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Abstract

This study analyzed the changes in quality characteristics and functionality of Campbell Early fortified wine based on aging
temperature and duration. The pH levels of the wine ranged from 3.74 to 3.87, while total acidity was between 0.40% and 0.49%.
After fortification, the soluble solids measured 15.4 to 16.1 °Brix, and the alcohol content remained stable throughout aging, con-
sistently between 24.2% and 24.9%. Color analysis revealed that lightness (L) increased with higher aging temperatures, while redness
(a*) decreased. Concurrently, yellowness (b*) and hue values rose, indicating a gradual fading of red color as the wine aged,
transitioning toward a yellowish-brown hue. In the free sugar analysis, fructose levels were found to be between 36.24 and 36.71
mg/mL, glucose ranged from 7.67 to 8.51 mg/mL, and sucrose was measured at 1.07 to 1.09 mg/mL. For organic acids, citric acid
ranged from 0.013 to 0.027 mg/mL, tartaric acid from 1.033 to 1.228 mg/mL, malic acid from 0.645 to 0.689 mg/mL, and lactic
acid from 0.274 to 0.314 mg/mL. Aroma analysis identified a total of 41 compounds, including 9 alcohols, 22 esters, 5 ketones,
2 furans, 1 pyran, 1 acid, and 1 ethane compound. This study highlights the potential for developing premium fortified wines from
Campbell Early and suggests that the findings could be beneficial across various sectors of the wine industry.

Key words: Campbell Early, fortified wine, quality characteristics, functionality

M E 2021; Perestrelo 5 2023), Yt A ©Ql7} ApEsle gk} 7]

54 AW A QAR B 2¥AES Sustn o

9 A AAAOR OF NS AU SRR YT SRS okl o] IE PYI 5 IR el
B A=, 44 2ol et 55U §U15HE DI AL U Sdol bl £ ) 55T gl

= IR SR, 7H-E R A uizdskal Qlth(Lee ot 715673 dEo] Ladltt. 53] 9l Aol mEt &4
% 2014; Park HJ 2020). £3] 34733} 91l (fortified wine)- e, 7|17k 5, dra@n), 4 9 34 47 AEL 9l
18 3 52 88 5o ¢IS(FR)E A7kt =48 =] 9] g7, M4, At f714t 2 EEjHE T, A5 24
D HEE FUTo 2N B9 Fet 52 ARAHS HSE 5ol FHAQ] FFE v E FA8% 8Rlog IHA Itk
QlQlo|tHAbren S 2021). THEZQ =473} o0l RE (Abreu - 2021; Ribeiro S 2023). AA3t &4 2= 9}919]
(Port), A|2](Sherry), wtH|o]2H(Madeira) 5-°] 3.2 H(Abreu 5 stk WS 2dsto] Bt 3] S o|FA o, 715

1\Corresponding author: Hyang-Sik Yoon, Senior Researcher, Wine Research Institute, Chungcheongbukdo Agricultural Research and
Extension Services, Yeongdong, Chungbuk, 29151, Korea. Tel: +82-43-220-5870, Fax: +82-43-220-5879, E-mail: aroma67@korea.kr
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d RS 8 fAIE 83 g itk

U] dFR JAR= BluA Fa FRE FEAEY
Vitis vinifera 2] =X A w7} o] 7] W&o Vids labrusca &
T ol-&sto] F& FFof o83kl UtH(Lee T 2004). =]
oA F= H=ek]l Fxof o&she Vitis labrusca FFZ 7Y
A 2(Campbell Early)7} 70% o]/ ZFASEaL QAT AHe7}
EIL Gt @on, Mo] @11 gfo] oRjt £4Jo] 3lo] iFA
ol A zof A ] ATKKim 5 2018). L]l FHE A o
1] U A= 2RI Alx A& Grto 1211 qlo] w4
ol A9 WBle} &4 o] et A7 FETE Aol
50| A ol ano g Alx 4 ¥a E4% e
B7}, 5855 7€ 5ol Tt Aol 2Ho] HHA 9loH,
T78743} RRIC & A Fsto] 4 2ot 7|7l e FE W
3} 7] v 9 S 5 715 AR HIkE AAd s
BA5E AL 2ot 7| o]Fth(Hwang & Park 2009; Yoo S
2010; Kim & Han 2011; Kim 5 2013; Lee & 2024).

oehA & AolAE SiolA 7Y Eol FlEele®
rsit AuYe 252 dus 2470 shae Azl
T, o1& A2, 30T, 0T LEIA 44 9% Y B4
3} 754 Wake BAskIA

_[

VTR

1. ABITIE 2 Al
B o] A8 24 7473} okl 204 B
& Z= A s =S AT ARIAFA0A A
Zst9ch Ad G YRE pHie 3.57, T4 0.52%, T
14.8 °BrixAth. A2 HF A vdE 2d3} AlskE YA
93] vEEol3 bt (Institut  oenologque de champagne,
Merdeuil, FranceyS 0185191t 9ol A% A] S Succharo-
myces cerevisiae(Fermivin 7013, DSM Food Specialities B. V. Nerther-
landsyS AH3lel SRS ARtk B4 A%FE Signa-
Aldrich Co.(St.Louis, MO, USA), Junsei Chemical Co.(Tokyo,
Japan), Merck(Munchen, Germany) 54 U3t E+ % HPLC

S5 Aloke Agsla

2. uigdp] =25} ol MIE

A A FHAS) ol AZRE Yo AL X 500
kg A7 mtoto] FolE71E AAStY, HE&F TaSX
Z 600 Loj| o3t REF(REF, I, A 5& ZhHS ¢

T DA AN ALAZ ), 02 26 Briy] HA %
Akt 11 & At et LFWAIE fI5f 100 mgkeo]
HERSoRAPEES A 2ol A2 SAI7F F A5 (Fermivin)
£ 200 mg/kg F7F5HATH(Yoon 5 2016). & A-ollA ARE-E
AHES UAEEE Fof|A] 30E71E B AT HE
stlom, Iade] 2h= 1I8TE FASHIT €3s ¥a
717t 5 ol 254 A|ojFHA MRS TEelal Gt 12
°Brix7} E|™H 95% 373 (Ethanol Supplies World Co., Ltd, Korea)e
Wl Qe e Wt HES sleik ¢ Y ¥ 4
o, Pzt & 2ol 2T=E A AL HAIsIoH, 2
T8} 71710 e 5/ ARe f1sh 500 mLo] HY F 242 10
A ALE(A), 30°C(B), 40°C(C)(WiseCube® Temperature & Humidity
Chaber, Scilab Korea Co., Ltd, Korea)ol A 6711 &<t </gA171H
A Vigoic 248 ARR Aatch

3. QHb x|

o

Jm

1) pH, 4t Y F[EHA

2}919] pH: pH meter(Thermo Scientific Orion, Waltham,
MA, USA)E ©o]&5to] 453, $4RS AR 5 mLo] &
F 5 mLE 7hote] Ak AR HleExey el &9 2
~3 M-S "o d & 0.1 N NaOHEHO & pH 827} H =
A FEHOE sto] A5G o] F AHjE Fo 2R
 tartaric acido]] A= 7714 A& ©]-&sto] T4l 2
2 Yehf 402 SAbsFth(Park 5 2021).

- FX VX
B - gt

V: 2H|gF 0.1 N-NaOH2] mL 4=

£ 0.1 N-NaOH®| Factor (=1), S: AAZF

F: 0.1 N NaOH |4 0.1 mLo|| A33st= §7]4k9] A4
(0.0075 FAAh)

<100

FEAEL 9191 S-S AE 10 mLo]l 0.01 N NaOHE 7}
of Bt SYSH pH 827} H AR FRHO

B

S AH]E O ZEE acetic acido]| AES
S sl e s

2) g, &A= SiE

eh19] FE=(*Brix)e HAIEFEA(PAL-1, Atago, Tokyo,
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Japan)E ARESIGOH FHS 1 mLE 9HL ¢ T 24
Sttt eflo] IFE AFE AT FEAH(NTSTSI
1999)9] SFHCE SA5IA. =, A= 100 mLE F5t
SHS 100 mLE EFS T FFAA I 50| 70 mL7}
7 55 $A8HL, o)7]0] $54E ol 100 mLE 3
43 T Z7H0] 27} 10~15C7F HEE YZA)7|H, F
HAE AREStel ST v FEE 2 Ak diYst
o] ¢FL FS A5t

3) ME, Hue gt ¥ color intensity

2}Q19] M T = spectrophotometer CM-5(Konica Minolta,
Tokyo, Japan)g ©]-85}o] Hunter L, a, b g2 =43} tt
Hunter L(Lightness, &), a(redness A T) 2 b(yellowness
ST ZE2 ZFZE zero, white calibrationS 53| HA5H L
o, o|uf WOl MEl [=99.55 a=—0.05, b=—0.330]%}
T} Hue 2 333 A|(Lambda 35 UV, Perkin Elmer, Waltham,
MA, USAYE AR&-5to] 420 nnv/520 nm@] S35 H|E LE
212, color intensity:= 420 nm+520 nm+620 nm S =9] 3}
o2 YeERAckPark 5 2002).

2

ol
ol

N

e

S
7&3@% =974} 44 oY 910 ST B AR
£ 0.45 um membrane filter(Whatman, Maidstone, UK)Z ] Z}-3t
3 HPLC(1200 Infinity, Agilent Technologies, Santa Clara, CA,
USA)Z HAsl9ct. AHE  Zorbax carbohydrate analysis
column(4.6x250 mm, Agilent Technologies, Santa Clara, CA, USAy=
ARESFH O™, O] B5ARS acetonitrile : water=75 : 25(viv¥%e), T4
1.5 mL/min, A& FUFE 20 pLE 51th H<7]+= RI(30°C,
Agilent Technologies, Santa Clara, USAYS AME5I9 oM HEE4
2 fructose, glucose 2 sucrose(Sigma-Aldrich Co.)Z A=A 2}
goto] Alm 5o e TS oIt Park 5 2020).

5) R7I4 &2k
Aide 2440 54 o/id ARl R4 FF2 Al

25 045 pym membrane filter® o#}3F T HPLC(1200
Infinity, Agilent Technologies, Santa Clara CA, USA)Z £-4J5}
Tt &2 Hi-Plex H(7.7x300 mm, Agilent, Santa Clara CA,
USA)E 0]&35131, o]5A 0.01 M H,SO, 842 0.6
mL/min, A& FYFL 20 uyLZ 3}t UV 210 nmo]| A A
oo, #EEdE RIS F8 {714 citric acid,

2o} 7|3 mE Fd 54

"
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o

tartaric acid, malic acid, lactic acid(Sigma-Aldrich Co., St. Louis,
MO, USA)E 718 §714F @] A BAjo] ALgataict.

s7|ME
Ay 478 <4 1Y, o7l eRle] 8w =
4 Losada S(012)9] W32 A2 WFstol A8
9}91S BAI517] ¥5te] 20 mL headspace©] 2491 10 mLE
9y, YREESZEAZ 4-methyl-2-pentanolS FH715F Tt &F
14 89] &2 direct headspace trap 7|& & $P5FA oM,
ZHd] = Turbomatrix 40 trap(Perkin Elmer, Waltham, MA, USA)
2 AHSISITE Vil 134 eio] AsiRon, LR 5
AUt AFRE %L needle 110C, oven 85C, transfer
line 140°C, trap low 45°C, trap high 290C, &=
column 40 psi, desorption 30 psi. A]7F2 dry purge 103, trap
hold time 12%, desorb time 10&, thermostatisation 30&-0]9]

2
0

2 vial 20 psi,

t}. Gas chromatograph/mass spectroscopy(Clarus 680GC/Clarus
SQST MSD, Perkin Elmer)2 243519 01, ZH L Elite-wax
(60 mx0.32 mmx0.25 pm, Perkin Elmer)E A5}, @2
LT 40CoA 387 8A3 & 3 T/ming 180 C7HA] At
SA1Z1 & 1087 §A35¥9 o1, THA] 5 C/minZ 220 C7HA
M—-":A] 71 &, 3087t 8-X|5}9 2, equilibration timeS 2057+

O A O
‘rl_‘—|1__

(09999500 ALEHIT} AR FAS GOMSE o
25}0] A2 mass spectrum NIST databaseZ 745} 57
SHRATh. Mass W 9l= 45~450 m/z2 SFglc}. FFe Wi
FEZAZ 4-methyl-2-pentanolE 50 mg/L7}E =5 2715
o] 289 HAM|E V[Eo2 AT

1 mL/min, split ratio= 1:1, carrier gas= A&

4oh hr\

4. 718 =4
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E] ﬂ] 1252 Folin-Ciocalteu phenol reagent”}
Aol osl SdE An SHEd
%E]E 415} tH(Amerine & Ough
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2) Bl =¥

91o19] Bhd k2 Duval & Shetty(2001)Q] Hh ol wha}
Z7514}. A& 1 mLof| 95% ethanol 1 mLe} S5 1 mLE
7¥sto] AEshal, 5% Na,COs-2 1 mLe} 1 N Folin-Ciocalteu's
reagent 0.5 mLE 7} &, A20]A] 60&7F A7 Th, 725
oA FFEE SFelon, & ud 2 E2EE
tannic acid(Sigma-Aldrich Co.)Z ©]-&3}lo] A=Fs}9ict.

3) & CtEA|O} St2F

% QFEAJoMd RS AJE 100 pLof 900 uLe] 0.025 M
potassium chloride buffer(pH 1.0)2} 0.4 M sodium acetate
buffer(pH 4.5)% &35t T 510 nm@} 700 nmo| A S =S
451901, F tEA|oPd 9] THmg/L)2 cyanidin-3-glucoside
o] BEFAT(e=26900 M 'em ) o|-851o] offj9] lof| ]3]
A3} tH(Giusti & Wrolstad 2001).

Anthocyanin content (mg/L)
= A = (Asi0—A700)pr1.0 — (As10— Azo0)pH4.5
MW = 449.2, DF = dilution factor, ¢ = 26,900

4) ABTS MXIB0s

2}Q19] ABTS cation decolorization assay R (Dewanto 5
2002)°f &Jsto] A5ttt =, ABTS(2,2’-azino-bis-3-ethyl-
benzo-thiazoline-6-sulfonic acid, Sigma-Aldrich Co.) 7.4 mM}
potassium persulphate 2.6 mM2 3% EQF LAof HMA]5)o]
ABTS ¥0]2Z FHAIX F o] &HS =FF LA (Lambda
35 UV, Perkin Elmer, Waltham, MA, USA)E- 0]-8-5}%] 735 nm
oA FFE ol 14~1.57F HES S/HRSTE A5
3l4E ABTS &9 1 mLo| A|& 50 uLE 7}sto] S3=9
WS 602 Fo SHoton, EFEEZEA L-ascorbic
acid(Sigma)E & H7I6l 1L, AAFol52 Alm H7Het
ARE F7IHA] g2 d2THEF)Y F8EE HEgR

er gLt

5) DPPH MXI20s

ofQlel st &S E4st] ot ATAs
(electron donating ability, EDA)2 Blois MS(1958)2] 1< #
Folo] 24519 £ 0.4 mM 1,1-diphenyl-2-picryl hydrazyl
(DPPH, Sigma-Aldrich Co.) € 0.8 mLo] A]& 02 mLE
7¥et & 1087 A3 TR, 525 nmol Al SR =S 245

o} olf) YaETEE SR4E ASNAOH AAFolHL
AR G7IRe B8R SHE Aol venyditt.

. . Claps — Sans
Electron donating ability(%) = C’ix 100
Abs

Cys: Absorbance of control

S s Absorbance of sample

g
29903, 7 AREL BEAS] EAH 29142 Spss 57
I 2 773 (Statistical Package for the Social Science, Ver. 12.0
SPSS Inc., Chicago, IL, USA)Z ©]-85}0o] dQuljx]EAIEA
(one-way ANOVA test) 3 A]Z 7t 2}9] 555 Duncan's multiple
range test® H|1 A5} tHp<0.05).

=i =T

M

1. HWHA| FHAS| elo] U EF EM
A 3873 919 pH, 4, B, d3iE 3t
FRAFS ZARRE TR Table 13} et pH 4 23, 54
29} 7]7to] wet 3.74~3.879] HRIE YERon, &4
2% 40°CoA] 7]7k] e} pH 3.74~3.872 71 WS W9
£ WA A & 2ol Gl Park 5-(2020)2
91R19] pH7} 3.6 O|4F 0.2 ol H A% F at A9 7t
5730l 3lom, pH 3.2 o]otZ "o A Algto] 7ol FHo]
Aotetty B E vprl 9ok B AroA FAo] Hrid
o] A= (pH 3.57) 2t} pH= Z7I6IAAT, &4 34 5 2
Hol7} Qllon ol it @ TRsARET 4 H7to] 9
3 pH 712 WehE gtk 4] M9t 0.40~0.49%%1.0
o, AH2 A2l AL 0.42~0.49%, 30°C A2 AL 041
~0.47%, 40°C T A= 0.40~0.45% Ato]Q] MQIE 1t
BT Lee 5:(2024)9] AA-tollA] i de] 94l Fx Al &
19 FHE UE2A RE o F4H] HeE 042~047%=
Uep} 2 Aol fASETE T1E|a &4 27 $4F 043%
oflA 54 671Y 2 A2 AT 0.42%, 30T A 2ol A
0.41%, 40°C AT A= 040%2 112 &40 4] ZAlo] Lt
oFR]= Aol AUt Abreu 52021 3733} 2F19] Atk
2 4323} F SFo 2 pHe A= 9] QFg Aol At
J5FQE B AFME 2 4TS FFOE pHt

P

Rt orle
fr Hfr
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Table 1. pH, total acidity, soluble solid content, alcohol content, volatile acidity of Campbell Early fortified wine
according to aging temperature and period

Samples Period I Total acidity Soluble solid Alcohol content Volatile acidity
P (months) b (%) (°Brix) (%) (%)
0 3.84+0.04*P2 0.43+0.00° 16.0+0.06 243 0.02+0.00°
1 3.7440.00" 0.42+0.00° 16.120.00° 242 0.02+0.00°
2 3.75+0.01 0.42+0.00° 15.9+0.06° 24.6 0.03+0.00°
A 3 3.78+0.00° 0.42+0.00° 15.7+0.00" 244 0.030.00°
4 3.77+0.01% 0.49+0.07° 15.5+0.00° 245 0.020.00°
5 3.82+0.02° 0.43+0.00° 15.6+0.00° 245 0.010.00°
6 3.85+0.01° 0.42-+0.00° 15.6+0.00° 24.7 0.010.00°
0 3.84+0.04° 0.43+0.00° 16.0+0.06" 243 0.02+0.00°
1 3.7440.00° 0.4120.01° 16.120.00° 24.0 0.020.00°
2 3.74+0.01° 0.42+0.00° 16.0£0.00° 24.6 0.03+0.00°
B 3 3.78+0.00° 0.42+0.01° 15.7+0.00° 245 0.030.00
4 3.8440.02° 0.41+0.01° 15.6+0.00¢ 244 0.02+0.00°
5 3.77+0.02% 0.47+0.03* 15.440.00° 244 0.020.00°
6 3.84+0.02° 0.4120.00° 15.6+0.00" 249 0.0120.00°
0 3.8440.04" 0.43+0.00° 16.0+0.06® 243 0.02+0.00°
1 3.74+0.00° 0.40+0.01% 16.0+0.00° 242 0.02+0.00°
2 3.76+0.03% 0.4120.01 16.120.15 24.6 0.02+0.00°
C 3 3.80+0.00™ 0.42+0.00> 15.6+0.00° 24.6 0.020.00
4 3.82+0.02 0.400.01 15.6+0.00° 24.4 0.02+0.00
5 3.79+0.01% 0.45+0.01° 15.5+0.00°¢ 244 0.02:0.00
6 3.87+0.02° 0.40+0.01¢ 15.6+0.00° 249 0.010.00°

U All values are mean+S.D. of triple determinations.
? Different letters in the same items indicate a significant difference (p<0.05).
9 Aging temperature: A, Room temperature: B, 30C; C, 40C.

AL eﬂg 71710] oA Qrgstslel Wak Z A9 9 Eat ohleh, 2 A7t A 7HeH BB Fstel
2 Aoz WHE 44 LE0 /7o) 12 ool FE  cBrixglo] Z7 A0 BHE 24 At ¥ 2Re @
= 154~16.1 °Brix2 & H3l= Qi%loH, =4 %7] 160 T2 27] 243%F o, &4 717F B9 24.2~24.9%= A9

°BrixOf| A 67] Zpofl Al A2t R 15.6 °Brix2 74x51% H3H7E QIgiet. ol AT EFE R 20% o4 F=
o 34 H7F Al 12 °Brix3d X]‘?l %7] &7} 16.0 °Brix A B/do] ashe Aog dEfA YA, 10% 5k Frd
2 Uyehd AL =3 Hrlo 9T Z712 AzEoh A grol gido] gusly] wjEo|tk(Sabel 5 2014
Bt 7184 LR YL G DAL G WY Padila 5 2018, OI19] P TS BE AFEL 001
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~0.03%=Z AHHFAQ $25 YEPHTE Du Toit & Lamb-
rechts(2002)= FHHAke] 8 EAL2 2Ato|w, ¥H = &
d Foll ZA4ktol o) o) a7E dojuh 4t FHegol
Eord £ ota Busiith B Ao 4 7R
ZAbFO o3t R dojuhA] g2 Ao g woE

2. HHAHR| FH2I5} QIo10] M Hue gt X color intensity

ORI} M= AnA} 7| ko] FFS WA= F8 82
F otu=E HojoflA E2Hs SltEo] o4l & A
5o &&= Urhdtr d8A AthKim 5 2009;
Burin - 2010; Valdez B 2012). 7119 e] 24733} 9}919] <
A e 9 77 w2 MLE v|wsty] 98] Hunter
L(Lightness), a'(Redness), b'(Yellowness) & Hue values, color
intensityS 5745t 2™ 4 Z¥H= Table 29} 2} L2
271 3752914 =74 670 E A A2 A2 FollA] 37.97, 30T
Lo A= 41.56, 40C A2 = 46818 JERTF &4
2wt ¥ 84% WA SR Al agke W
%7] 585490 A &4 671 LQ7HA] AR Ao A 30T AT
TolAE 49.24, 40T AT A= 41.09% B &4 =
7t &5 AR AAaskes Al bk 271 31.83
oA &/ 717to] Agell A2 Aol A= 4545, 30C A
2ol A= 54.02, 40°C A2 A= 68492 A} ZobA™
S 27t 255 #oke] £2 Zioh Milheiro 51(2023)>
ZE ORIoA FEAJoPT AFEo] 255 aglo] w1l 54
% YEHeRtEAOd BT & 4, A5t 59 dFeR
Ao] QP A|Rt F-2Mo] Fi1 ZAo] F7hghetal skt
et 24Q19] bgh2 A &4 THYol|l A Atttk ZTHLee
2003)7F BARE FHGTE A1 B e S B
Sff 2Felo] AStEHA bgto] S7Fst FAM o g WMot
2 gebEch Carvalho 5(2015)= vld|olg} 9Fol 44
% Lgre AarE oz S7ksto] 44 Woba e aghe A
Aaste] F2M EFo| o1 bt H&5] F7hst
FaMo] ZAotEw, 7] 11 Ao A TR 5HA vERt
Tl Huskeint & e 24739 Aot YAk 4
TS UEHT HuedhZ 54 271 07860014 <49 6711 A+
AFL A E] Lo A 1.043, 30°C & 2] Lo A= 1.394, 40C A
oML 198008 1L &4 A Z7lslH ZO § 2 Ao
2 YeRgtt 54, Color intensity~= &4 27| 0.4.5779)4]
=4 ol A A= AP FollA 4.789, 30T A =Tl A=
4.666, 40°C Aol A= 47642 AT7E A WsHA] ¢k

o

£ 2 B oojd of
oX o

[e)

4t} Huegh2 21R19] x5 o= Z| 30| 1L, color intensity
= 2RI o] F2 AL sk AREA AH|AT} 2RI
2 YUY b 9FE F= F9 94 0|th(Zoecklein et al
1990; Lee S 2002; Kim S 2009). Lee 5(2002)2] AA7Lo]A]
Huegh-2 HEQRRIONA B3t 4% 0.5 FolH, Atst=H
1.0 o]49] gh& Zhetty Basiylch & AqoA Add
2] 473} ol £A4 Al 21Lof 3] Akslr A E Tk
Teetgict & A3 Ao A7 ol 4 Al 7]
7ol et Lk 57, aghd 74, b3t Huedh2 S7HE T
ES G} AbstE]o] H2AL AR n FAAo g &4 o]
AP T2 SHYLE I J=rt depdcta gk

3. fHAHz| M5 elo| R2|E & R

&4 2o e &4 oY & Addy 4
o] 9 9 {714t 24 A= Table 33 2t} 9fR19] &
4 =0 WmE fET B4 Ay, g2 36.24~36.71
mgml, ZEPL 767~851 mgml, AFE 1.07~1.09
mgmLE YE O H, fe & g A= 574400 A 46.31
mg/mL, 30C </dollA] 45.73 mg/mL, 40C </JolA] 44.98
mg/mLE UEHth f8d 5 2ol A= 9 30T 54
I 40T S04 BAA Fo4do] e AR Yehon,
gt Apo] ok F-ol4do] it dut Rl A = T
B AF & 3hof o A2 Bt XEFO R T
7F A= G| o o o] FASHAT, 8%
3t eRloA = 4 H7IE Qs g I=F 20% o)<
Z70]A &R E5o] AA|E o] zhgo] F2 A

rx
L
!

N
N u0||
B o
1o
o

d oz woy

o). 12|11 Zhang 5(2018)2 &Rl 4 5 AR E XS

WA AUET R A]SE AOE HUSEOM, &
(o]

o,

v

T &4 250 wet 239 oA A Foldo
Us AOE U o] WA AH|E= ZHoR v

o} 4733} 1ol 4 ko WE {714 B4 A3,
AARS 0.013~0.027 mg/mL, FAARS 1.033~1.228 mg/mL,
AFFARS 0.645~0.689 mg/mL, AR 0.274~0.314 mg/mLE
Ueton, f714F e &4 2o et 344 F94
o] YEtY &2 2EolA SA4TRE AL, FAAL, ARG
Aol Zash= A0 2 UEHHT Malolatic ¥R+ 57 7t
o AbpAE B 24E9] Hlg2 dEsto] dojubA] et &
SHEY dutAo g oQl9) AIg2 FAAL, ARt F
Abolm, Tty 2AF, 24 9 SERAE Fof AAgE I Algt
T2 FAN T Atabite] o A Enh EI FAL
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- it o

¢

flo



Vol. 38, No. 6(2025)

Hade] 7t <jle] &

54 LEe} /7o) hE B

Table 2. Colors of Campbell Early fortified wine according to aging temperature and period

263

Samples Period L a* b* Hue value Color intensi
P (months) (lightness) (redness) (yellowness) ty

0 37.5240.272 58.54+0.33° 31.8340.13° 0.786+0.00° 4.577+0.01°

1 46.33+0.02° 59.03+0.01* 21.11+0.012 0.703+0.00¢ 3.34440.06"

2 40.25+0.02¢ 58.0120.00° 35.2440.04¢ 0.816+0.01° 4.091+0.02°

AY 3 38.05+0.02¢ 57.19+0.02¢ 37.69+0.05° 0.889+0.00¢ 4.848+0.02%
4 44.10+0.01° 55.53+0.02° 34.69+0.04° 0.908+0.00° 4.185+0.06"

5 37.79+0.01° 55.15+0.01° 43.66+0.02° 1.008+0.00° 4.876+0.01°

6 37.97+0.01¢ 54.48+0.002 45.45+0.01° 1.043+0.00° 4.789+0.00°

0 37.5240.27° 58.54+0.33" 31.83+0.13¢ 0.786+0.00¢ 4.577+0.01°

1 41.51+0.02° 57.61+0.01° 34.26+0.02° 0.848+0.00° 4.041+0.028

2 39.56+0.04° 55.5240.01° 40.86+0.05° 1.022+0.00° 4.411+0.02°

B 3 37.95+0.01° 52.84+0.01¢ 55.27+0.06* 1.212+0.01¢ 5.693+0.03"
4 55.34+0.01° 46.13+0.02¢ 50.2120.03¢ 1.179+0.01¢ 5.224+0.02°

5 41.72+0.01° 50.36+0.01° 49.68+0.04 1.297+0.00° 4.628+0.01¢

6 41.56+0.00™ 49.24+0.01° 54.02+0.02° 1.394+0.00° 4.666+0.01°

0 37.5240.27¢g 58.54+0.33" 31.8340.13¢ 0.786+0.00° 4.57740.01°

1 45.35+0.03" 52.59+0.01° 41.3240.05 1.095+0.00¢ 3.780:£0.02°

2 46.15+0.03° 52.26+0.03° 54.52+0.01° 1.110+0.01¢ 4.01120.03°

C 3 46.36+0.01¢ 45.87+0.01¢ 58.93+0.02¢ 1.594+0.01¢ 4.481+0.01¢
4 51.49+0.02* 40.49+0.02¢ 60.76+0.02° 1.853+0.03° 4.025+0.03°

5 48.27+0.00° 40.81+0.01° 65.82+0.02° 1.973+0.01° 4.631+0.01°

6 46.81+0.01° 41.09+0.01° 68.49+0.03" 1.980+0.01° 4.764+0.02°

D All values are meantS.D. of triple determinations.

? Different letters in the same items indicate a significant difference (p<0.05).

3 Aging temperature: A, Room temperature; B, 30°C; C, 40C.

Z T UAA gL FAAeE ARlolM = TERF 54 I
g S0l f71At gFo] Hetste Fn), Ak, /P94 5ol 9

e ] A SAVHE AT
2} 2419] W5 oA Al
TH(Margalit Y 1997; Cunha 5

TTAF HEQRI &4 34zt
FAL Y FALRE FolFo R A
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REPA Arin LA 9

2002). Zagrodzki S(2023)2 &

714 Wake Ava A

sha, 2ALe fojHo

2 Z71el AtaAtak ZARS. [-9]14o] gty Bl
t}. 18] Valcarcel-Munoz 5-(2022)2 A|2] 2491 = m 0ﬂ
7|0l= ARARS ZHASEaL

A 9714k Seke. = N
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Table 3. Free sugar and organic acid contents of Campbell Early fortified wine after 6 months according to aging

temperature (mg/mL)

Free sugars Organic acids
Samples
Fructose Glucose Sucrose Citric acid Tartaric acid Malic acid Lactic acid
AV 36.71+0.02°2 8.51+0.33* 1.09+0.00° 0.027+0.001* 1.228+0.016" 0.689+0.014* 0.3144+0.004*
B 36.45+0.43* 8.19+0.08* 1.09+0.01* 0.022+0.001° 1.154+0.032° 0.655+0.012° 0.295+0.003°
C 36.244+0.69" 7.67+0.15° 1.07+0.01* 0.013+0.001° 1.033+0.018° 0.645+0.018° 0.274+0.001°

Y Aging temperature: A, Room temperature; B, 30C; C, 40C.

D All values are mean = S.D. of triple determinations.

¥ Different letters in the same items indicate a significant difference (p<0.05).

4. Huela| FEYs ofolo| MR

e 2743} 91Q19] &4 2= wE 374, 6714
7| Q8 BA A= Table 49F 2o} £1919] 3F7]= 5o

8% g%loH, F4E ZAsh= % AHE alcohols,
esters, ketones, terpenes, acids & 39 AJE=0f 935 Lter
U FRAZRe F42 244chks 83 72 R 55, 54
T % HEo R 5& 2H5te 840 th(Vas 5 1998; Jo &
2013). HAAY FHS} A1 4 5 F] RS
alcoholF+—= 9, esterf— 22, ketoneF—= 55, furant 25,
pyran 15, acid® 15 18|11 ethane 1522 & 4159
shekEo] BAHUY. 3SR =4 371E Aol 71.24
~7348 mg/L SZFo|H, &4 671Y o= 59.95~69.97
mgLE HA FAstoH, /4 2% 40ToA Aol 7t
F AJL 4 2% 30CoA Fao] 7P gttt g2
2 950 wet YeElYE 2-methyl-1-propanol, 3-methyl-1-
butanol, phenylethyl alcohol 35 3}3HE9] o] Al A4t &
FoA] 97% o4& AT Lee 520242 AR
5 F7E oA slo] sl o IReF W 4R
o] 7L 8%, T2 89.65~131.18 mg/L7} AZE Itk
Bustgict 2 Aol s B2 S A2 g g7
F7F AEEAE, ole 54 BN dESF I R
o] FFL WolT WS Holz] weolst wekdr
Pereira 52010} wldlo|2} €4919] <A % 1-propanol, 2-
methyl-1-propanol, 3-methyl-1-butanol, 2-methyl-1-butanol, pheny-
lethyl alcohol 58] YFSF7F AEHUCH, g ¢ISF
= Zd} 209 =/ 7|3t &< A WSHA] gkl QHE SR

phenylethyl alcohol &3S Q ;F F-X|ok= HA dF&

duo 2 Hisn. Adde] £ 2l oaH =
SRIES 54 371 Holl= 4 2= 40TolA 9115 mgL
2 7P 9k, 307C(81.92 mg/L), AF-2(79.68 mg/L) 0|3
on 44 6719 Zofl= 40°C(47.54 mg/L), AF-L(42.85 mg/L),
30C(33.36 mg/l) =02 U &4 7]7to] Aol whet
E0] AT, 4 = 30TCol|A 7H wo] 745k
oh 2R19] #Ag, EFS HiFE oAH = &0 o]
A E ol et AAHE SRtES EE AA|A B E
Ad &3 Ea Fol AR aid o B 47
o} e}olo] o AE| 2 SletEe 4 H7ME o AH =38 v
= S5t Fof #goll 71995t A4 WGkl &, |
W, 54 2k 5)° W2hA dAH = SRbEo] $7F e A
A%ty &8 A Ath(Bang 5 2015; Abreu 5 2021). 121l
Pereira 5-(2010)2 dfgfo]a} 2}Q1 <A4Jo]| A ethyl ethanoate,
ethyl butanoate, ethyl hexanoate, ethyl octanoate, ethyl decanoate
52 7A3F} £3F, 3-methylbutyl ethanoater= BLFLFRE,
2-phenylethyl ethanoate:= 1|3 52 UEIW™ &4 7]71o]
AoALE Tty Alstol oJsf oAH 2 &S] &
L= Aastal, AR BAE SR AR 3ol =4
23507 Wttty H skt Lee 5(2024)2 819

ol whE FE A oRlo] o AHE IE TR 635,
dg2 3.12~5.68 mgL2 HASHH. & AFoAE F4
H7hot &40l et ol A2 BRIEC] SR Pakol wot
How 44 HHNAE 1 Y dastgAT, SR
57} wol o FR9 @] 452 AWcka weEt
2 SRS 44 IHY A AL, 30C, 40T HelTolA 2
Z} 0.06 mg/L, 0.13 mg/L, 0.57 mg/L AEEHAL 4 671
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Table 4. Aroma compounds of Campbell Early fortified wine after 3 and 6 months according to aging temperature (mg/L)

AY B C
RT. Compounds
Y 6M M 6M M 6M
7.646 2,3-Butanedione 2.51 0.82 1.85 1.15
9.316 1-Propanol 1.23
9.952 2,3-Pentanedione 0.98 0.94 0.82 0.51 0.54
10.912 3-Methyl-2-butanol 0.04
11.077 2-Methyl-1-propanol 14.05 3.69 13.17 3.17 13.37 3.84
13.038 1-Butanol 0.23 0.13 0.24 0.15
Alcohols
15.644 3-Methyl-1-butanol 56.88 64.60 56.92 55.83 57.28 64.71
17.095 2-Methyl-1,3-dioxane-2-propanol 0.10 0.10
21.846 1-Hexanol 0.39 0.54 0.41 0.44 0.38
26.273 2-Decanol 0.03
42919 Phenylethyl alcohol 0.67 1.00 0.74 0.38 0.62 0.92
Total alcohols 76.97 71.73 73.91 60.46 73.58 69.72
4.339 Ethenyl methanoate 0.10 0.11
5.105 Prop-2-en-1-yl ethanoate 0.30 0.33
5.935 Ethyl ethanoate 71.74 24.85 73.96 21.36 81.56 29.24
7.250 Ethyl propanoate 0.25 0.43 0.41 0.44
7.476 Ethyl 2-methylpropanoate 0.35 0.51 0.48 0.84 0.80 1.15
7.611 Ethenyl ethanoate 0.71 0.37
8.591 2-Methylpropyl ethanoate 0.15 0.20 0.18
9.261 Ethyl butanoate 0.78 0.88 0.89
9.777 Ethyl 2-methylbutanoate 0.08
Esters
10.327 Ethyl 3-methylbutanoate 0.10 0.16
13.723 Ethyl (Z)-but-2-enoate 0.25 0.44 - 0.55 0.55 0.88
16.804 Ethyl hexanoate 1.73 2.66 1.67 221 1.76 2.50
18.080 Ethyl 2-oxopropanoate 0.27 0.38 - 0.23
21.256 Ethyl 2-hydroxypropanoate 1.20 2.88 1.87 2.35 2.79 5.53
25.442 Ethyl octanoate 2.10 423 1.73 2.35 1.26 2.34
28.479 Ethyl 3-hydroxybutanoate 0.10
29.525 Ethyl nonanoate 0.06

33.741 Ethyl decanoate 0.97 2.69 0.55 0.79 0.22 0.62
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Table 4. Continued

A B C
RT." Compounds
RV 6M M 6M 3M 6M
34.861 Diethyl butanedioate 0.16 0.45 0.27 0.38 0.56 1.81
41.299 Ethyl dodecanoate 0.42 1.13 0.29 0.13 0.08 0.21
Esters 48.151 Ethyl tetradecanoate 0.12 0.34 0.13 - 0.17
55.639 Ethyl hexadecanoate 0.37 0.85 0.67 0.60 0.94
Total esters 79.68 42.85 81.92 33.36 91.15 47.54
Acetic acid ~ 25.528 Acetic acid 3.46 5.08 3.95 2.49 1.26 4.86
Ethane 6.070 1,1-Diethoxy-ethane 2.79 243 3.70 3.05 3.83 2.50
8.421 Methyl isobutyl ketone 091 0.75 091 0.92 0.89
14.313 2,6-Dimethyl-4-heptanone 6.07 6.36 6.26 8.12 6.16 6.52
Ketone
17.074 4,6-Dimethyl-2-heptanone 0.11
Total ketones 6.98 7.11 7.17 9.15 7.05 6.52
25.953 Furfural 0.07 0.10 0.25 0.57 1.43
Furan 54.234 Naphtho[2,1-b]furan 0.06 0.13
Total furans 0.06 0.07 0.23 0.25 0.57 143
Pyran 26.398 2-Ethoxytetrahydro-4-methyl-2H-pyran 0.11
Total 169.94  129.27 170.88  108.76 177.44  132.68
' Retention time.
? Aging temperature: A, Room temperature; B, 30°C; C, 40C.
) Aging period: 3M, 3 months; 6M, 6 months.
2} AL, 30T, 40T HTFo|A 212 007 mglL, 0.17 mglL, Buolal FEUs 9olo| JISH ME

143 mgLE &4 =71 £33 F7b6lH 92 7=t
H, o2 L, 78 W 22 F 58 U= EERE &4
717to] dojd 4= diFE F71skH uhdlolzt eflojA 7t
g Aok 11 9ol §4¢] SRtk A+ 23 Bt
AT (Pereira 5 2010, 2011). & AAE -2 S04 F
& IRIEY 57t St Aol YE T 1 9o ®
A AT A5} @9l F7|AEOC=F acetic acid 1%, ethane
15, ketone 5&, pyran 1§ 5 8}grE°| A&E= o 4%
3t ofRlo] 4 H7F Al 9 FF, &4 T 71 52

TSt I A2 S 4 Sl AojRtal ddET

oy O

HWode 473t ol F EYvEs T2 Fig. 1%
Zth 4 20 2 F Zf e IS A2 AT
A] 233.83~250.11 mg%, 30°C A2 FLol|A] 232.77~261.17 mg%,
40°C Aol 4] 237.84~250.72 mg%= UEREI, 40°C &4
of| A ¥ste] Zo] 7P Hglom 30T /oA WS} Zo] 7}
2 A vetgth E29ds2 A SZ &7 58 (radical
scavenging activity)o] %101 £4Q19] 4ts} Qb4 W QFEA[of
d AG Maet F5a-go g Mol Qhg /o] 7]ofstal 4
7335t oRlat o] A7 473 2Rl = FFn] F-A9t Alst
B2 5o 583 JTE FIcHPereira 5 2013; Gutierrez-
Escobar S 2021; Ma S 2023). Pereira S(2013)2 uld|o]g} o}Ql
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Fig. 1. Total polyphenol contents of Campbell Early
fortified wine according to aging temperature and period. A,
Room temperature; B, 30C; C, 40C. Different capital
letters in the same items indicate a significant difference
(»<0.05) among different aging temperature. Different small
letters in the same items indicate a significant difference
(»<0.05) among different aging period.

ol 12 W 7tE 408 F E|Hz o] Aasiiit
HIsHgith 2 AFoA L &4 271 250.11 mg%o A &4
6711 Aolli= A2 S/dolAl 249.89 mg%, 30T A A=
245.72 mg%, 40C A oA+ 242.69 mg%= 112 &4 A
< EdH5 ool Hashs Aol YeEh e, 1 7]
S Al & B 9 Wdle JA SVl FeR
wetEnh A de] 4733 ofle] ' g2 Fig 29 &
o} &4 2o e ghd g A2 A2oA 11054~
131.50 mg%, 30T Lol A] 104.75~132.32 mg%, 40C A
7oA 113.79~132.10 mg%s Erdon] 44 27]9 &
d o711 k9] & Apol= QI shHARL, %/ 471 AHA|

= Aol g o] AT F thA| F7tok=s AR
o] Uittt gd-2 QRIojA QtEAjodI} AT A-EoR
A ord B M4 B, AR Qg 9 HEA, eRle] &
& 9 BAZ 5ol 9L = AR A UthPark 5
2002; Teissedre & Jourdes 2013). 12|11 HIE]X] L EQ}0J0] A
$4 LET BS54 AHSEI S0l SIS FR
2 who] Zhastel AR REAN AT F27k0) o
H 4] 54 Aol AN S4sHs Aol Agehtn
HA AUth(Azevedo 5 2022). & AFo|A= B o WS}
= &4 09 A7HA FAsitr 1 % F7she A 3elIA
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Fig. 2. Tannin contents of Campbell Early fortified wine
according to aging temperature and period. A, Room
temperature; B, 30°C; C, 40°C. Different capital letters in
the same items indicate a significant difference (p<0.05)
among different aging temperature. Different small letters
in the same items indicate a significant difference (p<0.05)
among different aging period.

9k &/30] A&H o2 APHATH
= L R s e %]
2 Fig. 33 2t} 4 &0 ot
AFQ A E] Lo A 181.85~265.68 mgL, 30T A 2|0l A
102.53~258.55 mg/L, 40°C A 2] FLo)| A 21.21~258.55 mg/LE
et 54 7]7to] Aol whet FElo] HAsh, 4 2%
7t =255 O A 25 2 7o) UERAT. Pereira 5(2013)
2 vtgo]g} QRRIofA &/ 27t =255 UEAloMd 9
Fol vt M43 "rpal Hustglon 2 Ao AL H]
2% o] UERTh T17]3l Huang 52024y A4 112
oAl RFEA|oHd2 pyranoanthocyanins O 2 e o], 3787}
5} ellolut Hl=elele] A QbyAdol| 7]ofshH E, uidlo}
ool Ak}, 7t sAdolA FEZIHA HArskqitt

>

lok

6. Zwla| FRAS A0lo| BAIS EA
A 2743t oelo] Patst BHL vwsl] 9l

o 1l
0

ABTS Z1A}g-0}'5:3} DPPH A A-3-045-& £43F Z3l+= Fig. 4,
Fig. 59} Zt}. &4 2&=0] w2 ABTS AAgols 24 23},

AL AE| Lol A] 82.20~87.37%, 30°C A 2] oA 81.04~88.18%,
40°C AolA] 79.95~87.37%2] S UERH. 54 271
87.37%01A &4 671Y A A2 &4 Al 82.20%, 30T &4
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Fig. 3. Anthocyanin contents of Campbell Early fortified
wine according to aging temperature and period. A, Room
temperature; B, 30°C; C, 40°C. Different capital letters in
the same items indicate a significant difference (p<0.05)
among different aging temperature. Different small letters
in the same items indicate a significant difference (p<0.05)
among different aging period.
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Fig. 4. ABTS radical scavenging activity of Campbell
Early fortified wine according to aging temperature and
period. A, Room temperature; B, 30C; C, 40C. Different
capital letters in the same items indicate a significant
difference (p<0.05) among different aging temperature.
Different small letters in the same items indicate a
significant difference (p<0.05) among different aging period.
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Fig. 5. DPPH radical scavenging activity of Campbell
Early fortified wine according to aging temperature and
period. A, Room temperature; B, 30°C; C, 40C. Different
capital letters in the same items indicate a significant
difference (p<0.05) among different aging temperature.
Different small letters in the same items indicate a
significant difference (p<0.05) among different aging period.

48t B2 Brlote A RE A ARGE TH(Gutfinger 1981).
%/ 2Lkof wE DPPH AAZol5 4] A3, A2 A2+
oA 67.62~71.26%, 30°C A ]G0l A] 58.09~71.66%, 40°C *]
2ol Al 59.83~72.60%2] LIS HEIHTH &4 2710 H]
sto] &4 671 7R oA F7Fshe A RelleH, 30T
S 22014 T1L66%E 7HY Bol S7sHith & EYulE
StgFo] 9 ¥ DPPH 2tt]E 4750] 91 o]= Phenolic
content®} DPPH 2jt}Zof thgt 4452 A 7F JloH, &
gl Adwol At E4o] yedttr A Aot
(Guilford & Pezzuto 2011; Kim 5 2012; Olejar 5 2015). &
Ao E A2 44 & Eded vd S 1 A
T 52 T ATHHAEp<0.057F Y= A= YEy
T}, Pereira -5-(2013) wfd|o]2t 2RIAA] 45TlA <74 Al
ABTS AAg0l5-& &/ Aol Hlsj 25% 74531, DPPH

AT 27] 2 I e HAA 54 F 20
B
AN

~26% AARITHAL RS9I & AFolA= ABTS AR
oJ5-2 7rasto] H|S3 Axrt UergR| g, DPPH HAkgo]
s W] 237t eyt sHARE DPPH AAEof 52
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oM E & A=Al AT ABTS 22 &75 1t
o] A= 0.60(p<0.01), F Eul=t &d IF 1k

AT E 0.51(p<0.05)F =2 Fo] ATAA 7L 9glom,
30T 4 2xoAE F Z28 93 tEAoRd geF 719
AT E 0.74p<0.0DE F9] 43, ABTS®} DPPH 2t 2
275 1] FBAE —067(p00)E 9] LJTHAZE AU
o} 283 90T &4 2EAE § sy kEAoRd
ShF 74o] AAl4E= 0.80(p<0.01)C.& F9] AF3t, DPPH 2t
O &7 ©d 3 219 AR AseE —0.71 (p<0.0)Z
29| AHBAT} A ACE Yeph mEbA B Aol A
g 27T RIS £ 257t 7154 et P4t
FAo| JFe & Aoz dodch

o N
N
A
o
L

= Ao, 43S AFE 4 M7
T 27] 243%H 0, &4 T 242~24.9%=Z Ao HlI}
AUt 25743} eRle] Mg EAT A}, L2 4 2
7t 2255 S7Moke Aolen, agk2 A, batd
Huegh2 371oto] A3F H242 AsiAH FAMo= &4
o] YUt AE A FH7F3} Rl fHT 74 2
3}, IFL 36.24~36.71 mg/mL, EEFS 7.67~8.51 mg/mL,
A2 1.07~1.09 mgmlL=E UERY} Ajgo] g0 = Holqlel
th. §714ke] A9 LAXEL: 0.013~0.027 mg/mlL, FAIARS 1.033
~1.228 mg/mL, AR 0.645~0.689 mg/ml, ZARS 0274~
0314 mgmL=E UEPGoH, w2 2LoA 4T85 194
Ab, FA4E, AbbAbo] 3} ZHAsh AR et )
ABS BASH A3}, alcohols 9Z, estery 225, ketone 5
Z, furan® 25, pyran’t 15, acid® 15 18] 3 ethane® 15
07 F 4159 tEo] EAEU o AHE StES &

4 370 Aolli= &/ 2% 40CoA 9115 mgLE 7MY &

AL 4738t ARl w4 =2t 71 e FE B4 3 7154 269

AL, 670 Aol 47.54 mg/L= FAastT. FAE A =474
3} oRR19] F Eejulw A 4 25 2004 23383~
250.11 mg%, 30°COJlA] 232.77~261.17 mg%, 40Col| 4] 237.84
~250.72 mg%= WEFGOH, 30T /g0 B2 skt o
Epytth g ohg2 54 2% AR2oA 110.54~131.50 mg%,
30COllA] 104.75~132.32 mg%, 40COA] 113.79~132.10 mg%
E Uehgon 4 2719 %4 o7l 229 2 Aol )l
oh 4 220 e F AEAOR FFS AL Aol
181.85~265.68 mg/L, 30°C 2| FLo|A] 102.53~258.55 mg/L, 40°C
A2 ol A 21.21~258.55 mg/L& LR =74 7]7k0] A'g]
ot F3lo] FAashy 4 =7t #2548 1 g4 Bk
2 Aol et #4733 Rl Fatsl &4 HliE
QI3+ ABTS AAEol53 DPPH AARZo] 59 B4 Al
ABTS AR 52 &4 2% AR2ofA] 82.20~87.37%, 30CO]
A 81.04~88.18%%, 40COllA] 79.95~87.37%2] H91S LEHY
o, 54 Lo} 7|to] S7FEE Fashs B ol At
DPPH AR} 52 24 2% ALo||A] 67.62~71.26%, 30T
of|A] 58.09~71.66%, 40°COIA 59.83~72.60%2] HZS UEFH O
™, &4 271 Hlsta] &4 671Y A7 tha SISt
Bl & A5 Ff WAL F473} 4l dut
F4 54, 371 4 71548 HEY 54 IHolA HIE &

Asteich. FF 973t A9 7] 44 A7E Fof ne
HlQ] 39745 911 A s S HelFa Tt okl 4kg)
o #go] 15T Hoz BEHr,
A 2
2 ERe $ENEY APAAGRIAY: S2AY B4
$ EES T 91 AZ7|& L U8 71 AL, IS

RS-2024-00438167)2] x| e]l 2Jgt Ao, o]of ZA=HU T
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Abstract

This study optimized the extraction of [B-carotene and antioxidant compounds from orange-fleshed sweet potato (Ipomoea batatas
L.) using response surface methodology (RSM) with ethyl lactate as a green solvent. A central composite design (CCD) was utilized
to evaluate how the solvent-to-sample ratio, temperature, and extraction time affected efficiency. The regression model was statistically
significant (Adj. R>=0.67), revealing that the solvent-to-sample ratio was the most influential factor, while temperature and time had
relatively minor effects. The optimal conditions identified were a ratio of 12 mL/g, a temperature of 35°C, and an extraction time
of 30 minutes, which resulted in a yield of 27 mg/100g of [3-carotene, along with high levels of polyphenols, flavonoids, and strong
antioxidant activities as measured by DPPH (2,2-diphenyl-1-picrylhydrazyl) and ABTS (2,2'-azino-bis(3-ethylbenzothiazoline-
6-sulfonic acid)) assays. Validation experiments demonstrated a close alignment between predicted and experimental values, confirming
the model's robustness. These findings indicate that ethyl lactate effectively extracts not only carotenoids but also a wide range of
antioxidants, underscoring its potential as a sustainable solvent for developing functional food ingredients.

Key words: sweet potato (Ipomoea batatas L.), orange-fleshed sweet potato, [3-carotene, antioxidant activity, ethyl lactate, response

surface methodology

M =2 T}(Ishida 5 2000; de Albuquerque 5 2019). Z|Zof= 1310}

o eh¥E 7IRE ol EF b, EotE olEet 2 7]

I5K(Ipomoea batatas Ly= A AAZLE &4, BX T4 8ol FAEL FES, T AT 59 BYEES

HEo] 8 AFAYUCE -85, 53] ofAJo} & ofiLg] el 2oz HIEWHA 754 AF AR (functional

7} A GojjA de] Ajuj=Eth(Ravindran 5 1995; Laveriano- food ingredients)2 A1 9] 7}X|7F HL &1 Qi (Wang 5
Santos 5 2022). Aol LB ofyEl, Qi SV A 2016; Frankova 5 2022).

8% % 0] UH A7} T, PP olgol AP 53l UM 1o Poaoene FH5 BT
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of A3 T opfet vlekEl AS) HAZA Qo
7}A7} A tHGabilondo 5 2022). B-Carotene2 QAo A H|EL
9 AR HgEo] AlE /4], WY A3k, A% EE 5ol
4490 g o, AIAZCZ vigtdl A 29 &4 512
S 93t A1 EsHe gioto g Hreky Qltk(Islam 5 2016).
184 Bcarotene g FF, AHl &4, A 2 7 27
of wet AA g2t o loH, Ay £ Z2 AA
o 3 Ee A 0 S Ao £48 §UT
(Alam 5 2020). ©r2}A] B-carotened} ZH2 ]
Moz Fush] AN BebHel 22 X
F2jo]t.
71EAFNA ZIRE ol E FE00l= e, oMlE, ol

e, A4 59 77187 == o8, v HEHE
A (response surface methodology, RSM)& #4835l XA ZHA
< A% A7 45 Harg vf QItk(Lien 5 2012). 12yt
ol#gt {§7]-&ul= QA At A FFo AL A
of tfA &uie] "BaAdo] #&35] AZ|=E Ut w2
SH[Fo A A4 &4 tAMS A= 4o o= %le
o (Paine & Dayan 2001), SNAFS- A1 - 7H=A]S

F 25 Al A9 SIS € & AL EE {HH(Cravotto
S 2022). o2t EAIZ QIsf A& € 7154 A AFGNA]
= HSHHAE 273 XISHA Q1 oA -&wfof thet HaAdo]
H& ZxEI ok

o e &g|o] E(ethyl lactate)= ZAF ¥g S &

S Akes 5 AV 5T Ao RRE AR e
S AR Sz, B4 Hgo] A1, Aol e e
/Jo] &2 Zlo] EXJo|ti(Aparicio & Alcalde 2009). E3E, 1]
=+ FDAOJ| 4] GRAS(Generally Recognized As Safe) 2= &
Zx]o] E4Jo] Yil(Lores 5 2015), FEMA(Flavor and Extract
Manufacturers Association) 20259 A &= QFAAJo] AR H &2
2 HuEo] AE 9 7154 &4 && 7ol ATHUS.
FDA 2005).

dgeelol L I} M3 YRS wE UY 42
T 5= Q= X =4 SHEA, 7HRE o|E, &
, ZtE o] Eel 2 okl sto|EAuE &0 §g
o2 HIEHKua 5 2016). A= Lores 52015y
SHCytisus scoparius)O A OEHE|C|ER E2j¥&5S &
s%ato] AT BHoO| £ FEES VASL
T, ol Y 249 the g o] B Ut

1S AAk,

RIS
ooy M

-

B o 4
o
::l‘

1=
pL

S
&

»

|t

4 L omo ol b al ofo
¥ il

o 2 & 2
BN o
N

ol

oL
filo

A - A - ol Auld - FAA ARAFITERIA

T3} Ishida & Chapman(2009)2 g ZE|o|EV} AZ En}
E 284 trans- Y cis-2fo| FHE v 2 8-Eok= &Y
gon, S - g BdoA L FEHQ - BUtEH F
o] Sasks slgitt § Yo7} Strati & Oreopoulou(2011)
EflE FAREO] 34 HE 253 A83E o JgetE
O|E7} ¥ 712 E|o]| =9} glo]|FHl &4 2 88 B
Aom, OfME - ofdotA[E|o|E - T4t - ofekE Tt

fr e o

& ZHAE 7|E SUEE - HRhe - ofehe ) of
9912 ol ATARZE 2AH I gouk, nute] A
8% ATE o mlul Aoltt.

et B ApoAs Fgu B30 170 B oA

o7, JIHHO|ESE & &W|E #-8&5to] B-carotene= E
3t 71548 AR & 58S HUkerAnh k9 v EY
EARME Bl Aol tiet &, & 2%, At
T8 A= HAsto A 24S =EchA Stk 2

AT A= WEF Sull(green solvent) 716 7|54 A1E
2 JNIERE obu 2t FA J14uke] 4kl E] 28 o
NZARE 748 S 9l& Ao 7t

o

NERETY

1. MENE

2 Aol AH&E AT (lpomoea batatas L.) FE T
H](cv. Juhwangmi)o|Th. 0} AlZ&= 2023 10€ 549
Ad 7ot 279 Sy ATt ASAFAE AT A0 A
st on, et ks AlA 9 Hhe] & A =7
2 ddsto] 52 AZ513 o] B4V EEdtslo] &
A A7MA] -20°Co A HaEst]ltt.

2. AEAA
2 AFoM s & HeEo| S5HUS nA =
Aoz gristal, A 21 EE5H7] s WHEHH
A (response surface methodology, RSM)< Z-2-5}3ith. A3
A= 41314 A€ (central composite design, CCD)S 7]H10.
o} o™, o] QQl¥(factorial points), <3 (axial points),
217 (center points) 0.2 LA E o] H| WA AL 420] AF O

22} t}§}4] H d(quadratic polynomial model)& ZgHA]
g = dAo] Atk (Montgomery 2017). SHHSE= F

ofN HI mx Mz ol

=

i)
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%

2 A& g gHE(5~15 mL/g), 2E(10~50°C), 32
A7H30~908)S AFaSt. BulH] RIS ARFL 1 g
o sy, SujTre 2USAL LPe 29y, &
A, B0 Zakelo] 27 theta] RS Mg & 9L
£ AASIYrk(Table 1) L¥HHQl 23 4] AR
(quadratic polynomial model)> T2} 20| E3E Th(Asfaram
S 2015; Kousha 5 2015):

k

k k r—1
Y:BO_FZBVYZ'_'_ZB{:‘)({Z_.—Z Z BiiXiXite
i=1 i

i=1 i=1lj=i+1

o714 Y= 934> (response), X+= =H ¥4 (independent
variable), G, G, Gr= 27 1A%, &% 24%, LS8
(interaction term)®] 3J|AAFE u|siH, G2 AT
(intercept)O] . EFF e QA (error)yS WEFATE A A3}
+ Design-Expert 13.0(Stat-Ease Inc., Minneapolis, MN, USA)<
ol-gsto] EAst o, Lol AT oS AR
A(ANOVA), 2R A SR, A3 A7 (lack-of-fit test) X F-
2 Sl Briokleh E3t dSE A 249 HYAEE
A5 Hs A B AP sl on, gkl
A&7 (prediction interval, 95%)°l EE =25 ERI5HF
o A AA gt BT AlRE g o] E(Sigma-
Aldrich, St. Louis, MO, USA) €19} &3}5to] A% ZA0
A Z&319om, FE2HL 1 500xgol| A 1057 QA E2 5}
o AEAE TSt V14 AR 9 Fast By B4
< 98 FJd FE2HL2 JF3L45ZF71(EZ2 Personal
Evaporator, Genevac, UK)S AFg-3lo] =351 5, 80% of ek
o Agesto] ol FEaA

ME

3. B-Carotene M2k 24
FZEEO] B-carotene FHF2 VA sHAIZutE T 1]

Table 1. Factors and experimental ranges used for
optimization in the response surface methodology (RSM)

Levels
Factors Unit  Low actual  High actual
value (—) value (+)
X;=Solvent:sample ratio mL/g 5 15
Xo=Extraction temperature T 10 50
Xs;=Extraction time min 30 90

<t olgeHelE guff 7NF A 1t Vs AR FE et 275

(HPLOZ ZHstth. HHE 9o 559 FEE2 20 em
8 FHO| 3l 6% pyrogallol(Sigma-Aldrich, St. Louis,
MO, USA) 10 mLE #H7}5lal A4 S2 3 sonicatorof| 4] 5~
1057F Hesteieh. ololA 60% KOH § mLE H7ksho]
70°C shaking water batho]| 4] 3057} 355131t} Hexane:ethyl
acetate(9:1, v/v) 20 mLE A7}sto] &% - 225t §H A=
HE Blgots S 33 HHESE &, MgSO7t S31E of
A|(No. 2, Whatman)g AHE-Sto] 5HS o st 2F
FENL 50 mLE F-E5IUL, ol AAVIAR 53 F
isopropanol 10 mLZ -85}t A-&3% 842 0.45 tm
PTFE syringe filter® ©oJ3}5}o] HPLC E-4lof Alg-5}4itt.

FZHo (18 94 AFo| FEE HPLC(Agilent 1260
Infinity, Agilent Technologies, USA)O] 43} t}. o] 54
acetonitrile:methanol:dichloromethane(6:1:3, v/v/v) &3 €9&
ARESFRAL, 452 0.6 mL/min, HE TS 450 nm= A%
5ttt B-Carotene -8 (Sigma-Aldrich, St. Louis, MO,
USA)C 2 A3t ARFAMS ol-&oto] FFstlon, da=
AE 712 mg B-carotene/100g 0.2 LEF] I THRodriguez-Amaya
2001; de Carvalho 5 2012).

o

g2lH=E ¥ SSEL0|E &2 2N
O Folin-Ciocalteu W0 mah 451 th
018). &% 50 uLof| 2% Na,CO; & 1 mLE H7Fs}
4 1 &, 50% Folin-Ciocalteu reagent(Sigma-
Aldrich, St. Louis, MO, USA) 50 UL 7}sto] Al 20f4] 3057+
HR25lQt). BRSO ST UV/VIS £33 A|(Thermo
Fisher Scientific, Waltham, MA, USA)YE- ©]-85}9] 735 nmoj A
=439t BEFEEHE gillic acid(Sigma-Aldrich, St. Louis,
MO, USA)E AR&stol FHS 2Asigon], ZTMe me
gallic acid equivalents(GAE)/100gC. 2 ERJITE
Z ZdtH o]t $1=FL aluminum chloride H]AIH O 2 =
A5FATHKIm 5 2018). 2 250 pLof| SF4 1 mLet 5%
NaNOy(Sigma-Aldrich, St. Louis, MO, USA) 75 uLE 47}5}0]
5E7F¥RSA1Z] F, 10% AICl; - 6H,0(Sigma-Aldrich, St. Louis,
MO, USA) 150 uLE 7}sto] 687t 9hGAIFATE ©o]ojA] 1 N
NaOH(Sigma-Aldrich, St. Louis, MO, USA) 500 uL.E d7}s}al
1E £ 510 nmolA FBEE S5 #EE4E
catechin(Sigma-Aldrich, St. Louis, MO, USA)& A&-olo] HZF
A 24519 0, ATM= mg catechin equivalents(CE)/100g
o= ghtstyt
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5. 2iC|E s &3

G4k 8742 DPPH % ABTS #tHZ &4 59 3
7}l th(Hwang 5 2024).

DPPH #}t]Z AA5-2 0.2 mM DPPH -89 (Sigma-Aldrich,
St. Louis, MO, USA)(99.9% of&-& £3f) 0.8 mLo] &
0.2 mLE 37}5to] QFAofA] 3087 ¥HEAIX1 &, 520 nmo]|
A B3 E 24519k EEEEE Trolox(Sigma-Aldrich,
St. Louis, MO, USAYE AH&-Sto] A4 2Hdstelon, 4
T}= mg Trolox equivalents(TE)/100g2. 2 WERJATE

ABTS 22 A4S 74 mM ABTS -89H(Sigma-Aldrich, St.
Louis, MO, USA)¥} 2.6 mM potassium persulfate -&-H(Sigma-Aldrich,
St. Louis, MO, USA)Z £0t5to] Aol A] 24A17F 52t HESA|A
ABTS 2HH]Za @5t A8 89 734 nof| A 3% gk
o] 14~157} HES oekE®E 3Asto] ARESIITE SAE
ABTS &N | mLoj]| &% 50 uLE 7fsto] Eetotal, Aes
308 3 SRS 245t BREAE Trolox(Sigma-Aldrich,
St. Louis, MO, USAYE AR&-sto] Adils ZHdstloH, Au=
mg Trolox equivalents(TE)/100gC 2 ZFASIQITT.

6. SHEHN

LE HlolE+= 33 ¥HE 575k0] meantS.D.2 LER L
b XS fojdl F EYuE, & E9HExo|E, DPPH 4
ABTS FAtst &7 Aol disf 3891 FARLA (three-way
ANOVA; 881: Ao tigt §ufn], 2%, Azt & 0|59
2GS AABHAH o]Fofl= Almol Tt BB xR Ex
Al B2 A8 2982 N Ao ® 7155k, 7 A1
5] QYUEAE A (one-way ANOVAYS S=35}ict. f-2)%t
AL A A A2 Tukey’s honestly significant difference(HSD)
e WSO, RS w0052 gatsich. FARA)
7PeE AESE | f1ol 2] 8-S Shapiro-Wilk 57, SEAVS
2 Levene 4O E QIG5 BE BAL Rvdx, R Foundation
for Statistical Computing) © 185197 =513 0, ARGH 7| A=
stats(aov), agricolae(HSD:test), car(leveneTest), emmeans(emmeans) STt

1. HISEDSMHRSW)S OI88 &5 £EXA &
1) HFSEMEAMRSM) Z}
£ AToIHE WS HURAYRSMS 2 83lo] 10}

A QA - 0] - ol -

)
Eﬁjl‘
i)
oy
of
o. (o]
L
o,
Y

AT RHE O BIIEH 5 2US A6t &
A7}, B7IEE TFS HA 829 mg100goA X 28.11
mg/100g7HA] B2t om, HHFZHS oF 229 mg/100g0.2
FRIFHAT. SHFEAL(CCD)l Wt F 203]9] A
Fystelon, 72t 2 A¥Y JARFLERY A5
El Z52 Table 20 AASHATE Al&akat AAIZE 7H9] Zfol=
o 42 mg/100g 59 el o], mle] ozl yu
< Hojqloh

RAEA(ANOVA) 23}, 3] 49 (quadrati) ZLE &
95} Yl o m(Model F=5.31, p=0.0077), B-7}2E FZ0]
7V & 9 VIR QA= A=l HhEE 8| (A, p=0.0076)
9} 1 AIFIHA?, p=0.0003)0]THTable 3). I, & 2%
(B), = AIRHO) E W A-EIH(AB, AC, BOZ 2T 79|35t
A gokom, 2mo AFYBYE BAY K9 F=
(p=0.0573y Kol At Q] JFZ AlAFSHT At 7=
(lack of fity> HI-F-2J(p=0.1417) %2 YERLE, o] A9 lolH
£ A9k © A AT 4 ol HE 2y 2%
AR RR= 0827, $7 AAFA. R 06712 eht, &
Fol dlojel9] WEe dyett o FEe 4¥S By

E3H Fig. 19] AT A&7k AT E(Predicted vs. Actual
plovE §3) 20| Mg shlatolet. A Holest
A= 11 A Fof Exsilon, S9Hl Ask #3t
(829 mg/100g)°l A= thax Zpo]7} IUARE, F - AL P
o M= dlSgt AdAgto]l & IAsH= F= B o]
= AAE 2Yo] BrtE™ 25 AEFE A=A A wrdet
= vl & Uth(Fig. D).

E3] externally studentized residuals vs. predicted plot(Fig. 2)
oA tfF-Z2] HolE7t +#4 7EA ol |AIsHA L, EolA|
(outlien ¥ 7kt gto] A9] glof 3A4]9] 7ol $5H
< elstge). o]k Bdo] prlEd £% Holgg 4yt
L o ek, ol Aol Shge ojugi,

22 Ws 7 HEAES AZHoE Bk 918 3D
SSERE EEStHom, 1 dk Fig 3o AAlstsc
Al&of et EiH|(A)Q}F FE2E(B)9] HE A A HFig.
3)°lAe B7H=Y Tgol AR thH] §ujo] ol 71t
o] met 27]oll= 5ot oy, 478 22 10~12 ml/g
o) REl= 57 Fol EREAY 238 Fachs ¥
Hloh vhd, 259 JF2 AdiF o= Ajh4olglon, 30
~50°C ol A= B-7I2" bl 38 Zpol7} et
A gt Az gt GujH|(A)RF FEAITHC)S FoA
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Table 2. Experimental design matrix of central composite design (CCD) and corresponding experimental and predicted

values of [3-carotene content

Solvent: sample ratio

Extraction temperature

Extraction time

[B-carotene (mg/100g)

STD (mL/g) (°C) (min) Experimental Predicted
1 5(-) 10(-) 30(-) 8.3 12.1
2 15(+) 10(-) 30(-) 22.8 23.1
3 5(-) 50(+) 30(-) 262 27.1
4 15(+) 50(+) 30(-) 224 202
5 5(-) 10(-) 90(+) 252 255
6 15(+) 10(-) 90(+) 234 232
7 5(-) 50(+) 90(+) 216 19.9
8 15(+) 50(+) 90(+) 218 21.9
9 1.6(—a) 30(0) 60(0) 21.3 19.5
10 18.4(+a) 30(0) 60(0) 21.8 22.9
11 10(0) 0(— 60(0) 23.0 25.5
12 10(0) 63.6(+a) 60(0) 25.0 25.5
13 10(0) 30(0) 9.54(— ) 26.9 27.9
14 10(0) 30(0) 110.5(+a) 26.0 25.5
15 10(0) 30(0) 60(0) 28.1 25.5
16 10(0) 30(0) 60(0) 20.2 19.0
17 10(0) 30(0) 60(0) 19.9 17.5
18 10(0) 30(0) 60(0) 19.4 21.8
19 10(0) 30(0) 60(0) 26.8 255
20 10(0) 30(0) 60(0) 239 24.7

Table 3. Analysis of variance (ANOVA) for the quadratic model for B-carotene extraction from sweet potato

Source Sum of squares df Mean square F-value p-value Observations
Model 279.36 9 31.04 5.31 0.0077 Significant
A-solvent ratio 64.81 1 64.81 11.08 0.0076
B-temp 1.18 1 1.18 0.2016 0.663
C-time 0.7818 1 0.7818 0.1336 0.7223
AB 0 1 0 6.18E-06 0.9981
AC 3.49 1 3.49 0.5972 0.4575
BC 1.83 1 1.83 0.3133 0.588
A’ 172.19 1 172.19 2943 0.0003
B’ 26.98 1 26.98 4.61 0.0573
oy 7.13 1 7.13 1.22 0.2956
Residual 58.5 10 5.85
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Table 3. Continued

Source Sum of squares df Mean square F-value p-value Observations
Lack of Fit 43.1 5 8.62 2.8 0.1417 Not significant
Pure Error 154 5 3.08
Cor Total 337.87 19

R=0.827, Adjusted R*=0.671.
Predicted vs. Actual Residuals vs. Predicted
K 200 — 8]
3 o
O & m L]

- 3 5]

£ & ]

- 5 000 —2 [l

o k] ] | |

& 2 m ® By

15— 2 o

£ &}
b 200 |

Actual

Fig. 1. Predicted vs. actual values of [-carotene content
obtained from the quadratic response surface model. The
predicted values showed good agreement with the experi-
mental data, as most points were closely aligned along the 1:1
reference line. This indicates that the quadratic model
adequately explained the variability in [3-carotene extraction.
Only a few deviations were observed at extreme low
concentrations, but no systematic bias was detected, supporting
the robustness and predictive accuracy of the model.

82 Uehd Fig 30PIAE BAIRE ekl 22 A7RG
= AlEol gt &afjulof o) t AA HeEE AR B
%} 30~90% HOllA AlZF Z7to] WE S8 Wk 7
9] Ho|z] ggton, o= F& ARtET= A= et &
mjy] Z7A0] BIIRE 2&E AHist= F8 AAYLS AJA}
Sk ojeje A4S A AFIME =St oIS 5
0], Lopes 5(2024)2 SZF0)| 4] microwave-assisted extraction
(MAE) 7|5 A-&3t A= Al=o] Higt -§wju7} B7t=

I T

10 15 20 25 30

Predicted

Fig. 2. Externally studentized residuals vs. predicted (-
carotene response for the quadratic model. The residuals were
randomly distributed around zero and mostly within the +4.15
limits, indicating no significant outliers and supporting the
adequacy of the model.

Bl 2 fucoxanthin 3|48 7} 2 S =L W40
BI5kQch W, & A7 A9 IS vXA] Fok,
2E= U4 £F o] ollAT fo%t Aolg vEllth &
3}, Norshazila 5(2017)9] &1+ 7]—§E]}.—_O]C 22 o Lof A
= AR et &ujE)150:1)7F =& Al 71 Fast &
Aoz glFglon, 25 Azto] Lol atE Tgol 2
A A=A geths 237 AAE A B3, 2% 30°C
oA F 7FRE|L0|E $280] 8147 ng/gO 2 g 7=
o, 45°C ool A= Foll ot BlE &o] HAadL

o

BIHQth ol & A7o|Hel Aot fASE, 22 F
X—]Oﬂ/ﬂ X%Z%o]— /\]EOﬂ 1:]-]0]— _Q_UHH] HXJO] _Q.*g S| Aé_LH,___ j,?:]_{'\_
of WA AN
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(b)

Betacarotene(mg/100g)
Betacarotene(mg/100g)

B: temp(°C) A: solvent ratio(ml/g) C: time(min)

Betacarotene(mg/100g)

A: solvent ratio(ml/g) C: time(min) B: temp(°C)

Fig. 3. Response surface plots showing the interaction effects of extraction variables on [3-carotene yield from sweet potato.
(a) Interaction between solvent-to-sample ratio (A) and extraction temperature (B). (b) Interaction between solvent-to-sample
ratio (A) and extraction time (C). (c¢) Interaction between extraction temperature (B) and extraction time (C). Overall, -
carotene content was strongly influenced by the solvent-to-sample ratio, while extraction temperature and time showed
relatively minor effects. These results support the ANOVA findings that solvent ratio and its quadratic term (A?) were the

most significant factors in [3-carotene extraction.

2) &H XM =& Y HE

=4 2] & SH(desirability function) AT} & 21719 &
Z7o] =&EloH, 11 F Ao Higt &rjH] 12.1 mL/g,
FE2T 353°C, FEAIZE 3080] 3 2H0R EEEHQ
t}. o] ZAA d&d BIEE FFS oF 26.7 mg/100g2
2 3ol on, & &2 5&(156.6 mg GAE/sample 100 g),
Z2}H 10| E(94.6 mg CE/sample 100 g), DPPH #}t]Z A7
5(96 mg TE/sample 100 g), ABTS ]z A£75(196.5 mg
TE/sample 100 g) & 71 Q1 4te} A& B3 w2 52
K}, ojuf £3} vFHA] & (desirability)= 0.928% EZ%]0],
524 22 SHD-function) SHHO|A |- L5 2]
I UTH(Table 4).

mg
B-Carotene (7100 g)
=25.539 +2.178 A+ 0.3028+ 0.239 C+ 0.0024B
—0.661AC—0.479 BC—3.449 A*—1.483 B>+ 0.702C?

s174le) ABA AEe A £2E HAGHA 3744
om AW A% AR o&zkat AL 1] He o
Awg gelsheint. 24 A R0 et Sl 12 misg,
2ZLE 35°C, 2B 0N APE AT AT, B

7t28 RS 27.0£0.0 mg/100gC 8 =AY, A&7t
(26.7 mg/1002)TF AZ7H27.0 mg/100g)S ¥|w 3t A3}, md

O] A= oF 98.9%= A4tEQloH, o= w2 A& AlF
== YyeEdeh E3F ¥ Z29E(156.622.4 mg GAFE/
sample 100 g), & S2FE 0] E(94.6+2.0 mg CE/sample 100
g), DPPH Z 4A75(96.0£0.3 mg TE/sample 100 g),
ABTS &)zt A 7%5(191.5+1.3 mg TE/sample 100 g) GA] d]
ST FARE 252 Hol IAA 9] A= 3 Adgo] &
HEASS YSSHATH(Table 5).
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2= RS 2.2~356.6 mg GAE/100g2)
o, Table 60 A|AISFTE FAEA A,
ojujel 2= 9919 FaIM= F9let9 oL,
O5HA] EATH(Table 5, p>0.05). EJF A&
gl x2 =, SLExA|IZE Al=o] that -Gl x2 ExA]
{Fo A F-oJet 2ol 7} SRl Ut & EAJ A Al&o] of
gh BuHxExAI7E 23S JHE AP oE k5ot
one-way ANOVA®} Tukey HSD HAL AA|SH Ax}, 121
mL/g, 30°C, 60 min ZZ°]A 356.6 mg GAE/100g2.& 7}
=0 7S Holon, 1.6 mL/g 30°C, 60 min RZAA L 2.2
mg GAE/100g2.2 71 Wofth. &, Al&o] gk &ufH|7t 5
7V E & EYEs @] fY¥o R Frlete Aol

=257 LrEhTHTable 7).
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Table 4. Suggested solution for optimum responses

Solvent: Extraction  Extraction Total Total . DP.PH AB.TS
sample ratio temperature time B-carotene polyphenol flavonoid radical radical Desirability
(mL/g) () (min) (mg/100g) (mg GAE (mg CE (mg TE (mg TE/
/sample 100g)  /sample 100g) /sample 100g)  sample 100g)
12.1 353 30.0 26.7 159.0 97.9 96.0 196.5 0.928"
12.1 35.1 30.0 26.7 159.0 97.9 95.9 196.4 0.928
12.0 353 30.0 26.7 158.3 97.6 95.7 195.8 0.928
12.1 35.6 30.0 26.7 159.5 98.2 96.2 197.1 0.928
12.0 355 30.0 26.7 156.9 96.9 952 194.3 0.928
12.1 354 30.0 26.7 161.3 99.1 96.9 199.0 0.928
12.1 34.8 30.0 26.7 160.5 98.7 96.5 198.1 0.928
12.0 35.0 30.0 26.7 156.8 96.8 95.1 194.1 0.928
12.1 34.6 30.0 26.7 159.6 98.2 96.1 197.0 0.928
12.0 36.1 30.0 26.7 158.0 97.5 95.7 195.6 0.928
11.9 35.8 30.0 26.7 155.8 96.3 94.8 193.2 0.928
12.1 34.1 30.0 26.7 160.6 98.6 96.4 197.9 0.928
12.0 334 30.0 26.7 156.6 96.4 94.7 193.4 0.928
12.3 36.8 30.0 26.7 165.9 101.7 98.9 204.3 0.927
12.3 37.2 30.0 26.7 164.5 101.0 98.5 202.9 0.927
12.1 37.6 30.0 26.7 161.2 99.3 97.2 199.4 0.927
11.1 28.8 90.0 26.7 144.7 832 89.5 170.7 0.927
11.1 28.6 90.0 26.7 144.5 83.1 89.5 170.6 0.927
11.1 29.0 90.0 26.7 145.0 834 89.6 171.1 0.927
11.1 28.5 90.0 26.7 143.9 829 89.3 170.0 0.927
11.1 28.3 90.0 26.7 144.7 83.2 89.6 170.8 0.927
11.0 28.5 90.0 26.7 141.8 81.8 88.3 167.7 0.926
11.1 29.8 90.0 26.6 145.4 83.6 89.5 171.5 0.926
10.9 28.1 90.0 26.6 1399 80.9 87.6 165.7 0.926
11.1 30.1 90.0 26.6 146.9 843 90.1 173.0 0.926
114 28.8 90.0 26.6 1524 87.0 92.8 179.0 0.926
11.2 26.3 90.0 26.6 144.3 83.0 90.1 170.5 0.925
11.2 31.7 90.0 26.6 151.2 86.4 91.5 177.4 0.925
11.0 322 90.0 26.6 146.6 842 89.4 172.5 0.924
11.1 328 90.0 26.6 148.8 85.3 90.2 174.9 0.924

D Selected because it shows the highest desirability with balanced extraction yield and practical extraction conditions.

Z ZgfH o)t TS 23~196.3 mg CE/100g HYE = CE/100gC 2 RS B or, 1.6 mL/g Z7A 2.3 mg
Y= 1 0T (Table 6), A=l thet -gulr] 8219] FFo] 7H CE/100gC &2 [F-o]F 0 & Wttt o]= Al&o] gt -&rju|7}
A 2851} 12.1 ml/g, 30°C, 60 min 274 1963 mg  Z7}6l= RAA S ot 2& §go] IA FAES
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Table 5. Verification results of 3-carotene and antioxidant indices under the optimal extraction condition (12 mL/g, 35°C,
30 min)

. . Total Total DPPH ABTS
Solvent: Extraction  Extraction . . .
sample ratio  temperature time B-carotene polyphenol flavonoid radical radical
(Em P fo o iy (/100 (mg GAE/ (mg CE/ (mg TE/ (mg TE/
& sample 100 g) sample 100 g) sample 100 g) sample 100 g)
Experimental 12 35 30 27.0+0.0 156.6+2.4 94.6+2.0 96+0.3 191.5+1.3
Predicted 12.1 353 30 26.7 159 97.9 96 196.5

Table 6. Three-way ANOVA results for total polyphenol, flavonoid, DPPH, and ABTS contents

Polyphenol Flavonoid DPPH ABTS
Source df
F-value Pr(>F) F-value Pr(>F) F-value Pr(>F) F-value Pr(>F)
Solvent 4 462.06 1.32¢-06 72118 4.35¢-07 935.3 2.28¢-07" 77094  3.69e-07
Temperature 3 8.44 0.0211° 12.93 0.0086" 9.6 0.0162 14.43 0.0068"
Time 3 1.78 0.2680 ns 1.54 0.3127 ns 2.51 0.1729 ns 0.56 0.6617 ns
Solvent<Temp 1 4.83 0.0792 ns 12.35 0.0170 6.97 0.0459" 457 0.0856 ns
Solvent=Time 1 0.02 0.8880 ns 3.14 0.1368 ns 1.38 0.2924 ns 1.13 0.3359 ns
TempxTime 1 10.98 0.0212" 8.82 0.0312° 2.15 0.2029 ns 8.09 0.0361"
SolventxTempxTime 1 5.36 0.0684 ns 2.75 0.1581 ns 4.07 0.0998 ns 0.98 0.3672 ns
Residual 5 - - - -

Three-way analysis of variance (ANOVA) showing the effects of solvent-to-sample ratio, extraction temperature, and extraction time, and their
interactions, on total polyphenol, total flavonoid, and antioxidant activities (DPPH and ABTS). Significant effects are indicated at p<0.05 (*),
while ns denotes non-significant differences.

A ARSI} ZatE ol e 9A] A|2o] ist fufju]rt = 7}6}93 2.1 (Table 6), DPPH /-2 1.5~157.4 mg TE/100g,
T1ARE RO O R FUlote AT B0, ol F & ABTS ZA2 53~4158 mg TE/100g9] H 2 Urebgth Al
s T Aot fARE S UrERATHTable 7). ol gt GufH|x2E=xAIZE 2% 7F ANOVA £4 A,

olg|at AT A|=o] Y3t fuju|7} 15 B 22 & 12.1 mL/g, 30°C, 60 min Z71°] 4] DPPH2} ABTS /o] Zt
€5 F9oh= A4 QRIS HojFrh Liu 5(2022)2 tf 7+ 157.4 mg TE/100g, 415.8 mg TE/100g0.2 7}4; &2 314
2=, Moundib 5(2023)2 Argania spinosa Y, Wang S5-(2025)2 < YEPAY. ¥, 1.6 mL/g Z7ANA= 244 1.5 9 53 mg
BEZe 7|4 BF A= tiet 8uju|7t & TE/100g0. 2 7} Yo}, 754 A& g} SUstA T4
AR JFS vty Basigitt & Bl&9Y] F7h= 3 &4 FA] AR it 8HiEl7E A 8Rl9lo] ERlE

=57 9 ST Lot oxet B4 HAE 5eS /A QIthTable 7). & H7L2] DPPH T+ ABTS 2z 47 &4
oto] & §8% Fole B, A= HEoAME 58 T W3t A3t B3, 7)€ A+EY AT FARSE Wong 5
7b Zo| £3E= Aol RuEt wetd & tiAde (2013)] Phyllanthus niruri 3% A= A=) it &

i
lo o
nigh

=
I
il
g

S4% 220 Aget Aol diet §HiHlE AAske 2ol wiEF Ak &40l Foldt ¥ FeH, & EFvE
1aE FES AT G AFAS AR S Faket B4 T w2 AEEA0.999)E SISt
ot FAFSH, Olawuyi 5(202002] 232 1 S5 2%}

2) DPPH 3! ABTS 2iC|2h A7 &4 Tl Azl it &ulH]7} 10 mL/golA] 40 mLg= &

A1 24 DPPH L ABTS 202 245 591 3 784S DPPH L ABTS Z4o] F20= F4=9lc.
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Table 7. Effects of solvent-to-sample ratio, extraction temperature, and extraction time on total polyphenol, total flavonoid,
and antioxidant activities (DPPH and ABTS)

Solvent: Extraction Extraction Total polyphenol  Total flavonoid DPPH radical ABTS radical
STD  sample ratio temperature time (mg GAE/ (mg CE/ (mg TE/ (mg TE/
(mL/g) (O] (min) sample 100 g) sample 100 g) sample 100 g) sample 100 g)

1 5(-) 10(-) 30(-) 24.3+].78 22.4+0.2° 16.5+0.3% 41.4+0.3°
2 15(+) 10(-) 30(-) 229.1+4.7% 125+43.7> 120.6+0.3° 255.9+0.9%
3 5(-) 50(+) 30(-) 35.742.6% 24.3+1.0F 22.9+0.1¢ 49.4+1.0°
4 15(+) 50(+) 30(-) 239+5.3% 136.8+1.2° 124.4+0.4° 276.4+1.4%
5 5(-) 10(-) 90(+) 26.8+2.2¢ 20.740.1° 16.5+0.1% 39.8+1.3
6 15(+) 10(-) 90(+) 200+1.7° 105+2.9% 124.1£0.0° 231.942.0°
7 5(-) 50(+) 90(+) 51+0.8°% 29.6+0.3 37.4+0.6° 68+0.9°

8 15(+) 50(+) 90(+) 282.144.0° 141.5+1.0° 125.6+1.1° 294.2+4.9°
9 1.6(— ) 30(0) 60(0) 2.240.18 2.30.0° 1.540.1° 5.340.5"

10 18.4(+a) 30(0) 60(0) 356.6+7.3° 196.345.5° 157.4+0.3° 415.8+1.8°
11 10(0) 0(—a) 60(0) 111.8+0.9% 67.1£0.7° 71.540.8° 131.3+2.8¢
12 10(0) 63.6(+0) 60(0) 121.4+4.1¢ 82.240.8% 86.8+0.1° 170.8+2.0°
13 10(0) 30(0) 9.54(—a) 102:£9.4%f 67.2+1.9° 77.5+0.2° 138.8+1.9¢
14 10(0) 30(0) 110.5(+a) 125.3+2.5¢ 73.242.5° 83.240.2° 147.4+1.6°
15 10(0) 30(0) 60(0) 121.6+3.4° 76.2+1.1° 78.940.1° 15494259
16 10(0) 30(0) 60(0) 110.1£1.7% 72.6£1.5° 80.7+0.2° 147.246.24
17 10(0) 30(0) 60(0) 135.240.2¢ 79.6+2.2° 80+0.3° 153.5+1.2¢
18 10(0) 30(0) 60(0) 119.2+1.4¢ 77.9+0.3° 77.540.3° 157.3+5.0°
19 10(0) 30(0) 60(0) 112.6+1.1% 72442 8 82.5+0.2° 14243 8¢
20 10(0) 30(0) 60(0) 114.3+2.0% 69.740.6° 74+0.9° 138+2.6

Values are expressed as meantSD (n=3).
“®Means with different superscript letters within a column are significantly different (»p<0.05) according to Duncan’s multiple range test.
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oA L} AZkRE Tk Aol et B
= e S At Asel i g
J % 951 W4 AR
2 AEo] 3t Gufu]
Fast 2]
A Al, el 9 Eelieo)
JUBAZ FLH,

4 7154 429 4 & 205 oA v H
AR-RSMyZ A-&5Hqint. S dAE(CCD)ol wht o=
H Ad A3, BrtEY b 829~28.11 mg/100g2] Y
A= yehgtow, a3 7o) A= AR it &fiH]
(A, p<0.0)2}F 71 AFFHA’, p<0.001)°] ATt F EeFis2
2.2~356.6 mg GAE/100g, & Z2}H 1-o]Ex 1.4~184.8 mg
CE/100g2] MYS A1, FAKSt &4 DPPH 1.5~157.4
mg TE/100g, ABTS 5.3~415.8 mg TE/100g2. & et 3

S27 A3 23, Azo] gt &ufiH] 1201 ml/g, F&2
T 3526°C, FEA|7t 3080] H& xACE =& gon,
ojnf B-7I2E FFL 26.69 mg/100g, & ZT &= 159.0 mg
GAF/100g, & Z2}5 =0]= 97.9 mg CE/100g, DPPH 96.0 mg

o
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TE/100g, ABTS 196.5 mg TE/100go]|A] =2 5082 &5
Itk A% AFOIME olEgiat At 7+ 2347t vlujstol
s 7149) A A@Ae] FREY. e B dol
A =59 Fue ogolEs /12 34 - 0134 g
o 2l 9 oiE TRl 4ES ARHOE 4T 4

9SS HojZn, 34 vl BrtRE 9 7|54 AHEo
TEE 35S 93t A 22 A 8o 7| xAwe 3
9 2 92 oz wew.

ZHAle| =

£ =52 52138H NEATFAE@AHS: PI01726
7012025) A1 9 2025 &S ISP g A
EA1Y 34 Y AFGof 9J3f o]Folx AY.
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Abstract

This study developed a calibration model using near-infrared spectroscopy (NIR) for the rapid and non-destructive prediction of
functional components —total polyphenols, total flavonoids, and antioxidant activities—in sweetpotato. Analysis of 473 sweetpotato
genetic resources revealed significant variation and diversity in total polyphenols (4.67 to 2,419 mg/100g, CV 74.26%), total flavonoids
(7.71 to 1,057.67 mg/100g, CV 122.88%), DPPH radical scavenging activity (7.83 to 532.56 mg/100g, CV 111%), and ABTS radical
scavenging activity (11.84 to 615.87 mg/100g, CV 70.02%). The NIR spectra (400 to 2,500 nm), following pretreatment and modified
partial least squares (MPLS) regression, were utilized to create the calibration model. Cross-validation indicated high predictive
performance for total polyphenols (R%, 0.895), total flavonoids (0.940), DPPH (0.955), and ABTS (0.940). External validation yielded
R’ values ranging from 0.623 to 0.726 and RPD values between 1.58 and 2.13, confirming the model's practical applicability for
large-scale screening and classification. However, further enhancements are needed to improve the accuracy of quantitative analysis.
Future studies should focus on refining the predictive model by incorporating samples from diverse genetic resources and cultivation
environments. This research demonstrates that NIR spectroscopy can be effectively employed for the rapid, non-destructive evaluation
of sweetpotato functional quality, facilitating the efficient selection of high-value cultivars.

Key words: sweetpotato, NIR spectroscopy, polyphenol, flavonoid, antioxidant activity

M E gt A} A-8-S Bofl EA94A AA, Al S, EF 9
5 = 78 A9 E4]lo] By

AF9H(Ipomoea batatas Ly= A MAZORE FQ AFFZ} CHKwak 5 2013; Wang 5 2016). Z28|H& 2 Zg}E 10|
EE2A, FHI 7154 A8 ot BEgY EES AT, AR B F5, AHl &, 24 7, 5 Al
sto] H7AE, 7HSAIE, Blo| AR 4] EolillA w2 & 7] & ohFer 8910 wet 2A g = AR He o
2 7Fs4S 2AtkBovell Benjamin AC 2007; Wang (Woo 5 2012; Park 5 2021; Hwang 5 2024; Musilova 5
2016). 5| atuto]] x93t EQHEy S ol 4 2024), o3t Ag=9| W 764 £5Y A} v+nt

ol
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715k A7 &7 Y] 4 A7 = Aok A3AE 9
71578 Aol thet AaHAte] As k7t F71ete] wet i
b =8 A A&H o g g ZAeg AFH(Kim
2018). ojof e} EFHE, ETEolE 5 7|54 &
o] &2 _T_’—TLU} 52 HBAR] 55 =X F shiolH,
2] AolA] $5 ABL AkE) MU 5 UES o2
w7 winiald 4 s14e) Badol FBun gk
7\0] Belulis, Bebwicol= W aie} B4 AL o}
395 2%, Yo} HPLC BAo| HEOE o AR
ror}, AIZiat wE o] 2A AR 0] g AL Aol
AZE AATHL 5 2012; Kwak 5 2013). o]o] 2| H]ut] &
Al A ZA40] 7Hset A9 E 8 (NIR spectroscopy)
o] 54kE 9 A1ES] FAR, 7154 e olSo] AAE
3] Zx1 Qthlee 5 2022; Piscoa S 2024). NIRZ
400~2,500 nm T+ oA AlZ o] B4 - 515k AR
w}e} Hlo] TLEl EXS o]Q5fo], ThoFh A1E W A}
891 BEst $IE Ao MANOE T A3
4= QltH(dos Santos 5 2013; Folli 5 2022). NIR2 A|F H|
U 24 Alefo] 7S] asA oL, 3 S} % o
20, R Aele] $A o B4 9L AL 8% AE3ol
HAstE =312 9] -8 FHth(Pandiselvam S 2022; Zaukuu
= 2024). _1;‘_—5] gq.:l_ NIR /xuﬂ]EE-] HH_O_ QOP 7:]]%:
(Chemometl‘ics) 73 Agsto] T 2T oyt &
=, Eoputolmol g s 4 5 7154 AR 4
% 9 AFgdo] A8E3 Qti(Tian 5 2023; Tang 5
2024). a1tute} o] {AA - A A Zpol7h AX HE E
71 Y& ZFo| A NIRI} PLS/MPLS(partial least squares
regression/modified partial least squares regression) 3] &
e BE AL 7154 AR A4 Bolol A ol B9
=9 FZIIHLu S 2006; Amankwaah S 2024). o= s
S sl F8 AIRE AAALRSQ, R, coefficient of
determination), RPD(ratio of prediction to deviation), RMSE(root
mean square error), SEP(standard error of prediction) 5 =74 %]
A7 92 YRED, A theo] AFolH Lot @ A
24 A& g3 J5HF5 A3} R 0.6~0.9, RPD 1.5~3.52
%3 BB BT AL AFTol HHT
QIth(Lu 5 2006; Pandiselvam 5 2022; Amankwaah 5 2024).
ESE NIR A4 9] A3 cross-validation, 2|5 SH T
7% 5 448 544 Brle 59 ABHT AckTin 5
2023; Tang 5 2024).
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3 Fof| 71 714 20 emE 3}o] 4~5 ujr] 7}
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b AuistA. agtur 8 & AjHste] FAAX
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2. & B2lEE Y Bapeco|s B
% Zojn 9 SehEnols def R4S 95, w7t
AJE 05 g0 80% ok 12 mLE H7lsto] Bkt 2, 24417t

B S iﬁ}oﬂ‘:} FEH 4T, 1,500xg A 1027 4
U—E—ﬂ(So ST40R, Thermo Fisher Scientific, Waltham, MA,
UsAyE . 45As TA Ae A5 ChHwang 5
2024). & EF)¥lE &F 24 98, FE= 50 uLol 2%
sodium carbonate(Na,CO;; Sigma-Aldrich, St. Louis, MO, USA)
|9 1 mLE ket 387 ¥RSAIZ F, 50% Folin-
Ciocalteu reagent(Sigma-Aldrich, St. Louis, MO, USA) 50 uLE
Folstolt. EUEe 0B AL weAY T,
UV/VIS £330 A (Thermo Fisher Scientific, Waltham, MA,
USAYE AHg3te] 735 nmolH SBES S5tk AL
gallic acid(Sigma-Aldrich, St. Louis, MO, USA)E F&EZE
AR B A AAJSHL, S AR 100 g 59 mg
gallic acid equivalents(GAE, dry basis)2 WEHRITE.

& &Pt o|E o 42 fdl, 5= 250 uLof] SF
4 1 mLe} 5% sodium nitrite(NaNO,; Sigma-Aldrich, St. Louis,
MO, USA) 75 uLE A7iste] 5&3F 9hAIRL &, 10%
aluminum chloride hexahydrate(AICl; - 6H,O; Sigma-Aldrich,
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St. Louis, MO, USA) 150 LS 27}5to] 627} vhg-A]Ach
0]%&, 1 N sodium hydroxide(NaOH; Sigma-Aldrich, St. Louis,
MO, USA) 500 1LE 718}, 11E7F ¥H3A|17] & 5329
510 nmOJ|A =5 S5t HF2 catechin(Sigma-Aldrich,
St. Louis, MO, USAYS ¥& 42 AMESto] HE 2AS 24
sl o, =k AlE 100 g 9] mg catechin equivalents(CE,
dry basis)= LERH LT

3. Radical 27 A

D70} QAR A 29 radical 274A3L DPPH(2,2-diphenyl-
1-picrylhydrazyl, Sigma-Aldrich, St. Louis, MO, USA) & ABTS(22-
azino-bis-3-ethylbenzo-thiazoline-6-sulfonic acid, Sigma-Aldrich, St.
Louis, MO, USA) radical AAEA-S Yol tH(Hwang 5
2024). DPPH radical 24842 0.2 mM DPPH -8-24(99.9% ©|
eF2of §5f) 800 uLoj|l A& FE& 200 uLE E95ko] 302
ZFHREAIRL &, 520 nmof| A F33 T HSHE A4Sl A
F2 trolox(Sigma-Aldrich, St. Louis, MO, USAYE & &3
& ANgSHo] # FAS ML, AR 100 g9 mg trolox
equivalent antioxidant capacity(TE, dry basis)@ WEFH AT

ABTS radical 424842 ABTS 7.4 mMI} potassium
persulphate(Sigma-Aldrich, St. Louis, MO, USA) 2.6 mM= 1:1
HEE S F 24A17F d4o|A §EGAIA ABTS ¥ol2Z
BAAR F, Ag==E 345k 735 nmollA 3= glo]
14~1.57} E| =8 ZA35F &M ALL3519ch 4= ABTS
89 1 mio] AR 222 50 1LE T} 3087 WA
& 4w o] WslE 29519t A2 trolox(Sigma-Aldrich,
St. Louis, MO, USAYS #& B4& A}a%}@ HE FAS A
SR, A& 100 g mg trolox equivalent antioxidant capacity(TE,
dry basis)= LEFH AT

4, ZHAM AHEYH =3

DTkl LAY 473%9] 2F QA AHEY
7] 918} Kaur 5(2024a), Lee 5(2022)2] ¥H<S A
o] NIR £37]7](DS 2500, FOSS, Hillered, Denmark)Z:
seich 270k FAAE AIRE sample cupoll 9] B
2225} 417111, LA 400-2,500 nme] 3 W 9JA 0.
om Q0 7t AL 3 whaelo] Zalsich ol %
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5. NIR ZiZfAl ZM 1

AANS X

A2 24 daEE2 A7 AHEH A AFAL
JRFe] 7], 8, U 5 E9F AF4o] gt 4kt 2o
st AL Fo]7] s standard normal variate and
detrending(SNV-D) A4 2] 7|W& &3] HA5I 0w 42
(math treatment), 3] 747 -2 Y| ALH A7 7
S AA AFAS 2435 h(Escuredo 5 2013; Lee 5 2022;
Kaur 5 2024a). A2+ 1, 4, 4, 1(1st derivative, 4 nm gap, 4
point smooth, 1 point second smoothy2 285} 0. 374
2 £ SHEAH MPLS(modified partial least squares
regression)= ARE-SHRITE. 2|2 0] HFALE 7] s A
(R, A=A FZ Q@ X(standard error of calibration, SEC), A&7
% ¥ Q X|(standard error of cross-validation, SECV) 5-2] 54X
£ JEsto] AEsieith

45 0] H85AE A5 919 2024do]
S Mo QAR F A o] oS R 4858
NIR 237]7]8 olsto] 24sialch

0¥

1 _’g_ =

A4 ?% é:% HL é%ﬂ—‘ﬂrﬁ EﬂOlH% g5 } (3 H,L
THF 4735 I oE F Eus ¢ EgE ol T
¥} F4atet g (DPPH ABTS &t|Z &7 &)= 415K
CH(Table 1). & ZHE T 4.67~2,419.00 mg GAE/100g
o By e Jehyglon, I 571.54 mg GAE/100g, HE7]

Ol

Table 1. Reference value of total polyphenol and
flavonoid, DPPH and ABTS radical scavenging activity in
473 sweetpotato genetic resources

Component Min Max Mean SD

Total polyphenol
(mg GAE/100g)

Total flavonoid
(mg CE/100g)
DPPH radical
(mg TE/100g)

ABTS radical
(mg TE/100g)

4.67 2,419.00 57154 424.40
7.71 1,057.67  109.45 134.49
7.83 532.56 114.05 126.59

11.84 615.87 172.02 120.44

Abbreviations: GAE, gallic acid equivalent; CE, catechin equivalent;
TE, Trolox equivalent.
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FCV)= 7426%2 ek f EAbo] w9 itk & EetH o]
T S 7.71~1,057.67 mg CE/100g, Ho 109.45 mg
CE/100g, CV 122.88%%2 AFZ L7} H2 djxof 21 7t ok
F/dol F3ioHA A=A FAitst &/ A/ #<1 DPPH 2}
td &A AL 7.83~532.56 mg TE/100g2] WA BHF
114.05 mg TE/100g, CV 111%E VERHIL, ABTS 2t E &A%
AL 11.84~615.87 mg TE/100g, B+ 172.02 mg TE/100g, CV
70.02%= A= it

FARHI R &/ B B tie] v §2 Hol|E3
2 HEATE B, A% Fddo] FF - XYY o
71578 &A AL 5ol v A REGRAS 4 5
o} o] Hie} BlwstlS o, F=ollA AulE uto
ZP s IFS 440~980 mg/100g, EtE0lE AFS
100~460 mg/100gC 2 X 15} 1, DPPH &2 AA &4
2 190~330 mg/100g, ABTS =ttjd A4 &AL 570~710
mg/100g 0.2 77+ ¥ 716} tH(Makori S 2020). T ThE B 11
oAM=, & EdHE 2 192.7~1,159.0 mg/100go]™, F
Zg}E o]t SRS 21.0~40.3 mg/100g0 &2 ZHzt AA5HY
THRumbaoa 5 2009; Camel Lagnika 5 2024). 0|} H]|w3}o],
2 Ao Aits BE FECIA HolF Hdigt, AbR Tt
oL gfiEo] A 7 o 9 449 e FAdE A
o o AU oS At NIR(ZA 2R A4 2
A oA B 5 i oS HEE Y B
H EAQ A 5o 880 s &89 & S-S AARITH

30, oL Hir

2. NR &3 3 AHER HXz2|

n7wle] & B2, & Sehuiols P} )
A d=2 98], 400~2,500 nm H9JONA 0.5 nm 7FZAO.
NIR AHMERS HESAT} Fig 1© 170} A5 A A
MEYS el Aoz, 24 27} AR 7 AHE] W
o] o] YA PR UE, L, A3 27] 5| Folo]
]3| baseline &0l Abed Xpo] 7} WAy, o] = Qlsf A
H E 9] baseline shift X noise”} e HiF4] Z/dof| gloj
A& A7t S7FE 4= Ath(Pandiselvam 5 2022). o] 2|3t &
Bk WolE HAsl7] 8l 1A} vl A2 (1 derivative)S
2831991, 1, 4, 4, 1(1* derivative, 4 nm gap, 4 points smooth,
1 point secondary smooth)2] <~8+4] F9h& ARE-SHRITE. ETL,
A 2d 750 4 AAEAH0 MPLS(modified partial
least squares regression)S Z-25}9 T MPLS= T3 A4 &
Al s, ~2HEH HolEo] et o] A A Y, B

U o

Log (1/R)

400 925 1450 1975 2500
Wavelengths (nm)

Fig. 1. Raw spectrum of 473 sweetpotato genetic resources.
Each line represents the raw spectral data, illustrating absorbance
variation and diversity across samples and wavelengths prior to
chemometric preprocessing and calibration modeling.

3t 23 Hlelg 9] A &3} SolAM FHold 52 Holvl
mZol oot AFeHs] R g2 -&Hrh(Escuredo &
2013; Kaur 5 2024a). MPLS= 7} 3ol 4] ZApE A4 2
EZO5] B Qe 2gohd WE o] P Lo
o] A2 Ve AR FHoE A% HES FHS}sto]
249 a5 A2=g FIA7I= S0, B fle 8119
VF2 A2 02 A ITH(Font 5 2004). MPLS o]
==, T, M T uTH A=Y S B4 ARSEHUH
ol HioA, S/ &, &, 9, v A& A5
A7 (Kaur -5 2024b)2} A7 F2] FEAlOR o £
3

|
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H
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(Ki
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=]

2008) 5-°ll41 MPLS7} AA|=2 -85 Hf gloH,

oo

T

=

2¥s 9 SehE ol Sk

A2 (calibration model)
’gotgith(Table 2). E2slls o] AHARR)E 0.923,
FE 0| =0 R 095308 uf$- 943 552 Hirk
Avsh g4 A 3#<Q1 DPPH 2 ABTS 2t]Z 474 &49] =
77} 0957 ® 09522, A FEA AFE &2 &5
A 5 AT FAE AFA LS ASst A BA AS

(cross validationy& AAISE A¥}, EejHs, St o]E9

ool e Y ook
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Table 2. Statistics of calibration and cross validation of total polyphenol and flavonoid, DPPH and ABTS radical

scavenging activity in sweetpotato genetic resources

Calibration Cross validation
Component n >
R SEC R SECV
Total polyphenol
1,22 .92 122.81 . 142.
(mg GAE/100g) 229 0.923 810 0.895 997
Total flavonoid
1,1 . 22.881 .94 25.74
(mg CE/100g) ,178 0.953 88 0.940 5.747
DPPH radical
1,204 0.95 28.180 0.955 28.954
(mg TE/100g) ’ !
ABTS radical 1,229 0.952 28.523 0.940 31.899

(mg TE/100g)

Abbreviations: GAE, gallic acid equivalent; CE, catechin equivalent; TE, Trolox equivalent; R?, coefficient determination of calibration; SEC,
standard error of calibration; R, coefficient determination of cross validation; SECV, standard error of cross validation.

3} HE AAAS(RL)= ZH2 0.895, 0.940, DPPHS} ABTS
717} 0.955, 0.9400. 8 =S5l o= AFA 9 A}
T HFoA w2 =g 4l ﬁ*é% ojm|gtct. AgY Aol
w2, 2 1 tuto]] 9RR-E QFEAJoPd 9] NIR 7|RF A7
A%(R*7} 0916, 0.8899&1:}J_ Ejl‘c‘?}‘ﬂgtq, Tut T4

EHsa E2tEolE S04 2+ 097, 0.969] =2
RZ Jerd v} QIt(Tian 5 2020; Tang 5 2024). o]&} H]
o 2 A9 A e SRkE 9 &4 A # BF
oA FESHAY 2t B EE HolH, NIR= o|-83t 1L
Tob G4 I QR0 HluhY] A|So] AFA A 24
3 AL FHFS HolZr) waha, B d1o] A
NIR &34 o] 1tul W aFaksl B2 9] st} 342 A4
ol H|oy]A o2 BASt= ¢ g3ty oZ 8= £

2 Al

o R

20 r
go b

=

4. NIR Z2kAlo| Q| = gl N2

24 NIR 74%%14 9% dg=E 4 8P7l 913l 2024
ol AuiE utup AR F A4 2ol nAREE 48
=g iAoz QF FHZ(external validationyS A A5},
A5 ANEY A434d 54 Z2n, E9bs T2 49.70~
582.00 mg GAE/100g(H 7 162.03 mg GAE/100g, CV 70.22%),
ZelH ot TR 14.14-224.20 mg CE/100g(Ed 46.73
mg CE/100g, CV 95.40%)= UFebgch DPPH @ ABTS 2t} &
A7 BAL 747 27.23~430.40 mg TE/100g(E T 90.34 mg
TE/100g, CV 95.94%) & 82.03~457.47 mg TE/100g(B 145.17
mg TE/100g, CV 49.15%)2, Al& Jd f vf¢ §2 B3t

 ya
051

-|II
_I[N' o
olN

=2 thopyo] 2HQIEQIrTable 3). ]9 22 Mo Z}
e FA BAE HA AR SR AFOR, AF A
27 A% AR chepT 54 S5 BETS s
sich 3% Az0] NR A%4€ 283 A%, o133 4
Aol ARAF AAARR)E E9% 0

o= 0.703, DPPH &4 A7&4 0.726, ABTS E‘ﬂﬂ% A7
4 062308 B 9] ATVAS RATHFe. ). 2D
o2 BUE S Beer] e RPDGES Beius 2,13, 2
H1-0|= 1,65 DPPH 2t]Z &A% 187, ABTS 22 &
AGA 1582 AEF o], kel Aded % FEo] §1
2 AT Table 4). o] B30 T2, AFx 5 o

Q.

i ®

Table 3. Reference value of total polyphenol and
flavonoid, DPPH and ABTS radical scavenging activity in
48 sweetpotato genetic resources produced in 2024

Component Min Max Mean SD

Total polyphenol
(mg GAE/100g)

Total flavonoid
(mg CE/100g)
DPPH radical
(mg TE/100g)

ABTS radical
(mg TE/100g)

49.70  582.00 162.03 113.77

1414 22420 46773  44.58

2723 43040 9034  86.67

82.03 45747 14517 7135

Abbreviations: GAE, gallic acid equivalent; CE, catechin
equivalent; TE, Trolox equivalent.
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Fig. 2. Scatter plots between predicted data and reference data. Each result shows the relationship between predicted values
obtained from NIR calibration models and laboratory-measured reference values for total polyphenol (A), total flavonoid (B),
DPPH radical scavenging activity (C), and ABTS radical scavenging activity (D) in 48 sweetpotato genetic resources.
Abbreviations: RZ.,, coefficient determination of external validation.

v

U3t ZEOM AFAR, B, 7HEAE B oS A7 &5 AT 4 Atk B A6ITHGuo F 2021; Tomar 5 2021).
=, @ £7]°A4 NDF, s|u|AE2A o& A9 oF HF ESH RPD 1.5-2.0 77F0] el ek AJgo] 75 o Adt
&0l 0.6~0.8 T2 F7F Fxo A, diFF Aol of A48&#dor HIUFItHPadhi 5 2022; Oberholzer 5



Vol. 38, No. 6(2025)

Table 4. Statistics of external validation of total
polyphenol and flavonoid, DPPH and ABTS radical
scavenging activity in 48 sweetpotato genetic resources

Component R SEP RPD
Total polyphenol

0.691 20.92 2.13
(mg GAE/100g)
Total flavonoid
(mg CE/100g) 0.703 68.98 1.65
DPPH radical
(mg TE/100g) 0.726 46.24 1.87
ABTS radical 0.623 4524 Lss

(mg TE/100g)

Abbreviations: GAE, gallic acid equivalent; CE, catechin equivalent;
TE, Trolox equivalent; R%,, coefficient determination of external
validation; SEP, standard error of prediction; RPD, ratio of
prediction to deviation.

2024). mebH £ A1) NIR AL oft 1
A % BevE @ Seputols, PAat %W%
Ao A4e 48 0 85 A 5
& Shelstoleh. ok 2 epE A AR HoT HY ¥
Holle 57189l Axo] A7 ELE o] 3

7], A3 - B3 A thepiol obdl F88) SauA ok,
9% A% Anel Wo| T2/t A AR A EHL
ShufabA st 2 % 9hgol 71912 chPandisclvam 5
02 Tan 5 2025 w2k B Apope | 4 14
2 W A 2, A R2ANA 2L AR BEstol
B W WS sfshel, Al 1Y, AHEY AH
2 H25} 59| 371 A7/ Btk olF Bl NIR o
290 A4 A8 WIS B o ST 4 Y Aol
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20 U A=
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w4 23 070 4TE FARAY F BE0] G
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g4 274 849 AL 7.83~532.56 mg TE/100g(CV 111%),
ABTS #o# 4AA AL 11.84-615.87 mg TE/100g(CV
70.02%) .= A 7F \2 Wolet =2 S UESL
o} NIR A% E #(400~2,500 nm)}& A3 2] T MPLS(modified
partial least squares) 3| FEAL £ AFAL sty I
2} A% A, F E2YHs9] R 0895011, F SetE 0]
ELX 0.9400]%t}t. DPPH od 44 &A9] AL 0.9550]
W, ABTS &2 4&A AL 094008 HF =2 =8
HoFx9th QB AZoA: RLJF 0.623~0.726, RPD7}
15821302 Heh, 2 Zeo] tiyf i 2do) Agey U
2o AgAog AL & US= ASorH Hwt A
T A YL FE S8 F7140 iAol dastH, §F
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Abstract

This study explored how enzyme type (cellulase and pectinase), concentration, and mixing ratio influence the functional compounds
and antioxidant activities of purple sweet potato (Ilpomoea batatas L.). The enzyme treatment significantly impacted all measured
parameters. At a cellulase concentration of 30 units, the total anthocyanin content reached 399.4 mg/100g dry weight (DW),
representing a 163% increase compared to the control (151.6 mg/100g DW). Total polyphenol (1,799.7 mg GAE/100g DW) and
flavonoid (475.3 mg CE/100g DW) contents also peaked under these conditions, while higher enzyme concentrations or increased
pectinase ratios reduced extraction efficiency. The highest ABTS radical scavenging activity was noted at 30 units of cellulase (954.0
mg TE/100g DW) and at 80 units in a combined treatment of cellulase (2) to pectinase (1) (927.2 mg TE/100g DW), suggesting
that moderate enzyme synergy enhances antioxidant release. Conversely, DPPH activity decreased with higher enzyme concentrations,
with all combined treatments yielding lower results than the control. Overall, the optimal condition for enhancing both functional
compound extraction and antioxidant activity in purple sweet potato was identified as a single treatment with cellulase at 30 units.

Key words: purple sweetpotato (Ipomoea batatas L.), cellulase, pectinase, anthocyanin, polyphenol, antioxidant activity

M E off FAsh A, FHIT, Tk, T 5 ohFet A
2 e = Ao 7 B Eth(Islam 5 2002; Yoshimoto 5
A 1150k Jpomoea batatas Ly= E-8-0] A WA Qlo®  2002; Kurata 5 2007; Wang 5 2010; Lee 5 2015).

el BoliolE, QHEAoRd 5 TRt ARIRA B 58l AAnnt 4o LEAORIS T AL b
4g FRoA BRIAT Aol 7154 AF 2AZA BSF o L pH, % 5] ot 2ol B, 7 ol g
xHEﬂ o X]H X]'EE OPEq;z;] °“’4—(Tru0ng ., 2010; He & ] =0 E/\g o 7}]# A]u/k}%]oﬂk] A Aﬂ/\ u_] 7]}_—_/(3 3
216). ol2fet slsA STES Ae] PALLEE AAS  AHEE Yo FUT ckte 5 2016, T AALFkE
A, B0l A oA BIS B IS AEAAE oA ek nTvlo] wja) gaksh A Aeied B o] =

' Corresponding author: Eom-ji Hwang, Researcher, National Institute of Crop and Food Science, Rural Development Administration,
Muan 58545, Korea. Tel: +82-61-450-0144, Fax: +82-61-453-0085, E-mail: umji0416@korea.kr
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o, 5 - AMizA - 7 5ol wet shekaAgat A
21 8/go] 37%] gERITa HuEe, 24 7texd gH
S840] A== i

FHZ FUME 715483 7HA Aol 7t A A
o A5 o] &S| o] fofA|A ot g Euul=
%"‘éﬂaﬁﬂ%ﬂw 20254 SAJ3 EFo 2 AP A
o, IEAOR MATE SRSk, 2240 &%‘0}04 Az
- Ho]AE 5 TRt Y Tkl Aedt S48 Al
ok B M AT Aol ot 7154 AE A
A HA Madoze] &§ 7hsAdol Atal BrhEH
(KSVS 2025). wabA] <Hohu]= A tnke] G4 HA e
0] IE 7154 42 +& 5L A5 A A+
aAz At FFo dddnt

I 712 AT ArTml 7% QEAoMd TR
9F 10~100 mg/g =2 Z(Truong 5 2010), ILEZ} ThFHet
s g A2 %%7} Z|dsto] dubAel g &
gro 2= 715429 dago] W2 AL Sl olof w2t
AR RE Ve EEHLR I35 fE &
24 - ofeb - et HE $& 7leo] A8HL At

E94 ByogE 283 BHX FE(He 5 2016, Zhu 5
2017)3} 219} o]AbelEb A F&(Lao 5 2020) B°] UL, BE
ShA WHoRE §A HE -;}%(Zhang 2020)°] HEZ 0]

FO

ot 227 8 WollAl FEst A4 fEste] AxEe
=220 s nysial g JFE éé/\]ﬁ JHo] 20 =

ZHNZIeE BHE, 84 FEH2 OY, AE2 oA, JudER
o2 £ AEY YRS dues pajslo] v Hue
it} SIS fieohs oHy FJILo R, W2 REoA
28 715l 8o AHgol Hol AsAHolH H71Y 2

of g3t 7|&& H7IEYBiz 5 2016; Ly 5 2018).

E735] cellulase®} pectinase= A|EH thd-Fo] L2 & A
< ISAA AEAoH, EFHE, gt olE 5 AE Y

2% Bee) 7154 210 828 AL 02 YA
k. 5t % BAE BEIAY U4 We2 TUe T

aauTE B 52 28T P BHS 2 5 Utk
A7k B S| 9IckWang 5 2022). T2 olefdt ATES
F2 54 MA0] £ AH0] 2HL I glol, Bk R

Z7o] A uat W AA| 7154 ' H ditek &40

3= A ol gt A= AdHoz RSt
oehA 2 AFolAE AL EE iR ad SR

(cellulase, pectinase), 5= % E3H|&0) & 7|54 A&
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‘5‘]—6]:(_7:: O}E/\]OP’] e Eaﬂﬂ =, 5 ‘%E}El‘;o] o) SFAR
3} &4J(DPPH, ABTS)9] H3}2 A5t 0|2 5o a4
AA o] WE A7) 7SAR 85 AZFS FHst
I, 7154 Az A0l =4 AT 5849 =& A

2 g%t N2ARE ATHLA ot

W Yo

It

1. AlEX=Z

E A o)l= A 310K (Ipomoea batatas L.) R TH](cv.
Bodami) £%& ARSIt 0= 202448 10€ 559
e 2o 2409 FYAPIHNY S5 EATL0
TR, Alges AlA & 5E87=%35H0] Micro Hammer-
Cutter Mill(Cullati MFC grinder CZ 13, Culatti AG, Zurich,
Switzerland)2 ©]-&5}0] 80 mesh® H&5to] Btslst & &
& Azl @ 22 Ao ol 33U,

2. 3AaXe|

A4 AAZ = Cellulase(dspergillus niger -2}, 0.8 unit/mg,
Sigma-Aldrich, St. Louis, MO, USA)®} Pectinase(Aspergillus
niger -2, ChemCruz, Santa Cruz Biotechnology, USAYS A&
Stk B AAZX 2 1 g2 0.05 M oA EANOIN EANGE
£ BFEA(H 45) 15 mio] A=k T BAS Wrlsto] w
9.5 |ABHATE. ALE Colulasels 3 pHF 40017 2
L7} 45~50°C HY=E Hi1E o] 3] 0m(Okada G 1985), 4.
niger -8 pectinase T3+ pH 3.5~5.0 JL7Ho| A =2 A4S
LB I 40~50°Cof| 4] QH A%l B4d& RAISHH= 202 &
A Qltk(Mat Jalil & Ibrahim 2021). o]o] E oA = F
49 T35 &4 HOE 185l ¥ A4S pH 4.5, 45°C

kl;(%o}o:lr,]_ =94 xila] /\]0—]0“/\—]1— A ETE 10,20 cu
30 umt/g db =FO0 2 H8o1 ., B3 A7 AFPoA =
A4S 60, 70 2 80 unit/g-dbZ O]-_l_ cellulase®} pectinase
o] H]&-S 21, 111 ¥ 128 Z5FAT} B3-S 45°C0|| A 45
E7F 250 rpmO.2 wHFetH x5 A0 A Sastgict vhS

$3 5 pHE 3.002 2Hsto] RS HAA|7]1L, 90~95°C
oA 1287 71hsle] A4S EFASIRE F £A4] ofo]A
oA Yz+eldrt.

B} F AlmE 70% oA 0.2% T,
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pH 3.002 &2 5}o] A|F:ufjH] 1:15(w/v) RZ1o)A] 30°C
ol A 30&7F WHksto] &5 o 812l pHE 3.0
o= FA% A2 AEAoM ¢ HE I9bEo| 4M 21
(pH 1-3)0l| A 7H b SHA] EA5he, 4Hebd Eofi7F 24
S}=] 7] &0 ™ (Giusti®} Wrolstad 2001), A pH &3 &
HlE gol2 125 fAIst] M40 25 382 =
oz g#A 9t YRA(CIL)= E4E H7l6HA
= Al9Jstal, 438N AE, vhg 2= (45°0), ¥Hg Al
), pH 3.0 2%, 84 BEZA3H90-95°C, 1258) 5 I
A 270S AR 55 FP5tAh o] F a4 A
i FL3 27(70% ollehE, pH 3.0, 1:15 w/v, 30°C 30
WEHo R & WstUtt. & T A== 10,000xgoY A
HAEESH A5HS o, I4d S T <
EAold, & ETHE, & St ol 4 S S &
Ao AR&-SHIH

o %
il
NS

5
o rfr

4

W

i
)

s
=
=

of

OLEA|O} &t

oF 2742 pH differential methodE ©]-&
(o]
=

2 Ok

o &
o

£ AJofd
Sto] Z45IATH(Lee 5 2020). B4 FAF & A2 F59
0.025 M potassium chloride buffer(pH 1.0)2} 0.40 M sodium
acetate buffer(pH 4.5) 950 Lol Z}2} &3sto] 15571 EHAA]
Ftt. -84 9] T4 UV/Vis spectrophotometer(Libra S22,
Biochrom, Cambridge, UK)Z ©]-8-5}a] 520 nm®} 700 nmof| 4]
5745kt pH 1.02} pH 4.5 -89 7] F3%= 2o|& Akt
Stof ofgf] Ao wet F QEEAlobd ks AMESRlom, 4
= A9t Hd-3-ZF FA}O] E(cyanidin-3-glucoside, C3G) 5
7Hmg C3G eq./100g DW)Z FEA|5} T}

A

Z OFE AJold 3HF (cyanidin-3-glucoside equivalents, mg/L)
A x MW x DF x 1,000
ex1

A=(Aso— Aro) pH1.0— (Aso— Aro) pH4.5

MW (Molecular weight)

= 449.2 g/mol (cyanidin-3-glucoside®] 1 mol g EA}=F)
DF (Dilution factor)=3]4 8}~

€=26,900 molar absorptivity

- oliF] - S - AUl - 0lFL - ST ATABAYIDNA

(2018)9] WS AR WFPsto] S5 & EulE
BXL Z2ZM 50 ulof] 2% sodium carbonate(Na,COs; Sigma-
Aldrich, St. Louis, MO, USA) & 1 mLE 37}sto] 387 ¥t
SAIZ1 &, 50% Folin-Ciocalteu reagent(Sigma-Aldrich) 50 pLE
7Ftat. SRS 3087 dERAA TAgE H, UV/VIS
B350 A (Thermo Fisher Scientific, Waltham, MA, USAYS
Agstel 35 mold EAEE SPsAc EeEds
gallic acid(Sigma-AldrichyS ARE-sto] AL A5 O
), & ZY9E IS mg gallic acid equivalents(GAE) /100g
dry weight2 UYERQIc} & SefE o= ke & 250
uLoll S5 1 mLe} 5% sodium nitrite(NaNO,, Sigma- Aldrich)
75 uLE H7Vobod 5EZF WSAIX1 H, 10% aluminum chloride
hexahydrate(AlCl; - 6H,O; Sigma-Aldrich) 150 pLE 7}t 6
E7F ¥k8519tt o], 1 N sodium hydroxide(NaOH; Sigma-
Aldrich) 500 uLE d7}8}0 1132 2 E3}040] FLTE 510 nm
oA ZH5cE HBEEEE catechin(Sigma-AldrichyS AR&5}0]
AP olslon, ¥ BHROE TS mp cechin
equivalents(CEY100g dry weight=. 2ASI9ICT:

6. Radical 27{&A

T4 AY 9 55 B9l I AR F2AY A 24
S DPPH(1,1-diphenyl-2-picrylhydrazyl, Sigma-Aldrich) & ABTS
(2,2'-azino-bis-3-ethylbenzothiazoline-6-sulfonic acid, Sigma- Aldrich)
radical 2752 ZH5}0] H7}519iTHHwang S 2024). DPPH
radical 2AE3L 0.2 mM DPPH 2-94(99.9% of|eh-20f 2-3))
0.8 mLof| Alm & 02 mLE F7F5to] FaxoflA 3087t
WA &, 520 nmollM FFEE SASHAT Trolox
(Sigma-Aldrich) & EEZYZ slo] AFHE Felglov],
A= mg Trolox equivalent antioxidant capacity(TE)/100g dry
weight® UERH QI ABTS radical A4 &4-2 7.4 mM ABTS
2} 2.6 mM potassium persulfate(Sigma-Aldrich) Z3FH-S 244]
7k 204 BEEAIA ABTS™ -§HE A|X3E &, o]& 735 nm
olA &8 grol 1.4~1.57} H&E oehZ® 3]Asto] ARg
Skoict. 34% ABTS -89 1 mLof| Al &4 50 uLE 47t
Sto] 3027t AR F 3 =S S5 Troloxs #
F2U2 ATHE AU, I me THINE dy
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o} 4o HskE 445l fdl, Levened] SwAM

(Levene’s test for equality of variances) A A]5}o] H|o]
AP FAALE ERlstelt. 54 SR AY sk 12
A EH 9 A4AEe WMol 9 oluRt
(wo-way ANOVAYS 23190 m, Fach i 7ke] 4
g mIH OIT Ao/ eI B2, 7 e 1 5F
M2 YYRAHEH (one-way ANOVAYE F712 AA|5tect,
o/dol Eele P& tisiAe Tukey®] HEHIILHA
(Tukey’s HSD test)& -3l B+t 7+ Z}o]& B SFIH. ESF
71573 3&(TAC, TPC, TFC)¥} 43t &/4(DPPH, ABTS)
7ol BAE W7IsH] 9l Pearson  /FEHEA] (Pearson
correlation analysis)& 535t ABA TS AHE5ITH 2
E SAE A2 STATISTICA ver. 7.0(StatSoft Inc., Tulsa, OK,
T

oo

19

for 1 Fo 10 oX

M

N
o

P & st
1. & SHEAlOHH
Cellulase TF= Pectinase T %] 2]of] ThE XA 1 Lulo] &

QHEAOI T WIS BAG AT}, B4 FRI} B

uhe} IRk 2po|7F e THH(Fig. 1). Cellulase 2] 2]H0f| A=

27(151.6 mg/100g DW)O]l H]sf| thF2o] A =]of A o

o] F71etH o, E3] cellulase 30 unit ]G0 A] 399.4

mg/100g DW= 7H =2 32 eI o]= thR+ tfH]

9F 163% <715t =02, AX =L 9 cellulase”} A|Z=H 9]

oIS &3l AEACHAS] FE5S X3 A= o

AE AEZH2 AERA JuAEEA HY 508 F

g=lo] loH, o]= AlZ W EAste M4 E HsA 3

=9 &2 Adlicte 8 AHo=E AA Utk AaHF

F5 7le2 o|Het XY 25 A9 o R JlEfsto]

AE W R85 St 9 &1 JFE &olstA s,

3] cellulase@} pectinase= 415X A 9] EAS F7IA|A

gHo|t 9 QtEAlopd Y} 22 MARS] 5 882

AAZItkal B a1E HE QUTi(Streimikyte 5 2022). Swer

(2018)2 W ZA| 2] (Prunus nepalensis L)Z5-E9] QtEAJobd

FZ A cellulase A 2|7} FA o] B F 16% =2 +&

£ Bty H 115} O, Kapasakalidis 5(2009)2 E3 7

E 215 FAREolA cellulase 21217} 4R} His SkekE9]

22 R9HoR FANAGT WHt & a7e 2%

|23 A dX|stH, Ay Esjaso 2gos

o

2k

o oo e

O

Fotoh et

% A
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Fig. 1. Total anthocyanin content of purple sweetpotato
extracts treated with different enzyme types and concen-
trations. (A) Single enzyme treatments using cellulase (C) or
pectinase (P) at various enzyme concentrations. (B) Combined
enzyme treatments using cellulase:pectinase (C:P) mixtures
with different enzyme ratios and total enzyme units. CTL,
control (no enzyme treatment); U, enzyme activity unit.
Different letters above the bars indicate significant differences
according to Tukey’s HSD test (p<0.05).

40 f87F FZ1E o] QtEAJobd Fgo] F7IRt Zo®
A= 28U G4 57} 40 unit(178.3 mg/100g DW) ©]
FOo R Fobd A% 2358 F FEAloR Fgo] Hastel
o}, Ol H&3t 84 7P AlEH O] BESE FEste] Al
Z Y FEAJoPdo] ERFYStE ALY, 4HetA Eof7) SX1%
917] WjEo 2 wWekEch Streimikyte 5(2022)2 TA B39
BE0] 84 4, 7148]E, BESAIRE 59 ¥l wet g
A, A3k 9 2702 25]8 54 7] Halut Akst
£ 2T 5 Aokl Hstint weba] AP aako] Ot
Alobd & 8&2 SHidkel] flsiAe B4l S/ of
Yet 5= 9 BRSAIZE At 257 st

31, pectinase TR ZJo| A= HRFA O F cellulase & 2]
Hrt} 3=Fo] WQFOouY, pectinase 40 unit A 2]FLofA] 255.8
mg/100g DW(THET ] 2F 69% Z7h= 7F 2 3he LE
Wit ol2fRt Adke aA0] TR} wkof wEh AlxY v
o] Haf g FEAoPIS HY/do] EEtilE ou|gitt
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= A4 txT] Bls) &
OtE A|ojd &lgfo] &7 }OI-OE‘T%(Flg 1). Cellulase®} pectinase
£ 21, 1:11 9 12 8] &2 &355}1a] 60, 70 Y 80 unit O
Helelge o, Bk T I Sl uek £33 Jol 7}
YERTE 53] 80 umt# 2:1 &3] A FolA 263.8
mg/100g DW= T WH] oF 74% S7Foto] BAAE &
M =2 UEAoP TS Yt ol 349 THA
gof oJsf| A|azd ohgFo] Ei7t SXE o] FEAloMd &
o] FFYH 7o Holy, I GIE cellulase LA 2]
o A|R49] 2ol Sich. HHE, pectinase ¥ 0] & £
Mol & 7154 R Aol 9318 BATE AFE B
et ol FE WM Aol ARH T2 AUAA
p3Isjea 24 egAlel Aok, olof wie st 84
A7} BSAY 85 F 240D 7F540] Ye AR T
ST ofeld S 4% A thgRel 3 e
7t Az W dEA SEEe) 721 AL Asfe 4 9

= AYPAF 2t A7t} E5] Versari 5-(1997)
7|9} ef=H|e] A0 §4 AE] THo||A] pectinase W -
22310 Aol o) e Al Wl o 20% 7
4T BIBHGOH, ol HA BT W3] M )
0 NE $ET 4+ AL A,

S+ 0 2| cellulase 30 unit ?HEV]- 71 =2 & tEA]
u%% Helom, BotxE9
SRt 80 unit 2] Zﬂoﬂ/ﬂ H WA =2
o} whehA] A 1 Stute] QEEAJobd &
A AFS-E T cellulase?] A4 =& F4o

4 29102 WeHET) o|eet Asks
el A A Ao 44 e
1 Srelol Srelote] FEQ o WgL
TS 2 5 5 et

ju s

o
-

b L ofN
_?L

o lo 1 =

cellulase®} pectinase
1

) H“
Oll
OSH«

Ol

>
fol o
fifo

.L4
_4

W‘EJ}E
N, N
m{> l‘ll‘_l

N

¥
o x bory o S

JE P B o
o b oy L

5]
ol
N

=

1

WO O o2 ol b

o
e
fol
o

aagd ¥ —f‘?&fﬂ glof| whE Aatoke] & EE| s

orgE %J-‘i’fz 840 TR sk, EFH|of wet £
3t Z}o]7} & E‘rmg 2). Cellulase T =] 2] 73S ﬂi

L 371 EJrE} grgo] A5stttrt 4 =& o|% Aot
L A%S Hgorm, E3| 30 unit ATLoNA 1,799.68 mg
GAF/100g DWZ 7F =2 32 Yetfdeh o= diz+
(1,445.96 mg GAE/100g DW) thH] F 24% Z7}51 4=320]9)t}.
84 FE7} 40 unit o302 2ok Aol Hadhs A

Ol - QS - Al ol - S ARAEAUSIINA
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-8
o
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Fig. 2. Total polyphenol content of purple sweetpotato
extracts treated with different enzyme types and concen-
trations. (A) Single enzyme treatments using cellulase (C) or
pectinase (P) at various enzyme concentrations. (B) Combined
enzyme treatments using cellulase:pectinase (C:P) mixtures
with different enzyme ratios and total enzyme activity levels.
CTL, control (no enzyme treatment); U, enzyme activity unit.
Different letters above the bars indicate significant differences
according to Tukey’s HSD test (»p<0.05), and “ns” indicates
no significant difference.

Hol, ThEgh B4 AP AERS RS 2ejste] 2
a-go] #sle 7o 2 wrheEc). Stanek-Wandzel 5(2024)
S qAC R GARZFEE Y%t 2, Cellulase
oA 54 w27t A 7] S7HE o F EYElE 9
o] S7Fst o, Hejt wolAs 258 Fadts AT
= Btk Hustglon, o= & A9 Ayt dXjirh

Pectinase YA 2o A= 40 unit Z7AYA 1,654.43 mg
GAE/100g DW(F 14% S7hH= 7P &2 g2 UEileH,
AurA 07 cellulase A2 H T} e 40|t} Pectinase=
FE AZZE0] HEE Vst A 1 dgke At
7AR, 15 2AGAE et Bz AT 727}
Y=L, §&E Euso] ARy X BAEETRS] AR
Z-go] ofsl Ergshe 4= St} o9 T2 FF2> a4 nt
& 80| A4 &4, 718HE, ¥REAIRE 5ol et EEtA]
o, =gt WA= 238 &) Atk 4= AL

t:l L] ﬂilo

ru{o

ool 7
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3t Strcinikyte £0022)°] 219} GAFSIT)

B, 54 BEA AT, LE H2Folq drTrc
o B2 geo] GalEiglon, Ko i U BElo]
w2} x}o]7} T35t £35] Cellulase:Pectinase=2:1 E3}H],
80 unit *Z]FLo A 1,829.83 mg GAE/100g DW(SF 26.6% &
HE 71 L e UERST) ol F aao) Aud 2
ol oJsf| A=y thdFo] F& E3i7F LojvhiA E2H
=9 8%o] 4% ZAyE TWdEch Kapasakalidis S
2009y E3F §4F 0|83t A EA *ZH«] EYH= jz—%
o)A Cellulase %A £3to] 7H &2 &2 HERHH, &2
H|9} G450 A5t Sa5kthal Halskt

ZgFog AMyIulo] & Zafs RS cellulase 30
unit LA 2|9} cellulase:pectinase=2:1, 80 unit EHA 2] A0
A 7 58F o7 SRAEQloH, ol AEH B §49)
AnA Ago] A%y Bl 82E 2% AT B
o} Wel B4 BE 2ES B89 Bl 23 A, 5a
o 5% - 5 - BYE AU 2 Ao] AE 47

q
o
o 7154 A2 28 Rolt W aclow gz,

A2l wE AAake] & EEtE ol IS
BA3 A3, RE G4 A7/ UlR27292.91 mg CE/100g
DW)ET =2 #HS YERHTHFig. 3). Cellulase T =] o) A

L §4 =57t 2718k ulet ZelkR ol §eFo] =& s}

A Asottt7t A o olF Hadshs ¥ itk &
3] 30 unit 2|70l A 475.28 mg CE/100g DWE 7}4 &2
TFE HEileH, o= tix+ tiv] oF 2% 713t <
O|31t}. Pectinase THAA oA = [FARRE BFE Hol, 40
unit %] 2]7Lo] A 339.43 mg CE/100g DW(SF 16% S7hH=E
22 HP oL}, cellulase X 2|HTHs Adbgo g o 2z
o]t} o]yTr AT cellulaseZF AlZE Y AE20A F
@"%}—— /HEH;G oz xh:}ﬁkoggq /\‘]]ji LH ?:]-%] EE}EL:
oj=9] 4 &S FAT H 7% Aor wkEHn

I S Y

ol

(Streimikyte S 2022). 1L} 40 unit ©]A o A= Q5]7 ek
o] Zadh= AFE HHoH, ol= & JO o] #x=gt 3
A SURel AR s A Pl sl

, 1 oA FEH Hed 9}%1% 0l B 7} AbslE| ALt
-rré_lE] AL 7FsA o] AtH(Kapasakalidis 5 2009; Laroze &
2010; Stanek-Wandzel 5 2024). = 84 A7 571 4A 4
2oz 088 A4 W HERe] ePgAol AstE 4
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Fig. 3. Total flavonoid content of purple sweetpotato
extracts treated with different enzyme types and concentrations.
(A) Single enzyme treatments using cellulase (C) or pectinase
(P) at various enzyme concentrations. (B) Combined enzyme
treatments using cellulase:pectinase (C:P) mixtures with
different enzyme ratios and total enzyme activity levels. CTL,
control (no enzyme treatment); U, enzyme activity unit.
Different letters above the bars indicate significant differences
according to Tukey’s HSD test (p<0.05).

98 At

EAA T B, 54 M9 F Bh sk wEt &
g o|t ghgo] T35k DEATh 60 unit A oAM=
cellulase:pectinase=1:2 Z710f| 4] 372.63 mg CE/100g DW, 70
unit Ao ML 11 27AA 43626 mg CE/100g DW(F
48.9% Z7HE YEFH O M, 80 unit 2:1 E3HH| 0| A= 443.64
mg CE/100g DWE th2T thu] oF 51.4% Z7}5to] 714 &=
o PG BT

o]t Z3F cellulase®} pectinase®] /2] X80 OJsf} Az
TR FA o s Eofi=]a, ofof wet 22 Tt -8 g
4lo] R A siAEth HISSHA, 7R Q7 1 (Acanthopanax
senticosus)lVA Era Ax(cellulase + pectinase)S -8 Wl STH
-o|& Slaga RS} EAdo] SRR Eart oW (Liv 5
2021), AR E(Potentilla anserina L) S20IA T U5 G4 HE
A7} USRI Go S 2003).

FeH0R ATTI] Hohcol= 55 TEE cellle



300 U] - 7HE - ST -

30 unit LA 2|2} cellulase:pectinase=2:1, 80 unit B3] ZA0]
A 7 =90tk o] §40] AA XSRS Eg) M2y 1RE
$H0% spshAE Ae Sekriol=e] FHAE $AI3
7] thEo2 Rl weh HARTEE BN ik B -
E3P] - 55 7] FYE 2k o] Bepuiols sKeg
o] by 4z webl

=

|

o]

4. DPPH radical 27 &A
a4 GdA o] wE A v uke] DPPH 2|z &A%
A& EA% 23t 549 /Y ko] Tk {3t Ao
7} U th(Table 1). tR12] 4L 168.04 mg TE/100g
DW= &QI= it} Cellulase A& FLoAlE E4 == 10 unit
oA 199.19 mg TE/100g DW= 7}& =2 &4 S Ho
o|% F=7}F F7IRtol wEt E/do] HAF FH4ske] 50 unito]]
A= 8230 mg TE/100g DWE T4 A3}E et o] Ze
Bd FEoAE Ao BEA Eo2 Akt B4 &
<o SAEA, s H=edt a4 ¥ o = QIgh
A& WA B ABH E4o] AR fleo s detkEh
Pectinase A 2] A E §AFSE AgFo] YEFE O™, 10 unit
Z2]o| 4] 185.66 mg TE/100g DWE 7} =2 g&48 H|

- olug] - B - AUl - olFR - A F=AFITIIIA

ENR e el ;*é Ol %}iﬂ‘ﬂt}. ol#gt Azt
T a4 BE WS R y
£ 0 & o]Fojx|H, ??ii ‘ﬂ% %57} U =2 27
t 2358 St S4E A + ASE HolEr
24 EFAYFoME RE AY A iRt
(168.04 mg TE/100g DW)°f| B]s| -2 DPPH 2t £7 5
o] eIt H4 TPHIY F 54T F7Io] IHE FH
St A A= YEUA] 29EOo ™, cellulase:pectinase=2:1 3
c}:,u 60 unit 2794 97.45 mg TE/100g DWZ Atjz oz
2 7S S B MRt oz g4 5wt IS
g *301 Aaste A%S Ueth ol 42 At By
& 749] 5 Argo| A TS B FFORE olojA=
2 oflgt= S AlARITH
ARt o2 g4 A= AEHE Eofsto] 7s4 &
|5 37 S o, Alxd x7t eS| &
=W &5 UdEAo 'iﬂllﬂléﬂ sfetA fLx7F MY
AU 45} ghgo] £ 0] B AAsol AT 4= 9l
3

vl o
fo

ol

ol ol

& 1o

(¢)

20| E11% v} ]t Chanioti 5 2016). T3t 74 vk 3t
ol A LAY 4= Q= pH W3R mlA] 3 W Akd =& F7F
A PEAlOMAT Hl=4 ES 24 Aol JF

Table 1. DPPH radical scavenging activity of purple sweetpotato extracts treated with different enzyme types,

concentrations, and enzyme ratios

DPPH radical scavenging activity

DPPH radical scavenging activity

Treatment (mg TE/100g DW) Treatment (mg TE/100g DW)
Single enzyme Combined enzyme
Control 168.04+5.66™ Control 168.04+5.66"
C 10U 199.19+10.14% C2:P1 97.45+3.02°
C 20U 182.72417.13® 60U Cl1:P1 94.49+0.84%
C 30U 157.46+18.16™ Cl:P2 85.64+3.11%
C 40U 111.07+14.85% C2:P1 73.40+4.15d"
C 50U 82.309.63° “oU C1:P1 81.49+1.39%
P 10U 185.66+12.86™ Cl:P2 66.4241.14'
P 20U 152.79+12.09% C3:P4 75.1445.59°
P 30U 160.14+8.92™ C2:P1 71.2243.67°%
P 40U 123.0319.73% 80U Cl:P1 75.49+1.90%"
P 50U 100.76+10.20% Cl:P2 63.3624.412

Y Values are expressed as meantSD (n=3).

2 “EDjfferent letters within each column indicate significant differences among treatments, as determined by Tukey’s test (p<0.05).

9 Abbreviations: C, cellulase; P, pectinase; U, unit of enzyme activity.



Vol. 38, No. 6(2025)

= 1A AR BEEAS ASHAE 4 Qe Ao R LA
9l th(Ruenroengklin 5 2008).
web Betna Hevh 54 4RO BRe 27447
ohm shelehE, st B ShiBY Tad g, o)
FAEEGA] A AR} 7RsA SOl ol gk 4 v
oo wzt Hotas 3HoNAM= A4 FF - FE ofye,
WS A7 - 2% - pH 5 24 FHeP7T 2olH, d<ed]
a4T SV A AR BAHY e A gt
e AT 4 A
Sk, A Ake] DPPH 2oz £A8HS 92
&9 A4 10 umt) Ao A 7HE wkoH, &
S7F Al /o] faste ¥ A o= 84 §HSo]
A2 283 —v—OHOH °]'*}9’r EX‘J |55 é;ﬂﬁ}% %

rr

5. ABTS radical 27 &M

T Aelo] w2 AMI70te] ABTS Heig AARHES
N5 A3}, 540 SR} o] wet §olgt Kjol7}

01 5] Q{TH(Table 2). H&7-9] S-S 776.12 mg TE/100g DW

=]
L
o
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2 YEPT Cellulase FEA o A= B4 5% 710 o
g} gAJo] AF5SEE7} 30 unit 2] 2] Lol 4] 954.03 mg TE/100g
DWE 7H} 2 84 Elon, di tiy] oF 23% 57}
shiet. 18y 84 F&7F 50 unitE F7FSHH Z/o] THA|
Aaste], BEFE G4 JEgo] Akt AR HA Ee &
e A FZ 7730l AAME I

Pectinase A 2o A= = F7ol| whet Z/go] At
3] AF5319.01, 40 unit X 2] 7-of|A] 867.10 mg TE/100g DW
2 7 =2 342 1t o]9t 7L AL g4 28
et Al EY GRS Bl 71&e] 2L, ZF a4of vt
5ol ot g4kt 249 &5 ago| gEite S v
s},

E3hA 2] o] 79 (Table 2), A4 HEo} T390 2 &
o] A 2= ). 80 unit(cellulase:pectinase=2:1) Z
oA 927.17 mg TE/100g DWE 71 =2 S-S BT,
70 unit(1:1) 27 AE 912.91 mg TE/100g DWE =2 g4
o] 1=t ¥, pectinase H]-&0] &2 TEHH|(1:2, 3:4)
oAz &4do] A ye, gd HEsfof T AlE 2
By otet 4te} slRhEe] AletE &Aoo WARS s
go] Aot

Q.

Table 2. ABTS radical scavenging activity of purple sweetpotato extracts treated with different enzyme types,

concentrations, and enzyme ratios

ABTS radical scavenging activity

ABTS radical scavenging activity

Treatment (me TE/100g DW) Treatment (mg TE/100g DW)
Single enzyme Combined enzyme
Control 776.12+62.14° Control 776.12+62.14%
C 10U 762.81£35.46° C2:P1 699.33+16.11°
C 20U 819.20+62.44° 60U Cl1:P1 778.63+59.11%
C 30U 954.03+31.77° Cl1:P2 810.13:84.24%
C 40U 804.81+6.86° C2:P1 775.60:£95.32%
C 50U 764.97+2.67° Cl:P1 912.91+89.30°
P 10U 629.19+74.77° U Cl1:P2 836.24+28.14®
P 20U 793.51+12.32° C3:P4 761.36+67.02°
P 30U 804.23+40.24° C2:P1 927.17421.75°
P 40U 867.10+24.90® 80U Cl1:P1 889.78+69.19°
P 50U 787.56+40.62° C1:P2 756.13+44.35%

Y Values are expressed as meantSD (n=3).

2 **Different letters within each column indicate significant differences among treatments, as determined by Tukey’s test (p<0.05).

9 Abbreviations: C, cellulase; P, pectinase; U, unit of enzyme activity.
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ol2fgt Ait= mA ZF
HoE ol FAS £49 &= 4 %Hl% e
S A E ). Stanek-Wandzel 5(2024) EE‘Q’OHH cellulase -
pectinase A E 53l T Hs 9L ABTS &tz &A%
Ho| Qojxom WETty BTsALt. Streimikyte =
(2022) £+ EARFSFZE TFoA Bh B, ¥HSAIZE, 7]
A 540l AEs] 2AHA o FAks} &ido] 3]
2% & A AAsHAH

whebA A IEte] ABTS 2tz &84S SHistksl
71 M= 549 SR 2], v, ¥HAIRE HY
SHA A3}t Zo] a5ttt 53, cellulase 30 unit T
#2], B 80 unit(2:1) B 70 wnit(1:1) 2ANA &2 &
go] &RlEo], a4t 7t 2 ¥hg F7lo] F4Ake £
HET PIAHS AAch= A4 8910 E ddE

M
Ay

6. AMZFEH
aaAo| g 754 AR} FAe
< 785171 91501 Pearson AFHA 4 *% Fystalct &
LEA AT E F FEAlORdO] & M=K TPO)Y=0.771)
9 ABTS o)z 27%5(=0.781)3} &2 9] ATIAES Le}
Ujol, kEAlord w4 3RHES] S717F ABTS &4 53
of AFAeR 7]oeE AT 4= A B F AEA]
obdzt DPPH ol £7Z/g vl Rt A (r=- 0.062)&
Hol 7 kel 2|12 HES- 7120 AJolhe AAISIATHFig. 4).
& E¢dE £ ABTS S 2AZAGT} 52 49 4
T=0.786)& EoH, ol &4 EHo| ABTS 2759
Ao A-gotrh= MY A Y| HTH(Thaipong
2000). ¥HH & ZH o] F FEAIOP(=0.079)
ABTS Oz AASY=0.133)79] a2 @kou,
DPPH o]zt £AZ/ = St HE 0 ¥ ATH(=0410)
= U0} &2t o|=7t 43095 7]%He] DPPH 274
off 71o9%hE HoFATH(Fig. 4).

THHor ddas Ao e F AEAM, F
2|¥li52 ABTS )z 2AZ/go]| 7]ofstn, & etk o]
E= DPPH 2 2784o] 7]ofsh= 4
3} 28 EA4o] &= At

Eas AorMe gdias Hds o2 A4
wfelo] #EE o H, o] cellulase®} pectinaseS FA]0] 2]
SFo2 A Ay Esf WAlo] MRl o 7]lste AL®
woEt & dEAOIIH F EHE2 Bgas A2

HI

%e, ofr

A

Correlation Heatmap (Single Ezyme Treatment) 10

& & JRY &

@
A\a N N

Fig. 4. Heatmap visualization of Pearson comrelation coefficients
among total anthocyanin content (TAC), total phenolic content
(TPC), total flavonoid content (TFC), and antioxidant activities
(DPPH and ABTS) obtained from the single-enzyme-treated purple
sweet potato extracts. Yellow indicates stronger positive
correlations, while dark purple represents weak or negative
correlations.

AZ ABTS 2tZ &A% 43 49 AHELS YW
ou, E3] AW ALl ddash HIFEY ¢ PIE=
A%E Bt o2fet Avt= BE¥aEA A7t gdas A
Z]e} vl wste] Ay B E/do] th2A 28302 A ¥
& - FEAJobd 9] {2 o] Wstetal, ol whEl ABTS
Ag3te] Aol FUIst Aoz A HrkFig. 5).

g, ¥ S8tE 0| DPPH 2 &7 ¥ 3
TFEE Y AHE Bylon, ol B3lad A2 A
EotH o= fejFo| F7Fetl 0|5 &4o| DPPH &A%
SOl 71oqgiths AMS Sbsit &, Bgas s
EgtE ot A E49 85 S W7, o]0 ot
2} EetE o] =9 DPPH 2ttjzt AAE 7H9] Aol
Hoh F3okA et A2 wEth(Fig. 5).

_4

Q% ¥ #=

A TOLE A0 2 G4 FF(cellulase, pectinase), 5
T 9 EgHo g 754 AR S dAst 2 7
g3t A3}, 54 Ae] 270 wet §oI3t Apolsh ekt
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Correlation Heatmap (Complex Ezyme Treatment)
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Fig. 5. Heatmap visualization of Pearson correlation coefficients
among total anthocyanin content (TAC), total phenolic content
(TPC), total flavonoid content (TFC), and antioxidant activities
(DPPH and ABTS) obtained from the complex-enzyme-treated
purple sweet potato extracts. Yellow indicates stronger positive
correlations, while dark purple represents weak or negative
correlations.

% tEAold FFHE cellulase 30 unit AT oA 399.4
mg/100g DW= 7H =2 3h& Ho] f2-+(151.6 mg/100g
DW) thH] °F 163% 5715t ol Al2Y td7o F&
A EofE Sl MA9] &Fo] FXH ZnE W v
9, 84 %7t et F7FsHAY EFA Y vlgo] B+t
Y3t AO Fteko| 7Aasto], T4 dhSo] YA 22 23}
shel 9sle] Alao] Belgsh 9 walvt ol A4
t}. & 29 Hs T cellulase 30 unit A 2](1,799.68 mg
GAE/100g DW)olA 7HE =k ow, Bl oA cellu-
lase:pectinase=2:1 S3H], 80 unit 7oA 1,829.83 mg
GAE/100g DWZ X712 urE}uh:} ol T FAo] AR A
A goz AEuo] Y FE0E FeRaEo] Ej
L4 SRS Faol S09 Aske A, 5 S
ol st AA| cellulase ©Y 30 unit(475.28 mg CE/100g
DW)ollA 7 &=3toH, B33 2ol A= 80 unit(2:1) 2719
A SAFSE 4222(443.64 mg CE/100g DW)S H.9jch ka0
2 cellulase LA 2|7} 713 E3}& 0|31 11, pectinase H|-&-°]
2 2PoA= EFo] 258 7HAskth. DPPH radical
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AL i GAANA L FE(0 wigolA] 71
48 ROy, S/t F7e5s 2ol F43 At

ol B HhSo] FAISE R T2E MAIAY
g 93-S oFshAZ] Zo g2 HrhEh ABTS radical
AASL cellulase &Y 30 unit(954.03 mg TE/100g DW) 2
B3] 80 unit(2:1) Z27A(927.17 mg TE/100g DW)o] A 713
EA UERgth ol 84 3F 5280l HY fRojA g
4tet B89 855 SX6IEE Bojeth ol A9E
Z23}51H, cellulase &Y 30 unit A&7} XA 1 3ta}o] A A
4 EusA A2 5 a8y A 84S A &
BA7IE A 20 R SIEI. BT e Al &£
e HErHo g ZZsH o, 11 A= AgH4olqlor
pectinase B|-&o] =3 49 Q5|8 RAH JF A
webd ARIeke] 7154 Y4B FEe] gdol BA9 F

- 5% 8ol dA QAR Z-8otH, E3] cellulase?] F

el

‘rr b

7 % =(30 unit)7} QFEAJORI _g_a =4 3MEe 82

eSS 4 Y= 7P EeAl 2o R wetdEr
ZAe| =

4 AHATALEAIE: PI0172670
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Abstract

This study examined the structural, physicochemical, and functional characteristics of five black soybean (Glycine max (L.) Merr.)
cultivars —Cheongja5, Danheuk, Socheongja, Seum, and Soriheuk —bred and cultivated in Korea. We conducted comprehensive
analyses on morphology, microstructure, thermal and hydration properties, pasting behavior, and antioxidant activity to identify
cultivar-specific differences in processing suitability and functional properties. The results indicated significant varietal variations in
seed coat ratio, cotyledon density, and color, which affected thermal stability, hydration, and viscosity development during heating.
Cultivars with compact cotyledon matrices, such as Cheongja5 and Danheuk, displayed high enthalpy (AH), low solubility, and limited
viscosity development, suggesting high structural stability and low thermal reactivity-traits favorable for thermally stable or
beverage-type applications. In contrast, cultivars with looser structures and greater surface exposure, like Seum and Socheongja,
exhibited higher swelling power, dispersion stability, and RVA viscosities, indicating their suitability for viscous or semi-solid systems.
Notably, Soriheuk showed the highest antioxidant activity and levels of phenolic and flavonoid compounds, correlating with its high
seed coat ratio and dark pigmentation, positioning it as a promising functional ingredient. These findings underscore that the
physicochemical and structural diversity among black soybean cultivars significantly influences their processing performance and
functional potential, providing a scientific foundation for selecting and developing functional cultivars.

Key words: black soybean, cultivar characteristics, seed structure, thermal property, pasting behavior, antioxidant activity

M B & JLYAE 127 TR 1YY A EDo]thKim 5 2020;

Koriyama S- 2022; Hu S 2023; Kumar S 2023). ol A=

ALF(Glycine max (L) Merr)> Sh=t-& HIRS 3=, A Aul e} tlEo] HBAE, AF, T, A4 5 et
£ 5 oot A|goA 2 7|7 Afuf, AvEo]2 ik 7}EA RO ZYFE o] 8| o] grom(Bang & Jeong 2007
A9l FRZ, Tl BpslE, X5, £714, vEY 5 9 Song 5 2020), | Zoll= H2F9] Ygstd 7|7t RE
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WA 4uj} AR14 87k F2e) 27181 ATHKim 5
2011; Susanto 5 2023). o|2|gt &8 gjje} T H2F e
244 B4 tigt AT EorA| AL 1o, Tt 754
AT T A JA| HES] o] Fof A . 55| H2
-2 9LE AJo}d (anthocyanin), E2FH 1= 0] =(flavonoid), &

s (polyphenc) 5 CleF S EReA THeka o)
OH(Lee 5 2014), o|=|3t JEE2 =T T4t 58
HEo] I, TS, RN AEH A o 5 o A

&)
A9] g-go] =L glom, S, A, Ho|AY AlF 5 o
&Rt Al 7HAlEeIM = 3-8 7T FES] S E AL Q-

Aoz 724 B4 AEAAN 7154 FHdE 9
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2. UM B 2M(proximate composition)

T, 2o, 22 9 237 SRS AOAC EEH
(AOAC, 2000)°f whet F-AI5kg{ch. S8 g2 105°C 344
z4, 2EhAL Kjeldahl 4 249, 2232 Soxhlet 5
9, 23RS Ao 245 SealE
& AL 0|83kl 100%]A S8, Thld, Ay, 5182 &
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Japan)S AH8SH] L'(B ), a' (A E), b (FHE) 32 34
shlth. 242 918 Suet AgS £t & 72 245t
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Fig. 1. Whole and cross-sectional appearances of five black soybean cultivars. CJS5: CheongjaSho; DH: Danheuk; SCIJ:

Socheongja; SU: Seum; SRH: Soriheuk.

Table 1. Agronomic and morphological characteristics of five black soybean cultivars

Sample Growth habit Leaf shape Flower color  Pod pubescence color ~ Pod color Seed coat color Cotyledon color
crsh Determinate Ovate White Brown Black Black Green
DH Determinate Ovate Purple Brown Black Black Green
SCJ Semi-Determinate Ovate White Brown Brown Black Green
SU Determinate Lanceolate Purple Brown Brown Black Green
SRH Determinate Ovate Purple Brown Brown Black Green

D CJ5: Cheongjasho; DH: Danheuk; SCJ: Socheongja; SU: Seum; SRH: Soriheuk.

Hoto] Wagtoz veholch 24 W AR 26 BAe
Park 5(2025)9] XS Fhe] SPshaint.

4 BM % 7x Y

AT 555 4 FHd SA42 Fig 20 EARE A5
HEL, W, T, set)oll what Z7gsk3ict.

w4 o] ] A (Mitutoyo, Japan)E ©|-8-5l0] Z5EH Zo]
L), BW), TAME 2551500, F] ojsh % wat
SU Yo 2ot S 4o Mg ¥ 29
£ &Yt 449 A2 ST & AL, 49
Ar(pe A4 A5 = o] 53t

HLE 4L 75kt o2 el A (ellipsoid) FEI=Z <
A¥S 4= 9l o, olo] we} Thomsen?] EFYA] A (Thomsen’s
ellipsoid approximation)2 ©]-8-5lo] EHZ|(S), Huj(V) ¥ H| I
A (Spre AL, AA S4gE tiHl 23 = °F 1% o]

Y2 EIEAHXu 5 2009).

A g 7k BAE A2 A ()-@el o8 ZojEi

Z (Length, L)

L/2

Y (Thickness, T)
D 7

X (Width, W)

Fig. 2. Schematic representation of seed structure and
dimensional parameters used for geometrical calculations in

black soybean cultivars.
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Table 2. Proximate composition of five black soybean cultivars

Sample Moisture (%) Protein (%) Fat (%) Ash (%) Carbohydrate (%)
cysh 5.240.259 44.2+0.0" 17.6+0.0* 5.6£0.0" 27.320.1°
DH 5420247 46.7+0.0¢ 15.7+0.0° 5.3+0.0° 26.9+0.1¢
sCJI 5.3£0.1%° 49.4+0.2% 12.740.2¢ 5.50.0° 27.120.0¢
SU 5.340.1%° 45.6+0.0° 15.5+0.0° 5.6+0.0* 28.0+0.0"
SRH 5.5£0.2% 47.5+0.1% 15.6+0.0° 5.1£0.0° 26.5+0.0°

D CJs: CheongjaSho; DH: Danheuk; SCJ: Socheongja; SU: Seum; SRH: Soriheuk.

2 All values are mean£S.D. of triple determinations.

% Same letters in the same column are not significantly different (p<0.05).
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Table 3. Color parameters of seed coat and cotyledon in five black soybean cultivars

Sample : Cotyl*edon : : See(%k coat :
L a b L a b
crsY 84.3+0.5529 -0.75£0.01* 17.48+1.00° 45.1+0.85 0.45+0.03¢ —0.93+0.138
DH 83.1+0.3¢ —2.68+0.02° 17.05£0.24° 44.4+0.6° 0.22+0.02° —1.13£0.13¢
scJ 82.3+0.6°° —2.5520.04° 18.89+0.728 46.5+1.4% 0.50£0.125¢ —1.16+0.08°
SU 82.5+0.5° —-1.97+0.07 20.29+0.55* 45.9+0.4%8 0.600.03* - 1.6520.11°
SRH 85.6+0.7% —1.910.04® 16.91+0.69¢ 44.7+0.7° 0.54+0.08" -0.50+0.15%

D CJ5: CheongjaSho; DH: Danheuk; SCJ: Socheongja; SU: Seum; SRH: Soriheuk.
2 All values are mean=S.D. of triple determinations.
% Same letters in the same column are not significantly different (p<0.05).

< FFYTF AEA o o] w5 7Fs4do] Qo] olF H4 9 vl B 55 7 KAl AolE HloH, Al
A A== S &/4(ABTS, DPPH) 2 TPC 279} Av+d i} A &0] ot o] hilum F-915 &5 H}
2= 9Jth(Zhang 5 2011; Wu 5 2017). 27 g4k 7hsAdol =%t Hilume] 7] $2-&59] F

ZA0 P U uHLR EAL Table 49} 5] A|A5FS 8 F2E AElth= A2 APAFolA B vtk
OD% quw] S4H F%+= Fig 134 Fig. 20 Yetfigich. & (Pietrzak 5 2002). &= 77 TS 28sh= AH AT
52 P FY 545 BAL Al &84 47 = ot= vH, A MEgAE E §A 585 24
5.0 AgEo| FFslart. AYEYSE Fuj(V)s 2 v (Abati 5, 2022; Upretee 5 2024). HA}550 Th52 IS4
FHH(Se)Z =4 UEhY &9 R 39 =30] A9, I 22 F9 HES HA, A2 &4 w2 1 H
4 FAg B0l == 7Fe S AARSHRE Hilum®] &3 I EHA S UBY FAL S5 w2 FAF A3

= 23

o

ol

j?_[:'

Table 4. Seed dimensional and geometrical characteristics of five black soybean cultivars

mm Whole seed Hilum

n=100 Width (W) Thickness (T) Length (L) Length (a) Width (b)
crsY 8.700.34"2 6.74+0.36* 9.84+0.685 431x041* 1.68+0.20"
DH 8.56+0.35° 6.68+0.428 10.26+0.56* 3.71£0.30° 1.58+0.228
SCJ 6.33£0.32¢ 5.33+0.30¢ 6.80£0.39¢ 2.87+0.26° 1.48+0.17¢
SU 5.59+0.27° 4.88+0.27" 5.72+0.31° 2.66+0.25° 1.36+0.18°
SRH 6.200.26° 5.200.30° 6.71+0.46¢ 2.81£0.31¢ 1.58+0.20°

=100 Surface Volume Specific surface Hilum surface Hilum ratio

(S, mm?) (V, mm’) (Ssp,mm’™) (HS, mm?) (HR)

CJ5 223 4+17.7% 305.0+£35.3% 0.74+0.03° 5.69+0.91* 2.56+0.42°
DH 224.5+17.8" 304.9£36.4" 0.74+0.03° 4.62+0.888 2.06+0.38F
scry 119.0+10.5° 120.7+15.8° 0.99+0.05¢ 3.35+0.59° 2.82+0.44°
SU 91.6+8.8° 82.1£11.7° 1.12+0.06* 2.87+0.57° 3.15+0.62%
SRH 114.8+11.1¢ 114.4+16.4° 1.01+0.058 3.510.71¢ 3.07+0.61°

Y CJ5: Cheongjasho; DH: Danheuk; SCJ: Socheongja; SU: Seum; SRH: Soriheuk.
2 All values are meantS.D. of triple determinations.
3 Same letters in the same column are not significantly different (p<0.05).
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Table 5. Weight, proportional, and density characteristics of five black soybean cultivars

Sample 100w (g) Mass (%) Volume (%) Density (g/cm’)
Whole Seed coat Cotyledon Seed coat Cotyledon Seed coat Cotyledon
cJ5Y 35.5+0.5429 6.7+0.0° 93.3+0.0* 7.4+0.3% 92.6+0.3" 1.07+0.09¢ 1.19+0.16"3
DH 36.2+0.4° 7.240.0° 92.8+0.0° 7.3£0.38 92.7+0.34 1.19+0.10* 1.210.158
i) 13.6+0.5* 8.5+0.18 91.5+0.1¢ 8.6£0.4¢ 91.4+0.4* 1.13£0.118 1.15£0.17°
SU 9.5+0.38 9.6+0.1* 90.4+0.1° 9.3+0.4% 90.7+0.4° 1.22+0.12% 1.18+0.19"8
SRH 13.6+0.0" 8.3£0.18 91.740.1¢ 9.6+0.5% 90.4+0.5¢ 1.0420.11€ 1.24+0.20*

Y CJ5: CheongjaSho; DH: Danheuk; SCJ: Socheongja; SU: Seum; SRH: Soriheuk.
2 All values are meantS.D. of triple determinations.
% Same letters in the same column are not significantly different (p<0.05).

A A2 ek 39 MRl RO FEL PR A BE S0l S5 A2 oelck SEM B Ak

AF EEL We 2 9ot} Zu7} QFEAJoR], Zati o) 3), AA}55.9F B89 2l TA4T A Hgo] X|UsHA
L, Evs 5 A} 7ol AFH R REsh= Feo] wEEHRloH, &85 Etﬂoﬂ ulAlgt 7150l At o
7] gzl 715748 4 Fol == 7/l At wEhA A F2E B Al %A S350l 9l EH0l
Y HEE 7HAT 7154 1) AN EA4E dYste mimE SR g4 2 AR 850 SOl o HHES]
F83% 2 AARE F £ vk D= ()= TS Al th FHHoR, 4T F5 Y] =93 € 24 &
A 71 EoF YiF 220l £WskA F50] A2 25 Y d Aol= WF 229 29E, 7 FAM, 71548 AR =
Bl W, FA50E 4882 B2 U E Ho| 3 Y 2 E43 WHSH B, o]t 24 22152 olF

103.7£19.24 ym 102.1£24.748 ym

88.420.5¢ ym B 8402250 m 99.2+24.48 ym

x300 300um %300 300 um

x300 300 um

Fig. 3. Cross-sectional scanning electron micrographs (x300) of five black soybean cultivars. Numerical values indicate
mean+standard deviation of seed coat thickness (um). Different superscript letters (A~D) denote significant differences among
cultivars (p<0.05). CJ5: CheongjaSho; DH: Danheuk; SCJ: Socheongja; SU: Seum; SRH: Soriheuk.
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HIF(AH) F5 7+ £33 Aol& Bolom, AHA = 7t ohd, HA2E A9 €4 542 2 9 A9 g, A
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Table 6. Thermal transition parameters of cotyledons from five black soybean cultivars (CJS, DH, SCJ, SU, and SRH)
determined by DSC

Peak 1
Sample To" Tp Tc Tr AH
cJ5? 74.0:£0.4"599 84.2+0.14 90.2+0.2* 16.140.6*8 0.89+0.04*
DH 73.0+0.58 82.242 548 89.8+0.5"B 16.8+0.0" 0.88+0.06*
SCJ 74.240.24 84.7+0.1* 89.7+0.1°B 15.5+0.25¢ 0.46+0.05¢
SU 73.7+0.5*B 79.7+0.1% 89.0+0.6° 15.340.1¢ 0.66+0.02°
SRH 73.6+0.0"B 79.9+0.6% 89.0+0.2° 15.4+0.25¢ 0.73+0.018
Peak 2
Sample To Tp Tc Tr AH
CJ5 95.7+0.5" 102.3+0.248 109.6+0.18 13.9+£1.48 3.70+0.17%
DH 95.240.44 101.8+0.6° 109.3+0.5" 14.1£0.28 4.09+0.32%
SCJ 94.140.58 102.8+0.0* 112.3+1.14 18.2+1.6" 3.2240.05°
SU 93.9+0.38 100.8+0.2¢ 108.9+0.5% 15.0+0.28 3.05+0.008
SRH 94.140.0® 100.5+0.2¢ 108.3+0.18 14.140.1% 3.09+0.04°

Y To, onset temperature; Tp, peak temperature; Tc, conclusion temperature; Tr = Tc —To; AH, enthalpy change.
2 CJ5; Cheongja5Sho; DH: Danheuk; SCJ: Socheongja; SU: Seum; SRH: Soriheuk.

3 All values are mean+S.D. of triple determinations.

9 Same letters in the same column are not significantly different (p<0.05).
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Table 7. Pasting parameters of five black soybean cultivars (CJ5, DH, SCJ, SU, and SRH) obtained using an RVA

(cP) Peak viscosity Breakdown Final viscosity Setback
CJ5Y 483.5+48.6"29 99.5+7.38 983.2+49.4% 599.2+37.4°
DH 299.5+13.2¢ 60.02.9 772.8+22.5¢ 533.3+12.57
Neolj 430.3+4.0° 98.3+0.6° 988.0+16.8° 656.0+£13.9°
SU 505.0+5.6" 123.3+5.0" 1,089.7+17.0* 708.0+15.5"
SRH 303.0+6.1¢ 68.8+3.0° 771.3+13.6° 537.0£10.7°

b crs: CheongjaSho; DH: Danheuk; SCIJ: Socheongja; SU: Seum; SRH: Soriheuk.

2 All values are meantS.D. of triple determinations.

3 Same letters in the same column are not significantly different (p<0.05).
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Table 8. Antioxidant activity and bioactive compound contents of five black soybean cultivars (CJ5, DH, SCJ, SU, and SRH)

Sample ABTSY DPPH TPC TFC
cJs? 5.3440.04P99 2.02+0.08F 23.28+0.07° 3.91£0.22¢
DH 5.26+0.08° 3.05+0.08° 23.10+0.12° 3.76+0.31¢
SCJ 5.79+0.05¢ 3.78+0.10° 25.2040.16¢ 7.5240.138
SU 6.54+0.09° 4.14+0.058 27.80:+0.308 7.38+0.238
SRH 6.75+0.05% 4.79+0.06* 27.1240.06* 8.67+0.21*

D ABTS, radical scavenging activity (mg TE/g DW); DPPH, radical scavenging activity (mg TE/g DW); TPC, total phenolic content (mg GAE/g DW);

TEC, total flavonoid content (mg CE/g DW).

2 CJ5: CheongjaSho; DH: Danheuk; SCJ: Socheongja; SU: Seum; SRH: Soriheuk.

3 All values are meantS.D. of triple determinations.

9 Same letters in the same column are not significantly different (p<0.05).
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Abstract

This study evaluated the whitening effects of flavonoids extracted from Petasites japonicus root (PJR) using in vitro and cell-based
assays to assess their cytoprotective, enzyme-inhibitory, and melanogenesis-suppressive activities. PJR flavonoids (30~60 pg/mL)
showed no cytotoxicity and slightly enhanced cell proliferation at 40 pg/mL. Sodium nitroprusside (0.3 mM) decreased cell viability
to 31%, whereas PJR restored it to 68.3%. PJR exhibited dose-dependent a-glucosidase inhibition (20.3~63.2%), indicating its potential
to modulate skin glycation and pigmentation. In the malondialdehyde inhibition assay, PJR reduced lipid peroxidation by 35~60%,
further supporting its antioxidative capacity. 3,4-Dihydroxyphenylalanine oxidation was suppressed by up to 68.9%, indicating reduced
formation of the melanin precursor. The tyrosinase activity decreased from 145% to 86.9% and melanin synthesis was reduced from
105% to 66.9% in a concentration-dependent manner, showing a whitening efficacy comparable to that of arbutin. Overall, these
findings indicate that PJR flavonoids possess antioxidative, antiglycation, and antimelanogenic properties and offer strong potential

as safe multifunctional ingredients for functional cosmetic and food applications.

Keywords: Petasites japonicus, flavonoids, tyrosinase inhibition, melanin suppression, skin whitening

Introduction

The skin is persistently challenged by a variety of harmful
effects originating from the external environment, including
ultraviolet (UV) radiation, atmospheric pollutants, chemical
substances, particulate matter, and temperature fluctuations, as
well as intrinsic conditions such as aging processes, hormonal
changes, and metabolic disturbances (Mukhtar & Elmets 1996).
These stressors trigger the excessive formation of reactive
oxygen species (ROS), which attack cellular components such as
lipids, proteins, and nucleic acids, ultimately impairing cellular
integrity and biological function (Darr & Fridovich 1994;
Rinnerthaler et al. 2015). Notably, the ROS-driven over-
expression of matrix metalloproteinases accelerates dermal
degradation by promoting the breakdown of collagen and elastin,
leading to visible aging, including wrinkle development, loss of
elasticity, and skin laxity (Varani et al. 2000). Melanin is

synthesized within melanocytes through the tyrosinase-mediated
oxidation of tyrosine and L-3,4-dihydroxyphenylalanine
(L-DOPA), and is essential for determining skin tone and
shielding the epidermis from harmful UV radiation (Hearing &
Tsukamoto 1991; Solano F 2014). Nevertheless, excessive
activation of tyrosinase and other melanogenic enzymes can lead
to abnormal pigment overproduction, contributing to hyper-
pigmentation disorders, such as lentigines and melasma (Busca
& Ballotti 2000; Briganti et al. 2003). Although several synthetic
depigmenting agents show potent inhibitory effects on
tyrosinase, their clinical applicability is often restricted owing to
safety concerns, including cytotoxicity, skin irritation, and
instability during long-term use (Parvez et al. 2006; Solano et
al. 2006). Consequently, naturally derived whitening compounds
with strong antioxidant properties and improved biocompatibility
have emerged as promising alternatives for pigmentation control

(Nunes et al. 2018; Tungmunnithum et al. 2018). Flavonoids

' Corresponding author: Dubok Choi, Professor, Dept. of Science and Technology Convergence, Graduate School of Chosun
University, Gwangju 61452, Korea. Tel: +82-62-230-7956, Fax: +82-62-608-5253, E-mail: choidb@chosun.ac.kr

- 320 -



Vol. 38, No. 6(2025) Tyrosinase and a-Glucosidase Inhibition by Petasites japonicus Flavonoids with Skin-Whitening Potential 321

effectively eliminate ROS and contribute to diverse biological
protective functions, including anti-inflammatory responses,
antimicrobial actions, cancer cell proliferation suppression,
anti-aging effects, and defense against UV-induced damage (Ryu
BH 1999; Heim et al. 2002). Moreover, previous studies have
demonstrated that these plant-derived polyphenolic compounds can
downregulate tyrosinase activity, consequently reducing the
synthesis of melanin pigments in the skin cells (Kim et al. 2006).
With these multifunctional properties, flavonoids are increasingly
recognized as promising natural ingredients for antioxidant
skincare and cosmetic whitening applications. Pefasites
Japonicus (PJ), a perennial plant belonging to the Compositae
family, has long been utilized as both an edible vegetable and
a traditional therapeutic resource (Seo et al. 2008; Lee P 2019).
This species is rich in numerous bioactive constituents, including
petasins, various sesquiterpenes, phenolic metabolites, and
diverse flavonoids (Choi 2002; Kim et al. 2017; Eom et al. 2021),
which are associated with antioxidative, anti-inflammatory,
hepatoprotective, and anticancer properties (Seo et al. 2008; Kim
et al. 2017; Hiemori-Kondo M. 2020). Among the functional
ingredients, flavonoids extracted from PJ roots (PJR) have drawn
attention as potential dermatoprotective agents owing of their
ability to mitigate oxidative damage in skin fibroblasts. However,
the molecular mechanisms underlying the skin-whitening potential
of the PJR flavonoids remain largely unexplored and require
further investigation.

In the present study, we evaluated the whitening efficacy of
PJR-derived flavonoids using a systematic approach. Assays
targeting a-glucosidase inhibition, DOPA oxidation suppression,
and tyrosinase activity reduction were performed to determine

their effects on melanogenesis.

Materials and Methods

1. Sample preparation

Flavonoids were extracted using the methods of Liu et al.
(2018) and Hwang et al. (2014), with ultrasonication as a minor
modification. The PJRs were collected in April 2024 from
Piagol, Toji-myeon, Gurye-gun, and Jeollanam-do in South

Korea. The PJRs were thoroughly washed under running water,

air dried at room temperature for 48 h, and extracted using hot
water. The resulting extract was dried in a convection oven to
obtain powder. Approximately 10 g of this powder was extracted
into 150 mL of 70% ethanol at 80°C for 5 h, followed by
filtration. The filtrate was concentrated under vacuum at 40°C
and purified through eight cycles of water recrystallization, after
which the product was dried at 60C. To remove lipid-soluble
impurities, the dried roots were defatted using diethyl ether. For
ultrasound-assisted extraction, 0.5 g of the sample was mixed
with 20 mL of ethanol and processed using a bath-type sonicator
(Kodo Ultrasonic Cleaner, Kodo Industry, Korea) at 40 kHz and
500 W for 30 min (sample-to-solvent ratio of 1:50, g/mL). The
extract was then filtered, concentrated at 50C using a rotary
evaporator (LabTech EV400 Series, LabTech Srl, Italy), and finally
freeze dried using a lyophilizer (IIShin FDT-8612; I1Shin BioBase).

2. Cell viability and inhibitory activity of reactive oxygen
species generation

Cell viability and oxidative stress attenuation assays were
performed using B16F10 mouse melanoma cells. The cells were
maintained in Dulbecco’s modified Eagle’s medium (DMEM)
medium (Gibco, USA) supplemented with 10% fetal bovine
serum (FBS) and 1% penicillin-streptomycin, and cultured at 37°C
in a 5% CO, incubator. After reaching appropriate confluence, the
cells were seeded into 96-well plates. Flavonoids obtained from
PJR were dissolved in dimethyl sulfoxide (DMSO) and applied
to the cells at final concentrations of 30, 40, and 60 pg/mL for
24 h. Oxidative stress was induced by treating the cells with
sodium nitroprusside (SNP, 0.3 mM) for 3 h, while untreated
cells served as the control group. The cell viability was assessed
using the MTT colorimetric method, which was modified from
Mosmann’s original method (Mosmann T 1983). Following SNP
exposure, MTT solution (0.5 mg/mL) was added to each well
and incubated for 4 h at 37°C to allow the formation of formazan
crystals. The crystals were subsequently dissolved in DMSO, and
the absorbance was measured at 540 nm. The viability rate was
calculated as the percentage of absorbance in the sample-treated
groups relative to that in the untreated control. The inhibitory
activity against ROS generation was evaluated using Wang’s
method with slight modifications (Wang & Joseph 1999).
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Intracellular ROS generation was quantified using the 2',7'-
dichlorofluorescein diacetate (DCF-DA) fluorescence assay.
After SNP treatment, the cells were incubated with 10 pM
DCF-DA for 30 min at 37°C in the dark and washed with
phosphate-buffered saline (PBS). The fluorescence intensity was
measured at excitation and emission wavelengths of 485 and 535
nm, respectively. ROS inhibition was expressed as a reduction

in fluorescence intensity compared with the control group.

3. a-Glucosidase inhibitory activity

The a-glucosidase inhibitory activity was evaluated according
to the method described by Matsui et al. (2001) with minor
modifications. a-Glucosidase (EC 3.2.1.20, from Saccharomyces
cerevisize was used as the enzyme, and p-nitrophenyl-a-
D-glucopyranoside (pNPG) served as the reaction substrate. The
assay was performed in a 96-well microplate. Sample solution
(50 pL) was mixed with a-glucosidase (0.1 U/mL, 50 pL) and
pre-incubated at 37°C for 10 min. The reaction was initiated by
adding 50 uL of pNPG (1 mM), followed by incubation at 37°C
for an additional 30 min. The reaction was terminated by
introducing 0.1 M Na,COg (50 pL). The amount of p-nitrophenol
released was quantified by measuring the absorbance at 405 nm
using a microplate reader (SpectraMax 190, Molecular Devices,
USA). Acarbose (50 pg/mL), a well-established a-glucosidase inhibitor,
was used as the reference compound. All samples were analyzed in
triplicate, and the results were expressed as mean + standard deviation.

4. Malondialdehyde inhibitory activity

Malondialdehyde (MDA) inhibitory activity was analyzed
using a modified version of the Ohkawa method (Ohkawa et al,
1979). To evaluate the lipid peroxidation inhibitory activity of
PJR flavonoids, MDA formation was measured using a cell-free
reaction system. The sample extract was prepared by extracting
the plant material with 70% ethanol, followed by concentration,
freeze drying, and dissolution in DMSO to obtain various test
concentrations. Catechin (50 pg/mL, Sigma-Aldrich, USA), a
representative antioxidant compound, was used as the reference
control. The reaction mixture consisted of 0.1 M phosphate
buffer (pH 7.4) containing 0.1 mM FeSO,, 1 mM ascorbic acid,
and 1 mM linoleic acid. After adding the sample solution, the

mixture was incubated at 37°C for 60 min. At the end of
incubation, equal volumes of 10% trichloroacetic acid and 0.67%
thiobarbituric acid were added, followed by heating at 95C for
15 min. The reaction tubes were cooled and centrifuged at 3000
rpm for 10 min, and the absorbance of the supernatant was
measured at 532 nm using a UV-visible spectrophotometer
(UV-1800, Shimadzu, Japan).

5. Inhibitory activity of DOPA oxidation

The DOPA-oxidation inhibitory activity was analyzed using a
modified cell-free reaction system (Kim & Uyama 2005). For the
assay, 100 uL of 10, 20, 30, 40, 50, and 60 pg/mL solution and
100 pL of the enzyme-substrate mixture were dispensed into each
well of a microplate and incubated at 37°C for 30 min. Ascorbic acid
(100 pg/mL; Sigma-Aldrich, USA), a well-established antioxidant, was
used as the reference control. The reaction mixture consisted of 0.1
M phosphate buffer (pH 6.8) containing L-DOPA (2 mM) and
tyrosinase (200 U/mL, from mushroom; Sigma-Aldrich). Upon
reaction completion, the absorbance of the resulting DOPA-quinone
oxidation product was measured at 475 nm using a microplate
reader (SpectraMax 190; Molecular Devices, USA).

6. Tyrosinase Inhibitory activity in B16F10 cells with a-MSH

Tyrosinase inhibitory activity was analyzed using a modified
version of Chen’s method (Chen & Kubo 2002) and the B16F10
mouse melanoma cell line. The cells were cultured in DMEM
supplemented with 10% FBS and 1% penicillin-streptomycin,
and maintained at 37°C in a humidified incubator with 5% CO..
When the cells reached ~70% - 80% confluence, they were
seeded in 24-well plates at a density of 2x10 cells per well. After
stabilization for 24 h, the cells were treated with varying
concentrations of the flavonoid samples dissolved in DMSO. The
positive control group was treated with a-melanocyte-stimulating
hormone (a-MSH; 100 nM) alone, whereas the negative control
received neither a-MSH nor sample treatment. Arbutin (50 pg/mL)
was used as the reference inhibitor. The cells were pretreated
with PJR flavonoids for 24 h, followed by an additional 48 h
of incubation after adding a-MSH. Following the incubation
period, the intracellular tyrosinase activity was quantified using
the L-DOPA oxidation method. After washing with PBS, the
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cells were lysed with phosphate buffer (pH 6.8) containing 1%
Triton X-100 to obtain cell extracts. A mixture of cell lysate
(100 uL) and 2 mM L-DOPA solution (100 nL) was incubated
at 37C for 1 h, and the absorbance of the formed DOPA-
quinone was measured at 475 nm using a microplate reader
(SpectraMax 190, Molecular Devices, USA).

7. Inhibitory activity of a-MSH-induced melanin production

The inhibitory effect on melanin production was analyzed
using a modified version of Maeda’s method (Maeda & Fukuda,
1996). The inhibitory activity of PJR flavonoids on a-MSH
induced melanogenesis was evaluated using the B16F10 mouse
melanoma cell line. The cells were maintained in DMEM
supplemented with 10% FBS and 1% penicillin-streptomycin,
and incubated at 37C in a 5% CO, atmosphere. When the cells
reached ~70% - 80% confluence, they were seeded in 6-well
plates at a density of 3x10 cells per well. After 24 h of
stabilization, the cells were treated with the flavonoid samples
dissolved in DMSO at final concentrations of 20, 30, 40, 50, and
60 pg/mL. The positive control group received either a-MSH
(100 nM) alone, whereas the negative control group was not
treated with either a-MSH or the test samples. Arbutin (50 ug/mL),

a commonly used skin-whitening agent, was employed as the
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reference compound. The cells were pretreated with flavonoids
for 24 h, followed by an additional 48 h of incubation after the
addition of a-MSH. At the end of the incubation period, the cells
were washed with PBS and lysed by adding 1 mL of 1 N NaOH
containing 10% DMSO, followed by heating at 80°C for 1 h to
solubilize intracellular melanin. Melanin content was quantified
by measuring the absorbance at 405 nm using a microplate
reader (SpectraMax 190, Molecular Devices, USA).

8. Statistical analysis

All experiments were conducted in triplicate, and the results
are presented as the meantstandard deviation (SD). Statistical
analyses were performed using IBM SPSS Statistics for
Windows (version 17.0). One-way analysis of variance
(ANOVA) was used to determine the statistical significance,
followed by Duncan’s multiple range test for post hoc

comparisons. Statistical significance was set at p<0.05.

Results and Discussion
1. Effect of PJR flavonoids on cell viability

Fig. 1 shows the effects of the PJR flavonoids on B16F10 cell
viability at concentrations of 30, 40, and 60 pg/mL. The
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Fig. 1. Effects of varying the PJR flavonoid concentration on cell viability. Results are expressed as percentage of control

absorbance and shown as meantSD (n=3). Means sharing the same letter are not significantly different at p<0.05, according

to Duncan's multiple range test.
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viabilities were 100%, 110%, and 100%, respectively, indicating
that flavonoids did not exert cytotoxic effects. Notably, the 40
ng/mL treatment slightly enhanced cell proliferation compared
with the untreated control group (NON, 100%). By contrast,
treatment with SNP alone (0.3 mM) markedly reduced the cell
viability to 31%, confirming that the oxidative stress induced by
SNP resulted in significant cellular damage. The combination of
SNP and flavonoids led to concentration-dependent recovery of
cell viability. Specifically, the viability increased to 43% at 30
png/mL, 55% at 40 pg/mL, and 68.3% at 60 pg/mL. SNP are
known to generate ROS, thereby inducing oxidative cytotoxicity
(Cardaci et al. 2008). Consistent with these findings, SNP
treatment in the present study sharply reduced cell viability to
31%. However, the combined group with the PJR flavonoids
attenuated this decline, showing a dose-dependent restoration of
cellular viability, with the highest concentration (60 pg/mL)
recovering viability up to 68.3%. These results suggest that PJR
flavonoids possess antioxidant properties that protect cells from
oxidative stress, potentially through mechanisms such as
free-radical scavenging or metal-ion chelation (Hassanpour &
Doroudi 2023).

2. Effects of PJR flavonoids on a-glucosidase inhibitory
activity in a cell-free system

Fig. 2 shows the evaluation of the a-glucosidase inhibitory
effects of the PJR flavonoid concentration in a cell-free system,
demonstrating that the inhibitory activity increased progressively
with increasing sample concentration. Specifically, the inhibition
rates of a-glucosidase were 25.7% at 20 pg/mL, 35.0% at 30 pg/mL,
46.0% at 40 pg/mL, 50.0% at 50 pg/mL, and 63.2% at 60 pg/mL.
These results demonstrate that high PJR flavonoid concentrations
more effectively suppressed a-glucosidase activity. The reference
inhibitor, acarbose (50 pg/mL), exhibited ~76.2% inhibition, and
the highest concentration of the PJR flavonoids (60 pg/mL)
showed activity approaching this level. a-Glucosidase inhibition
is known not only to regulate glucose metabolism but also to
indirectly influence skin aging and pigmentation. Elevated a
-glucosidase activity increases glucose availability, which in turn
accelerates non-enzymatic glycation of dermal proteins. This

process leads to the formation of advanced glycation end
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Fig. 2. Effect of PJR flavonoid concentration on a
-glucosidase inhibitory activity in a cell-free system. Acarbose
was used as the positive control. Results are expressed as %
inhibition relative to the control and presented as mean +SD
(n=3). Means sharing the same letter are not significantly
different at p<0.05, according to Duncan's multiple range test.

products (AGEs), which are associated with reduced skin
elasticity, yellowish or brown discoloration, and stimulation of
melanogenesis. Consequently, a-glucosidase inhibitors may
contribute to skin brightening or whitening by limiting AGE
formation and maintaining skin clarity. Recent studies have
reported that flavonoids, polyphenols, and other plant-derived
phenolic compounds simultaneously inhibit a-glucosidase and
tyrosinase, thereby exerting a dual whitening mechanism (He et
al. 2019; Kumar & Goel 2019; Sohretoglu et al. 2020). The a-
glucosidase inhibitory activity observed for the PJR flavonoids
(up to 63.2%) indicates their potential to suppress glucose-related
glycation processes and mitigate pigmentation by reducing AGE
formation. These findings imply that flavonoids interact directly
with the enzymatic active site or interfere with the metal-ion
cofactors essential for catalytic function, ultimately leading to

reduced enzyme activity.

3. Effects of PJR flavonoids on malondialdehyde
inhibitory activity in a cell-free system

The inhibitory effect of PJR flavonoids on the formation of
the lipid peroxidation product MDA is presented in Fig. 3. When
tested at concentrations of 20, 30, 40, 50, and 60 pg/mL, they
exhibited a concentration-dependent increase in MDA inhibition.
Specifically, the inhibition rates of MDA were 35% at 20 png/mL,
40% at 30 pg/mL, 46% at 40 pg/mL, 52% at 50 pg/mL, and
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Fig. 3. Effect of PJR flavonoid concentration on MDA
inhibitory activity. Catechin (50 pg/mL) was used as a
positive control. Results are presented as mean+SD of three
independent experiments. Bars sharing the same letter are
not significantly different at p<0.05, according to Duncan's
multiple range test.

60% at 60 pg/mL. Catechin, used as the reference antioxidant,
showed an inhibition rate of ~80.75% at 50 pg/mL. These results
indicate that PJR flavonoids exert concentration-dependent
antioxidant activity by suppressing MDA production. From a
whitening perspective, ROS and lipid peroxidation in the skin
contribute to the stimulation of melanogenesis, pigmentation, and
overall dullness of the skin tone (Denat et al. 2014). Lee et al.
(2003) demonstrated, Using a lipid peroxidation assay involving
24 plant-derived flavonoids and phenolic acids, Lee et al. (2003)
demonstrated that certain flavonoids reduced the formation of
MDA-like substances (malonaldehyde) by up to 94%. Similarly,
Peng & Kuo (2003) reported that flavonoids possessing
o-dihydroxy or adjacent trihydroxy structures exhibit superior
inhibitory effects on lipid peroxidation and MDA formation.
These findings suggest that the structural characteristics of
flavonoids play a decisive role in their antioxidant and anti-lipid
peroxidation activities. Lipid peroxidation products, such as
MDA, as well as their downstream effects, including protein
glycation (AGEs) and stimulation of melanogenic pathways,
contribute to diminished skin clarity and increased dullness.
Therefore, the ability of flavonoids to suppress MDA production
may reduce oxidative stress-driven pigmentation. Collectively,
the MDA inhibitory activity observed in this study indicates that

PJR flavonoids may offer a secondary whitening mechanism-

complementary to a-glucosidase inhibition-through the mitigation

of lipid peroxidation and suppression of pigmentation signals.

4. Effects of PJR flavonoids on DOPA oxidation
inhibitory activity in a cell-free system

The inhibitory effects of PJR flavonoids on DOPA oxidation
are shown in Fig. 4. The samples exhibited a clear concen-
tration-dependent increase in inhibition, with activities of 26.9%
at 10 pg/mL, 36.7% at 20 pg/mL, 48.9% at 30 pg/mL, 55.6%
at 40 pg/mL, 60.6% at 50 png/mL, and 68.9% at 60 pg/mL.
Although the inhibitory activity was lower than that of the
reference compound, ascorbic acid (100%), the flavonoids
demonstrated a distinct upward trend with increasing
concentration, indicating their inhibitory potential against
enzymatic oxidation reactions.

The oxidation of L-DOPA is a key step in melanogenesis,
during which L-DOPA is converted to dopaquinone by
tyrosinase (Kim & Uyama 2005). The accumulation of oxidative
intermediates in this process can elevate intracellular ROS levels,
further stimulating melanin synthesis. Therefore, the inhibition of
DOPA oxidation is considered a critical indicator for evaluating
skin-whitening efficacy, as it reflects the regulation of an

essential intermediate stage in the melanogenic pathway. The
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Fig. 4. Effect of PJR flavonoid concentration on
DOPA-oxidation inhibitory activity. Ascorbic acid was used
as the positive control. Results are expressed as relative %
inhibition and presented as mean+SD of three independent
experiments. Bars sharing the same letter are not
significantly different at p<0.05, according to Duncan’s
multiple range test.
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inhibitory activity observed in the present study suggests that
PJR flavonoids suppress melanin biosynthesis by reducing
tyrosinase catalytic activity or limiting the formation of oxidative
intermediates. These findings are consistent with those of
previous studies on plant-derived flavonoids. Xue et al. (2011)
demonstrated that flavonoids isolated from green tea and
persimmon leaves inhibit both DOPA oxidation and tyrosinase
activity. Cho et al. (2011) evaluated the whitening efficacy of
Lespedeza cuneata extracts and their solvent-partitioned fractions
by examining their inhibitory effects on reversible oxidation
reactions that occur in the early stages of melanin biosynthesis.
Using L-tyrosine and L-DOPA as substrates for tyrosinase, the
authors reported a significant suppression of these initial melan-
ogenic processes. Kumar & Goel (2019) proposed that the
phenolic hydroxyl groups and conjugated double-bond structures
within flavonoids allow them to chelate copper ions at the
tyrosinase active site, thereby exerting competitive inhibitory
effects. Overall, the DOPA-oxidation inhibitory activity of the
PJR flavonoids supports their potential role in suppressing
melanogenesis through both tyrosinase inhibition and antioxidant
mechanisms. Combined with the a-glucosidase and MDA inhibition
results, these findings indicate that flavonoids may contribute to a
multifactorial whitening mechanism by simultaneously modulating
enzymatic melanogenic steps and oxidative stress pathways.
Therefore, PJR flavonoids are promising natural multifunctional

ingredients with antioxidant and skin-whitening properties.

5. Effects of PJR flavonoids on tyrosinase inhibitory
activity in B16F10 cells with a-MSH

The inhibitory effects of the PJR flavonoids on a
-MSH-induced tyrosinase activity in B16F10 cells with a-MSH
are shown in Fig. 5. The tyrosinase activity of the negative
control group without a-MSH and flavonoids) was set to 100%.
The treatment group with a-MSH alone (positive control)
markedly increased tyrosinase activity to 154%, confirming that
a-MSH effectively stimulates melanogenesis. By contrast, the
reference whitening agent, arbutin (50 pg/mL), significantly
reduced a-MSH-induced tyrosinase activity to 62.7%. The
treatment group with the PJR flavonoids produced a

concentration-dependent reduction in tyrosinase activity, with
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Fig. 5. Effects of PJR flavonoid concentration on cellular
tyrosinase activity. Cells were treated with PJR flavonoids
(20—60 pg/mL); untreated cells served as the negative
control, the stimulated group as the positive control, and
arbutin as the reference inhibitor. Results are expressed as
% of the negative control and presented as mean + SD of
three independent experiments. Bars sharing the same letter
are not significantly different at p<0.05, according to
Duncan’s multiple range test.

values of 145% at 20 pg/mL, 120% at 30 pg/mL, 111% at 40
ng/mL, 93.6% at 50 pg/mL, and 86.9% at 60 pg/mL. These
results indicate that the flavonoids effectively attenuate a
-MSH-induced enzymatic activation. This result indicates that
PJR flavonoids may inhibit melanogenesis at the cellular level
by suppressing the activity of tyrosinase, a rate-limiting enzyme
in the melanin biosynthesis pathway. a-MSH activates the
cAMP/PKA signaling cascade in melanocytes, leading to
upregulation of microphthalmia-associated transcription factor
(MITF), which subsequently enhances the expression of
tyrosinase and related enzymes (TRP-1 and TRP-2) (Jin et al.
2012) Thus, the reductions in tyrosinase activity observed here
may derive from interference with a-MSH-mediated signaling or
direct inhibition of the enzyme at the protein level. These
observations are consistent with previous findings. Kumar &
Goel (2019) reported that plant-derived phenolic flavonoids
inhibit tyrosinase by chelating copper ions (Cu’") at the
enzyme’s catalytic center. Lee P (2009) reported that the seed
extract of Vitis coignetiae inhibited the a-MSH-induced increase
in tyrosinase expression in B16 cells. Jung & Sohn (2015) also
reported that treatment with green tea extract inhibited melanin
synthesis compared with the group treated with a-MSH alone.
These earlier studies support the inhibitory trends observed in the
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present investigation. Collectively, these results indicate that PJR
flavonoids have the potential to act as natural skin-whitening
ingredients by inhibiting tyrosinase activity and reducing melanin
biosynthesis at the cellular level. Moreover, when considered
alongside their a-glucosidase inhibitory activity and suppression
of MDA production, these PJR flavonoids appear to modulate
oxidative stress, glycation processes, and pigmentation
simultaneously. This suggests that PJR flavonoids may serve as
multifunctional botanical ingredients that exhibit combined

antioxidant, anti-glycation, and anti-melanogenic activities.

6. Effects of PJR flavonoids on inhibitory activity of
melanin production in B16F10 cells with a-MSH

The inhibitory effects of the PJR flavonoids on melanogenesis
with a-MSH in B16F10 cells are presented in Fig. 6. When the
melanin content of the negative control group (untreated with
both a-MSH and PJR flavonoids) was set to 100%, treatment
with a-MSH alone increased melanin production to 125%,
confirming the stimulatory effect of a-MSH on melanogenesis.
By contrast, the reference whitening agent arbutin (50 pg/mL)
markedly reduced melanin content to 59.7%, indicating strong

antimelanogenic activity. Treatment with increasing concentrations
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Fig. 6. Effects of PJR flavonoid concentration on melanin
production in B16F10 cells. Cells were treated with PJR
flavonoids (20—60 pg/mL); untreated cells served as the
negative control, a stimulated group as the positive control,
and arbutin as the reference inhibitor. Melanin content is
expressed as % of the negative control and shown as
meantSD (n=3). Bars sharing the same letter are not
significantly different at p<0.05, according to Duncan’s
multiple range test.

of the PJR flavonoids resulted in a clear concentration-dependent
decrease in melanin synthesis, with values of 105% at 20 ng/mL,
90% at 30 pg/mL, 80.6% at 40 pg/mL, 73.9% at 50 pg/mL, and
66.9% at 60 pg/mL. These findings suggest that the flavonoids
effectively inhibit a-MSH-induced melanin biosynthesis, likely
through the downregulation of melanogenic enzymes or
suppression of their associated regulatory proteins at higher
concentrations. a-MSH activates the cAMP-PKA signaling
cascade in melanocytes, which enhances the expression of MITF.
This leads to the upregulation of key melanogenic enzymes,
including tyrosinase, TRP-1, and TRP-2. Thus, the reduction of
the melanin content by the flavonoids may be attributed to the
modulation of a-MSH-dependent signaling pathways or the
direct inhibition of tyrosinase activity. Similar findings have
been reported in previous studies. In a study on plant-derived
flavonoids, Lee P (2009) demonstrated that Vitis coignetiae seed
extract inhibited both a-MSH-induced tyrosinase expression and
melanin production in B16 cells. Jang et al. (2025) evaluated the
contents of functional compounds and the antioxidant activities
of extracts obtained from Petasites japonicus leaves using
varying ethanol concentrations, and these earlier findings support
the antimelanogenic properties observed for the PJR flavonoids in
this study. Overall, PJR flavonoids exhibit substantial potential as
natural functional ingredients capable of suppressing o-MSH-
induced melanin synthesis at the cellular level. The combined
effects of tyrosinase inhibition, suppression of DOPA oxidation,
MDA reduction, and oxidative stress mitigation indicate a
multifactorial whitening mechanism. This integrated antioxidant,
anti-glycation, and antimelanogenic profile suggests strong
applicability in both cosmetic and nutraceutical formulations aimed

at improving skin brightness and reducing pigmentation.

Conclusion

In this study, the biological activities of PJR flavonoids were
comprehensively evaluated using multiple biochemical and
cell-based assays, including cytotoxicity, enzyme inhibition,
oxidative suppression, and melanogenesis analyses. Cytotoxicity
testing in BI6F10 cells showed that PJR flavonoids in

concentrations of 30~60 pg/mL were nontoxic, with cell
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viabilities ranging from 100% to 110%; slight proliferation was
observed at 40 pug/mL. By contrast, exposure to the oxidative
stress inducer SNP (0.3 mM) reduced viability to 31%; however,
the group treated with PJR flavonoids showed significantly
restored viability to 43~68.3%, indicating a protective effect
against oxidative cellular damage. The a-glucosidase inhibition
assay revealed a concentration-dependent increase in inhibitory
activity (20.3~63.2%). These findings suggest that PJR
flavonoids modulate glucose metabolism, thereby suppressing
AGE formation and reducing the pigmentation associated with
glycation. PJR flavonoids suppressed MDA generation by
35~60% across 20~60 pg/mL, indicating their capability to
reduce lipid peroxidation and mitigate oxidative damage that
contributes to skin dullness. DOPA oxidation was also inhibited
in a concentration-dependent manner (26.9~68.9%), demonstrating
that flavonoids interfere with the tyrosinase-mediated oxidation of
L-DOPA, thereby blocking the formation of key melanogenic
intermediates. In a-MSH - stimulated B16F10 cells, tyrosinase
activity increased to 154% in the positive control; however,
flavonoid treatment reduced activity from 145% to 86.9% as the
concentration increased. This suggests that flavonoids down
regulate the activity of melanogenic enzymes at the cellular
level. Similarly, melanin production induced by a-MSH was
reduced from 105% to 66.9% following PJR flavonoid treatment,
with concentrations above 50 pg/mL producing inhibitory effects
comparable to those of arbutin (59.7%). Collectively, these results
demonstrate that PJR flavonoids have cytotoxic effects and exhibit
multiple functional activities, including suppression of oxidative stress,
inhibition of glycation and lipid peroxidation, and downregulation of
tyrosinase and melanogenesis. This multifactorial activity profile
indicates that PJR flavonoids may contribute to skin-whitening and
anti-aging effects through a combination of antioxidant, antiglycation,
and antimelanogenic mechanisms. Therefore, PIR flavonoids have
strong potential as safe multifunctional bioactive ingredients suitable
for application in cosmetic formulations, functional foods, and natural
antioxidant products.
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Abstract

This study investigated the use of weakly supervised learning (WSL) and partial annotation-based semantic segmentation for
recognizing ingredients in the traditional Korean dish bulgogi. A dataset was created to encompass various cooking stages and imaging
conditions, with pixel-level labels generated for major ingredients: beef, onion, green onion, carrot, chili pepper, mushroom, button
mushroom, and king oyster mushroom, using partial annotations. To enhance model robustness, data augmentation techniques such
as rotation, scaling, horizontal flipping, and color jittering were employed. The DeepLabV3+ architecture was utilized, with ResNet50
and ResNetl101 serving as backbone networks. The results demonstrated that ResNet50 provided stable performance with lower
computational costs, while ResNet101 achieved higher segmentation accuracy for smaller or visually complex ingredients. Models
trained with data augmentation showed improved recall and F1-scores, especially for smaller ingredient classes. Overall, both backbone
models exhibited consistent performance across key segmentation metrics, including mean Intersection over Union (mloU), precision,
recall, and Fl-score. These findings indicate that WSL, in conjunction with partial annotation, can effectively facilitate ingredient-level
segmentation in mixed dishes like bulgogi.

Keywords: bulgogi, weakly supervised learning, semantic segmentation, DeepLabV3+, ResNet50, ResNet101, ingredient recognition
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Fig. 1. Overall workflow of the integrated deep learning framework. This study focuses on weakly supervised semantic
segmentation for bulgogi ingredient recognition, the next phase includes 3D volume estimation, ingredient ratio calculation,

and calorie estimation.

Original image A Labeling A
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Labeling B

Fig. 2. Partial annotation for weakly supervised learning. Partial annotation examples for weakly supervised learning,
showing original bulgogi images (left) and their partially labeled ingredient regions (right).
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Table 1. Comparison between ResNetS0 and ResNet101 for bulgogi ingredient recognition

Feature ResNet50 ResNet101
Layer depth 50 layers 101 layers
Computational cost Lower (faster training) Higher (slower training)
Moderate,

Feature representation
Data requirement

Strengths

Weaknesses

Typical use case

. Deeper, captures more fine-grained features
suitable for general features P P &t

Works well on smaller datasets Requires larger datasets to avoid overfitting
Efficient, faster convergence, good generalization for ~ Excellent at capturing detailed patterns, better for
medium complexity tasks complex feature recognition
May miss fine details Higher computational cost, longer training time, risk of
in complex images overfitting on small datasets

Standard object recognition, moderate complexity Fine-grained recognition, complex images, tasks requiring
tasks detailed feature extraction

The table summarizes key architectural and performance-related differences between the two backbone networks, including layer depth,
computational cost, feature representation capacity, data requirements, strengths, weaknesses, and typical use cases. These factors provide
insight into their suitability for ingredient-level semantic segmentation tasks.
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Table 2. Evaluation metrics for weakly-supervised learning models
Metric Definition/purpose Evaluation considerations Priority

Mean intersection

over union (mloU) model performance.

Class-wise . s
. . Measures segmentation accuracy for individual,
ntersection over .. .
. critical classes (e.g., beef, onion).
union (IoU)
Harmonic mean of precision and recall. Balances
F1-score .. .
false positives and false negatives.
Loss Measures model learning and overfitting behavior
during training.
Precision: ratio of correctly predicted positive
Precision samples to total predicted positives. Recall: ratio
Recall of correctly predicted positives to total actual

positives.

Pseudo label error
(PLE)

error (PBE)

Measures overall segmentation accuracy across
all classes. Provides a single metric summarizing

Metrics assessing the quality and balance of
Pseudo label balance Pseudo labels in weakly-supervised learning.

Most widely used metric for segmentation;
sensitive to both small and large objects. Higher 1
values indicate better performance.

Useful for understanding performance on target
objects; allows identification of class-specific 2
weaknesses.

Particularly important in imbalanced datasets
where some classes dominate. Higher values 3
indicate balanced and reliable predictions.

Lower validation loss than training loss indicates
good generalization. Monitoring loss trends is
essential for early stopping and hyperparameter
tuning.

High precision reduces false positives; high recall
reduces false negatives. Critical for evaluating the 5
reliability of key object predictions.

Useful for diagnosing noise in pseudo labels
during early training. Lower PLE/PBE indicates 6
higher-quality pseudo labels.

This table summarizes the definition, purpose, evaluation considerations, and relative priority of commonly used metrics, including mloU,
class-wise IoU, Fl-score, loss, precision, recall, and pseudo-label quality indicators (PLE, PBE). These metrics provide a comprehensive
framework for assessing segmentation accuracy, model stability, and pseudo-label reliability in weakly supervised training.
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Fig. 3. Performance evaluation metrics of the weakly supervised semantic segmentation models using two backbone
networks (ResNet50 and ResNet101). The figure presents eight evaluation metrics measured across training epochs: (a) mean
Intersection over Union (mloU), (b) IoU for the meat class, (¢) Fl-score, (d) validation loss, (e) precision, (f) recall, (g)
pixel label error (PLE), and (h) pixel boundary error (PBE). These results illustrate the comparative performance and
convergence behavior of the two backbone models during weakly supervised learning.
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(b) Prediction (epoch 1) (c) Prediction (epoch 100)
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- [ 2

(a) Original image (b) Prediction (epoch 1) (c) Prediction (epoch 100)
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Fig. 4. Prediction results of bulgogi ingredient segmentation using two backbone networks (ResNet50 and ResNet101).
For each model, the original image (a), early-stage prediction at epoch 1 (b), and final prediction at epoch 100 (c) are shown.
The results illustrate the improvement in segmentation quality over training and highlight differences in ingredient recognition
performance between the two backbone models. Ingredient classes include beef, onion, green onion, carrot, chili pepper,
mushroom, button mushroom, and king oyster mushroom.

Table 3. Qualitative analysis of backbone performance on meat and vegetable region classification

Item ResNet50 ResNet101 Analysis
Evoch 1 Weak class separation, some vegetable Similar to ResNet50, but slight Both models show similar performance
P regions misclassified separation in small regions at the early training stage

Most regions correctly classified, clear
Epoch 100  distinction between meat and vegetable
regions

Boundaries more detailed, better ResNet101’s deeper structure allows
separation in small regions finer classification of complex features

Broad clustering, occasionally includes
vegetable regions

Background/class confusion occurs in

Meat region ..
early training

Similar, but boundaries slightly clearer

Only partial areas detected, color Boundaries well-defined, color ResNet101 performs better for small

Vegetable region . . A . .
B IO Jassification mixed distinction improved object detection

The table compares ResNet50 and ResNet101 in terms of qualitative segmentation characteristics at early training (epoch 1), late training
(epoch 100), and class-specific regions (meat and vegetable). The comparison highlights differences in boundary clarity, small-object detection,
and class separation performance between the two backbone networks.
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Fig. 5. Effect of image generation on ingredient recognition performance in weakly supervised segmentation. Performance
metrics for models trained with image generation (Generation) and without it (No Generation) are compared for two backbone

networks, ResNet50 and ResNetl01. The metri

cs include (a,e) mloU, (b, f) Fl-score, (c,g) validation loss, and (d,h)

precision across training epochs. The results demonstrate how image generation influences convergence stability and final
segmentation accuracy depending on the backbone architecture.
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Prediction Prediction
(with image generation) (without image generation)

(a) ResNet50

Prediction Prediction
(with image generation) (without image generation)

(b) ResNetl101

Original image

Bl Beef Onion W0 GreenOnion 90 Carrct MM Chili Pepper [ Mushroom M Button Mushroom [ King Oyster Mushroom

Fig. 6. Comparison of predicted ingredient segmentation results with and without image generation. For both backbone
networks, ResNet50 (a) and ResNet101 (b), the figure presents the original image, the prediction obtained using the model
trained with image generation, and the prediction produced without image generation. Differences in ingredient boundary
clarity, class consistency, and overall segmentation stability illustrate the impact of image generation on model performance.
Ingredient classes include beef, onion, green onion, carrot, chili pepper, mushroom, button mushroom, and king oyster

mushroom.
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Abstract

This study aimed to assess adults' perceptions and practices regarding sustainable diets and to identify sociodemographic factors
influencing these outcomes. A cross-sectional online survey was conducted with 337 adults from February 5 to 21, 2025. Participants'
awareness, willingness to engage in education, and practices related to environmental, health, and consideration aspects of sustainable
diets were measured using a 5-point scale. The findings revealed low awareness of sustainable diets (1.80) and moderate willingness
to participate in educational initiatives (3.18). Practice scores were highest in the health area (3.53), followed by environmental (3.06)
and consideration (2.34) aspects. Females demonstrated significantly greater awareness of sustainable diets (2.06 vs. 1.64, p<0.001)
and higher practice scores in the environmental (p<0.01), health (p<0.05), and consideration areas (p<0.001). Adults aged 50 to 59
exhibited the highest practice levels across all areas, including environmental (3.52) and health (3.83). One-person households reported
lower practice scores compared to larger households in all areas (all p<0.01). Regression analyses indicated that female gender, older
age, and larger household size were positively associated with sustainable dietary practices. In conclusion, while adults exhibited
low awareness of sustainable diets, there was moderate interest in education. Sustainable diet practices varied significantly based on
gender, age, and household size.

Key words: sustainable diet, perception, practice, adults
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AAG. A% P 8]
gt QIAE Yoti 7] Yo AFAH(Kim JW 2022; Choi &
Kim 2024)°] AZA & Falste] £ 445t oH, A%
7heet Ao tigt /1A, A&7 A8E B uS
Zhol O3k 57 Likert =2 FARSIR L, X &7Hs3t A4
gof gk IA ARE E3de ZFAIF T A&7 A4
o]l gt AA E9-2 Ministry of Agriculture, Food and Rural
Affairs(2020)2] A3z} SRS 7| EA Y-S Falste] 2
2ol BA AH4, B FAE 59 WES e 5
S AN F VALY, AACEY), WAGED
FHoE FESHAULL, 53 Likert HEE FESIOH,



Cronbach’s a ZF-2 0.800]QiTh AEX %ok A4S & =2
AT IR} FARE E42 7 ARl 158E e R
2024 124 AU RARE AR T LA5HA

3. SHEY

2 AF+E 5ol ¥ojxl ZE ZAI= IBM SPSS Statistics
26.0(IBM Corporation, Armonk, NY, USA)S o]-&slo] EA435}
oﬂo , _'C_Jr_ _'__,_p<005§_ 7]7~o§ 574]7(4 0_,]&-1 o:]‘ﬂg
Belgn, ASuSt BRY BEUA, WEY uht U
=9} vl Fakgom, QubAFl wet XSt A
2 o14] 9 Axo] 8-9]3t x}o]E Hol:=x] HAZ3sl7] Y3
SR, 99, 7179 5, 195E, 18Fdol vt
&y HE4 = Student's test = UYEANEA (one-way
ANOVA tes) O 2 §-o4d2 HASHAT. LUAREA oA
FroJet 2to]7F et Z-9-ofli= Scheffé tests ©]-8-5to] AR
Ag Aol E3F A&7 A8 Q14 9 A
gt P A= 890 ASH] Al EEsAHEA
(simple regression analysis) 2! TF5-3] -4 (multiple regression
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Table 1. General characteristics of the participants
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1. AFCHAIKIC| UBIALSH

2 AT ALY LRtArRto] et A= Table 19 A|A|
Skl & 33749 SHA 5 AEE FAF 2077 (61.4%),
Al 1307 (38.6%) 2% HAZE T EWolom, AgS 20~294
15175 (44.8%), 30~39A S517(15.1%), 40~49A4] 2578(7.4%),
50~59A1 11078(32.6%) 2. & 20~29A4|7} 7F4 W9kl 40~49A
7F 7V ALt 7 = 190 7 8475 (24.9%), 291 7
5998(17.5%), 321 7} 7778(22.8%), 421 ©JAF 7t 1179
(34.7%) 2.2 491 oA} 7}, 191 7}, 391 7FF, 291 74t 4
ojqlth. WL 15T Y o|st 627 (18.4%), thet
=9 ol 2757 (81.6%) 2.2 tigtn &Y o)l A9 H&
o] =9ith. 1 8FE= AR 1927(57.0%), THEEFY/ZE]
A 6878(20.2%), AAILS 514 B 77 (22.8%) 0.2 A
52 sh= Aol sHA ?%L ArrETH H BT 7 E

Variables Categories n(%)
Male 207(61.4)
Sex

Female 130(38.6)

20~29 151(44.8)

30~39 51(15.1)

Age (year)

40~49 25(7.4)

50~59 110(32.6)

1 84(24.9)

. 2 59(17.5)

Household size

3 77(22.8)
>4 117(34.7)

) High school graduation 62(18.4)

Level of education ) )

College graduation or higher 275(81.6)
Full-time worker 192(57.0)

Employment state Part-time worker/freelance 68(20.2)
Economically inactive 77(22.8)

. <3 million won 89(26.4)

Monthly household income o

>3 million won 248(73.6)

Total

337(100.0)
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AEL 3uigk 9wyl 89H(26.4%), 3EYF Y o]A} 248
(73.6%) 0.2 7} ¥ A5o] 3uigt ¢ o4l 77} 3ugk
¥ olslel 7ptE Tt ¥ Wolkth

2. R&7ksst Mg Q14

£ ATRe] A% s A4S Al tiet Ak
Table 20 RIAISHSITE. A|47H5d Aol Hsto] “Sol=
B QPRI TS 2 b)) 5Y HER AR
A3}, B 1.8080|9 T, Ad7Ps 448 2 1% Fol
el ol s 2192 ehe (1Ol A Ele- R eh(5E)
9] 53 HArZ ZAFSE A¥= HF 3,187 0 2 YEIT A
&71=31 AlAElo] st o1x] ARLE ‘S0 A Qrp 1779
(52.5%), ‘S0 A" 11478(33.8%), ‘SHal” 42 (12.5%), ‘71E}
47(1.2%) 0.2 e, tiFolA, sh SolH A&7hsat 4]
HES AT 97t ok

ofglei= 9l T4k A7 Aetat A4kse Aol of
IR =S 2ARE DA Aol M=, 72 s
oA 7175t 4gto] oulsh ulE F ofsfata A,
iR oz A&7bse Aol dsjrs BAA F o3
3h7] Sl A 02 b ThHazley 5 2024). B A4
AN E A&7 Aol tet A4 2L B 1.80
H(5H A= 7130 w9 e 209t of 20094
A 28 AL A olF AL FsT AN TFo|
qAM o2 =YLy fio], @A HASS iF Aol
Wet 2% 718)7k G R o Mol AXEI} ekdl o=
sk,

Table 2. Perception of sustainable diet among the

participants
. Mean+SD
Variables or n(%)
Awareness of sustainable diets" 1.80+1.02
Intent19n 2‘;0 participate in sustainable diet 3184097
education
Never heard of it 177(52.5)
Sources of awareness Mass media 114(33.8)
of sustainable diets School 42(12.5)
Others 4(1.2)

D 5_point scale was from 1 (never heard of it) to 5 (very familiar).
2 5-point scale was from 1 (strongly disagree) to 5 (strongly agree).

HH, A &7Fset A8 B WS o] k2 et 3.18
WG AR 12)02 MDA £ $ES Bt ot @
A A&7 A8 /1A 4\%{% AR, FF A&7t
A% B w8l et
o A5 Aag 9l
so et ok 4E w
AofA &its] FREIL s F2
AA) 9 ojste] WAzt A Q7ke] o] Skl et
A} ool TSt A212] BAlo] ol At
(McGloin & Eslami 2015; Kim 5 2021; Kim & Joung 2024)
Choi & Kim(2024)2] Aol 7 1%, St S, oSl
Aot 22 ARGTE FAE Ao Y] A&7
Aol B4, A7 L e o] nAE Jare BAlR
23, iﬂﬂ%, dismAl 2 Hus o2 A&7ksT
AR w2 73@@9&3}1 OP‘Ri—U% &4, 17 4 =i

FIF

SOEH e didez 7] o
ol A&7 ’—%‘%‘ﬁoﬂ "41 2t A A=t HishE dide
2 o A3 A7(Choi & Kim 2024)2k= Aol Hel Aoz A
2=, AP e g0l GOl ASAE mefsto] A&7}
st A" bt A =E EoloF T Aoz FZdH.

Z2 ‘E‘.—TLEH*JZH Xléﬂ%‘* A3 tisto] 24, A%
‘3—4 vz J9d AHAEE Ao 1%& 1 =t (1Rl A
P AR )= Ardtete] RA4% 23S Table 39]
1*15}914 73 ) AH= ] disf 2ARE A3 77 &
3 ‘A3lE Al ARG 23S
],9;81;]-(3541-1) ‘oA ‘__9,}___1 JZFoz 7H/do]._]—_r SAE
287 4FE A A (3.537), ‘A A=t A
AAEE AEStL &8t (3.305)9] ol il AES
T o Agta JASHEAIE SRIy F=9] Fato] 1.96
Hom 7P Wttty A7 FHo) A=) s A 4
370 o] Hat Hee 3538010, T, w4, 94
SOllA HAR Al AR AaE AR (3.723), AFREA
SRIskaL AE5E AERT(3.594), ‘Rt vgdee

A 8-S 3 (3.284) ol . mhA[ERe.
A&7Hs7 A8 A= v R, 370

)

ol:

ige) /\1— 3062—10]04"1

O

T A4E 2347501310, B BAE A Yste 3
ES AL (2.507), T2 AFET} A&7
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Table 3. Area-specific practice of sustainable diet among the participants

Variables" Mean+SD
Efforts are made to improve food culture positively and to reduce food waste. 3.53+0.97
Consumers choose and consume food products that minimize environmental damage. 3.01+1.08
Low-carbon certification labels are checked when purchasing food products. 1.96+1.07
Environmental Domestic ingredients are purchased even when they are relatively expensive. 3.15+1.23
sustainable practices Reusable items are used instead of disposable ones. 3.54+1.09
Locally grown agricultural products are prioritized through local food markets. 2.90+1.25
Seasonal and traditional ingredients are selected and consumed. 3.30+1.17
Total 3.06+0.79
I follow a diet that helps prevent obesity and chronic diseases. 3.28+1.08
) I choose fresh vegetables when eating at home, in institutional meals, or when dining out. 3.72+0.99
Healthy practices )

I check food labels before selecting food products. 3.59+1.11
Total 3.53+0.82
I share information about sustainable diets with others. 2.40+1.22
I engage in community-based food experiences that involve collaboration between citizens 2 1241.10

Considerate practices and organizations.
1 purchase products from companies that support animal welfare. 2.50+1.24
Total 2.34+0.99

D 5point scale was from 1 (never) to 5 (always).

e

A YRS SR 2407), ARl 7]e] A &
198 288 Aol BaE 7HAAL FofRlth2.12

14)9,] Z=o|c}.
= 40111 l AFASAe] A&7t A48
A d¥ee 07, €74, WiE o2 7 UEEth Ad
A (Jeon & Lee 2023)01]A1 1SS R A &7hsdt
ABZ07N ) AAS AT 23 i, &, 4 &2
E 3o, & 151 FECR 4E AT A8

_& Jz
O:d
W 1t

AAEE ZARE 255 A AF(Lee & Kim 2021)0] A
Lo goo H4vt 3694144, A% G0l
322427, Wel ARV 340 A8 ol 2

A AT ThE ORARS K YT) o] ZF gAY R4 }
o A9 Jop 7482 0 B 40 B30 g

Ao & Holth &3}, 20~50th A4J9lo] Frojgt B Ao A 7d_
% 9] AATs} BA et o9 FadolL} ofE of
2 AR RS T gl tg A7 BHETL &

a1, & QI 9HdAS oS 95t A&7 AES
AT 7Hs/dol 27] W EQ] Ao R AztErt 15y
A} A3(Jeon & Lee 2023)2} B S o A9lE thAto & ot

<

Aol e A&7t A4ge] = °§‘?ﬂ é?i g

TS 15 F0NA BRI A BT AR F
Zol7]'9} e W8S vy WEo|(Jeon & Lee

=

o =

AA 89 th 747} 301% A 3 HoFA| T (Jung S 2024), a
5

Al

h R

2023) FEA ARG X]&7HsAd0] 7194 7HsAdo] =2 A

4. RIS7HSEt ANE OIA| U AT HSHS DjXjs 20!
A8 9 deigo] WE A47PsE A4 A4 % A
o ¥l3 ATH= Table 4] AAISHET. AP B2 AHE
Ar Ew, Q47153 AE Qe et B Aae o4
(2068)7F FRH(1L647)e] 118 251 O LHp<0.001),
A&7Mse A48 e T8 Fol o] et Bt At
o oJ3t 2ol 2 HolA| elgtth. A& bt A4
29 37 Aop<001), BF Fp<005) @ wg Jel
(p<0.001)°] AHZO] N B o7t dajo] w8} folH0.
2 o 44 442 Ban dg7] 42 29E 4vw
A&7 A4 ALY B Hol OJFL AFPE
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Table 4. Perceptions and practices of sustainable diet by gender

Gender Age group (year)
Variables Male Female t-value 20~29 30~39 40~49 50~59  F-value
0=207)  (n=130) (n=151) (n=51) ©=25)  (n=110)
Awareness of 'y 110910 206+1.13  —360™° 1796106 2006115 1484065 1794096 148
sustainable diets
Perception of .
sustainable diet Intc?n.tlon tf)
participate I 510,008 323095  —061  3.15:098  325:093  276+123 331:086  2.39
sustainable diet
education”
Envi I N
IVITONMENAL ) 9640.81 3212074 —278"  278:074 2884076°  3.10:0.73 3.52¢0.67 23.60
practices
Pr i f H 1h * skokok
actice of A 3450083 3.66£0.79  —231° 337086 3412080° 3372077 38340.69° 815
sustainable diet practices
Cp(;;‘zifg?f 2144098 2662093 —4817" 2024094 2.324096® 232+0.88° 2.79+0.94° 1439

D Mean+SD.

? 5-point scale was from 1 (never heard of it) to 5 (very familiar).
3 5-point scale was from 1 (strongly disagree) to 5 (strongly agree).
9 5.point scale was from 1 (never) to 5(always).
% Means with different letters (a,b) are significantly different at p<0.001 by Scheffe test.

"p<0.05, “p<0.01, "p<0.001.

FoJ5t Aol HolA] ATt
4 Y AHx Hpee o
(p<0.001) 50~594]2] 35270 F e 4y oﬂ
FolotA =0kt A&7Hsgt AL A%
Al 50~594(3.837)7F 20~2941(3.37)2} 40~494(3. 3714)51
o} 89154 E=Qth(p<0.001). A &7153t AP Hizg

o AHEZIAE 50~59A1(2.797)7F 20~29A4(2.0275)l B]sH
FYSHA =%THp<0.001).

A
|
o

T

7 o] W AL AT 14 % AT vl
i AT Table 50 AAE Hho} 2ol A&7Hse A4
AAU WG ol O 717 S0 THE HOIT Hol S
Ho] %] IOkt Whel, X|47M5 T AR oy dAEL

7Ht-E4o) whek {93t fo] & Ho, 1?1
o 492 99 9 e Gele] ARE H4t 221 TR,
391 747 2 491 ol 7ol ule) frelHom Werouizt
p<0.001), A7} JH9] AAT H A] 491 o]AF 7] H]

o flZ o= Belthp<00l)
BES5E U 1GFe0) 12 4R AT A4 2

1 A= Table 600 A|AJFGITH WEpzof ot
€ 23E drrd Zli7}~ﬂ A8 Aok g dA
T BSFo] 0 folet Aol HolA] (A, A&
7heRt A8E 1S X‘O% g2 dist S ol4G.24%)0l
S E9 oltITRET FofeAl = THp<0.05).
GOl T AIE A EY, A&7 A4 14,
ol %, A7 999 AdEE 18P mt &
AfolE HolA] gkdktt. A& kst Age] 2 99
A= FASEE 5 S B¢ 2= & T 7P W%
2 (p<0.001), A|&7HsRF A4 g JG AHE A4
BAREZ oM G B907H)7E At A 44 ET f
ABHA Rk TH(p<0.05).
A&7beet AE QA 3 1S o] Aol F= WA
= 8R1°] Het @] A3k Table 79 AAIBAT:
24 AL 9A A E7Hs R G QAo Fofst Aolg B
AE S o] Hgste] SYNSE FYsHAL, A&7t
S ARG A5 o] gl ot Aol g HYW WE

F2 oo wgsle] SPUSE £Yste] aFRAs

19!111111‘4
L fo oo
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Table S. Perceptions and practices of sustainable diet by household size

Household size

Variables 1 2 3 >4 F-value
(n=84) (n=59) (n=77) (n=117)
Perception of Awareness of sustainable diets” 1.64+0.89"  1.97+1.15  1.88+0.97 1.78+1.06  1.38
sustainable diet Intention to participate in sustainable diet education®  3.08£1.04  3.36£0.78 3.22+0.90 3.16£1.03  0.98
Environmental practices” 2.64+0.71*  3.18£0.74° 326+0.72° 3.16+0.82° 11.80""
ice of "
Practice of 1 lthy practices 326£0.89° 353081 3.6240.80° 3.66£0.74° 435
sustainable diet .
Considerate practices” 1.89+0.81*  2.47+1.00° 2.52+0.92° 2.48+1.07° 7.99

Y Mean+SD.

2 5.point scale was from 1 (never heard of it) to 5 (very familiar).

) 5-point scale was from 1 (strongly disagree) to 5 (strongly agree).

9 5-point scale was from 1 (never) to 5 (always).

% Means with different letters (a,b) are significantly different at p<0.001 by Scheffe test.
“p<0.01, "p<0.001.

Table 6. Perceptions and practices of sustainable diet by education level and employment state

Level of education Employment state
. College . Part-time .
Variables High sd}ool aduation or -value Full-time worker Ec9n0@cally Fvalue
graduation higher worker Jfreclance inactive
=62 =191 =78
(n=62) (1=275) (o=191) (n=68) (n=78)

Awareness of sustainable diets” 1.60+0.98"  1.85+1.02 —1.75 1.78+0.98  191+1.08  1.75£1.07  0.52
Perception of

sustainable diet ~Infention fo participate in -, o7 ) o7 3540004 201" 3196096 3044100 3314095 139
sustainable diet education

Environmental practices” 2994077  3.07+0.80 —0.76 3.16+0.78" 3.13+0.69°  2.74+0.82° 8.6l
Healthy practices 3494076  3.53:0.83 —035 3.53:0.84  3.62+0.80 3424079  1.08
Considerate practices 2.34+0.90 2.34+1.01 0.05  244+093° 235+0.93" 207096 3.79°

sk

Practice of
sustainable diet

) Mean+SD.

? 5-point scale was from 1 (never heard of it) to 5 (very familiar).

3 5-point scale was from 1 (strongly disagree) to 5 (strongly agree).

9 5_point scale was from 1 (never) to 5 (always).

% Means with different letters (a,b) are significantly different at ~p<0.05, p<0.001 by Scheffe test.

sk

"p<0.05, "p<0.001.

0 AW AS7Rse AT AX] ek AEe] AR (p<005). Tt B A7o)N £2E nye] Ayele] ke

44T, ol A&7V G AT GART folst  SEe ohet WAl AA| ErEle 3K % 4 ke
A 52 02 FZHACHP<0001). 2T A&7 4 Aol EA

BT 5% Fol Pl T BR4EY AFHL %2 U} ALrFsE AMBY JoE AAEo] IFS WXE 2

BRGNS ol4pe] A&7Fs St AME 5% ol ofgo] <ol et tHES|AEA ATH: Table 89 AASALE W
5o £ sttt 9O ¥ L Aoz AFHUG AL 9l B4 du dEEAd 9 2y 4P4e 3
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Table 7. Factors influencing awareness of sustainable diets and the intention to participate in sustainable diet education

Dependent variables Independent variables B Se B t R

otk

Gender (female) 0.42 0.11 0.20 3.79 0.04

Level of education
(college graduation or higher)

Awareness of sustainable diets”

Intention to participate in sustainable

. . 0.30 0.13 0.12 226" 0.01
diet education”

Y 5.point scale was from 1 (never heard of it) to 5 (very familiar).
? 5-point scale was from 1 (strongly disagree) to 5 (strongly agree).

*p<0.05, ""p<0.001.

gsto] gd, A9, 74
4, 9%, 7 9 &
oF 23%A=t, AAAS 79948 HE A oA &4
AHE7} AR §90HA EAL(p<0.01), AHo| =24

FUke SUNSR FYIA.
A 99 4 @

% 37 99 WU RSP £ROP 000D, 717
71 BehS B9 99 4Am= fesl wo

(p<0.001). 48, A, 7H2 o] A% 9G A G
A9 e o ougtdl, IAAS K4 4% 23t olxte]
S A et RIS 005, 43
SE(p<0.001) 1T 7Y ST BESE A%
8Bk Rl s5icl009) 99, A 9 A2

wiel Qo Aol oher Aee o 20%Ad), 3
A% RO 4% 23 ool Wigl 39 MRSt gk
o o8 RRFL(p<0.001), AHO] EESB(p<0.001)
1A 47t eSS vjel 99 AHEst Rk &
AHp<0.01).

AAT w2 ool s A&7k BT 9 B

jﬁrﬂsﬁg%
-{Mmmrr"f
1o & flo o2

=

o

A 914, A4, f=st AT BAS BAS At Aty
02 A&7 AE} ol gt QA oju] A F520|
o AL Bkl FHk(Sahadeo S 2025). EFH FHiLt
2H] SAOIM ] A&7bs Agge] AF SR AukHo
2 3oly ES] 4L 18T 4552 of$- Askdo]o] A
(Sahadeo 5 2025), A|&7Hs A AAE9] QA Lo AHE 9] A
ol FEWE the o Yz £ AT A&7k
S A8Eo] High A== 1.808 010" W, A==
= Ao|7} QIAITE 234353 0.2 A&7 A
et ofsfict dAl dHe 27 o she A2 YET.
o33t QA T} AHE 9 Aol thakst 9l sz EAJq|
ot g2 A vgebd 4 e, 2 dolAe A, dF.
7Y 50F -8 0l tskd EAJo] X &7FsSH AA = O
oF 14 B A Fefmist dFE vAlE AoE YEY
o 53] o2t w2 A%, ol M AE7et A4

Fo) A J(A%, 8%, Mol H A 2ol ek of
oot AFS FU ool WOIE, W24, 94, H4%

Table 8. Factors influencing the practice of sustainable diet by area

Dependent variables Independent variables B Se B T R
Gender (female) 0.22 0.08 0.13 274

Environmental practices” Age group (year) 0.21 0.03 0.35 652" 0.23
Household size 0.12 0.03 0.18 3.54™
Gender (female) 0.20 0.09 0.12 2.24"

Healthy practices” Age group (year) 0.14 0.03 0.22 414 0.09
Household size 0.09 0.04 0.13 2.53"
Gender (female) 0.50 0.10 0.25 496"

Considerate practices” Age group (year) 0.22 0.04 0.30 545™ 0.20
Household size 0.12 0.04 0.14 275"

Y 5-point scale was from I(never) to S(always).

*p<0.05, “p<0.01, "p<0.001.
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Abstract

This study assessed how the removal of specific sub-ingredients affects the quality characteristics of traditionally brewed soy sauce.

Five samples were prepared using the same base formulation: a control with all ingredients (CON) and variants lacking garlic (GR),

all chili peppers (CR), whole pepper (PR), or ginger wine (GWR). The sample without ginger wine (GWR) exhibited the highest

moisture content and lightness, while the chili pepper-removed sample (CR) showed a darker color due to increased Maillard browning.

Soy sauces without chili or pepper had significantly higher °Brix and salt contents but lower pH levels (p<0.05). Amino acid profiling

revealed that the CR-removed sample had the highest levels of glutamic acid and branched-chain amino acids, whereas the

GWR-removed sample had the lowest total amino acid content (p<0.05). Additionally, the CR-removed sample demonstrated the

highest total polyphenol and flavonoid contents, along with the strongest DPPH and ABTS radical-scavenging activities (p<0.05).

Instrumental flavor analyses conducted with an electronic nose and an electronic tongue confirmed distinct taste and aroma profiles.

Overall, the removal of chili peppers enhanced antioxidant capacity and improved the instrumental flavor profile.

Key words: seasoned soy sauce, sub-ingredients, electronic nose, electronic tongue, antioxidant activity

Introduction

Soy-based fermented seasonings have long occupied an
important position in the rice-centered dietary culture of Korea.
Soybeans are rich in high-quality proteins and lipids and
supplemented with essential amino acids and fatty acids, which
are often deficient in rice- or barley-based diets (Yang et al.
2019). Traditional soy sauce is made solely from meju
(fermented soybean blocks) and salt. During long-term
fermentation, complex biochemical reactions break down
proteins into various functional peptides. These peptides,
together with free sugars, nucleotides, and salts, create the
characteristic flavor and aroma of soy sauce (Choi et al. 2006).
Soybeans are also abundant in minerals and vitamins, rich in
lysine but low in saturated fatty acids, and contain no
cholesterol, making them a valuable and healthy source of plant
protein (Kim MJ 2001). In addition, their physiological functions

such as cholesterol-lowering, antitumor, antimutagenic,
radioprotective, anti-aging, and antioxidant activities have been
widely reported (Lee et al. 2002; Choi et al. 2016; Jeong et al.
2023).

Although traditional soy sauce is widely used in Korean
cuisine, it contains 12~20% salt relative to its raw material
weight, classifying it as a high-sodium food. This poses a public
health concern; thus, low-salt and functional soy sauces have
been actively developed (Shim et al. 2008). With the
westernization and premiumization of dietary patterns,
consumers increasingly value flavor, sensory attributes such as
color, aroma, and texture; and the use of functional natural
ingredients (Kim et al. 2012). Consequently, various natural
ingredients such as Hovenia dulcis (Oh & Song, 2013), burdock
lappa) & Kwak, 2021), Astragalus

membranaceus, and shiitake mushrooms (Lentinula edodes)

(Arctium (Kwon

(Kim et al. 2013) have been incorporated to enhance the flavor
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and functionality of traditional soy sauce (Jang et al. 2023).

Research on soy sauce with added sub-ingredients has shown
promising improvements not only in quality characteristics but
also in functional properties. Kim et al. (2020) reported that herb
SOy sauces containing rosemary, lemon balm, spearmint, and
peppermint extracts showed increased total polyphenol content
and DPPH and ABTS radical scavenging activities while
exhibiting reduced pH and salinity. Park et al. (2015) demon-
strated that traditional soy sauce supplemented with Astragalus
membranaceus (0~10%) exhibited increased amino nitrogen and
total phenol content during fermentation, with the 5% addition
group showing the highest antioxidant activity and sensory
scores. Similarly, Song & Lee (2013) found that koji-mixed soy
sauce (50%) showed the highest amino nitrogen, tyrosine
content, enzymatic activity, and antioxidant capacity after 90
days of fermentation, with favorable sensory qualities. Lee et al.
(2022) also reported that soy sauce enriched with onion juice
exhibited higher acidity, sugar content, total polyphenols, and
antioxidant activity, with the 70% addition group showing the
highest sensory preference and overall quality enhancement.

However, Yang et al. (2023) analyzed the research trends in
traditional Korean fermented seasonings and noted that comp-
arative studies on the types of sub-ingredients and their impact on
soy sauce quality are limited. While studies have examined the
effects of different manufacturing methods (traditional, brewed,
and acid-hydrolyzed) or individual additives, comprehensive
comparisons of physicochemical and sensory characteristics
according to ingredient type are still scarce.

This study aims to investigate how the exclusion of garlic, red
pepper, whole black pepper, and ginger liquor —ingredients
commonly used in seasoned soy sauce production—affects the
physicochemical quality, antioxidant activity, and flavor
characteristics of the sauce. The quality and functionality of soy
sauce can vary depending on fermentation conditions and the
composition of seasoning ingredients (Lee et al. 2015), and
previous reports have shown that garlic supplementation
increases total polyphenol content and DPPH radical-scavenging
activity (Shin et al. 2010), suggesting that the presence or
absence of aromatic vegetables may influence the antioxidant

capacity and functional attributes of seasoned soy sauce. Garlic
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and ginger have also been identified as spices with notable
antioxidant and antimicrobial activities (Jung & Park, 2013),
while red pepper, black pepper, ginger, and garlic have long
been incorporated as key seasonings to enhance aroma and
flavor in traditional Korean cuisine (Jung et al. 2022). Furth-
ermore, a patented formulation for seasoned soy sauce containing
garlic, ginger, black pepper, and cooking liquor (Lee GW, 2015)
highlights the industrial relevance of these four ingredients.
Based on this background, this study aimed to investigate how
the removal of four key seasoning ingredients —garlic, red chili,
whole pepper, and ginger wine—affects the physicochemical
properties, antioxidant activities, and instrumental sensory chara-
cteristics of seasoned soy sauce. By comparing ingredient-omitted
samples, we clarified the contribution of each spice to quality
differentiation. These findings are expected to provide fundamental
baseline data for functional formulation design and value-added

product development in seasoned soy sauce.

Materials and Methods

1. Experimental materials and preparation of soy sauce

The seasoned soy sauce used in this study was formulated and
prepared using a recipe independently developed by the authors.
All the ingredients used in this study were purchased from
Hanaro Mart (Damyang, Jeollanam-do, Korea). The main
ingredients were two-year-aged soy sauce (Cheongjang) and
commercially brewed soy sauce (Sempio Foods Co., Seoul,
Korea). The sub-ingredients included oligosaccharide (CJ
Cheilledang Co., Seoul, Korea), beef brisket (100 g), white sugar
(CJ CheilJedang Co., Seoul, Korea), dried shiitake mushroom
(50 g), perilla leaves (10 g), GR (20 g), green chili (20 g), red
chili (20 g), dried red chili (15 g), whole pepper (PR) (Ottogi
Co., Anyang, Korea), and ginger wine (GRW) (100 g). The
GRW was prepared by the researcher by soaking cleaned and
sliced ginger (15 g) in soju (Ipsacju, Muhak Co., Changwon,
Korea, 360 mL) at room temperature until maturation. All
ingredients were mixed in fixed proportions and heated at
approximately 90C for 40 min using an induction cooktop
(BEI3BQEBLOE, LG Electronics, Seoul, Korea) and a

stainless-steel pot (304 stainless steel, diameter 28 cm, height
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26.2 cm; Kitchen Art Co., Seoul, Korea). After heating, the
samples were allowed to cool at room temperature for 10 min
and then chilled in running cold water for 1 h. The cooled
mixtures were filtered through gauze and a stainless-steel sieve
(30 mesh, 0.5587 mm, 240x70 mm) to remove solids, and the
filtrate was used as the seasoned soy sauce sample. The
formulations and compositions of all the ingredients used in this

study are summarized in Table 1.

2. Moisture content

Each sample (3 g) was measured and dried using the atmospheric
heat-drying method in a dry oven (Thermo Stable EOF-155, Daihan
Scientific Co., Ltd., Seoul, Korea). The measurements were
performed in triplicate, and the moisture content (%) was calculated
from the weight difference before and after drying.

3. Color values

The color of each sample was determined using a chroma

Table 1. Preparation of soy sauce samples

meter (CR-170, Minolta, Tokyo, Japan) to measure lightness,
redness, and yellowness. The standard white plate (Calibration
plate CRA43, Minolta, Tokyo, Japan) had values of 94.50 for
lightness, 0.3032 for redness, and 0.3193 for yellowness. All the
measurements were performed in triplicate.

4. Soluble solids (°Brix) and salinity

The soluble solid content was measured three times using a
digital refractometer (PAL-1, ATAGO Co., Ltd., Tokyo, Japan),
and salinity was measured in triplicate using a digital salinometer
(PAL-SALT PROBE, ATAGO Co., Ltd., Tokyo, Japan).

5. pH and titratable acidity

The pH of each sample was measured three times using a pH
meter (420 Benchtop, Orion Research Inc., Beverly, MA, USA).
Titratable acidity (TA) was determined according to Nielson SS’s
method (2010). The extract was diluted fivefold with distilled
water and used as the sample. A 10 mL aliquot of the diluted

) Samples
tngredients (¢) CON" GR CR PR GWR
Cheongjang (2-year aged) 200 200 200 200 200
Jin soy sauce 400 400 400 400 400
Oligosaccharide 200 200 200 200 200
Beef brisket 100 100 100 100 100
Sugar 45 45 45 45 45
Dried shiitake mushroom 50 50 50 50 50
Perilla leaves 10 10 10 10 10
Garlic 20 - 20 20 20
Green chili 20 20 - 20 20
Red chili 20 20 - 20 20
Dried red pepper 15 15 - 15 15
Whole pepper 5 5 5 - 5
Ginger wine 100 100 100 100 -

Y CON: Control soy sauce containing all ingredients.
GR: Soy sauce without garlic (garlic-removed).
CR: Soy sauce without chili pepper (chili-removed).
PR: Soy sauce without whole pepper (pepper-removed).
GWR: Soy sauce without ginger wine (ginger wine-removed).
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sample was mixed with 1% phenolphthalein indicator and titrated
with 0.1 N NaOH solution until the pH reached 8.0. The titration
was repeated three times, and TA was expressed as citric acid (%o).

Citric acid (%) = VXFxAxDx(1/S8)x100

V: Volume (mL) of 0.1 N NaOH consumed

F: Factor of 0.1 N NaOH solution

A: Amount of citric acid equivalent to 1 mL of 0.1 N NaOH
D: Dilution factor

S: Sample volume (mL)

6. Free amino acids

Each sample (1 g) was mixed with an extraction solution (50
mL) containing 0.1 M perchloric acid and 0.1% metaphosphoric
acid. The mixture was sonicated for 1 hour using an ultrasonic
extractor and shaken at room temperature for an additional hour.
After centrifugation, the supernatant was collected and filtered
through a 0.2 um syringe filter. The filtrate was used for the
HPLC analysis. Free amino acids were analyzed using an HPLC
system (Dionex Ultimate 3000, Thermo Fisher Scientific,
Waltham, MA, USA) equipped with an Inno CI18 column
(4.6x150 mm, 5 pm; YoungJin Biochrom Co., Seongnam, Korea).
Fluorescence detection was performed at an excitation of 340 nm
and emission of 450 nm for OPA derivatives and at an excitation
of 266 nm and emission of 305 nm for FMOC derivatives. A

Table 2. HPLC analysis conditions for free amino acids
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UV detector simultaneously monitored absorbance at 338 nm.
The detailed chromatographic and detection conditions used for
free amino acid analysis are summarized in Table 2. Standard
solutions were prepared by dissolving an amino acid standard
(Agilent Technologies, Santa Clara, CA, USA) in 0.1 N HCI and
diluting it with triple-distilled water to concentrations ranging
from 10 to 1,000 pmol/uL for calibration curve construction. All

the analyses were performed in triplicate.

7. Reducing sugars

Reducing sugar content was measured using the
3,5-dinitrosalicylic acid (DNS) method as described by Miller
GL (1959) with minor modifications. Each sample was diluted
200-fold, and 0.5 mL of the diluted sample was mixed with 0.5
mL of the 3,5-dinitrosalicylic acid reagent. The mixture was
heated at 100°C for 5 min; subsequently, 2 mL of distilled water
was added to terminate the reaction. Absorbance was measured
at 550 nm using a UV/Visible spectrophotometer (Ultrospec
2100 Pro, Biochrom Ltd., Cambridge, UK). A standard curve
was prepared using glucose (Sigma-Aldrich Co., St. Louis, MO,
USA) at concentrations ranging from 0.2 to 1.0 mg/mL. All the

measurements were performed in triplicate.

8. Total polyphenol content

The total polyphenol content was determined using the

Item Condition
HPLC system Dionex ultimate 3000 (Thermo Fisher Scientific, USA)
Column Inno C18 (4.6x150 mm, 5 um; Younglin Biochrom, Korea)

Column temperature
Sample temperature
Injection volume
Flow rate
Mobile phase A
Mobile phase B
Detector (FLD)

Detector (UV)

40°C
20C
0.5 uL
1.5 mL/min

40 mM Sodium phosphate dibasic (pH 7.0)
3DW : Acetonitrile : Methanol = 10 : 45 : 45 (v/v)
OPA: Ex 340 nm / Em 450 nm; FMOC: Ex 266 nm / Em 305 nm

338 nm

Gradient program 0 -3 min: 95% A / 5% B — 24 min: 45% A / 55% B — 25 -31 min: 20% A / 80% B — 34.5 -35 min: 95% A/ 5% B
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modified method of Folin & Denis (1912). Each sample was
diluted 10-fold with distilled water, and 400 pL of the diluted
sample was mixed with 400 uL. of 50% Folin - Ciocalteu reagent
(Sigma-Aldrich Co., St. Louis, MO, USA). After 5 min of
reaction, 400 uL of 10% sodium carbonate was added, and the
mixture was incubated at room temperature for 30 min. The
absorbance was measured at 765 nm using a UV/Visible
spectrophotometer. A calibration curve was prepared using gallic
acid (Sigma-Aldrich Co., St. Louis, MO, USA), and the results
were expressed as mg gallic acid equivalents (mg GAE/mL)

based on triplicate measurements.

9. Total flavonoid content

The total flavonoid content was determined according to the
modified method of Lee et al. (1997). Each sample was diluted
10-fold with distilled water, and 500 UL of the diluted sample was
mixed with 5 mL of diethylene glycol (Duksan Pure Chemicals Co.,
Ltd., Ansan, Korea) and 500 puL. of 1 N NaOH (Duksan Pure
Chemicals Co., Ltd., Ansan, Korea). The mixture was allowed to
react for 30 min in the dark at room temperature, and absorbance
was measured at 420 nm using a UV/Visible spectrophotometer. A
standard curve was constructed using quercetin (Sigma-Aldrich Co.,
St. Louis, MO, USA), and the results were expressed as mg
quercetin equivalents (mg QE/mL) based on triplicate measurements.

10. DPPH radical scavenging activity

The DPPH radical scavenging activity was determined using
the modified method of Blois MS (1958). Each sample was
diluted 10-fold with distilled water, and 100 pL of the diluted
sample was mixed with 900 pL of 02 mM DPPH
(1,1-diphenyl-2-picrylhydrazyl; Calbiochem, Darmstadt, Germany).
After incubation for 30 min in the dark, absorbance was measured
at 517 nm using a UV/Visible spectrophotometer in triplicate. The

scavenging activity was calculated using the following equation:

DPPH radical scavenging activity (%)
= (1 — Absorbance of sample/Absorbance of control) x 100

11. ABTS radical scavenging activity
The ABTS radical scavenging activity was determined using the

modified method of Verzelloni et al. (2007). A 7.4 mM ABTS
(2,2'-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid); Sigma-Aldrich
Co., St. Louis, MO, USA) solution and 2.7 mM potassium persulfate
solution were mixed at a 1:1 ratio and allowed to stand in the dark
for 14 hours to generate ABTS cations. The mixture was then diluted
with 50% methanol to obtain an absorbance of 0.7~0.8 at 734 nm.
For the assay, 100 uL of the 10-fold-diluted sample was mixed with
900 pL of the ABTS solution and allowed to react for 10 min.
Absorbance was measured at 734 nm in triplicate, and the

scavenging activity was calculated as follows:

ABTS radical scavenging activity (%)
= (1 —Absorbance of sample/Absorbance of control) x 100

12. Electronic nose analysis

The volatile compounds in the soy sauce samples were
analyzed using an electronic nose system (HERACLES Neo,
Alpha MOS, Toulouse, France). For the analysis, 1 mL of each
soy sauce sample was placed in a 20 mL headspace vial and
agitated at 40°C and 500 rpm for 20 min to saturate the volatile
compounds in the headspace. The volatiles were collected using
the autosampler attached to the electronic nose, and 1,000 pL
of the headspace gas was injected into the gas chromatography
injection port. The analytical conditions were as follows:
acquisition time of 110 seconds, trap absorption temperature of
40C, and incubation at 40°C for 20 min. The separation was
performed using two columns with different polarities: MXT-5
(10 mx0.18 mmx0.4 pm) and MXT-1701 (10 mx0.18 mmx0.4
um), both from Restek (Lisses, France). The retention indices
based on carbon numbers were calculated using the Kovats index
library, and compound identification was conducted with AroChemBase
(Alpha MOS, Toulouse, France). Each sample was analyzed five times
to obtain its representative odor patterns.

13. Electronic tongue analysis

The taste profiles of the soy sauce samples were evaluated
using an electronic tongue (Astree2, Alpha MOS, Toulouse,
France). Each sample (1 mL) was diluted 50-fold with distilled
water and filtered (HM No. 51, HYUNDAI MICRO, Korea), and
25 mL of the filtrate was transferred to a dedicated glass beaker
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for automated measurement. The system was equipped with a
sensor array module containing seven sensors (Sensor array #5,
Alpha MOS, Toulouse, France). Among them, the ANS and SCS
sensors were used for standard calibration, whereas the AHS
(sourness), PKS (saltiness), CTS (umami), NMS (sweetness), and
CPS (bitterness) sensors were used for taste evaluation. Each
sensor measured the overall taste response rather than the
individual chemical components, converting the sensor
sensitivity into a numerical taste score ranging from 0 to 12. For
each sensor, the mean (m) and standard deviation (0) were
calculated, and the relative taste scores were determined using
the equation X'=|(X—m)//0, where X represents the mean
sensor value for each sample. The measurements were conducted
in triplicate, and the sensors were rinsed after each measurement.
Statistical processing of the sensor data was performed using

Alpha soft 14.1 software (Alpha MOS, Toulouse, France).

14. Statistical analysis

All the experimental results were expressed as meantstandard
deviation using the Statistical Package for the Social Sciences,
Ver. 22.0 for Windows. A one-way analysis of variance was
performed to determine significant differences among samples.
When significant differences were found, Duncan’s multiple

range test was applied as a post-hoc test (p<0.05).

Results and Discussion

1. Moisture content and color values

The moisture content and color parameters of each soy sauce
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sample are listed in Table 3. The moisture content of soy sauce
has been reported to be greatly influenced by the ingredient
composition ratio and the extent of water evaporation, and
significant differences arising from these factors have also been
observed between traditional and modernized soy sauce varieties
(Kim et al. 2017). The highest moisture content was observed
in GWR-removed sample (60.75%), whereas the lowest was
found in the PR-removed sample (46.54%),
significant difference between samples (p<0.05). Previous

showing a

domestic studies on yangnyeom-ganjang, jorim-ganjang, and
sauce-type soy sauces have also reported that the blending ratio
of sub-ingredients influences basic physicochemical properties
such as pH, viscosity, salinity, and moisture content, which
aligns with the directional change in moisture observed in the
present study (Park & Shin, 1998). Similarly, research on tsuyu
and soy-sauce base products has demonstrated that moisture-
related attributes (e.g., total solids, viscosity, sweetness) vary
depending on formulation ratio and addition yield, supporting the
possibility that sub-ingredient composition contributes to the
final moisture characteristics of the sauce (Jang et al. 2019).
Thus, the comparatively higher moisture observed in the
GWR-removed sample may be attributed to lower volatile
compound loss and reduced evaporative concentration, although
direct measurements of volatilization were not conducted.
Conversely, the lower moisture in the PR-removed sample could
reflect reduced hygroscopic components derived from whole pepper,
but this also remains a hypothesis requiring future validation.
The lightness value showed no substantial difference across

samples but was slightly higher in the GR-removed (36.63) and

Table 3. Moisture contents and Hunter’s color values of soy sauces

Samples Moisture contents (%) L a b

CON" 58.82:+0.207%) 36.39+0.04° —2.54+0.08° 3.23+0.03°
GR 58.68+0.25° 36.63+0.30° —1.58+0.16 3.61£0.01°
CR 51.77+0.42° 36.33+0.06" —2.48+0.06" 3.330.03¢
PR 46.54+0.34¢ 36.78+0.06" —2.19+0.06° 3.43£0.05°
GWR 60.75+0.23° 36.51£0.10° - 1.2640.03" 3.89+0.03°

D Refer to Table 1 for abbreviations.
2 All values are meantSD.

3 Different letters within the same column (a~e) differ significantly (p<0.05).
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PR-removed (36.78) samples and the lowest in the CR-removed
sample (36.33). The

browning because phenolic and sulfur compound reactions were

GR-removed sample exhibited less
suppressed, whereas the CR-removed sample exhibited a darker
coloration due to more active Maillard reactions between amino
acids and reducing sugars. The redness values ranged from —2.54
to —1.26, with the GWR-removed sample (—1.26) showing the
highest redness intensity. Conversely, the control containing all
ingredients (CON) (—2.54) and CR-removed sample ( —2.48) had
lower redness (p<0.05). These differences may be associated with
the formation of pigment precursors, depending on the spice
composition and caramelization degree. In the GWR-removed
sample, the absence of GWR likely enhanced sugar oxidation,
leading to increased reddish pigments. The yellowness values
ranged from 3.23 to 3.89, with the GWR-removed sample (3.89)
showing the highest values and the CON (3.23) showing the
lowest values (p<0.05). The increase in b* in the GWR-removed
sample is likely due to the accumulation of yellow-toned
flavonoid and polyphenol pigments rather than advanced
Maillard browning. In the absence of ginger wine-derived
antioxidants, yellow chromophores may have accumulated more
freely, resulting in a brighter yellow appearance despite limited
browning. Overall, the color characteristics of soy sauces
differed significantly depending on the sub-ingredient composition.
The GWR-removed sample exhibited higher moisture and
yellowness with a relatively lighter tone, which may reflect
reduced pigment accumulation or limited progression of
Maillard-type browning. In contrast, the PR- and CR-removed

samples showed darker coloration, likely due to increased

concentration and heat-induced browning reactions rather than
ingredient-derived pigment suppression. Collectively, these
patterns indicate that variations in raw material composition can
influence color expression through differences in solubility,
evaporation, and non-enzymatic browning pathways. Jeon et al.
(2002) demonstrated that the L", a’, and b~ values of Korean
traditional soy sauces vary markedly with processing conditions,
emphasizing that color development in soy sauce is highly
sensitive to changes in raw material composition and aging
parameters. This agrees with the present observation that the
exclusion of specific spices leads to distinct color profiles among
seasoned soy sauce samples. According to Shin et al. (2010), the
addition of garlic tends to suppress color development and Maillard
browning reactions, which is consistent with the present findings
that pigment formation varies depending on sub-ingredient
composition. Although direct evidence in soy sauce systems is
limited, previous studies in fermented and processed foods indicate
that ginger extracts improve oxidative color stability, and that red
pepper can influence L', a’, and b" values in similar matrices
(Karpinska-Tymoszczyk et al. 2022; Kefale et al. 2023).

2. Soluble solids (°Brix), salinity, pH, and titratable acidity

The results of soluble solids, salinity, pH, and TA of each soy
sauce sample are presented in Table 4. The soluble solids ranged
from 5.2 to 7.6 °Brix, showing the highest values in the
PR-removed (7.6 °Brix) and CR-removed (7.0 °Brix) samples,
whereas the GWR-removed sample (5.2 °Brix) showed the
lowest values (p<0.05). This indicates that protein hydrolysis and

saccharification reactions were more active in samples without

Table 4. Sugar content, salinity, pH, and total acidity of soy sauces

Samples Sugar content (°Brix) Salinity (%) pH Total acidity (%)

CONY 6.0£0.0° 5.0£0.0° 5.10£0.05 0.85+0.03°
GR 5.8+0.1° 5.0+0.0° 5.20£0.07° 0.80+0.02°
CR 7.0£0.0° 6.0£0.1° 4.85+0.06° 1.05+0.04°
PR 7.6£0.1° 6.4+0.0° 4.75+0.05° 1.10+0.05°
GWR 5.2+0.2° 4.320.1° 5.40+0.04° 0.70+0.03°

All values are meantSD.

Different letters within the same column (a~c) differ significantly (p<0.05).

D Refer to Table 1 for abbreviations.
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CR or PR, resulting in increased sugar formation. Conversely,
the GWR-removed sample exhibited a lower ©°Brix, likely
because of greater sugar consumption. Salinity ranged from 4.3%
to 6.4%, with the PR-removed (6.4%) and CR-removed (6.0%)
samples showing higher values and the GWR-removed sample
(4.3%) showing the lowest salinity (p<0.05). These differences
appear to be associated with variations in moisture retention and
salt diffusion, depending on the type of sub-ingredient used. The
low salinity of the GWR-removed sample corresponded to its
higher moisture content, as shown in Table 3. The pH values
ranged from 4.75 to 5.40, with the highest in the GWR-removed
sample (5.40) and the lowest in the PR-removed (4.75) and
CR-removed (4.85) samples (p<0.05). Titratable acidity showed
the opposite trend, with the highest in the PR-removed (1.10)
and CR-removed (1.05) samples and the lowest in the
GWR-removed sample (0.70) (p<0.05). Overall, the chemical
characteristics of soy sauce differed significantly depending on
its sub-ingredients. The present results are consistent with those
reported by Yang et al. (2023), who found that the addition of
auxiliary ingredients to traditional fermented foods affected salt
solubility and water activity. Garlic is rich in carbohydrates and
sulfur-containing compounds such as allicin and thiosulfinates,
which readily dissolve into the aqueous phase and contribute to
sulfur-derived flavor components (Shin et al. 2011). Red pepper
also offers extractable ash minerals such as K and Ca, together
with polyphenols and carotenoids that can increase soluble solids or
ionic strength depending on extraction conditions (Woldemichael
Woldemariam et al. 2021). In addition, ginger contains gingerols,
shogaols, and minor amounts of carbohydrates, fiber, and minerals,
which may alter aqueous solubility and solid transfer during
processing (Oluwatoyin A 2014). These compositional differences
indicate that each sub- ingredient contributes a distinct profile of
soluble components, likely influencing °Brix, salinity, pH, and
titratable acidity in seasoned soy sauce.

3. Free amino acids and reducing sugars

The free amino acid compositions of soy sauce samples are
presented in Table 5. Aspartic acid content was higher in the
CON (3,351.02 mg/l) and CR-removed (3,445.40 mg/L)
samples, whereas the GWR-removed sample (3,046.12 mg/L)
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showed the lowest level. Sweet-tasting amino acids such as
serine, glycine, threonine, and alanine were relatively higher in
the GR-removed sample, which may reflect differences in
ingredient-dependent solubilization and extraction efficiency
rather than biochemical transformation. Glutamic acid, a key
umami amino acid, was the highest in the CR-removed sample
(6,141.32 mg/L), followed by the CON (5,967.58 mg/L) and
PR-removed (5,704.16 mg/L) samples, while the GWR-removed
sample (5,044.36 mg/L) showed the lowest content (p<0.05).
GABA content was the highest in the CON (461.39 mg/L) but
lower in the CR-removed (383.56 mg/L) and GWR-removed
(388.01 mg/L) samples (p<0.05). Branched-chain amino acids
(BCAAs) were also the most abundant in the CR-removed
sample, which is best explained by increased solubilization and
diffusion of amino-acid-rich components from the base soy
sauce, rather than newly generated amino acids. Since no
fermentation-driven proteolysis occurred, the elevated BCAA
levels are interpreted as an extraction-based release effect rather
than a biochemical transformation. Previous studies have also
demonstrated a strong association between free amino acid
composition and flavor characteristics in soy sauce. Seo & Lee
(1992) reported that glutamic acid, aspartic acid, and
branched-chain amino acids (BCAAs) are dominant components
in traditional soy sauce, which aligns with our observed
elevation of these amino acids in specific samples. Furthermore,
Cai et al. (2024) confirmed using an electronic tongue and amino
acid analysis that glutamic acid and aspartic acid serve as
primary contributors to umami perception, while serine and
alanine enhance sweetness. Diez-Simon et al. (2020) additionally
emphasized that flavor intensity and sensory complexity in soy
sauce are largely dependent on variations in free amino acid
profiles, reinforcing the interpretation that compositional shifts
among treatments may directly translate into perceptible flavor
differences. Collectively, these findings suggest that the omission
of specific sub-ingredients in seasoned soy sauce alters the
balance of savory-, sweet-, and bitterness-associated amino acids,
potentially leading to perceptible differences in flavor quality.

The reducing sugar content of each soy sauce sample is presented
in Table 5, with the GR-removed sample (136.60 mg/mL) showing

the highest concentration, indicating reduced carbonyl consumption
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Table S. Free amino acids and reducing sugars of soy sauces

66.60+0.45°

136.60+0.78"

69.0140.52¢

101.56+0.63°

Free amino acids Samples
(mg/L) CONY GR CR PR GWR
Aspartic acid 3,351.02+55.38" 3,166.00:£93.37° 3,445.40+£108.53" 3,168.74+14.85° 3,046.12+148.15°
Glutamic acid 5,967.58+17.05° 5,276.59+168.50° 6,141.32+89.87° 5,704.16+72.50° 5,044.36+248.88°
Asparagine 75.19+0.01* 17.98+0.24° 68.48+1.24° 69.33+1.73° 71.1343.61°
Serine 1,531.30£16.65° 1,295.48+47.45° 1,581.03+14.86° 1,466.92+28.54° 1,234.42459.26°
Glutamine 408.51+8.16" 240.95+8.95 360.84+6.29° 397.57+4.23% 342.48+16.79°
Glycine 1,389.87+19.07° 1,167.72+46.93¢ 1,432.14+14.67° 1,349.91426.14° 1,096.64+52.22¢
Threonine 1,045.71+10.22° 988.05+25.76° 1,086.54+24.12° 1,018.17+2.26° 962.06:+41.35°
Citrulline 45.97+2.76" 33.800.79° 42.10+1.41" 42.26+2.42™ 32.94+1.16°
Arginine 1,746.17+29.45° 1,443.78+47.70° 1,717.2120.19° 1,627.61433.74° 1,389.79+63.66°
Alanine 2,072.42+19.08° 1,786.30£57.20° 2,093.21+13.24° 2,016.37429.26° 1,730.67+77.54°
Taurine 71.30+2.89 44.54+0.70° 46.66+1.66° 49.48+0.55™ 40.50+2.15
GABA 461.39£10.30° 383.56+13.05° 411.21+2.31° 454.23+8.83% 388.01+17.52°
Tyrosine 664.74+4.49" 574.92+18.39° 662.76+7.89" 632.03£10.01° 555.24429.56"
Valine 1,262.55+11.60° 1,153.40£36.31° 1,287.27+13.58" 1,210.43+12.72° 1,122.80+50.79°
Methionine 199.3442.62° 153.24+45.78° 206.51+0.15 208.65+2.61° 147.79+5.41¢
Phenylalanine 1,316.53+8.09° 1,157.14+36.59° 1,335.91+5.94° 1,264.87+18.34° 1,124.19+51.75¢
Isoleucine 1,137.2442.04* 1,018.66+30.36° 1,149.56+10.58" 1,097.02+12.59 996.51+45.75
Ornitnine 271.02+8.94° 266.20+13.12° 289.72+5.71° 262.55+0.04° 256.28+16.09°
Leucine 2,348.74+34.03° 2,009.66+66.80° 2,390.19+1.66"° 2,260.42+38.03° 1,949.70+88.26°
Lysine 1,847.40£2.31° 1,644.51+69.15° 1,856.04+29.33 1,797.63+14.21° 1,548.71+73.87¢
Proline 1,599.49+54.26° 1,243.10£35.74° 1,462.55+29.21° 1,254.59+74.36° 1,319.20+£37.19°

85.74+0.54°

Reducing sugars (mg/mL)

All values are mean+SD.

Different letters within the same row (a~e) differ significantly (p<0.05).

D Refer to Table 1 for abbreviations.

and milder progression of Maillard condensation. This interpretation
is supported by previous reports demonstrating that reducing sugars
act as primary substrates for Maillard-derived melanoidin formation
and contribute directly to flavor precursor generation during heating
or seasoning of soybean hydrolysates. In particular, structural
studies of soybean protein hydrolysate - sugar systems revealed that
when reducing sugar availability remains high, browning,
melanoidin  formation, and flavor compound generation are
comparatively suppressed (Sun et al. 2023). Additionally,
melanoidin-focused research suggests that the degree of

non-enzymatic browning in soy sauce is closely linked to residual

reducing sugar concentration, influencing both antioxidant capacity
and color intensity (Li et al. 2025). Collectively, these findings
support the idea that garlic removal maintained higher reducing
sugar levels by lowering Maillard conversion, explaining the

elevated sugar concentration observed in the GR-removed sample.

4. Total polyphenol, total flavonoid content, and radical
scavenging activity

The total polyphenol, total flavonoid content, and radical
scavenging activity of each soy sauce sample are presented in

Table 6. Total polyphenol content ranged from 1.48 to 2.13 mg
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Table 6. Total polyphenol content (TPC), total flavonoid content (TFC), DPPH radical scavenging activity, and ABTS

radical scavenging activity of soy sauces

Samples TPC (mg GAE/mL) TFC (mg QE/mL) DPPH (%) ABTS (%)
CON" 1.92+0.087 0.8620.03° 58.82+3.60° 69.25+2.90°
GR 1.63£0.07° 0.74+0.02° 51.50+4.41° 61.3143.21°
CR 2.1340.10° 0.94+0.04° 62.5243.1° 73.4242.83°
PR 1.84+0.09° 0.83+0.03 57.08+3.48° 66.52+2.54°
GWR 1.48+0.05° 0.68+0.03° 49.04+3.14 58.32+3.24°

D Refer to Table 1 for abbreviations.
2 All values are mean+SD.

3 Different letters within the same column (a~d) differ significantly (p<0.05).

GAE/mL, with the CR-removed sample (2.13 mg GAE/mL)
showing the highest and GWR-removed sample (1.48 mg
GAE/mL) the lowest values (p<0.05). The increase observed in
the CR-removed sample is more plausibly attributed to enhanced
Maillard-derived melanoidin formation compensating for the
absence of chili polyphenols, rather than a direct increase in
intrinsic antioxidant compounds upon CR removal. This
indicates that when chili is omitted, non-enzymatic browning
may progress more dominantly, resulting in greater radical-
quenching capacity. By contrast, the low polyphenol content in
the GWR-removed sample may be attributed to the absence of
ginger-derived antioxidants, such as flavonoids, gingerol, and
shogaol, resulting in limited redox reactions during fermentation.
The total flavonoid content ranged from 0.68 to 0.94 mg QE/mL,
with the CR-removed sample (0.94 mg QE/mL) showing the
highest and GWR-removed sample (0.68 mg QE/mL) the lowest
values (p<0.05). The GR-removed sample (0.74 mg QE/mL) also
exhibited a relatively low level, likely due to the removal of GR,
which reduced allyl sulfide and allicin —compounds that promote
oxidative polymerization of phenolic precursors. Flavonoids not
only influence the color and flavor of soy sauce but also play
a direct role in radical scavenging activity. The concurrent
increase in polyphenol and flavonoid levels in the CR-removed
sample corresponded with its enhanced antioxidant performance.
The DPPH radical scavenging activity ranged from 49.04% to
62.52%, withhi the CR-removed sample (62.52%) exhibiting the
highest value (p<0.05). This enhanced activity may be attributed

to melanoidin and Maillard reaction products formed through

interactions between phenolic pigments and amino compounds,
which act as electron donors to neutralize DPPH radicals. The
GWR-removed sample (49.04%) showed the lowest activity,
possibly due to reduced flavonoid and organic acid contents
following the removal of GRW. The ABTS radical scavenging
activity ranged from 58.32% to 73.42%, with the CR-removed
sample (73.42%) showing the highest and GWR-removed sample
(58.32%) the lowest values (p<0.05). Similar to the DPPH
results, the ABTS and DPPH activities showed a strong positive
correlation. The enhanced antioxidant activity in the
CR-removed sample was also associated with its high levels of
amino acids such as glutamic acid, valine, and leucine (Table 5).
These amino acids serve as key substrates for the Maillard
reaction during fermentation, promoting the formation of
antioxidant melanoidin compounds.

In summary, the CR-removed sample exhibited the highest
total polyphenol and flavonoid contents as well as the strongest
DPPH and ABTS radical scavenging activities, indicating its
superior antioxidant capacity. The removal of CR appeared to
enhance amino acid - sugar interactions during fermentation,
leading to the accumulation of phenolic compounds and
antioxidants. Conversely, the GR- and GWR-removed samples
showed significantly lower antioxidant activity owing to the lack
of spice-derived phenolics, with the GWR-removed sample
showing the weakest oxidation-inhibiting ability. These findings
demonstrate that the type of spice added directly affects the
formation of antioxidant compounds and the radical scavenging

ability during aging. Therefore, adjusting the spice composition
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and fermentation conditions may serve as an effective strategy
to enhance the functional antioxidant properties of soy sauce.
Otunola & Afolayan (2013) demonstrated that aqueous extracts
of garlic, ginger, and cayenne pepper contained high polyphenol
levels (up to 42.1~67.3 mg GAE/100 mL) and exhibited strong
DPPH radical scavenging activity (55~82%) depending on the
spice ratio. Tsai et al. (2006) further showed that spices differ
significantly in antioxidant composition, with ginger and red
pepper containing abundant flavonoids, gingerol-type compounds,
and phenolic acids, whereas black pepper contributes piperine-
linked antioxidant activity. In addition, Medalcho et al. (2025)
confirmed that spice mixtures can alter oxidative stability and
color development in thermally processed foods, indicating that
spice composition —not fermentation intensity alone —modulates
phenolic polymerization and antioxidant pathways. These results
align with the present study, supporting that CR’s high
polyphenol (2.13 mg GAE/mL) and flavonoid (0.94 mg QE/mL)
accumulation strongly correlates with its antioxidant activity.
Collectively, the findings suggest that a selective combination of

spices or plant-based ingredients can effectively enhance the

Table 7. Electronic nose content of soy sauces

antioxidant functionality of soy sauce by promoting phenolic

metabolite formation during fermentation.

5. Electronic nose analysis

The volatile aroma compounds in soy sauces prepared with
different ingredient ratios were analyzed using an electronic nose
system, and the results are shown in Table 7. The principal
component analysis results are presented in Fig. 1. In the score
plot, the GR- and GWR-removed samples were positioned on the
positive side of principal component 1, whereas the CON,
CR-removed, and PR-removed samples were located on the
negative side of principal component 2. This indicates that the
volatile aroma profiles were clearly differentiated according to
the ingredient composition. To quantitatively identify the aroma
components, the peaks of the volatile compounds were classified
into five retention time ranges (10, 20, 30, 80, and 90 seconds).
At around 10 seconds, ethanol was detected, showing the highest
peak areas in the GWR-removed (925,897.60>GR-removed
(569,459.79)>CR-removed (32,643.99)>CON (27,509.58)>PR-removed
(5,020.11) profiles, corresponding to a sweet aroma. At 20 seconds,

Peak area L
Column  RT(s) N Compound Description
CON" GR CR PR GWR
1713 27,509.58 569,459.79 32,643.99 5,020.11 925,897.60 Ethanol Sweet
’ +46,626.086” +19,862.792 +618.237 +120.748 +48,472.733
2128 3,483.66 4,574.63 4,696.03 2,216.98 4,175.66 Acetonitrile Sweet
MXT-S- : +209.813 +126.186 +90.611 +21.215 +376.607
FIDI1 6,799.32 7,440.84 9,201.18 4,100.41 4,775.04
B3 14065 +84.085 +180.176 +19.614 1101374 Dut[El2-enal - Green
80.44  197.61+64.988  438.37+7.354  393.59+11.374  289.36+5.329  288.95+9.118 L-carvone Bread

93.76  92.43+£30.439  90.58+11.434 83.94+7.451

87.27+18.280  83.95+10.050 Undecyl acetate Oily

17.77  885.53+£39.3516 1,076.10+68.888 768.23+32.609

2085 251,810.29 511,466.21 31,415.83

’ +5,697.644 +16,502.430 +758.311

FI;;;O]_ 3543 10,974.66 12,379.75 10,678.66
’ +143.364 +233.587 +161.052

86.05  227.94+5.077  606.72+11.199  553.50+19.415
99.83  143.00+27.428  137.77£7.260  142.17£18.047

421.09+18.566 1,270.68+89.795  Acetaldehyde Apple

5.006.59 827,083.12 N St
+82.921 +43,486.355 opena wee
4,687.20 7.452.78
128229 1133862 But-[E]-2-enal Floral

39820+16.116  398.17+15.903 Maltol Caramelize

139.14£11.946 259.944229.819 2,4-Dinitrotoluene Oily

D Refer to Table 1 for abbreviations.
2 All values are mean+SD.
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Fig. 1. Principal component analysis plots of the response signals to the electronic nose of soy sauces.

propenal was identified, with higher levels in the GWR-removed
(827,083.12) and GR-removed (511,466.21) profiles, also
contributing to sweet notes. At 30 seconds, but-[E]-2-enal was
detected, mainly in the GR-removed (12,379.75), CON
(10,974.66), and CR-removed (10,678.66) profiles, producing a
floral scent. At 80 seconds, L-carvone, which is responsible for
a bread-like aroma, was higher in the GR-removed (438.37) and
CR-removed (393.59) profiles. At 90 seconds, 2,4-dinitrotoluene,
which produces an oily note, was relatively abundant in the
GWR-removed (259.94) and CON (143.00) profiles. Overall, the
aroma characteristics of soy sauce developed sequentially from
sweet, floral, bread, oily with increasing retention time. These
results suggest that spice composition and blending ratios play

a critical role in determining the aroma profile of soy sauce.

Table 8. Electronic tongue content of soy sauces

6. Electronic tongue analysis

The taste profiles of the five soy sauce samples were analyzed
using an electronic tongue, and the results are shown in Table 8
and visualized as a radar map in Fig. 2. Distinct differences were
observed among the samples in terms of basic taste attributes
(saltiness, sourness, bitterness, sweetness, and umami). The AHS
(sourness) sensor value was the highest in the CR-removed
(8.20) and CON (7.30) profiles. The PKS (saltiness) sensor value
was the highest in the PR-removed profile (8.20). The CTS
(umami) sensor value was the highest in the PR-removed sample
(8.50), followed by the CR-removed (6.30), CON (6.00),
GR-removed (4.70), and GWR-removed (4.40) samples,

indicating that the PR-removed sample had the strongest umami

Sensors”

Samples
AHS PKS CTS NMS CPS ANS SCS
CONY 7.30 5.60 6.00 6.30 6.50 7.00 4.90
GR 4.80 5.30 470 6.20 6.30 4.60 7.00
CR 8.20 5.40 6.30 8.80 5.60 5.30 3.90
PR 5.50 8.20 8.50 4.10 5.70 7.10 6.50
GWR 420 5.60 4.40 450 5.80 6.10 7.60

D Refer to Table 1 for abbreviations.

? Values of samples by seven sensors of the electronic tongue. AHS (acidic taste sensor), PKS (salty taste sensor), CTS (umami taste sensor),
CPS (bitter taste sensor), NMS (sweet taste sensor), ANS (reference sensor; mainly for overall sweet taste detection), and SCS (reference

sensor for ionic and mineral components).
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Fig. 2. Radar map of the relative taste intensity of soy sauces.

intensity. The CPS (bitterness) sensor values ranged from 5.70
to 6.50, with the highest value in the CON (6.50), showing a
relatively stable distribution among the samples. The NMS
(sweetness) sensor value was the highest in the CR-removed
sample (8.80), whereas the GWR-removed (4.50) and
PR-removed (4.10) profiles had the lowest values. Overall,
sourness, saltiness, umami, and sweetness showed significant
differences among the samples, whereas bitterness remained
relatively consistent. These results indicate that variations in
spice composition according to ingredient ratios directly affected
sweetness and umami formation in soy sauce. The higher
sweetness and umami scores in the CR-removed profile are
closely related to the accumulation of free amino acids such as
glutamic acid and alanine, resulting from enhanced proteolytic
enzyme activity during fermentation. By contrast, the GWR- and
PR-removed profiles exhibited lower sweetness and umami
values, leading to less balanced flavor profiles. Therefore, the
findings demonstrate that ingredient formulation directly
influences the taste profile of soy sauce. Future studies should
include descriptive sensory analyses and preference testing with
trained panels to validate the correlations between instrumental
(electronic tongue) and sensory evaluations.

Overall, the electronic nose and electronic tongue results
indicate that aroma and taste differences among samples were
driven by ingredient-dependent extraction and heat-induced
reactions rather than microbial fermentation, as this product was

not brewed or aged. Previous studies show that non-fermented

seasoning-type soy sauces can generate aldehydes, alcohols,
ketones, and other aroma-active compounds through Maillard
and thermal reaction pathways (Cha et al. 2016; Wang & Cha,
2018), while alcohols and aldehydes have been identified as key
contributors to sweet, roasted, and caramel-like notes in soy-based
matrices (Pu et al. 2023). Accordingly, the higher ethanol and
propenal in GR- and GWR-removed treatments, and the distinct
umami/sweetness perception in CR-removed samples, appear to
result from differences in spice composition and solubility rather
than fermentation. These findings suggest that altering garlic, red
pepper, ginger, and black pepper ratios can reshape volatile
expression and taste balance in non-fermented soy sauce systems,

providing baseline evidence for future flavor mechanism studies.

Summary

This study investigated the quality characteristics of seasoned
soy sauce prepared by removing individual sub-ingredients—
garlic (GR), red chili (CR), whole pepper (PR), or ginger wine
(GWR)—from a standard formulation. Because the sauce was
produced without an additional fermentation or aging phase, the
observed differences among samples were attributed primarily to
variations in spice-derived compound extraction, water retention,
solubility, and heat-induced Maillard-type reactions rather than
microbial metabolism. The GWR-removed sample exhibited the
highest moisture content (60.75%), lightness, and b value,

indicating greater water retention and reduced pigment
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accumulation during heating. In contrast, the PR- and
CR-removed groups showed darker coloration and lower
moisture, suggesting enhanced concentration and browning
reactions in the absence of those spices. Soluble solid content
and salinity were highest in the PR-removed (7.6 °Brix, 6.4%)
and CR-removed samples (7.0 °Brix, 6.0%), while pH was
lowest in these two groups, reflecting the increased density and
ionic strength of the sauce matrix rather than fermentation
activity. Free amino acid profiling revealed that the CR-removed
sample contained markedly higher umami-related amino acids
such as glutamic acid (6,141.32 mg/L) and branched-chain
amino acids, whereas the GWR-removed sample showed the
lowest overall amino acid concentration. Reducing sugars were
most abundant in the GR-removed sample (136.60 mg/mL),
indicating reduced carbonyl utilization during thermal reactions.
Total polyphenol (2.13 mg GAE/mL) and total flavonoid content
(0.94 mg QE/mL) were also greatest in the CR-removed sample,
corresponding to the strongest DPPH (62.52%) and ABTS
radical-scavenging activity (73.42%). These antioxidant differences
are likely linked to spice-dependent release or transformation of
phenolic compounds during heating. Electronic-nose  and
electronic-tongue assessments confirmed clear divergence in volatile
and taste profiles among samples, demonstrating that spice
composition significantly modulated sweetness, umami, aroma
intensity, and flavor balance. Collectively, red chili removal
produced the most pronounced enhancement in umami-associated
amino acids and antioxidant capacity, whereas ginger-wine
removal resulted in the weakest chemical and sensory attributes.
Overall, this research provides baseline data showing how
omission of individual spices alters physicochemical properties
and flavor development in non-fermented seasoned soy sauce.
The findings indicate that targeted adjustment of garlic, chili,
pepper, or ginger wine ratios can be strategically used to control
moisture retention, amino-acid balance, antioxidant activity, and

instrumental flavor response in heat-processed soy-sauce systems.
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Abstract

This study explored how Korea's national image influences Malaysian consumers' attitudes toward Korean Home Meal Replacement
(HMR) products and their purchase intentions, highlighting the mediating role of the Korean government's crisis response measures.
Data were gathered through an online survey targeting Malaysian consumers aged 19 to 39 who had previously purchased Korean
HMR. A total of 515 valid responses were analyzed, yielding a response rate of 90.48%. The analyses included exploratory factor
analysis, correlation analysis, multiple regression analysis, and mediation analysis. The findings revealed that all three dimensions
of national image —stability, democracy, and development—positively impacted perceptions of Korea's crisis response measures.
Democracy had the strongest effect on policy-related perceptions, stability most significantly influenced management-related
perceptions, and development was linked to administrative capability. Additionally, national image positively affected attitudes toward
Korean HMR, with stability being the most influential factor. Positive perceptions of Korea's crisis response measures further enhanced
product attitudes, indicating that trust established through government crisis management can influence product evaluations.
Furthermore, positive attitudes toward Korean HMR were associated with higher purchase intentions. Mediation analysis confirmed
that perceptions of Korea's crisis response measures partially mediated the relationship between national image and product attitudes.

Key words: national image, crisis response, product attitude, purchase intention, hmr, malaysian consumer
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H7: 9] Q17198 22X &= g 77t 4] Al FE o]l
B9 FFE 1A Aot
H7-1: 59 $17|H-& HA2 g= 7Fg7tH 4] AEe
o ZHe S vE Aolth
H7-2: 9] 7S A&5L st= 7147t HA] A=
ol ZHe S vlFH Aoltt
H7-3: 29 §71d-§ Hele g 7174 AlEH
ol HH9 FFS v Aot
H8: 3= 7Hg71 4] AFHes Tz F+H 9
S v]A Aol

>i i‘ll‘

OJ.4

=7tolm| A= AU AlF Brhe] AFHAQ] FFS v
2 J9t ofy e}, A Fof gt Al=et A =d HrHE EOH s
AR oz2x A8t 4= it} AYAfto] u=2d 27} £
ojmx|e} Hyh HH o] HA 3] 52 & 7|0l "41*
A2 Aol 9FE vIAIH, ol A A Alg= v &
W] st WS B Aolslt Y GBS 2T
th(Roth & Diamantopoulos 2009; Anholt S 2011). £3] 9]7]
Aol A AT gl et 142 w7t A=E FA|5lst
= @4 7IAE Z-E5tH, FAE A== AER Zol b
A1} A=7F S2% AlEEol et B FAol FFE HE
4 Qlth(Bargain & Aminjonov 2020). o]o] £ A= HH 9]
7198 2X7F = 7tolu]| e} Sh= 7P HA AFH =
7F BAONA Wi ETE 7HE AR ZHYshint

HO: 459 §17198 2A|= =7tolm]| A9} gb= 711t
A AFEE ZE FACNA siAEIt SE &40]4
2o o nE

1. ATLHYR} AT SHAE

AT AF-FAAG-2 Table 13+ Lot JEe o
23 51.7%, o1/ 483%°]1l, AP 19-244] 120%(23.3%),
25~29A] 14175(27.8%), 30~34A] 14378(27.8%), 354 o4 39
Al olske 11178(21.6%) 2.2 Uttt ZR14H = 71E 373
H(72.5%), U]E 1297(25.0%), 71E} 138(2.5%) 2.2 el
or, SEL st £Yo] 429%2 UEhiTh JgL
AEA 23178(44.9%), 9L 1158(22.3%), A8 A2 473
(9.2%), S48 4478(8.5%), HIF FAF 3078(5.8%), =F2] 227
(4.3%), T 147(2.7%), 71EF 1238(2.3%) =0 & RAFE T A&

EZZ0 1000-2,999(MYR) 1527(29.5%), 3,000~4,999(MYR)
13278(25.6%), 5,000~6,999(MYR) 6878(13.2%), 7,000~8,999(MYR)

478(9.1%). 9,000(MYR)

o|Ato] 54%8(10.5%) L& Elyit)

2. 7@ H40| BT Q0IEA U MElE 2
RQIEA W AIFE 24 AvKe Table 20] AAI3gich £

Table 1. General characteristics of participants

Category Item n (%)
Male 266 (51.7)
Gender
Female 249 (48.3)
19~24 120 (23.3)
25~29 141 (27.4)
Age
30~34 143 (27.8)
35 or above 111 (21.6)
Married 373 (72.5)
Marital status Single 129 (25.0)
Others 13 (2.5)
High school graduate or 9% (17.5)
lower
Education Junior college graduate 67 (13.0)
University graduate 221 (42.9)
Graduate student or higher 137 (26.6)
Self-employed 115 (22.3)
Service worker 47 (9.2)
Labor staff 22 (4.3)
) Professional practice 231 (44.9)
Occupation
Student 44 (8.5)
Housewife 14 (2.7)
Unemployed 30 (5.8)
Others 12 (2.3)
999 and below 62 (12.1)
1,000~2,999 152 (29.5)
Average monthly 3,000~4,999 132 (25.6)
neome 5,000~6,999 68 (13.2)
(MYR) ’ ’ )
7,000~8,999 47 (9.1)
9,000 or more 54 (10.5)
Total 515 (100)

MYR refers to Malaysian Ringgit. 1 US dollar is equal to 4.10

Malaysian Ringgit.
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Table 2. Exploratory factor analysis and reliability of items

Factor Commu- Eigen Variences Cronbach’s

Factor ftem loading  nality value (%) a

Korea is a country with good social welfare. .860 .843

National image Stability Korea is a socially stable country. .671 706 1.989  28.421 0.816
KMO=0.902 Korea is a country in a good business environment. .663 .682
Bartlett's Korea is a country with a democratic system. 816 851

- Democracy . . . 1.814 26305 0.822
sphericity  test Korea is a country with a high level of democracy. 798 .819
(p=001) Korea is a country with a high income level. .852 .845

Development ] . ) o 1.709 24.410 0.768
Korea is a highly industrialized country. 769 794

I think the Korean government's policies for the
accumulation and sharing of information for disaster 766 .819
management are appropriate.

Policy T think the Korean government quickly release information 64 %3 2392 29.897 0.881
related to the risk by policy. ’ '

I think the Korean government is communicating with

. 812
. confidence about the risk by policy. 763 8
Korea’s crisis
response I think the Korean government is listening to the public's 202 262
KMO0=0.943 perception of the risk. ’ ’

Bartlett's Communi- I think the Korean government is pushing ahead with
sphericity test cation  planned communication about the risk.

(p<.001)

.674 783 2.108  26.350 0.866

I believe that the Korean government communicates

. . .645 753
transparently regarding the risk.
I think that the Korean government is smoothly managing
disaster situations, such as operating an emergency 782 842
Management Tesponse organization. 2.033 25419 0.830
I believe that the Korean government is properly promoting 776 240
research and development projects related to the disaster. ’
I am happy about my decision to buy and eat Korean 392 795
Product attitude HMR.
KMO=0.847 I am satisfied with Korean HMR as I expected. .882 777 1060 76.542 0.898
Bartlett's sphericity test [ am satisfied with my decision to buy and eat Korean 5 . . .
(p<.001) .879 77
Eating Korean HMR is a wise choice. .847 117
I would like to keep buying and eating Korean HMR in 288 759
the future. ’ ’
Purchase intention I would like to say positive things about Korean HMR to 387 787
KMO=0.839 other people. ' ' 3013 75313 0888
Bartlett's sphericity test 1 yq1q like to recommend Korean HMR to families and/or 485 782
(p=001) friends. ' '
I like t the the pri
would like to buy and eat Korean HMR, though the price 809 654

is raised.
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Table 3. Correlation matrix

S7jolulXje} AEHE 9 HlelE 377

National National National  Korea’s crisis Korea’s crisis Korea’s crisis
. . . . Product Purchase
Variables image 1 image 2 image 3 response response response attitude intention
(stability)  (democracy) (development)  (policy) (communication) (management)
National image 1 |
(stability) ) i ) ) i )
Nati i
ational image 2 000 1 i ) ) i )
(democracy)
National image 3 000 000 | ) ) i )
(development)
Korea’s CI‘IS.IS 200" 303" 293 ) ) i )
response (policy)
Korea’s crisis
response 3017 205" 211" .000 1 - - -
(communication)
Korea’s crisis
response 350" 176™ 2227 .000 .000 1 - -
(management)
Product attitude 4627 3617 295" . 3477 386" 1 -
Purchase intention 455" 287" 275" . 307" 306" 8727 1
“p<0.01

o
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A (r=353), 2E(=347), T (=386)2E LT Z7F £
o 9% JUVAES Yehck ol Frtolu] A} PR
SA7Ich gl et A=t aelste] AFE Hte] WYKo
wreige ojujsie.

4 U B0 el Kol e, suie

g =710] AEL

X rlo

o] xh:h_ E;o} Rha ~(2022)4 01%9}5 w2}
ool ojA] Frtolu] Ao 5] 219 %AJ(FASS),
RIZ20)(=287), WAG=275)3 ok FEAH F 5
(O] JBBAS BYon, 0] 9715 H(=33)
AE(=307), B (=306)9HE 7t 20 ATBIAS et
Wk £5] ABHEe FHYE 7 ABASE =872(p<

ODE Y, v Zet 9] FHe AAAE Btk
ol &H|AS] S A AFH =TT AA ol FELE o]
Ath= Ajzen 1(1991)9] F43tE G253t} TPBO w29 7
19 P2 Hk, FHA 4, T AAH FFSAl
ol A4, IS = AEol et 384 Hee T
=& Zolet= A4 QRlo g ZGIIth &, ARAPE &
z% ;(ﬂﬁ o :LJGJG oz ﬁ:]7]-6l/’\§ @_Zﬂ ;F.uH ‘SEEOE 0101
4 7Fs/do] =t ol AL 7P HA] Aol AE
SLSHA ERI%=t, Ji & Han(2022)9] Ao A e 4xH|A}
o] A=Y, 94, 4%, "9 5 Xﬂ 4= THALE
BNERE AFEH T A3t o, ZAetE =T ThA
LS ol %2 Qolos 2ge Ao KDY
t}.

Ao, Bl AA Kol B S7|heL @

£ 9] 2L Yol Frtolu]x] Zstet AF A A
Tehe Bed aRE 32T 4 91%% ulgi. ol 2

Zholu] A7} A7 &9 A} g 22 4u|F 129
IS U= FQ gRlog Z#%?}% A AFgHcH(Anholt S
2011; Lee JH 2021). T3}, 3H29] 971S-S &3 A=



378 3]40\,51_ . HF:Z

A2 7|8 F7tolu] 7} 2u|ate] Bfmet Fuhel =g o
Sl B4 MR 28BS Nz =, 97tgo] dn
A £, De) 3 F7H Aol $24S ABY et
Tl w7t FAl0] otel e tehion, ol @
PRI ARle) 4 nbAY A Sgo] glo] ad A
Z3 2AZ 287 & 9L Aol

=0 = AR

= 7HEFEAI(HMR)O] thet =7kolw|A] W 9175
22 Q1A J7F WAE HST 2, BE 7Hdo] AE s
k. F7tolu|z| 9] 5H9] 81191 PP, WSSO, WA 4
T2 BF b 7P A Al ol ofet e dF
= HF 2 HHI~H3), o] 22902 3= HFY 7S =
A RIACEHE, A, B FHHCE AESIUT
(H4-Ho6). T3 A, &5, T 1412 25 g 7Pg7HA
A AlFE ol Foluet A+ FFE HF Ao=E UE
OWHY), AT g AFH ee FuioEof ule Foet
FF= A= AR FRIEUTHHS).

7Vd7S A= Table 4, Fig. 201 AJA|5H3om, AlF2 Q1
7HaAS A= o 2k AA, =7ke|u| A7t = 7t
7R A(HMR) A FH =0 PA]= FFHI~)E BS5H]
5t B3 ARAS AAsH e, 2 E4oA= =7t
oju|x]2] 59 K21Ql FFA, HFF9|, WA 5ol =
7Pzt A AFHE vA= FFE S v
A 2, AP Y FREZ 128911F UEEon, {9
e p<0010=E J|HHFo] FAHCE [T Zo=E
SRl $HE ARAFEE 04272, 7lolo]x] T
o wavt A% 7R AEH RS oF 27%S et
L Ao Z el ESE Durbin - Watson A$+= 1.9330.2
AZgrol sk} R 7 AL BAL g 02 B
E 9o, FXI5H(tolerance)?} EAMYAQ Q1(VIF) 7t &
71X E S50t S5 S HERA 2l
7k EYHSY] g S AnE F3, P 812 B
P82 R A AFHEo] Frlet AHY FFS A= A
O 7 UEMY HI-2 A= I th(B3=386, =8.183, p<.001). o]=
o] A - AFRA P A at AR Alg] /ol thgt Q14
o] AH[ALY] AlF Bt WFoA Fa3 W 7|EoE A
oFZ Ju|gith. AP Ato] =W, =719 AukAQl g4
T A= g0 gt 342 olm| A= AHAA 4 A2 R
2-g5to] Aol tigt B FAo F9Tt YT vA= A

e

N

o7 H1% 3 th(Roth & Diamantopoulos 2009). o] 2|3t 2
Sol 4 AL Yol T AT 4 U 2 AT
= Shar 7P A AlEol g 9391 Hert Aot =

9330 91 A AlFH =l SAX R FoJet JIF
= "R 22 E YEY H2E e = Aeh(B=222, 4709,
p<001). o]= QIFA 7}A], ASA 7, Al=d £/
oigt Q1A]o] AH|RLe] FA A A=E /s, Yozt AlE
of gt 3784 B7IE olojd 4 U AR =719
A2 547 AFS] AlA”] digt Q142 48| Q1A
A - ZAA 7o YIS vAH, o]t QAL AlE HE
B Bl T2 QTS $Pdh= A= HAHI 9l
TH(Verlegh & Steenkamp 1999).

ud @l watk 312 ZPY7hR A AEd o] folulet o
P2 ulAE A0 2 BelEg o], K3 YETHE- 138,
3,104, p=001). o] F71o] A1) HHd S, 7%, HA
gofl gt Q12]o] AlF9] FAI} AF: FHrio] FHACE
WS ulgttt. Almli 5(2011)2 =712] Z8H4 Q1 ofu]
Aot A - 71 o] HijE *14]0] AlEo] 4 HUF 4
B 340 % 9FS VRt Hustglon, & A
A} A o]HT =9 F AAsh= 2HE AT 4 U
FYsHA, 7oA FAste P, RIS, EA
812 BT 3= 7P A Al o] Fofnlet FF=
2= Ao® RIS 53] A 290 7MY w2
HE3 AlpE Ko, AHA7} S P o)1 AFSE 4
UE AR AADSF b 7T A Aol it 37
A Y7t oS AARRI o] Edt At Q] AHIRE
qgo = §F g 77t A9 BAE gEof glof, AlE
&4 SHY AE oyt 7to|u|AE 7Nt e 2 §F A
A AFYACIAY F84E AR &, =9 HEAd
I A=A A=A, ARl A B4, AFAA T
Ao w3t w7t B E o|u|X|= 3= 77t E A AlE
B FAgol Az g

EA), =7Fo|u|A] 9] 5
o] =9 7IHE 22 T BH
(HayS 2A% 23, AR Fgh 155.0828 UEHS
o, FAZEL p<00102 3]HA 0] FAHCZ Folgt A
o2 IRIFEQIE A E BREARR)E 047302 7toln|
A A |7} o] Y718 24 149 oF 473%F A
Hol= A0 2 et ESF Durbin-Watson Al$5= 1.914%2




Vol. 38, No. 6(2025)

H4-3:.285™ i
Policy
H5-1:,358"
e | Communication ‘
:g:; 3%“ | Management ‘
H6-3:.214™
National Image
H1:.386™
H2:.222™
— H3:.138™
‘ Stability |
| Democracy |

| Development |

Fig. 2. Path diagram.
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Table 4. Regression analysis results for Hypotheses 1~8
Collinearity
I D _ statistics in- Hypothe-
ndegendent epe?ndent B (SE) SFandar rvalue R AR Fovalue Durbin 'ypot .e
variable variable dized 3 Watson sis testing
Tolerance  VIF

National image 1 .

. 386 (047) 38  8.183 499 2.002 Accepted
(stability)

National image 2 Product attitude ) (17 55y 4700 503 1988 0431 0427 128911 1933  Accepted
(democracy) (H1~3)

National image 3 138 (044) 138 3104 565 1769 Accepted
(development)

National image 1 .

abili 254 (045) 254 5614 499 2.002 Accepted
(stability) Korea’s crisis

National i 2
ational Image TESPOISE 61 (045) 261 5.773 503 1988 0477 0473 155082 1914  Accepted
(democracy) (policy)

o H4)

National (
ational image 3 285 (043) 285  6.687 565 1769 Accepted
(development)

National image 1 .

. 358 (046) 358  1.775 499 2.002 Accepted
(stability) Korea’s crisis

National image 2 response 00 40 g7 4072 503 1988 0458 0454 143705 1915  Accepted
(democracy)  (communication)

National image 3 232 (043) 232 535577 565 1769 Accepted
(development)

National image 1 .

bil 392 (048) 392 8.183 499 2.002 Accepted
(stability) Korea’s crisis

National i 2 -
ational lmage TOSPOISE ™ 198 (048) 128 2.678 503 1988 0415 0412 120807 2.046  Accepted
(democracy) (management)

National image 3 o 214 (045) 214 4750 565 1769 Accepted
(development) ’ ’ ’ ) : : ep
Korea’s crisis

response 230 (054) 230 4303 415 2412 Accepted
(policy)
Korea’s crisis Product attitude
response () 230 (054) 230 428977 412 2427 0393 0390 110492 1962  Accepted
(communication)
Korea’s crisis
response 250 (047) 250 529" 531  1.884 Accepted
(management)
Purchase
Product attitude intention ~ .872 (.022) .872  40429™" 1.000 1.000 0.761 0.761 1634.505"" 1918  accepted
(H8)

ok seokok

<01, "p<.001.
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A e =] 9 th(B=358, =7.775, p<.001). ©]
7he] A1 2ojo] o2 Fhs ot A olek Q4]
980 7|chS WA AT S U BEHE Ao
VA wrEE 2910 283+ ofnjgith. Qg AL
S AAR] 3t A4S FF ARYALH et A 3
ahste, ol A 5842 Eolt WY R0l 7E

wojobr AX|FHHWu C 2021).

Ay
v
o
T
&
Mlo

X rlr o oo

EAHOR GOt JaFe A Aoz et Hs2k A
S| QAEHB-187, 4072, p<001). ol WY 4% B} 2
o4 oA o] Tt 4ol R B HA K] Tk
Ao} ol HES ATT 4 S AR B oA
=g 48 AT A9 Fol7l FRDSE A ARYA
oli19] AgAo] ZBteich WA ATt BT

A 89l B =9 7S 22 5 &F A4l F
fu|gt (9] FFE vA= Ao R FRIE o] H5-3:2 e
S ATH(B=232, #=5.355, p<.001). °l= =7+9] 7|43 Y7
AT, A2 A 5ol digt 344 A2lo] AR &5 A
% A B7te SES it 57 S ofu]A]
< 71 AgRelA FF7E ek 279} glolE e Z]uiRt )
AAE AAE & At 71dE 45, ol ZF #
yAold axE Aidiths 71E A9 =28 Hi
Th(Siegrist & Zingg 2014).

FoE, F7jol0| S T YA, WEFY, T
2912 BE R S 2 F 45 Q0] SY
2 gou)d Yol G A A0E Yehdel &
84 8110l 7ME &2 BESH AlE Eo, 710 |
=] 7|5k ofu] A7} £17] Aol A FHe] AFyAolA
o= QASH TFes Y 3PS AR ©
A= m7Io|vA7 35 AFUACIdT FH HAA] 4
& M= F8T JL2 FPL 5 WSS EolFH,
=7 Bligo] 35 9 B §7] AryAeld Ao &
T2 & A= AARITH(Wang 2008a).

A, =7teln|A19] 5hef 82171 b4, W9, Wxio]

S7jolulXje} AEHE 9 HlelE 381

=] Q71 24| % el v|A|= FRHHe= AT E
= o3} 2k SR P Y] AR 1208072 UEROH, &
e p<01Z JARYo] BAXNOE [Tt A o7 &
=it #4H ARARR )= 04128, Z7oju]A] T ¥
71 =Y 710S 220l thgh Q1419] oF 41.2%E g5t
L Ao 7 YEth E3SE Durbin-Watson Al$= 2.046202 7]
4ol 2Rste] AL 2F A1 EAlE Qe A0 E HHE
RO, ZARHA|(Tolerance)2} FAFYAQ JI(VIF) g HA] 7]
FAE T R34 B4 UERA] 29T

891 I AHE A, P4 212 39 97|
S XA F HY 4ol 7P Z JTFE A= 8RIeE U
EFL} H6-12 A= =] 9 oh(3=392, 1=8.183, p<.001). 0] =7}
9] 9171 W& AA7F A o)1 YA LFEHIL Yth=
QlAJo] HKLo] -3 A} H& S50l gt 425 A3}st
= 4 82102 A-g9hS ofulRitt 917] AgelA w71et
g5l gt A== & AAL 84 QAT DsHA A
THoE= 7€ A9 =99t W ZodthKye &
Hwang 2020).

9339 891 IA] =9 97| g 24 5 w2 <14
of BAHCRE Fo3t JFS v A& e H6-2= A
%] QI TH(B=128, =2.678, p<0l). o= TFA ArjdAL} |
T& EA, AlNizkoof gigt Ql4lo] 91708 IHgollA A
H 229 AT -84 Brto] 7]ofehE AR 9171
FgolA9 W &4 A= ZRE tsol gt A= 34
of 328 9L gtk 71& A GE At dAgT
(Wodak R 2021).

A 891 E3 3o 7S 24| Q14 F #Eol &
gt F(HY FF= vIA= ALE ERIE o] He-32 A=
HATH(B=214, =4.750, p<.001). Ol= =719 7|&2 AT
Y7 AR WA o] tigh G- A Ql4lo] FE9| 917]
oS 523 F2 JPol st 418 HriE FHE 5 U2E
ojugttt. tAE P} 71& 7|6t 917] s AT $171
oA FR 2A)0f tigt AZE AiLste 8% 84R
288 5= ke APATY =9 & FAUHSTHLee-Geiller
& Lee 2022).

S, H7tolu| A& FAdohe A, s, I
821 BE 39| 7§ 24| T Beo 5HH R F
oqu)gt YFS vA= AR YERlth E5] oH4 8219
FEFgo| M AA HeEths F2 171 4ol AR
-8 B7H= =7HY] EFA olmlx|et A= 7|9k QIAlo] 2A




= oh 4
@712 22 AAE dol A A=A b 71k
g =7tolm|A] Ao A= HojE
O, ot 470 f171H8 24| Q14o] Bk 7Hg7hH 4]
AZeEe] nAE FHINS AFI] I TEHARA 2
e oheat Atk BT LS 104922 Uehtor, ¢
oJEEL p<001 2 BFimFo] BAHCR G5 Aoz Hel
B9tk 9T AAARRYE 039002, 3] P|ehg 77
QU] W4} s gl AEelEe) o 39.0%E Heh
202 JeEPGTh ESE Durbin-Watson Alg~= 1.9622 7157100
L5t} ZEAF 7F A7 FAE gl AoE wHE
=Qusd Qe AnE 23k A% a9 B APz
B4 AFHE] foARIG Fho] FRL MAE Ao U
BN} H7-1S 5] QIeh(B=230, =4.303, p<.001). o]= F=
9] Y718 A Ho] &ej&o]a AT 4= Ul AAFS
=, 287 g 5712 AlEol dis] 34 HEE 3
A 7Fs/do] EordE ou|Eitt.

4% 82 A AFH = SAZCE FAS F= v
2 Aeg ZRIEo] HI-2&= AHHEQITHB=230, =4.289,
p<001). o]i= HF7} 917] AolA Algsh= HH O] B,
LY, AlF/go] 4n|Rte] HM A Al=E FstaL, ol#gt
A7t AE 37 Yo w SE 4 e AARIH

e 8212 Al 8291 5 7MY 2 EE3S A E HolH
= 77 A AlZ o] f-9uEt F(H FFS vA|
L Aoz Ueh} H73S AEE|Ith(B=250, =5.292,
p<001). o] o] 97|kl et A Sl st 9l
o] 2u|A7t A F7ko] AE B3} A4S Brlohe
ol Qlo] ddider Fa3%t Vlegow AT etk

S, FE] Y7S 2o et A, 254,
e QIAZ BE k= 77t HA] AFEH ] 3L
&= 1A= Ao g ZAH E9] e 8219 JFY
| A og A4 vebgths d2, 28R 459 917
2 B7red o AEA 33 5 AYYS Sa5H
Us= AR ol2fjt Aak= AR digh 41
2 QlAo] AvALY] Hi: Ao g FgE 4 Qlth=
71& Aol A AAE =0]et FEHetrH(Bargain & Aminjonov
2020; Shanka & Menebo 2022).

AXA, b= 77t EA] AFH =7F i ol rR=
FEHHSZ A5 AT 3 ARA 2, ARG F
2 1634.505(p<00HZ FAH O R Folsty o, A=

o
!

=
o

[e)

> 0
ol
Koy

1o o
o

BAAFRE 615 e oF 76%] =2 HEEE 29
t}. T3t Durbin-Watson Zr2 1.9182 Zkx}9] x}7]Aro] 9l
ol IARFY] Aol AUt

B4 23, AEEErt ezl vAls FFHB=872,
P00 H-9- ot 20 2 Uit H82 A== I ol
27 ARZC] Hol 384 B LTS Al o B
508 o]ojd 7hsdo] Erhe A onigitt. B9, 7Pg7tH
A AF] gt A=zt £4 914, v T HEA 81l
aH|REe] FufojAbA Tgoll A A TS Sk AoR
S} ol2idt Avke 7P A AR Aed/dat 4]
A AZ7h el o] 21384 Gk vtk B gk Rha 5
(2022)9] AT} Ao Ao, AHRE| Q1A|F - A2 Hrt
7t A 08 S EE IS ASA 0 R FREgith

ANH o7, 7HYZHA A AFol ek AuRke] ZH A e
T Pz AFA g vAH, ol LHA F,
A A2, 7k 914 So] AgE o] A5dhs T
H 5 T2 AARITH o Adte FF 7Pt
APl Al aHAE S 4 - 7153 7] AlaL o]
HgHE o F8% dTS Hoj&et

ol

B

=1 |

40 B

2~ 0lo
=]

i
o

5. s=o| 27j0[0|X|7} Bk 71EZHHA] MIZEN=0 O]
Rl sl B30 IS EXlo| MHED}

S| Stolul A7} AzkEA) AZEE] AL d%
oA B0 S7Iehg: 2X10] TN ETHE 5T AT Table S
oF Uk, B2 30 SR AAE Bol sgEiglon, 2
AN S uE7tolulx), WAwSEre] S171dg %
A), FEESABND) BAE DAL Ssie

IS A 2tolu A9 59l QIR A, MFRe, %
Aol $H9] 7S 219 591 ACHA, 2%, Tl
SR A% ST B4 A3 PPA(B=254-39)
HF39](B=.128~.261), T (B=214~285)2 KT 3H=9] 9
71k A0 GIR H(HY FFL vA L Ao ekt
Thp<001). ol F7ke] A=A, U, Qe A Sao]
SulolA AR QAE4E 9)7)3e) ofsko] that Wt
7 QAFES ofulghe). ol2fat AThs Anholt S011)2] A7
4 HAA ool A AN Bt HAE PHAL F A
3} Aeo] FRAS ABHoR AT

290N A Stolu X7 AFHEo] vH e AHat
£ AZSY B4 A, PPYE=386), NFT|(B=
222), WH(B=138) BF Fo3t F(He FFZ B3O,
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Table 5. The mediating effect of perception of Korea’s crisis response in the relationship between national image and
attitude toward Korean HMR Products

Me'dlatlon Independent variable Depe‘ndent B S S.tandar- t-value F-value R AR
testing step variable dized B
National image 1 254 045 254 5.614™
(stability)
National image 2 Korea’s crisis
g response 261 045 261 57737 1550827 0477 0473
(democracy) .
) ‘ (policy)
National image 3 285 043 285 6.687"
(development)
National image 1 358 046 358 7775

(stability)

. . Korea’s crisis
National image 2

Step 1 response 187 046 187 4072 143705 0458 0454
(democracy) .
) i (communica tion)
National image 3 232 043 232 5.355™"
(development)
National image 1 392 048 392 8,183
(stability)
National image 2 Korea’s crisis
g response 128 048 128 26787 1208077 0415 0412
(democracy)
) ] (management)
National image 3 214 045 214 4.750™
(development)
National image 1 38 047 386 8183
(stability)
N i 1 i 2 . sk Skekok
Step 2 ational Image Product attitude 222 047 22 4709 128911 0431  .0427
(democracy)
National image 3 138 044 138 31047
(development)
National image 1 266 .050 266 5357
(stability)
Step 3 . .
(independent Nazg’;;loéfa’?g; 2 052 045 052 1.159
variable) femocrey
National image 3 155 047 155 3.309”
(development)
Korea’s crisis
response Product attitude 107 053 107 20200 759897 0473 0467
(policy)
Step 3 Korea’s crisis
(mediating response 112 .052 112 2.149"
variable) (communication)
Korea’s crisis
response 137 046 137 2.949™
(management)
"p<.05, "p<.01, ""p<.001.
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(p<001), AA| AEEL 43.1%= YeTh &, =719 4=
At =719 o|u|A7F AEY F4 Q14 E AT FA A
HAR] FF= vHTE A= u|gith o]i= Wang(2008b)2]
Aol A AAE F7tolu|A-AFH - 7He] S A
Aolge}t AAstH, Bt ARYAo]Ho] AH|RY <l
Ao FxAHo g IS HojEth

3GA A= o 7IHS 2AE WHSE TSt
of =7to|u|R|7} AFE =l v A= HHAaNE S5
B4 A3, wpiisE 239t Ryl AGARR) =
A67T= o|d TAET 04 F5tlen, /(=38 —
260), WIFF9](B=222 — .052), TA(B=138 — .1559 EZ
SHAl=7 Hsksttt A28 0 2 S0 Q7| A= =
7ho|m| x| 2} Al FH = 7F TA A F=2EA R wiZaE yE
With £9], M9 oju|A|= {7|H-& £X& &3l AEH
T2 ojojA= & wizlol 77k A= Holu, T ofH|
Ao A& gt Wizl akrt UehA] giotth. &, kol &
A2l 71 H, Fge FE FUH, I HA| A0
ot 3784 QlAo] 7olu|A & ABHA|7IH, ol= THA| A
ol izt Ao} 2 Hol== 1A H=E FATUh

o]23t Ai}= Bargain & Aminjonov(2020)2] Aol A A
AlE HEe}d Zo|, FRof gt A=Vt FF5EAFY &5 4
s Htol] AR FFE vFth= AT AT ®
Sk, Shanka & Menebo(2022)= 459 L3 4 HA| %]t
F83 AFYAclde] 119 AEE FAI5t, ALY -
AA Y= ERATtal H A5Gt o= F7fou| x|} ¢
710G £A7F AT ARG Sto] AH|RRe] Al FH ol 1HHA o
2 JFE At & A9 MiAEy 23 SERg

ANAo g2, & AoA FlE mirjaxt= =7telu]A|
oF AH|R} Bk 7F TANA 71T 8ol that aB|Ake] A=
7t 283 JdZ 182 ZE3E HojEoh &, o) Qb
A F7tolu| A= 71§ TFollA AatE A A=} &
T AFE B AEHEo 384 TS VA, ol= =
7PHHES] 44 7' 75T 5 U AlARETH

R

ol é_(':'
- @

ook Ol A
e | =

T

2 A= EEol
u| 2|7} gk 77k
Ax PP 24

W ETE A5t

Aot £H12HE gAoR THo] t]
HAjo] et AEHEet Tl o
, o] TACIA =] $7]Thg 219
A stk

g
°

N

T o Ak AA, 9] F7toln A= g
| AFH =] Fo3t JFS vjHoH, A
2 AR g2 B &, eh=2] FAH - Ak
tef|o|Alot AB[AF7} Sb= ZHY7THA] Al
qo g grist=tl 27840 & gt ®l
oA 29l EIF FoJu|et JFE HlowH,

71&94lo] Agd F7lolnAE Eof 4H|
=lo} 1A A A7} FAlo) F4dE= gt
TH(Wang 2008b; Anholt S 2011).

A, g9l =7to|u]|R|9] A 519] 891 HF7} o] 9
718 22]9] 519 8219 FA, A%, T FF H+)
9] S A= AR YEhEth 53], 959 921
A3 QAo 7HE & FF= mIH M, ol T84 AN
g 7|Hte g gt 71 AWdart A A= Ao A
A TS gth= FS HojEr o] =gt A= OECD(2017)
o] Hiro A AAIE upe} o], Frget Ay} A= 7|ut
of 43 ol E Yol B 412 A3HE o|Zw A HII}
T84S =Qve FAA EATE GA|ght ESF, Bargain
& Aminjonov(2020):= 35 AZ|7F Y71 AH 59 AF
317 g5 ol fofRt FS mIXIThaL Halste], & A
To] A3E FHERE P4 8912 ] QIAA 71
3% JFEE B, o= IV AAA H-Sat g
A Fgo] w1} 5 Q] AB[AF BRof|A A= ofn| A&
A&gt = AL AARSHHLee-Geiller & Lee 2022). 24 Q.91
IA| 78T A} ZEE wiE AR f78Y 5
o ARE A= 810 A-Esiint

A, o] Alof AH|F7} QlAISH= gH=t9] 7§ &
A= b= 7P A AlFE o 7ot H(He dF= T
Rt o= AF9 971 A7t AR AlE BIIE
Aold = QUFE Kol Ayjo|rh. AR £t &5
Ao BHAA = =7 A E Aetetar, A7H o= 5
T =7k AlEol thigt 3784 B=E wole HEd HEE
F/grttt. o3t A= Maher & Carter(2011)9] A-of| A
A BRel o], w7o|u|A] 9] QIAH - YA A gRlo] A
H]Zke] Al 7rel ool F-olet JFE nXte &
A Arkel x|t

A, ZefloAlof AH|REe] St 7 7tE Al Al FHEE
T ejof mie- ARt YFLE A= ALE YEHHT ol=
A2BAZF AlE disf 3784 A4S 7HESE AR FE
B8 olojAths 5ol E(Ajzen I 191)& A A|5h=
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Ajolt}. Bal, $4 A=), WEE, 2 Augo] A
Hi Rele TrAnES A 5
o}, ol 7PE7HEA] AelaAo] BEst Fulelwo] 23
QS H)ATh: Ra CIQ018)2] ZT9l% wehg o] ek,

AR, Wil 81 F5 A, oo 7S RA = =
Zholu| x| o} A EH = 712] JAE F-& ti/sk=s AR U
Bttt &, e9] QP Aolar £t 97|HS Ao o
St LFo]AJof AH|RLe] FAF A QlAlo] B=9] F7}o]u|A]
£ A3letil, ol tHA AlF AFE olofX= 1A A=
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HAd AsdA 7)e 7|3y Aet dAstH, =71 Ak
o] A1 7|9k AFYAClHo] AH|RO Bk}l Sufj oo
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2 A= =Y A - WS - Eo] gk
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Abstract

This study evaluated the antioxidant and anti-inflammatory effects of the hot-water extract of Allium wakegi Araki roots (ARE).
The extract was prepared by reflux extraction, concentration, and freeze-drying. Total polyphenol content (TPC) was measured using
the Folin - Ciocalteu method and antioxidant activity was assessed by the DPPH radical scavenging assay. ARE showed dose-
dependent scavenging activity reaching 62.26+0.95% at 20 mg/mL. RAW 264.7 macrophages were used to examine anti-inflammatory
activity. ARE did not exhibit cytotoxicity at concentrations <100 pg/mL. Lipopolysaccharide (LPS)-induced nitric oxide (NO)
production was significantly reduced by ARE in a dose-dependent manner with the highest inhibition observed at 100, 200 pg/mL.
gRT-PCR analysis revealed that ARE suppressed the mRNA expression of iNOS (Nos2) and COX-2 (Ptgs2). Western blot analysis
further showed that ARE inhibited LPS-induced p-ERK phosphorylation and reduced the protein levels of iNOS and TNF-a. These
results indicate that ARE possesses antioxidant capacity and effectively attenuates inflammation by inhibiting NO production,
suppressing pro-inflammatory gene expression, and modulating MAPK signaling. Therefore, ARE may serve as a promising natural
ingredient for functional foods targeting oxidative stress and inflammation.

Key words: Allium wakegi Araki root, anti-oxidant, anti-inflammatory, MAPK, RAW 264.7 cell

M =2 =49 lipopolysaccharide(LPS)= TLR4E w72 IkBa QA
3t 2 #5i5 Feshal, 3 W2 HA9E NF-xB7} iNOS %
F| T Aot AEY g Woke W, 9, AE COX-2 ¥HS S7HIA NO PGE, A4o] SEH= 22
0]
AN

o, ¢H©
A Ag ok 5 thoksl v Age] WS Z7A)7| 2 &2 A tH(Zhang 5 2015; Lim & Lee 2020). 3HH &4

on, o]zgt @9&4 S5 AT 81z vy 45T A4 (reactive oxygen species, ROS) A|E 55 oLt
AbStA AEHAZF FERIL QITH(Young & Woodside 2001; QI AEH A o5 A, =F X E F9 DNA &

Kim MK 2008). 5 ¥H-3-0] f-==|H Az} 22 HY A, Ad4te), el HAgE fste] d5uke 24
AJZo| A nitric oxide(NO), prostaglandin E,(PGE,), Tumor £ oF5hA7ItK(Young & Woodside 2001; Lee & Park
necrosis factor-a(TNF-0) 5 T4t G5 w72 o] EH|F 2020). DPPH, ABTS, hydroxyl radical 5-9] g}t]z &7 &4
W, o] AL FZ NF-kB A A A A9 A AA5HA 3} total polyphenol, total flavonoid $HF-2 o] 23t AlSHA AE
AYHH(Zhang 5 2015; Hwang 5 2021). 1#H54+9] W AAs A3l 4 Qe A 589 ARE g A
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(Blois MS 1958; Schaich 5 2015). ZL#{t} 7]1&9] 3H4
FAI} FARHAl= A7 AF Al 9 ol 7t - Al
5 Bago] HET o), YA AF AYS TET WA
1ol AT - AT} 24 Aol e 277} Flekn
QITH(Kim MK 2008; Lee & Park 2020).

Allium 40}, g3}, vz, 75, A4 )0l &t QaF
L HEH0R 483} oFgoR of8Fo] ghov], M ri
ot F5oNA A4S} FES, T FHIT 59 gl
B3 1tk (Arulselvan 5 2012; Hwang 5 2021; Rocchetti
5 2022). AEE dhAllium fistulosum L)) F-H A4
& dFoME £ 271, I By EFFEE00A total
polyphenol ¥ total flavonoid $+5¥, DPPH 2 ABTS radical 4~
A &4, a-glucosidase, tyrosinase, elastase A3f] &4 5= 3
Jhet A3, 310 27 %9t B L PAis 5wl A
s &A= HeEt o] 7154 2MEAY & 7Hs/do] A4l
E9THLee & Kim 2023). o|&3t A Allium & AE-0] %]
SH-(root, bulb)7} EdjHls 4 EdtE-o|EE XTI o
ot 23 At SRSHA bRkl Qlew, ofof 7]kt
FAS} - FAS 71-1S 7HE 5 =2 AlARH(Nencini 5
2007; Han & Kim 2017). £3| Allium hookeri ¥-2] F&E9]
739 =2 total polyphenol®} thiosulfinate SHFS H I,
DPPH radical 27 @43} §H7] LPS-A= RAW 264.7 T4 A]
oA NO 4/ & iNOS, COX-2 Ha2 R o= A5t
= FE35 a9 BEuE Tk Zhang 5 2015). £ LY Allium
& A9 e B FFEE2 in vitroo] A NF-kB 4l
SHY ARE RS, in vivool A HAMERE B A RE
NAsH= Ao g A& 9lo](Cha 5 2005; Lim & Lee 2020;
Choi 5 2022), Allium & 47} 7HA= F4te} - FAF 715
2 Ho] 754 2A2AH BRI o2H HHES AUt
Z- 3K (Allium wakegi Arakiy= F-2UEto A Jset a2 A
Q3 AL g0z T2l AuET O, B0

(Ot ot
2 o dof

ol

£ o] 8% A 2 FEF 75 dte AHF R B39t
Aot FURt dllium &0 &5h= tinf, H5, A4 59
A+ 2E 1T o, Hut B JA| ELHE, SE
ol W {7|e3E & TRt UZ ALE FHHM,
o]E AEL2 ROS A|A, NF-xB &4 %4, iNOS/COX-2 &d

ol
N

428 59

FAS RIS YEhd 5 3l A= 7|didnt
(Zhang -5 2015; Kim HS 2021; Lee & Kim 2023).
2 Aol A= Z3NAllium wakegi Araki) F2] BrFE=

(ARE)°]| tiet DPPH radical 2271 84 3 & Ee|dl= &F

[¢)

Pakst 9l s 389
S B FAlst TS BF6EIL, RAW 264.7 A A O] A

2 Adlo] AR 5= S AlAkllA 109o]] At &
IH(Allium wakegi Araki)®] FE]& ARESFIOH, £ £
el R EY 4 o]243 AASH] 9dll 52+ 5%
E2 23] AIAT &, S/FFE 13] 371 Al-SelH A
A 2= Ao A A vjesto] £HO 22 AAR FH,
AAAzxste] £715 AASHISH 1 £ 40 kg 1:19]
Ptz = 40 LE 7tsto] 95°CoflA] 8AIZE &%t 37 &
Sto] Zulla] Gp2ZB(Allium wakegi Araki root extract,
ARE)S ¥3itt. &5 dE =o]T(Advantech, Tokyo,
Japan)&2 7%} o1} § o] A3 49} 55 7] (Rotary Evaporator,
Hahnshin, Bucheon, Korea)S AFg-5}0] 5=3}3tt 5=9&
Z AL W53 (SANYO, Osaka, Japan)ol|A 24A17F SAA|7]
Z A A Z(FDU-8606, Operon, Gimpo, Korea)s}o] Zi-Hg]
I FEE 1160 g2.90%)2 55 SHiTh
ARE®] 11 & g2 FEH 5 mLE F5to] 105C2] A
Z QENA FA H37t w7 xR H AFRE FA
£ S5t A&ttt e 542 339 vhE AE S B

o WRa EREA EASS

2

1R Hor

=

2. DPPH 2iC|2t 2AH&M

DPPH A}-5-2tt]Zh AAZAJ L Faller & Fialho(2010)2] 1}
9 o]85to] A5t THFaller & Fialho 2010). DPPH:
80% MeOH®] 400 uMZ &-8li5t31 1L, A EE 20, 10, 5, 2.5,
1.25, 0.625 mg/mLs T & 33} 2220 ko] AL83ITE A
£ 0.3 mLe} 400 uM DPPH €0 2.7 mLE 315t 5 1587t
U3 A|7]1 & ELISA reader(SPECTRA max M2, St. Molecular
Devices Co, CA, USAYE ©0]-&35}9] 517 nmojA] SHPEE =
sto] ALHAE o8l &A S ALt AlE H7t
T+ HH7EY] S8 AolE WES(%)E SHiFSto] et
Welth aswofA] 4atst &4 9 2z a7so] S7Fst
= AT GRtH o' AiE 5 o, sk o9& 74

2 Bof AmOl W P AR SE WAL FHAE A



390 oled -4

(Schaich 5 2015). T3, 5= 924 Ait= 2259 A4
PR G8-8 v WAL ICs0 A2 71551 5Hod, 71554
LA 2A0) EE 7 A A8 sEE wdske U F8
3+ 2AE Al ZscKBlois MS 1958; Faller & Fialho 2010). 0]
gt ol R E 2 dAHollAs Fut B S22 PAEE EA
< Hr} g&9] o] Yol s 42 FotaTt

DPPH Radical scavenging activity (%)
= Blank (Abs) — Sample (Abs) / Blank (Abs) x 100

3. & Ez|Hl= &2F S8 (total polyphenol content, TPC)

% ZaglE 3RS Folin - Ciocalteu HHH-S M & sto] B4
S} th(Folin & Denis, 1912). 32X ARE TEHEE =21
&4 02 mLo| TF< 1.8 mLE &3 ¥ Folin-Ciocalteau
regent A|9F2 N) 02 mLE H7}sto] A2 557 ukgA]
ZAt}. °o|% 20% sodium carbonate €9 2 mLE 7}ola HlS
ARt 274 6087 S FEsk}H. Bhgo] SaH
53ME9] &30 ELISA T 7](SpectraMax M2, Molecular
Devices, CA, USAYE 0] 830 750 nmol A Z55teict. 3%
< gallic acid & FAE o|-§sto] A4ibstal, & E9¥=
SFL gallic acids FFEZZ 3t gallic acid equivalent(GAE)
2 3]0 mg GAE/g extract2 YERHQITH

4. M|ZEHHQE

RAW 264.7 0}$-A G tAA|2E = 10% FBSQ} penicillin
- streptomycine $H-3-3t DMEM Hj R & ARE35}lo] 37C, 5%
CO, 2704 igelsich ML T0% HEe] WER A%
2 o Al vjFstdon, BE AYL 5LT 27004 43
o AthE AEE ARSI vl 2H ARtollA A=
phenol red”7} Z3HE DMEMZ ARSI, ME &4 7

A5t7] glote] wiA] wek2 Aot

5 NZMEZE =3H

RAW 264.7 Al Z= 96-well plateo] wellgd 1x10° cells”} =]
£2 823 5 2457 IS 0|04 ARES B
2 AP F 24X7F W godeh. AE BEES MTS 714 Cell
Proliferation Assay Kit(Promega, USAYS A}&5}o] A|ZAFS]

A0} e} wkg A1 5, 490 ol A FHEES 2kl

6. NO dd N2 £H

RAW 264.7 AJE 5x10° cells/mLo] ARES sE=E& A
313 1407F ¥ 1 ugiml LPSE A ejgt the 24412k HjoFste]
o} AAE NOYL Griess A|9F [1%(w/v) sulfanilamide in
5%(v/v) phosphoric acid, 0.1%(w/v) naphylethylenediamine]<
o 85te] NOE ZHiH 02 ZAshelch. AL 450
100 pLe} 0.1 mM Griess AJ2F 100 pLo] 1:12 Z3§}s}o] 96
well plateo]] 1057F ¥H3-A]71 & ELISA Z|t|7](Molecular
Devices)Z 540 nmof| A SF =5 S5 B4H NOF2
NaNOE EF=EE H| WSt NO B4 JAFS ARES
S A & LPSE AFsto] 4 A+ F3: 4
oA ARES 77} s = A|2|olal LPSE A 2|5HA] o=
23] FF= HOD)Y AE k9] ALtstAH

NO inhibition (%) = (LPS — ARE / LPS) x 100

7. Quantitative real-time PCR(qRT-PCR) £4

RAW264.7 A|EZE 6-well plateo] welld 5x10° cells7} ==
£ 2 mLH E55130h olF FEE2 50, 100, 200 pg/mL
TEE AR B9 AAERE FH, LPS(1 ng/mlL)E H7}stod]
24A17F Bt gt Higo] ¢ha ¥ Al EE PBSE AlH
3t & Trizol reagentS 0]-83}0] & RNAS B39t &
H RNAE T3 (A260/280 ratio)2 <~ 291 & RNase-free
watero]] &35kl ARESIOH, AFARS] X[Fo uwzh
cDNA A4S 5945}t TA=E cDNAE= SYBR Green
gPCR master mix(Biofact, Daejeon, Korea)2} Z} -3 A2} E0]&
primerE £3}5t0] real-time PCRES ASY5}GItH(Table 1).
INOS(N0s2)2F COX-2(Ptgs2)0] ZZ 2 t}e 27103 2805}
At 27] WA 95CoflA] 5& B2t 23S, o]ojAf 95T
1028} 60C 40%9] ZACE F 40 cycles SE3I%TH

8. Western blot analysis

Western blot F-49-2- 213l RAW264.7 M|3EE- 6-well plate©]] wellgd
5x10° cells7} E|== B535190T) o]% A|EE 50, 100, 200 pg/mL
== 1ARE 53t A (pre-treatment)3F 7, 1 ng/mLo] LPSE 3
7lelo] X1k E3E HORIICY. Hiofo] Bt Al PBSE Al
 RIPA buffrZ: ©]8310] S 225190k Bl it
Bradford protein assay reagent(Sigma-Aldrich Co.)& AR&-5}0] A=Fa}
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Table 1. PCR primer sets used in the experiment

Aot 9 PAZRY 391

Table 2. Soluble solid and Brix of ARE

Primer Sequence (5' — 3') Material °Brix Soluble solid (%)
nos | Fovard  AGGCAGAGGTTTGITGCTTG ARE 2.30.0 2.00.0
Reverse CATTGGAAGTGAAGCGTTTC
Forward ~ TGATCTACCCAACAGTCCAC =9 274 54 97l d=] 2-8-Eth(Benkeblia N. 2010). 1
C0X-2 Reverse GCTCCTGCTTGTCTGATAGC it o]3t A xE= A B Aid FFoly Ak
Forward  AGGTCGGTGTGAACGGATTTG o - A5 2] 271€ APH o HgstA= e A
GAPDH  peverse  TGTAGACCATGTAGTTGAGGTCA O 2 Hso] 3ltk(Schaich 5 2015). 53|, Allium < 4|=2]
| 7]

At TL L] THES- 10% SDS - polyacrylamide geloflA] 7]
dso= HISl 9, PVDF membraneC & Holslch. Holw
membrane-2 TBS- T -85 5% skim milk= 4204 147} 52t
Aoty o] pERK, iNOS, TNF-a(rabbit, 1:1,000) % [B-
actin(mouse, 1:2,000)2] 'U&-Z ER15}17] LIsl s 12} PA|2F 4T
ol oIt B3t WESAIFTE tha'd TBSTE Ald F rabbit§
HRP-conjugated 22} A2} mouse-§- HRP-conjugated 22} A|(Z+
130002 217} ALg3le] 404 1A S2F kA T
AlS+= EzWestbumi plus(ATTO, Tokyo, Japan)= FA}S3 O,
ChemiDoc A]2~®l(LuminoGraph, ATTO)S ©}-8-3f et 2
£9] U= Imagel software(NIH, USAYE AR8310] HRF5IAL, B-
acting R 20 & Hslith

9. ARz
E A3lo] dojd A= SPSS(Statistical Package for the
Social Science) version 12.0(IBM, Cambridge, USA) T2 134-S
ol&3to] EASHAT. 2+ A3 one-way ANOVAR {214
< 31519 .0 p<0.05 2501 A] Duncan’s nuiltiple testS- ©|-&
Sto] A=zt 9] AlolE Blastith ESE, Aol wet I
FARELA (one-way ANOVA)C 2 AA3E T LPS A+ 71&
0 Dument A% 39S 230l 7+ AT 7 HHE B
Ak, BAA ol p0.05= 7SI B 2kt
2 Yol (mean):H-FH A (standard deviation, S.D.)2 HAJSIFTE
23 @ o

| B} w2 £E20| TYE Y 5T ZI
ARE®] H ] A(Brix)= 2.3+0.00.8 BHolE]glon, 7184
A 2,060,008 =A% QIrHTable 2). B A 2 7}
P FE2E W B fMAE AR 84 77

42 FFE WYshe AREA HE FE

ol
otk 18,

:

—_—

ox op kI

Ar ox
o ki Ao

=

o

%
ox

W 9 8719 SeHED 28 v Aol
4 o] 2 7154 BAR 2EFH, o5 HEL uL
4 ABEIIAE fol8 ARAS UeRd 4 3hgo] U
A QlthBenke 5 2025; Lanzotti V 2006). 2 Aol A T2=
e Brix % 7H84 TR e BeRE FYOIN T
257} 8254 AHSS ulelnl, ol % el T
Z7F, DPPH iz 275 2 392 AR o4 539} W
D o, Su) 2e) Annggol] A4 Aol A8
o2 §FHNL AL AT B, B B2 I
d4FEE WolAl allyl sulfide, S-alk(en)yl-L-cysteine
sulfoxide 53 22 B3 A=A =40o] =8 74 4&
o8 EATE WIT 4 A2 (Martins 5 2016), o]=TF A
TE& Y o, & Aol TEE ARES] 1P E T4
FAREE S0 RS A 7AW, & 1P E o
SH e A i A9 §&o] P4k av
ol 8% AdFZ 3 Ao= wE

rlo

2. DPPH radical 2715 &8 Z1}

FARs= FRlst= B 59 il S A o]
< Fe'"ollA] Fe"' 2 SAA7 = BErt 245 3
Atekso] Zsithal wasts Ao Jr g ST =
(Yildirim -5 2001). DPPH 2}t}Zt &2A5-& 57335 2a= ot
=3} 2tk ARE= 5% 9J&2 0= DPPH 2tz 4750]
7t A¥E YEeH, 11 59l 20 mg/mL
(6226:0.95%)°N A 7P =2 A4St &/do] TEEUT
(Table. 3). o]= &1} Hejo] 2Acl= et Hed SRt=
I {715 3RtEol 4 TS AlFste] ApeHEE
IS 7 = g YRR WHEHY. 53], dllium & A&
o F5-3F flavonol AF JE-2 AR A 5ol £47 A
O 2 HIlEo] 9lon, o|2|gt F+x2] E4Jo] DPPHS| ¢
Hh-3-of] 7103t A0 & )4 H(Griffiths 5 2002; Lanzotti V
2006; Corzo-Martinez 5 2007).



392 oleA - AL - AY= SRR FElSIA]
Table 3. DPPH radical scavenging activity of ARE
ARE (mg/mL
Variables (mg/ml)
20 10 5 2.5 1.25 0.625
DPPH radical 62.4+12"" 45.8+1.0™ 31.6:0.9" 204 +0.7" 12.1£0.6" 10.140.5

scavenging activity (%)

Values are presented as meantSD (n=3). Statistical significance was analyzed by one-way ANOVA followed by Dunnett’s multiple

comparison test using the blank group as the control. ‘p<0.05, “p<0.01,

3 M

_|>4

o= —7}0}
A40+0.12 mg GAE/g_i WE}”’E]'(Table 4). 7
% stgFo] Z7}= DPPH oz &
1 Uetdie 3571 Bod, Euse
% ﬂr A A 5ol 7] sk Ao7 wuHof gt
(Blois MS 1958; Schaich 5 2015). £3|, Allium & A1&9] 73
-, F 5 A5t Y HlEdt {718 ShbEol &35t
FAS) BHAdo] Z2d1E 4 9Lo] H = v} 910 m(Nencini
% 2007; Rocchetti 5 2022), & o)A 9] A} SASHA
ARE®] B2l e £71 ol <HlEl DPPH Ei 4
A% Asoly ApE AFS Yeritt ol Zu} wa) o
of EuEA stghEol avpd o IAE] S
RE EvE v A 84

A B Aoz BerH

1L

_&r.?L fru

A==

TFEE
= AlAFStH, ARE]
I S83t 7]

Eml

=

HES

H=

4. RAW264.7 M|Z2| MZEZ0 O|Xl= P&t
AREQ] A|Z54S dotk7] 9Jsto] RAW264.7 Ao
2 77t = EE 24A17F A st oS MTS 7]9t Cell
Proliferation Assayg ©|-&5}0] AL &2 =%t 21f+=

Table 4. Total polyphenol of ARE

kok

1<0.001 vs. blank.

St 7‘E‘r(Fig 1). ARE #2] 520 T2 RAW264.7 A E
o] =& FRIeH A LE Lo AE A2 oF
o3-101% W91 A=) Bl Hmal S0l 247t
HaE| R okort). B35, 7MY E2 B9l 900 ng/mLo A E
M2go| oF 939 =202 N ZEAo] u Lo Axzolo
1 4= ATt o] §t A= Liriope platyphylla G 3] 2]
Z2Z%50] 100 pg/mL ©]3lof|A EAJo] ¢ty st gt

o} 9 At A RAtHKim 5 2012).

5. NO ¥iMzr =zt
Nitric oxide(NOy= &4 2

i

Control

AN

AZ(reactive nitrogen species)2]

120.0
100.0

80.0

Cell viability (%)

ARE (pg/mL)

Fig. 1. Effect of ARE on viability of RAW264.7 cells.
RAW264.7 cells were treated with indicated concentrations
of ARE. Data are expressed as meantSD (n=3).

ARE (mg/mL)

Variables

20 10

5 25 1.25 0.625

Total polyphenol

309.4+0.6™
(mg GAE/g extract)

506.9+1.4™

159.7+0.5™

73.040.3" 26.240.0" 4.240.0

Values are presented as meantSD (n=3). Statistical significance was analyzed by one-way ANOVA followed by Dunnett’s multiple

comparison test using the blank group as the control. ‘p<0.05, “p<0.01,

e

<0.001 vs. blank.



Vol. 38, No. 6(2025) Zu; Ha] 2559]

stutoln, ARt o ® FFE A
A9k T T AL 2
2] &9l 8-S F- =S (Rahat & Hemmerlein 2013). RAW264.7
Al3Zoll A ARES] NO /82 577t 2, LPS A2 Al djx
oA NO Aol AA S716tA oY, ARES FA| A2
# 2ol B G240 NO 4] ZH4dithFie
2). 53] 100 ngmL FE=oA 7 &2 oA ads Herd
31_“1 o= Allium % AF9] 7] (sulfur) SFF=3F &7
271 iNOSY] BES 2EAT 7| E Bt AXTIh
(Grlfﬁths 2002). S+, Kim 5-(2012)2 Liriope platyphyllaS
100Cof A 2A17F B9t BE= B2 &3 4545552 RAW
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Fig. 2. Effects of ARE on NO production in LPS-
stimulated RAW264.7 cells. Cells were pre-incubated for 24
h with medium or ARE at indicated doses, and then
stimulated with 1 pg/mL for 24 h (nitrite assay; upper
panel). Griess assay for NO production were carried out as
mentioned in Materials and Methods. Values are expressed
as mean+SD (n=3). Statistical analysis was performed using
one-way ANOVA followed by Dunnett’s
"p<0.001 vs. LPS.
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Fig. 3. Effect of ARE on LPS-induced (A) iNOS (Nos2)
and (B) COX-2 (Ptgs2) mRNA expression. Values are
expressed as meantSD (n=3). Statistical analysis was
performed using one-way ANOVA followed by Dunnett’s
multiple comparison test. “p<0.001 vs. control (LPS
effect); "p<0.05, “p<0.01, *p<0.001 vs. LPS.
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Fig. 4. LPS-induced MAPK signaling pathway in RAW
264.7 macrophages
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Fig. 5. Effect of ARE on LPS-induced p-ERK, iNOS and
TNF-a protein expression in RAW 264.7 cells. Values are
expressed as meantSD (n=3). Statistical analysis was
performed using one-way ANOVA followed by Dunnett’s
multiple comparison test. “*p<0.001 vs. control (LPS
effect); "p<0.05, “p<0.01, *p<0.001 vs. LPS.
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Abstract

Amyloid beta (AB) peptides, known for their involvement in neurodegenerative diseases like Alzheimer's, have recently been
recognized as significant contributors to metabolic disorders, including type 2 diabetes. This study examined the effects of A[340
and AP42 peptides on cell viability and glucose-stimulated insulin secretion in rat insulinoma (INS-1) cells. A[340 treatment
demonstrated no significant toxicity at lower concentrations; however, it did reduce cell viability at higher concentrations and with
prolonged exposure. Conversely, A[342 exhibited notable cytotoxicity even at lower concentrations within 24 hours. The combined
treatment of A[340 and A[342 at a 10:1 ratio further accelerated the decline in cell viability, indicating a synergistic toxic effect.
Importantly, AB40/42 treatment did not impair glucose-stimulated insulin secretion in INS-1 cells under the conditions tested. These
findings suggest that A3 peptides may contribute to B-cell loss in type 2 diabetes through their cytotoxic effects, although the direct
impact on insulin secretion requires further study. Nutritional interventions aimed at reducing A3 aggregation and associated oxidative
stress could offer promising strategies to protect [3-cell viability, warranting further research to clarify the underlying mechanisms

of such dietary modulation.

Key words: beta-cells, amyloid beta, cell viability, type 2 diabetes, nutritional intervention

Introduction

A growing body of evidence indicates a significant association
between diabetes mellitus, particularly type 2 diabetes (T2DM),
and Alzheimer’s disease (AD). Epidemiological studies have
demonstrated that individuals with diabetes are at an increased
risk for developing AD, with some reports indicating up to a
one-third or even 65% higher risk compared to non-diabetic
populations (Kciuk et al. 2024; Bloomgarden Z 2025). This
correlation is thought to arise from shared pathophysiological
mechanisms, including insulin resistance, chronic hyperglycemia,
and associated metabolic disturbances. Insulin dysfunction in
diabetes affects neuronal survival, enhances amyloid beta (A3)
accumulation due to decreased insulin-degrading enzyme
activity, and promotes tau hyperphosphorylation, thereby
facilitating the hallmark pathological features of AD such as

amyloid plaques and neurofibrillary tangles (Sims-Robinson et

al. 2010; Patel et al. 2022). Furthermore, diabetes-induced
oxidative stress, inflammation, mitochondrial dysfunction, and
advanced glycation end products (AGEs) contribute syne-
rgistically to neurodegeneration seen in AD (Sims-Robinson et
al. 2010; Kubis-Kubiak et al. 2019). Notably, some studies have
begun to describe AD as a “type 3 diabetes” due to the overlap
in disrupted insulin signaling pathways (Nguyen et al
2020). Despite some debate regarding the precise causal
relationship, the convergence of epidemiological, genetic, and
mechanistic evidence underscores a pathophysiological link
between diabetes and AD, highlighting the need for further
research and integrated therapeutic strategies in patients with
metabolic and cognitive disorders (Bloomgarden Z 2025).

AB peptides, primarily studied in the context of
neurodegenerative diseases such as Alzheimer’s disease, have
recently emerged as molecules of interest in the field of
metabolic disorders. Among the various forms, A340 and A[342
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which consist of 40 and 42 amino acid residues respectively are
the most prevalent isoforms generated from the proteolytic
cleavage of amyloid precursor protein (APP) (Zhang et al. 2023).
While the accumulation and cytotoxic effects of these peptides
in neuronal cells have been extensively demonstrated, mounting
evidence now suggests that A3 peptides may also adversely
affect type 2 diabetes. In the case-control study with Chinese
adults, positive associations between plasma A[B40/A[B42
concentrations and the risk of type 2 diabetes were observed
(Peng et al. 2020).

Pancreatic [B-cells play a critical role in glucose homeostasis
through the synthesis and secretion of insulin. Impaired [B-cell
function or loss of [B-cell mass is a hallmark of type 2 diabetes
mellitus (T2DM). Several studies have reported that A3 peptides can
accumulate in pancreatic islets and that their presence is associated
with reduced insulin secretion, increased oxidative stress, impaired
mitochondrial function, and (3-cell apoptosis (Xu et al. 2023).

Clinical investigations further highlight the pathological
significance of AP accumulation in glucose metabolism.
Elevated circulating levels of AB40 and A[342 have been
correlated with insulin resistance and an increased risk of T2DM
(Zhang et al. 2013), suggesting systemic effects beyond the
central nervous system. Moreover, the ratio of AB42 to A[340
may serve as a biomarker for 3-cell dysfunction (Shigemori et
al. 2022) and may reflect early pathogenic changes in metabolic
homeostasis.

Emerging evidence indicates that long-term adherence to
specific dietary patterns profoundly influences the accumulation
of AB in the brain, a hallmark pathology of Alzheimer’s disease
and associated metabolic dysfunction. In particular, observational
and longitudinal studies demonstrate that the Mediterranean diet
characterized by high intake of fruits, vegetables, whole grains,
fish, and olive oil is associated with a significantly lower rate
of cerebral A3 accumulation among cognitively healthy older
adults, potentially reducing risk by up to 60% over three years
(Hill et al. 2018). Conversely, dictary patterns rich in saturated
fat, refined carbohydrates, and processed foods are linked to
increased AP deposition and elevated Alzheimer’s disease
biomarker burden (Xu et al. 2023). Such findings highlight diet

as a modifiable risk factor, suggesting that nutritional

intervention and healthy dietary pattern adherence may offer a
promising strategy to mitigate amyloid-associated neurode-
generation and metabolic decline in aging populations.

In this study, we investigated the effect of A340 and A[342
on cell viability and insulin secretion in rat insulinoma cells
(INS-1 cells) and elucidate the potential role of A3 peptides in
beta-cell pathology and their implications for metabolic disease

such as type 2 diabetes.

Methods

1. Cell

The clonal INS-1 cells derived and selected from the parental
rat insulinoma INS-1 cell line was grown in monolayer culture
in RPMI-1640 medium containing 11.1 mmol/L glucose. The
culture medium was supplemented with 10% fetal bovine serum,
2 mmol/L glutamine, 100 units/mL penicillin, and 100 pg/mL
streptomycin (Kim et al. 2021). The cells were seeded in
appropriate numbers on different plates according to
experimental conditions and cultured to reach 70-80%
confluence after 24 h of incubation. Synthetic A340 and A[342
peptides were obtained from a commercial source (PEPTIDE
INSTITUTE., INC. IBARAKI-SHI, Osaka, Japan). A3 peptide
is dissolved in dimethyl sulfoxide (DMSO) to a high stock
concentration (5 mM) and dilute the AB/DMSO stock solution

into the culture medium to achieve the final concentration.

2. Cell viability

Cell viability was determined using the 3-(4,5-dimethy-
Ithiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT, Duchefa
Biochemie BV, Haarlem, Netherlands) colorimetric assay. INS-1
cells were plated in a 96-well plate (5%10* cells/well) and
incubated in the absence or presence of A3. MTT (0.5 mg/mL)
was added and the cells were incubated for 2 h. After careful
removal of the supernatant, insoluble formazan crystals were
dissolved in 2-propanol and absorbance was measured at 540 nm
(TECAN Group Ltd, Shanghai, China).

3. Annexin V-PE staining

Early apoptotic cells were determined using an Annexin-V-PE
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detection  kit, the manufacturer’s

instructions. After ABs treatment, cells were harvested and

apoptosis according to
washed with PBS. The cells were suspended in 1xbinding buffer,
and annexin V-PE was added. After incubation, stained cells
were analyzed by flow cytometry (FACS calibur) using
CELLQuest Pro software (Version 5.1, BD Biosciences, Franklin
Lakes, NJ, USA).

4. Glucose stimulated insulin secretion (GSIS)

INS-1 cells were plated at 24-well plates (4x10° cells/well)
and ABs were treated for 24 h. Eighteen h prior to secretion
experiments, the standard culture medium containing 11.1
mmol/L glucose was switched to medium containing 5 mmol/L
glucose. Insulin secretion was assayed in HEPES balanced salt
solution (HBSS) (114 mmol/L NaCl, 4.7 mmol/L KCI, 1.2
mmol/L. KH,POy, 1.16 mmol/L MgSOs4, 20 mmol/L HEPES, 2.5
mmol/L CaCl,, 25 mmol/L NaHCOs, and 0.2% bovine serum
albumin). Cells were washed in HBSS with 3 mmol/L glucose
followed by a 2-h preincubation in the same buffer. Insulin
secretion was stimulated by treatment of cells with 3- or 17 mM
glucose for 1 h. At the end of the incubation, the amount of

insulin released into the supernatant was quantified using a rat
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insulin EIA kit (ALPCO Diagnostics, Windham, NH, USA; cat
number 80-INSRT-E-01) (Oh et al. 2016). Insulin secretion

results were normalized to protein content of cells.

5. Statistical analysis

Results were repeated at least three times and expressed as
meantS.D. (standard deviation). Statistical
performed using SPSS 20.0 software (IBM SPSS ver. 20.0.0 for
Windows; IBM Co., Armonk, NY, USA). The significance of the

experiment was verified by two-way analysis of variance

analysis  was

(ANOVA), and in case of significance, a post-hoc test was
performed by Duncan's multiple range test (p<0.05).

Results and Discussion

1. Cell viability on AB40 and Ap42-treated INS-1 cells

To investigate the effect of A[340/42 on beta cell proliferation,
we examined the cell viability by various concentration of A3
(1-2,000 nM) on INS-1 cells. After 24-h treatment, cell viability
was not affected by A[340 treatment, but a significant reduction
in viability was observed after 48-h at the high concentration of
1,000 nM (Fig. 1A). In contrast, A342 exhibited a marked

B
Ap42
200 - [Ja4n
M s
* *
*
150 * %
100
50 -
n |

0 1 10 50 200 1,000 2,000 (nM)

Fig. 1. Effect of AB40 and AB42 on INS-1 cell viability. INS-1 cells were treated with various concentrations of (A)
AB40 and (B) A[342 (1-2,000 nM) for 24 and 48 h and cell viability was assessed by MTT assay. Data are presented as
mean+S.D. from at least three independent experiments. p<0.05 compared to 48 h control (0 nM).
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cytotoxic effect even at a low concentration of 10 nM after only
24 h of exposure (Fig. 1B), indicating higher toxicity compared
to A340. Fig. 2 showed the impact of combined treatment with
A340 and A342 at a physiological molar ratio of 10:1 (200 nM
AB40 and 20 nM A342) on INS-1 cell viability. The combined
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1200 nM:50 nM

m200 nM:200 nM
200 nM:0 nM
=0 nM:200 nM

Cell viability (% of control)
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4 *

Fig. 2. Combined effect of APB40 and AB42 at
physiological ratio (10:1) on INS-1 cell viability. INS-1 cells
were treated with a mixture of A340 and AB342 at 200 nM
and 20 nM, respectively, for 24 and 48 h. Data are presented
as mean£S.D. from at least three independent experiments.
p<0.05 compared to control (A[340:A[342=0:0).
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exposure resulted in a significant decrease in cell viability
compared to control, with the effect being more pronounced after
48 h of treatment (Fig. 2). We also found that decreased cell
viability after combined exposure of A340 and A[342 was due
to early apoptosis, as evidenced by annexin-V stained cells was
increased under this condition (Fig. 3). These results suggested
a synergistic or additive cytotoxic effect of the two peptides
when present together at physiological proportions.

Previous study demonstrated that AP was detected in
Langerhans islets in type 2 diabetic patients and INS-1 cells and
it was colocalized with amylin in islet amyloid deposits
(Miklossy et al. 2010). Especially A(42 is more aggre-
gation-prone and toxic compared to APB40 (Kwak et al. 2020),
largely due to its structural configuration. The C-terminal region
of AB42 forms a [3-hairpin, decreasing its flexibility and
promoting fibril formation, which is less pronounced in A[340
(Chen et al. 2017). Both AB40 and A[B42 can form twisted
fibrils, and their ratio influences the aggregation process and
may alter toxicity in cellular system (Johansson et al. 2024). In
vitro experiments, aggregated A[342 induced greater intracellular
accumulation and caused higher cellular A3 levels compared to

AP40. However, at a certain concentrations and maturation
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Fig. 3. Effect of AB40 and AB42 on apoptosis in INS-1 cells. INS-1 cells were treated with A340 and AB42 (200 nM:20
nM), for 24 h and (A) stained with FITC-annexin V/PI and flow cytometry to determine the population of cells in early
apoptosis. (B) Annexin-V-PE stained cells (%) were represented. Data are presented as mean+S.D. from at least three
independent experiments. p<0.05 compared to control (A[340:A[342=0:0).
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states, these aggregates showed minimal direct cytotoxicity or
activation of autophagy in model neuronal cells (Johansson et al.
2024). In our study, A342 showed more toxic effect compared
to A340, and 10:1 (A[340: AP342) ratio significantly reduced cell
viability in INS-1. In beta cell and islets, amyloid formation
which was driven predominantly by the aggregation of islet
amyloid polypeptide (IAPP), but also including contributions
from AP peptides, leads to impaired cell signaling, reduced
insulin secretion, increased apoptosis, and a loss of beta-cell
mass, especially under conditions modeling type 2 diabetes
(Zhang et al. 2018). Although we did not observe impaired
insulin secretion on A[340/42 treated cells, Shigemori et al.
reported that 50 pM A[40 significantly inhibited GSIS
(Shigemori et al. 2022). These variations in results are likely
attributable to differences in experimental concentrations, cell
types, and the specific forms of A3 used. To more accurately
evaluate the effects of A3 peptides on insulin secretion capacity,
further studies using isolated animal islets or in vivo models will
be necessary. However, elevated peripheral A3 can act as a
negative modulator of insulin secretion specifically at the islet
B cells, suggesting a feedback loop influencing both glucose and
peptide homeostasis (Shigemori et al. 2022).

2. GSIS on AB40/AB42-treated INS-1 cells

To examine decreased cell viability affected beta cell function,
we checked GSIS on A[340/42 mixture treated cells. INS-1 cells
demonstrated a significant increase in insulin secretion when
stimulated with high glucose (17 mM) compared to low glucose
(3 mM), confirming the expected glucose responsiveness.
However, treatment with A3 peptides did not significantly alter
the insulin secretion response under either glucose condition,
indicating that while the peptides affect cell viability, they do not
impair the insulin secretory function at the tested concentrations
and time points (Fig. 4).

Our findings demonstrated a significant reduction in beta cell
viability following amyloid beta treatment, particularly with A3
42 and combined A[340/42 exposure. Surprisingly, despite this
loss in cell number, GSIS was not impaired under the tested
conditions. This discrepancy suggests a possible compensatory

mechanism whereby the surviving beta cells maintain functional

Nutritional perspectives on amyloid beta-mediated beta cell viability 401
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Fig. 4. Glucose-stimulated insulin secretion (GSIS) in AP
40/AB342-treated INS-1 cells. INS-1 cells treated with AB340
and A[342 were exposed to low (3 mM) or high (17 mM)
glucose concentrations, and insulin secretion was measured
by EIA. Data are expressed as fold change relative to basal
secretion and presented as meant+S.D. p<0.05 for high vs.
low glucose within each treatment group.

capacity to sustain insulin secretion, at least transiently. Such
compensatory responses have been reported in early beta cell
dysfunction stages, reflecting an adaptive increase in secretory
activity or enhanced sensitivity to glucose. It is also possible that
the experimental timeframe and peptide concentrations used were
insufficient to elicit measurable functional declines. Future
studies utilizing primary islets or in vivo models with longer
observation periods are warranted to fully elucidate the temporal
relationship between beta cell loss and secretory function. This
phenomenon highlights the complexity of beta cell patho-
physiology in amyloid-associated metabolic disorders and
underscores the potential for early intervention strategies aimed
at preserving beta cell viability to delay functional decline.
Various studies have demonstrated that insulin resistance can
lead to the progression of A3 accumulation. Farris et al. reported
that insulin-degrading enzyme (IDE) plays a crucial role in
degrading both AB and insulin. Mice deficient in IDE (IDE )
showed increased levels of insulin and AQ in their brains and
livers, which supports the idea that insulin resistance can lead
to a decrease in AP clearance as IDE preferentially acts on
insulin degradation (Farris et al. 2003). Another study reported
that APP aggregates that accumulates in T2DM may trigger the
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misfolding of AP, suggesting that the interplay between APP
and AB (Morris 2017).

In this study, we focused on cell viability, apoptosis, and
insulin secretion analyses as an initial investigation. Therefore,
further studies are warranted to elucidate the underlying mecha-
nisms, including oxidative and ER stress pathways, mito-
chondrial dysfunction, and IED-related alteration.

Experimental and clinical research supports the role of dietary
interventions and bioactive natural compounds in suppressing A3
accumulation and toxicity. Diets abundant in antioxidant-rich fruits,
vegetables, unsaturated fatty acids, and polyphenols such as those
found in the Mediterranean and plant-based dietary patterns not
only reduce oxidative stress and inflammation but have also been
shown to inhibit A3 aggregation and promote its clearance in
preclinical models (Lee et al. 2018; Rainey-Smith et al. 2018; Han
et al. 2019). Furthermore, specific natural substances, including
polyphenols from extra-virgin olive oil, curcumin, flavonoid-rich
and Dbioactive peptides have
demonstrated efficacy in modulating A3 pathology through direct

interaction with A peptides, enhancement of neuroprotective

berries, from marine algae,

signaling, and improvement of metabolic parameters (Diaz et al.
2022). These findings highlight the potential of comprehensive
nutritional strategies and functional food components as adjunctive

or preventive approaches to counteract AB-mediated neurotoxicity

Amyloid B fibrils

and related metabolic dysfunction.

Conclusion

This study demonstrated that A342 exhibits greater cytotoxicity
to INS-1 beta cells compared to A[340, with their physiological
10:1 ratio synergistically reducing cell viability. Insulin secretion
was not impaired under tested conditions (Fig. 5). Given the
interplay between A[3 aggregation and beta cell loss, current
evidence supports that dietary patterns rich in antioxidants,
unsaturated fatty acids, and polyphenols, along with bioactive
natural compounds such as curcumin and flavonoids, may
mitigate A3 toxicity. These nutritional strategies offer promising
adjunctive or preventive approaches to counteract amyloid
beta-mediated beta cell damage. Further research is necessary to
elucidate the underlying mechanisms and optimize dietary

interventions for metabolic disease management.
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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

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.
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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 paper that involves research on human subjects, it is necessary to specify in the paper that approval
has been obtained from the Institutional Review Board (IRB) for bioethics and consent has been obtained from the
research subjects. In the case of animal experiments, compliance with institutional or national guidelines for animal
research and approval from the Animal Research Ethics Committee must be stated in the paper. Copies of approval
documents from the Bioethics Review Board and the Animal Research Ethics Committee should be submitted to the

conference via email. The required approval for research and the date of implementation are as follows.

Date of enforce
Research type (After date of enforce, make Note
indication of submission)
human subject Jul, 1, 2017
Animal experiment Jul, 1, 2017 Suspend periods(6 month ~ 1
Question investigation year) for minimize of researchr’s
(survey and sensory Jan, 1, 2018 confusion
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.
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15.3. The examiner shall objectively evaluate the dissertation by applying strict scientific and research standards
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 21rd, 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 10rd, 2023
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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

(http:/ksfikr).

Society's website

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 16/08/1996
Amended on 08/08/2002
Amended on 26/03/2004
Amended on 25/03/2009
Amended on 22/06/2012
Amended on 28/09/2013
Amended on 17/12/2015
Amended on 10/11/2023

Amended on 10/12/1990
Amended on 18/12/1998
Amended on 08/03/2003
Amended on 25/03/2006
Amended on 14/08/2010
Amended on 20/06/2013
Amended on 20/06/2014
Amended on 16/06/2016
Amended on 14/02/2025
Amended on 16/10/2025

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' of Ethics Policy &

Copyright Transfer. For research involving human

Agreement

subjects and animal experiments, a copy of the
approval from the Institutional Review Board (IRB)
and the Animal Research Ethics Committee (only the
first page with the approval number) should be
attached to the back of the Authors' Agreement of
Ethics Policy & Copyright Transfer.

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.
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Guidelines for Submitting Manuscripts

The language in the manuscript should be Korean or
English
computer with font size of 10~12 points and the line

in Ad-size paper setting, typed using a

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,

[T3RE)

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
This
documentation for identity verification if needed in
the future.

identifier. information can be utilized as

The English abstract should be provided in case of
Korean manuscript on the second page of the
manuscript. The abstract must not exceed more than
200 words in one paragraph and it should provide a
general view of the manuscript by including the
and results. At the

bottom, include up to 5 keywords in English (all in

research objectives, methods,

lowercase).

The paper should follow the standard format with
order: Introduction,

Study Subjects

the following sections in

Materials and Methods (or and

12.

13.

14.

15.

16.

1))
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Methods), Results and Discussion,

Conclusions, Conflict of Interest, Acknowledgments,

Summary and
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
precise manner so 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.
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,
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his/ her initial(s) and surname should be provided.
For the citation of two authors, only surnames
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

Mechanical

permeabilities  and

solubilities of highly carboxymethylated
starch-based edible films. J Food Sci 67:218-222

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 Available from

http://www. kostat.go.kr [cited 20 January 2014]

cause.

20. Article should be

accordance with Chemical Abstracts. Academic terms,

abbreviations presented in

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 abbreviations of predicate terms shall abide by
recommendation provided by the Society. However, in
case where there is any unavoidable reason, such
exceptions must be clearly explained in the beginning
of the text.
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22. In principle, revision is accepted during the
proofreading made by only the authors of the
manuscript. No 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.

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

journal s online  only.

or if separate attachments are requested, the

submitter bears the associated expenses.

24. 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. 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 October 16, 2025. Please refer to the
updated guidelines when submitting papers for Volume 38, Issue 5, and subsequent issues.
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