ABTS radical scavenging &42 Re 5(1999)9] WS 2
115} =351t 7 mM ABTS €3} 2.5 mM potassium
persulfate 88 E9}510] 4T G404 1247 B §HSA]
# ABTS' radical 8 H-& | %35} ch. 0|3 ethanol=2 3] 5}
o] 734 nmo| A1) FFLIt 0.7040.057} == Z7GstArt.
A& 89 500 uLofl ABTS" radical %0_1,4 500 LS B3lst &
o] A 30827 BESAIZ T ¥H-- £ microplate readerE ©]
85to] 734 ol BHEE ZHSLAT. ABTS oI 4
A BAL kAol wret Akstely.

ABTS radical scavenging activity (%)

_ (Control—RS)
B Control »<100

7. Hydroxyl 2C|Z¢

Hydroxyl radical scavenging 42 Yu 5(2016)9] WS
o850 24513t} 1| mM FeSO; €9 200 L, 1 mM 1,10-
phenanthroline &8 200 pL, 0.01% H,O, &8 200 uL ¥ 0.15
M sodium phosphate buffer(pH 7.4) 300 uLS S33t &, A|7
200 ULE H7}eto] vhS A Z T 53 202 37°Co|A] 30E
ZF ¥-8-A1Z1 &, microplate readers ©]-8-510] 536 nmO| A &
e 2SS Hydroxyl 202 2ATHE T3]
wjel AL

AEN 53

Hydroxyl radical scavenging activity (%)

_ (RS — Control)
(A, — Control)

*x 100
o714 RS A7 A7h2e] FHE, Ak A2 2 HOS
A715HA) ghe RoHO] T, Control: AR E H7F5HA] 9

o g9 FHES oJugt
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8. Mz

A &Ao] ALgE 7]7]%  Spectrophotometer(CM-5,
Konica Minolta, Inc., Tokyo, Japan)Z &7 A I3 -2 o]
&3to] 71718 A & B4 5359k M= CIE
Ly ot b* MEZHE /1E0R SYaYOr, BEUYT
(Calibration plate CR-A43, Tokyo, Japan)2] L, a, bzt 24zt
9113, —023, 5759tk 2 Al SR A A 33] whE
2garg00 qaTolel A Aol o] uiet 5 4
ZHAE)Z Al4Fsto] B wshiet.

AE= (L, — L,)* + (a; — ay)* + (b, — b, )?

9. &7} 3 IEET BN

AF7H(acid value) Y TAFSHE7H(peroxide valuey= A&
of o] wkeh 245telrkKim 5 2018 WA 47F 27
ARE e - oH =2 &3t &Hi(1:1, vv)oll &siet & Hii=
2l AAIORS HIsle] 0.1 N SUSHERKOH) §10
2 4galsich 47 FLES A Bo] 302 ol A

S Ao shgov], theAle] uheh Adstec

)

Mo

(VX Nx56.1)

4F7Hmg KOH/g) = W

Ol

TiHETE £ ARS oMEM-ZRREE B
|H(3:2, viv)oll &gt & 23} 8 Q EIPAE(KI) X A
7¥sto] FaolA HSAIRT. olF SRS F7FskL 0.01
N E]Q3FAHM}E E(sodium thiosulfate) &H O 2 25} 0
i, FH Aok AL gstel FUHE Tlsloich s
e TRgAe] whe AN

(V' x Nx 1000)
w

THiESHE7Hmeq Oy/kg) =

10. MIESMA|IE(MTT assay)

N EZEJA P RAW264.7 AN Z S 0]-85F MTT assay
2 75} tHMosmann T 1983). RAW264.7 A|Z= 96-well
plateo]] 55107 16A17F o) HigTt &, Al RS SEHE A
2 5to] 24A17F vl sttt o] ZF wello]l MTT Ak 2|5
5 0.5 mymL7t HEE F7F5kal, CO, sig7]olA 447t

2od9] AEgg EA 115

9HS A AT WS 5 ¥iZ1E A5k DMSO -89 200 plwell
< FH7loto] A= formazans -85St th, microplate reader
£ ol&sto] 570 nmof|A SFEE SHSIAT AZAYES
%y 2 Y] S8 HER AEsHnh

11. &HE SSTIKNO assay; Griess reaction)
Fdd= 8§52 LPSE 8T FH RAW264.7 A|EZ9 NO
(nitric oxide) AJA JA A= H7}5HTHChoi & Koo
2004). RAW264.7 Al XX 96-well plateo] EF3}0] 164]
& o1 M . NS SEAR 412 AR
0]% LPS(100 ng/mL)Q]- Al SHA 85t CO, vl %F
71014 20417t B gt HHO]: T 2t well®] 459 50
LILE MZ2 96-well plate2 %71 ¥, Griess reagents
111 Bl&E ¢HoR WEAIFY. ¥gHe FF T
microplate reader2 540 nmoj|A] A3}t NO A
L 5 IS 7|Fo 2 H| g o, g tH] NO
A RSN AT,

=
o

12. Tyrosinase Malls &3

o) X2 tyrosinase A 52
(Han 5 2008). Tyrosinase= Hahd Y
T 240 A= v 7154 B7HY 8 AHE SEHHY
(Jung 5 2009) Tyrosinase E49} 7|2 & L-DOPAS A&
¥om, WS- 0.1 M phosphate buffer(pH 6.8)°]| 4] $~35}%1
t}. 96-well plate©]] buffer, A|F(FEE), tyrosinase TN &
Qsto] 37°Co A ofjd] W3- F L-DOPA &2 347}sto] vt
&= 7NAISHAH. BHS & A== dopachrome®] =5
microplate reader® 475 nmo]A] A3}t PR
(positive control)}-2 ascorbic acidE ARESIH O W, SA 2+
< A= giA 8HE J7Iste] 3¢ 20 R HRSAIFH
=40 % A4St

Tyrosinase A f|-&(%)

Z%‘E’-H%(%) =1- ( saran(’/Au)ntrol) »<100

13. EnEy EI}

G242 paper disc assayZ BH7151THLee 5 2014).
A3+ Staphylococcus aureus, Staphylococcus epidermidis,
Cutibacterium acnesS AH&o1F o™, A|ES s WY & &
et 2 3|Asto] ARGSIATh ZAAA T A2 70%



116 I&A - B - WD - 0ot - YA - o - oS - U] - BAISH

EIOHO] §31% % S8 ARS 2A5t0] AHEstgom,
PHYRTORE ampicillin, SHHZFE NH2 S 5Y
27102 diseo] Aokl ARSIt 22k wok 27
A B % dise 910l F4HE Ao (inhibition zonc)2]
A2 mm 991 Sstel F# BHS BISHAC

14. EAHAZ|

E 3ol Ame XLSTAT(021) ZEIHES o]85fo]
Microsoft Excel LTSC Professional Plus 2021 3Hof| 4] =345}
Ak AT 719 {5 Sl LA RAHEA
(one-way analysis of variance, ANOVA)Z AA|5}H O W, AL
A2 Tukey’s honestly significant difference(HSD) testS O]

FAFGUIIIA

otgich LE 432 33] vhE fgstglon, 54 9
$Z20 p<0.052 AABIC

Zdnt o &
1. +28 ¥ =Y

2R 22(60, 90, 1200)°] wE ZAMAAE 15 Y
MO)| & 4 Fd E4Z v 23, 82 60C
(25.2+0.62%)2} 90°C(25.6£0.17%)°l1 A 5217 =}o]7} giglo
U 120Col A& 21.3¢1.36%2 {9 o7 ZAaste AS
H{tH(Table 1). o]i= IL-2A2ofA ZAAA 2] xZ]o] ¥
d A waEo] FzF oA QYR ofyt nlAlRE 1P E

Table 1. Yield and quality characteristics of mealworm (7enebrio molitor) larvae oil (MO) at different extraction conditions

Samples” MO60

MO90 MO120

Extraction condition 60°C, 20 min

Image

25.240.62*2%

Extraction yield (%)
Oil purity (%) 99.8+0.01°
Residual fat content (%) 14.0+0.34*

120C, 20 min

90C, 20 min

21.3+1.36°

25.60.17°

99.6+0.10° 99.5+0.12*
11.9+1.36 11.0+0.24*

Y MO60, oil extracted from Tenebrio molitor larvae at 60°C; MO90, oil extracted from Tenebrio molitor larvae at 90C; MO120, oil extracted

from Tenebrio molitor larvae at 120C.
2 MeantSD (n=3).

3 Different letters within a row indicate significant differences by one-way ANOVA followed by Tukey’s HSD test (p<0.05).
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A1 AL, Maillard 9ES-, E2] 55 AFe} 5 B33 <l whgL
Z 9, E9] 2% A5 o83l v EXl5te
9 99log Z-&3ttHKwon 5 1998).

2. X4t =M 9 ETHE 24

2 Lo W MO A4 24T EFXHE TS
L2889} W5} tHTable 2). MO= Autx o= Ex3}
AWp4to] SRSk, 9 A4S SH4HC18:1n9c)Tt
H=d4HCl18:2n6c)0] ATt 53] it T(25.7-27.6
2100 gy ST B G(11.1 g100 )BTt FA 3] &=9toL}, &
A TFS 40.2-42.1 /100 gO & L8] H8(69.5 g/100 g)&.
o} okttt & EXIFRTAR SFE2 MOOJA] 68.9~72.2% W

Table 2. Fatty acid composition and tocopherol contents of olive oil and mealworm (Zenebrio molitor) larvae oil (MO)

from different extraction temperatures

Samples Olive oil MO60 MO90 MO120

Fatty acids (g/100 g)”
Myristic acid(C14:0) N.D? 3.4420.03>7 3.57+0.01° 3.5240.05%
Palmitic acid(C16:0) 14.1 15.1£0.27° 15.840.12° 15.5£0.18%
Palmitoleic acid(C16:1) 1.5 1.80:£0.07* 1.9+0.05" 1.86+0.02°
Stearic acid(C18:0) 2.8 1.86+0.04° 1.97+0.01° 1.96+0.03"
Oleic acid(C18:1n9c) 69.5 40.2+0.70° 42.140.32° 41.5+0.46%
Linoleic acid(C18:2n6c) 111 25.7+0.39° 27.6+0.15" 26.9+0.28"
Linolenic acid(C18:3n3) 1.0 1.1320.01* 1.14+0.09" 1.13+0.09"
Total unsaturated fatty acid 83.1 68.9+1.16° 72.240.53* 71.4+0.82*
Total fatty acid 100 89.3+1.49° 93.6+0.68" 92.4+1.07*

Tocopherols (mg/100g)
a-Tocopherol 80.6£0.96° 80.9+2.78° 85.7+0.76° 93.7+0.05"
B-Tocopherol N.D. 11.4+0.79" 9.80+0.01* 10.9+0.15°

y-Tocopherol 13.140.18 N.D. N.D. N.D.

6-Tocopherol N.D. 350+7.85 21445.91° 295+1.82°
Total tocopherols 94.0+1.10° 442+10.6° 310£6.36° 400+£1.97°

Sample abbreviations are presented in Table 1.

D Fatty acid composition values for olive oil were obtained from the literature (Nam & Lee 2007), with representative values estimated

as the midpoints of the reported ranges.
2 N.D.: Not detected.
% Mean£SD (n=3).

9 Different letters within a row indicate significant differences by one-way ANOVA followed by Tukey’s HSD test (p<0.05).
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Table 3. Total phenolics, flavonoids and antioxidant activities of olive oil and mealworm (7enebrio molitor) larvae oil

(MO) from different extraction temperatures

Parameters Olive oil MO60 MO90 MOI120
Total phenolic content (mg GAE/100 g)* 8.54+0.11*D2 2.55+0.29° 5.98+0.17° 2.60:£0.23°
Total flavonoid content (mg CE/100 g)® 15.7+0.86" 40.9+1.26° 45.5+0.63" 37.6+1.04°
DPPH radical scavenging activity (%) 77.6£0.62° 64.240.71° 84.8+2.24° 66.4+0.37°
ABTS radical scavenging activity (%) 99.8+0.10° 62.1+0.60° 82.50.52° 59.5+1.03¢
Hydroxyl radical scavenging activity (%) 37.843.64° 25.0+3.85° 44.6+3.38" 32.442.94%

Sample abbreviations are presented in Table 1.
D MeantSD (n=3).

? Different letters within a row indicate significant differences by one-way ANOVA followed by Tukey’s HSD test (p<0.05).

» GAE, gallic acid equivalents; CE, catechin equivalents.
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Fig. 1. Oxidative stability of mealworm (Tenebrio molitor) larvae oil (MO) during storage at 4C and 25T for 8 weeks.
Sample abbreviations are presented in Table 1. (A—C) Changes in color difference (A), acid value (B) and peroxide value
(C) at 4C; (D—F) changes in color difference (D), acid value (E) and peroxide value (F) at 25C.
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Fig. 2. Functionality of mealworm (Zenebrio molitor) larvae
oil (MO) extracted at 90°C. (A) Cell viability of RAW 264.7
cells treated with MO at various concentrations. (B) Inhibitory
effects of MO on nitric oxide (NO) production in LPS-
stimulated RAW 264.7 cells. (C) Tyrosinase inhibitory activity
of MO compared with ascorbic acid (88 ug/mL, positive
control). The results are expressed as meantSD (n=3).
Different letters indicate significant differences as determined
by one-way ANOVA followed by Tukey’s HSD test (p<0.05).
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Fig. 3. Antibacterial activity against major skin-associated bacteria: Staphylococcus aureus, Staphylococcus epidermidis and

Cutibacterium acnes. The inhibition zone diameter was measured after treatment with MO at indicated concentrations (200 and

400 pg/disc). Ampicillin (100 pg/disc) was used as a positive control. The results are expressed as meantSD (n=3). Different
letters indicate significant differences among groups as determined by one-way ANOVA followed by Tukey’s HSD test (p<0.05).
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Abstract

This study aimed to improve the industrial utility of defatted perilla seed residue (DPSR), a byproduct of perilla oil extraction.
To maximize the release of DPSR's bioactive compounds, we prepared extracts using single or combined treatments of protease,
cellulase, and pectinase, and then evaluated their physicochemical properties and antioxidant activities. All enzyme treatments
significantly increased the content of soluble solids and reducing sugars compared to the control, with pectinase treatment yielding
the highest sugar content. The pH values of all enzyme-treated groups were lower than the control. Regarding antioxidant components,
groups treated with protease demonstrated exceptional efficiency. Ascorbic acid and total polyphenol content were most effectively
extracted with protease alone, while the highest flavonoid content was achieved through complex enzyme treatment. The increase
in these bioactive components directly correlated with improved radical scavenging activities. Specifically, a mixture of protease and
cellulase exhibited the most potent DPPH and ABTS radical scavenging activities. Correlation analysis revealed a strong positive
relationship between antioxidant components and activity indices, with a notably high correlation coefficient of 0.9684 between
polyphenol content and ascorbic acid.

Key words: defatted perilla seed residue, enzymatic hydrolysis, antioxidant activity, food upcycling

M B Al Folle A FARES THE7HA] AE AR Agkst

£ FE GAtolE Aol FEHL glom, oo whE 4

S (Perilla frutescens Ly= HolA G| 4B|EE= F2 HZk] 7EA] Q143 AHo] gt A &S] AYE T Q)
FA HER, 715 35 oA DA¥st= EE ATt THSunpil & Jinsoo 2024).

oF 15,0008 A =o] "tthgh ol SRITHNICS 2023). E74d} DA ARSHY AEH A, W5t 9 opoFet T ATk

< T, Alo]4-RE9t oY} polyphenol H flavonoid 3} F8 Qlo® A gloH, o|F AT & Ue FAkSH

o] ZaAo] BEH I k. SAL ol YA
42 2P Uo] 7154 2AZAY TE 7F5Hol

FBI} 2 P o] FRPOIT B8 I (Hong 5
1997; Jeong 5 2020) AA71A] hRE AR HH] So2
A7t &= AL 7|5l AHo|chAmn 5 2021). o]t
28 PAL AU LA 0|82 2 But ope} 4] 2 9 Gl AT AR AR 9 7154 Holol Tt
£ A9 (4P S AdsHe 2910 A8tk Wt A7vt Buiso] BARS B8 /154 24 AL Ba

fo mjd mo

s
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Jo] ZFZEHIAl Qth(Lee & 2023a).

TP A ) R SEARES AEE Tx0] A8
Sjof gAY 1A ez EAfstol kel g 25 2
Auront 3% 58 U WSS 21 sl o o

A7t Qlek. 712 ATt 22 9 25 EX 54 27
sehelol 9lo] Aeled B B4 B8-S Feisels o
g7} Slowl, FEH0E AR PAS Ae Ao
2 FEA17171 At 7]&o] 875 Qi

olo] & AFIAE S AH BEEE ol7] 9
2HA giQte® aaxe] 34 =YstAt sklth &
S A S YO AER A 25 2
3 E= Astste] Ui AR '] 3lE 7t
= AEAZA 7|eZ2 BH1E T It (Costa 5 2020).
A2l B AEH R AEete Augos ol
¥ 43 S, 230 200 e
7 st s
aax aoﬂ ofe} SAjuF 294 chge
% s Y POl 238 o 5o
(Hwang 5 2021), A4 7B 270 B2 S gl
S Hefol=o) SIS B4 241 At e 9 o o
(Park & Yoon 2018). &L} A0 o]t S71dte] 4t
524 QATolH BeHEAC] BHo] TR ATE BA) Uk
w2 ApelHE S B Bt 2gasde)
A2 #-8-510] polyphenol X flavonoid & 5 AE| A

o

lo N
b S*
o o o

T N
_?E
X
[
o

1t o ol
= b
ot
.
o o
I

0] gepuist, kst B4 wek % ojsfeby Wt ¥
4ot ol B8} v7|Eld AREe] M8 24t 7
54 ANSIA stk

WE Y

It

1. A8 M= L Alet
2 Ao AR SRS S/ AR 7oA EAEeE Rt
S A48T ZWT AVOIA FRIgon], SLS B
(HR3752, Philips, Netherlands)®Z 44X, 40 mesh (Chung Gye
Industrial Mfg,, Co., Seoul, Korea)9] A& SIAZ] T AR 2 ARES}
ok Sfur =28 Qi3 a4 & NOVOZ}’IIES (Bagsvaerd,
Dennark) 2] THH2] E8]| G Axprotease)?] alcalase 2.4L FG(2.4 AU/g)
cellulose E-3)| @4 (cellulase)Q] celluclast(700 BEGU/g) 2 pectin &2
B A (pectinase)2] pectinex XXL (10,000 PECTULYE: AF83}5]
O, QIS Y B4 W AR HS 1o A8H Folin-Clocalta’s

phenol reagent, L-ascorbic acid, DPPH(1,1-diphenyl-2-picrylhydrazyl),
ABTS (2,2’-azino-bis-3-ethylbenzothiazoline-6-sulfonic acid), quercetin
9 tannic acid= F5 Sigma-AldrichAK(St. Louis, MO, USA)o|A] <]
o} B8 =20] AokS AL85}oith

2. EaA2| S FE29| Mx ¥ A2 =A

aaAe M FE2ES AxXs] Al vkfigt S
20 goll A= 90 mLE 719t &, 7 A 2j5to] ofu| A Y] Axt
of] w2} protease, cellulase, pectinaseE 22+ 3 mLA 7ok,
E3a A9 AL protease®} cellulase, protease@} pectinaseZ
sto] ZH2F 15 mLY B3tetol A7lsteint 2L a4 o
A R4S 3 L Frhetacth St aavt £3E 42
9] AYHL 5582CE A= e ZF(water bath)of Al
80 rpmS] 27A0Z 247 BoF WuketHA] AA TS 59
ok B S= & 849 EGAIE fI5to] 90ToA 10&
B9t Aot AZA7]a, P4EE] 7] (Labogene 1736R,
Gyrozen, Korea)Z ©]-8-5}a] 4T, 3,041xg 204 3087 &
ARl A5HS F4 oJTAI(No. 2, ADVANTEC,
Tokyo, Japan)& oJT}sto] 2F 74 Alm= AMESHIH

3. BaNd| S FE22| olEEy 24

|

A

M

¥

1) pH, 7kBA TEE U Beg HE A%
S7luo] B4S Aeie 7 225 et pHE lsl]
25}t pH meter(Orion Star A211, Thermo Scientific, USA)YS
ol gstol 2HalSitt B R4 2520 HH 1R
2 F A (Pal-1, ATAGO, Japan)E ©]-&35lo] =351
oh 70 m4 2] ot HARE AE 52 Tl
7] 95t FYF TFFE =A5M¥Y O™  dinitrosalicylic
acid(DNS)°f| 2]st H| A ¥ (Chae 5 2000)2.2 550 nmof|A] &
FEE 243 T glucose HFE ZA 0 ZHE AHESHYCH

o T

2) M

Sl g4 22E0] ATl MIA|(CR400 Minolta Chroma
Meter, Konica Minolta Inc., Tokyo, JapanyS AR&-5}o] Hunter L,

a bEES HIE 245} 5] Wagro 2 Uehygih. Zo] Akes
HZE WATO] Lx 2% b* 28 7} 90.83, —0.30, 4.950]91ch.

eS|

JI)|I

aaAY S8 FE2E W FAESE B2 ascorbic acid,
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o

flavonoid SF3HE 9 polyphenol 3F3HE9] $HF =4 95t
hew 2ol 2yt

Ascorbic acid®] =S Park 5(2008)2] HhHo|| et Z+ &
A2 Al&E 0.2 mLoj| 10% trichloroacetic acid(TCA) 0.8 mLE
7Fsta AR 7104 3,041xgR SEIF YARGAZ &
o753l ofol 0.5 mLo] 2% metaphosphoric acid 1.5 mL2}
10% phenol reagent 0.2 mLE &350 Ao A 1087 HHA]
760 nmoJ| A EFEE 7 5HAT. Flavonoid 3HHE2] &
&2 Moreno 5(2000)2] HHof whe} ZF A4 2] A& 0.5
mLo]| 80% ethanol 0.5 mLE 7}5}0] o] &8+ 0.5 mLof| 10%
aluminium nitrate 0.1 mL, 1 M potassium acetate 0.1 mL %
80% ethanol 4.3 mLE 217} 7}5}al Af-20] A 40271 W] &
415 nmoA FFE g2 SHSIeH REEHEE
quercetin(Sigma-Aldrich, St. Louis, MO, USA)S AM&-5}3it}.
Polyphenol SF3H&-2 ZF §4*]2] A|& 1 mLo]| phenol reagent
0.5 mL9} 10% Na,CO; 1 mL, &7 7.5 mLE 2|t = &3
sto] 3087 WA % 760 ol FHEE SHshon
ZEZ 2L tannic acid(Sigma-AldrichyS AF&-5}3 THAOAC
1995).

4) gitsl gy

BAAY S FE2E9 T4 A4S S5 Sl
o] DPPH radical 2753} ABTS radical 2758 =451t}

DPPH radical 2752 G437 2222 SU35H 504)
545t A& 2 mLo]] 02 mM DPPH 2 mL 37} 2 &3 &
43204 3087t g5kl 517 nmofl Al P EE A5
ol 9] A4rA o R AAFSHATHBlois MS 1958).

DPPH radical scavenging activity(%o)

_ [, _ _Sample O.D
=\ Blanktest 0.0 )< 10

a4 St ojsh

2 EA 9 A S 127

ABTS radical A752 ABTS A|2K(2,2’-azinobis(3-ethyl-
benzothiazoline-6-sulfonic acid) 7.4 mM} potassium persulfate
2.6 mMZ A3 & 5HF FQF Aol AR Ak &3
= ghol 15 oJ3l} =8 SRS S143 T 54 ABTS
AloF | mLo] B4R FEE2 5L5HA 108 343 242
o] A& 0.05 mLE F7Fstal AF=20A 9027t ¥H-EAIX1 &
734 nme| A SFEE S50 o] ALt oz AltstA
THRe 5 1999).

ABTS radical scavenging activity(%o)

Sample O.D

Blanktest 0.0 )~ %0

=|1—

4. SHA=

2 AN dojd AIhe 3wrEoz dojx o=
SPSS 26.0(Statistical Package for Social Sciences, SPSS Inc.,
Chicago, IL, USA) program 2-83}of 2+ A 74| 5-0)
A (p<0.05r& #HZ3+ ¥ Duncan's multiple range testof] 23 4!
Y b9 Aol BT Ea, BaHe B 55
=9 ket AES3 FAbs 4= o] dREAE &<l
517] 9J5}t0] Pearson®] ATEAS AA|SISITH

1. 7k2M DEE sielo s Y pH

St aAE At & FEE0] Udt 7 1BE,
SO T @ pHE SHT ATH: Table 13} Lk

pHE= EAXHE HA] g2 2 5528004 B4
Y 5145400 % R0 H|siA = thA R pHE B
11 pectinase A 2]+ X protease-pectinase E-3}1 7 A A 2] 0]
A 727t 514 9 5192 7V %S phE trehig. ol

Table 1. Changes in pH, soluble solid and reducing sugar content of enzyme-treated defatted perilla seed residue

Treatment
Value
Control Protease Cellulase Pectinase Protease-cellulase  Protease-pectinase
pHY 5.52+0.02° 5.38+0.00° 5.40+0.02° 5.14+0.02° 5.31+0.01° 5.19+0.02¢
Brix (°Brix) 2.70£0.00° 7.600.10° 6.40:£0.00 5.23+0.06° 6.90+0.00° 7.80+0.00"
Reducing sugar (mg%) 0.08+0.00° 0.25+0.01° 0.77+0.01° 1.1140.00° 0.68+0.01° 1.0520.03

D 2T yalues with different superscripts within a row were significantly different (p<0.05).
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pectinase A 2]of] 93} galacturonic acid ¥ -§-7|AF=0] G- =

o] & Aol Hlste] tha W2 pHE Hols A o& A
25U
7hAd AT B, R 270 Brix o G4A

2|2 523~7.80 “Brix® U] ZLo]| B]glo] BE =2 7124
J_oﬂ_‘t_;g Uetjglom ol A3 §4A S0 Q3] 279
O = QIsto] 7R/ AR Tl Sk AS &
U
?:EU Aol R TE 0.08 mg% o] oLt &
AA TS BF 1 9ol S7te e §35] gdkE
&4 pectinase”} THFE AZLENA 2 gL Kol

o2 YT

Lee 5(2023b)2 u| AR Qo] EAA T Al 7184 13
£ 9 S| gFgo] STt HAL stol SEE b2
3t 2 A7 A3lke}l dx|sl= Ao} pHe| ALE &
aA2o] oJsto] x2lo] AstEo] Fr4t & o= QI
pH7} As}sicta slo] 2 Axtel Yx|stqict.

o e
rlor 1&

D*E N olr{

I

rr He

-

2. M H.j?zr
St l £ A3 T FEE g AHsE =
3t Z3}= Table 29} Ze‘:}

B 73"_’ S 9% ot BAAE TS pectinase
Aelt-g ALstils 1;&3 T= Jehfolch thig B OH
F A9 protease 2272 41.898 71 e WL E UpEO
o AE7F @A olFYHSS ERlsth BEEas A
Aoz HzETh Yxrt WA SR =gt

ZM & 9] 720l = protease-cellulase E-gHA 2] 7oA 11.79
2 7 B g BAoH, dEF1.002 Hufs o
TE 84 AHolA Nzt foFog sttt

AL E3 G4 Halo)] 98] AurAo g Zro] AFaEle]

E3] protease-pectinase E3HA T oA 355302 713
Al UebteH, ol t£27(27.08)00 vl S71stH- ol
o] 2+ vl ud o a2 o] o3t Aol M=
Holz AL 7o aasl] Ao ot AlmY 2t &
9] -8&3} npolof= ¥hE 5of| 7|RIet Ao = AlaE Ut
5] protease-cellulase E-3H4 2] W protease-pectinase & 2
oM HMESt FAz gro] G AAH R} Fo|S
ol AS T} R TR SAlo] Bos@A o}
olokz 4rgo] JfslEgg Aee wekElgd

A
N

r4.1 At mln

3. et ME
LA S FAS 4R

SFE O

polyphenol X flavonoid 515}
Table 33} Zt}.

Ascorbic acid9] HFS tF0] 32.68 mg%I o™ T4
2 37.60~66.53 mg%= Ao oJsto] 11 gefo] 57t
Sh= Ao 7 YERdTh SAX T F protease A 7L0] 66.53
mg%Z 7H 52 TS 7|55 2.1 protease-cellulase E-3}
A 2] (61.61 mg%), protease-pectinase &-3}A4] 2]4(56.64 mg%),
cellulase(56.02 mg%) <=9 2 LEFE O™, pectinase A 2]-(37.60
mg%)> S7HE0] 7P mln|skgith

Polyphenol S}3+E9] S=FS HE G4 XHLE0] 2T
(59.67 mg%)°ll H]3] F-2)&H o2 F75l . £3] protease T
& Ao A= 16020 mg%= 7HE w2 FAE HE A
2t tiy] oF 2.7819] 57182 R YT}, Protease-cellulase &
SHA] 2] 2-(151.42 mg%)3} protease-pectinase -3+ 2]4(127.29
mg%) HA| E2 g HAou, T protease AT E T}
£ we Age dehig

Flavonoid 3}3HE2] A9, d27(0.01 mg%)olA= %

ol AEEged, B4 Aol o) folHeE Aata

o 242 ascorbic acid,
Aeigon 1 due

&7

oot

Table 2. Changes in color value of enzyme-treated defatted perilla seed residue

Treatment
Value
Control Protease Cellulase Pectinase Protease-cellulase ~ Protease-pectinase
LY 54.39+0.01° 41.89+0.03" 47.85+0.01¢ 55.19:0.02° 44.12+0.03° 50.16+0.01°
a 1.00+0.02f 10.09+0.06° 7.04+0.03¢ 1.59+0.01° 11.79+0.03" 6.86+0.02¢
b 27.08+0.01° 28.40+0.06° 32.5140.03° 29.75+0.01¢ 32.40+0.03° 35.53+0.01°

D 2T yalues with different superscripts within a row were significantly different (p<0.05).
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Table 3. Ascorbic acid, polyphenols and flavonoids contents of enzyme-treated defatted perilla seed residue (unit: mg%)

Treatment
Value
Control Protease Cellulase Pectinase Protease-cellulase  Protease-pectinase
Ascorbic acid” 32.68+0.35¢ 66.53+0.90° 56.02+1.67° 37.60+£0.26¢ 61.61£1.22° 56.6442.31°
Polyphenols 59.67+1.94° 160.20+2.07 109.83+4.02¢ 74.91£2.16° 151.4243.72° 127.29+4.68°
Flavonoids 0.010.00¢ 0.0520.00° 0.03+0.01° 0.03+0.00™ 0.07+0.00° 0.07+0.01°

D 27 Values with different superscripts within a row were significantly different (p<0.05).

t}. Protease-cellulase E-3}4 2]+ 9 protease-pectinase 234
SZolA] 212 007 mgn A 8 SAS S E 1], Set
B0l SRHSS] PYHAIAE BeHas A2t o w3
498 & % Ak

Lee 51(2023by2 v AU o] 4425k 1 ascorbic
acid, flavonoid & polyphenol SF3HE9] §HeFo] n| AU A9
ZA AR FE5E0] T7FH HULL ol FAks}t AJE2
FEw 371t slol 1 3o} Alshe FFE welt
5] Akt JES9] dFE S7HIIY] SliA= Ba

4. itsl 2y

3
B4 A 240 o2 S 259 HHE aA 24
< E4 3= Table 49 2t

DPPH 2tz 2759 AF, BE Bd HYFolA tx
208.29%) ¥l Mo Zoke A UERfgch &
5] protease-cellulase 23R 2] A 53.35%=% 71 =2 4
A &L Helon, & AT FollAl= protease A2
o] 49.83%=% 7} 93t AL LrERY Qe ¥ pectinase
A 2(33.90%) HRFET= 3o o E 84 AT
Eo) o] ¥ &S B

ABTS #tt]Z 475 ESF DPPH &tz &7 53t Aot

A B4 AP A] YRR £7151 T} Protease-cellulase &
A T} protease TAA o] FAHCE {22} Gl=
71 w2 B9 Ut 9hH pectinase A 2]t o) 27}
FARRE 9] /2 YErslt 70l ERE Akt
RS AR &/ A= Hol S748tof| proteaseE 71+
O & H7shal thE BAE A AP ollS W FAE &
9 Zdo] FoAl= AR wHE

a4 Ao ot @] S/ FEE0 A &Y F
= A ZRIgE ETjEls 9 EetE ol ] FUket
At AHIA7E A= A0 R dE o] 4TAAE BA5
¥ 1 ZAIE= Table 5¢F Zth

Ascorbic acid?} polyphenol SFHE9] $H=F 7Ho] AAA|S
+ 0.9684= U9 W IAE H O™, flavonoid SeE
3} polyphenol S}¢HE 9 ascorbic acidHE -2 2 Q1 AFkA]
YER Aeh E3F F 24 S/ (DPPH vs ABTS) 7+
JTAI GA] 093460 & e, T A #7F asA e S
9] FAitete= H7lek= dl Ao v Y¥E HFE Hol
Ao g YEhit
In 5(2023)2 2F&o] A5 AHstal F4tst &4

573t A3} DPPH 22 2753} ABTS 2z &75
o] &4 AFo9s) F7loks e HYrtal sto] B AT
At dAot=s AFS Ui A

ox o

e

o

Table 4. Antioxidant activities of enzyme-treated defatted perilla seed residue (unit: %)
Treatment
Value
Control Protease Cellulase Pectinase Protease-cellulase  Protease-pectinase
DPPH" 28.29+2.66" 49.83+0.32° 40.15+0.84¢ 33.900.32° 53.35+0.47" 42.94+1.01°
ABTS 54.04+0.84° 75.294+0.95 70.42+1.18° 55.38+0.85° 76.11+0.65 70.05+0.31°

D 2T yalues with different superscripts within a row were significantly different (p<0.05).
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Table 5. Correlation coefficients among antioxidant compounds and antioxidant activities in enzyme-treated defatted perilla

seed residue

Value Ascorbic acid Polyphenols  Flavonoids DPPH radical scavenging ABTS radical scavenging
Ascorbic acid 1.0000
Polyphenols 0.9684 1.0000
Flavonoids 0.7310 0.7816 1.0000
DPPH radical scavenging 0.9300 0.9649 0.8165 1.0000
ABTS radical scavenging 0.9769 0.9619 0.7538 0.9346 1.0000
ool AvE Fdto] B protease 7|HH2] Egta s 2o, FF AT 714 AFE 24 HEE AT 7=

L yo
¥ > 2

t o1
49 IEIPIRIeE 34 2A0|H, S A8 7]

&
< /MY I - 7154 7HAE S &
=S
O O
24 S AT 712 AR E8E ACE Uy

oo b

Qo u #=

B a7t B89 3591 ¥R B9

=

=i5}s17] Y3 protease, cellulase, pectinaseS T F= &
oz Azlslol 22ES A2 0|52 olspeta &
3 & AR &S S BE aaAEToA tx
o tiH] 71 1R T o] fejFo® STtk
Rom, 53] pectinase A&t A & o] 7MY =4 UE
Wtk pHE BE 84X EFo] 2R ¥ pHE UE
Witk Ak} i EA]of| A= proteaseE L FHSF A 2] FHo]
g3t 88 Bt & ascorbic acide} E2]H= I9HEY
SHF2 protease T # 2|0l 4], flavonoid 3H3HE 9]
Egdaa AyToA 7MY Ao E §EF U
4pel F71e U7 ards wom AAHYe
protease-cellulase <33 2]5o] DPPH % ABTS 2tz 47
oA 7P S 23S YErRl 2 AR 7t g
Al A A}, AR 2T 24 A F Aloldl= vl g
St o] gRlE 1o, £3] polyphenol 3HeH=2] oF
ascorbic acid 7+9] AA| = 0.9684% 1S~ = 23
O & protease 7|5H9] Eota 4 A= S744MY] J4eHy -
7164 7HE SUSE 4 Q= A9 1 RIS 54

O

(@)

ool
E o o

B

ol
)

-L?ﬂrﬁn

L'<=)'_
ARz 289 2o J|fHch
ZARe| =

B A (TR = 20258 E WS 9 SHELO zjYe
& SERISEAIE 9] XS whol 435 A5 AF54] tiokA]
QA A(RISE) 222 5F302] A3 Y TH2025-RISE-11-004).
TR 2021 AR(ASFO] AU E F=AFATEY A
& dho} 285 7] 2 AAFY YUY THNo. RS-2021-NR060137).
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Abstract

This study aimed to comparatively evaluate the physicochemical and functional properties of Aspergillus oryzae and Rhizopus
oryzae as potential alternative protein sources. Crude protein content, microstructure, pH, color, antioxidant activity, and emulsifying
properties were analyzed. The crude protein content of 4. oryzae was significantly higher than that of R. oryzae after freeze-drying
(p<0.05), and like that of commercially available freeze-dried Fusarium venenatum. Optical microscopy revealed intertwined thin
fibrous networks in both strains, regardless of freeze-drying, suggesting a meat-like structure. The pH of A. oryzae was higher than
that of R oryzae both before and after freeze-drying, and both mycelia showed significantly lower pH values after freeze-drying
(p<0.05). For color, only the L* (lightness) value increased significantly after freeze-drying in both strains (p<0.05). In antioxidant
assays, R. oryzae showed significantly higher DPPH radical-scavenging activity and reducing power than 4. oryzae (p<0.05). For
emulsifying properties, A. oryzae showed a higher emulsifying activity index (EAI), whereas R. oryzae showed a higher emulsifying
stability index (ESI). These results suggest that 4. oryzae and R. oryzae have potential as alternative protein sources and provide
fundamental information for future mycoprotein applications.

Key words: Aspergillus oryzae, Rhizopus oryzae, fungal protein, mycoprotein, meat alternative, meat substitute

N B A 87} 4g 2SR 9or, oleldt BAH A Lo
A AEH FAT A2Hole 2 By B AL

Selehgt okt A AAHOR ARLAT 45 % A @70 AWk YTHCho 5 2024; Yoon & Soon 2025;
Fholl whet A1 Aul7h A&H o B718) $Lor, olo] W Kwon & Lee 2026). olo] et 7|& 24t 7|8t W AL
% 45 Af SO% D ek K3 Selifelel 1909 ML AAT S Y A4S @R AL g

8 £H]L 20224 598 ke 72310 & aujakel 67 WAlo] F7HSh lon, HEAQ A T pPo Rt
ke® FUNLL, 204K 606 kgOF Z/ASHe FAE  ASLE, WK, 1o vBE S5 Szl So] 224

0.

=
HAth(Jang 5 2025; Shim 5 2025). 5}A|qt 7|55} QIsh I QITHKim S 2024; Lee & Lee 2025).
o|A7| &8} 712 v Z71= AlgF AJALS] EotA AT} A FH L Fusarium venenatum L Neurospora crassa®} 242 Ab
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A 7k A4S ol8ske] S
71714 A& ol th(Karimi & 2021) /\]'*(]‘ =
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J ﬂ—ﬁﬂ?ﬂ ixﬂoﬂ H] OH AlQ _,] 11171—
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2025).

& 38 25 dolE Mol SHRAo] BB AT
Aspergillus oryzae®} Rhizopus oryzae©] gt 34 o] Z715=
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g 4 W] e 914 4 9o,
dH S8 9t #F A oA 585 84E 117
THMousavi 5 2006). $tH, Yu 52026y IR A4ZA nf
oz Al M3 #5F he BAAAS ALl
, 7129] Fusarium spp.& QAISIAY EST 4+ A= =2
S #F7F dQske Hstyict wEkA 71 Fusarium
. S41e] 983 378 208 & G 17 43 4
S BT 754 W Q77 Basd

124 A oryzae®t R Ofyzaeﬂ A 3579 B4 AolE
qgHo uu LT dole RET AP0, T 27
o BASHTHA 8 758 54 HolE Tl 1Y 28
S ST 7|2 Aot Agslolo ATk mebs 2 47
= AA|F R RBASE A oryzae®} R oryzae FAHAIE
Az ¥, 90 B4, TR 2 75 S48
Ao g A Sl AEA 9 43 A & Ths
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1. SEO0| HHF & TAIN =

A. oryzae(KACC 44847)2} R. oryzae(KACC 45713)= ZyZ}
Malt extract agar(MEA; MBcell, Seoul, Korea)of| 25 Cof|A] 7¢
7+ wiFstct. e 72+ F= HoE 0.05%(v/v) Tween
20 €94 10 mLE Fot Eotd AXEEE BHS Fol 2
A} RS Az 2 XA} HEFRE 22} Ml extrac
broth 1 Lo HFstow, o7 <QIFH|o]E(RTS-IC,
BioSan, Riga, Latvia)ollA] 30C ZA0 =2 7¢7t vjFstAict.
Wop F gOlEAA ERES FERHBSW,
Hanbeak Scientific Technology, Bucheon, Korea)ol|4] 70 CZ
302 Aot A oryzae@}t R oryzae U RNAE A ZotHTh
(Finnigan -5 2025). ©|% BAJE FAAE A E ©]-§-5}o]
3ol SRR 23] Al S dAAlE SRS
SRt AR FEHE UERleH, IR = HsEdE dA
A (non-lyophilized mycelium)®2 AFR-ET UM A= SAAX
A (Iyophilized mycelium) A0 AHE-8F3Ath(Fig. 1). 52

A28 915} 21719 FAAE 50 m BE FHo] Hol §E
5t &, 5 mTorr @ 2%7] &% —100C %7 (Bondiro, Ilshin,
Seoul, Korea)ol| Al 48417t EQF ZAA XS] o|& =24
23 FAAE 47| (FPM250; Kenwood, Havant, UK)E ©]
&oto] EEelsiqitt. o] HEAAR dAAL FEAUXE
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Fig. 1. Visual appearance of non-lyophilized and lyophilized
mycelium derived from different fungal species. (a) Non-
lyophilized A. oryzae mycelium, (b) Non-lyophilized R. oryzae
mycelium, (c) Lyophilized 4. oryzae mycelium and (d)
Lyophilized R. oryzae mycelium.

Z el =]

LT ==

2] aex, A4 T2, pHE SSI0H,

SAAE FAAC GBI GIABHS BAsan,

2. XZCHHE s =Y
FAR 9] 2ok E SHEL. KjeldahlH (AOAC 928.08)0] w}
2t Azl & A A0S SHT &, da-did ik

629 Fotel 2R FFOoE A2

3. ZEEnid B
TAAS Ay FRE FE] 98 FEAnF

(Olympus Optical Co., Ltd., Tokyo Japany2 0]-&35}9itt 54

ZHA e FAHA IFL A7 SFH(distilled water)
£ AHESEA] 2%(wiv) B]Asto] ARGl oH, AR o
A 152 & ARE 75 0.5%wh) sE= wyt
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A Y] pH &4 Park & Kim(2024)9] |
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oh A1 % S0 mUoh £ ., 10000
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& 7](T10 basic ULTRA-TURRAX: IKA GmbH & Co.,
KG, Staufen, Germany)Z ©o|-&5lo] #2355ttt 11 &, ¥
A1 E-2]7](1580R; Gyrozen Co., Ltd., Dagjeon, Korea)S 0]-&3}
o] 47T, 3,100xg RACE 1087 YAEYE 3t A5 A5
MG AR5} T} pH 352 pH meter(PM-3; CAS Co., Yangju,
Ltd, Korea)& ARE3to] S745H31om, S4 A £& ¢458
H(pH 7.0, 401, 10.00 0.2 FS 23t

AHE xxé
&"Et SAZEALI(CIE) AA"S 7|9tz A7
(CM-5; Konica Minolta, Osaka, Japan)S AM8-5}0] 451 C.
H, Jeon 5-(2024)9] A+ WS AH MU FAA=
Z]730] 8 mmQl HEZ oA HIE(L*, lightness), 2%
(a*, redness), A (b*, yellowness)Zt< =459 oM, =74
Aol & TAB SR 2 AR,

DPPH ohC|2H
& RAHS) DPPH 2fj 474% 2752 o d A
L‘g Sto] ZA5HTH Yong 5 2023). S=E=E 9AA
3]4J5to] 1 mLY] 0.2 mM 2,2-diphenyl-1-picrylhydrazyl(DPPH)2}
EATHIL, vv). 7L 7, 208 PPAlo] BHHT, o} 5
BE JTHE EBGEA|(Varioskan Lux; Thermo  Fisher
Scientific, Waltham, MA, USA)E- o]83f 517 nmo|A TS
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DPPH radical scavenging activity (%)
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ote b 87EE
A1y 39 EA(linear regression analysis)=
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7. Ferric reducing antioxidant power(FRAP) &
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St SAAZH AL SEEE B 8459

Z¥7¥9] 5]42(200 pL)oll 0.05 M phosphate buffer(pH 6.6)2}
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1% potassium ferricyanide(K;Fe(CN)o) S Z+ZF 500 uL® =3t
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F(34%)2] 2 SFHOHE 22 ZHS H Y tHDenny 5
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o] v 717tol whet o 11%7H4] S7HdS Ealstalom,
ol & A+ 23l FARE Hejoltt o3t Atz 2 A
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S B THp<0.05).

of

b H
o

oft rlo ot
i B

o

FAARE SR 53 Jo) AAdt] A2E AxA
73 TYE B S FA), Bol Nt HEY

Fig. 2. Crude protein content of non-lyophilized and
lyophilized mycelium derived from different fungal species.
ABValues with different letters within the same strain differ
significantly (p<0.05); **Values with different letters
between strains within the same drying method differ
significantly (p<0.05).
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S4 HaskE 4 ool 4% 712 THIN S8 T
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Fig. 3. Optical microscopy images of non-lyophilized and
lyophilized mycelium derived from different fungal species.
(a) Non-lyophilized A. oryzae mycelium, (b) Non-lyophilized
R. oryzae mycelium, (c) Lyophilized 4. oryzae mycelium and
(d) Lyophilized R. oryzae mycelium
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oA o2 HAPTh(p<0.05, Fig. 4). 3EAX A A5 &
oA A oryzae dAHA7}F R oryzae dAMA|E T {-9]F o072
=2 pHE YEFATHp<0.05).

2 A+ 23, 524% AT BFA R oryzae FAHA| 2]
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Fig. 4. pH value of non-lyophilized and lyophilized

mycelium derived from different fungal species. *~®Values

with different letters within the same strain differ
significantly (p<0.05); *"Values with different letters
between strains within the same drying method differ
significantly (p<0.05).

AR WS BolZ FelA gLom(Akie 5 2029)
Tanyilldizi 520122 R. oryzae?7} F|Z ZZA | 93.2
gL 39 AL BAE 4= 9152 Eargt vf Qloh. whabA
£ AgoA THE R oryzae] FE pHE HIYF 7|7F Bt
¥ Rk} 22 97]AF Ao] AL u]HE TR o]
) A oryzae?}t R. oryzael] pH7} A2 FHETH
AL, 5EAAX Y T FE0 Xﬂﬂﬂ“‘*ﬂ A& "H
HEAE oA AH] A7 550l 8 5 W7 "=
2 -} (Vetrakova 5 2017). o]= %éﬁi 7411]9}
Trichoderma w-AHA| Blo] Quj A0 A X&) AR} pH7T F4
Sttt X 119 A XS (Grzegorezyk 5 2018).

WE}L“E]-(Table 1, p<0 05) ut
o, b*%}\-o =AAZ A7} & 71-7_1‘-0111\-] R oryzaeS} A. oryzae
hgREoR B e HYOM, F 27 1 R 4
o]% UERER] tth(p005). B3t T #5 BEolA 5474
T LT} S 271 S BASHE ARE BT
é, SE2AX AT B5OA A oryzae= R. oryzaeR T} AF
Aoz 2 AMZE HQ HMH, R onzaedAE= A
oryzaeHTH 912 HEE BT} o3t 3 F Mk Zjol=
7} 7 s MAl] 24 W SHF Aol 71U 7t
570l SthKalra 5 2020). A& E°1, M4 IFE F

Aspergillus & #3571 A4J5H= Anthraquinones A ¥ 2] 313+

Aspergillus X Rhizopus A o|3¥skd 9 7154 E4 137

Table 1. Color values of non-lyophilized and lyophilized

mycelium derived from different fungal species

Mycelium treatments

Color  Lyophilization

values treatments Aspergillus Rhizopus SEM”
oryzae oryzae
Non-lyophilized 42.50% 48.82% 0.53
L* Lyophilized 63.32°° 67.15% 0.38
SEM" 0.54 0.37
Non-lyophilized 5.45° 4.02° 0.22
a* Lyophilized 4.54° 3.92° 0.06
SEM" 0.18 0.15
Non-lyophilized 12.718 14.78 0.45
b* Lyophilized 16.19* 15.65 0.12
SEM" 0.25 0.40

" Standard error of the means for column (n=6).

? Standard error of the means for row (n=6).

ABValues with different letters within the same column (drying
method) differ significantly (p<0.05); **Values with different letters
within the same row (strain) differ significantly (p<0.05).

2ol Chrysophanol—— c}okst wAto] AR AHEZHS %/\3]_
of b4, QA el A R Wl A2
ERlict 1 B ¥ th(Meruvu & Dos Santos 2021). whahA] £
Toll AHEE T w5 7F Folulet M 2po] AA| #FE 1L
] A4 I tiAF A= Zpolet bl 719%E 7
o qitt. ok, FAIAR1 71 w8 9 T AREEOl gt
27149l 997 Basie,

SEAAZX AT & L*gko] 7ok 732 Pascual-Pineda
5(2020)°] H1gt 3AAZE WA £ Mk ket A
3t Avs EOH:} Grace 5(2025) T3t Bota]geha 2l wgk
2Rl EAIE s2UEY B85 Lrghol S EaLskel
o} o]t %éﬁﬁ_‘- 39 Lt S7h= sEUE IAIA
o] AAEHEA B oA F27F LY Abet Y

7HAZL ) 71913 7Fs/de] Atk 53], 52 4
oM ABEE vlAl 718 FER= AR EHAA 9 F At
= S7HIA BEE S7H7IE 8R1eg A8d 4 o
(Pascual-Pineda 5 2020).

O.L; olN

J; ru[m

5. 8HAKS} BHM(DPPH 2IC|Z A7S 2 FRAP)
O|FEE FFo| A= ASE AEHAE JA o= &



2 Q1o shtol FAeHA YRz ANElo] gonl, dA)
Z 9 A7V SAE0 F o]|8E L V=4 AREA Q
3L Qltk(Smith 5 2015). ¥ AFoA= FEAZ AH
A oryzae 9 R oryzae d-AMA|S] A4S 58S U5 9
3] DPPH 2}tt]Zt 427453} FRAP B4 AAJsla, 11 8%
2 47 ICso, EC50 Q.2 AM&ES 01'93\‘:]'(1:1% 5A, 5B). DPPH gt
Z A% 24 A} A orypzae?r R oryzael] 1Csg-2 242t
2.97, 2.09 mg/mLY S, FRAP EA4o] A& Z}z} 12.43, 8.19
mg/mLZ UERGTh BE BY FEA R onzae’l A
onzaenth §oldom we Fus WAL v
(p<0.05).

DPPHE= 1A 9 &Y HJEjoA EAst= 771& FH
A% Seizoltt. ol o §3 DPPH 2Tz 2752 3
5} Ag320] DPPHO) A% EE 4 YALE Fojsho] eHY3}
o Yoz ABAYIE 5S SYole 24 JEoz, 4
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oflA] 2 FRAPY] EC5%k(8.33 mg/mL) B3 Al, A onyzaes=
E}A ‘7%8 52 B2l HHH R onzae= o]o] Wasl= 3

-5ttHBoonthatui 5 2021). kA & JAESH 52 24 2
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Seh(Smith 5 2015). Wb £ A70IH AGE ¥ 35 1
99§ Ak A Holo] ket FAIS} B BAY A4

4 felol e este slog oHEt oA, 5
o] gaist 59 vlE @ AU vAYZS A 9

Fig. 5. Antioxidant activity of lyophilized mycelium derived from different fungal species. (a) DPPH radical scavenging
activity, (b) Reducing power of lyophilized mycelium derived from different fungal species. *"Values with different

superscripts differ significantly among mycelium (p<0.05).
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Fig. 6. Emulsifying properties of lyophilized mycelium derived from different fungal species. (a) Emulsifying activity index

(EAI) and (b) emulsion stability index (ESI) of lyophilized mycelium derived from different fungal species.

*bValues with

different superscripts differ significantly among mycelium (p<0.05).
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Research Ethics Rules of the
Korean Society of Food and Nutrition

Amended on 23/06/2008 Amended on 21/04/2016
Amended on 03/12/2016  Amended on 10/11/2023
Amended on 15/05/2026

Chapter 1 General Provisions

Article 1: Definition of Research Ethics
The term “research ethics” means honestly conveying information in the research conduct, using resources efficiently,

and performing responsible study by objectively and accurately reporting study results.

Article 2: Purpose of Ethics Regulations
This regulation aims to enhance research ethics to members of the Korean Society of Food Science and Nutrition
(hereinafter referred to as “the Society”) and prevent research misconducts by proposing standards to secure ethics and

truth in academic research and fairly verify misconducts.

Article 3: Application Objects of Ethics Regulations
These regulations shall apply to all of the registered members as well as any members related to contents presented in

all publications (the journal of the Society and symposium publications) regularly issued in the Society

Chapter 2 Ethics Regulations on Research Conduction

Article 4: Truth in Research
An author who conducts a research and presents its results and a dissertation review committee member who evaluates
the research results shall carry out research activity transparent and sincere without doing any act against conscience as

scholars

Article 5: Data Management

5.1. A researcher shall confirm the ownership of data and authorization to use the data prior to collecting necessary
data. In addition, the researcher must carry out the study with clear understanding on the obligation and right imposed
upon the collection or disclosure of data.

5.2. Data shall be collected and recorded through appropriated measures in reliable and valid manner and must be
retained for a certain period of time for other researchers to verify results and assessable to be used as other purposes

by publicly presenting the findings.

Article 6: Presentation of Research Results
All of the research results shall be accurately reported with a thorough and reasonable explanation. An honest and
transparent evaluation must be conducted to examine if research methods and researcher’s opinions are adequately

presented in the findings or results of the study.



160 Research Ethics Rules of the Korean Society of Food and Nutrition

Article 7: Retention of Copyright
In principle, the copyright is given to the authors who made significant contributions in the research. However, the
Society, the publisher of the journal and publications of symposiums, has the right of using the copyright in case the

findings are used for the purpose of public interest such as education, and others.

Article 8: Order of Authors and Affiliation

8.1. For the space stating the authors, the order of authors shall be determined pursuant to the contribution made on
the research upon the mutual consent among corresponding authors. In addition, the authors shall be able to explain the
principles of such orders.

8.2. In principle, the affiliation of the author is stated by the name of the institution at the time of the research
conduct. However, when other customary practices are applied in other field, the author may state the affiliation in

accordance with custom.

Article 9: Responsibility of the Corresponding Author or Senior Author

The author, as one who makes intellectual contributions to the research published in the paper, must satisfy all of the
following qualifications.

9.1. Someone who has made a significant contribution to the conception, design, data collection, analysis, or
interpretation of the research

9.2. The individual who has drafted the manuscript or made substantial revisions to its main content

9.3. The person who has given final approval to the version of the manuscript to be published

9.4. Someone who agrees to be accountable for investigating and resolving any issues related to the accuracy or

integrity of the research

Article 10: Citation Principles of References

10.1 The author may cite the part of other researchers’ study in his/her research paper as the original text or the
translated version.

10.2 The author shall take all possible measures to ensure the accuracy in stating sources and making the list of

references.

Chapter 3 Ethics Regulations on Misconduct

Article 11: Definition of Research Misconduct

11.1. The research misconduct is defined as the fabrication, falsification, plagiarism, and other unfair activities generated
in the process of designing, carrying out, reporting, and evaluating and assessing the research.

11.2. “Fabrication” means reporting the research data or results, etc. that do not actually exist but have been fabricated.
11.3. “Falsification” means manipulating research data or equipment and process or exhibiting research record
inaccurately by deliberately changing or deleting research results.

11.4. “Plagiarism” means using the entire of partial research ideas, processes, results, and etc. protected under copyright
law of any other person without citing the appropriate sources and acknowledging the contribution of the founder of
such findings.

11.5 “ Repeated publication” means publishing an identical or almost similar research in other journals two (2) or more

times without stating the initial research contents that have been already presented to publishers or readers.
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Article 12: Types of Plagiarism
Types of plagiarism is classified as “idea plagiarism”, “text plagiarism”, copying a part from other persons’ text
without citing the source for the ideas of other authors, “mosaic plagiarism”, combining a part of a text with a few

words added, inserted, or replaced with synonyms, and others.

Article 13: Prohibition of Distortion in References

13.1. Cited references shall only includes directly related references to the contents of research paper. The author shall
not deliberately include irrelevant references for the purpose of intentionally increasing citation index of articles or
journals and the probability of publication of the manuscript.

13.2. The author shall not biasedly include only references favorable to data or theories of his/her articles. The author

has ethical responsibility to cite references contradicting against his/her point of view.

Article 14: Practices to Avoid

The following practices should be avoided including a practice of “honoring” author by listing unqualified authors who
have made no contributions in publishing research papers as one the authors, practice of dividing a research into many
studies only to increase the number of published articles, and practice of hastily publishing articles without review

process.

Article 14-2: Bioethics

When submitting a manuscript based on research involving human subjects or Animal Testing, the manuscript must
state that approval has been obtained from the Institutional Review Board (IRB) and the Animal Experimentation Ethics
Committee. For manuscripts based on Survey Studies (including sensory tests), the Editorial Board may request the
submission of Informed Consent Forms and IRB Approvable Letters if necessary. The types of research requiring

approval and the dates of implementation are as follows.

Date of enforce
Research type (After date of enforce, make Note
indication of submission)

human subject

Animal experiment Jul, 1, 2017 Suspend periods(6 month ~ 1
ion i igati ear) for minimize of researchr’s
Question investigation May, 15, 2016 year) :
(survey and sensory confusion
. (Recommended)
evaluation)

Chapter 4 Ethics Regulations for Dissertation Review

Article 15: Responsibilities and Obligations of Dissertation Examiner

15.1. The dissertation examiner shall report the review results to the Publishing Committee within the period stipulated
in the review regulations by sincerely examining the submitted dissertations.

15.2. The examiner shall immediately turn in the research paper to the Publishing Committee once the submitted
dissertation is determined to be inadequate for the examiner to review.

15.3. The examiner shall objectively evaluate the dissertation by applying strict scientific and research standards



162 Research Ethics Rules of the Korean Society of Food and Nutrition

regarding the quality of dissertation, the experimentability of research, and conceptuality and interpretation, and must be
able to adequately explain or support the assessment made upon his/her judgement.

15.4. The examiner shall respect the author’s intellectual independence, prevent the author from wrongfully citing other
scientists’ research, and well coordinate contradictions that arise out of the relationship between interested parties.

15.5. The examiner shall abide by the confidentiality of research paper that is still in the process of reviewing and
shall not publicize any information, assertion, interpretation or any other matters of the unpublished manuscript without

the consent of the author.

Article 16: Unethical Acts of Examiner

For fair evaluation and confidentiality, examiners shall refrain from performing any of the following unethical acts.

16.1. an act of assigning research paper view that is requested to the examiner to post-graduate students or any third
party

16.2. an act of discussing the contents of research paper while the viewing of the dissertation is still in progress.

16.3. an act of turning in the copy of research paper or retaining the paper without shredding it despite the review
process is completed

16.4. an act of using abusive words categorized as a form of defamation of character and personal attack in the
process of dissertation review

16.5. an act of evaluating the dissertation without reading the paper

Article 17: Responsibilities and Obligations of the Publishing Committee : Delete(21 April 2016)

Chapter 5 Implementation of the Research Ethics Regulations and the Ethics Committee

Article 18: Duty of Obedience
The members of the Society shall take responsibilities on their research activities upon the signing up as the member,
accept research misconduct seriously and they are obligated to comply with the research ethics regulations of the

Society.

Article 19: Report and Investigation of Violations of the Ethics Regulations
In case where a member of the Society recognizes the ethics violation of another member, the member must remind
the ethics regulations to the another member and shall immediately notify the Ethics Committee when the violations are

not corrected.

Article 20: Purpose and Composition of the Ethics Committee

20.1. The Committee aims to verify the allegation and truth of research ethics violations in accordance with the ethics
regulations stipulated in the Society.

20.2. The Committee shall consist of about seven (7) commissioners. The president of the Society shall serve as the
chairman of the Committee and the vice chairman shall serve as the chief of editor. The other members of publishing
commissioners shall be appointed by the president of the Society upon the recommendation of the head of the

Publishing Committee.
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Article 21: Rights of the Ethics Committee

21.1. The Ethics Committee is authorized to receive reports on alligation of the research misconduct and investigate for
the verification of truth.

21.2. The Committee may impose sanctions as stipulated in the Society regulations, if violations are verified to be true
upon the conduction of extensive investigation with informants, examinees, witnesses, other persons to attend, and

submit materials relevant to the case.

Article 22: Judgment and Sanctions of the Ethics Committee

22.1. The verification process of violation shall be conducted in accordance with the phases of preliminary examination,
main examination, and judgement and the process must be terminated within six (6) months. Provided, That the
investigation period may be extended upon the approval of the chairman of the Committee in case the investigation is
deemed difficult to be completed within the stipulated period

22.2. In case an informant or an examinee is dissatisfied with the judgement, those persons may raise an objection in
writing within thirty (30) days after they are informed of the notification. In such event, the Ethics Committee may

reinvestigate, if necessary, upon the reviewing objection.

Article 23: Protection of Informant and Examinee

23.1. The Committee is responsible for the protection of informant and investigated subject in the event that the
informant receives disadvantages or unjust pressure due reporting alleged misconduct and its investigation, the
Committee shall take all necessary measures to protect the informant.

23.2. The informant has right to request necessary information on investigation process or schedules after reporting
alleged misconduct and the Committee shall faithfully comply with it.

23.3. For members reported for violations of research ethics regulations, a written notification outlining the overview of
the case should be provided, ensuring the opportunity to submit a written statement within a specified period.
Additionally, the member should be given sufficient opportunity to attend at least one meeting of the ethics committee
during the investigation process to provide oral explanations if desired.

23.4. Until the final decision of the society regarding the violation of ethical regulations is reached, the ethics
committee should refrain from disclosing the identity of the member to the public to ensure that the member's honor

and rights are not infringed upon.

Article 24: Procedures and Contents of Disciplinary Sanctions

24.1. In case where any disciplinary sanctions need to be taken, the chairman of the Committee shall convene the
meeting and conclusively determine if disciplinary sanctions will be imposed or not and the forms of sanctions.

24.2. Once the sanction is finalized, the member may be suspended or deprived from research paper submission and
member’s qualification for the next five (5) years and such measures may be informed or publicized to the subject or

his/her affiliated institution and journals.

Article 25: Revision of the Ethics Regulations

25.1. In case where revision of the ethics regulations is required, the amendment shall be prepared by the Board of
Directors, deliberated to the Board of Executives, and decided by the resolution of the Advisory Council.

25.2. Members who pledged to comply with the previous regulations shall be deemed to agree to comply with the

amended regulations without additional pledge.
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Addendum

Article 1: Date of Enforcement

These regulations shall enter into force on June 23rd, 2008.
Article 2: Date of Enforcement

These regulations shall enter into force on April 21st, 2016.
Article 3: Date of Enforcement

These regulations shall enter into force on December 3rd, 2016.
Article 4: Date of Enforcement

These regulations shall enter into force on November 10th, 2023
Article 5: Date of Enforcement

These regulations shall enter into force on May 15th, 2026
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Guidelines for Submitting Manuscripts

The Journal of the Korean Society of Food and
Nutrition publishes research papers, research notes,
research updates, and review articles related to food
and nutrition. However, the publication of review
articles is limited to those appointed by the society
or those approved by the editorial board.

In principle, the first author and corresponding
author among paper contributors shall be limited to
only members of the Society excluding invited

research papers.

. Submitted manuscripts should not have been published

before in any other journals.

. The author should submit the manuscript electronically
via online submission at the Society's website

(http://ksfikr).

For information of Manuscript submission please
contact the editor.

E-mail: foodnutrl@naver.com

Research paper review, selection, publishing order,
printing order shall comply with review and publishing
regulations. The receipt date of manuscript shall be
the arrival date of manuscript by online submission

to the Society.

. The corresponding author must be a member of the
Korean Society of Food and Nutrition, and the
publication of papers by non-members is subject to
the resolution of the editorial board.

Amended on 05/07/1988 Amended on 10/12/1990
Amended on 16/08/1996 Amended on 18/12/1998
Amended on 08/08/2002 Amended on 08/03/2003
Amended on 26/03/2004 Amended on 25/03/2006
Amended on 25/03/2009 Amended on 14/08/2010
Amended on 22/06/2012 Amended on 20/06/2013
Amended on 28/09/2013 Amended on 20/06/2014
Amended on 17/12/2015 Amended on 16/06/2016
Amended on 10/11/2023 Amended on 14/02/2025
Amended on 16/10/2025 Amended on 15/05/2026

Online submission is the primary method. Authors
should complete the Submission Form and submit
the paper along with the Research Ethics Pledge and
the Authors' Agreement of Ethics Policy &
Copyright Transfer. It is recommended that papers
on Human Subject Research and animal experiments
undergo review by the Institutional Review Board
(IRB) prior to conducting the research.

The review articles and invited papers, excluding
systematic review and meta-analysis, will be
published only when commissioned by the editorial
board. Manuscripts submitted through commission
undergo the same review process as regular
submissions.

The evaluation, acceptance, and order of publication
of papers follow the editorial regulations and review
rules. The paper undergoes a three-stage review
process to determine its publication status, as
outlined below.

Stage 1: The editorial director reviews the paper
briefly and determines the preliminary assessment.
Stage 2: Two reviewers designated by the editorial
director conduct a detailed examination.

Stage 3: If the final decision is not reached in the
second stage, one additional reviewer is appointed to
conduct further evaluation.

- The principle is to keep the reviewers' identities
confidential, and the detailed review procedures
follow the regulations outlined in the journal's

review guidelines.

. The language in the manuscript should be Korean or

English in Ad4-size paper setting, typed using a
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10.

11.
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computer with font size of 10~12 points and the line
spacing should be set at 200%.

The author should provide the title in Korean and
English, the author’s (or authors’) name(s), affiliation
and job position on the first page of the manuscript.
The running title should be provided at the upper
part of the title page. If the number of authors is
two or more, Tmark should be indicated in front of
corresponding author. If affiliations of authors are

sk

different, superscriptions of ™~ should be put

at the end of authors name in order. The same
should be
affiliation. It is possible to designate co—first authors.
The

superscript "$" before their names, and the English

marks put in front of respective

first and co-first authors are indicated by a
phrase "These authors contributed equally to this work"
is displayed below. The corresponding authors should
English,
affiliation address, telephone, fax, and e-mail. The

provide author’s name in affiliation,

[73R1}

authors’ names in Korean should have in between

the name and the author’s names in English should

have “” in between the name.

If an author is affiliated with two or more
institutions, it is permissible to specify multiple
affiliations.

All authors must register their affiliations and
positions when registering with ORCID or a similar
identifier. This information can be utilized as

documentation for identity verification if needed in
the future.

The English abstract should be provided in case of
the

manuscript. The abstract must not exceed more than

Korean manuscript on second page of the
200 words in one paragraph and it should provide a
general view of the manuscript by including the
the
bottom, include up to 5 keywords in English (all in

research objectives, methods, and results. At

lowercase).

The paper should follow the standard format with
the
Materials
Methods),

Conclusions, Conflict of Interest, Acknowledgments,

following sections in order: Introduction,
and Methods Study Subjects

Results and Discussion,

(or and

Summary and

12.

13.

14.

15.

16.

1)

and References. The text should be continuously

connected without page breaks.

Research Notes are brief reports of limited scope
that contribute new knowledge. The formatting is
the same as the Research Articles. Research Notes
are suggested not exeeding 2500 words. The tables

and figures are limited up to 3 in any combination.

Titles and descriptions of tables and figures should
be all provided in English. Titles should be provided
in order of Table 1, Fig. 1, and etc. and in clear and
they could be understandable
without referring to the text. The title of table should
be given at the top of the table and the title of
figure should be given at the bottom of the figure.
Tables and figures should be stated as Table 1, Fig.

precise manner So

1 and etc. when they are quoted from the text
body.

Footnotes should be expressed as Arabic numerals of
D23 at the bottom of tables, and no sign should
be used. Moreover, " marks must be used to
present significance probability of p<0.05 or p<0.01 in
statistical analysis. In multiple range test, alphabets
of » P & & ad e ghould be used and the

explanations should be stated at the bottom.

All of the tables and figures may be presented in
the middle of the text body or on separate sheets of
paper to be attached at the end of the manuscript in
order. The exact locations of tables and figures should
be properly stated in the text. Pictures must be
neatly produced by photography or a computer to be

directly used as original images.

All sources cited in the text must provide author’s
name alphabetically and the year, and, in principle, all
English. The
examples of cited references are as follows:

references must be provided in

Cited references should be presented as surname in
English and the year in parentheses at the corres-
ponding part. For the citation of a single author,
his/ her initial(s) and surname should be provided.
For the citation of two authors, only surnames
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should be provided. For one work by meore than
three authors, citation should include only the
surname of the first author followed by “et al.”
For two or more works by the same author by
year of publication, the signs such as a, b and ¢
should be provided followed by the year.
e.g. Citation in the beginning of a sentence

Kim HJ (2005) is -

Kim & Lee (2007) is -

Kim et al. (2008) is -

Park (2007a) is -

Citation in the end of a sentence

(Kim HJ 2005), (Kim & Lee 2007), (Kim et al.
2008).

2) For several citations in the text, the cited sources
should be presented in chronological order or in
alphabetical order of authors, in case of the same
year.

e.g. (Lee et al. 2007; Kim HJ 2008; Park & Kim
2008)

17. KSFAN actively recommends to cite articles (3 or
more) published in the journal of the Society.

18. The author must disclose any conflicts of interest.
[Added to the regulation on November 10, 2023.]
Example: There are no financial or other issues that
might lead to conflict of interest. OOO(Author’s
name) has been an editor since 2023. However, he
was not involved in the review process of this
manuscript. Otherwise, there was no conflict of

interest.

19. The arrangement of references shall be put in alpha-
betical order of author’s last name. Abbreviation of
journal in cited references shall comply with inter-
national standards for abbreviation. The examples of

cited references are as follows:

1) Academic Journal

Kim KW, Ko CJ, Park HI. 2002.
properties,  water  vapor

highly carboxymethylated

starch-based edible films. J Food Sci 67:218-222

Mechanical
permeabilities  and

solubilities of

2) Edited Books

Brock TD, Smith DW, Madigan MT. 1984. Biology

of Microorganisms. pp.100-105. Prentice-Hall. Inc.

AOAC. 1980. The Association Official Methods of
Analysis. 13™ ed. pp.3508-3515.

3) Bulletin, Dissertations

Hur YH, Lee SG, Suh JS. 1987. Studies on the change
in components of y-irradiated soybean during fer-
mentation. Ann Bull Seoul Health Junior College
7:7-14.

Ciacco CF. 1983. A study on mineral contents in pro-
cessed foods. Ph.D. Thesis, North Dakota State
Univ. Fargo. North Dakota

4) Patents

Bernard S. 1988. Preproofed, frozen and refrigeration
and crusty bread and method of making same. US
Patent 4,788,067

5) Oral Presentation of Manuscript at Symposia

Huhtanen CN. 1988.
dispersable cocoa powder. Abstract 21, 42™ Ann
Meeting Inst Food Technol Atlanta

Preparation of cold water

6) Internet Source

Korean National Statistical Office. 2007. The statistics
of mortality and the
http://www. kostat.go.kr [cited 20 January 2014]

cause. Available from

20. Article abbreviations should be presented in accordance
with Chemical Abstracts. Academic terms, if possible,

should be provided in Korean.

21. The quantity always should be express in Arabic numerals
and units should be express, if possible, in accordance
to the International System of Units (SI). Units and

of predicate terms shall abide by

recommendation provided by the Society. However, in

abbreviations

case where there is any unavoidable reason, such
exceptions must be clearly explained in the beginning
of the text.

22. In principle, revision is accepted during the proofreading

made by only the authors of the manuscript. No
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changes or insertions shall be made in the contents
during the revision. Provided, That matters, in case of
deemed necessary, may be revised by an editor. The
copyright of all published articles in the journal of
KFN shall devolve on the Society.

The submitter must pay the specified publication fees
and this published
Additionally, if color photographs are to be printed

journal is online  only.

or if separate attachments are

requested, the
submitter bears the associated expenses.

The number of papers published in one issue is
limited to 2 per lead author, and up to 30 papers
that have been editorially completed by the 20th of
the month are published in the corresponding month.

25. If an author uses artificial intelligence tools in the

process of writing a paper, they must disclose the
use of such tools in accordance with the Society’s
ethical guidelines, and relevant details must be
included in the Acknowledgments section.

Items to be included: AI tool company, year, Al
tool name (version, release date/date of use), data
type, method of use, etc.

Example: OpenAl. (2026), ChatGPT (5.0, Dec. 30,
2025), Large Language Model (LLM)] All figures
and tables were generated using Al tools and

included after review by the Investigator.

26. Any matters not explicitly stated in these regulations

shall be determined by the Publishing Committee.

% The submission regulations for the journal have been partially revised as of May 15, 2026. Please refer to the
updated guidelines when submitting papers for Volume 39, Issue 3, and subsequent issues.
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