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Recent Trends in Natural-Derived Ingredients for Hair Loss Treatment

Chae Eun Kim and "Yoon Sin Oh”

Graduate Student, Dept. of Food and Nutrition, Eulji University, Seongnam 13135, Korea
“Professor, Dept. of Food and Nutrition, Eulji University, Seongnam 13135, Korea

Abstract

Natural compounds are emerging as promising alternatives to conventional hair loss treatments. This review examines various
natural ingredients, including green tea (EGCG), pea sprout extract, red ginseng, pumpkin seed oil, rosemary oil, chia seeds, and
micronutrients. It summarizes their mechanisms of action, clinical evidence, and safety profiles. These compounds target pathways
related to androgenetic alopecia, dihydrotestosterone (DHT), oxidative stress, and inflammation. Clinical and animal studies indicate
benefits such as stimulating hair growth, preserving hair follicles, and exhibiting anti-apoptotic and anti-inflammatory effects, with
increasing evidence supporting their use among patients with hair loss disorders.

Key words: alopecia, natural compounds, dihydrotestosterone, oxidative stress, inflammation

M = gmo] Aol oFE, AEF A, FAT Zo ofe 7Y
29lo] gout, PAAN b B3] Uehhe 9 §8e
DL AojHoRNE FuE BEFHL, ol WEst e JERAY FEo|thKeska 5 2023). FERZAL W<

I FAZ FAREASE BaVF & doke A 29 9E SEEO|Y IPEH Ao HidS AFIA7|AL, Tt B
FtHde Galvez 5 2015). @ofjol] E0Al= ol5ths, 4=, 4 o ofA whEo] HEAE HPBA|=T, olE AHERAE &
73 UErH, ZiRlelA 7S FolstaA A2 AT L (o]3t AGA)ZF TH(Fu -5 2021; Abdin 5 2022). T 2]
St 93RS 5kal QITH(Davis & Callender 2018). 38 FEEAL HAEAHEOR, 50-8H9 8 A (5a-reduc-

AAFA Q] mHFO] F£7]= 267t X &= A%)}7] (anagen) tase)o]l 9Jalo] T 73t QP== A9 dihydrotestosterone(©] 5}
@} 1~252719] El887](catagen), 1 F F 37 ET A &EH = F DHT)E A3+ th(Tampucci 5 2022). DHTE &do] 433}

A7 (telogem) = =0} At 7= 2~6A7F A&EH= £ ggsts 2208 AGAY HEAQ] YloE s %
Shikel mako] AR mt A EFo] A5k, HA| CHFu 5 2021)(Fig. 2).
HHEO] 85~90%F AHA|SITE. B[ 7= 1253710] AHA R g Aol Aol 7l Ak ofy ARk, 7HR19] 4l

ol 52319, o] WaT BAlo| waw mesol 9 Aol el Aol RAH Jeg ulAE Ao et
Zo| ok AT} T 7 o= wuto] ggfely, 2 AR (Endean Cartwright & Porter 2009). A ZT}o] W=2H, &

78 ZulshA ok wio HIIE AGHA BolSl v Qo] Re ARG, $2F, Bol @ ALS|H HH o] Byl
Holl, FA717F DAY dojAl= @2 2R d2= Hlon, B4 2ES 7H Al E Hjgo] @ “AXITH=
TH(Naito 5 2008; Kidangazhiathmana & Santhosh 2022)(Fig. 1). Zo] =G H(Grimalt R 2005).

' Corresponding author: Yoon Sin Oh, Professor, Dept. of Food and Nutrition, Eulji University, Seongnam 13135, Korea. Tel:
+82-31-740-7287, E-mail: ysoh@eulji.ac.kr
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Fig. 1. Hair follicle gowth cycle. The cycle consists of
three phases: anagen (growth), catagen (regression), and
telogen (resting) phase (Naito et al. 2008).
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Fig. 2. DHT-induced hair follicle miniaturization during
the growth cycle (Tampucci et al. 2022; Kesika et al. 2023).

A A=z A EHZof 3] Food and Drug Admini-
stration(FDA)O| Al 5913t 97 X ZH2 o9 H9 =4
H)=AE 2%, B9 A T4 vlmAE 5%2t AT HuA
glgtole T ZhAot}. ulmAdE et A A=
19799 FDASIA MY Amof SAHUNCY, Fagor
trFo] &3] o] AGA N BAZ AREE7] A&
(Otberg & 2007). A& miAYZo] HestA a2 A &3t
Ak, @ 2 Zgy @ A 4 9 @3 v 4%
AXHVEGF)E S7HA A el A< vt 97t u
23 Qlrh. uyAHEo|EE 5a-2HE A JAA R AR

lo
Ho
2

2E|E2] DHT 22 Apehsto] AGA A &4 =4 ARS-= AL
Itk (McClellan & Markham 1999). 124 o3t &F&E A&
AL HHFE FolgolE Rabgo] et AW
SHE AR 0=A e T A, 7jeeS, A2, v
£, e85, 9, W24 12 U Frirgo] 3Hgo
2 A HDinh & Sinclair 2007). AT TUAHE|E |
mg/mLE 1,879 9] F/dof| Foigt A4 At AaolA 7.7%
7h BAES Baglon, 3.8%9] At A& Aa, AV A
of % 7] RS x4 715 o9 F2HEo] AL
H, 925, 94 9 ¥l 255 59 528 A7 Ea
E 9 H(McClellan & Markham 1999; Gordon & Tosti 2011).
o|gA oF= A=W thet FA-go] YehA Hdd
S=0f e g1 A=A APGe] Talo] gFdskal glo,
olof] gt A7} &ds| oyl U= FAlolth. R &
5 Ad Ao JTH tHAQ AF2 oA AFH
O g Ao|x= 91K (Panax ginseng Mayer)°| Ql=t], o]= H&t
B £7 24L& Ad 22 & e F tH(Truong 5 2017). E
ot S G0N 53 EPFIARES HAEAHECE f
T g9R upeAoA g A GE ARt Aol ®
T EJATHWang 5 2021). o|AH HA A=A E o]&sto] &
IR a3E Ago] HEs] Hojeal 9o, T g
50| e A ABAE FYet i =2 =9] &5
WEhA] o] =t AAAIRL 2A7E oA HEE "R 4
W Az ARl AAGE A9 107H4]9] AFU-8=
Aestal, HAE 71AS FYs BarAk sholh(Fig. 3).
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Fig. 3. Molecular mechanisms and effects of natural
products on hair growth.
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2 oA FEtt HAEEAL S5 F5E, 4, 3
Q4d, 220ty 94, XoMAE 5T v|F IFae T
9 5ot IE -ADG A2t ek wAY
A 55 9 FDA #A|713%9] 51892 S¢H = 4
Esto] Asieinh g2 7iA HAE a5l et BAE=ES
A, MEBEE, A3 ATZTE AAFo=E EA5H] 9
5f], <L 10¢ ©]j PubMed, ScienceDirect, KCI, DBpia 5 58
St&  f|o]EjH|o] A0 A "DHT", "dermal papilla", "oxidative
stress”, "cytokine", "anti-inflammation" 5 7| =2 =& 4 ZH
=2 AT, SEAY, AlZAY, 7Y tiR A
A 2 Zgoth A =22 89 AAA 25, g
TS B3 EFA|E O] SAJAMAF(reactive oxygen species,
ROS) o] % WUE 7], A AR 5 27, B
el tigt A27E FEsialon, $5 &2 I E5%
A= ALstiet. T2 8 A (e E, A7 dx
o, B7HAE) 9 BAAEE B2 Zeoigon, 23 I &
A A A8 TS =itk

Z 1

1. =XHKgreen tea)

=2H(green tea)?] F8 P& 24U AWZ=7HHI-
3-Z+d| o] E (epigallocatechin-3-gallate, EGCGy= Thst 3,
TAEE BT Al HiEo] gon, HIole i A4
9 EE A 71d3 BE A7 @85 o]FojA 1L
Ut E3] AGAS] =8 QIR U2l DHT 54 9 2
A3 AFE Al(apoptosis)©ll Tt EGCG7F thg #4129 £
4 ayE Yeidle Zo] FlEdH

Wd2 THoNA EGCGY] BRA = gt 7HsAdol &
A vF Ak, &gt ofjH] FFAHOA EGCGE JUA| 7
o 49t HaM o Hge Ak, B 47 TAo] oF 30%
S7lele 7ol RaEglc B3 EGCGE ET 2 B
A A (polyherbal formulation)S 67]€7F Fodt Al oA =
Wbl oF 3vel Al ARAR w4 ma B
ChKim 5 2011). WM AL FGCGE] 4 H 8ol
AEARRO] ofs) §EH B wdo|A] oF 40%0] B
&4 o4 BRE Uehgon, SA0] Y W AmAE 4
2 AA3] AAZTHKIm 5 2011). ©]2{3 A¥h= EGCG
7t 2 A=A R opyzh Bt AlA Q) 8 B4 '
o2k g2R Mg FAYS 7H 5 A2 AR, EGCG
, AfAor B Al

163

F L
5
B
=
2
1
off
og‘l_r‘

B217 2220 A% EGCGE e 512(0.001~0.1 uM)of| A
A0 Sa-Seas B4 AAlste] HAEAHEO]
DHT® A%EE #4& A4 THKwon & 2007). 0l& &

Z>(hair follicle miniaturization)2] 8 7] Q] DHT &%
o
=

1% o

Agozs g AP Adok= o 323 IS
t}. E3F EGCGE R3] 854 X (dermal papilla cells, DPC)O]|
Al Erk 9@ Akt RO QIASFS Rkoto] Al AZHEE
/43719, o]& Bl DPC F4]o] £XIE . DPC= it
A F715 4ot A4 AEZ dHA Qlo], o= A
£ &4 TV 2 B S5 sk ddE
A EZE ATFof|AE EGCG A A| A ZAFE iz ol
bel-2 @o] F7potal, B2 Al ZAFE £%]1 Tl Al bax9]
H|-&o| ZrA3HO 24 bel-2/bax Bl &2 2Hst= Zlo] By
Act. o]2gt ¥3k= DPCO] Al AHBARE Ao = 1
g AL QA 7IE AIE 2 k(Shin 5 2016).
AEZ 0 F EGCGE 50-TFHas JAE 53 DHT A4
2 &43HE 53 DPC 4] T4, Al AL
g ABE717F AFolgt= thE 714 B9
AGAE H|XE 91 A 835 Uehdth g, [ &
AollA TEE a3t AR AdH 52 & o]ojR|7] 95

Ax AHBE AR FoAD
=

o oft

ng d
19
2
it
ot
ot
Hoox

T EGCGe 71& 591 &7 ¥
dAsiel @ g0 At B Aoz ¥8dE £ 9

2. 2bFM ==S(pea sprout extract)

5 (pea sprouty= H] 2 El(biotin), L-0}= 7] (L-arginine)
I Z2 oot W FFAERE oy, o] AETHE(isofla-
vone)i} -2 AEA4 22 tAMES FRSHA eastal ol
o, Ay B AoA 2 Y X1 a3t BHaE Bt
UTH(Zhao 5 2011). o|23t 7573 HRES B % 7
9] 4o Fofsto] F AA 9 H E3of G F
2 "E 5 Qe AeE IHA ot
ol =H, FFA FEES Y 100 mg F-
e A R A 9 2 Un 37 a3t ERlE Q]

|

2 ox
o o
of N

oS
oz
re

: 11o]

noggin®] WH-S AFgF 4 (upregulation)sl= 7|43 THE

THGrothe 5 2020). BE0°] i3 AFolA=
s} 9 FS o] FelEgon, ol Bt 34 o
ASkE WY Aol Yok Hol HUHT BF T4
48 ATOIHIE Solat Zurt b, & 2089] e
oA 4% 54 55 A2 1Y 23], 1257 =23 45,
FA7) 2 e A, AR7) 2 U E7)sto]

¢
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FGF7/noggin 415 29| 243}
9ng feli AT o) AR kITIAE 45
ojtfo] wHE A7t Uehtow, QFR T} Wokd SHoflA
£ st 2o} SRIngit. 28 414
4 Az JAAE dFE B dx2F Aol
3712 Sud Woot . BF gEa 22ES 12 Y
B AENE B HE A¥0F BEW & 9L A0E

7A€

3. E&l(red ginseng)

Z4H(Red ginseng), 53] A5 3l AxH 4 =
E-2 OlAFAFE Y (ginsenosides)T} A|HAk(fatty acids) 5 TFOF
S BEEd £48 TRoHL leH(Kim 5 2012), ol& &
St thH el e g BRI Qi S4F FEE(Red
ginseng extract, RGE) & Q9 A AL A}o]| = (ginsenoside Rbl,
RO QA% B2 B wEolA i 4% 57 ATE
vt o glct,

U X (alopecia areata) TS AT O 2 F AAF A0
A, B4 FojtE AHEOIE BEXad ] S0t
A 94 Am anE Bolon, 52 glo] ehdstA AHE:
7535t A0 2 F7IEQITtHOh & Son 2012).

A 9 A3 oA, B4 FEELS DPCY FAE &
Z18HaL, ERK R AKT A 54Y F2E SR H =N A
2o AEH 44S “eRtth(Park 5 2015; Jung 5 2025).
ESH 2aF 7] A A E(hair matrix keratinocytes)2] F4]& A=
5kal, DHTO|| oJ8f Fr=e te2 84 ddS A}
o] AGA 3L Aste 832 HYcH(Truong & Jeong
2021). 53], -2 AFoA = 3% T4 525 FoolA
2t i BRE 2 JEo] SR1E Ack(Park 5 2015).

TS T4 9 8 XA ARe]=Q1 Rbl2 ROSO| &fsf &
THe B AEAEY] &4 E AZAFES JAISh: AT
< Rt} o]& Bl B A AsfistAY, 271 EE7] A
e Rt 821 WAk adE eyl of=et &
&2 A ZAFBAR T AARIARR] p53, Z1# 31 Bax/Bel-2 4l
AR 242 F9f WEHE AR HIHIH(ung 5
2025).
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E 34 &4 a3 5 oAQ 18e B9 gu A4
Zojgich. QAHORE FAS APYR 5 YH BAjol
E % Ui, ek Aol Hoft &
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4. SHM 22 (pumpkin seed oil)

ZHH Q YU (pumpkin seed oil, PSO)S ThFgt A2 e A
B A} PRIERT A5 HIFoRE X o 9 X
2 o] 501 Qlr}. E5] se-dhdas A g
DHT A4 A e} FAlol FAsHFE BIHE HEPHOZ A
dk ol fEfst HS 2Acks AR Hidr

U At A}, T2 i -olF WA -f1oF . Aol
A AGAE 7H 34 769S thA .2 400 mg/day] PSOE
24527 Foigt A, 19k thH] <F 40%2] 723 B A
2 S7F ERIE. B3 A5 FolA] 3Ate] FE Tk
Tot A 34 At 3A FFENLH, ol v
BEL 273 Zo]E HolA| UTHCho 5 2014).

o]/ SRS LR T Ao E Qu] Ql= ATt K
TS 2021d AFE AGAIHNA Y 2E A=
2 37§47 PSO E+= 5% "=AD &2 AHEolo] A &mHek
om, PSO T2 B H7] ¥E Ad, vAl Hi(fine
hair) H]& A, A B 4= F7F 5 oy A 5aE
et o Yozt rl=Ald 833 H|W5E s 5
AX & {5t /o] ERlxof, PSO7} o1 E 1 A=
o A Hito=A & 7HsAo] Aol AAE AT
(Ibrahim 5 2021).

Qg AFolA = PSOS] HH £3] a3+ FRIE It
BAEAHECR HHI7 GEH oA REofA F420
2 PSOE =S o, B A4 H47t f-ootA =AU
omn, £3] 10% X2 PSO AH|olA 7] oA =
Hgo] F7totict. o2t Ad= 2% vlsAlE A2t
A A2 F36HA Yetg o, 71 A4 0 2= 50-8

AA|, FRA==A 28, P4 4 FAS avket #4
Ao & 31 ¥| 9] th(Hajhashemi 5 2019).

oj4fe] A Fdold, PSO= HAH o oA &
oot 9 g a3 2= 71548 9REAY 740l
JS = St} Aot =54 HE-S B DPCO] 47 &
T, B2 S4 o4, 28 A4 £ 29E e, 71E
A=AR] vl=mADY} H B PES W= et FHES B
o} ok 7R Y] ATE AldtE BE FRe) BwE &
2 T 717 7HIth= g7 Qe B ', A7) obE A
I 852 A5k AT vt dGAI™o] B asitt
PSO= 7|& k2 2|59 HEstAY B 9o = &83
T e FYT TH AR 7|Et

¥ o Jo

£
A
|

lo
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5. EX0l2| 2 (rosemary oil)

22uteE] @ A(rosemary oily> AL/ HEA 2=ut
Ak(rosmarinic acid), -Z<Ak(ursolic acid), 1211 ThFst A
/3 (essential oils)= ZJFste] FAMSt 9 FAF A7t
Hold A 242 LA Uotk. ol E42 71 EF
M 2 873 A7l 388 FFE vA BY AT
Zlof 7]ojgtttal H = Qlet.

e

2% Pl=AE T 3% 220 0 dS 747 A5t F
3 olsWA AFIA F IF BF FAT 2 &
Beon, ® Amg 7k 53 Aol gtk ot =
LAFoA T3 7SS EAEC] v=AIE Rl s &
oJshA ol A2 vepgol v 945 Ao BHlul
(Panahi 5 2015; Dhariwala & Ravikumar 2019).

A B2 AFo)AE C5TBLG6 tFe-A Bdo] 3% 22
vhe) 0QE 4 8T A AT ] 2 A &
L7t WES, By &, B Zlo], X FAZE FofsHA St
steiek. At g $9le] HRAE 47 gastel @3
43t a7 SHE IS E B E ]I ol2t Aib= Kt
A ST 2y B gt AnkEQl T3 A% fA T
A ZHEE 9wt (Ghasemzadeh Rahbardar 5 2017).

d

AE 5 Ao A= DPCAA Sa-drdash &g 9 Qt=
27 #EA 19 HAE FsHA JAshH= Ao HiES]
thPanahi 5 2015) o]= &1 0] Q8 QIQl DHT &< 7+
A2A7)E F83 71dol) &3 Al Y ROS 58 Ta
A713L, FAZ Al EFIR] BH|E JAFOEZN AT &
Ay0 2 HE DPCE HE S 3hri(Stefani 5 2023). o]&= TH &

o] EHE ATA7]= 71H 3 HHAE o] Qo] 2RrkE] @
U] FAT A= A Yu7t A o] He AlZ2EL
B2 AYY E A dAFolA TEE 2 A £
4 gr /A a3 £ ZAE AFoi, E2nkE] 2
o] g =0 &3 AA LAUS HERR

T Yiodd 9 o] A2 AHA] PEO 2=
] @A AAES Y TS 0] 71€ ¥ E= 1|
At 2 ) 31 5398 sttt A7k B
21 %] tH(Uronnachi 5 2022).

SotH, 220H] QA2 5a-gh A4 Ao 23 AGA
NA, Fitst 9 FHS Ao Qe g He, Fu @
NS &5 2 44 FXlolghe o5 714E Sl
W g 5o Rl HA o] AYIFE QDA
A gt A+E ol dS5EL

o

L] -1 =70
ol F83 oIt et 4717k ot AR A
2% Ee §% A Ao} 2Ado=
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6. XIOIM = F=Z=E(Salvia hispanica Lamiaceae)

X|O}Y N = (Salvia hispanica Lamiaceae)y= 4] 0], THElZl,
Qu|7}-3 AH4E, ookt ASHE A o] FRSka] A7
o] & o] wo} Z-gaky 9JthDick 5 2015; Grancieri 5 2019;
Oh 5 2017). 82 &5°otH A 22 ZE9 ZolHE HAY
Z(chia seed mucilage, CSM)2 FAol=], o] YL A&
oA FeA 4 MFA =L A-g-ohn, &Lt +E7A| 5
= 2+ 9o} IFE Aol E-&HHGoh 5 2016).

Ao E 2EE2 B 5o FYsH A EXAEA
&+ AT &9 1 55 ekdAdol ASEH U =
A= CSM= 7|HEC & g v|AZie I -(CSMi)yS 2197t A
23t A, vj=mAIEd Y Hwste] By 7] A4 9 2
A £ Za7F 955HA UERRTHQiao 5 2025). ESE, F+
1] = 9 F2Rgo]| A9 yE|R] Qrof FHA SHOIAE
3R B7HE WUSkth Al EF Ao = Ao E =&
Eo] sy 9 ArPEAlZ S5 24 DPCY oY
A thAret S A Hsk= 71Ho] HE Aok @A AGAE
z7] QAo 7|& 2R A8A Y 78 EAE B
A= st A ]l HA HAAZA sHA I A4t
oA FERIL Qltt.
Ao E FEEO| Al AYolA= Hid A9 oA
AL F 221 st A7 Al @443kt SRIE QI o]
2 Qs Al f A 7|50 SRIE o] B Alzof A}
Aol SHAR] FFS vA = AR HuEY 554
ol A= 2197 CSMis T3 A3, vlmAE tjH] 2y
84719 g 2t I 9 #7]9] @A F7E TR
AT} EIL Fu A=olu RAEo] @A5] A2 QHHg &
2udS Yetdio] AR 2R AEAZA Y IS
gelstait.

el no rlo
o Y

7. 7|El Y2k (micro-nutrients)

1) HIEl(biotin, HIEI2! B;)

484 lEgoR, By A7) 2% 9L e 2
o= FeiA ek vl oHe Wwad Ao Holst Rak
(coenzyme) 2. ZFG5}0, AZ ) S hAR- A chat-of ]
A Ao Bl 7152 £k ol I8 vlewe

T QlchPatel 5 2017). ¥ AL SBAYL, YHOR
g, 5 B, £F FAY 5 1R 247190 gop
B & itk 294 SEAL veH HEA St 1
3 Aol EuEoleks thae] Byl EARtehPael 5
2017). 53] 944 vled T4 AWS B4 vled £
o7} Wl 3 Faist W A4 ATE Btk AT ATt

i
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UTHAbdel Rahman 5 2020). §FH], B|Q€lo] F4} 5 &
TE 7K Gut G SR AA T BISAIZA Fo5E A
5 37t Avke SA= Aol 2 weHEA 9 9
g FRolAE HI" 2ol gle SAE00A " B
A& FEEsHA AREste Aol tish Ase 32 Ast
o, B4 2o v o™ AHE ZRIgh $o] B3-S 11E 5]
of 3tt}al P1ZHHAbdel Rahman 5 2020). Y& UYAAIH
olA= HREM of2] JIAE HI FolTd Ae 2 4%
9 1 A% Aol ARl J7Fol BEAEOY, o=
H " o gt B3 Q¥ 8o sfAst
+ 2] HigH Aol SA o g B A4 2RO A
2o A9l gAY ved 2y w9 H3A Foj=
AR A4 7ot o] FojAof gttt A7det ARkl o
2o Bled BHEE "R A avrt Ao, wegt
AFle 7 FAES oV 4 o ug A &5 &5

7 Zasi.

)

¢

ot
1

2) H|EH! D(vitamin D)

o] gt Bo), deln mE %7 280] F23 o
e ohe Qoholth. A AFo] = Bleky D 584
7w o] 47] Aol Boln], 2 A FA7] L,
AY YR, AGA 5 THFE Fejo] met Aol ggol %
ST Saini & Mysore 2021). AAZ FRIAAAH BZ
Skl D 7k WA e 497t Bon(Zubair 5
2021), AF YFATAAE BlEh D Bgo] B Ao
FHHY JFL F 4 U2 AN v Uk Gerkowicz 5
2017). @A) Blekl D B3] g A go] Aol
e AL RESAT, ofF AN HeF ANOT ALG
P53 4 9hgol AAE Bt ek vlekel Do Al &
2 g aao] theiAE H49 ot ATt e
I oz Amg,

3) H|E}AI C(vitamin C)

HIEH] C= 723 AR EA], B A 25 418t AE
HArRE Hoshal, Fu9 45 i3S Ydlete H =
FE Ao=R Aot E3 vER G ZEH 30
Zolm, FhlE B 20| 9 HJEOoE mEo 4
©GE4Z FAI5H: o S5t BlE C= ERe &
Zx15to] HIg=E Qg g E ol tlk 7ot
F| 2 Aol = BlER C7F Al et A {3 E71A)
29| FAN &S S48 2 AP S v 20 EuE
H} Q1th(Zhang 5 2025). §3] H[E}R] Ci= DHTO] ofsf F-&=
He g2 3 FAAHDKK-)Y] FES JAste] t=zA

|

i lo

fo

=

4
il

to
Ho
2
S'il]'
)
il
of
o. o
1o
)
Y

4 BRI 71g & vks AdAYE EAaEH
(Ashtiani & Akaberi 2020). ©|Z3t t}5AQ 2807 QU5
vl Ce B A% A9 21’ ool Al §da
& g7hal ok

4) 0}i(zinc)

otdZ it T A A ) o+, B A9 R &
3k, 123 S22 At Hoiste B F7]8 o th(Searle
5 202). ot YL W 4% Asl, B 9%, GRS §
Wt 2 glom, AAE 9R B4 8% ot vt
Al ehgo] 1 15 9thPlonka 5 2005; Park 5 2009). E3]
A7 wot FA7] Sr G| Aol @Zo] WHa
B Lalosevic 5 2023), okl Ao] B4 o] Wy
I Y TR0 Y AARIT oA AlEAbE T
BAE Aot 9] HPS WASHL, g 35S £4
st} T35} o}de wuF Aol olst= AARIAKzine fin-
ger motif)@} AT T A& A (hedgehog signaling) BZ2E
zslo] BT AHo] Flojsl Aow HuEt
(Plonka G- 2005). o} A Al 9EE 4T 5 YA,
e P2 007 $AA dFS % % Atk FEAY
o4 285 otelg %ol A R Aol 9 w7 o
gol Bargl Bf 9lof, ¥ AHFH(ERI 7% 8~11 mgyZ A
7= Aol %93k Ao g AR E tHPlonka 5 2005).

o
=23

k0

=319] EGCG, S5 222, B4, T4 0, 2=}
= Z

2 0, Ao 222 U v A%h 5 U A
AHES se-BURL A, FA, IS, AZ S L A
£ 54 59 o5 7|0e 59 2L o N =e] Ankg

FHolnR ARH W}
71E A2A% gAY HeHos
24 ZA o] Y, g2 AF A
7ot

ZHAle| 2

2 AiE2 T=AFATEe A h(No RS-2024-00336513)
= Wol 84 E|o] ofo ZAIEYHUT
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Table 1. Effect and mechanisms of the natural products used in this study
Ingredient Comp onenFs Mechanism Clinical study Stability and limitations Ref.
and properties
- Topical application
- EGCG
- Inhibiti f Sa- i hai h
- Antioxidants ibition of Sa increased hair growth ——_\p .o reclinical Kim 5 2011.
Green . reductase by 30% .. . -
- Anticancer . . - Further clinical trials Kwon -5 2007.
tea . - Reduction of DHT - The combined formul- . R
- Anti- L . .. . required Shin & 2016.
inflammation - Inhibition of apoptosis ation increased hair
growth by 33%
- Upregulation of FGF7 - Oral administration .
.. . . . - Long-term saft timat =
Pea - L-Arginine and noggin expression (100 mg) reduced hair Fur%her clinif(::t:l etsrials ¢ Zhao 5 2011.
sprout - Isoflavone - Antioxidant loss required Grothe & 2020.
- Antiinflammation - Topical 4% gel effective au
' . - Activation of ERK and ' o N . Oh & Son 2012.
- Ginsenosides AKT pathways - Superior to steroids in - Minimal side effects =
Red .. . . . . Park 5 2015.
. - Antioxidants - DHT suppression alopecia - Applicable as adjunct =
glnseng Antiandrogenic Enhanced cell proli Safety confirmed theray Jung g 2025.
¢ . P t Dy Truong & Jeong 2021.
feration
- Inhibits 5-a reductase
- for 24 - 1 le si ho & 2014.
Pumpkin - Antioxidants - Antantdrogenic, antioxi- 400 mg/dayA - Weeks S samp © S Cho ° ,3
seed oil Antiandrogenic dant and anti in 76 men increased hair short duration Ibrahim -5 2021.
g . growth by 40% - Large-scale trials needed  Hajhashemi 5 2019.
inflammatory effects
Panahi & 2015.
- Inhibits 5-a reductase Dhariwala &
Rosermary Rosmarinic acid - Antioxidant and - 3% oil for 6 months in Well tolerated; long-term Ravikumar 2019.
oil v Ursolic acid anti-inflammatory effects AGA patients; efficacy clinical trials ne edid Ghasemzadeh
- Antioxidants - Improves blood comparable to minoxidil Rahbardar 5 2017.
circulation Stefani & 2023.
Uronnachi & 2022.
- Omega-3 fatty - Activates glycolysis and - Improved hair growth Dick & 2015.
Chia acids autophagy and density compared - Early clinical stage Grancieri & 2019.
seed - Antioxidants and - Promotes follicle with minoxidil - Good safety profile Goh -5 2016.
fiber-rich regeneration - Fewer adverse effects Qiao & 2025.
vy, o i b g s it 5 0
7 . & . excessive intake Abdel Rahran -5~ 2020.
production healthy subjects
- Hair follicle growth,
Vitamin D differentiation, and - Hair loss increases with - Limited large-scale data ~ Zubair 5 2021.
o cycle regulated deficiency - Toxic at high doses Gerkowicz & 2017.
Vitamins through VDR signal
&
; - R idati . . Lo Zhang & 2025.
minerals educes oxidative stress Regenerative and - Excessive intake inhibits ane o 025
Vitamin C - Promotes collagen reventive effects hair erowth Ashtiani &
synthesis preventtv & Akaberi 2020.
- Hair loss with
- Regulates transcription . . s Searle & 2022.
Zinc factors and signaling deficiency - Excessive intake inhibits Plonka ‘& 2005.

pathways

- Deficiency leads to
hair loss

hair growth

Lalosevic & 2023.
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Dietary Education Needs Assessment of Multicultural Families based on
Dietary Adaptation Factors of Vietnamese Marriage Migrant Women
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Abstract

This study analyzed the dietary education status and needs of 283 Vietnamese marriage migrant women in Korea from February
3 to 28, 2025, focusing on dietary adaptation factors. Overall, 20.8% of participants engaged in education, primarily in the
complete-assimilation and assimilation-separation categories. The internet was the main source of dietary information, utilized by
65.4% of respondents, while those in the integrated-separation and marginalized categories more frequently accessed support from
multicultural family centers. The primary challenges in managing family dietary life included educating children about healthy eating
habits and, for those in the assimilation-separation category, adjusting family meal preferences. The dietary education content
experienced by participants included traditional Korean dietary practices, fermented foods, and Korean cooking practices. Reasons
for non-participation were primarily childcare or household responsibilities (29.5%) and busy work schedules (27.7%). In terms of
family dietary education needs, topics such as healthy eating and health, healthy eating for families, and food hygiene and safety
management all received scores above 4.0. For children's dietary education needs, all topics also scored above 4.0, with the
complete-assimilation group ranking highest for education on children's Korean dietary practices and culture, while the
passive-adaptation group ranked lowest in both areas. The importance-satisfaction analysis (ISA) identified food hygiene and safety
management, as well as Korean cooking practices, as areas needing maintenance, while understanding Korean culinary culture was
highlighted as a priority for improvement. This finding indicates the necessity for tailored, practice-based, bilingual programs.

Key words: Vietnamese marriage migrant women, dietary adaptation factor, multicultural family, dietary education needs
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AEo|Fo gL T ARl A &sh THolA 7P |
A A8 Agof AWstal =T, HIEE ZdEo]|F0l4d9
3% 7HgolA S EHISh= Ble2 2 W(Lyu 5 2009;
So & Han 2012), 3t= ZAlo] tiet W& Xs=ot Afg A
Elo] ojg &, Ba A9 ARt HIAd Fo= 27 I
oA BE AS AHsT Qow, ol AW g9 o
220 F o]ojX| 11 QITHKim & Lee 2009; Joe 5 2019). 3]
AeolFoq g9 A Ag EA= ¥ B Uyt
Al #o] J&=d, Kim & Lee(2009) E Kim 5-(20122)2] A
o4 ZEzo|Fol 4ol B AL 4 Hxol Gt s
991 457 R 82 8E9] S\ Aol 2 o

IS olefe ST A2 ol AU A
g ofjek, Ahio] ok BRPom olold shEo| A7)
SRE AR 98 5 714 U choket SRo]s algre uAint
(Park & Chung 2005; Kim & Lee 2018; Joe 5 2019). WA
ATo|Fod9 AL A5 Tt 4 AFH EATE
ofyzl, FHREA S AT 3} 7t W 45 &3 S
A 5235 HA= QI ojof Jitt.

AEo|Foid 9] A A3 B2 olsfist?] sl Berry
JW(1997)9] #3148 o]&0] @ol &&= 3lom, o= &
9] Zo}FAI9} o]F=0] #3}-§ Ao wet F3k(inte-
gration), 5-SHassimilation), ¥-2](separation), 5=} marginali-
zation) FFP L& FEETH FU AEo|F014 9] £3H43 1+
ol It AFoM = F= o] ¥ 714 {B& A-&shaL 1o
U 9% elA okt 0l ek RS 3 A
S71% gt ojg 5of Lee & Choi(2011) Bemry IWe] £}
48§90 Y2t T, 53, 22, FUIF 09102 $AT
o 74 2.8 B0l 70l 212t %, olgat, 2
2, Yeum 520192 #A3, #48%, Z&F T2
1S FE5M9 0, Lee & Bahk(2018)2 2009} 20154
3 ohEs} 7bs A EALARE B8 193, S48,

¥ 7O AN ) dolely 43
Sk 28 #38 A+(Jung & Yang 2015; Kim JH 2015; Kim 5
2018)01]/\15 tiFio] 5%, 538} =+, s RPoE +

E3lal 9O Asano 5(2015)2 =W AF =2 AE0]
Zolgol 44T S Aol uet 44T VAR A
STOoE FEste] Agg HHE Estglch EFE Song
YO Bery IWS] 0|2 7|30 2 WET ofy AEO)
Fol40] 4E5} ML VIve S0z AlEstelel 2710
L AR5 4go] o]ES AR, Aol Aol Gt B
Yol Fo0R Wsher AT AT oA
x0] w3 Boh 28 olfe} fele] 3% 97| Fo] o5
2148 A-3of F 939 YL v|XH(Jung & Yang 2015; Lee
15.2017), olo] ME BEY AUY WH T2 IR WA

0l

o 010 -loll
off 2 o
mlo |o

=

EHE

ol el A1k

A A ws 87= 171

o] HZHIL k. B3] T AES olsiE Rol 1, AT
Be] Ajrg A 8L GRS A% ST 2
3} %?M FAHHY aBRE AL 5 rk

B 2O R, & A9 A 200
ol SR B gL A28 A
137 919 U (National Law Information Center 2020) o] A 5]
% 9 WS T2 1BS dol4F BA Gtel 1R
W20} 9ItKYoon & Kim 2022). 3] th287Hg zpo] 4]
Z3bo] Bpo] ojake I urod, shHl A AT I
49 44 971 el 9P S GRS FHTH
7ol FASHAIE, B4 olRolA T Yt AT TEE ol
2 RS} AP ool AuT BAS ShEsplols -
Z o7 Hz3} AAo|tk(Kim & Han 2015; Joe & Hwang 2017;
Yoon & Kim 2022). AA| 2 RSP R LAY RA4L 5
2 SHol ] ABAE WRe FRHOT 2ASAY, B
‘IQF]??]:E A3t L3y Z2HAY A9 oHIE 14 a3t
ARtAoltt, E3F HMEE 2= AAAR] AL 152
TR ISA LA =8 Ao R A5 ofl= gHA7E 3l
o], A&o|Fol4dol 3 A FLeS vhgtt A
4] W8o] X|&FoZ mﬂ’é}E}(Knn < 2011, 2012b; Lee &
2015; Yoon & Kim 2022). 0| &3t 7-8-& AT o|Z0]Ao] 214
3 99 EL Ao BE JIE U Y5t 257 o] A

A% 5T BA0IE FAHA L &% QI
sl ANE 183 DA ATES F2 A%,
A% 5 5% Aojo] Az ;th—O%*é% oz 4

3
Ag 9l goFws Q7T ZAlJeong S 2012; Yoon & Kim
2022), tHEdp g O] A4S 91g R ws T2
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Table 1. General characteristics and physical characteristics
of Vietnamese marriage migrant women

Items Total (n=283)
Seoul 90(31.8)"
Gyeonggi 39(13.8)
. . Incheon 30(10.6)
Residential area
Gangwon 31(11.0)
Chungcheong 45(15.9)
Gyeongsang, Jeolla, and Jeju 48(17.0)
v " <5 28(9.9)
cars © 5-10 189(66.8)
residence
>11 66(23.3)
Hiohest level of <Middle school 52(18.4)
tghest Tevel oF - High school 174(61.5)
education
>College graduate 57(20.1)
Housewife 180(63.6)
Skllled,‘manual, and elementary 38(13.4)
Job occupations
Office and technical worker 21(7.4)
Others 44(15.5)
" <300 82(29.0)
Monthly average 5, 399 81(28.6)
1meome 400~499 85(30.0)
(KRW 10,000) ’
>500 35(12.4)
Monthly average <90 159(56.2)
food cost 90~119 55(19.4)
(KRW 10,000)  >120 69(24.4)
« High 87(30.7)
orean Middle 186(65.7)
reading level
Low 10(3.5)
K High 63(22.3)
orean Middle 191(67.5)
writing level
Low 29(10.2)
K High 110(38.9)
oreatt Middle 156(55.1)
speaking level
Low 17(6.0)
Age 33.2+5.0?
Physical Height (cm) 158.0+8.7
characteristics ~ Weight (kg) 52.2+7.0
BMI (kg/m’) 20.8+2.2
Underweight 27(9.5)
Obesity Normal weight 205(72.4)
classification” Pre-obesity 33(11.7)
Class 1 obesity 18(6.4)

D All values are indicated as number (%).

2 All values are indicated as meanSD.

3 Obesity was classified based on the BMI guidelines provided by the
Korean Society for the Study of Obesity: Underweight<18.5 kg/nr,
normal weight 18.5 to <22.9 kg/n?, pre-obesity 23.0 to <24.9 kg/n?,
class 1 obesity 25.0 to <29.9 kg/nr.
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Table 2. Dietary education status by dietary adaptation factors in Vietnamese marriage migrant women

Dietary adaptation factors

Assimilation- Integrated-

Passive-  Complete-

inali- Total
Items separation  separation sztrgmah adaptation assimilation _ XIF (p)
. zation type (n=283)
mixed type type (n=52) type type
(n=99) (n=58) (n=53) (n=21)
Experience )
Yes 19(32.2 4(6.8 12(20.3 5(8.5 19(32.2 59(20.8 e
of dictary (32.2) (6.8) (20.3) (8.5) (32.2) (20.8) 73,004
education <0.001
ducati ( )

in Korea No 80(35.7)  54(24.1)  40(17.9)  43(21.4) 2(0.9) 224(79.2)

Internet 74(40.0) 16(8.6) 35(18.9)  51(27.6) 9(4.9) 185(65.4)
Multicultural family support center 2(7.7) 12(46.2) 11(42.3) 0(0.0) 1(3.8) 26(9.2)

Sources TV and radio 6(30.0)  13(65.0) 1(5.0) 0(0.0) 0(0.0) 20(7.1) -
of dietary Family 5(27.8) 4(22.2) 1(5.6) 0(0.0) 3(44.4) 18(6.4) (<6 001)
information  Nejghbors 5385)  6(462)  2(154) 0(0.0) 0(0.0) 13(4.6) '

Friends 3(27.3) 3(27.3) 1(9.1) 1(9.1) 3(27.3) 11(3.9)
Books, newspapers, and magazines 4(40.0) 4(40.0) 1(10.0) 1(10.0) 0(0.0) 10(3.5)
Children's dietary habit education 21(31.8) 15(22.7) 11(16.7) 11(16.7) 8(12.1) 66(23.3)
Adaptation to Korean dietary 10(17.2) 8(13.8) 4(6.9) 31(53.4) 5(8.6) 58(20.5)
Lack of Korean cooking skills 18(40.9) 5(11.4) 10(22.7) 6(13.6) 5(11.4) 44(15.5)
Difficulties inati
o Coo.rdmatlon of meal preferences of all 22(57.9) 821.1) 6(15.5) 12.6) 12.6) 38(13.4)

) famlly members 125.535***
m;‘iiﬁg’g Financial burden of purchasing ingredient  20(69.0)  5(17.2)  4(13.8)  0(0.0) 00.0)  29(102)  (<0.001)
dietary life Lack of understanding of dietary information  4(15.4) 12(46.2) 8(30.8) 2(7.7) 0(0.0) 26(9.2)

Purchasing fresh ingredients 2(16.7) 5(41.7) 3(25.0) 2(16.7) 0(0.0) 12(4.2)
Longing for home country food 1(14.3) 0(0.0) 4(57.1) 0(0.0) 2(28.6) 7(2.5)
Safe management of food 1(33.3) 0(0.0) 2(66.7) 0(0.0) 0(0.0) 3(1.1)
Interest in dietary education 3.9£0.7°%9  37+0.7°  4.0£0.7°  3.0£0.7°  32+0.7°  3.7+0.8 2333 H

"p<0.001.
D All values are indicated as number (%).
2 All values are indicated as mean+SD.

% Values with different superscript letters (*°) are significantly different at p<0.05 according to Duncan’s multiple range test.
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Table 3. Dietary education content by dietary adaptation factors in Vietnamese marriage migrant women

Dietary adaptation factors

e i S
mixed type type (rtl};IIZ) type type
(n=19) (n=4) (n=5) (n=19)
Traditional Korean dietary practices  5(29.4)" 1(5.9) 7(41.2) 2(11.8) 2(11.8) 17(28.8)
Korean fermented foods 5(29.4) 0(0.0) 4(23.5) 0(0.0) 8(47.1) 17(28.8)
Korean cooking practice 5(45.5) 19.1) 4(36.4) 0(0.0) 19.1) 11(18.6)
Traditional Korean ingredients 3(33.3) 0(0.0) 1(11.1) 1(11.1) 4(44.4) 9(15.3)
Cooking safety education 4(50.0) 0(0.0) 1(12.5) 2(25.0) 1(12.5) 8(13.6)
Chronic diseases 2(28.6) 1(14.3) 0(0.0) 0(0.0) 4(57.1) 7(11.9)
Understanding nutrients 0(0.0) 1(50.0) 0(0.0) 0(0.0) 1(50.0) 2(3.4)
Eating a balanced diet 0(0.0) 0(0.0) 0(0.0) 0(0.0) 1(100.0) 1(1.7)
E:‘;i‘ﬂg:Sdi‘;;‘:;et:zpf;‘i‘gz“"n M 4120579 431050 4.6:0.5° 3.040.4° 3340.6° 3.940.7 ?2&331)

" Answered by 59 respondents with experience in dietary education; all values are number (%) with multiple responses allowed, and F and
p values are not presented due to multiple-response cross-tabulation.

2 Answered by 59 respondents with experience in dietary education; all values are presented as mean+SD.

% Values with different superscript letters (*°) are significantly different at p<0.05 according to Duncan’s multiple range test.
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Table 4. Reasons for not receiving dietary education by dietary adaptation factors in Vietnamese marriage migrant women

Dietary adaptation factors

Items A:Z;)lzlrlel:tlitz)(:ln Isllz:ag;;ttii)i Marginalization azzlsoi:t]fon aSs(;IIEIi)llaitiZn (I;l;ozt;) X ()
mixed type type (rtl}:,pi;)) type type
(n=80) (n=54) (n=48) (n=2)
Busy work schedule 17(27.4)" 9(14.5) 6(9.7) 29(13.3) 1(1.6) 62(27.7)
Due to childcare or household burdens  20(30.3) 27(40.9) 9(13.6) 9(13.6) 1(1.5) 66(29.5)
Unaware of dietary education 21(47.7) 9(20.5) 12(27.3) 2(4.5) 0(0.0) 44(19.6)
Long distance to the education venue 7(38.9) 2(11.1) 5(27.8) 4(22.2) 0(0.0) 18(8.0) 59.314™
Limited Korean proficiency 6(40.0) 2(13.3) 4(26.7) 3(20.0) 0(0.0) 15(6.7)  (<0.001)
Lack of suitable dietary education 6(46.2) 4(30.8) 2(15.4) 1(7.7) 0(0.0) 13(5.8)
Not helpful for dietary life 2(100) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 2(0.9)
Others 1(25.0) 1(25.0) 2(50.0) 0(0.0) 0(0.0) 4(1.8)
""p<0.001.

D" Answered by 224 respondents with no experience in dietary education; all values are presented as number (%).
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Table 5. Needs for dietary education by dietary adaptation factors in Vietnamese marriage migrant women
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Dietary adaptation factors

Assimilation- Integrated- . Passive-  Complete-
. . Marginali- . L Total
Items separation ~ separation . adaptation assimilation _ F (p)
; zation type (n=224)
mixed type type (1=52) type type
(0=99) (n=58) (n=53) (n=21)
) wel)?) b b a e 19.072"*
Healthy eating and health 4.4+0.7 4.5+0.5 4.2+0.8 3.5¢1.0 4.6+0.50 4.2+0.8 (<0.001)
. . . o . X 20.850""
Food hygiene and safety management 4.3+0.6 4.540.6 4.3+0.8 3.3£1.0 4.1£0.79 4.1£0.9 (<0.001)
Family 41 2.76***
Healthy eating for families 44407 4.320.6° 43+0.7° 2.9+1.1° 474048  4.140.1 (<6 001)
. N . . \ ) 41276
Korean culinary culture and cuisine — 4.040.7° 4.5+0.5 4.0+0.8 2.9+0.9 3.6£1.0 3.9+0.9 (<0.001)
. _ ) . . . . 22351
Korean dietary practices and culture — 4.3+0.7 4.4+0.6 42408 3.4+0.9 4.8+0.4 42408 (<0.001)
‘ ) . . \ o 57.399"
Diet and health 4.4+0.7 4.5+0.5 4.3+0.7 2.7+1.1 4.4+0.7 4.1+1.0 (<0.001)
Children sag67™
Diet and food safety 43+0.6° 45+0.6° 4308  27£1.0°  44+07°  4.1%1.0 (<'0 001)
. . . . . \ N 33587
Sustainable diet 4.3:0.7 4.5+0.6 4.4+0.6 3.1£1.0 4.5+0.6 4.1+0.9 (<0.001)
™ p<0.001.

D" All items were answered using a 5-point Likert scale (1=strongly disagree, 5=strongly agree), and all values are presented as meanSD.

? Values with different superscript letters(*) are significantly different at p<0.05 according to Duncan’s multiple range test.
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Table 6. Importance-satisfaction analysis (ISA) of dietary education programs for Vietnamese marriage migrant families

2

Dietary education program Importance Satisfaction p

1 Understanding Korean culinary culture 4.2+0.9? 4.0+0.9 2.476 <0.014
2 Korean cooking practices 4.1+0.9 4.1+0.9 0.831 0.407
3 Understanding and practice of Korean fermented foods 4.0+0.9 4.1+0.9 —0.988 0.324
4 Healthy eating for families 4.0+0.9 4.0+0.9 0.000 1.000
5 Nutrition management for infants and young children 4.1£1.0 41409 —0.668 0.504
6 Guiding children’s dietary habits 4.1+0.9 4.1+0.9 —0.406 0.685
7 Food hygiene and safety management 4.2+0.8 4.1+0.8 1.943 0.053

Total 4.140.7 4.120.7 1.293 0.197

*p<0.05.

D Differences between importance and satisfaction were analyzed by paired r-test.
2 All items were answered using a 5-point Likert scale (1=strongly disagree, 5=strongly agree), and all values are presented as mean+SD;
based on responses from 59 participants who received dietary education.
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Fig. 1. Importance-satisfaction analysis (ISA) matrix for dietary education programs for Vietnamese marriage migrant families.
Ist quadrant (HH): high importance/high satisfaction, 2nd quadran (HL): high importance/low satisfaction, 3rd quadrant (LL):
low importance/low satisfaction, 4th quadrant (LH) low importance/high satisfaction, 1. understanding Korean culinary culture,
2. Korean cooking practice, 3. understanding and practice of Korean fermented foods, 4. healthy eating for families, 5. nutrition
management for infants and young children, 6. guiding children’s dietary habits, 7. food hygiene and safety management.
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Macrophage-Activating Polysaccharides Fractionated from Crabapple (Malus prunifolia)
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Abstract

To confirm the industrial applicability of crabapple (Malus prunifolia; MP), which shows greater potential than conventional apples
(Malus domestica;, MD) as a raw material for developing immunostimulants, we compared the macrophage-activating effects of
hot-water extracts (MP-HW and MD-HW) and fractionated the active components to identify their characteristics. MP-HW significantly
enhanced the secretion of macrophage-activating factors such as NO, TNF-a, MCP-1, IL-6, and IL-12, stimulating macrophages more
effectively than MD-HW. Subsequently, when MP-HW was fractionated into a low-molecular-weight fraction (MP-L) and crude
polysaccharides (MP-CP) through ethanol precipitation, MP-CP exhibited significantly higher activity than the other fractions.
Furthermore, MP-CP, the macrophage-activating crude polysaccharides, was further fractionated into four sub-fractions (MP-CP-0,
-I, -1I, and -IIT) using DEAE-Sepharose CL-6B (Cl~ form), with MP-CP-III identified as the active fraction responsible for macrophage
stimulation. In HPLC molecular analysis, the active fraction MP-CP-III displayed a nearly purified single peak around 115 kDa, and
its main component sugars were identified as galacturonic acid, rhamnose, galactose, and arabinose, suggesting that they are pectic-like
polysaccharides. In conclusion, polysaccharides derived from crabapple promote macrophage activation, confirming their industrial
applicability as immunostimulants.

Key words: Malus prunifolia, macrophage, immunostimulants, polysaccharide
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' Corresponding author: Kwang-Won Yu, Professor, Major in Food and Nutrition, Korea National University of Transportation,
Chungbuk 27909, Korea. Tel: +82-43-820-5333, Fax: +82-43-820-5850, E-mail: kwyu@ut.ac.kr
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A qlow, o5 HfHACE AxHozRE §5H A
EE2Z, JuAEE= 9 "e B4R S5 0] 3ltH(Paulsen
BS 2001; Cha 5 2021). °] & HE2 AEA|9] 13} A| L3}
middle lamella Afo]o] EA5H= Hi-¢- B4t 25 71 o
FFE AEE2 9 udER R0 H|g| 3 &= E
7H @ FEUo R HA 85T 5 Avk= o] At
(Wicker 5 2014). €2 galacturonic acid(GalA)7} a-1,423t
07 FXH homogalacturonan(HG) ¥ 7} rhamnose(Rha) U
GalA7} W52 0 2 AFE F4fof tpefet S 9 oy
271 &9 YA8t= rhamnogalacturonan-I(RG-1) 9 &
Shele Ao 2 deA QloH(Palin & Geitmann 2012; Zhao 5
2020), HG 99 FHE S xylose(Xy)7} Bi=r =2
22|11 FeE 2R 5}= xylogalacturonan(XG) 2 GalA7} a-
LaZgte.2 B4E Z0] 2270l % SR 220 9
At RGI Folo] FHH02 Ao} e A% LeiA
91k (Tang & de Vos 2025). £, H5i9] HelA B3k RG
Qi) B5g 724 BAo] 7| Ao FeA glo
™ (Yamada H 1996; Popov & Ovodov 2013), 0] &2 Alo]|E7}
ol S Bl A ZE E/dstste] AW HIAE B3t
Hog XEot= ACSE UHA Qlth(Minzanova 5 2018).
AN (Malus domestica; MD)~= T HE 24 Q| E} 7= 2HE 2 A
AAS W] YoME =2 WHRSHEE 7 SRS I
A v g2 ZA5)| Fofof 51H(Son 5 2013; Kweon 5 2016),
St M7 7o) o] FojA A oW W2 ke
4 7139 WA EO] =okA, HFA A AR {5l A
+ W% S825tHJung C 2021). WA, QFF Q1 AF4kS 9
A= e ALY AuiESCIY 85 5= 5l 4
o] o]FojAof S}=H|(Cho & 2014; Jung C 2021), ZAH}
(Malus prunifolia; MPy= tE2Q] =E42 4] | ZH(Rosa-
ceae) APIEE(Mauls)ol| &35l= AnWFCZ AHA Qth
(Shin 5 2021a), o= Wstel} 513 o] £, A3} A
o) 8534 7ok 1717k GAste] SEARA ST B4E
7} 1L (Ha & Shim 1995), chlorogenic acid & phlorizin 5 H
= SgE Alele] S0 e Wel s g
95t3 Qlom(Li S 2021; Shin S 2024a), 319=(Shin =
2021a), ASKJohn 5 2014), 49k E4J(Han S 2019), &3
Ir(Usta 5 2016) 5] thet Ae|g4do] K= Qiek. 71
S, ZAE BAL 559 A0l 5] AgozE Ao
SR EA) T, T A ko] o7)5 7 Yo v(Lee
5 202), 0] o BRE oS wjule Aol
Ty, B ATl E BATE AQY SHolA b
A% Eol7| 913 Wel I 715 242 B8] gt
BAS QRFFBMPIWT ZZOE A A5R2E
(MD-HW)S A5 &, tfAA| L 2443t 275 v w5ttt

AR - 3 = AEITIEIA

E, PAT G5FFERRE YA 4 0w A=
vhE o HYS AH AAE B FFE BT, of

S sl B4 AIste] WY B 7154 AAEA

of Ateld Apge] SR TRsHE AMSIA SHel
Mz o ey

1. ZAlL GeFEE0| =A|

B Q7oA ASH ZATE 32 F(Chunghuk, Korea)
oA AujElon, FE FAIE sl ATE2 SA 70T
45 7|(Iishin Biobase, Seoul, Korea)2 5435}, 52
IS Shin 50249 AT AT WO 947
(Hanil, Seoul, Korea)g ©]-8-5t0] wtafjgt & A4 &5t
Q0oFstd, T 208l (wiv)2] B 7FSHaL, decoction W&
°]-&-5ta] 95~100 T4 &mje] o] Arto g & w7hx] &
T 52 AP o]F, 2,500xgo| A 2087 LAE
(Gyrogen Co., Ltd., Daejeon, Korea)o}1l, 225 A5-S of
T}A](Whatman filter grade 1, GE Healthcare, Chicago, IL, USA)
o oatste] E8A JAES AASHAH. A= A &
Z7](Eyela, Tokyo, Japan)& 539l =%t &, 524X (lshin
Biobase)E Zdi5to] ZA} F4-FEE(hot-water extract of
MP; MP-HW)2 XA ch RO 2A F5 F50A A
W8 APl SUR O Aelstol AT 2
ZZE(hot-water extract of MD; MD-HW)Z ZA||5}0] o]&-%]
ATH(Fig. 1).

ol ol

2. RAW 264.7 M|ZZF9Q| CHAIM|IZ XI= &N

240 o] &H HR-A [ tHANESR] RAW 264.7 A2
= SHEA|EFL2Y(Korean Cell Line Bank, KCLB; Seoul,
Korea)ol| /] Y4=51990H, vF HiA]+= Dulbecco’s Modified
Eagle Medium(DMEM,; Hyclone, San Angelo, TX, USA)°f 10%
fetal bovine serum(FBS; Gibco, Waltham, MA, USA) ¥ 1%
penicillin/streptomycin(GenDEPOT, Katy, TX, USA)& 37|t
3, 37T, 5% CO, Z79] uj9F7|(Thermo Fisher Scientific, Wal-
tham, MA, USAIA ¥obg aisiotet. dlasE 412 24
& RAW 264.7 A|ZZFZE 8x10° cellymLE 96-well plateo]] Z+z+
200 LA B510] wjepr]ol A oF 24417t Bek A XS s}
AZT o, WoF AEAS WE AASL, seum-fee
DMEM(SFM) 180 uLe} Al&E 20 pLE H715k0] 24A)7F S0t
Aufgstadet. Alm Ao wE Al E=5/4dL 3-(4,5-dimethyl-
thiazol-2-yl)-2,5-diphenlytetrazolium bromide(MTT, Invitrogen,
Fugene, OR, USA) AJ2kg A 2lako] 24515100, 4|2 24
2] aH(negative control; NC) TH] A ZAYE-E(cell viability, %)=
YERHTE ESE Ale A & AFAFE AR Ax(nitric oxide;
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NO), tumor necrosis factor(TNF)-a(Inivitrogen), monocyte che-
moattractant protein(MCP)-1(BD bioscience, San Diegom, CA,
USA), interleukin(IL)-6(BD bioscience) 2! IL-12(BD bioscience)2]
B2 griess assay(Tursun 5 2016)Q} sandwich ELISA WIS
o|-8s5}o] BEA5199 0, o]% ZFZt sodium nitrate 2 reference
protein® = ¥F TAS 118 g AL

M

3. FHEM 4 0|2wE J=20IET2Hm|o] oI5 &M Ct

|é|.

HI
Jtok

WA, ATpart AT B0l $4T Bt AriE
=(MP-HW)Z &30 S/l &3liskal, 5ul9] 95% F4=
H7yoto] 204 oFFa 3t WHAIA AHES Bkt
o)%, RULE B AREL Bostel A £Fe) BT
o] 83}5}al, A (molecular weight cut-off 12,000~14,000,
Sigma-Aldrich, St. Louis, MO, USAYS ZYs}3it}. o| &, B4
23} oo 749 A7 B9} BEY SAL 55 0 52
Azxslo] MP-HWZEE 227 2ty & (crude polysaccha-
ride; MP-CP) & %22} &2 (low molecular substance; MP-L)

Belsloic. o), AHIE B0l 94T MP.CPE S5
42 HY3}E DEAE-Sepharose CL-6B(Cl™ form; Amersham

Contral
(Maius domestica)

- Add 20 volume of deionized water

Crabapple
{Malus prunifolia)

- Boiling to the half volume (decoction)
- Centrifugation (8,000rpm, 20 min)

FARE R hAAlE 8 oY

Supernatant

- Concentration

- Lyophilization

Hot-water extract Hot-water extract
MP-HW (12.7%) MD-HW (12.8%)
- 80% ethanol precipitation

- Centrifugation (8,000rpm, 20 min)

Precipitate
- Dialvsis (cut off 14.000 Da)

- Concentration

- Lyophilization
Crude polysaccharide
MP-CP (6.1% of MP-HW)

- Dialysis (cut off 14,000 Da)
Concentration
- Lyophilization

185

Bioscience, Uppsala, Sweden)7} 545 (40300 mm)©]|
BA71T, NaCIS ol8le] BAHOR 718718 Hofs)
R LCCE R PECEPUEE
(MP-CP-0, I, -II & -IDZ EFsI3 o, o|& B4 5=
FAAZXS B4 o]- 8= AthFig. 1).

PO A ST o

4,
WAME B4 zogeBozne Bay cgEre)
Bxe BXE 245}7] 98] Table 12] 2L EThE high
performance size exclusion chromatography(HPSEC)S AR5}
of B4 AYaI3ITHleong 5 2024). ARE AP HER
3] 5}al, PVDF membrane filter(0.45 pm, Jaema Trade Inc.,
Gwangwon-do, Korea)S AF&-o] ojzhet & B Ajo] o] 8]
9o, BZEZL galactose U TFATH =% 9] pullulan(Sho-
dex, Tokyo, JapanyS o|-85}9ich. 24 AT EEBAO
retention time(RT)E 53] EEIAS Ao, Al 79 RIS}
W] 75} kD02 AAFE|ST}

5. TME U TN BE
olewg AzuE 1] o8] HalEl 47) SEMP-CPO,

Precipitate

Supernatant

- Concentration

- Lyophilization

Low molecular substance
MP-L {(85.4% of MP-HW)
- Fractionation through Sepharose DEAE CL-6B (Cl- form)

- NaCl oM
Fraction-0

MP-CP-0(5.8% of MP-CP)

-NaCl0.1M

Fraction-1

MP-CP-I{11,7% of MP-CP)

- NaCl 0.2 M
Fraction-II

MP-CP-I1 (28.0% of MP-CP)

-MaClO3M
Fraction-1I1
MP-CP-II (18.7% of MP-CP)

Fig. 1. Fractionation of macrophage-activating polysaccharides from crabapple (Malus prunifolia).
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oY,
re
i

1,1 9 e] THEE Selsl] s FA, A, T
o & Sells ke BAolo] W Ut W, %
S olucose(Gle;  Sigma-Aldrichy S FZEAE  ALE5}o]
phenol-sulfuric acid¥(Dubois 5 1956)0] we} 45110, At
AL galacturonic acid(GalA; Sigma-Aldrichy S EFE24E 510]
m-hydroxybiphenyl' (Blumenkrantz & Asboe-Hansen 1973)S 535
AT 3L, Tl 3RFY] 79 bovine serum albu-
min(BSAYS FEE4E 51| BradfordH (Bradford MM 1976) 0.
2 Z2A5lg o, & ZoYs g2 15242 galhc acidS
o]-g-5to] Kim 5(2016)9] o= -ILJ‘—‘lo} o} §FA, 714

X Honda 5(1989) 2 Shin S(2021b)9] BHH-S E3) 144 o}cg
o, o]l QoF5lH Al=o]| 2 M trifluoroacetic acid(TFA; Sigma-
AldrichyE A 2]sto] 121Cof|A] 90&7t BESAIA aldose TE
H3ota, 0.3 M NaOHS} 1-phenyl-3-methyl—S-pyrazoline(Pl\/lP'
Sigma Aldrich)?} ¥k-g-5to] @dRol PMPE ZRMA|F . o<
2 FEAE S2HA717] /I8l 03 M HOS 71t & 575
2} chloroform(24} |uljlA)Z E2E 23511 & STHS 345}
11, PVDF membrane filter2 oj3}sto] 2A40f o]-8&|Qict. ozt
H Al&EE HPLC-UV A AL o]gsto] EAE]lon, 74 4
T= peak area®} response factorE- ©]-8-510] mol%= AXFEILA,
AA|SE 242702 Table 1] LERHH:

6. SHNzZ
= Al¥E 33] HHEsto] BASIG oW, A= Hdl+H
M X} (standard deviation; SD)Z WEFATE thAIA| X 2= &
o] 72 SPSS 26(SPSS Inc., Chicago, IL, USA)S E3j
Student’s t-testE ©]-&-5}o] 22} p<0.05, p<0.01 L p<0.001 5
oA 7oA 22 ASSoh B3, AR £4Y F

e - 8 AFAEAYSIIIA
&, B A (analysis of variance; ANOV)YE A A|5to] ZF =3

ZF 7+9] 9-9J4& Duncan’s multiple range testZ p<0.05 5
o4 §ol4 Seg Bl

Zat ¥ &

1. ZAlD} 2 Alne] CHAIMIZE X2 &M H|mE7}

B oA ARSE RAW 264.7 A EE= ul-o-A Haf o4
A, A4 H1e AANA HYHA 4TS Y5, 9
B x10]o] 3} Hlo] 7}s-S oﬂoh:}(Yu%z 2). E3h &
AshE AN ELE NO L Ato| E7FQla} 7+ Eﬂ ME &+
Hsto] A 24eks =k, oF 22 REH 55
iﬁ—ﬁ}h Qe Ftch(Park 5 2016; Son —‘3— 22) fﬂra‘rﬁ,

2 AFolA= A dHA NN AYAA TS F5h=
AAE EAS 2= RAW 2647 A ZFE 53 ZAY
(MP)2} AFHMD)S] A A B3-S H|wsto], ZAtzte] |
A 2443} 715 2AMEAY & 7S Blastaat of
At} WA, A& o] k= RAW 264.7 A|ZF0] A2 =4
7} A7} Fig. 2A0] YeRith iR Lo 2 AL etk Afat
o] I$FEE(MD-HW)S 0]-831¥.2H, 250~500 ng/mLo]
B HYoJA NC iR tiH] 80% o]4f Al &g 3t
I8}, Lopez-Garcia 5(2014)2] Aol wh=H, fj2 o
H] AL 280l 80% oA uf, A7 o i3t EAo]
Ueh}A] okt B aE T 9lom, AA|SH ln_rc @HOﬂ/\i
AN Z 45} 9l 5t
Rt WA, HAA W Q5 é gl EHOP xﬂlﬁ H*°1 z
22 S35ty qEAQ HANE A5 A EE deEHA
NO /4= B7Fst Z¥(Fig. 2B)(Jung 5 2010), =

Table 1. HPLC analytical conditions for determining the molecular weight and component sugar

Analysis Molecular weight Component sugar
Agilent 1260 Infinity series Dionex Ultimate 3000
HPLC system ) ) . .
(Agilent Technologies Co., Ltd., Palo Alto, CA, USA) (Dionex, Idstein, Germany)
Superdex 75 Increase 10/300 GL YMC-Triart C18
Column (Cytiva, Marlborough, MA, USA) (YMC Co., Ltd., Kyoto, Japan)

300x10 mm, 8.6 pm

Column temperature Ambient
Flow rate 0.5 mL/min
Eluent 50 mM ammonium formate (pH 5.5)

20 uL
Refractive Index Detector (RID)

Injection volume

Detector

(Agilent Technologies, Palo Alto, CA, USA)

250%4.6 mm, 5 ym
30C
1.0 mL/min
0.1 M sodium phosphate buffer (pH 6.7) :
83:17
20 uL
Ultraviolet detector (UVD) at 254 nm

(Dionex, Idstein, Germany)

Acetonitrile
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A B C
140 - . 50 ] . 10 )
z D250 pg/mL @500 pgy/ml. g 250 pg/ml 5 500 /L = 0 250 pgfml 2500 pg/mL
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B ey = 40 | i S ® T
= 100 —— L 3 : = sp ww
ﬁ | o | *_,, ?ht = whx 1
S g0 - g 30 r | g 6
-— 7] EL) -
ERT) 3 IE5] 5
g = 20 s o 4
B = ' o
+ 40 & o
r- = i =
& £ 10 4 E 2 !
_;: 20 - = e
2 |
=4 0 o ! | ;- 0 pP— 1 i)
NC | LPs MD-HW | MP-HW | NC | Ps MD-HW = MP-HW NC LPS MD-HW | MP-HW
Control Hot-water extract | Control Hot-water extract Control Hot-water extract
D E F
40 r 1250 pe/mk 500 pg/mL 20 1400 0250 I O 5040 g/l
—_— L m 1z ml [ B - 1 25 ml 5 ml
~ g .u e 01250 pa/ml, 1500 pg/ml, = ng/m rey
= ta oy Z 1200 o
- =
2 307 b 15 vl = 1000 + i
=4 A | BN 2 FLLd
= 1 1 = =
2 . £ s 800 . wae
3 20 | —— 2 10 | ik = i f— |
= ' T | 2 g0
g = £ - w
- g B ’ |
- a " 400
s 10} . w 5 ‘ — ",T‘ I
= ‘ ”— = | ‘ = zoo
e
o | ! I | ! 0 I— e || [T ) —
NC | LPS MD-HW  MP-HW NC LPS MD-HW | MP-HW NG LPs MD-HW | MP-HW
Conltrol Hot-water extract Control | Hot-water extract Contraol Hot-water extract

Fig. 2. Macrophage-activation of hot-water extracts from Malus prunifolia (MP-HW) and Malus domestica (MD-HW).
RAW 264.7 cells were treated with MP-HW and MD-HW for 24 h, and both cell cytotoxicity (A) and the secretion of nitric
oxide (B), TNF-a (C), MCP-1 (D), IL-6 (E), and IL-12 (F) were evaluated. Results are presented as the mean+S.D. from
three independent experiments. Asterisks on the bars indicate significant differences between the negative control (NC) and
each test group, as determined by Student’s #-test. Crosshatch patterns indicate significant differences between samples at
identical concentrations. “*p<0.05, "*p<0.01, " p<0.001. NC, negative control; LPS, lipopolysaccharide (1 pg/mL); MP-
HW, hot-water extract of Malus prunifolia; MD-HW, hot-water extract of Malus domestica.

FOo & o]8% LPSE 1 pugmLe] oA NC tfR(18.5 2. Z2AI0 HeFESEPE 2E5H EEO| [HAME &AM
uM) THE] 393 uM(e] Ho, ARGETH AN E/go] 95kl d EARL EesEE
MD-HW+= 250 ng/mLo] & %of| 4] 22.8 pM(2F 1.2H] F7H2] (MP-HW)ol| 785 7ste] 313t oA <3t 2ehd

11’ o
A L U, MPHWE 250-500 bginl©] ] H2, 02 2 i o) Tk Bkl 5]
A 2907 MG LS Bhel BYEE el ol A werel Bgsiel sl i g
MDHWE T $45F 24 BIT 4 Qlsich. Eet TN A 2lekin 5 2010, 24K, & AP HE 249 53 o
MCP-1, IL-6 3 IL-12 59 lAlAE B4 AlolE7lel 44 B2 S| gstel @5aEE o2Re Rejd 2R
52 ulTe AT (Fig. 20-F), NO AT GABA SHAME BYS wlmstc WA, AR Helel B A
MP-HW7} MD-HWo H8} BAZ O 945 BhAAE & 42 W S Fig 349 ek gls], MPHWS} o]
2 AL Bolk A0E FRATQT John Q014 AF Rl BT AEA I ECFFEBMP-LI MP-CPYE 100 g

>
d

OI

o 2w, ZAr} Alto] vlg] St ot W Z& s /mLe] oA NC 22 tH] 80% ©]Ale] NZ AZ8S
Tt ZE*% AJEo| FHato] ibst &go] G =T 5 Hoj A7 Ao fE NEEHS LH:JrLHXl 2SI
ASS AABHRE], o] gt o] B Ao HAA & o} ANl &4 B NO A6 E4I3 Z3k= Fig 3Bl

4
S1o] BOISHEA), ol T WAVRRO] IS S ehiiglis], MP.CPE NC EFS i) ] 698 1Mk
QU3l7] giotol MP-HWe] B33} 3 A BAS Wb 2809 B7ho] ARSS Ho o gm}}ol LPS®} 9413t 52
st gALRL BYuA S 29 el v, ML W W 46 1M(e} 1L89] S7he)
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Fig. 3. Macrophage-activation of subfractions from MP-HW by EtOH precipitation. RAW 264.7 cells were treated with
a subfraction isolated from MP-HW for 24 h, and both cell cytotoxicity (A) and the secretion of nitric oxide (B), TNF-a
(C), MCP-1 (D), IL-6 (E), and IL-12 (F) were evaluated. Results are presented as the mean+S.D. from three independent
experiments. Asterisks on the bars indicate significant differences between the negative control (NC) and each test group,

as determined by Student’s #-test.
concentrations.

Crosshatch patterns indicate significant differences between samples at identical
“#p<0.05, T p<0.01, " p<0.001. NC, negative control; LPS, lipopolysaccharide (1 ug/mL); MP, Malus

prunifolia; HW, hot-water extract; L, low molecule; CP, crude polysaccharide.

NO /35 Ech &3 ol eHd A2 4 58
SAAA 7] AY §hEo] F83F 4TS oh= TNF-a B35
< g9I3t AFKFig. 3C)(Cho 5 2018), MP-CP= NC thR+0.2
ng/mL) THH] 5.1 ng/mL(25.54] ~7})91 BdsZ EO% MP-HW
4 MP-Loj B|s| BAXCE = S LERAT
o Uo7l GeltE HlRgh %0—&1*1]3-&4 OI% éﬁo}oﬂ A
g3l A vﬁ?} A3}FS- 5= MCP-1(Deshmane 5 2009), B A
29| B35} X, AIZ2EY P 33 € tE AoETRI
I FE A& 5 UFT 715 ¥5ke [IL-6(Cha 5 2010) H
natural killer(NK) A ZE g43}6ta, Thl HY ¥He-S 8135}
o, Alzz/g o Edof et s 58 =l Alx W

AA gt aHo R &5 Holg Xk AlelE7IRL
(Kim & Shin 2014)Q] IL-12 E3F NO A5 AT} SAF6H
MP-CP7} MP-HW % MP-Lo]| H|5f| --4=3F &AL 24=2] &
‘d= Holi= A0 & Yehylth(Fig 3D-F). wehA, o] 27t A}
2EHE A deFEERT 4t AR 4S8 HIld

MP-HWE Eejilis 2 SehiicolSA|o] ARA JRECH
ek 2)20] FRHUY T He T i) 318} 2
o 71918H RO SelElol, o5 FH5H] il ol
& FzrET NS B9 LS BIstud stk

3. ZCIEER9| ol2wd J=0tETIlE S8t 28

ol2wg ARWEIHu= S 9 B ARVE T T
o] 9 E 7|5k R gt ol B Fol WA o-&
Sto] o &2 o thgo] Zh= o] 24 24 ] et &
2l5hs " 2=, DEAE-Sepharose®] 0] w8 mjA|E ©]-&
St ST % AMY o vleol ThE uge st
Agsittal EAlE AL QITh(Ren 5 2019). mEbA, 2obg 2
MP-CPERE &4 U £25t7] £18 DEAE-Sepharose
CL-6B(Cl™ form) &0l AY A2HEIHHE AREoto] &
2] 9 ZAIE SFSHATE 0 MEE 2 MO NaClg BAH 0=
A 8-S, 479 &9 dhlithgolu thgo] 7|2
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RO EA S, AT B TES EASko] ThE g7

E53}99t}. MP-CP7} 2-8-% DEAE-Sepharose CL-6BE &
o) 35 Fe] k4R Lol Fig 40 L 04
M ole] 3ol Solel 1=} =R sk v
2], MP-CPe] Lol malij] Balg So) 828 4] 2
F2 NaCl9] 5o wet MP-CP-0, -1, -1I ¥ -MIo| it} E&9]
TR 4 AT MPCP0 S-S o] BRa v,
MP-CP-I, -IT & -l SJE-& MP-CP-00]| H]3 AT Fhao] =
2 Bro 2 BIES Jin 50129 A7 w=w ol
@ SRulE T A2 O golos o) Ay tkng
22T 4 3loH, 02~0.6 M NaClZ 8&% &E0| galactu-
ronic acid(GalA)—E— F FAGOZ 5}o] rhamnose(Rha), arabi-
nose(Ara) Y galactose(Ga)Z TA3H A oS 3513
wfetA), 2 Qi70] Azjol A AT MPCPe] §5 X zrfelo]
A% 0.1-03 M ZEol|A] ATo] T4 2713 A2 MP-CPo|
G 414 SHGUL $eIE A0 Y 4 Gsiek ol
B8 JRE AL AT B WS B )

wet I20ETMn 2 2El=

Jok

=2o| [HAMZ &M

ol2wg AZuE I E o]gsto] EZH MP-CP-, -,
A1 -119] AN 2= B8 71610 H, 10~50 ng/mL
9] FollA oAl Al EA2 FRIEA] A9k THFig. SA).
NO 2H|5 37} A3Fig. 5B), MP-CPER-E £=3F MP-CP-0,
41 E I EEL RE ETofA] BE-0]EA Q] NO HH|5-S
I 4= I%=dl, MP-CP-0= 1050 pg/mLe] FZofA NC
22,9 M) TH] 12.2~35.0 uM(2F 4.2~12.18] 7D 25
S NO £H]5-5 YERH om, MP-CP-III FEof|4] 0|2} fAkgt
12.6~29.3 uM(SF 4.3~10.180)S] NO £H|5-S YERth o0
2, INF-09] EH|5-2 BA5E A3KFig 5C), MP-CP-1II $]£0]
10~50 pg/mLe] HToflA] NC TR the] 2.2~12.9 ng/mi(2F
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Fig. 5. Macrophage-activation of subfractions from MP-CP by DEAE-Sepharose CL-6B (Cl™

form) of anion-exchange

chromatography. RAW 264.7 cells were treated with fractions isolated from MP-CP by anion-exchange chromatography for
24 h, and cell cytotoxicity (A) as well as the production of nitric oxide (B), TNF-a (C), MCP-1 (D), IL-6 (E), and IL-12
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patterns indicate significant differences between samples at identical concentrations.
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negative control; LPS, lipopolysaccharide (1 pg/mL); MP, Malus prunifolia, CP, crude polysaccharide; CP-0, 0 M NaCl
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Abstract

This study examined the impact of Artemisia argyi extract (AE) on bone health using a mouse model of ovariectomy (OVX)-induced
osteoporosis. A total of seven sham-operated mice and twenty-one OVX mice were assigned to three groups: control (OVX),
estradiol-treated (E2, 10 pg/kg), and AE-treated (100 mg/kg). The treatment lasted for 12 weeks, during which body weight, food intake,
hindlimb thickness, grip strength, and various bone parameters were recorded. Dual-energy X-ray absorptiometry (DXA) was employed
to evaluate body composition, bone mineral content (BMC), and bone mineral density (BMD). The administration of AE significantly
increased BMC and BMD compared to the OVX group, with no notable changes in body composition. Although AE did not enhance
hindlimb thickness, it did significantly improve grip strength. These findings indicate that AE selectively promotes bone metabolism
and may serve as a potential functional food component for preventing osteoporosis in postmenopausal women.

Key words: Artemisia argyi, ovariectomy, bone mineral density, osteoporosis, phytoestrogen

M OE ojfgt THAT ¥ THATE APety fAsk] A%
oheket o] AlZE 9lom, E5] H7F & Sth55(post-
AL ojA Ao 7)o £Q3F Askdog Ui 7| menopausal osteoporosis) %2 ATt 7|57 AlFAA 7ol
of AUz 918 0T EEel oAERA Hulsh FA5 7 chet lo] 27151 Ark. o]} 2L Aeld HslE ey
ZolEA et Je)d wsp} SubEthCamporez 5 2013). 5 Y A (ovariectomy, OVX) B2 o AEZA A
53], ¥74 o]%ofl= =714 % (bone mineral content, BMC) X o ot & &4 9 AT A2E B9l HE * o449
=4 % (bone mineral density, BMD)7} ®}2A] 7451, St FHE ZAE 5= Q= dEAQ] AU 55 ZEE 9T
Z gA Qdo] A5 &5k, ZAlo]| =2 (skeletal 8531 TH(Yousefzadeh 5 2020; Maria 5 2024).
muscle mass) 749} 28 A5l& o|ojR|= L7 AZ(sarco- o A (drtemisia argyiyS =SHlo] &3l thAA] AEZR,
penia) .= S| AT 4= Qlo], o9 4F9] A Astet WA & ot o g = By X8 W XEA| o8 o 7|7k A
=4 5 A% 17 ZAE o]ojd 4= SltkBlack & Rosen |50 o, o= vt A JEo] aE 4
2016; Charde 5 2023). E2A4 71548 AF LY YRR FEUI Yok (Wang 5
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2024). E3] drtemisia 4 A2 A} FAZE, L, H B
3 9 gt SAS A et ek aapt HaEof
912 W (Kim JS 2016a; Kim JS 2016b), ¥ Ao A= phy-
toestrogen-like &AS 7}A AHo] ZA o] g5 A, JAE
27 293 e 499 oY e B Xm0 &8 7t
5S40l A|7|=E1 th(Zhang 5 2023; Inpan S 2024).

£ A2 o]Ho] Alo] ke Rt uRe-A RO Artemisia
argyi 50| A5 AAE ST FHIRE s UEhdS B
St v} QIEkHan 5 2022). 124 7]&E As = chARES )
A gato] FRtE]len, & 17 /A aatol thsiAl= of
5] =R ZoUth olof] & AollA= OVXE fd =
5% IR HES o]-8510 drtemisia argyi FEE(AE)2] &
7% W BaE grtskal, H747] o149 S5 7= 9
et 7164 AlE AAEAY 7HsAdS FRlstaA}t skeith

R

1. MHEE U AIS =2

AP TES 8539 C57BL/6J A th-AF ARESES
™, WA A ZF(OVX model) 217H2] o} T4 B EA] el
(sham model) 77}2]E S H I TE=(AZ, HET=)ollA +
Aslo] 10¢7F Lutk AL (Lab chow)E A-SAIAH WA &
Al A HA E2HOVX, n=7), estradiol(10 ngkg) Fo
(B2, n=7) L Artemisia argyi extract(100 mg/kg) F4<~(AE,
n=7)0 2 FEHFoIrh OVX nheies & 25 SHEH AY
= AIAsto] & 1233 ARSSEITE. Estradiol?t o 55
< et SR &ofiste] TS AR F, AlFo o
5ol &d|(gavage)s ©]-&5to] 7 FoIsiict BE FES
12A17F 437112 h light/dark cycle), &% 2242TC, F&
50£10%2] ZANA ARSEQ oM, ARt B2 AF-EA A
Hole s sttt £ A= AEHety A4S YY
3l0] 5U(RIHS: 204-0274)S W0} 5= i,

2. Artemisia argyi extract Z=H]|

N (drtemisia argyiy> FF L] EZHoA FUsIAH,
ASE AZRAI= 300 gofl AR thE] 108 &9 SRTE
Z7ksto] 100°Cofl A 2417 B9 E 53 AAlsHT &
2.2 oj7}X|(Hyundai Micro, No. 22, 285 mm)E ©]|-8-5}o]
oj a5t &, ZHFs-Z7|(EYELA, Japan)S AM&SHe] SHiE A
Attt 55 HE 547 R (freeze-drying) TS AA =L
= gHsIom, HF FE2 13.2%310 o|FA dojHl S
SE2 Ao AMESH] A7EA] - 80T A Hashiet.

3. A, AOlMAE Z8 U AR &

NS Aol HFS Ad 71t 5t 253 HH o= S 6}

Artemisia argyi 9 FEEO| GAEA % BohEE 93} avt 195

Aot k20 AF W 9 AL AF S
71E3HAL, Aol AP IFT BaHer 245t
Aol B AdsE2 1243 57t EA4A] =5
St oA S5 BHZ AFeHA. A2 A3 A st
Ho= At &, 1,000<g, 4ToA 1523 ddEeste] 8
A& BYSIAL, Alge 24 A7HA] -70°Co] Hastgln
ddEE2 A7 A=A, A, <5, B)= PBS ]
FAE A &, €9 9 22 AAsk] FFhA

«

=

4. 2 X& sk

A
Ay

S T AT T @ SAAY d SEYAEHE 55
= ofAMA|Qk(o}AHA|9F, AMI5TS, AM202, Korea)?] A4 kitE
Agsto] e,

M

HI

5. 519X 2% SN W Q1x3 =3

Y F2 FRFA HAHA 2% FAS 0D 2

SlH Tt Q&2 (grip strength)-2 Digital force gauge(FGIN, M
Instruments corp, Korea)yS AM&-510] 347 23 & 45
05, 7} A7) gip gridE S Aol FHOT A
= 19 o g2 71E5tL, ol & AS(9 2= EAFsto] Nig
BW S92 kst

6. AMdE Y ZLUZ EA(DXA)

A TR T A E YO R o]Foy|Al XA 4
(Dual-energy X-ray absorptiometry, DXA)S ©]-835fo] HAJE
AR D AT SF71EFHBMC), U= (BMD)
£ S5t DXA 42 HAIE tide 2 FEgloH,
7wk A0 tE o|W|AE FHsto] Ao &gttt

7. 84 &4

2E Ay Hlo]E+= SPSS(Statistical Package for the Social
Sciences, Version XX, IBM Corp., Armonk, NY, USA)E A&
oto] BEASItE. ZF At H+HF Q2 X (meantS.E.M)ZE
wetrles, & 7+ Aol A5 Asl deRAREA
(one-way ANOVA)S AA|SI T ARSEA O 2= Tukey test
2 ol83lo] # 7t OEUEE SHHAT, OVXE e 2t
el aake sHls] S8 Dumnett testE F7H20%
Hg3AT}. WE FAN GUAREL p<0052 AR
Z9 ¥ o
1. AS Hst o Ao|MF[2F

1257 A5 71 &t AlF WekE RUEPES 2,
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OVXt-2 Shanr?oﬂ H3 AE AR A RE SR AR7HA
FOH0 R =2 AFS FAGHATHFig. 1A). E2 o9
A 623} ol5E OVXE ] Aol foIHoR 74
S19.0L}, AE Eol ol OVXa vlsto] Eg 2ol
7F UehA] skt 2F Alss 49 Al 71 IA 5
U3t TS HAT(Fig 1B, 10). Aol F T2 OVXo]
Sham7H T} F-olH 02 =9rol}, OVXtdt AE E= E2 &
of 7t Ztoll= R-2Iet Zol7F Iitk(Fig. 1D). o] whE 4{o]
A -8(food efficiency ratio)> E2 Foj o9t f-o]&d o= 7
aelglon, ARZOlAE Wslh B AStcHFie. 1E)
oj#gt ATt OVXOl 93 F=d AlF F7te olAER
Agon AT Az T4 % AN 24 S0t
ARG O AE RS AL 4] FAl S8
o=, 1 &AL 2 A E AR #st] F
44 GRS DU Aol 94 8 BE Aols Qus)
A B E v} QIth(Rogers 5 2009; Camporez 5 2013). & &
TFolA = E2 Fo] Al AlF 2E a7t YER, o3t o

2%

2 AT 4 YTk ¥HA, AES A|F 2 Ao 4] 2o

= A
=

dd
sz

[

¢

s

(A)

15 Weekly Body weight (g)

© Sham

25

20

#29 - =i -

o 1o]x] gko}, AES] %9 @0 ouA] o

=zq
‘l“

AR T 24 Bold 7%, B3] 2] ¥5E 7
S SrEsit

2. 85 NF 55

2% A2 B4 23 OVXES Shamzo] ¥]8) TG 9 TC
7t BT 02 S7FSHAtH(Fig. 24, 2B). E2 FofTt

qAe F Ax BF FootA MG oY, AE Fot
TGO A= OVXZT ZHol 7} G190, TCollA &= OVXt o
H] Dunnett testo]] A -§-2]3F ZHA7} SHlE] QI thFig. 2B). ©]
3t Aat= AEZF A A AL Adto]li= A|gHA 9l TS HolA
o REHOo R PF ZHAHE A 71T ThsE Al
ARttt o] o AEZ A Aol AHYA EdHS Fst
o] A £2 4 o] AR AEFE of7|diths 7|&E Hie}
A5} (Park 5 2017), E2 BFo] o]2|gt thAHA ¥iskE &
FrH o2 HASHeHS HojErh 8, AEE X AA 23

Feeding duration (wk)

(D)

Body Weight Gain (g/day)

Food Intake (g/day)

ole BoisHA] ghe ACR HolH, o]z AES| F82 284
ol ZtiAt /HAYS HAl AlARRIH.
(B) Final Body Weight (g)
35 b b
—T——y
0 a## a#t
25
§ 20
15
10
5
0 Sham ovX E2 AE
(E)
Food efficiency ratio
0.030 a
a
0.025
ab
0.020
0.015 2k
0.010
0.005
E2 AE 0.000 Sham ovX E2 AE

Sham ovXx E2 AE Sham ovX

Fig. 1. Effects of Artemisia argyi extract on body weight regulation in an OVX mouse model. (A) Weekly body weight.
(B) Final body weight. (C) Body weight gain. (D) Food intake. (E) Food efficiency ratio. Data are expressed as mean+S.E.M.
Statistical analysis was performed using one-way ANOVA. Multiple group comparisons were conducted with Tukey’s test

and are indicated by different letters (*®). Dunnett’s test additionally assessed pairwise comparisons versus OVX, and
significant differences are indicated as follows: #p<0.05, ##p<0.01, ###p<0‘001. OVX, ovariectomy mice; E2, OVX + estradiol

(10ug/kg); AE, OVX + Artemisia argyi extract (100mg/kg).
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(A) (B)
Plasma TG (mg/dL) Plasma TC (mg/dL)
100 150
b b
—— —
ab b.#
a# 125
80 a# a A
100
60
75
40
50
20 25
0
Sham ovX E2 AE Sham ovXx E2 AE

Fig. 2. Effects of Artemisia argyi extract on plasma TG and TC in an OVX mouse model. (A) Plasma TG. (B) Plasma
TC. Data are expressed as mean+S.E.M. Statistical analysis was performed using one-way ANOVA. Multiple group
comparisons were conducted with Tukey’s test and are indicated by different letters (*"). Dunnett’s test additionally assessed
pairwise comparisons versus OVX, and significant differences are indicated as follows: “p<0.05, #p<0.01, **p<0.001. OVX,
ovariectomy mice; E2, OVX + estradiol (10ug/kg); AE, OVX + Artemisia argyi extract (100mg/kg); TG, triglyceride; TC,
total-cholesterol.

3. =5 2 E20] ¥l8} 2 fhe Aol gtk A A E3t E2zo]
OVXZ-L Shamzto] w]o) 71 AL Fadte AFS B Al Shamo] $2UH 523 Zo] ¥5) AE o2l A
gout RS Qoith B2 Kofol oo 1t 28 BAZE  OVXZH SARE £ES XS] ol AERA BHL B

ovXztol vl fod o0& F7Fstl=tl, ol E23t Al HA| EUTh(Table 1).

Haz Qs =&d Ayo|th(Table 1). OVX-2] HlA Z|df OVX mEojA A2 A3 Aba 9150 Yehhs A
Z2 2 BE FQo)A Shamitol HIS| FoH o= F7I6tY 2 JAERA AP AFZHQ AIE BiEo| glon
om, E2 FojFoA= BE AW 24 EAZF OVXZEo| H (Rogers 5 2009), & AT A E OVXTLo|A F WAT7} ¢F
o golH oz 7FAsto] Shamit $E0F F|EE Lt AE 2vf F7Votal, Az FAZF @A6] HAadhe Fo] WEE
Fo]Ze OVXE ] Zd4 AP HJouy, Abtzozw AUt B2 B3 o3t ¥skE gAslele] o|AERA] f

Table 1. The effects of Artemisia argyi extract on organ weight in an OVX mouse model

(g/100g BW) Sham ovVX E2 AE
Liver 3.4440.05%® 3.18+0.13° 3.56+0.04° 3.4240.09%°
Epididymal WAT" 3.29+0.19°" 5.61£0.29° 1.75£0.20% 4.83+0.43°
Perirenal WAT" 0.130.025# 0.28+0.01° 0.15+0,02% 0.24+0.03°
Retroperitoneal WAT" 0.630.04*% 1.4620.09° 0.43+0.07*% 1.28+0.17°
Mesenteric WAT" 1.060.05° 1.89+0.11° 0.82+0.05%# 1.46+0.17°
Visceral WATY? 5.024+0.28%# 9.25+0.43° 3.2740.34%% 7.97+0.80°
Subcutaneous WAT" 1.67+0.11%% 2.96+0.17° 1.27+0.08% 2.71+0.27°
Total WAT" 6.73+0.39"% 12.2140.55° 4.43+0 455 10.37+1.02°
Uterus 0.45+0.06 0.08+0.01° 0.47+0.06" 0.11+0.02°

Data are expressed as meantS.E.M. Statistical analysis was performed using one-way ANOVA. Multiple group comparisons were conducted
with Tukey’s test and are indicated by different letters (“°). Dunnett’s test additionally assessed pairwise comparisons versus OVX, and
significant differences are indicated as follows: “p<0.05, #p<0.01, #*p<0.001. OVX, ovariectomy mice; E2, OVX + estradiol (10ug/kg); AE,
OVX + Artemisia argyi extract (100mg/kg); 1) WAT, white adipose tissue; 2) Visceral WAT = epididymal + perirenal + retroperitoneal
+ mesenteric WAT; 3) Total WAT = visceral + subcutaneous WAT.
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A A gA 22 S GIE JE5YtHPark 5 2017).

DXA 24 &8 A/d= £740lA OVXt2 Shams: T
H] AR A, ARG S7F AAYAAY HlE S71
£ HYhFig 3A-C). E2 o2 AR Z71 U A A1
HAE Sl Fot /A adE yEhd W, AE Fojit
OVXi} F-9]3t 2}o]5 HolA| AUt

oj#gt Adt= OVX EdofA Uehths AP thAF st
2, AERZ HFo] A& HIE anyor FAslst
L b AE: AAE 2F a3} AlsE L olst 2= 9]

9tk o AES] &0l ofjx] AR STl o &
ojFor 2-8d 7hsdE AAT
4. 54X 2% N Y oIz
WA, BB HoE 28 24 FAE AEEH, OVXZES
Sham:mﬂ H|sf BB, AFZE, 7}1}131 2 qEATE 5
29 49 TAVE So¥ o=z 7+AsIATHFg 4A-4D).
o]oﬂ et F 285 JA| T E0]E%0H, o= ovX

of o5 ZHFo] FEEHUSTS HolE E2 FojZ2 o]
oF 8 7HAE Q0¥ o2 F)EA|Z] HHH, AE Foj oA
£ VX3 SOl Apol7} LEREA] 9kTHFie. 4)
OVXZ2 Shamzoll |5} 9 37| 28 Tzt 3]
517 7H4s19.0, B2 SolZol Al ojeie THavt Saist
A 2 &= ATHFig. 5A, 5B). 1Y AE £ OVX-¥}
Hlmelo] 28 F7] sk vehA) elste of A 2
24 Ao}l AX| et OVXZLA 28 28 TA &
= ASE AL o AEZ A A o] ubiquitin - proteasome 73
thil g Bale 27s0] 19122 S rslris A
A X gtch(Pang 5 2023). T3, H|7 & o] oA &
=2 Ast7t 2115 v} Qlo](Black & Rosen 2016),

of F>
%r

SEl
AN 94_

™ =

Ho o h

(B)

100 50

(A)

LEAN (%)

b ###
80 b #i# 40

T2 - A= - Ae

FAT (%)

60 30
R

40 20

20 10

AT BEEA OVX F9] g

AL TA] HaZEt) B2 HEFoA = oo 2% AV}

SIBE oM, AL Rolg GTE Rol gof, 28 &

7he At & < %I o= AES] 28 713o] 25
Hot= w8 diAbe] FAEEo 9F 7hede ARt

SH, SHIEAE 28 A3 A H(grip strength)of| A=

FoIto] OVX tiH] frofet 4l HAth(Fig. 50). ©f

® 47 ARt 94 5
2

L AR/} 29 ZrHThs 7)aA o] dkS wE &
A2 AAKSI). oSt A= drtemisia argyi FEES &
2 Aol B717 RoIE 1) 2eo] ZBHETE AP A7
(Ho 5 20209 AR5, A7 201259 754 2]
A BAH 552 4 5 988 Holzth

5. BelEE U BUS

OVX+: Shamstof| H|sj| 29 diEZ 3 F& FA7 2
T FoHo® HAskith(Fig 6). E2 FojTolA= e #
2A7} §OH 0% BREG0H, AE FoIZIAE 50
B gl

£ AFolA OVXZe] HiEE %
HdoA Y= APl 27718 &4
(Yousefzadeh 5 2020). E2 FoFo]|A W TA7
o oAERAY ZET B B AIE A
T}(Maria 5 2024).

DXA 7]5t 2 B4 A7}, OVXZ-L Shamz thH]
FBMOZ ZdE(BMDY} RF FojFo=w 2t
(Fig. 7). Al/dHN= B2 Fof A] & A&7} F-o5HA
o, FE5E HZ AE T A= OVX HiH|
F3} FUES 25 FolsbA 7

£ AFolA AE Foje B 77 HIte Jido R At

= t

7

v

3

=
fu

3
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-
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%
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ml‘iﬂi“>ﬂilﬂ
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Fig. 3. Effects of Artemisia argyi extract on muscle weight in an OVX mouse model. (A) LEAN (%). (B) FAT (%). (C)
FAT / LEAN (%). Data are expressed as mean+S.E.M. Statistical analysis was performed using one-way ANOVA. Multiple
group comparisons were conducted with Tukey’s test and are indicated by different letters (*°). Dunnett’s test additionally

assessed pairwise comparisons versus OVX, and significant differences are indicated as follows: “p<0.05, *p<0.01, *p<0.001.
OVX, ovariectomy mice; E2, OVX + estradiol (10ug/kg); AE, OVX + Artemisia argyi extract (100mg/kg).
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Fig. 4. Effects of Artemisia argyi extract on muscle weight in an OVX mouse model. (A) Gastrocnemius. (B) Tibialis
anterior. (C) Soleus. (D) Quadriceps. (E) Total muscle. Data are expressed as mean+S.E.M. Statistical analysis was performed
using one-way ANOVA. Multiple group comparisons were conducted with Tukey’s test and are indicated by different letters
(**). Dunnett’s test additionally assessed pairwise comparisons versus OVX, and significant differences are indicated as
follows: *p<0.05, *p<0.01, ™ p<0.001. OVX, ovariectomy mice; E2, OVX + estradiol (10ug/kg); AE, OVX + Artemisia argyi
extract (100mg/kg); Total muscle

Gastrocnemius + Tibialis anterior + Soleus + Quadriceps.

Right Thigh thickness (mm/ B.W. g) Left Thigh thickness (mm / B.W. g) Grip strength (N / B.W. g)
0.30 0.30 0.15
b ##5# b, #itH b, ##t b ##4
a a
0.25 a 0.25
a
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2 0.15 E 0.15
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0.00 0.00

Sham ovx AE Sham ovX E2 AE

Sham

ovX E2 AE

Fig. 5. Potential impact of Artemisia argyi extract on skeletal muscle in an OVX mouse model. (A) Right thigh thickness.
(B) Left thigh thickness. (C) Grip strength. Data are expressed as mean+S.E.M. Statistical analysis was performed using
one-way ANOVA. Multiple group comparisons were conducted with Tukey’s test and are indicated by different letters (*°°).
Dunnett’s test additionally assessed pairwise comparisons versus OVX, and significant differences are indicated as follows:

#p<0.05, "p<0.01, "™ p<0.001. OVX, ovariectomy mice; E2, OVX + estradiol (10ug/kg); AE, OVX + Artemisia argyi extract
(100mg/kg).

Zo|l o}, BMCe} BMDE 9|4 0.2 ZHAdstd=H], o < ZAId B9 AA AFL viFgeR ASTt ges, 771
& ELUAE S AR Aol 7]AE 4= Atk w FA i opzt f71A @ S a2 FFIA Zdet
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Fig. 6. Effects of Artemisia argyi extract on bone weight in an OVX mouse model. (A) Left Femur. (B) Right Femur.
(C) Total Femur. (D) Left Tibia. (E) Right Tibia. (F) Total Tibia. Data are expressed as mean+S.E.M. Statistical analysis
was performed using one-way ANOVA. Multiple group comparisons were conducted with Tukey’s test and are indicated

by different letters (*°). Dunnett’s test additionally assessed pairwise comparisons versus OVX, and significant differences

are indicated as follows: "p<0.05, "p<0.01, *

+ Artemisia argyi extract (100mg/kg).

o A B 2ol REA R FUlstH S, AA|
FA #gtE AZEA & 4 Aok v, DXAR St
BMC®} BMD= # Wl 7714 7o S3te A Aol
2, AE7} Z J& 5 7713 diAe] A- o= 7|o3Z
< Ut A& & A AAIR OVX B o]-83t
A3 Lof| A Isoflavone H-F0] bone weight®] Hsl= T3]
512 FoHAE, DXAU micro-CT A HOJA = A7 7|4

A3V B3 v Qltk(Inpan 5 2024). TS, Artemisia argyi
7} estrogen 422 92 U A} FjAo] 7)ojsitis HL Bl
(Zhang 5 2023)9}= Wj=hg o] T} DXA 422 AEC]
Y A4 B AP A4 § 2095 288 7154
2AE 28 5 AE TPsHS AT,

AES] BolA M Tk S8 £ e, 1 710e
of) s YrelAIA] gigtork olAE A TRl Ho] i
Aoz FAAFS 754 WA 4= gt Morabito 5 2002;
Sansai 5 2020). & AL Ail= AR} HA & A4S 01]‘:”011
71908 &= = A S Bolsr, % A 714 48

93t 371 A7t Bt

#9<0.001. OVX, ovariectomy mice; E2, OVX + estradiol (10ug/kg); AE, OVX
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ol AFol A SRIE Artemisia argyi 2= & 74 7
A Bihs AP AFolA Eae Fuvt 9 §¥F5 57K (Han
S 2022)9F AA ) ol 4= Ak F, AFRA Y S v
AAE S A A a7t & AR 2Eo = 7o 7}
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Fig. 7. Modulatory effects of Artemisia argyi extract on bone composition in an OVX mouse model. (A) Representative
whole body in live DXA images. (B)~(D) Fat and lean analysis of whole body by DXA scans. (E) Bone mineral content analysis
of whole body by DXA scans. (F) Bone mineral density analysis of whole body by DXA scans. Data are expressed as
mean+S.E.M. Statistical analysis was performed using one-way ANOVA. Multiple group comparisons were conducted with
Tukey’s test and are indicated by different letters (*°). Dunnett’s test additionally assessed pairwise comparisons versus OVX,

and significant differences are indicated as follows: "p<0.05, #p<0.01,

##p<0.001. OVX, ovariectomy mice; E2, OVX + estradiol

(10ng/kg); AE, OVX + Artemisia argyi extract (100mg/kg); BMC, bone mineral content; BMD, bone mineral density.
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Abstract

This study analyzed the changes in quality characteristics and functionality of Cheongsoo fortified wine based on aging temperature
and duration. The pH levels of Cheongsoo fortified wine ranged from 2.85 to 3.23, and total acidity was between 0.56% and 0.80%.
After fortification, the soluble solids measured 14.7 to 15.8 °Brix, while the alcohol content remained stable during aging, ranging
from 21.9% to 22.2%. Color analysis revealed that lightness (L) decreased more rapidly at higher aging temperatures, whereas redness
(a*), yellowness (b*), hue value, and color intensity increased, indicating a deepening of color during aging. In the free sugar analysis,
fructose levels were between 41.96 and 42.22 mg/mL, glucose ranged from 15.68 to 17.88 mg/mL, and sucrose was found at 0.64
to 0.88 mg/mL, indicating that sucrose remained as residual sugar. For organic acids, citric acid levels were between 0.022 and 0.039
mg/mL, tartaric acid ranged from 2.715 to 3.133 mg/mL, malic acid was between 1.126 and 1.265 mg/mL, and lactic acid measured
0.172 to 0.173 mg/mL. Aroma analysis identified a total of 32 compounds: 6 alcohols, 17 esters, 3 ketones, 3 furans, 1 pyran, 1
acid, and 1 ethane compound. This study highlights the potential for developing premium fortified wines from Cheongsoo and suggests
that the findings can be applied across various sectors of the wine industry.

Key words: Cheongsoo, fortified wine, quality characteristics, functionality

U= 3t 2pEsE gt 75 4de AW A AAZ R W 4H]
A5Z SESH ek =W 21 4RI ofF] 27| @Ao]
ORI A AAHCE thofst F353 AxH, /44 279 L, i AR 2] 943 Eﬂﬂ' 2pdete 7]sAgol gk
et 2535 Ut &, 75 A= _1__,_7}7}11 AZEE A ilo] F7tehH, A9 EARES &3t Zejn|y ekl 7
gujAsta qlch E3] 3735} 9l (fortified wine)S ¥HaE o] &l x| 31 uth(Park HI 2020) 1% A4(Cheongsoo)=
T 2 98 3o ¢FS(FH)S F7et] E4E =0l 19939 521854 SH U EZ T o] A Seibel 9110}
HRE FHTOEHN 579 FHe w2 AGES ﬂﬁfe‘l 'Himrod Seedless & WHISto] S/4% FF508 w2 9=
g.d ]E‘r(Abreu = 2()21) EH:H._Z-]O] 22471@]. 9].0]2 HP_—Q = 24146} /\}E -;L—aﬂ gg-a] oku]f:; 7};(}_]_ 101 Q_o] Xﬂ}_Oﬂ ;§|
F8E JUlsto] 22 dA A/ER ZE(Port), HHE & et = i F52 8 F7HM=tHKim 5 2012).
F73Z A7Fsto] E2tolgh Ml (Sherry)2} bhe]| o] 2H(Madeira) T4 7% oI Isko] dFE FgH b T YiE
S0] 9o (Abreu 5 2021; Perestrelo 5 2023), Yyt AE o %}7]7P A7 g /o] 7hssi, £4 ol 5537

' Corresponding author: Hyang-Sik Yoon, Senior Researcher, Wine Research Institute, Chungcheongbukdo Agricultural Research
and Extension Services, Yeongdong 29151, Korea. Tel: +82-43-220-5870, Fax: +82-43-220-5879, E-mail: aroma67@korea.kr
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Fuloh 754 Aol westth B3] ohol Aetdlo] ujet
&4 &, 717 BE WEE), 74 2 FY W7 AL
Shole] o1, A, AT, R 9 BeldlE G, GAks
24 5ol AR FFS VAL F2Y 800F LA
9l th(Abreu S 2021; Ribeiro 5 2023). =473} Qlolo] 24
& 44 EL oele) ohebs Wake 2Aste] gt )

FRE ol B, 7157 Rl M fA0IE Sag
g Wt
e =

F73}E eRlef 3t A= A2 o]F0jA
A 9Fa1 9low, 7] ol et AFE hFE AR A&
g7boll 223 Slof, £ IolAle] Hstel 4 2
et A7 BESIE B9 A= A oI Ax 9 s
B7toll 230l HHA Ao, A%} Rl E A|Z5}o
&/ 228t 77t e 54 ¥g} ] A8 9 Akt
5 715748 AR ¥aE AAY R A% Aqs Hotk
7] o]FthPark S 2021).

wHbA] B oM I 84 EE9 A

373 &Rl AlxsHAL, o]E ohfRt &9t 7|7t
w2t &Aste] £ EAT 754 HIkE EAI5kaA gtk

WE X

o
Of

>
o
=
HU
#a
=

1S ABTLOR, B G5E T A
oA TG AL ol gLk H AR 20049 A4

2 8% A YR 09T A8HE WAt 915 vekgol

A& (Institut oenologque de champagne, Mardeuil, France)
S o]-&olHTt. el AR Al EXE Saccharomyces cerevi-
siae(Fermivin 7013, DSM Food Specialities B. V. Nertherlands)
£ ARgste] e s AlESIAT 4 A9 Sigma-Aldrich
Co.(St.Louis, MO, USA), Junsei Chemical Co.(Tokyo, Japan),
Merck(Miinchen, Germany) S-o|4] F+43st 55 % HPLC &
T Aok AHgIT

2. ¥ FEIE 2l H=

B 774735 AR A=E A F 2 500 kg A7
utfsto] Fol&71E AASHL W8T Tasid= 600 Lo
TR REF(EES, T A 52 2 B3 HEBK
ACIALAZEF), =22 26°Brix7t HA 25ttt 11
T Alohd it LATAE ASH 100 mgkge] HERS R4
452 AFsIAIL, A2 SAZE & AR URDE 200 mgkg
A 2]5F At (Yoon 5 2016). 2 AFolA AMGH GRS T

A3 EoflA 307 7HF SRS ARl & FEStalon,
B 2L+ 18TE Al 93 a8 7|7t 5 WY 23]
¥ AojFwA YATNHES VAL, FEot 12Brixv}
95% 7 (Bthanol Supplies World Co., Ltd, Korea) H7}s] &
=g SEE 200 HES sttt 9 F gRsieon, ¢
B 5 Aold] 202 §7 973L Axsiglen], Lxel
717t W& &4 AS 918f 500 mLol B F 27 10084
AF230°C, 40°C(WiseCube®™ Temperature & Humidity Cham-
ber, ScilLab Korea Co., Ltd, Korea)ol| A 67 59 <=AA]71H
A et 248 AR gt

N

1) pH, B4 B g

2}919] pHE pH meter(Thermo Scientific Orion, Waltham,
MA, USA)E ©]&sto] A3, S4 AR 5 mLof] &
Fo 5 mLE Jlelel s Azol HEredel g
23422 Hojmd 3, 0.1 N NaOH 890 & pH 827} &
L AHE FWROR Slof MY, o] A¥E Fo
28] tartaric acidol] AL 7144 A%E olg3to] 24
o2 Uet Ao 2 gHibetith(Park 5 2021).

= 0.1 N NaOH 89 0.1 mLo] Agst= 8-7)4ke] A=

(0.0075 Z=AAT)

, AH|E ko B HE acetic acidol| A
SHibsto] SARS 4RSS

rir
Jo
N,
2
2l
E
I'm -{o‘r
rloy

13=13

2
9}919] W (Brixye T YFEA(PAL-1, Atago, Tokyo,
lapan)S AHS SO, SR | mLE JAS BE F 2%
sholch oele] YmE LS LAHFFEANTSTSI
1999)0] ZFH 02 STt =, AR 100 mLE #5}o]
EFAA, 1 gl 70 mL7k

Hul 52 SASL, of7]o] SH4S 0|83 100 mLE 3
ZR909] L5} 10-15C7F HES YA AT F
BAE L3 SHT The, FAE L8 S| s}

ot

2) g, ¥32
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3) M, Hue gt ¥ color intensity

2}Q19] ML= spectrophotometer CM-5(Konica Minolta,
Tokyo, Japan)E ©]-85}o] Hunter L, a, b g2 =743}t
Hunter L(Lightness, =), a(redness 22 ) L b(yellowness
AT ZE2 ZHZF zero, white calibrations S-3f X A5} O
o, o] WAO] M= 1=99.55, a=-0.05, b=-0.330]%}
t}. Hue 32 E335J T A(Lambda 35 UV, Perkin Elmer,
Waltham, MA, USAYS AME-5}9] 420 nn/520 nme] S34E H]
2 YERY 919 M, color intensity= 420 nm+520 nm+620 nm &
Bz o] to g Yeh Ak Pak S 2018).

4) Sl = Y

B 249 54 oY 9019 el g ARS
0.45 um membrane filter(Whatman, Maidstone, UK)Z o] #}3t &
HPLC(1200 Infinity, Agilent Technologies, Santa Clara, CA, USA)
2 EX5ttt. Z8-L Zorbax carbohydrate analysis column
(4.6x250 mm, Agilent Technologies, Santa Clara CA, USA)S A}
8519 0™, o] F5ARS acetonitrile : water =75:25(v/v%), &
1.5 mU/min, A& 972 20 L= sttt HE7]= RIG0T,
Agilent Technologies, Santa Clara CA, USAYS ARE5I% o,
F=42 fructose, glucose & sucrose(Sigma-Aldrich Co.)2 A&
TAE AAdsto] A5 SO /Y TS Aot Park &
2018).

¢}

) 714 &gk

A TS 4 old 1Y /R4 g AlmE
0.45 pm membrane filter2 o] 7}SF F HPLC(1200 Infinity, Agilent
Technologies, Santa Clara CA, USA)Z 245ttt Z4HS Hi-
Plex H(7.7x300 mm, Agilent, Santa Clara CA, USA)2 ©]-8-5}%

11, 0]=AFE 0.01 M H,SOs, 952 0.6 mL/min, A& FUHFS
20 pLE Sk3iTh UV 210 nmo]lA| FEsIoH, #2542 9
0l9] F8Q 7|49l citric acid, tartaric acid, malic acid, lactic
acid(Sigma-Aldrich Co., St. Louis, MO, USA)Z 7R |-7]At F
o] & Ao A& (Yoon - 2016).

uol-

6) SV|ME

A4 275 <4 Y, 671Y 919 AR BAL
Losada 5 (2012)9] WY& A& HEPsto] ARl @9l
ul

S BA517] 95ke] 20 mL headspaceo] 2421E 10 mLE @
3, WEEEEZZ 4-methyl-2-pentanol-S Z715lH Tt 37
A EO] 222 direct headspace trap 7| & & S35t om, &
H]+= Turbomatrix 40 trap(Perkin Elmer, Waltham, MA, USA)&

g 2ot 7i7le] 2 BUEH 9 7154 205

ARESEATE Vial> 123F 4¥o] 7R o, 1587 4
Tk AFEE 2% = needle 1107C, oven 857C, transfer line
140C, trap low 45T, trap high 290C, 422 vial 20 psi,
A7 dry purge 108, trap
hold time 12%, desorb time 10&, thermostatisation 30&-0]9]
t}. Gas chromatograph/mass spectroscopy(Clarus 680GC/Clarus
SQ8T MSD, Perkin Elmer)=Z 245}l 0H, AHL Elite-
wax(60 mx0.32 mmx0.25 um, Perkin Elmer)% ARSI, @

column 40 psi, desorption 30 psi.,

E 2= 40CoA 387 fA8 & 3C/minZE 180 C7HA]
FSAR T 1023 AR, Al 5T/minz 220 C7F

A AESA7] &, 3087 8251 A1, equilibration timeS 20+

7t T3} §4-2 1 mL/min, split ratio= 1:1, carrier gas«= &

£(99.9995%) AHBIHATh. WNHE] FAL GCMSE

0]-&5}0o] AL mass spectrumS NIST database® 7HA5}0] =

A3FA T Mass Q= 45-450 m/z=2 SFITE AHS WEHE

FEA=Z 4-methyl-2-pentanolS 50 mg/L7} H == H7Ist &,
o] 249 HAH|E 7|ELo & ATt

ololo] & ZdH= ?J,'%% Folin-Ciocalteu phenol reagent
=0l o5 e A3, 9B
o Yyo= upisl A %ﬂi E A 5}1H TH Amerine &
Ough 1980) Z, Z¥7+9] A& 0.1 mLof 2% Na,CO; 84 2 mL
£ 713t 3 327 FA A7l L, 50% Folin-Ciocalteu reagent
0.1 mLE 75k, 302 & Bh3H 9] g% Fh& 750 nmof| A
2435194} W StE ke EEEQ gllic acidE o]
£olo] BEFAOE FE TSI, mg%E UERA AT

mlo

=

2) BH 3

oFRle] e g2 Duval & Shetty(2001)9] o] wet &
Aateith. A& 1 mLo] 95% ethanol 1 mLO} 222 | mL=
7Folo] ZEokal, 5% NapyCOs8H 1 mLe} 1 N-Folin-Ciocalteu's
reagent 0.5 mLE 7} &, A-200A 6027 TAAIZ] ThZ,
75 ol SHEE ZHAAOH, F B IS HE B
2 tannic acid(Sigma-Aldrich Co.)& ©o]-&35}o] A5}t

3) ABTS MXIZ20is

2}Q19] ABTS cation decolorization assay "' (Dewanto 5
2002)°] 9Jsl] =A5F9Tt. =, ABTS(2,2’-azino-bis-3-ethyl-
benzo-thiazoline-6-sulfonic acid, Sigma-Aldrich Co.) 7.4 mM}
potassium persulphate 2.6 mME 52 SQF 94of HFZ| 5]
ABTS ol22 AR F, o]-&HS £33 =7 (Lambda
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35 UV, Perkin Elmer, Waltham, MA, USA)E- 0]-85}%] 735 nm
A FFE Fo] 1.4-1.57} HE & 2558 545191t} 3]
M ABTS 89 | mLo] A2 50 ILZ 7Fsto] THw] W
SIS 60 T 45130, HFE Z\—._]EH L-ascorbic acid
(Sign)E 5% A7, ARgolSL AR W7 A
25 A S JETERPY FUES WREE o
EPR9Ict

4) DPPH HXIS0{S

efle] ksl @442 545 flsto] AAs-os(elec-
tron donating ability, EDA)2 Blois(1958)2] B'H-& ¥ 5}o]
EA519T} £, 0.4 mM 1,1-diphenyl-2-picryl hydrazyl(DPPH,
Sigma-Aldrich Co.) € 0.8 mLo] A]& 0.2 mLE F7I5F &
1027 2|8 & 525 nmol| A E¥=E 2243}@4 ofuj
XIEE FHRTE ARSI, A s S A= H7t
7o} vl7kTe) SRR Aol gtk

Electron donating ability (%) =

@B - WO - olay

234

Eﬁi‘
nd
o]
of
o. (o]
ﬁ
Y

A
B 33 wEstel 24T BRI REAAE 4
2392, 7 APL7 BFA BAX F4L 5SS B
I 2 773l (Statistical Package for the Social Science, Ver. 12.0
SPSS Inc., Chicago, IL, USA)S o]85to] Uufj x| EAEA
(one-way ANOVA test) & A]Z ZF 2}9] $-5E Duncan's
multiple range test2 H] 1l 245} t(p<0.05).

24
=

=l

=V |

1]

1. 85 F
B 278 1Y pH, B4, B, TTE T, FLA

A 3RE Table 15} 20h. pH 27 2}, 44 2w}
of whet 2.85~3.239] W= Lo, 4 2= 40T
717k whek pH 2853212 7P W WS tehy
o]o} Z& ZIH= Yoon H(2016)0] BIgk ) Azt H
slo] = 99l pH 3,06 cH: hAIH 0.2 7] etk ofel
o pH 3.6 ool AF 5 AF 289 7Fs Aol wor,
pH 3.2 of3to] @ Algre] ) Fdo] olAtky By Bt

25| QIolo| QUHE ZA EAM

BN

F

R

S92 N oo

C s © Absorbance of control

S © Absorbance of sample

Q1o H(Park 5 2002), o] &3t A}o]= X

d=o] W2 IF

Table 1. pH, total acidity, soluble solid, alcohol, volatile acidity of Cheongsoo fortified wine according to aging temperature

and period
Sample  Period (months) pH Total acidity (%) Soluble solid (°Brix)  Alcohol (%) Volatile acidity (%)
0 3.1840.01°? 0.62+0.00™ 15.8+0.00° 21.8 0.02+0.00°
1 3.17+0.01° 0.57+0.00° 15.8+0.00° 22.0 0.02+0.00°
2 3.17+0.00° 0.57+0.01° 15.5+0.00° 22.0 0.02+0.00°
A 3 3.17+0.00° 0.58+0.00° 15.5+0.06* 22.0 0.02+0.00°
4 3.1740.01° 0.7240.19° 15.340.00° 219 0.02+0.00°
5 3.2340.02° 0.65+0.02% 15.3+0.00° 22.0 0.01+0.00°
6 3.10+0.01° 0.640.00° 15.4+0.06° 22.0 0.02+0.00°
0 3.18+0.01° 0.62:£0.00° 15.8+0.00° 21.8 0.02+£0.00°
1 3.15+0.00° 0.62:£0.00° 15.7+0.00° 219 0.02+0.00
2 3.1540.01° 0.62+0.00° 15.5+0.15° 22.0 0.02+0.00°
B 3 3.19+0.00° 0.63+0.01* 15.5+0.00% 22.0 0.02+0.00°
4 3.24+0.03* 0.65+0.02* 14.7+0.00° 22.0 0.010.00°
5 3.23+0.02° 0.610.02° 15.1+0.00° 22.0 0.010.00°
6 3.14+0.00° 0.630.00° 15.4+0.00° 22 0.02+0.00
0 3.18+0.01° 0.62+0.00° 15.8+0.00° 21.8 0.02+0.00
1 2.99+0.01¢ 0.80+0.01° 15.4+0.10° 22.0 0.02+0.00?
2 3.17+0.01% 0.70+0.01° 15.4+0.10° 22.0 0.02+0.00°
C 3 3.21+0.00% 0.63+0.00° 15.4+0.06° 22.0 0.02+0.00°
4 3.21+0.01° 0.59+0.01¢ 15.4+0.00 219 0.02+0.00
5 2.85+0.03° 0.56+0.02° 15.4+0.06° 219 0.02+0.00
6 3.1620.00° 0.59+0.01¢ 15.4+0.00° 22.0 0.01+0.00°

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

? Different letters in the same items indicate a significant difference (p<0.03).
3 Aging temperature: A, room temperature; B, 30°C; C, 40°C.
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A ZoE WA= 4 FH735F 2491 271 pH 318904
%4 671 E7HA] pH Wsh= Hat Haste Ago|loH, 4
2 AHEFoA 3.1002 7H A Fo| IA Yehdth 7
735t 9RR12 112 A4 Folle Alsh §ESof o5 AF A4l
=] pH7l TAEE AR A QIrhCamara 5
2006). FAHS] M= 0.56~0.80%% 0.1, g2 Aol A=
0.57~0.72%, 30°C BTN A= 0.61~0.65%, 40°C =] 2] o] A]
L 0.560.80% Ato] S UERATE 3ol EQRRIQ] AL 0.65%
7b 235t (Lee 5 2004), Chang 5-(2008)0] Hargh =4k
9 =94k 9R19] FAT ThF MR 0.4~0.8%2} F-AFSHCE 11
Y1 &4 2 A2 30T H2FolA] &4 471E 2ol A
27 0.72%, 0.65%= 7S =2 ghS UERAAEE, 40C A=
T A= 171 Ao 0.80%F 7HY =2 ghS Uit 74
735k 9l 12 &4 Al BlFF G40 9J5) Ak} wk-go] &
S|4 Oo}AM|EAk(acetic acid), ZAklactic acid), <3414k succinic
acid) 5 3730 sl FA4F =27t FTkoks AoRE LA
0. (Camara 5 2006), ¥ Ao A= 204 71 w2
Al FAto] F7FekAL o] % Adh= AFoIAT 4 2x8t
717te] w2 21Q19] Y= 14.7~15.8°BrixE 2 ¥SH= ¢
o, =A %7] 15.8°Brixo| A 67]€ X} 15.4°BrixZ Al *|E]
T 2% UEth 4 H7F A1l 12°BrixAIT, 27 F
L7} 15.8°Brix® UEhd 22 4 7o e 3= SR
AZ+E . °Brixe B9 TS UEh= 917t obd 7184
FEAY FFS et B2 34 Frto) ot 7He
g 1FEZHo| S7FotA °Brixgto]l S71st A0= wtHETh
A3g FFE F4 A7 T 27] 218%HoH, 4 Bt
21.9~ 222%% 7o) ¥3al7} it} o= gyl dFL ek
20% o/49] FEollA EAdo] adte ZoE dHA o
o, 3HH, 10% sZolA= B9 &4do] &idslr] w&oltt
(Sabel 5 2014; Padilla 5 2018). 34 SHFe RE A LS
< 0.01~0.02%= FFARI $X& Yetith. 2pQlo] 4t
9] 9 Ul BURE 2A4to] Qlow, FEkike] glgfo| et
2 9g T H4 F 2ANEo] 93t ojAfdta of w2
4= 10 H(Du Toit & Lambrechts 2002), 54 H7}2 %
T dojyA] 2 Ao=E wetEch

ot

—_

x K

©)

£ FR8 22 % Shfolrhkin & 2000). B4 FH73} o}
Q9] 44 L& & F7lo] BE MEE wwsr] 915 Hunter
L(Lightness), a (Redness), b'(Yellowness) 2 Hue values, color
intensityS 54521, £4] A¥= Table 29F At Lgh>
AL A Fo A= 94.77~98.13, 30T ATl A= 92.87~
97.21, 40C AT A& 79.98~96.76°0.2 UEN}, &4 2%

b s o wh] s ik 271 - 01501
S % 40T APFolA 54 6/ld 2} 55308 7t &
HSE YERTH agh> 24Q19] pHY QTEA[oFH 9] Jho
ufe} gorg wo, AEAlohdz) whlo] Bt @Al o
8 PRl Mg FAT 4 Urh= EaL7}k lth(Lorenzo
S 2005). b3t 7] 1012014 £/ 717to] Adof A2 A
2ol A= 17.74, 30T A2ollA= 19.05, 40T A2t
M 42230 W3} Lokx|E Aol lr}. Milheiro 5(2023)
Aol EH FAYSE TERIS &4 IS 5o ¥
L, =2 aftd} b3l UEbe 202 TAME], & A5tet
QA= AFES Gepich el bl bgre A2
542 ANEA FATTH AoHLee 5 20037 AAE, F
3733t eplo] A 12 54 IHFoflA] efRlo] ASE T A
bgto] S7Fst= AR WHETh Huegh &4 %7] 2128
oflM </ 67 X A2 AT FEolA 2.117, 30T A 2ol A
L2423 40C AZFoA= 2.6960.2 712 =A] Al Z7}8}
= Ao &2 YEFT] Color intensityT™ <4 Z7] 0.37590A4
<74 o7 A A2 AEFoflA 0515, 30T Aol A=
0.526, 40C AT A= 11972 12 &4 A] 3710k 7
o2 Uehth. Hueghe ofele] 428 e #3:o]
W, color intensity= 2}Q10] JulL} o] =271 E Htsi= A
5 Uehfis AREA, 2HREY] o9l Ae k] IS
o2& F9 8 Ao|th(Zoecklein 5 1990; Lee & 2002; Kim
S 2009). 123l HuegtZ B =941 A5 0.5 W9 =
UEH 1, 3l E 2RRIUS,E 1.0 o|4F9] & 3 Yehdoh
= A7-(Zoecklein 5 1990) 2= T} T3 Yoon 5(2016)
of 2J5}H color intensity= -2 FEolZt e oI, 54
o] holo] ujet 1 grol PekAITk B IS B o
T A= L7k, agl, bk, Huedlt, color intensity®] $~X]& H]
ol 22 %4 A AJ7k8] 55l et 2felo] AkstEo
LEES Wolx| 11, agk, bk, Huegl, color intensity:= 77 =o}
A AL Me] eloR o] AT ek WekHc
e FHZE eelo| walg & FIIA &EF B
4 Lol WE 44 19 A B4 247t ollel &

B 7)AF B4 ATR= Table 337} 2t 324733} 9Qlo] &
So WE oG B4 Ash FL 41964222 mgn,
Z 2 15.68~17.88 mg/ml, A= 0.64~0.88 mg/mLE2 LE}
wor, fEd & T A2 5799014 60.98 mgmL, 30C
22404 6042 mg/mL, 40°C 22304 5828 mg/mLE L}ERE
o =2 2504 4 Al R} Aol ZRelE AL, o
G 24 Lol uet vl G et 9iole 44
g F fRo] ool o] T At dut 2fRloA
LwE A A T ZEgoR wes Jp)

oft
o wa 4 «
ook

A

|
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Table 2. Colors of Cheongsoo fortified wine according to aging temperature and period

Sample Period (months) L (lightness) a* (redness) b* (yellowness) Hue values Color intensity
0 96.76+0.54°)2 -0.15+0.06° 10.12+0.04° 2.128+0.06° 0.375+0.02°
1 98.13+0.03" - 0.2240.00" 7.25+0.018 2.149+0.05% 0.294+0.02°
2 97.03+0.02° 0.12:£0.00° 8.94+0.04" 0.217+0.01¢ 1.216+0.02°
AY 3 96.18+0.01° 0.9140.01° 12.16+0.01° 2.033+0.02° 0.404+0.01¢
4 97.11+0.00° 0.15+0.00" 10.57+0.01¢ 2.176+0.01% 0.353+0.00°
5 95.64+0.04° 0.63+0.00° 15.75+0.00° 2.197+0.02° 0.454+0.01°
6 94.77+0.01° 1.19+0.00° 17.74+0.01° 2.117+0.02° 0.515+0.01°
0 96.76+0.54* -0.15+0.06" 10.12+0.04¢ 2.128+0.06° 0.375+0.02°
1 97.2140.01° - 0.09+0.00° 10.57+0.01° 2.21440.01° 0.337+0.00¢
2 96.63+0.02 0.37+0.01° 12.36+0.03° 2.216+0.03° 0.406+0.01°
B 3 95.76+0.01° 0.45+0.00° 15.7240.01¢ 2.262+0.02° 0.457+0.01°
4 92.87+0.01° 2.46+0.01% 25.39+0.01° 2.263+0.03° 0.626+0.02°
5 95.87+1.07* 0.25+0.01¢ 18.55+0.01° 2.274+0.04° 0.558+0.01°
6 94.96+0.05° 0.24+0.00° 19.05+0.01° 2.42340.03* 0.526+0.01°
0 96.76+0.54* -0.15+0.06¢ 10.12+0.04¢ 2.128+0.06* 0.375+0.02¢
1 89.25+0.33¢ 5.3440.01° 39.254+0.03° 2.042+0.01° 1.609+0.04°
2 90.38+0.01° 3.74+0.02° 34.25+0.02° 1.565+0.06" 1.27240.01°
C 3 90.79:£0.00* 2.85+0.03¢ 31.58+0.01° 2.409+0.03¢ 0.869:£0.03°
4 91.01+0.00° 3.0340.00° 30.49+0.00° 2.506+0.01° 0.808+0.03"
5 79.98+0.01° 14.74+0.00° 62.23+0.01° 2.18140.05¢ 2.129+0.04°
6 86.02+0.01° 5.53+0.00 42.23+0.01° 2.696+0.01° 1.197+0.01¢

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, 30C; C, 40TC.

Table 3. Free sugar and organic acid contents of fortified wine after 6 months according to aging temperature (mg/mL)

Sample Free sugar Organic acid
Fructose Glucose Sucrose Citric acid Tartaric acid Malic acid Lactic acid
AY 42.224031°7?  17.88+0.66" 0.88+0.00° 0.039+0.002° 3.1330.020° 1.265+0.030° 0.173+0.000°
B 42.76+1.43° 16.95+0.22° 0.71+0.01° 0.025£0.000°  2.932+0.019° 1.153£0.019°  0.172+0.001°
C 41.96+0.65° 15.68+0.37° 0.64+0.01° 0.02240.002°  2.715+0.03%° 1.126+0.010°  0.172+0.001*

D All values are meantS.D. of triple determinations.
? Different letters in the same items indicate a significant difference (p<0.05).
) Aging temperature: A, room temperature; B, 30°C; C, 40°C.
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AYEA| G, 4743} RRloie= 4 A7z |l a2 &5
A=) Ago] ez Holle
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I %4 ol AEE XL AsHon tuldt 7 Hg
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A= Aog wekEn 12

& 295k A(Zhang 5 01802 LA o0, B ATE

Turt ZEdo] Wx Au]d
o1o19] 44 Lol mE 714k

Aoz ekt 27t

w4 A, A4 0022~

0.039 mg/mL, AR 2.715~3.133 mg/mL, AFARS 1.126~
1.265 mg/mL, ZARE 0.172~0.173 mg/mLE Ve oH, =2
2LoA ST FALL, FAAL Albito] Zashs Ao

2 Uehgeh. s 2419

% 44 2o BE 544 ¢

o) g2 Al =3 AHt Al sfol EQjIute] At 4

ATE] W18 ¥ malolatic WA A o] £oIA]A] ke

ZAo= HolH, o]z 4 H

4o o}1o] NS b F8 §71AHS F4

A
Teito] TiyEo|m, WThY F AARE] o) 24k,
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Cunha 5{(2002)°]] 2J5}d 74733} elle] f714F 2442 Ua

S & dolAs 54 71te] @ot Akt vl
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Az BHE Aot Tatt 7|Ee2 5. A4 L |
2 o 59 AAsH= QA0 tHVas 5 1998; Jo 5 2013).
A 37 R1Y &4 B 7] AJE-2 alcoholF=

Z, esteri= 173, ketonesf+ 35, furant 3%, pyranf 15,
acid® 15 18|11 ethane 1502 & 32F9] glsHEo] B A
HA. ¢IEF= S4 Y Aol= 81.03-86.06 myL=
H|$:3 20|, 44 670 Y Xpolls 26.20~74.49 mg/LE 7F

Table 4. Aroma compounds of Cheongsoo fortified wine after 3 and 6 months according to aging temperature (mg/L)

| A? B C
RT."” Compounds Ve oM M oM M oM
11.072 2-Methyl-1-propanol 17.96 4.74 15.98 4.61 18.22 1.96
13.023 1-Butanol 0.15 0.17 0.14
15.644 3-Methyl-1-butanol 64.94 63.13 63.23 67.81 66.25 23.87
Alcohols 17.164 2-Methyl-1,3-dioxane-2-propanol 0.10 0.11 0.08
21.846 1-Hexanol 0.87 0.95 0.90 1.31 0.93 0.32
42.904 Phenylethyl alcohol 0.52 0.28 0.64 0.76 0.44 0.05
Total alcohols 84.54 69.10 81.03 74.49 86.06 26.20
5.935 Ethyl ethanoate 50.69 21.12 56.55 20.68 60.05 10.60
7.250 Ethyl propionate 0.41 0.66 0.50 0.58 0.57 0.31
7.480 Ethyl 2-methylpropanoate 0.63 1.35 0.96 1.41 1.26 0.77
8.626 Isobutyl ethanoate 0.24 0.25 0.19 0.21 0.14 0.08
9.321 Ethyl butanoate 1.33 1.16 1.39 1.10 1.51 0.51
9.786 Ethyl 2-methylbutanoate 0.22 0.14
10.322 Ethyl 3-methylbutanoate 0.20 0.28 0.16
12.282 3-Methylbutyl ethanoate 1.51 1.04 1.08 0.19
Esters 16.804 Ethyl hexanoate 2.44 3.57 245 4.40 2.80 1.05
18.080 Ethyl 2-oxopropanoate 0.39 0.39 0.56 0.37 0.12
21.241 Ethyl 2-hydroxypropanoate 1.76 2.11 2.43 4.25 2.56 0.73
25.427 Ethyl octanoate 3.01 3.47 2.18 5.09 1.73 0.65
33.731 Ethyl decanoate 0.90 0.60 0.47 1.67 0.18 0.04
34.851 Diethyl butanedioate 0.29 0.37 0.58 1.79 1.28 0.38
41.329 Ethyl dodecanoate 0.16 0.13 0.09 0.20
48.146 Ethyl tetradecanoate 0.07 0.11 0.06
55.654 Ethyl hexadecanoate 0.08 0.18 0.52 0.67 0.59
Total esters 63.84 36.43 68.77 44.08 73.10 15.73
Acetic acid  25.528 Acetic acid 2.07 1.39 2.05 3.37 1.91 0.25
Ethane 6.070 1,1-Diethoxy-ethane 4.00 4.45 3.36 3.25 3.72 10.60
8.421 Methyl isobutyl ketone 0.92 0.97 0.91 0.85 0.82 1.05
Ketone 14313 2,6-Dimethyl-4-heptanone 6.62 9.04 7.49 6.13
17.074 4,6-Dimethyl-2-heptanone 0.11 0.15
Total ketones 7.54 10.12 8.40 0.85 6.95 1.20
25.953 Furfural 0.14 0.17
52.214 Dibenzofuran 0.02
Furan
54.234 Naphtho[2,1-b]furan 0.05 0.02
Total furans - - 0.05 0.14 0.04 0.17
Pyran 47.886  6-Propyltetrahydro-2H-thiopyran-2-one 0.03
Total 162.02 121.49 163.66 126.18 171.78 54.15

1) Retention time.
2) Aging temperature: A, room temperature; B, 30°C; C, 40°C.
3) Aging period: 3M, 3 months; 6M, 6 months.
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aston, 4 2k 30CoAE gadgel 7HE A%l
’d 2= 40Cof|A Aol 7P Bdth ¢3S daod ut
e 2-methyl-1-propanol, 3-methyl-1-butanol, phenylethyl
alcohol 3% B}HE2] Fo] 98% oY tiF-E2 AHA| skl oH,
1-butanol, 2-methyl-1,3-dioxane-2-propanol-> <34 37§ X}
AEEHAARE, 5744 671 Aoll= HEEHA 23U Ribeiro
5(2023)y2 ZELIRIO] UF-EF+= phenylethyl alcohol, benzyl
alcohol, 3-methyl-1-butanol, 1-hexanol 59| 3}¥-E0] F2 4
SEAoH, £ = A9 £33 HAFS YEpdtta st
A}, B4 27D 9Hle] o 2d|E HABE 44 Y
Aol = &4 2% 40ToA 73.10 mgLE 7P @k, 30T
(68.77 mg/L), F-2(63.84 mg/L) <=0]l o™, =/ 67§ A
L 3070(44.08 mg/L), 4123643 mg/L), 40°C(15.73 mg/L) <=0
B Y &4 7|7to] Aol wet &l AAskaL, &
d 2T 40°ColA 71 Eo] Faskilt) efle] 1, £ 4
O] F2 tFE oAHE sRtEol s A=, ol=gt
oAEIE SRPES Zr AA A FHEHAY dFE R
ol 29| mAo] o5 A/dHthBang 5 2015). 121l 5
3733t ofRle] dAE|E IRtES T AIE AHES
W32 SXI5to] o] #Fel 71ost, A4 WA &
H, o] whet 71 ol 7F UL, @] A& &/dolAs A
3 oAH RMES FA] e S7FSHARE A7) A& &4
A A A AHE SE A4S, ethyl lactate, diethyl
succinate 5 &/3% O|AHZ HgHE] UKt BaskY
ThAbreu 5 2021). 18] 3L S| AHZ SIBHE 5 ethyl hexanoate
= Ab, TRIofE, v 5 2HA3E, ethyl octanoates= 21
o, v, %ot 5 LT, diethyl butanedioate’= HI}E S
Al &, ethyl dodecanoater= ZHAY], UF3F 5o] Ui &
Z] QItH(Sun 5 2013; Scutarasu 5 2022). Park 5-(2020)%2 O]
Moz Aze 54 53 A okele] o|AHE B 57,
1729 mgLE HISIL, B A7 A4 FH7s} 2fle
74 2719k 44 HHE AR e geluct a8 3
Ee) £59} T Wolzon, e SHdNE 1 B
o] ZAEYT T WeHET. e FFBL 4L SAoIA 7
257 Qskonl, 4 VY A 30C, 40T AziTolx 242t
0.05 mg/L, 0.04 mgL HEE UL, <4 6714 =} 30T, 40T
Aol Al 242} 0.14 mg/L, 0.17 mg/LE F7Fsk]lth. ek
7hehd, EARYF 52 UElle =R vidolzt el
30~55C=E 7HE </dstd 1 dgol fostA S71etth= o
T A3 BHI17F Qltk(Pereira 5 2011). 2 Ao E &4 =
o} 7|7b0] Z7FS 2 SRRl 2715k Aol 1
SRt} 1 SlolE A4 2873} 2ol FAAROT acetic
acid, ethane, ketone, pyran 5 3}3t=E0] A&FH o, =47}
3} 9jsle] 74 s, 44 Hha ko TRt B4R
2 gjolo] Foi2 ZAHAID & UG Aol weEr:

5. 7 FAAS Q19| J|sM ME

A4 37433 oRle T EvE RS Fig 13
&4 2k 9E F ZYde 2 A2 AZTolA
91.17~101.41 mg%, 30°C X2 FLo]lA] 94.17~100.77 mg%, 40°C
Aol A 87.38-102.14 mg%= YEFEL, 30T SAJ04 ¥
3tko] Zo] 7P &l o™, 40T &/gollA #st o] 71 2
A vetdth E9Ele AR 2HHZd &4 5 (radical
scavenging activity)o] g1o] 2}Q19] Ak} QFYAE =o)L,
4733t 91Tt o] &4 7|7to] 71 eRloA EejulE T
o] g §2]o 83 JAT-E it Il FEAJobd,
, ZEEE 5 Edloto] 9kl Mo] Qbg/gof 4] et
A A tH(Pereira 5 2013; Ma 5 2023). Pereira 5-(2013)
oieo]2} efRlS 37HE <t 45CollA] %/dstH T &7
= geFol A 9F 20% H= FrastH, 17§ 70C 71

d Al F Bl T2 oF 26% FAste] 7HE 44d0]
Z EdE oo o & #3kE do 4 Qlvhal Histe]
2 AFNE 4 SAETA F E9ElE Tl A
te Aol U eH, 8743} ol 112 7| &4 Al
Az &9 Wik HAL A= Ao R AlEdrt
F7473st o1Rl19] ghd S=FS Fig. 29 Zoh. 4 2
| T2 B T2 A2 Aol A 35.56~47.12 mg%, 30T
2ol A 40.96~47.12 mg%, 40°C Z 2] TLo| A 26.54-48.06
mg%E WEH, &4 7|7to] 7ol Wt aste 3ol
Uepsith 8|1 ghd 3] st 22 F Zevs gt
BUSHA 30T /oA HEke] Zo] 7P Al om, 40T <
gollAl W3t Zo] 7P AA vyt ©d2 dEo] S0
U= TEAOH, HzAk AAE FEAt 22 40| o
QrollA Waot} &9k Uid, S3E ©d2 FARTS &
7o 223 4TS 3thPark 5 2018). Azevedo 5-(2022)2
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Fig. 1. Total polyphenol contents of Cheongsoo fortified
wine according to aging temperature and period. A, room
temperature; B, 30C; C, 40C.
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Fig. 2. Tannin contents of Cheongsoo fortified wine
according to aging temperature and period. A, room
temperature; B, 30C; C, 40T.

HIE]R] ZELIRIO I 2 Q& AJol H(proanthocyanidins) 3
Fol 4471 Bt 15T A0 = SAJ5HA oF 80~85%, 25T
2O F /4JSHH OF 60~70% T = FAasto] /4 2k
7t 225 AR gAY, ©do] S3tE o] 'd gl
11 AZpo] REHATE fL270] oFsfiA A7] &/doll= A
2 &/go] Agtelrtal Bastyieh 2 Aqtolds 4 713t
BQte] WSk £2 QIUATE 54 o7 & =2 Q1 'd ok
= QIS1AL, &4 7170l ZAagtol wet ©hd gheol

6. A+ FHLE Q19| st &

A4 9733} Rl Ak} &4 v S| fIs) ABTS
AAgol 53t DPPH AAksol5-2& &A% A= Fig 3, Fig
49} Zt 4 2ko] WE ABTS ZAgols 4] A}, A2
B FLof| A 63.81~67.81%, 30°C A Z]FLo| A 59.93~67.81%, 40C
Aol A 57.92~67.81%2] RIS UERTh A2 54 Al ¥
sto] Zo| 7Pg Ao, &4 2u7t w&5E 7Y wol A
S, 54 717to] S7FdaE Aok 3ol Uth ABTS
HAA}Zo] 5L AhA 0 7 Y3t free radical2A] DPPH AR
o5 W A ks @& BrtekeT AEE AR AR
HHGutfinger 1981). <4 250of| ©h& DPPH HA}50f5 &4
A}, AL A2l A 46.00~55.98%, 30T A &G0l A 46.00~
55.77%, 40°C Z2|FLol| Al 46.00~55.34%2] HYE YErALH <
d ko] wE Wsl £ Hlsiglon, &4 713 539 ABTS
AAE A5 th2A <4 S7NE7HA] Fashe Al AA,
6714 2ol Z7181t}. DPPH HA3-ol 52 & Z2|vls g
o] £Z4% DPPH &iHZ 2750] &= A7da7} ot
(Olgjar 5 2015). ©]+= phenolic content?} DPPH 2}t]Zto]| tist
275 TAZL o, Eeuls Aol ofs Akt Aol
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Fig. 3. ABTS radical scavenging activity of Cheongsoo
fortified wine according to aging temperature and period. A,
room temperature; B, 30C; C, 40TC.
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Fig. 4. DPPH radical scavenging activity of Cheongsoo
fortified wine according to aging temperature and period. A,
room temperature; B, 30C; C, 40TC.

Uel}7] wjFo]th(Guilford & Pezzuto 2011; Kim 5 2012).
Percira (20131 uhejole 2}olo] 4s ol 34Y %4 A
ABTS®} DPPHO| HSh= Efo|oflAl= 20~22%, A9JEC A
2526% 4% ATl HAsteirh i doA= ABTS A
Agols Aasto] vt A7t UetA|9t, DPPH A4
o2 Wit o] A} yebdth. T18 Al 7154wt ket
S 7] ARA B4 A, A2, 30T, 40C 4 2=lA
g g3} ABTS 2 d &A% 7H] 9] AHBAE H
On, ABTS?} DPPH 2| E 475 719 39| oA} =
Z0 8 YetE. 181 40T &4 o= & Eusd
g 3Fg 1] AT 0815(p<0.05)F &> 4o Aot
A7t e ACE YRt mEbA] 2 Aol 37738} el
9] &4 257 71578 Adua AR o] 9FE & AR
T
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aa

Qo w =

2 dFolAs Fa 3843 oIS TR AR AIHE
26°Brix, ¥ & X578 H7h A1E 12°Brix® A7gsto] F
73 RIS AFSte] S =9} 7|7t wE ARt F4
547 37 9 71548 BAwE Al 35 9743 @
19l &4 2=9 7|7t W pHE 2.85~3.2308 UEREO
o, 54 2= 40°ColA 717te] wet pH 2.85-321% 7H) B2
WIS Ut F4R 0.56~0.80%31 0.1, <74 25 40T
A 7S & Aol UEHTh 4 2% =3 30T A+
oA &4 e Aol A 7 =2 S UERRAIRE 40T A
gPoA= UiE A9 7FY =2 3 UEilt 3=
147~15.8°Brix2 %7 7|7k B¢ 2 Hokes jllen, 43
FFE 4 A7t F 27] 218%3oH, A B 219~
222%= A9 W37t QIolth. 473} ele] Mg FA
o AT, L2 S48 257t 2255 HEA F4skgien,
agk, bk, Huegt 2 color intensity= A 271 =242 &
7¥sto] A& Ao} 910 & &Ado] ZIPE| QI F =84
3} oRo1e] fE =4 A, T2 41.96-42.22 mg/mL, E
42 15.68~17.88 mg/mL, G 0.64~0.88 mgmLE YER}
Apo] ZFo & ol AU {714k A9, AL 0.022~
0.039 mg/mL, FAJARS- 2.715~3.133 mg/mL, AFZFARS 1.126~
1.265 mg/mL, ZARS 0.172~0.173 mg/mLE YEPFoH, =2
RLoA SAALFE AL FALE Afbiko] A} st
Ao g Ueith 7148S B3 A3, alcoholF= 6
=, esterf= 173, ketone’7+= 3%, furan®+ 3%, pyraniy 15,
acids 1& 187 ethanef 1502 & 32%0] 3glEo0] BA
HAok FIEFE 54 3719 Aol 81.03~86.06 mg/L=
H|S3E ol 4 671 Aofl= 26.20~74.49 mg/L A
Skt AAHE IFES 4 3 Aol 4 25 4T
oA 73.10 mgLE 7 €k, 670 Zpof| 15.73 mgLE A
Sho] ®st Fol 7P Zoh 181 {5 SRtES A 54
ol AEEA %o, <4 3704E 2} 30T, 40T A2
A Z¥ZF 005 mg/L, 0.04 mgL AZE YT &4 671L 2} 30C,
40°C A2l A 22} 0.14 mg/L, 0.17 mg/L S7FSEAT
TS oI F ETHlE IS 54 2T A=20lA
91.17~101.41 mg%, 30°CONA] 94.17~100.77 mg%, 40°Col|A]
87.38~102.14 mg%E e O™, 40T SAJo]A Be #ishr}
et ghd 2 4 2% AF20)4] 35.56-47.12 mg,
30Tl Al 40.96~47.12 mg%, 40°CO|A] 26.54~48.06 mg%=E Lt
Bt on, &4 7|7to] S7tgol wet Aashs A 3Fo] YE
ok 87433 eRl9] A &4 HwE 91gk ABTS A}
39152} DPPH HA50l52] 4] A1}, ABTS HASols
L &4 2x ALoA 63.81~67.81%, 30TOA 59.93~
67.81%, 40CO| A 57.92~67.81g%2] M QIS Uehdon, &4

rr

N

LE7} B &4 7I7t0] E7F4E 7Hasks Aol
DPPH AAZ a5l =4 2% ARL0|A] 46.00~55.98%, 30C
oA 46.00~55.77%, 40 Cof|A] 46.00~55.34g%94 HAE YEA
onl, 44 SAYIA asks Aolglt B A7 B 3
2 27755} ol9lo] Ak A B4, 9] 9 7154 ARS8
Qg on, 5 2478t 2elo] A7) 44 TS B =g
w19 978} ofel A AA5AS RolFglom, therst 9kl
A3QJo] Hgo] 7158 Aojekn ke

B =7 52W8H dFARGEEIAY: SEAY A
ZTE 283t o9l Alx7E 9 AL3) & A 3
: RS-2024-00438167)2] x| o] QJst Ao &, o]of ZFA}

>
. g
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Characterization of Flavonoids in Korean Spinach (Spinacia oleracea L.) from
Different Regions under Blanching using UPLC-DAD-QTOF/MS

Jeong Hyeon Ahn, Ryeong Ha Kwon’, Su Kyoung Lee”, Eun-Sook Jeong**,
Youngmin Choi™", Heon-Woong Kim"™" and +Kwang-Sik Lee™

Master’s Researcher, Dept. of Food Sciences, National Institute of Crop and Food Science, Rural Development Administration, Wanju 55365, Korea
“Ph.D. Researcher, Dept. of Food Sciences, National Institute of Crop and Food Science, Rural Development Administration, Wanju 55365, Korea
“Researcher, Dept. of Food Sciences, National Institute of Crop and Food Science, Rural Development Administration, Wanju 55365, Korea
""Researcher, Dept. of Food Sciences, National Institute of Crop and Food Science, Rural Development Administration, Wanju 55365, Korea

Abstract

Spinach (Spinacia oleracea L.) is a widely consumed leafy green vegetable known for its rich content of vitamins, minerals, and
bioactive compounds with nutraceutical potential. This study analyzed the flavonoid content in three regionally cultivated Korean
spinach varieties —Seomcho, Pohangcho, and Bomulcho—in both raw and blanched samples using high-resolution mass spectrometry
(UPLC-DAD-QTOEF/MS). A total of 18 flavonoids were identified and characterized, including flavonol glycosides (spinacetin, patuletin,
jaceidin, axillarin) and a flavone glycoside (6:7-methylenedioxyflavone). Notably, acylated compounds such as coumaric acid and ferulic
acid were observed among the spinach flavonoids. The total flavonoid content ranged from 1,112.03 to 1,368.39 mg/100 g of dry
weight in the raw spinach samples, with no significant changes noted after blanching. In Seomcho, the predominant flavonoids were
patuletin  3-O-(2"-O-apiosyl)gentiobioside and spinacetin 3-O-(2"-O-apiosyl)gentiobioside, while Pohangcho featured spinacetin
3-O-gentiobioside and Bomulcho highlighted axillarin 4'O-glucuronide as the major compounds. These findings provide a comprehensive
profile of flavonoids in Korean spinach, reveal regional differences, and suggest their potential as functional food ingredients.

Key words: spinach, UPLC-QTOF/MS, flavonoid, region-specific, blanch

N = 2014), 392 (Lomnitski S 2000; Cartford S 2002), ¥2k(de

Vogel 5 2005; Maeda 5 2011), 8| 9H(Kumar & Loganathan

Al A (Spinacia oleracea. Ly= T§o}Falo] &351= 1HAY 2010; Li 5 2019) 5 ©}ofst A7EA 7540 R ETh
A2/ ZH=E HE C, FAh 7714 EBRF ofy ), thegt U AlgAe Ao met Ad Albe] ‘Az’ A& XY
A B8 TR0t Qo] AASAE g 7154 4 ‘YR, A oY ‘HER o] HEHCE AHjE
Fo29 &8 7teAol FHTI Yr(Czarnowska & Rom, QiR do] et A2 e BS BT 7 24

Gujska 2012; Roberts & Moreau 2016). AlgAl= FABHKo 5 & UERAHNa 5 2010). A2 2380 3lo] AlgA= A

' Corresponding author: Kwang-Sik Lee, Researcher, Dept. of Food Sciences, National Institute of Crop and Food Science, Rural
Development Administration, Wanju 55365, Korea. E-mail: kslee84@korea.kr
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FIS\ A0S B0 10T AT UEL B
AX M3 2ol o

EtE o] Ee AlFA W Eﬂﬂixq 2l 274 AR C 2 oF
A ] S ™ (Edenharder 5 2001; Howard 5 2002), & H&
A3k Zat R E(patuletin, spinacetin 2 jaceidin) = A 7F 2
%] 91 th(Singh S 2018a; Ramaiyan 5 2020). o] &3 G A|
= o2& 3-OH YA|of gentiobiose(glucosyl-(1—6)-glu-
coside)”} AT X F 7|E2E 51, F7HH o Y
glucose®] 2"-OH ]Z] 0] apiose”} ARt AHigA]71 &1=
v} Qlth(Ferreres 5 1997; Cho 5 2008; Koh 5 2012). TSt
| =AH(p-coumaric acid, ferulic acid)o] o}AS} ¥ ZTtH =1}
6:7-methylenedioxyflavone G| 7} Al X 9] E0]Z Q] A&
0.2 3ol 5] T}(Singh S 2018b; Son 5 2024). A2 A
=T o] w2} spinacetin & patuletin BFA 2] Skt gFAKSH
24 7ol golHel AueA EREPEE
(Pandjaitan 5 2005), &3] p-coumaroyl 717} 23}tH St
v A 7} Aot Atet 24 UEFITHBergman 5 2001).

Aul A H(Yuk 5 2019), AHHl 22 (Bergquist 5 2007) A%
1 (Bottino 5 2009)°] THE AlEA] [ SR 0|5 £
4 9 ] Apol7t HarH wh ok Wl AlgAE thAY LS
S Al A 7F Bla AFoA F SR 0| T Tl
Aol gigiok, g Bekwiol=ol grege] 249 Al
297t 8-0]= 9l x]-O] YePAThYuk 5 2019). E3F 3H20l
o] AlgA] 2] WAl glZ] 719 wE H|ER] C(Selman JD
1994), GAHDeSouza & FEitenmiller 1986), F-7] (Bengtsson BL
1969y Z33t JoFdE ol sk Wslhr} gels v 9ich

7129 A2 B g7 thRE dukze] oJorgR B
Alof = o] Jlom, AjujA|Hof uhE I ETtHol=
2 ol digt A= s £53 AAolot. EI
AA =l AH A Wt EdtE ol 4 A 9
Al gt} wEhA] RhollA tj#A o' AuiE= AlFA 3%
(HZ, Z¥%, REX)S W=, A A H7 A9 &
HiolE 24 9 gF AolE A= A A (UPLC-
DAD-QTOF/MS)2 7]RtO. 2 sfof Bl stalA} 5l3lom,
T 71648 AFE 2AEA] &8 7Nk nhstaA; gt

=Xl

rluHU

a
T

e

ME 2

0

1. AIE THE 2 Al

£ QTN ARGE AFAE Aol ApfEgion, g
Agte] {2, 7% PO B, A goje] RBEE 203
W 1900 Flstoich 4 AR Al e B Sl A7)
2 i) AET $ B SES QAL ~20THH Bas
HE7H S AAZBGO0, 300 mesh o] LAt} ~20T

o% . 287 - 223 - o4 HERE DR
]/\1 E_—' :c;): /\]E A]-Q.‘a} E]‘ Eﬂ;ﬂ }\]E Park 5

(2014)2] WS Zarsto], 100C e &0l 30 27 X = %
WS Fol Zejsct AR SUT Yo By
oul, WERHTIO LHARE A, A Fefteo
C SRE fEA9 & EelS Yl = quercetin 3-O-
gentiobioside(Sigma-Aldrich Co., St. Louis, MO, USA), quercetin
3-O-sophoroside(Phytolab, Vestenbergreuth, Germany), camelliaside
A(Phytolab), camelliaside B(Phytolab)S AR&-31.0.™, quercetin 3,5,7,
3'4'-pentamethy] ether(Sigma-AldrichyS 53] WE-HEFATS Z13)
ottt & 9 ol5Af Sl = ARSH acetonitrile, methanol, water
= Fisher Scientific(Fair Lawn, NJ, USA)O{| 4], formic acide= Junsei
Chemical Co.(Tokyo, Japan)=Z5-E] a5ttt

2. E2fR0|E F&29 X
ST 0= 352 Lee 5(2020)2] RS LS oM, A]
4 AZ B 05 g2 3589 (methanol:water:formic acid=

50:45:5, viviv) 10 mLZ 3087t A& &390ty & & 2,898
xg, 10CE 1587+ LAEE](1580R, Labogene)3t F- AFE5HS 0.2
um syringe filter(25 mm, Nylon, Thermo Scientific)Z oJZ}513iTt.
Al U E<ES AlASH ] $18f Hypersep C18(Thermo Scientific,
Bellenfonte, PA, USA)S ARESIGTE IV 5 YHAl= methanol
3 mL, water 6 mLE Z&{50] S4SIA|A Fl o, ojTfH =&
= 0.5 mL 9 YWEHEFEZ (quercetin 3,5,7,3' 4-pentamethyl ether)
100 ppm, 0.5 mLE Z}H| £ loading 3+ F, & 5 mLE &&{50] 7+
EfA] YR EEES AlAst] 9101, o]F flavonoid &
EZ 1% formic acid $F methanol 5 mLE -2EA|AH FIc} &
B AZ= FATVIAE ARES) 90] 5535 3, =581 05 mL
Z A8sfote] 02 pm syringe filter(13 mm, Nylon, Thermo
Scientific)2 oJ3}5t & UPLC-DAD-QTOF/MSZE H-41519it}-

3. UPLC-DAD-QTOF/MS 24

AR Y Seicols SIS Hel B 9
8f| AT = 0= T (ExionLCTM AD, AB SCIEX)?} d12H
ZAFFEELA 7] (X500R QTOF, AB SCIEX, Framingham, MA, USAYS
E9 positive ion mode® F-44-2 Y5t} AH-L CORTECS
UPLC T3 column(2.1 mmx150 mm, Waters, Wexford, Ireland), X

43S CORTECS UPLC T3 VanGuard™(2.1 mmx50 mm LD,
1.6 um; Waters) & ARE519i 0, QH0] 2= 30CE A5}
Ao}, ST 210400 nm(TH EIH, E8HE 10| = 350 nm)
HAZ At on, Alm FALE 1 1Lz St ol s =
AL 0.5% formic acid -9 waterS A, 0.5% formic acid $H&-
acetonitrileZ BE 519121, §52 030 mL/minC & 5}t o]
B4 Tl 240 Qlol BE 5%& AlAFste] 2027H4] 25%, 25%
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THA 50%z, 30E71R] 0% S7HAZ F, 2871K] 28 B9
FAFALH, 35E7IA] 5%= TA] ZFAA7]AL 45E7HA] A1
oFtt AR XA O Z jon spray voltage, declustering poten-
tial, collision energy~= Z}Z} 5,500 V, 80 V & 15 V9™, ion
source 2 desolvation 2=+ 50C 2 500CZ AAstdor, &
2 A7 O s 200~12000F 3Fch Zabe ol gk
(mg/100g, AZZE)L relative response factorsS 11 25}A| &
DA 22 TP £ REREAC] Azt 7} 4
o] WA L1=E H|uwsto] 4REskRth

£l

il

e

4. EAR|
B AR 33 wrEalo] Poju 2L BaglT
A2 UrEpgleh. 7+ gk 7ke) Aolol diet fo

S A A A, HA7]0] e Sepuicols B4 B4 217

IBM SPSS Statistics ver. 27.0(SPSS Inc.)& AR&-5lo] ALE HA
£ Duncan’s multiple range testE ]85} 5-2]4 p<0.05 4
FolH B4tk
Zot 9 o
1. AI2A] 7Y ECE0|E &2 ¥ SH
QJole HEER B4l § 1vhe] Sehriol gA}
A< 92 H([aglycone+H]"), 7£9] patuletin(m/z 333), 6529]
spinacetin(m/z 347), 159 axillarin(m/z 347), 159] jaceidin(m/z
361) & 339] 6:7-methylenedioxyflavone(n/z 345, 329 H 359)
A= = Ark(Table 1). o5 HiFAlE 71& A<
Aol o}Z8]29] 3-OH = 4-OH YA of gentiobiose(2"-

Table 1. Characterization of eighteen flavonoid derivatives from spinach

Peak No. Chemical full name

ESI(+)-QTOF/MS(experimental ions, n/z)

RT Molecular Frror
min) formula M+H]* Na]*
(min) (ppm) [M+HH]" [MiNa]

Fragment ions

Patuletin
1 Patuletin 3-O-(2"-O-apiosyl)gentiobioside
2 Patuletin 3-O-gentiobioside

4 Patuletin 3-O-(2"'-O-coumaroyl)-[2"-O-apiosyl])gentiobioside

5 Patuletin 3-O-glucoside
6 Patuletin 3-O-(2"'-O-feruloyl-[2"-O-apiosyl])gentiobioside

9 Patuletin-3-O-(2"-O-coumaroyl)-gentiobioside
11 Patuletin 3-O-(2"'-O-feruloyl)-gentiobioside

1531 GCs3HyOn 0.5 789 811 333, 495, 627, 657

1645 CxH30i3 1.0 657 679 333, 495

147, 309, 333, 495,
1847 CipHi0n4 0.9 935 957 657, 789, 803
18.78 CpH»O3 1.2 495 517 333

177, 333, 339, 495,
19.00 CiHigOrs 0.9 965 987 657, 789, 833

20.62 CyHzs00 -0.6 803 825
20.99 CsgHyoOn 0.6 833 855

147, 309, 333, 495, 657
177, 333, 495, 657

Spinacetin
3 Spinacetin 3-O-(2"-O-apiosyl)gentiobioside
7 Spinacetin 3-O-gentiobioside

8 Spinacetin 3-O-(2"'-O-coumaroyl-[2"-O-apiosyl])gentiobioside

10 Spinacetin 3-O-(2"-O-feruloyl-[2"-O-apiosyl])gentiobioside

13 Spinatcetin-3-O-(2"-O-feruloyl)gentiobioside
14 Spinacetin 3-O-(2"'-O-coumaroyl)gentiobioside

1719 CyHppOrn 0.6 803 825 347, 509, 641, 671

19.08 CyH301i3 0.9 671 693 347, 509
147, 309, 347, 509,
20.19 CyHygOn4 1.1 949 971 671, 803, 817
177, 339, 347, 509,
20.62 CyuHsoOs 0.6 979 1001 671, 803, 847

2274 CyHppOr 09 847 869
23.02 CsHyoOp 1.3 817 839

177, 339, 347, 509, 671
147, 309, 347, 509, 671

Axillarin
12 Axillarin 4'-O-glucuronide

22.62 CyHy»Oyy —-08 523 545 347

Jaceidin

15  Jaceidin 4'-O-glucuronide 2332 CuHpOis -03 537 - 361
6:7-methylenedioxyflavone
16 534 -thydroxy—3-methoxy-6:7—methy1ened10xyﬂavone 4'-0- 2424 CuHyOu 0.0 51 i 245
glucuronide
17 5.4 -Plhydroxy-3-methoxy-6:7-methy1ened10xyﬂavone 4'-O-glu- 2455 CulyOp 12 505 i 329
curonide
18 5,4'-Dihydroxy-3,3'-dimethoxy-6:7-methylenedioxyflavone 4'-O- 2468 CullnOn -08 535 i 359

glucuronide

All samples analyzed in positive ESI-ionization mode (m/z, [M+H]") using UPLC-DAD-QTOF/MS; [M+Na]" adducts presented. Bold font

indicates basic aglycones of flavonoid structures.
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O-apiosyl)-gentiobiose T+= glucuronic acid’} A%H BiEA| =
ol I tH(Koh 5 2012; Watanabe & Ayugase 2015; Ramaiyan
S 2020). 11 & 8%9] Zati s vidAl= ms 147 D mz 1779
A EAZAR1 27tol2o] HEHWA 27 coumaric acid H
ferulic acid7} otASHE 292 SRIsHHTh

Peak 2= m/z 65704 HEZ} 0|28 71A|H, m/z 495 L
m/z 33300 A Z¥Z}: 162 Da 9 324 Dal] &40 ook 22+
o] 20| AZE WA patuletin digluicoseZ 2915 At F-AISH
TZE 7HAI e EEE 2%, quercetin 3-O-gentiobio-
side(quercetin 3-O-glucosyl-(1—6)-glucoside)?} quercetin 3-O-
sophoroside(quercetin 3-O-glucosyl-(1—2)-glucoside)2] ZZ}0|
LS AHEH mz 627[MHH]’, m/z 465[M+H-Glu]" 0]-&
9] relative abundance(RA%)7} TH2-2 & &= 9t} & 0|29
Oigk RA%E A} E2EO] 717 70% 2 1% ASE u
H, TAO] - 20% R 15%=2 ERAIHEA, 1-6 Ao] 1—
2 A HlRA o 79 A8 AN Peak 29]
657[M+H]" & m/z 495[M+H-Glu]" ©]-2-2] RA%= Z+Z}F 60%
4 10%2 AR} FARIR O 2R, peak 2+= patuletin 3-O-

- g5t o)4 - A% - g -

gentiobioside2 A & ThH(Fan 5 2011).

Peak 12 m/z 78994 HEZ} o] &g 7FAH, peak 20
apiose(132 Da)°| 3715 patuletin BiZ-H| 2 81 = @it} o]
L neg B4 A3 miz 657[M+H-Api]", 627[M+H-Glu]",
495[M+H-Api-Glu]", 333[M+H-Api-2Glu] 9] &7Z}o]&o] A&
ATk mz 657 H 627 £710]20] FAIF O R HEHIIC
o, m/z 657(28%)2] RA%7} m/z 627(2%) Rt =4 El=H
A], apiose?} glucose”} 212+ Y= glucose] 2"-OH ¥ 6"-OH
Aol 71 FEi= dE AEigAl R 2= A ol
A= EFEE camelliaside A(kaempferol 3-O-(2"-O-galctosyl-
[6"-O-rhamnosyl])glucoside) % camelliaside B(kaempferol 3-O-
(2"-O-xylosyl-[6"-O-rhamnosyl])glucoside)2] A&Fo]L THEHS
3l SEHE o QlrkFig 4. F EEF EF glucose?]
2"-OH ¢Jx]of ZgFst F(ZZ} galactose E xylose)o] AAEH
2740]2.9] RA%= 72} 25% D 28%0] 9101, 6"-OH 9]
9] T(rhamnose)°| AAE ZFZ1o] 29 RAY%= 4%= QI E
RA] peak 29] Mol 2 ez} SASIAIT Wb peak 12
patuletin 3-O-(2"-O-apiosyl)gentiobioside 2 =% =31 2.1, Singh

8} 0 HO =
%(, ] 5 0
HO
r'l‘ml\%lm H
Y o om " OH
OH Ol
Gientiobiose Cilucuronic acid Apiose
(Gentio, 324 D) {Glug, 176 Da) (Api, 132 Da)
[ o
L]
-~ = R
HY i)
Ferulic acid Coumaric acid
(Fer, 176 Da) {Coum, |46 Da)
23}
Hiy
H;CO
Aglycone R R Rs
Aglycone Rl
Patuletin OH O OH £
5,3 #-trihydroxy-3-methoxy-6; T-methylenedioxyflavone OH
Spinacetin OH OCH, OH
3. 4'-dihydroxy-3-methoxy-t; T-methylenedionyflavone
Axillacin OCH, OH OH 5,4 -dihydroxy-3, 3" -methoxy-6: 7-methylencdioxvflavone OCH,
Jaceidin OCH; OCH; OCH:

Fig. 1. Chemical structures of flavonoid derivatives from spinach. (A) sugar residues and phenolic acids, (B) aglycones.
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Peak 3(17.26 min) = 7(19.15 min} m/z 34794 ofZe]=
o] o] HE=|HA] spinacetin HiFA| = 1= }ItHFig. 2). ©]
S patuletin®] 4-OH 92| #|27](14 Da)7} F71 &2
2 H54% §4Z2 A4, patuletin HGA|E T} oF7H FojlA
L=F oty R v} Qltk(Stefova 5 2003). TS peak 3 Y
79] Z7}o] 9] RA%E &3l A S (peak 1 E 2)3t FAL
o 3 FE2US SRAFT wEbA peak 3 H 72 242 spina-
cetin 3-O-(2"-O-apiosyl)gentiobioside % spinacetin 3-O-gentio-
bioside® =] QIt}. SHH, m/z 34704 ofFE|E o]0
7R A (peak 12)°] 22.62 mino| A% EHQ1=] QI ThFig. 2).
Peak 129] o}22]E 0]29] RA%= 10%, peak 3 D 7(100%)
I} 5o m, o]= peak 129] o=#]F0] spinacetin®] ©]/dZ&
A AL AAATHFig. 1). Aritomi 5(1985)9] ATFo] wk=,

Sepmcho raw

]

Seomcho blanching

Pohangecho raw

Pohangche blanching

Bomulcho raw

Bomulcha hlanehing

win

a0

Ul AIFA A A, HZ]7]00

=

2 EftEkolE 54 24 219

axillarin(m/z 347[M+H]" )2 3-O-methylated patuletin® 2 &
4-OH 929 glucuronic acid’} F2 Z¢E 8GA = ZAH
o E, o] P ATH f SYH SRFEEA peck
3 9 78t} o] 8&Htty B1H HF Qlth(Watanabe &
Ayugase 2015). TEHA] peak 12+ axillarin 4'-O-glucuronide® 5+
3= A

Peak 93} 119 A m/z 657[M+H-146]", 627[M+H-176]" ZZ}0]
20| HAZE= ]}, Peak 9= m/z 8039] HEA} o] 2Z 7HA|H,
m/z 495[M+H-Coum-Glu]*, 333[Aglycone+H]", 147[Coum+H]"
Z7ro]| 22 53| coumaric acid 7} oFA3S} H E|H, glucose 25
Ak} coumaric acid7t A% FEH Q] patuletin BiEA Y- 221
ot FZHol& miz 657[M+H-Coum]’, 495[M+H-Coum-Glu]",
333[M+H-Coum-2Glu] = AE= o, BigA oA HEAE
FE &= glucose(162 Da)7} &A% F7tol2o] EA5}

IsTh

(S

=T

5T

15T

®rn

Fig. 2. UPLC-DAD chromatograms of flavonoids in spinach at 350 nm; Peak (1) patuletin 3-O-(2"-O-apiosyl)gentiobioside,

(2) patuletin 3-O-gentiobioside, (3) spinacetin 3-0O-(2"-O-apiosyl)gentiobioside, (4) patuletin 3-O-(2™-O-coumaroyl-[2"-O-apio-
syl])gentiobioside, (5) patuletin 3-O-glucoside, (6) patuletin 3-O-(2"-O-feruloyl-[2"-O-apiosyl])gentiobioside, (7) spinacetin
3-0-gentiobioside, (8) spinacetin 3-0-(2"-O-coumaroyl-[2"-O-apiosyl])gentiobioside, (9) patuletin-3-(2"'-O-coumaroyl)gentio-
bioside, (10) spinacetin 3-O-(2"'-O-feruloyl-|2"-O-apiosyl])gentiobioside, (11) patuletin 3-(2"'-O-feruloyl)gentiobioside, (12)
axillarin 4'-O-glucuronide, (13) spinatcetin-3-0-(2"-O-feruloyl)gentiobioside, (14) spinacetin 3-0-(2"'-O-coumaroyl)gentio-
bioside, (15) jaceidin 4'-O-glucuronide, (16) 5,3',4'-trihydroxy-3-methoxy-6:7-methylenedioxyflavone-4'-O-glucuronide, (17)
5,4'-dihydroxy-3-methoxy-6:7-methylenedioxyflavone-4'-O-glucuronide, (18) 5,4'-dihydroxy-3.3'-dimethoxy-6:7-methylenedio-
xyflavone-4'-O-glucuronide.
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EEI[MNa]
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BO3[MAH]"
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Fig. 3. MS spectra and structures of four representative major flavonoids in spinach. (A) patuletin3-O-gentiobioside, (B)
spinacetin3-0O-gentiobioside, (C) spinacetin3-O-(2"-O-apiosyl)gentiobioside, (D) axillarin 4'-O-glucuronide.

A kot E3F 27to] m/z 309[Coun+GlutH] 9] HES &
3] 2J= glucose?] 2"-OH Y A]°]| coumaric acid’} o}ASHE
29 It Bergman 5 2001; Brock & Hofmann 2008).
Peak 11(m/z 833[M+H]) % THEZFAE, m/z 641[M+H-Glu]” 0]
20| HEEA| dgtor, 27Fo]2 m/z 339[Fer+GlutH] &
AE ko] ferulic acid7} oMHSME F22 FHT 4= ASIH-
w}2kA] peak 9+= patuletin 3-O-(2"-O-coumaroyl)gentiobioside =,
peak 112 patuletin 3-O-(2"-O-feruloyl)gentiobioside® =73 =] 31
O™, Ferreres 5(1997)2] A7} LX|stct.

Peak 494 m/z 935[M+H]'E HEX} o] 202 5}, peak 9
of| apiose”} 571l patuletin BiZH| U= EHRIF O™, F7to]&
803[M+H-Api]’, 789[M:+H-Coum]’, 495[M-+H-Api-Coum-Glu]',
333[M+H-Api-Coum-2Glu]*, 309[Counr+Glu+H]", 146[Coum+H]"
o] ZAl A&H 3, mi TBMHH-Glu” ¥ 279[Coum+
Api+H]"S AEE]A] ZQlth. webA] peak 4= patuletin 3-O-(2"-
O-coumaroyl-[2"-O-apiosyl])gentiobiosideZ S+ = AtHCho &

2008). THH peak 62 peak 42] coumaric acid”} ferulic acid® T
Ae AEoz FOIEW, patuletin 3-O-2"-O-feruloyl-[2"-
O-apiosyl])gentiobioside® 374 =] ) THEdenharder 5 2001; Cho
S 2008).

Peak 16, 17 L 182 A2 Yo 4 EojHo g ZAfsls
3-methoxyl flavone HJGA| =, A-ring®] 6¥, 7H10] methylene-
dioxol(-O-CH-O0-)7]2 AZH & 7FAthFig. 1). Peak
16(m/z 521[M+H]"), peak 17(m/z 505[M+H]") ¥ peak 18(m/z
535[MHH] )2 ZH2b m/z 345[M+H-Gluc]’, 329[M+H-Gluc]",
359[M+H-Gluc]" ZZ}o]-20] AZ&EH, glucuronide BIEA Y
2 391519t & glucuronic acid= ofZE]29] 4-OH ¢
Ao Agsh= Ao = H %]l O H(Singh 5 2018a), 7]E]
Hig 2Zbo|2ujdy} §& &A7t ol AFtet A5
AL lstHTt. whabA peak 162 5,3',4'-trihydroxy-3-me-
thoxy-6:7-methylenedioxyflavone-4'-O-glucuronide, peak 17- 5.4'-
dihydroxy-3-methoxy-6:7-methylenedioxyflavone-4'-O-glucu-
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Fig. 4. MS spectra of standards. (A) quercetin 3-O-gentiobioside, (B) quercetin 3-O-sophoroside, (C) Camelliaside A, (D)

Camelliaside B.

ronide, peak 182 5,4'-dihydroxy-3,3'-dimethoxy-6:7-methylenedio-
xyflavone-4'-O-glucuronide® 37 = I tHAritomi & Kawasaki
1984; Singh 5 2019).

2. AIZX| W JHY EZ=f2s0l|= Mak Zot

= AFA Y] ARG} 222A4A A, "R 2ol =
E /hE EE o]=9] TFFE relative response factors 1L
Boba] 9o AEjolH URERE(.5.7.5 4 pentamethyl
ether)2] peak HAS o]-&-5to] A FFE U 2 Aol A
AAE AlFA 9] F St olE TEF2 1,112.03~1,368.39
mg/100g AZXFF] HAE HoH, A A 7+ 2dx, 4
%, HEZ9 &AE Ffo] Wolth(Table 2). A A} ozl
A Afolof A F EetE ot W 7iE SRRhE dhdollA 72
Sk 2ol 7} LERLEA] QFQATH(Table 2). ©f= HIEHT] C 2 Uxt
o] "7 & Ao uf 2t Fdo] Nt o g Ha
Sh= AT ohE AYE Eth(Pak 5 1994; Selman JD

1994). O-methyl 7|15 E35F St o|EX 1] HEs} &
Hh 3t pH $3}o] gk HEA, thARA <E8/d, A3A o8
F0] 253t Ao g HAE T Wen & Walle 2006; Walle T
2009). E=RF 2@t H2]7] BHE S5 ETtE ol Th
Haflof] #oldl= Bglucosidase, peroxidase 52 &4 &Ao]
AofElE Aoz A h(Whitaker JR 1991; Finten &
2016). olelet 724 AT 54 WA A 48
Fomm A2A Edhuiols ge] £4o] oiAE Ao
2 2% % ok B, o|2fet Ank Bjx7] 22 Fo=
AgAe] A s 9 i A HE HRe
A AFSFH(Nagar 5 2011; Ko 5 2014).

AR E A AL 7= 2=, spinacetin FiF A= & S
Hro|& FeFo] 35% o)/ AAISHA (A% 35%, 23}
2 37%, HEZ 35%), patuletin HiZA] 9] $HF o] FHukst
CHA & 25%, IFZ 18%, HEZ 20%). AlEX9 7E =
Hlolt 3] A9, AHdxE peak 1 (patuletin 3-0-(2"-O-
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apiosyl)gentiobioside, 173.72 mg/100g 7AZ%5F)Z} peak 3(spi-
nacetin 3-O-(2"-O-apiosyl)gentiobioside, 195.57 mg/100g X
%), I3 2= peak 7(spinacetin 3-O-gentiobioside, 215.86
mg/100g AZETF)0| 93 SHEZ &1Lt E3] spina-
cetin 3-O-(2"-O-apiosyl)gentiobioside(peak 3)x= Cho 5 (2008)°]
A A1) 0 A JReg Bt o gtk T
glucuronide HE A= HA| St o] B0 w2 HISS A
A SHATHA 2 39%, LaZ 43%, HEZ 44%). 71 % axillarin
4'-O-glucuronide(peak 12)+= H-ZZ0)A] 332.12 mg/100g AZX
THOE, 79 IFEE IRIFITH(Table 2). °|= Yuk &

(2019)9] Aol A A|FA7F A GER 8 AJE A Zpo|7t

Qltk= A3l §ARTE WA, 6:7-dioxymethlyeneflavone Hi
FAl(peak 16, 17 & 18)y= A2 H EFZRA F TF 19%
& 1%}t Schlering -5 (2020)2] Oq:rLOﬂ*i 22 A2
715 A AHef=] S = spinacetin BiFA] X axillarin Hi A
7F 2 S UEhdith= Aol ERIE it B, Berg-
quist 520052 T A]7|9} Aglo], 6:7-methylenedioxy-
flavone A7} 40% o149] & B LiERTkT B
Sk 2 QAToIA9] AL e ozepol B0l ool
A (&2, AIRE, Fal)ollAl A=At ol= Aujx| o] &
ZHo|t 3RME9 g EATS ABAE AlAeH, F
T o A 9 BET AP RIS T A7 B

Table 2. Contents of eighteen flavonoid derivatives from spinach (mg/100g, dry weight)

Flavonoid content (mg/100g, dry weight)

Peak Seomcho Pohangcho Bomulcho
Compounds - - -

No. Raw Blanching Raw Blanching Raw Blanching

1 Patuletin 3-O-(2"-O-apiosyl)gentiobioside 173.72+6.75"  147.63+4.13° 106.48+7.23° 104.3:829" H90387 1131941100

2 Patuletin 3-O-gentiobioside 9580249 97.15#427 86.816,01° 82.0047.19° 4983341 6449423

3 spinacetin 3-O-(2"-O-apiosyl)gentiobioside 195.5747.62°  149.4942.23° 181.6+1236°  166.53+1330° 11627479  124.66+0.64°

g Pawletin 3-0-2"-O-coumaroy-[2-0- g 1o 75100 8241038 1274188 I579:07F  1675:081°
apiosyl])gentiobioside

5 Patuletin 3-O-glucoside 1933119 2248065 21174094 20.85+0.74% 12645107 13.05:091°

o Tawletin 302"-OdferdloyH2-Oapiosyl) 5 305 99770y out 756075 2033296 11424098 30238234
gentiobioside

7  Spinacetin 3-O-gentiobioside 1793246.81° 149454548 215865744 23358420040 150584687  185.5942.48°

g Spimacctin 30" OcommoyH{Z-Oapiosl) 1 71000 1) 7811 08° 1149073 16.16:1.89° 16506114 1634067
gentiobioside

9 :‘;‘ilz;m 3-0-(2"-O-coumaroyljgentio- 0108 g egop 534059  805:091° 10465126 11.01091°

1o Spinacetin SOQ"-OferdoyHZ-Oapiosyl) 41016 440001 110 $B05:43P 5338547 43088399 4434k 45"
gentiobioside

11 Patuletin 3-O-(2"-O-feruloyl)gentiobioside ~ 20.13:090°  27.55+1.12¢ 18.02:1.13° 20.1542.16° 2.19+1.16°  25.07404

12 Axillarin 4'-O-glucuronide 147584599 171794838 191.26£13.65  265.08:24.76°  332.12+1268"  3532143.51

13 Spinatcetin-3-O+2"-O-feruloyl)gentiobioside ~ 34.0240.88  382042.13 45804592 3321478 53634245 55274107

14 Spinacetin 3-O«2"-C-coumaroyl)gentiobioside ~ 7.5120.17 9324044 1028£0.57°  11.29+1.42° 1036£0.15°  102120.62°

15 Jaceidin 4'-O-glucuronide 130.2420.81%  162.76:6.97° 149.58+12.18  114.35£11.29 AT62427  647H0.90°
5,3 4'-Trih -3-methoxy-6:7-meth

16 >3- Trihydroxy-3-methoxy-6:7omethy 3o 1sogme0r  14618HILEP  11481LI1L6F ATR5F QT3
lenedioxyflavone 4'-O-glucuronide

17 >:#-Dihydroxy-3-methoxy-6:7-methylene- g 0050 g0 559 775040 4994049 39240200 33%0.11°
dioxyflavone 4'-O-glucuronide

1y SA-Dihydroxy:3,3-dimethoxy-6:7methy- o300 45t go0curr 1202798 63654658 WL 2636117

lenedioxyflavone 4'-O-glucuronide

Total flavonoid contents

1,34335824.86 1,34038+49.16F  1,36839+92.64° 1,365.34£119.09°  1,112.03+49.72* 1,21829+15.81

Each value calculated as means+SD (n=3) using internal standard (3,5,7,3',4'-pentamethyl ether).
Different small letters in the same low with mean value (n=3) indicate a significant difference at p<0.05 by Duncan’s multiple range test.
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a5ttt ¥ Yozl w2 &S UE= glucuronide HZA]
L =0 3As} AL 7HR|, WEY |7 ZA oA 9] 7l
At A 3 A9 Qo] 7hsAe]l EuE vl 9ot
(Shirai 5 2001; Smolarz 5 2008). IE§}F Morishita 5 (2015)2]
ol A glucuronide BJgH|7} o bW A A BES S5 mhS
A oA & A BAS RIS FE AIZA W &

gtH 10| Zo] AAolLE T 7]5H EA] gt 271H <l

ATE AFsor & Fa/go] AUtk

[@)e]-
i |

0
[N

=

UPLC-DAD-QTOF/MSE £31 9fo]2 &t BEAHoz i
Al 3E(A =, =22)9 A AT HH AoflA F
1859 EdtH ol SRRHES] 24 9 dgo] F7HE U
7%9] patuletin, 6Z2] spinacetin, 3%52] 6:7-methylenedioxy-
flavone, 1%9] axillarin @ jaceidin HiZA| S| &A= ALt
Coumaric acid ¥ ferulic acid®] o}A3l7| Eo]jx o7 Foly]
Act. B A9l F BetHlol= RS 1,112.03~1,368.39
mg/100g AZFF] MeE Uetliglon, 23 > Hdx >
BEX &A% =9t} Spinacetin BiZ A7} & St o=
TG T 35% o|FCE £ HSZ AA[SHRAL, patuletin HY
FA7F 5= o]} Glucuronide HZAE & ZeH o]t
9] 39% oA X}A|5}H, T % axillarin 4-O-glucuronides= H
=29 F9 RIEE FolEAtt. WHHo| A%+ patuletin
3-O-[2"-O-apiosyl]gentiobioside & spinacetin 3-O-gentiobioside,

=Yz, B

I3} spinacetion 3-O-[2"-O-apiosyl]gentiobioside, 7} F+8.

SER SIEAT. A GE AlgA S F8 Aol A
O)7F AR, B AlF A EIX AlFA] Ato]9] & ETHE

o x
oI Bl slol] olel Aol sl & A7 Ak
H37] Helo] WE AFH Heprio|=e &
€ OIS, A1F A7) Zfel glef 7122 B8 7

ojzt 7| d=r.

ZAe| 2
2 4He2 2N ATAAEAIRIZ: PI01671802)°]
Al 20259 HEXH FHATI e A
g ADARdel o3 o]Fofxl A
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Abstract

This study assessed how fruit size and cultivation region affect the distribution of carotenoids and flavonoids in sweet persimmon
(Diospyros kaki Thunb.). We quantified concentrations in the whole fruit, peel, and pulp, and compared them across different size
grades and cultivation regions. The fruit size did not significantly influence the levels of carotenoids or flavonoids, suggesting a
limited direct relationship with phytochemical accumulation. Notably, the peel consistently contained the highest concentrations of
the compounds analyzed. Regional comparisons revealed significant variability. In the whole fruit, flavonoids —except for quercetin
3-O-galactoside (Q3Gal)—were most concentrated in Gwangyang. In the peel, Q3Gal, quercetin 3-O-glucoside (Q3Glu), and
zeaxanthin were most abundant in Naju - Yeongam, while (-carotene peaked in Gimhae - Changwon. To identify environmental
influences, we examined climatic variables and found that a larger diurnal temperature range during the dormancy stage of fruit
development correlated positively with higher flavonoid levels. Overall, these findings indicate that the functional components of sweet
persimmon are primarily influenced by the growing region —potentially due to local weather conditions —rather than by fruit size.
Additionally, consuming persimmons with their peel may enhance the intake of beneficial plant-derived compounds.

Key words: Diospyros kaki Thunb., persimmon, cultivation, carotenoids, flavonoids
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Fig. 1. Carotenoid and flavonoid levels in different parts of persimmons categorized by fruit size. Fruits were classified
into seven size grades: 3S, 2S, S, M, L, 2L, and 3L. Data are presented as meantSE. Means with different letters indicate
significant differences at p<0.05. Bars indicate different fruit parts: whole fruit (grey), peel (orange), and flesh (yellow) in
carotenoid, whole fruit (grey), peel (dark green) in flavonoid. Q3Gal, Quercetin-3-O-Galactose; Q3Glu, Quercetin-3-O-Glu-
cose; K3Gal, Kaempferol-3-O-Galactose; K3Glu, Kaempferol-3-O-Glucose.
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Table 1. Comparative analysis of bioactive compounds in persimmons across different cultivation regions”

Median (Q1-Q3) KW test Dunn’s post-hoc test p-value
Part Compounds NI&YA GY GH&CW p-value (NJ%S‘YA) (NI 8\; .YA) ((j:)
0=8) (n=6) (n=42) (GY) (GH&CW) (GH&CW)

Lutein 0.106 (0.096-0.118)  0.114 (0.095-0.126)  0.107 (0.092-0.119)  0.658 1.000 1.000 1.000
Zeaxanthin 0.366 (0.349-0.440)  0.346 (0.266-0.440)  0.357 (0.281-0.381)  0.440 1.000 0.636 1.000
B-Cryptoxanthin ~ 0.837 (0.706-0.897)  0.952 (0.863-0.967)  0.839 (0.747-1.023) 0.595 0.934 1.000 1.000
Whole [3-Carotene 0.401 (0.353-0.409) 0.416 (0.354-0.471)  0.420 (0.387-0.470)  0.434 1.000 0.592 1.000
fruit  Q3Gal 0.472 (0.364-0.553)  0.426 (0.305-0.585)  0.362 (0.268-0.437)  0.068 1.000 0.139 0.431
Q3Glu 0.322 (0.224-0.371)  0.365 (0.280-0.488)  0.244 (0.186-0.283) 0.014 0.855 0.372 0.022
K3Gal 0.116 (0.099-0.129)  0.129 (0.107-0.162)  0.095 (0.077-0.114)  0.020 0.968 0.404 0.033
K3Glu 0.116 (0.098-0.130)  0.130 (0.107-0.164)  0.095 (0.077-0.115)  0.020 0.963 0.404 0.033
Lutein 0.767 (0.749-0.810)  0.742 (0.679-0.778)  0.811 (0.753-0.870) 0.293 1.000 1.000 0.495
Zeaxanthin 1.370 (1.334-1.414)  1.105 (0.790-1.342)  1.051 (0.897-1.212)  0.003 0.106 0.002 1.000
B-Cryptoxanthin ~ 3.062 (2.807-3.289)  2.720 (2.115-2.788)  3.228 (2.785-3.459)  0.355 0.796 1.000 0.452

Pecl B-Carotene 1.753 (1.619-1.948)  1.496 (1.352-1.634) 2.026 (1.724-2.192) 0.004 0.734 0.231 0.008
Q3Gal 4.250 (3.820-4.685)  2.951 (2.438-4.079)  3.123 (2.390-3.910)  0.030 0.258 0.024 1.000
Q3Glu 2.936 (2.742-3.201) 2.569 (2.137-3.463) 2.228 (1.769-2.641)  0.018 1.000 0.021 0.666
K3Gal 1.075 (0.994-1.195)  0.910 (0.772-1.126)  0.911 (0.779-1.028) 0.100 0.689 0.096 1.000
K3Glu 1.107 (1.023-1.231)  0.937 (0.794-1.160)  0.938 (0.801-1.058)  0.100 0.689 0.096 1.000
Lutein 0.030 (0.028-0.032)  0.031 (0.026-0.033)  0.027 (0.024-0.033)  0.513 1.000 0.822 1.000

Flesh Zeaxanthin 0.234 (0.197-0.261)  0.263 (0.220-0.302)  0.234 (0.167-0.278) 0.656 1.000 1.000 1.000
B-Cryptoxanthin ~ 0.502 (0.479-0.605)  0.628 (0.522-0.649)  0.526 (0.438-0.616)  0.448 1.000 1.000 0.644
3-Carotene 0.199 (0.177-0.222)  0.232 (0.221-0.241)  0.226 (0.195-0.259)  0.364 0.672 0.561 1.000

Y Descriptive statistics (Median [Q1-Q3]) and results of Kruskal - Wallis test, followed by Dunn’s post-hoc test with Bonferroni correction
for group-wise comparisons. KW test, Kruskal-Wallis test; NJ, Naju; YA, Yeongam; GY, Gwangyang; GH, Gimhae; CW, Changwon; Q3Gal,
Quercetin-3-O-Galactose; Q3Glu, Quercetin-3-O-Glucose; K3Gal, Kaempferol-3-O-Galactose; K3Glu, Kaempferol-3-O-Glucose.
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Abstract

Flavonoids extracted from the roots of Petasites japonicus were evaluated for their cytoprotective, antioxidant, and anti-aging effects.
The MTT assay confirmed that cell viability remained above 95% across concentrations up to 12 pg/mL, indicating no cytotoxicity.
The extract demonstrated strong DPPH radical scavenging activity in a concentration-dependent manner, reaching 86.7% at 12 pg/mL,
which is comparable to vitamin C. ROS scavenging activity also increased with dosage, showing significant suppression at
concentrations of 6 pg/mL and above, thus effectively mitigating oxidative stress. Collagen synthesis assays revealed an initial decrease
at low concentrations, followed by a clear recovery and significant enhancement at higher doses (10 - 12 pg/mL). Additionally, the
extract inhibited collagenase activity, with notable suppression occurring at concentrations above 10 ng/mL, suggesting protective
effects against collagen degradation. Elastase activity was reduced in a dose-dependent manner, achieving over 60% inhibition at
10 - 12 pg/mL. These results imply that flavonoids have dual functions: they stimulate collagen production while suppressing the
enzymes that degrade collagen and elastin. The strong antioxidant and anti-inflammatory potential of these flavonoids likely contributes
to their protective effects on dermal structure and function. Collectively, these findings highlight the potential of flavonoids as
promising natural ingredients for anti-aging cosmetics and skin health applications.

Key words: Petasites japonicusroot flavonoids, reactive oxygen species, collagen synthesis, collagenase inhibition, elastase inhibition

Introduction

The skin is the primary barrier protecting the human body
from the external environment. It is a vital organ that performs
diverse physiological functions, including thermoregulation,
moisture retention, and immune defense (Rinnerthaler et al.
2015). However, the skin is continuously exposed to a variety of
external environmental stressors such as ultraviolet (UV)
radiation, air pollution, chemicals, fine dust, and adverse climates,
as well as internal factors such as aging, hormonal fluctuations,
and metabolic abnormalities (Mukhtar & Elmets 1996). These
factors lead to the excessive generation of highly reactive
molecules, such as reactive oxygen species (ROS), which damage
lipids, proteins, and the DNA within cells, ultimately impairing
cellular function (Darr & Fridovich 1994). In particular, ROS

induce the expression of matrix metalloproteinases (MMPs),
which degrade structural proteins such as collagen and elastin in
the dermal layer. This accelerates skin aging phenomena, such as
wrinkle formation, elasticity loss, and sagging (Varani et al. 2002;
Saito et al. 2004). Although synthetic antioxidants and enzyme
inhibitors have been developed to prevent skin aging, their
long-term use is associated with adverse effects and skin irritation
(Mukherjee et al. 2006). Consequently, bioactive substances
derived from natural sources, particularly polyphenolic com-
pounds such as flavonoids with potent antioxidant activity, have
attracted increasing attention as functional cosmetic and skin-
protective agents (Nunes et al. 2018; Tungmunnithum et al.
2020). Flavonoids are widely distributed throughout the plant
kingdom and exhibit diverse physiological activities, including

free-radical scavenging and anti-inflammatory, anticancer, anti-
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bacterial, UV-protective, and anti-aging effects, mainly through
electron donation and metal-ion chelation (Ryu BH 1999; Heim
et al. 2002). Furthermore, flavonoids support skin structure and
function by stimulating collagen synthesis and inhibiting colla-
genase and elastase activities (Heim et al. 2002; Thring et al.
2009). Petasites japonicus (the Japanese butterbur), a perennial
herb belonging to the Compositae family, is native to East Asia
and has traditionally been used in folk medicine for its anti-
pyretic, analgesic, and anti-inflammatory effects (Seo et al. 2008;
Lee et al. 2019). Its leaves, stems, and roots contain abundant
bioactive compounds, such as petasins, sesquiterpenes, phenolic
compounds, and flavonoids (Lee et al. 2019). P. japonicus
extracts have been reported to exert antioxidant, anti-inflamma-
tory, hepatoprotective, and anticancer activities (Choi OB 2002;
Ji et al. 2010; Kim et al. 2020). However, few studies have
investigated the skin-protective and anti-aging effects of
flavonoids isolated from the roots of P. japonicus. Therefore, this
study aimed to comprehensively evaluate the antioxidant activity
and skin structure-preserving effects of flavonoids derived from
P. japonicus roots. Specifically, DPPH radical scavenging activity
was measured to assess the chemical antioxidant capacity of these
flavonoids, and intracellular ROS scavenging activity was
evaluated in hydrogen peroxide-stimulated Hs27 human dermal
fibroblasts to confirm their cell-based antioxidant efficacy. Addi-
tionally, the potential anti-aging mechanisms of the flavonoids
were examined by assessing their effects on collagen synthesis,
collagenase inhibition, and elastase inhibition, which are key
indicators of dermal structural protein metabolism. The findings
of this study provide a scientific basis for the development of P.
Japonicus root-derived flavonoids as raw materials for skin cell

protection and anti-aging applications.

Materials and Methods

1. Flavonoids preparation

The extraction of flavonoids was performed according to the
method described by Liu et al. (2018), with minor modifications
to incorporate ultrasonic-assisted extraction. In April 2024,
Petasites japonicus roots were collected from Piagol, Toji-

myeon, Gurye-gun, Jeollanam-do, South Korea(Hwang et al.

2014). The roots were thoroughly washed several times under
running water and air-dried at ambient temperature for 24 h. A
hot-water extraction was then conducted, and the resulting
extract was dried in a convection oven to obtain a powdered
form. Approximately 10 g of the powder was extracted with 150
mL of 70% ethanol in a water bath at 80°C for 5 h and
subsequently filtered. The filtrate was concentrated under
vacuum at 40°C and purified by recrystallization from water
eight times. The purified product was then dried at 60°C. To
remove lipophilic impurities, the dried root samples were
defatted with diethyl ether. A 0.5 g portion of the sample was
transferred into a test tube containing 20 mL of ethanol and
subjected to ultrasonic extraction using a bath-type sonicator
(Kodo Ultrasonic Cleaner, Kodo Industry Co., Ltd., Korea)
operating at 40 kHz and 500 W for 30 min at a
sample-to-solvent ratio of 1:50 (g/mL). The extract was filtered
and concentrated under reduced pressure at 50C using a rotary
evaporator (LabTech EV400 Series, LabTech Srl, Italy). Finally,
the concentrated extract was freeze-dried using a lyophilizer
(IIShin FDT-8612; I1Shin BioBase Co., Ltd).

2. Measurement of cell viability

Human dermal fibroblasts (Hs27 cells) were seeded into
96-well plates at a density of 1x10* cells per well and allowed
to stabilize for 24 h in an incubator maintained at 37°C with 5%
CO, (Kim et al. 2017). The cells were then treated with P.
Japonicus root flavonoid extract at final concentrations of 0, 2, 4,
6, 8, 10, and 12 pg/mL, followed by incubation for 24 h. After
treatment, 20 UL of MTT solution (5 mg/mL; 3-(4,5dimethyl-
thiazol-2-yl)-2,5-diphenyltetrazolium bromide) was added to each
well and the cells were incubated at 37°C for a further 4 h. The
supernatant was then removed, and 100 pL of dimethyl sulfoxide
was added to dissolve the resulting formazan crystals. The plates
were shaken at room temperature for 10 min to ensure complete
solubilization. The absorbance was measured at 570 nm using a
microplate reader. Cell viability was expressed as the relative
percentage of absorbance compared with that of the untreated
control group (0 pg/mL). All experiments were performed in
triplicate, and the results are presented as meantstandard deviation

(SD). The cell viability was calculated using the following
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equation: Cell viability (%) = [(Sample absorbance — Control)]

3. Measurement of DPPH radical scavenging activity

The radical scavenging activity of the samples was determined
using a modified version of the Blois method (Blois MS 1958).
A 0.25 mM DPPH solution was prepared by dissolving 1,1-
diphenyl-2-picrylhydrazyl (Sigma Chemical Co., St. Louis, MO,
USA) in methanol. For the assay, 2.0 mL of each sample
solution was mixed with 0.5 mL of 0.2 mM DPPH solution, and
the mixture was stirred and incubated at room temperature for
30 min in the dark. The absorbance was measured at 517 nm
using a UV - Vis spectrophotometer. Radical scavenging activity
(%) was calculated relative to that of the control group, in which

l-ascorbic acid was used as a positive reference standard.

4. Measurement of reactive oxygen species scavenging
activity

Intracellular ROS levels were measured using a modified
ROS-Glo H,0, assay (Promega, 10" cells/100 uL per well and
incubated at 37C in a 5% CO, atmosphere for 24 h. After
stabilization, the medium was removed and replaced with PBS,
followed by UV-B irradiation at 20 mJ/em’ Immediately
thereafter, the PBS was removed and replaced with DMEM
without phenol red or pyruvate (Kim et al. 2019). The cells were
then treated with P. japonicus root-derived flavonoids at final
concentrations of 2, 4, 6, 8, 10, and 12 pg/mL. To detect UVB-
induced H,O,, ROS-Glo™ H,O, substrate (1xfinal concentration)
was added to the culture medium according to the manufacturer’s
instructions; the reaction was carried out for 60 min at 37°C.
Subsequently, the detection solution was added and the cells were
incubated for 20 min, after which the luminescence was measured
using a microplate reader. Untreated cells and cells exposed to
UVB irradiation alone served as experimental controls. L-Ascorbic
acid (vitamin C) was used as a positive antioxidant control under

the same experimental conditions.

5. Measurement of collagen synthesis

Changes in collagen expression were evaluated by measuring
the amount of procollagen produced using a Procollagen Type
I C-peptide EIA kit (MK101, Takara Bio, Shiga, Japan) (Kim
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CR 2016). Hs27 cells were seeded in six-well plates at a density
of 1x10° cells/well and cultured in DMEM supplemented with
10% FBS for 24 h. The cells were then incubated in serum-free
medium containing various concentrations of P. japonicus root
derived flavonoids for 24 h. After incubation, the medium was
removed and the cells were washed twice with PBS. Cells were
lysed in extraction buffer (PBS containing 0.5% Triton X-100,
1 mM EDTA, and 1 mM PMSF; pH 7.2). The lysates were
centrifuged at 14,000 rpm for 10 min at 4 C, and the resulting
supernatants were collected for analysis. The procollagen con-
centration in the supernatant was quantified using a Procollagen
Type I C-peptide EIA kit, and the results were normalized to the

total protein content of each sample.

6. Measurement of collagenase inhibitory activity

The inhibitory effect on collagenase activity was determined
using the method described by Wiinsch & Heidrich (1963) with
slight modifications. Briefly, the reaction mixture consisted of a
0.25 mL substrate solution prepared by dissolving 4-phenylazo-
benzyloxycarbonyl-Pro-Leu-Gly-Pro-D-Arg (0.3 mg/mL) in 0.1
M Tris-HCI buffer (pH 7.5) containing 4 mM CaCl,, and 0.1 mL
of the sample solution. For the control, 0.1 mL of distilled water
was added instead of the sample solution. Subsequently, 0.15 mL
of collagenase solution (0.2 mg/mL) was added, and the mixture
was incubated at room temperature for 20 min. The reaction was
terminated by adding 6% citric acid (0.5 mL), followed by 2 mL
ethyl acetate. The absorbance of the reaction mixture was
measured at 320 nm using a UV - Vis spectrophotometer.
Collagenase inhibitory activity (%) was expressed as the
percentage reduction in the absorbance of the sample reaction

compared with that of the control.

7. Measurement of elastase inhibitory activity

Elastase inhibitory activity was evaluated according to the
method described by Lee et al. (2002), with slight modifications.
Briefly, the reaction mixture consisted of 1 mL of 0.2 M Tris-HCI
buffer (pH 8.0) containing 0.8 mM N-succinyl-(Ala)3-p-nitro-
anilide as the substrate, 0.1 mL of porcine pancreatic elastase
(PPE, 10 pg/mL), and 0.1 mL of the sample solution. For the
control, 0.1 mL of distilled water was added instead of the
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sample solution. The reaction was carried out at 25°C for 20 min,
and the release of p-nitroaniline was quantified by measuring the
absorbance at 410 nm using a UV - Vis spectrophotometer.
Elastase inhibitory activity (%) was calculated as the percentage
reduction in the absorbance of the sample reaction compared with
that of the control.

8. Statistical analysis

All experiments were performed in triplicate. Statistical
analyses were conducted using SPSS software (version 17.0, SPSS
Inc., Chicago, IL, USA). Descriptive statistics were calculated to
obtain the means and standard deviations. One-way analysis of
variance was performed to compare differences among groups,
followed by Duncan’s multiple comparison test, as appropriate.
All data are presented as meantSD and differences were con-

sidered statistically significant at p<0.05.

Results and discussion

1. Cell viability

Using an MTT assay, the cytotoxicity of P. japonicus root-
derived flavonoids was evaluated in Hs27 cells at concentrations
of 0, 2, 4, 6, 8 10, and 12 pg/mL (Fig. 1). Cell viability

remained above 95% at all concentrations. A slight increase in
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Fig. 1. Effect of different concentrations of P. japonicus
root-derived flavonoids on the cell viability of Hs27 cells.
Cell viability was measured using an MTT assay. Results
are expressed as the % of control absorbance. Results
display the meantS.D. of triplicate data. Means marked
with identical letters do not differ significantly at p<0.05,
as determined by Duncan’s multiple range test.

viability was observed at 2-6 pg/mL compared with the control
(0 pg/mL), whereas a minor decrease was noted at 8-12 pg/mL.
However, none of these changes were statistically significant
relative to the control. Therefore, the P. japonicus root-derived
flavonoids did not affect Hs27 cell growth or maintenance within
the tested concentration range, and subsequent experiments were
conducted under these conditions. In the present study, flavo-
noids derived from P. japonicus roots did not exhibit significant
cytotoxicity toward Hs27 human dermal fibroblasts at concen-
trations of 0-12 ng/mL, with cell viability exceeding 95% at all
concentrations (Fig. 1). A previous MTT-based investigation of
Hs27 cells treated with Tamarix articulata root extract esta-
blished a similar non-cytotoxic concentration window prior to
functional assays, supporting the interpretation and methodolo-
gical validity of our study (Alnuqaydan et al. 2023).

2. DPPH radical scavenging effect

DPPH radical scavenging activity was assessed to evaluate the
antioxidant potential of P. japonicus root-derived flavonoids at
concentrations of 2, 4, 6, 8, 10, and 12 pg/mL (Fig. 2). Vitamin
C was used as the positive control. DPPH is a stable nitrogen-
centered free radical that undergoes reduction when antioxidants
donate electrons or hydrogen atoms, resulting in a color change

from purple to yellow (Blois MS 1958). The results showed a
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Fig. 2. Effect of different concentrations of P. japonicus
root-derived flavonoids on DPPH radical scavenging activity.
Vitamin C was used as the control. Results represent the
mean£S.D. of triplicate data. Means marked with identical
letters do not differ significantly at p<0.05, as determined by
Duncan’s multiple range test.
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concentration-dependent increase in DPPH radical-scavenging
activity. The scavenging activity was 56.7%, 60.3%, 68.2%,
78.0%, 80.1%, and 86.7% at 2, 4, 6, 8, 10, and 12 pg/mL,
respectively, approaching the 96.8% activity observed for vitamin
C. These findings indicate that P. japonicus root-derived flavo-
noids possess strong free radical-scavenging properties, parti-
cularly at high concentrations. This is consistent with the findings
of Ji et al. (2020), who compared DPPH and ABTS antioxidant
activities according to the total polyphenol and flavonoid content
of plant leaves, stems, and roots. It is also consistent with
previous studies reporting that flavonoids and other phenolic
compounds inhibit radical reactions through hydrogen donation
and metal ion chelation (Rice-Evans et al. 1996). Therefore, P.
Japonicus root-derived flavonoids are valuable natural antioxidant

candidates with high application potential.

3. ROS scavenging activity

To evaluate the intracellular ROS scavenging activity of P.
Japonicus root-derived flavonoids (2, 4, 6, 8, 10, and 12 pg/mL),
Hs27 human dermal fibroblasts were treated with hydrogen
peroxide to induce oxidative stress (Fig. 3). The results showed
a concentration-dependent increase in ROS-scavenging activity.
The scavenging activity was 46.5%, 52.8%, 57.4%, 61.2%,
66.9%, and 72.5% at 2, 4, 6, 8, 10, and 12 pg/mL, respectively.

— 80 - €
£ be
£ b ]
E B0 ab ?
n a 1
@
£
g
2 40 -
3
=30 -
P - -
20 4.0 6.0 80 10.0 120

Flavonaid concentration (pg/mL)

Fig. 3. Effect of different concentrations of P. japonicus
root-derived flavonoids on ROS scavenging in HS27 cells.
Results represent the mean+S.D. of three independent experi-
ments. Means marked with identical letters do not differ
significantly at p<0.05, as determined by Duncan’s multiple
range test.
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According to Duncan’s multiple range test, a significant increase
(p<0.05) was observed at concentrations of 6 ug/mL and above
compared with the 2 ng/mL group, with the highest scavenging
activity detected at 12 pg/mL. ROS are naturally generated
during cellular metabolism; however, their excessive accumul-
ation can damage lipids, proteins, and DNA, leading to impaired
cellular function and aging (Finkel & Holbrook 2000). H,O, can
be converted into more reactive species, such as hydroxyl
radicals within cells, exacerbating oxidative damage (Imlay JA
2013). Owing to the hydroxyl groups attached to their aromatic
ring structures, flavonoids exhibit strong electron-donating
capacities, allowing them to stabilizes free radicals and interrupt
chain reactions (Pietta PG 2000). The increased ROS-scavenging
activity observed for P. japonicus root-derived flavonoids in this
study was attributed to their intrinsic antioxidant properties. In
particular, the pronounced activity at higher concentrations (12
ng/mL) suggests their potential role as cofactors in cellular
defense mechanisms under oxidative stress. Flavonoids are
known not only to directly scavenge free radicals via phenolic
hydroxyl groups, but also to enhance intracellular defense
systems by upregulating antioxidant enzymes such as superoxide
dismutase, catalase, and glutathione peroxidase (Pietta PG 2000;
Heim et al. 2002). By reducing oxidative damage in skin cells,
flavonoids mitigate the harmful effects of UV radiation and
environmental pollutants, maintain skin-barrier integrity, and
alleviate inflammation, supporting their potential application as
anti-aging and cytoprotective agents (Fitzpatrick et al. 1999).
Taken together, these findings highlight the potential of P.
Japonicus root-derived flavonoids as promising candidates for the
protection of skin cells against oxidative stress and for use in

anti-aging applications.

4. Collagen synthesis effect

To evaluate the effect of P. japonicus root-derived flavonoids
on collagen synthesis in Hs27 human dermal fibroblasts, the rate
of procollagen synthesis was measured under TGF-31 (30 ng/mL)
stimulation at varying flavonoid concentrations (Fig. 4). The
collagen synthesis rate was the highest in the control group (TGF-
Bl alone; 79.1%), but it decreased significantly to 20.2% and
26.7% in the 4.0 and 6.0 pg/mL treatment groups, respectively
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(p<0.05). The synthesis rate gradually recovered as the concen-
tration increased, reaching 41.8%, 51.4%, and 68.2% at 8.0, 10.0,
and 12.0 pg/mL, respectively. According to Duncan’s multiple
range test, statistically significant differences were observed at all
concentrations, with the 12.0 ug/mL group showing a markedly
higher synthesis rate than the low-concentration groups. These
results indicated that P. japonicus root-derived flavonoids
influence the biosynthesis of collagen, a major structural
component of the dermal layer. Comparable results have been
widely reported for root-derived flavonoid extracts, including
Panax ginseng root extract ginsenosides, which promote collagen
synthesis (Lee et al. 2007); Angelica acutiloba root ethanol
extract, which increases procollagen I (Park et al. 2017) and
decreases MMP-1 under UV stimulation; and Glycyrrhiza spp.
root-derived flavonoids, which help to preserve collagen (Kim et
al. 2017). Collagen is essential for maintaining skin elasticity and
structural integrity, but its degradation is accelerated and its
synthesis inhibited by UV radiation, ROS, and inflammatory
responses (Fisher et al. 2002). Flavonoids contribute to preventing
collagen breakdown by suppressing ROS generation through
antioxidant and anti-inflammatory activities, and by down-
regulating MMP expression (Pietta PG 2000). Furthermore,
certain flavonoids have been reported to promote collagen

synthesis in fibroblasts via TGF-B1/ Smad signaling pathway
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Fig. 4. Effect of different concentrations of P. japonicus
root-derived flavonoids on type I procollagen synthesis in
Hs27 cells. TGF-31 was used as the control. Results represent
the meantS.D. of three independent experiments. Means
marked with identical letters do not differ significantly at
p<0.05, as determined by Duncan’s multiple range test.

regulation (Quan et al. 2013). In this study, the decreased collagen
synthesis observed at low concentrations (4.0 and 6.0 ng/mL) may
reflect the insufficient stimulation of cellular synthesis pathways
at the lower dosages. In contrast, the recovery of synthesis rates
at higher concentrations (10.0 and 12.0 ng/mL) suggests that the
concentration-dependent modulation of cellular metabolism and
the antioxidant properties of the flavonoids contribute to the
enhancement of collagen biosynthesis. Therefore, P. japonicus
root-derived flavonoids show strong potential as functional agents

for preventing skin aging and promoting tissue repair.

5. Collagenase inhibitory activity

To evaluate the collagenase inhibitory activity of P. japonicus
root-derived flavonoids, Hs27 human dermal fibroblasts were
treated with varying flavonoid concentrations (2, 4, 6, 8, 10, and
12 pg/mL), and vitamin C was used as a positive control (Fig. 5).
The collagenase inhibition activity was the highest in the control
group (90.7%), while the 2 pg/mL treatment group showed the
lowest inhibition rate (19.9%). As the concentration increased, the
inhibition activity rose significantly, reaching 28.3%, 38.3%,
46.1%, 58.7%, and 66.7% at 4, 6, 8, 10, and 12 ug/mL,
respectively (p<0.05). In line with the collagen synthesis findings
and consistent with reports on many other root-derived materials,

the P. japonicus root flavonoids exhibited dual action, concurrently
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Fig. 5. Effect of different concentrations of P. japonicus
root-derived flavonoids on collagenase inhibitory activity in
HS27 cells. Vitamin C was used as the control. Results repre-
sent the mean+S.D. of three independent experiments. Means
marked with identical letters do not differ significantly at
p<0.05, as determined by Duncan’s multiple range test.
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suppressing collagen-degrading enzymes and supporting collagen
synthesis (Lee et al. 2007, Kim et al. 2017; Park et al. 2017).
Collagenase degrades collagen, a key structural protein in the
dermal layer of the skin. Its expression increases with UV
exposure, ROS accumulation, and inflammatory responses, which
are major contributors to aging phenomena such as reduced skin
elasticity and wrinkle formation (Fisher et al. 1997). Flavonoids
inhibit ROS production through their antioxidant activity and
prevent collagen degradation by suppressing MMP expression
(Pietta PG 2000). In this study, P. japonicus root-derived flavo-
noids exhibited concentration-dependent collagenase inhibitory
activity, with a marked increase in inhibition observed at con-
centrations of 10 pg/mL and higher. These findings suggest that
P. japonicus root-derived flavonoids may delay skin aging and
preserve skin elasticity by reducing the activity of collagen-
degrading enzymes. These properties highlight the potential of P.
Japonicus root-derived flavonoids as active ingredients in anti-aging

functional cosmetics and health- promoting nutraceuticals.

6. Elastase inhibitory activity

Elastase is a key enzyme responsible for degrading elastin, an
elastic fiber in the dermis. Its activity is promoted by UV exposure
and oxidative stress, and is considered one of the primary causes
of reduced skin elasticity and wrinkle formation (Sherratt MJ
2009). To evaluate the elastase inhibitory activity of P. japonicus
root-derived flavonoids, Hs27 human dermal fibroblasts were
treated with varying flavonoid concentrations (2, 4, 6, 8, 10, and
12 pg/mL), and ursolic acid (300 ug/mL) was used as a positive
control (Fig. 6). Elastase inhibitory activity was the highest in the
control group (93.3%). The 2 and 4 pg/mL treatment groups
exhibited low inhibitory rates of 32.7%, while inhibitory activity
gradually increased with concentration, reaching 40.6%, 51.3%,
60.7%, and 67.6% at 6, 8, 10, and 12 pg/mL, respectively.
Statistical analysis revealed no significant difference between the
2 and 4 pg/mL groups, but significant increases in inhibitory
activity were observed at concentrations of 8 pg/mL and above
(p<0.05). In this study, P. japonicus root-derived flavonoids
exhibited concentration-dependent elastase inhibitory activity, with
particularly strong effects observed in the 10 and 12 pg/mL
treatment groups, which displayed inhibition rates exceeding 60%.
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Fig. 6. Effect of different concentrations of P. japonicus
root-derived flavonoids on elastase inhibitory activity in HS27
cells. Ursolic acid was used as the control. Results represent
the mean+S.D. of three independent experiments. Means
marked with identical letters do not differ significantly at
p<0.05, as determined by Duncan’s multiple range test.

These findings suggest that P. japonicus root-derived flavonoids
have strong potential as functional agents for maintaining skin
elasticity and preventing aging. This pattern is consistent with
numerous prior reports demonstrating that plant-derived poly-
phenols and flavonoids suppress dermal proteases such as elastase.
Previous studies have reported that plant-derived flavonoids can
inhibit elastase activity through their antioxidant and anti-
inflammatory properties, thereby contributing to the preservation
of dermal structure and the prevention of skin aging (Thring et
al. 2009; Mukherjee et al. 2011). Phenolic and flavonoid
constituents, such as caffeoylquinic acids (e.g., chlorogenic acid,
3,5-diCQA), fukinolic acid, and quercetin glycosides, have been
identified in the leaves and stems of P. japonicus, and their
antioxidant and anti-inflammatory activities have been widely
reported (Woo et al. 2020). Although quantitative evidence for
direct elastase inhibition by P. japonicus is limited, consideration
of these constituents, together with the present results, suggests
that these root-derived flavonoids likely attenuate elastase activity
via a combination of antioxidant, anti-inflammatory, and direct
enzyme-inhibitory mechanisms, thereby contributing to the preser-

vation of skin elasticity.

Conclusion

P. japonicus root-derived flavonoids demonstrated consistent
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positive effects in various antioxidant and skin structure-related
experiments. In the DPPH radical scavenging assay, they exhi-
bited strong concentration-dependent activity, with a scavenging
rate of 86.7% at 12 ng/mL, approaching the level of vitamin C.
This indicates excellent chemical antioxidant capacity. In intra-
cellular ROS scavenging analysis, treatment with the flavonoids
significantly reduced ROS accumulation in Hs27 cells under
H,0,-induced oxidative stress, reaching 72.5% scavenging acti-
vity at 12 pg/mL, thereby alleviating oxidative damage within a
cellular environment. Regarding skin structural protein regula-
tion, collagen synthesis was promoted in a concentration-
dependent manner, with synthesis recovery observed at higher
flavonoid concentrations. These findings suggest that the flavo-
noids may inhibit MMP expression and regulate the TGF-S1/
Smad pathway through their antioxidant effects. Conversely, in
the collagenase inhibition assay, inhibition increased with
concentration, exceeding 58% at concentrations >10 pg/mL.
Similarly, elastase inhibition activity also increased concen-
tration-dependently, reaching 67.6% at 12 png/mL. Taken together,
our data indicate a coherent dose-dependent cascade. As the
concentration of P. japonicus root-derived flavonoids increased,
both the DPPH radical-scavenging capacity and intracellular ROS
attenuation increased. Concomitantly, oxidative/inflammatory sig-
naling, typified by AP-1/MMP, was dampened, and the activities
of collagenase and elastase declined. These shifts collectively
restrained extracellular matrix degradation and re-engaged the
TGF-3/Smad-driven synthetic axis, yielding clear recovery and
procollagen synthesis elevation at higher doses (10-12 ng/mL). In
terms of qualitative correlations, the antioxidant readouts (DPPH
and ROS scavenging) were negatively associated with
collagenase/elastase activity and positively associated with
procollagen synthesis. Notably, threshold-like improvements in
enzyme inhibition emerged at >8 pg/mL for elastase and became
pronounced at >10 pg/mL for collagenase, while procollagen
recovery was evident at 10~12 pg/mL. Overall, these findings
support a linked trajectory in which the reinforcement of
antioxidant capacity leads to the suppression of protease activity
and the subsequent restoration of matrix synthesis, promoting

dermal elasticity and structural maintenance.
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Abstract

Older adults face a heightened risk of chronic diseases due to physiological changes, functional decline, and dietary imbalances.
Although nutrition education can enhance dietary habits, its influence on physical activity is less clear. This study, conducted at
the Seongnam Senior Industry Innovation Center in Gyeonggi Province, South Korea, assessed the effects of group-based nutrition
education on 24 adults aged 65 and older (10 men, and 14 women; mean age 76.08 years). Participants engaged in a 12-week program
that focused on hypertension, dyslipidemia, diabetes, and nutrition management. Anthropometric measurements, physical activity
capacity, and dietary intake were evaluated before and after the intervention. Results showed significant reductions in body weight
(p=0.038) and waist circumference (p=0.003), while BMI, body fat, and blood pressure remained unchanged. Appendicular skeletal
muscle mass, muscle mass index, and right-hand grip strength decreased. Dietary fiber intake saw a slight increase, while cholesterol
intake decreased significantly (p=0.007). Waist circumference decreased in both the groups consuming less than 300 mg and those
consuming 300 mg or more of cholesterol. Overall, group-based nutrition education led to improvements in dietary habits and
anthropometric outcomes, but did not enhance physical activity levels. Combining nutrition education with structured exercise may

be more effective in promoting muscle strength and functional health in older adults.

Key words: community nutrition intervention, elderly, dietary cholesterol, chronic disease, nutrition education

Introduction

As of 2025, the elderly population in South Korea is
10,513,907, accounting for 20.3% of the total population. Along
with the aging index, the elderly population has been steadily
increasing every year (Statistics Korea 2024). Older adults
experience various functional declines, such as sensory loss,
reduced masticatory function, and decreased digestive capacity,
which affect food intake and lead to nutritional imbalances. Such
imbalances in nutrient intake influence morbidity, and for elderly
individuals who already have chronic diseases, the impact can
be even greater (Han & Yang 2018).

According to the 2023 Survey on the Status of Older Adults,

86.1% of older adults in Korea have at least one chronic disease,

with hypertension (59.5%), hyperlipidemia (28.9%), and diabetes
mellitus (27.7%) being the most prevalent (Ministry of Health
and Welfare 2023). Data from the 2023 Statistics on Causes of
Death indicate that hypertensive diseases rank eighth among all
causes of death across age groups, with mortality rates increasing
markedly with advancing age (Statistics Korea 2023). Obesity
further exacerbates these risks, increasing the likelihood of
developing hypertension, dyslipidemia, and diabetes by 1.43-,
1.41-, and 1.55-fold, respectively, with risk escalating in propor-
tion to the degree of obesity. As of 2022, the prevalence of
abdominal obesity is higher among older adults than in any other
age group (70s: 42.3%, 60s: 35.9%, 50s: 30.0%, 40s: 26.0%,
30s: 22.8%, 20s: 18.7%) (Korean Society for the Study of
Obesity 2024).
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Most of these chronic diseases are closely linked to dietary
and lifestyle factors, and more than 80% are considered
preventable through the management of cardiovascular and
cerebrovascular risk factors and the adoption of healthier lifestyle
behaviors (Han & Jeon 2019; Lee et al. 2020). Dietary fat intake
is associated with the prevalence of chronic conditions such as
cardiovascular disease, cancer, metabolic syndrome, and obesity
(Yim et al. 2004), while sodium and potassium intake are known
to influence blood pressure (Noh et al. 2015).

Promoting healthy eating habits requires an educational
approach that not only provides essential knowledge, but also
fosters positive changes in attitudes and encourages individuals
to take proactive action (Mo S 1990). In a study by Kim MH
(2019), adult men were assigned to either a nutrition education
group or a non-nutrition education group to examine the
relationship between dietary intake and metabolic risk. The
findings revealed a significant reduction in disease risk among
those who received nutrition education. Similarly, Shin et al.
(2023) implemented group nutrition education and individual
counseling for older adults, demonstrating improvements in
dietary knowledge, attitudes, and behaviors, as well as favorable
changes in hypertension and dyslipidemia status.

Based on this evidence, the present study aimed to investigate
changes in physical activity capacity and dictary intake status

following group-based nutrition education in older adults.

Research Methods

1. Study participants and intervention

This study was conducted from August to October 2022 at the
Seongnam Senior Industry Innovation Center in Seongnam City,
Gyeonggi Province, involving 24 older adults aged 65 years and
above. Participants were recruited through bulletin board announc-
ements, were able to communicate and independently engage in
activities, and provided written informed consent. The study
protocol was approved by the Institutional Review Board of Eulji
University (IRB approval number: EU22-48).

The nutrition education program focused on chronic disease-
related topics, including an understanding of hypertension, dyslipi-
demia, and diabetes, as well as nutritional management strategies.

It was delivered weekly in group sessions.

2. Anthropometric measurements
Gender and age were recorded, and anthropometric measure-

ments included height, weight, body mass index (BMI), waist
circumference, body fat mass, body fat percentage, and blood
pressure. Height was measured using a height meter (HuBDIC
Wireless Ultrasound Height Meter HUK-2, HuBDIC, China).
Weight, BMI, body fat mass, and body fat percentage were
assessed using a body composition analyzer (InBody 570,
Biospace, Korea). Waist circumference was measured with a tape
measure (Rollfix, Hoechstmass, Germany). Blood pressure was
measured twice using an automatic electronic sphygmomano-
meter (BPBIO320, InBody Europe B.V., Netherlands), and the

average of the two readings was used for analysis.

3. Physical activity ability assessment

Skeletal mass index was calculated by dividing appendicular
skeletal muscle mass (kg), measured using a body composition
analyzer (InBody 570, Biospace, Korea), by height squared (m?).
Grip strength was assessed using a digital dynamometer (my-
5401, TAKEI, Japan), with each hand measured twice alternately
for a total of four trials, and the maximum value was recorded.
Participants were classified as normal or deficient according to
the 2019 Asian Working Group for Sarcopenia (AWGS 2019)
criteria (muscle mass: men <7.0 kg/m’, women <5.7 kg/m?; grip
strength: men <28 kg, women <18 kg) (Chen et al. 2020).
Physical performance was evaluated using the Short Physical
Performance Battery (SPPB), following the methodology of Kim
et al. (2022), which comprised chair stands, balance tests, and
a 4-meter walking speed assessment. Scores from each com-
ponent were summed to obtain a total score, and participants
were classified as deficient (<9 points) or normal (>9 points)

based on their total score.

4. Dietary intake

Graduate students majoring in clinical nutrition assessed
dietary intake using the 24-hour dietary recall method with food
model tools. Information on the types and amounts of foods,
beverages, and dietary supplements consumed on the day before
the survey was collected through questionnaires. The collected
data were analyzed using CAN-Pro 6.0 software developed by
the Korean Nutrition Society. Based on the pre-dietary choles-
terol, the cholesterol recommended intake of 300 mg (Ministry
of Health and Welfare & The Korean Nutrition Society 2020)
comparisons were made for total energy intake, carbohydrates,
fats (plant-based and animal-based), proteins (plant- based and

animal-based), dietary fiber, cholesterol, vitamins, phosphorus,
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sodium, and potassium intake.

5. Statistical analysis

Data were analyzed using SPSS Statistics version 20.0 (IBM
Corp., Armonk, NY, USA). Categorical variables were presented
as frequencies and percentages, and differences between the two
groups were assessed using McNemar’s exact tese and Fisher’s
exact test. Continuous variables were expressed as means+
standard errors. The Wilcoxon signed-rank test was used to
compare pre- and post-intervention values, and the Mann -
Whitney U test was applied to assess differences in changes

between the two groups. Statistical significance was set at p<0.05.

Results and Discussion

1. Anthropometric measurements

General characteristics and anthropometric measurements
before and after the intervention are presented in Table 1. The
study comprised 10 men (41.7%) and 14 women (58.3%), with
a mean age of 76.08 years. Body weight significantly decreased
from 56.25 kg to 55.89 kg (p=0.038). Although body mass index
declined from 22.51 kg/m” to 22.40 kg/m’, this change was not
statistically significant (»p=0.075). Waist circumference showed a
significant reduction of 2.41 c¢cm following the intervention (p=
0.003). No significant differences were observed in height, body
fat mass, body fat percentage, or blood pressure before and after

the intervention.

Table 1. Anthropometric parameters of participants

Total (n=24)

Variables
Before After  p-value
Sex (male/female) 10(41.7)/14(58.3)
Age (year) 76.08+0.78
Height (cm) 158.0440.01 157.92+0.01 0.083

56.25+1.30 55.89+1.33 0.038
22.51+0.42 22.40+£0.42 0.075
85.79+1.36 83.38+1.30 0.003
17.43+0.89 17.94+1.05 0.931
Body fat percentage (%) 30.87+1.29 30.82+1.32 0.903
Systolic blood pressure (mmHg) 131.71+3.43 129.50+3.63 0.819
Diastolic blood pressure (mmHg) 66.21+1.81 65.54+2.06 0.820

n(%) or Meandstandard error(SE).
p-value derived from Wilcoxon signed-rank test.

Weight (kg)
Body mass index (kg/m?)
Waist circumference (cm)

Body fat mass (kg)
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In the study by Kang et al. (2009), which provided nutrition
education to older adults with diabetes, waist circumference
significantly increased after the intervention, while body fat
percentage significantly decreased and body mass index showed
no significant change. These findings differ somewhat from
those of the present study, likely due to the fact that the
participants were overweight diabetic patients with a relatively

high prevalence of abdominal obesity.

2. Physical activity ability assessment

Physical activity capacity before and after the intervention is
presented in Table 2. Appendicular skeletal muscle mass signifi-
cantly decreased from 15.49 kg to 15.27 kg (p=0.008), and
muscle mass index also declined significantly from 6.15 kg/m’
to 6.07 kg/m* (p=0.007). Right-hand grip strength decreased
from 21.83 kg to 20.63 kg (p=0.034), while left-hand grip
strength declined from 20.63 kg to 19.96 kg, though this change
was not statistically significant (p=0.142). Despite the significant
decrease in right-hand grip strength, it remained stronger than
the left hand. No significant differences were observed before
and after the intervention in trunk muscle mass, muscle mass
index classification, maximum grip strength classification, or the

Short Physical Performance Battery.

Table 2. Physical activity ability parameters of participants

Total (n=24)
Before After
17.42+0.51

Variables
p-value

17.31£0.49 0474

Body muscle mass (kg)
Appendicular skeletal

el mass (ke) 15494058 15274058  0.008
(Si‘ge}igl muscle index 6.15:0.14  6.0740.14  0.007
SMI stage
Normal/deficient 9(37.5)/15(62.5) 8(33.3)/16(66.7) 1.000
Right hand grip (kg)  21.83£1.41 2063139  0.034
Left hand grip (kg) 20.63£1.53  19.96£135  0.142

Hand grip maximum (kg) 23.54+1.61  22.58+1.58  0.108

Grip score

Normal/deficient 15(62.5)/9(37.5) 11(45.8)/13(54.2) 0.219

Short physical performance battery total score

Normal/deficient

Mean+SE or n(%).
p-value derived from Wilcoxon signed-rank test or McNemar’s exact test.

2(8.3)/22(91.7) 4(16.7)/20(83.3) 0.500
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Muscle strength declines by approximately 15% every 10
years after the age of 50 (Deschenes MR 2004). As aging
progresses, muscle cells undergo senescence, resulting in muscle
loss and functional decline (Kim & Kim 2023). Degeneration of
cartilage, tendons, and ligaments may further contribute to
impaired motor function, and functional limitations become
increasingly pronounced in older adults. Considering their
physiological characteristics and dietary intake, it is challenging
to maintain or increase muscle mass through nutrition education
alone. In contrast, a systematic exercise program has been shown
to significantly increase appendicular skeletal muscle mass,
muscle mass index, and grip strength in older adults with

sarcopenia (Park & Gu 2018). Therefore, improving physical

Table 3. Dietary intake parameters of participants

Total (n=24)
Before After p-value
1,308.10+102.78 1,306.67+87.78  0.710
181.86+11.17  197.81+13.57  0.391

Variables

Total energy (kcal)
Carbohydrate (g)

Lipid (g) 38.10+5.71 31.78+3.19 0.689
Plant-based lipid (g) 16.75£1.90 17.34+2.18 0.753
Animal-based lipid (g)  21.35+5.05 1444200  0.304
Protein (g) 55.66+5.41 51.96+4.51 0.909
Plant-based protein (g)  26.62+1.99 30.91£3.42 0.361
Animal-based protein (g)  29.0444.35 21.05+2.64 0.162
Fiber (g) 16.94+1.55 21.43+1.82 0.153
Cholesterol (mg) 388.84+45.09  212.63£30.87  0.007
Vitamin A (ug RAE) 365.47439.56  390.23+72.70  0.864
Vitamin D (ug) 4.78+1.78 2.19+0.92 0.026
Vitamin E (mg) 11.09+1.06 9.99+1.16 0.549
Vitamin K (ug) 116.43+25.01  117.04£36.90  0.977
Vitamin C (mg) 52.09+7.77 61.49+11.26  0.753
Thiamine (mg) 1.17+0.09 1.1840.10 0.977
Riboflavin (mg) 1.24+0.11 1.00+0.12 0.110
Niacin (mg) 10.56+1.36 9.58+0.83 0.668
Vitamin By (mg) 1.2120.21 1.06+0.08 1.000
Folic acid (ug) 390.43429.69  334.64+33.75  0.241
Vitamin By, (ug) 8.13+1.71 5.59+0.94 0.440

840.65+61.69  771.61+58.54  0.568
2,877.20+289.73 2,683.81+297.87  0.689
2,010.76+161.16 2,161.96+166.96  0.732

Phosphorus (mg)
Sodium (mg)
Potassium (mg)

Mean+SE.
p-value derived from Wilcoxon signed-rank test.

activity capacity in older adults requires a combination of

nutrition education and structured exercise training.

3. Dietary intake

Nutrient intake before and after the intervention is presented
in Table 3. Total energy intake slightly decreased from 1,308.10
keal to 1,306.67 kcal, however, this change was not statistically
significant (p=0.710). Carbohydrate intake increased from 181.86
g to 197.81 g; but the difference was not significant (p=0.391).
Fat and protein intake decreased after the intervention, although
these changes were not statistically significant. Notably, the
intake of plant-based fats and proteins increased, whereas the
intake of animal-based fats and proteins decreased, although
these trends did not reach statistical significance. These changes
inplant- and animal-based food intake can be interpreted as the
effects of the nutrition education.

Dietary fiber intake increased from 16.94 g to 21.43 g (adequate
intake according to the KDRI for older adults: 25 g for men and
20 g for women (Ministry of Health and Welfare & The Korean
Nutrition Society 2020)); however, this change was not statistically
significant. Similarly, Kim & Kim (2012) observed an increase in
dietary fiber intake following a health promotion education
program for older adults, although the change was not statistically
significant. Their findings, which emphasized balanced meal
patterns and disease prevention, demonstrated dietary intake trends
consistent with those observed in the present study.

Cholesterol intake significantly decreased from 388.84 mg
before the intervention to 212.63 mg after the intervention
(p=0.007), falling below the recommended cholesterol intake of
300 mg (Ministry of Health and Welfare & The Korean
Nutrition Society 2020). In contrast, Seo EH (2019) reported a
statistically significant increase in cholesterol intake for both
men and women following a chronic disease prevention and
management education program targeting older adults with
chronic conditions. Although cholesterol intake increased in that
study, it remained within the 2020 Korean Dietary Reference
Intakes target of less than 300 mg (Ministry of Health and
Welfare & The Korean Nutrition Society 2020). This increase
was attributed to an overall rise in total food consumption, which
differs from the findings of the present study.

Sodium intake decreased from 2,877.20 mg to 2,683.81 mg
(Chronic Disease Risk Reduction Intake according to the KDRI:
2,100 mg for individuals aged 65~74 years, 1,700 mg for those
over 75 years (Ministry of Health and Welfare & The Korean
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Nutrition Society 2020)); however, this change was not statis-
tically significant. Jung et al. (2013) examined changes in
sodium intake according to participation levels in a low-sodium
diet nutrition education program targeting individuals with
borderline hypertension and reported reductions in sodium intake
across all groups following the intervention. These findings
suggest that nutrition education focused on chronic disease

management may contribute to reductions in sodium intake.

4. Anthropometric measurements according to dietary
cholesterol intake level

Anthropometric measurements classified according to the
cholesterol intake target of 300 mg (Ministry of Health and
Welfare & The Korean Nutrition Society 2020) are presented in
Table 4. No significant differences were observed between the
two groups before the intervention in height, weight, body mass
index, waist circumference, body fat, body fat mass, or blood
pressure. Waist circumference significantly decreased from 88.90
cm to 8590 cm in the group consuming less than 300 mg
(»=0.037) and from 83.57 cm to 81.57 cm in the group
consuming 300 mg or more (p=0.030). Aging is associated with
decreased secretion of hormones that inhibit fat synthesis,
leading to fat accumulation and abdominal obesity (Moon &
Kim 2005). A study analyzing health behaviors related to
dyslipidemia in middle-aged adults (Shin et al. 2016) reported

significant differences in waist circumference among normal,
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borderline, and dyslipidemia groups, with the highest values
observed in the dyslipidemia group. Furthermore, higher intakes
of total fat and saturated fatty acids were linked to increased
blood triglycerides and cholesterol, whereas consumption of
unsaturated fatty acids and dietary fiber was reported to reduce
these levels (Yeon & Kim 2011). In the present study, the
increase in dietary fiber intake and the tendency toward
decreased cholesterol intake after the intervention are believed to

have contributed to the reduction in waist circumference.

5. Dietary intake according to dietary cholesterol intake
level

Nutrient intake per 1,000 kcal of total energy is presented in
Table 5. No significant differences were observed between the
two groups in changes of nutrient intake, except for cholesterol
intake. Although the reduction in fat intake was not statistically
significant, the group consuming less than 300 mg of cholesterol
showed a decrease of 1.46 g, while the group consuming 300
mg or more exhibited a decrease of 4.41 g. Notably, in the group
consuming 300 mg or more cholesterol, animal-based protein
intake significantly decreased from 25.02 g to 16.02 g, repre-
senting a reduction of 9.00 g (p=0.041).

Dietary cholesterol intake decreased from 173.98 mg to 173.35
mg in the group consuming less than 300 mg of cholesterol, but
this change was not statistically significant (p=0.646). In contrast,

the group consuming 300 mg or more showed a significant

Table 4. Anthropometric parameters of participants by cholesterol intake level

Cholesterol intake

Variables <300 mg (n=10) >300 mg (n=14) 2
Before After p-value” Before After p-value! p-value
Sex (male/female) 6(60.0)/4(40.0) 4(28.6)/10(71.4) 0.211
Age (year) 76.40£1.09 75.86+1.12 0.860
Height (cm) 160.03+0.02 160.03+0.02 1.000 156.43+0.02 156.21+0.02 0.083 0.218
Weight (kg) 58.8442.15 58.55+2.16 0.358 54.39+1.49 53.99+1.55 0.055 0.114
Body mass index (kg/m®) 22.93+0.69 22.80+0.69 0.256 22.2140.53 22.11+0.54 0.269 0.464
Waist circumference (cm) 88.90+2.30 85.90+2.11 0.037 83.57+1.44 81.57+1.52 0.030 0.113
Body fat mass (kg) 18.60£1.10 18.41+0.96 0.407 16.59+1.28 17.61+1.68 0.530 0.253
Body fat percentage (%) 31.77+1.79 31.58+1.48 0.553 30.22+1.84 30.27+2.04 0.778 0.598
Systolic blood pressure (mmHg)  126.90+5.32 125.10+£5.74 0.919 135.144+4.42 132.6444.67 0.752 0.197
Diastolic blood pressure (mmHg)  65.00+3.58 66.90+4.06 0.342 67.07+1.86 64.57+2.13 0.219 0.725

n(%) or Mean+SE.
Yp-value derived from Wilcoxon signed-rank test.
Yp-value derived from Fisher's exact test or Mann Whitney U-test.
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Table 5. Dietary intake parameters per 1,000 kcal energy
intake according to cholesterol intake level

Cholesterol intake

Variables <300 mg - =300 mg  p- e
(n=10) value" (n=14) value”
Carbohydrate (g)
Before  160.38+5.94 133.82+7.49
0.721 0.300
After 162.78+6.66 145.744+4.39
Change 2.40+8.66 11.9149.41 0412
Lipid (g)
Before 22.23+2.57 30.79+2.99
0.646 0.300
After 20.77+3.42 26.38+1.60
Change  —1.46+4.52 -4.41£3.48 0.558
Plant-based lipid (g)
Before 12.50+1.77 13.11£1.86
0.878 0.925
After 12.37+3.28 13.74+1.73
Change  -0.13+4.39 0.64+2.33 0.815
Animal-based lipid (g)
Before 9.73£1.82 17.68+2.88
0.386 0.331
After 8.40+2.06 12.64+1.57
Change  -1.33+2.12 -5.05+3.42 0.598
Protein (g)
Before 38.94+1.58 44.24+2.08
0.646 0.331
After 38.08+3.33 39.97+2.62
Change  -0.85+4.16 —-4.2743.65 0.558
Plant-based protein (g)
Before 23.10+1.55 19.22+1.07
0.878 0.177
After 22.70+1.18 23.95+3.16
Change  -0.39+1.17 4.7343.16 0.219
Animal-based protein (g)
Before 15.84+1.90 25.0242.57
0.959 0.041
After 15.3843.60 16.02+1.63
Change  -0.46+4.09 -9.00£3.37 0.160
Fiber (g)
Before 14.37+1.66 12.29+0.99
0.386 0.109
After 17.8242.58 15.68+1.26
Change 3.4543.06 3.39+1.77 0.815
Vitamin D (ug)
Before 2.5240.75 4.83+2.39
0.093 0.074
After 0.71£0.29 2.16£1.02
Change  -1.80+0.80 -2.67£2.71 0.598

Table 5. Continued

Cholesterol intake

Variables <300 mg - =300 mg  p- e
(n=10) value! (n=14) value”

Vitamin C (mg)

Before 50.62+12.61 36.35+5.61

After 55.25+19.83 45.0011.66

Change 4.63+£25.10 8.65¢14.77 0.598
Sodium (mg)

Before 2,445.00+545.65 2,267.93+207.56

After  2,148.05+457.88 1,949.95+212.91

Change —296.94+650.30 —317.99+283.37 0.815
Potassium (mg)

Before 1,667.71+144.11 1,490.18+97.60

After  1,791.85+143.80 099 1,592.71£130.86 024

Change  124.14+216.17 102.53+155.42 0.725

Mean+SE.
Y p-value derived from by Wilcoxon signed-rank test.
? p-value derived from Mann Whitney U-test.

reduction from 406.49 mg to 163.20 mg after the intervention
(p<0.001). The change in dietary cholesterol intake was —0.63
mg for the less than 300 mg group and —243.29 mg for the 300
mg or more group (Fig. 1). The difference in changes between
the two groups was statistically significant (p=0.006).

Sodium intake(Chronic Disease Risk Reduction Intake accor-
ding to the KDRI: 2,100 mg for individuals aged 65~74 years,
1,700 mg for those over 75 years); decreased from 2,445.00 mg
to 2,148.05 mg in the group consuming less than 300 mg of
cholesterol, although this change was not statistically significant
(p=0.445). Similarly, in the group consuming 300 mg or more,
sodium intake decreased from 2,267.93 mg to 1,949.95 mg, but
this reduction was also not statistically significant (p=0.331).

Previous studies on dietary cholesterol and blood cholesterol
levels have demonstrated a close association between dietary
cholesterol intake and blood cholesterol concentrations, with
saturated fatty acids raising blood cholesterol levels more than
unsaturated fatty acids (Lee EJ 2016). Therefore, dietary
recommendations to lower blood cholesterol include reducing
animal-based fat consumption, increasing intake of plant-based
fats, decreasing saturated fatty acid intake, and increasing
unsaturated fatty acid intake (Baek YH 1998). Although most

changes in nutrient intake observed in this study were not
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Fig. 1. Cholesterol level per 1,000 kcal of dietary intake.

statistically significant, the trends in increased and decreased
nutrient consumption may be interpreted as effects of the

nutrition education.

Summary and Conclusion

This study analyzed changes in physical activity capacity and
dietary intake following group-based nutrition education in adults
aged 65 and older. The results demonstrated a significant
reduction in body weight and waist circumference, while body
mass index, body fat percentage, and blood pressure showed no
significant changes. Among physical activity measures, appen-
dicular skeletal muscle mass, muscle mass index, and right-hand
grip strength significantly declined, indicating that nutrition
education alone may have limitations in preserving muscle mass
and strength. Therefore, to enhance muscle strength and physical
activity capacity in older adults, systematic exercise programs
should be combined with nutrition education.

In terms of dietary intake, total energy consumption remained
unchanged; however, intake of plant-based fats and proteins
increased, whereas intake of animal-based fats and proteins tended
to decrease. Dietary fiber intake also showed an upward trend,
although this change was not statistically significant. Notably,
cholesterol intake decreased significantly (p=0.007), which is
expected to have a beneficial effect on chronic disease prevention.
When analyzed according to cholesterol intake, both the group
consuming less than the target level of 300 mg and the group
consuming 300 mg or more exhibited a significant reduction in

waist circumference. Additionally, the group consuming 300 mg or
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more showed a significant decrease in animal-based protein intake.

This study has several limitations. Although it was a prelimi-
nary study, the small sample size limited its statistical power. In
addition, dietary intake was assessed using a single 24-hour recall,
which may not adequately reflect participants’usual dietary
patterns. Furthermore, the lack of analysis of blood cholesterol
levels is another limitation. Nevertheless, the dietary changes
observed following the nutrition education in this study provide
meaningful evidence of improvements in dietary habits aimed at
reducing the risk of chronic diseases.

In summary, group-based nutrition education for older adults
showed positive effects on anthropometric measures but did not
result in significant improvements in physical activity. It is
suggested that incorporating resistance exercise education aimed
at maintaining and enhancing muscle strength and physical
function may also lead to improvements in physical activity.
Future studies are warranted to evaluate the effectiveness of
combined intervention programs integrating both nutrition and

exercise education.
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Abstract

The physiological activities of solvent fractions derived from the celtus methanol extract were measured. Following the extraction
of celtus with methanol, the yields of the resulting fractions —methanol, hexane, chloroform, ethyl acetate, butanol, and water —were
found to be 19.57%, 3.24%, 26.02%, 8.15%, 8.72%, and 63.57%, respectively. The total flavonoid contents of the celtus methanol
extract were 13.76, 4.96, 8.20, 31.99, 28.33, and 5.02 mg CE/g, respectively. The DPPH radical scavenging activity (ICspy;) was
measured at 22.48, 6.14, 11.15, 24.20, 19.18, and 20.71 pg/mL, with the highest activity observed in the ethyl acetate layer. The
hydroxyl radical scavenging activity (ICsey) results were 14.27, 2.97, 9.19, 13.93, 3.90, and 3.10 ug/mL, also showing the highest
activity in the ethyl acetate layer. The SOD-like activity measurements for the solvent fractions yielded values of 22.07, 9.65, 16.24,
32.63, 39.64, and 32.76 units/mL, with the highest activity in the butanol layer. The a-glucosidase inhibitory activity results were
16.42%, 11.29%, 16.60%, 27.40%, 2.86%, and 36.19%. Correlation analysis of antioxidant components and antioxidant activity
indicated a very high correlation between total flavonoid content and both DPPH and SOD-like activities, suggesting that the celtus

methanol extract positively influences antioxidant activity.

Key words: celtus, flavonoids, DPPH, hydroxyl radical, superoxide dismutase, a-gluosidase inhibitory activity
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Falloly &5, AZHAL 59 ‘41—.—30]01] O] A
2= lch(ustine 5 2019). BFASHA| = o] EHAdARA
&5t0o] QHYZARI HHE F3A7]= AE719Y H=
e U, £71, 4, a9, B, £ AN 59 HE R E
of EA4stH, ol A2 +9 SHZY BEE AAAZIA
U, 4 Adlcts 4Rt 42 A-E3tH(Yun & Park
2022; Son & Hwang 2024).
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A A7 A AAA, A7
chgo] wisshte e TR 9lo] FaT AEaroltt
(Kim 5 2016; Kim & Kwon 5 2018). A3=(Lactuca sativa L.)
+ 183K Compositae)o]] &ot= 194 FAAFL 2EAER
AgRE 22 gL B AR wo] o gH It
(Lee 5 2009). 459 =E3FF2 95%°]1L, HIERI A, B, C,
E 3 oo 4% 4/4aE skl SZl"%(Kim S 2016).

L)y= 71A @Wo] AH|EE= o

S}td= AL, gHAkS) A A 2 =9] AE|EAjo] 4y
A 91O ™ (Lee 5 2009; Mulabagal 5 2010; Cheng 5 2014;
Pepe 5 2015; Adesso 5 2016), &7|& Adstd SFQFAI9]
YL Eo|E HEI FEARY FRA AES AEHAE
F0F1L, 555 Y87 B50] Qo] EESO £2 A
o7 AA Uth(Ren T 2004). EIL FFo] Frizoz
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1. HEZ F&52 Y SHEESE HX

A= 20249 S5 ASAOIA Frfjste] SAAXS &
Haffste] A AZRET 500 goll 100% =T 7Foto] 24417k
% 33] K&52(SK-71 Shaker, JEIO Tech, Kimpo, Korea)3t THS-
FEHS oSt 1 ¥ 3HZTES7|(EYELA N-1000,
Tokyo Rikakikai Co., Tokyo, Japan)& ©]-&5}0] 35Co|A |ui&
] AAT & FAUZSI] 252 S0, 5
AAZE IAFE Folo] 575 1 L2 A83H5to] hexane,
chloroform, ethylacetate, n-butanol, water® £x8 07 B35S
AU FEEE2 AWES F 5E0E5 ARSI oH,
|3 E-2 DMSO(Sigma-Aldrich, St. Louis, MO, USA)o]| 0]
ARG5S

& S0l = S Kang 5(2002)2] Hiiol] &skof &
A5t A2 1 mLof| 90% diethylenglycol 10 mL2} 1 N
NaOH 1 mLE 7}5Fo] 37C water bathof| 4] 1A]7F 59t HH-2-A]
71 %, 420 nmoJ| A FFEE S5 Catechin(Sigma-Ald-
richy: EEEAE olo] EE JFHORRE 229 T &
g 0|t JgS Attt

3. DPPH(1,1-diphenyl-2-picrylnydrazyl) 2ICI1Z A

Al&=0f 0.2 mM2] DPPH &4 0.8 mLE 7}sto] Z9lit H,
AFLof| A 3057 H¥F3-A1Z]1 T UV-visible spectrophotometer(DU
730, Beckman Coulter, Fullerton, CA,USA)E- 0]-8-5}0] 517 nmo]|
A G E 751 2™, DPPH radicals scavenging activity2]
ol 50%7F He Algo] FEF ICodt o= 5% th(Blois
MS 1958).

4. Hydroxyl 2iC|Z 2S

10 mM FeSO;7H,0 89, 10 mM EDTA-2Na €4, 10 mM
2-deoxyribose &H2 77} 200 uLO] Fenton Y& S9ME0] UX
B9 A|Z-89 200 pLof 0.1 M Phosphate buffer-&4(pH 7.4)
12 mL2 do] & 8o 18 mL2 ZA5FAh A7]o] 10 mM
H0, €Y 200 uLE 7Foto] ST &, 37°CoflA| 4A17F BEGA]

#Hrt. thA] 2.8% TCA(trichloroacetic acid) A]2F 1 mLe} 1%
TBA(thiobarbituric acid) 1 mLE 7}5F0] #= Eo|A] 1087t 6t
A7 5 Lol T T 532 melA] BFEE Z5ato]
50% Z3AA]7]+= ICsprer -0 THSmirnoff & Cumbes 1989).

5. Superoxide dismutase(SOD) Al

A& 40 pLof pH 8.52 X A3t Tris-HCl buffer(50 mM tris
amino-methane +10 mM EDTA, pH 8.5) 120 uLe} 7.2 mM
pyrogallol 20 uLE 37F5F0] 25CollA 10827t BESAIFA T 11
% 1 N HCI 20 uLE 7Fsko] 982 AR A]7] 1L, 420 nmo A]
FBEE Sl 25 JA7He FEVMY E8E A
o|& wir gz el ckMarklund & Marklund 1974).

6. a-Glucosidase AsliEAd =X

A& 50 pLE 0.35 unit/mL a-glucosidase(Sigma-Aldrich) &
429 100 uLof EgF3to] 37°Cofl A 1027t vt & 1.5 mM
PNPG(p-nitrophenyl-a-glucopyry anoside, Sigma-Aldrich) 50 pL
£ 7koto] 37°CollA 2083 ¥ESAIFTE 11 F, 1 M sodium
carbonate 1,000 pLZ 932 A X A]7] 1L 405 nmof| A 4=
£ S7got3len, dizdel ittt 33 A4 A=E HEE
2 YENHATH(Tibbot & Skadsen 1996).

7. SHAz=

AgolA ola Aol BAH fHL SPSS(statistical
package for social sciences, Version 12.0, SPSS Inc., Chicago, IL,
USA)E ol 8ste] BILEZOXE UYL, 2 FE)
Hd 29 5AA F24d< p<0.05 $5=0{| A Duncan's multiple
range testo]] 2|5 75T

FH = EA5HH, S ol HA7(0RF 71
Aot 282 Wl TH(Zhishen 5 1999). T3, E2tE o=
L G, Gulolg s, FAF, A YA} 24A), SAlo] WX
59 YA A4S 7MH T Middleton & Kandaswami 1992).
A9 HetE FEEA 42 & B ES &2 Table
19] A|AJ= o] Qlow, Zk gujjof] W& & &2 methanol
19.57%, hexane 3.24%, chloroform 26.02%, ethyl acetate 8.15%,
n-butanol 8.72%, water 63.57%%= UEFSITE
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Table 1. Total flavonoid content of solvent fractions
fractionated with celtus methanol extract
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Table 2. DPPH, hydroxyl radical scavenging of solvent
fractions fractionated with celtus methanol extract

Extract solvent  Extraction yields Total ﬂavonoil()i content Extract solvent DPPH radical 1 Hydrox.yl radical

(mg CE"/g) scavenging (ICsg,) scavenging (ICsg,)
Methanol 19.57 13.76+0.22° Methanol 22.48+0.58° 14.27+0.29°
Hexane 3.24 4.96+0.18" Hexane 6.14+0.24° 2.97+0.12°
Chloroform 26.02 8.20:0.22° Chloroform 11.150.91° 9.19+0.19°
Ethylacetate 8.15 31.9941.20° Ethyl acetate 24.40+0.68" 13.93+0.12¢
n-Butanol 8.72 28.33+1.28¢ n-Butanol 19.18+0.32° 3.90+014°
Water 63.57 5.02+0.17* Water 20.71+0.35 3.10+0.12°

Y Total flavonoid content was expressed as mg/g catechin equi-
valent (CE).

? Each value is presented as meantstandard deviation (n=3).

3 Means within each column with different letter (**) different
significantly (p<0.05).

SAY HEE FEEERH 42 80 £EE9] St o]
T 5%+ methanol 13.76, hexane 4.96, chloroform 8.20, ethyl ace-
tate 31.99, n-butanol 28.33, water 5.02 mg CE/g02 ==l 0
], £3| ethyl acetate?} n-butanol EE|ofjA £ =5 Hc}

Kim & Jeong(2015)9] A7tof| wk=2H, o= (Smallanthus son-
chifolius), A18}Z(Gynostemma pentaphyllum), A}Z(Lithosper-
mum erythrorhizon)?] =0 A% ethyl acetate?} n-butanol
Y04 EFHE ¥ EHE 0|t =71 F3UT An
(2023)9] AFolA= AEM FAAHANA & EHE ¢
Eolt FLrt FUIAE A /o] AetE= A
< Hoj, 2 A4 27} vttt i S HYlow, 3 &
A E 2 EPtE ot TV ERlE0] 754 aAl®
el s4e ARk 9t

%l ofn

2. 3 HIEtE =525 2= SRS 2o &
s &3

DPPH ZttjZ-2 Qg A Ql A4 7|8ke] A S Z &, &
AR 7E AAE AGstAY i YAE AT 2R o
£ Foote 58S BUkete Wl A ARHEETHKIm F
2022). o] T}7goj|A] DPPH 2}t]Z-2 Hepof A gt el
o g WstH, ol A B HAFHoE FSAot= U
F-&slth(Kim 5 2022).

A9 HghE FEEA 42 81 BEEY S &
A 58L& Table 20 YERT HEQ} ZHO ™, methanol, hexane,
chloroform, ethyl acetate, n-butanol, water £-2}=0]|4] DPPH =t
T2 AAS(ICsn) S ZH2F 2248, 6.14, 11.15, 24.20, 19.18, 2
20.71 pgmLE ZA =90, E3| ethyl acetate E-2]o)| 4] 713}
%O e B Hydowyl 2hEiZe S w840l ot

Y ICsp: The values indicate 50% decrease of DPPH, hydroxyl
radical.

2 Each value is presented as meantstandard deviation (n=3).

» Means within each column with different letter (*) different
significantly (p<0.05).

DNAS| 7] ¥, 7t #Zoi3], DNA-Ted 7t A% 5
Pt &2 FEgtTh WA FHEL DNAY] o]F 2 &
Z5to] DNAS &/4JA171=H], o= 4, EdBol, Al &4
5= Y 4 tH(Manian 5 2008). Hydroxyl radical(-OH)
T TAREAH,0,)2F Hol2(FeCl-EDTA)2] HHg-,
Z Fenton ¥1-g-0fl 2]} AJ/d=|+= hyroxyl radicalo]] 2]3l -S4
9] 714 = A deoxyribose”} AFSFE| A AP E = THAES}
=91 malondialdehyde(MDAYE &A3C 24 7} th(Smir-
noff & Cumbes 1989).

39 WEg FEEevE Bud 8u 282 by
droxyl 2]zt &7 582 Table 20 AA| =0} 9lom, 7} &
319] ICsp0, 42 methanol 14.27, hexane 2.97, chloroform 9.19,
ethyl acetate 13.93, n-butanol 3.90, water 3.10 pg/mLZ =A% 3L
O, ethyl acetate oA Ao 2 w2 ZHE& HAth &
S, Kim 5-2022)9] Aol oJshd, FAI129 #7] &9 =&
=3 2£8E0A4 DPPH 2tt|Z 47 58 H]IL A, ethyl ace-
tate(EA)2} n-butanol(n-BuOH) £-&0] =2 JFAkst &4 YEr
N7, n-hexane(n-Hex)¥} methanol(MC) 232 Altjzo g o
= AR @442 Btk o8 AlEC)] =T = dE2
B Y F e SAAERE S BT &
U= oI thAKMER, A B2 AAT 4= Sl phenolic
hydroxyl7] & th= 7HA| 2L Qlof, & EASI Zote] &/d4ta
T2 AAst= A= I2A Uch(Shim 5 2005).

b

3. 2 HES FEEZ 2EF S0iREIE9| super-
oxide dismutase(SOD) FAIEHA

Superoxide dismutase(SOD)= HUo|A A== S-35)5H
AR 2SS F0]2(0; 2 T4 B A4
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(002} ISk A(H00) 2 ASShe AFe) G40l ol&
Bl Al &3S HAISHL, 48 AEHAE £0f k3l
ot AdE AAsks dHA A Vse s
(Matsui 5 2001). SOD 9-AF A4S ZA5Hs B2 SAJAL
i%——g hydrogen peroxide(H,0,)2 AZHA|7| = HF-3-& Zufjs}
+= pyrogallol®] TS &4 dl= 740]1’4-(Ben21e & Strain
1996). 34 HetE FEEA 2 &1 £&E2] SOD #
At A =42 Table 30 YERL 9loH, Z} 2959 4
Tt= methanol 22.07, hexane 9.65, chloroform 16.24, ethyl
acetate 32.63, n-butanol 39.64, water 32.76 unitmLZ YJEFG L,
53] n-butanol F oA 7Y =2 32 UEHTE 34 &
=2 Aot AEoA 44T AASH: Hl B2 &
7Fsdo] .

4. 3 HELE FEEE == SNE=E=SY
dase oM EH £H

o] gafo] BojShE Ha o1 camylasesh agluco-
sidase= &Y} 223 A%}o| FQ3%F BaolH, A% &
L3 5L s 245t=t 583 TS gty dukEe s A
B2 g-amylaseo] 2]3] maltose@} dextrin® 2 E3f|=EH, o]%
of a-glucosidase”} EEFO & ASIAA Ef £35S &9It)
whA], A 29 G X FoA a-amylase I a-glucosidase
94 A= AT g2 A3 7]= aHE Q1 W o] th(Shim

% 2005). a-Glucosidaser= B3-S Aol S<=3517] 3]
015 LR Zofoks 849 sholH, of2et B3iE A

| a-glucosi-

Jsto] RS WA 821517 93t a-glucosidase A A S
AEASA AL F-E0(Manian 5 2008). 332 W2

FZSEZHE Jd& g B3 E -4 a-glucosidase JA| S
Table 4°] YE} 9lor, 7 B3 E-9] A &AL methanol
16.42%, hexane 11.29%, chloroform 16.60%, ethyl acetate

Table 3. Superoxide dismutase (SOD)-like activity of solvent
fractions fractionated with celtus methanol extract

Extract solvent  Superoxide dismutase - like activity (unit/mL)

Methanol 22.07+1.67°
Hexane 9.65+0.52%
Chloroform 16.24+0.28
Ethyl acetate 32.63+0.33¢
n-Butanol 39.64+0.78°
Water 32.76+0.83¢

Y Each value is presented as meantstandard deviation (n=3).
2 Means within each column with different letter (*) different
significantly (p<0.05).

Table 4. a-Glucosidase inhibition activity of solvent
fractions fractionated with celtus methanol extract

Extract solvent a-Glucosidase inhibition activity (%)

Methanol 16.42+0.09°
Hexane 11.29+0.51°
Chloroform 16.60+0.39°
Ethyl acetate 27.40+2.16"
Butanol 2.86+0.24°
Water 36.19+1.41°
Acarbose 95.824+0.69

D Each value is presented as meantstandard deviation (n=3).
2 Means within each column with different letter (*°) different
significantly (p<0.05).

27.40%, n-butanol 2.26%, water 36.19%2 ZH |} o0, E3]
5 2H04 1Y £2 o4 TS B

o I

5. 3% HE=
Zho| Abmbmby|

A e FE2EE 2% SuEYEe Ag 11
ATBAS B4 AT Table 59 zgu} % ZalHlo|=
SR DPPH, SODFARMITH= o] ATHASE HYlo,
AFA = ZF2E 0.625(p<0.01). 0‘676(p<0.01)2§ Yepyith

5522 2oz 20420 MalEy

Qo =

A W FEEEFE 289 SriEgEe] 984
< 4ot A vgERE 253 &, RYE 25 58
2 methanol, hexane, chloroform, ethyl acetate 2 butanol, water
I E9 488 =33t A= 242} 19.57, 3.24, 26.02, 8.15,
872 Bl 63.57%= UEHTh 34 WEE 352 & E°tE

Table 5. Correlation coefficients among extraction total
flavonoid, DPPH, OH, radical scavenging activities, SOD,
and a-glucosidase inhibition activity of solvent fractions
fractionated with celtus methanol extract

Factors TFC DPPH OH SOD a-glu
TFC 1.00 0.625™ 0.48 0.676"  -.208
DPPH  0.605" 1.00 0.520° 07777 0417
OH 0408  0.520° 1.00 -012 0163
SOD 06767 07777 -.012 1.00 0.163
a-glu -208 0417 0.163 0.163 1.00
*p<0.05, “"p<0.01.
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rol= 3RS Z+7F 13.76, 4.96, 8.20, 31.99, 28.33, 5.02mg
CE/go = Uelgth. DPPH ZHZd 47 4(1Csw) A3,
22.48, 6.14, 11.15, 24.20, 19.18, 20.71 ug/mLE UEFF O™,
ethylacetate 20l 4] =7 YEFT}. Hydroxyl radical A4 %5 &
A (ICspe;) B}, Z+2F 14.27, 2.97, 9.19, 13.93, 3.90, 3.10 ug/mL
B UE o, ethylacetate SOl A A UERETh A =g
= FEEE 2949 {vlEEES] SOD AR &4 23
= 22.07, 9.65, 16.24, 32.63, 39.64, 32.76 unit/mLE LEF}C
o, FeEFoN4 =4 UEbTh a-GlucoSidase A &4 =
A3} 1642, 11.29, 16.60, 27.40, 2.86, 36.19%= E}SAT).
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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

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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