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Evaluation of Antioxidant Activities of Gynura bicolor Extracts and Fractions Treated
with Organic Solvents

HaeJu Moon, SukHeung Oh” and "JunHyeong Kim’

Graduate Student, Dept. of Food and Biotechnology, Woosuk University, Wanju 55338, Korea
"Professor, Dept. of Food and Biotechnology, Woosuk University, Wanju 55338, Korea

Abstract

Gynura bicolor is a medicinal plant recognized for its antioxidant potential and natural pigments. This study aimed to evaluate
antioxidant activities and bioactive compounds’ contents of G. bicolor extracts and solvent fractions prepared using different drying
methods and solvent partitioning. Ethanol extracts were obtained from freeze-dried (FD) and hot-air-dried (HD) samples, followed
by sequential partitioning with n-hexane (n-Hex), methylene chloride (MC), ethyl acetate (EA), and n-butanol (n-BuOH). Total
polyphenol (TP) and flavonoid (TF) contents were measured. Antioxidant activities were assessed via DPPH and ABTS radical
scavenging assays. The FD-EtOH extract showed the highest TP (100.8+0.29 mg TAE/mL) and TF (4.7240.03 mg QE/mL) contents.
EA and n-BuOH fractions exhibited significantly higher antioxidant activity than other fractions, suggesting that bioactive compounds
were effectively concentrated through selective solvent extraction. These findings indicate that drying and solvent fractionation can
significantly affect antioxidant functionality and phytochemical yield. G. bicolor may serve as a promising natural antioxidant and
pigment source for functional food and beverage development.

Key words: Gynura bicolor, natural pigment, antioxidant activity, polyphenols, flavonoids, solvent

N B oxygen species, ROS)S A|5to] A &AHS dtst= d)
7lofstH, ol= 7154 AF % A7 2429 A8 74

A Z(Gynura bicolorye: T3 Asteracead)] 45H= 2 AARGIT Jev AR SRR G a7t
G4 A2, ool 3 dobo} Aol AEACR B XAGES A U 2% Pl uet 27 A 4 9

48 % SO Aol FeHD0 5200 o) AL F O, ol AP AT A7 WA, 45 P
ShiicolE, o, QHEAOR £ WS G40l Fold 5 4R BE 9 230 9%E T 94 29 F st
BES SO SRSt e, of2Rt due el Az Ao, F27xet 32 dRA 7HHL
FdZ 9 Al A3} 22 ook S Hole= Ao 2 9de AMEE I Y Th(Justine 5 2019; Son & Hwang 2024).
2 B EtHChao 5 2015). FLofl= FAZR FE5F0] 11 A, W& (Centella asiaticayS HHAFO.2 3t AFoA L
A"} 2lo] @} streptozotocin® 2 G A2F el AF = AZ HAo) et & Ed s, £ SR Lot s=F 9 &)
oA At A EIE BAths A7 EuEHDing AR} /] st EEtAl= AR HilE9loH, o=
5 2023). ol=T MATH HRE BHMLBeactive  AE 2710 B2IHY 39| HE] ol WA WS A

rL il l-m Hu)
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AFSFHEom 5 2021). AA| 2, Hong & Lee(2004)y= A= 1Y
of wet ©oure] F4 E4do] gEtxitkal B skt Jus-
tine 5(2019) Zx WHo] it 7o g 9 &4
Fogt G2 vHota gy gh, =& 8o 4 A+
o= A& 8 & 88 & T Xt Nawaz
52020y F FEEONA &9 SN et Akt E4
9] xjo]& B35} oH, £F4 §-7]-81(ethanol, methanol
S)VF & ol 9 EH59 &0 av4olg= 2
= AASHATE FAFSHA, Muhamad 5(2014)2 U 7H]
(Averrhoa bilimbi) 3% A| -&we] =/ w2} F4ts} Z&
O] TF Ao 7F AYTITRAL H TSRt | FA R A
3t &Agof| tigt A= 7kt o, tiiE AA =&
= TolA APEAL, {718 2 e E4E £
A5t A= - AgHE o]tk (Moon H 2023). EA(ethyl ace-
tate)2} #-BuOH(n-butanol) B8 of 2] kR AIE A JLofA &
3t 4kSE E4do] TEE HE Q1o H(Yun & Park 2022), ©]
23t A X E 154 /718 AR EAS S
Aog BT 5 Q= 7FeAdS HolEt ol 819 A

4 35 85 FAIR AEok= A2 9] e AEE
T olo] 2 Ao FAIRY A1 9 I3

TS A83 &, gttt 349 /7189 (n-hexane,
methylene chloride, ethyl acetate, n-butanol)E ©|-&3F £35S
AAstaL, Z47to] S5F0f 23E FASE JE O] b &
/d AolE WSkt o|et T2 A= AR F4ts}
Aa FE=2 AT 34 HA35 4 443} 7/l HEA

- TEa= “ o
712 ARz 82 5 S Aoz JHdEH

do

i) ok

VEERCIRETEY
1. MEE-THE L Al
£ Ao AMSE FAZ2E A71E SHIAl0] YA F
NesdollA AT &, At AE4g3stato] 1
Sto] Al3]o]| AM&519Ith DPPH W ABTS &4 EAJo] AL
gl HA] A9 Sigma-Aldrich Co.(St. Louis, MO, USA)& 5-E|
TFAst o, 71 Ao ARG LE Aok 15 o4
Al AFOZ Fgstdch

A

A

i

2 AZFE Y

2 AFolA= o
a5tk

Methanol(MeOH), ethanol(EtOH), distilled water(DW), 527 %
1 (freeze-drying, FD), &A% (hot-air drying, HD). 7+ $&%
< Az R -§HiEE £6te] FD-MeOH, HD-EtOH 522
1ottt £8 Sufj= 1St 3718 5] n-hexane(n-Hex),

=
=1
=

3} 22 ofo]

o HI

it

gofstal dd=A A

q

ethyl acetate(EA), methylene chloride(MC), n-butanol(n-BuOH) 5
of ofojg AMgsIA,

A2 AlFE FAAZR7](MCFD5505, ilShin Lab Co., Dong-
ducheon, Korea)E AR8-5F0] —55ColA] 48417t 52t FD A
o193, EE&FAZ7](VS-1202D3, Vision Scientific Co., Seong-
nam, Korea)S ©]-8-5f 50TColA] 24A|7F 5F HD A &5t
o0]% T Alg HE X34 BAY)(HMF-3250S, Hanil Electric
Co., Seoul, Korea)ys AR&-5}o] £4f5}al, 60 mesh(250 ym) A&
o83} At T712 FAKSIGch FD 2 HD HelE Al
Z¥Z} MeOH, EtOH, DW= ©0]-8-3]] 1,000 mL2] |12 50 CofA]
64 B 38 i $ESGT, FEAS 0T 8 270
A A sESET BHe 284 FR7IWEV-A00V,
DAIHAN Scientific Co., Wonju, Korea)g AR&o}0] 43 %|%] 0
o, o] P2 B9l F 65 £EEZ FH SIS 95% EtOH
B FET 55E 20 ¢ 18R SR EE5t
n-Hex 5.00 g, MC 0.08 g, EA 0.22 g, n-BuOH 1.70 g B3 B2
AUt o] REYESE ZA479] FHAtet 2 2 g &
B7HE fIgt Aol ARRE HFHoE SHEH FEEY
EYE2 AR 84, BB A7 B7FE e A™ol A
|E At o] F F Euls =K (total polyphenol, TP), T =
H1-o|= 3(total flavonoid, TF), & AHEAORD T(total
anthocyanin, TA) &40 AREE A& ZH2to] ofo|2 7|5}
Rt

3. Eitst &y

1) DPPH ZIC|Z A7 &AM

DPPH 2}t]Zt A7 842 Blois MS(1958)9] "S- 7]t
o7 A9 A& dF £Hsto] Z75kAHh DPPH(2,2-di-
phenyl1-picrylhydrazyl) 8- (X]% &X: 0.2 mM) 200 uLe} Z}
Al& 20 uLE 96-well plateo] S35t &, QF4lof|Af 30&7F vt
SAIA ¥hS & SF T 517 nmol| A B3G5 Al (Multis-
kan GO, Thermo Fisher Scientific, Waltham, MA, USA)E o]-&
Sff Z7gstqich. DPPH o)z Qg ARl A4 F4 &tz
2, A7 ARE AGstAY 4 YAE AT R
A FHds 37 582 B71oke d 9] AREh
o] I-Yox DPPH ttjZ-2 HepdoA dleghio= M4
HI}7E dojupm, o]= 4tet B4 9] A EAo &8
o} 2 Al3]0] oFA thRF O 22X Sigma-Aldrich Co.(St. Louis,
MO, USA)OJ| 4] S+t HIEFY C(ascorbic acidyE 285131t

M

FIO mﬂk

0z

2) ABTS 2iC|2h A &
ABTS &)z A7 4L Re 5(1999)0] A3t HAHS
71802 sto] AR 2L #AT & A&t 7 mM
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ABTS(2,2-azinobis(3-ethylbenzothiazoline-6-sulfonic acid)) 8-
3 245 mM FHFHLES T The, P 16402 %

SAIA ABTS #HHZ-S A5t A44E ABTS 942 &
Fx gol 0.70£0.027F HEE SF,E 245190, 7 A
H 20 L= ABTS &9 200 uLo} &3}sto] 627 RHE-3H &,

\

734 nmol A FB=E Z43c) ABTS 2z 27 84
o & AT BTG BN o AP, AR ] gD
Pt 200) 04 A 52 24 & 9ok ABTS A%
o] A R OZE Sigma-Aldrich Co.(St. Louis, MO, USA)
9] H|eYl C(ascorbic acidys AM&-5}%Th.

ook

3 et
% Zo9E 3RS Singleton 5(1999)9] TR EZS 7]ut
o= gy 5

A Aot E45t9E 74 255 05 mLE

o 587F ¥R A AT 0% 7% NaCOs&
mLE A7t § 3087 A0 A ¥ Wastoict.
v S3E0l SWEL 760 nmol A EAEIoH, HEE
A= tannic acid & AH&sto] S5t & EEvE o
2 tannic acid equivalents(TAE) 7|22 mg TAE/mL T2
et it

4) & E2R0|E &2 24

HicolE FRRE Ze0lh 5% 05 mLo] 5% NaNOs
8 03 mLE 7R F 5&t WAIZT 0% 10% AlC-EH
03 mLE H7Fo}i, 627 27} w-g-2 APshic. uhxjake.
2 1 M NaOH €9 2 mLE 7511, 510 nmo|A S35
S50 EFE24E querceting AFESIR oW, & SEtH
o]t 32 quercetin equivalents(QE) 7]&C. & mg QE/mL
4= eI

Z QtE Aol 3gF BA-L Giusti & Wrolstad(2001)2] 1F
Hoj| w2, 2+ 55 1 mLE pH 1.0 &5-82(0.025 M pota-
ssium chloride) 2 pH 4.5 &5-8%(0.4 M sodium acetate)©]|
242k 9 mLA SS9 o BEE FHEE 510 nm
700 nmofl Al Z7g5HoH, & &F &4 FFE Ao|E o]
go}lo] & QtEA|otd IS Giusti & Wrolstad(2001)7} A
oSt pH A}o] ¥ (differential pH method)S 7]HFo 2 A4S}
oh. Al4HA 2 ofefiel 2

Absorbance = (Asjg —Azo)prio = (Asio —A700)prss
Anthocyanin content (mg / mL) =

(A x MW x 1,000 / €) x dilution factor
e = 30,175, MW of cyanidin-3,5-diglucoside = 611 g/mol

2 9 EolEo] kst &4 37t 89

A: pH 1.03} pH 4.50049] &3 2tol2 AAbd
MW: cyanidin-3,5-diglucoside®] EX}ZH(611 g/mol)

e: cyanidin-3,5-diglucoside®] & 5°F A|4(30,175 L/mol-cm)
dilution factor: A|&29] 3A HjS

4. SHXzE|

RE A5 Avl= SPSS 27.0 AZE ¢0](IBM Corp., Armonk,
NY, USAEAREStY] EA519 0, Ales HutEsHAL
(meantSD)E FASHTE SAA Fo4d B7he deEAHEA
(one-way ANOVA) F-, Tukey2] ARS- 247 (post-hoc test)Z -5-5f
p<0.05 oA THESE]IT

Znt o nE

1. DPPH 2iC|Z A7 &M

DPPH 2tz A A &/dZ #A_F A3h= Fig 1 X Fig 29]
=AgEo] glom, BaW P B4 FJolg HojErh
FD-MeOH, FD-EtOH= 500 pg/mL 5 =0flA 80% ©0]4}9] =2
gz 27 42 Yo, ol AS7(Perilla fiu-
tescens) 50% EtOH 259 =2 DPPH o] A7 &A1&
H I3 Kim 5(20222)2] A5+ 279} AA|5H3itt. o2t 4
3= EtOH7} P4kl 43 Uetdl= EuHeRet S2tL
LolE AYE 4% 8830 E FEY S A= &= B
ot} Park & Hong(2014)2] Ao A% AR (Morus alba) 3=
EE T 50% EtOH F&E0°] 7HF} =2 et 84 Ho
AR Aoko] Haig v Utk o2t B A=A it
(Dioscorea alata L) 3Z2°] 33t Kim 5(2022b)of| A= &1

100~
aaa 1

3 bb bb

E 80 , 10
© g‘ I
33 ., = 100
g8 . b . = 250
T 2 404 d Hm 500
) dq -
a c

S 204 ) d (Hg/mL)

o

"

0_

VitC F MeOHF EtOH F DW H MeOHH EtOH HDW

Fig. 1. DPPH radical scavenging activity (%) of Gynura
bicolor extracts under different drying and solvent con-
ditions. Data are shown as meantS.D. (n=3). Statistical
significance was determined by one-way ANOVA followed
by Tukey’s post-hoc test (p<0.05). Bars with different
letters differ significantly according to Tukey’s post-hoc
test (p<0.05).
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Fig. 2. DPPH radical scavenging activity (%) of various
solvent fractions derived from Gynura bicolor. Data are
shown as meantS.D. (n=3). Statistical significance was
determined by one-way ANOVA followed by Tukey’s
post-hoc test (p<0.05). Bars with different letters differ
significantly according to Tukey’s post-hoc test (p<0.05).

=y, 1 Aol A= 70% EtOH zzuo]
Xt} DPPH 2tojZd &7 Z/do)A 9=
Z=20] gy= FurAsic} 8 1:19_]% p:ug v
% n-BuOH #8]2 At o2 &2 Aot B4< UrE’rLH“
th B, n-Hex @ MC E32 o 3halst IS
ol Ko 520159 A7oA B Ap3EE0] &
Z70|| el DPPH 2tz &4 4ol Xjol& E@E}L A
el FARRE B3Fe UEhde. 2 A5 o= EA 3
n-BuOH Z&lof|4] DPPH 47 &/Jo] A&z &4 yer
o, ols gl E4d wE FAtet 4&o AEd 22
7Fs/de AARRITE mEkA, SA129] EA B n-BuOH 222
ARl st B4e 7 2Eo® dddrnh

2. ABTS 2iC|Z &7 &

ABTS 2HHZ A|A 84S 54 2= Fig 33 Fig 4

o] Z=Ajst= o] 3lov, DPPH 243} -FAFSHA|, FD-EtOH 3
FD-MeOH #&Eo0| 7}& 733t gigZd 44 4L HYr)
E3|, EA 2 #-BuOH £38 X3 w3 =2 AL el
o, FASHA, Lee YR(2022)9] Aol A= W58 +&=2]
EA % n-BuOH £3]0] ABTSE Z3}5t Ak Hhg 3o A
E2 @2 HEHel, 1718 289 gl F3sH &l

o
M

Atk ol BIAE W FAI R, 53] BejraRor B
R o] E&0] Ffo] ot AL oJu|dlth Kim 5(2020)
9 ﬁﬂrOﬂHE LEH]H AT AlSolHAl FEE0A 524

2 T 80T A @4 F&3HEA 9-4 o]
o] 7B <o e o, ol Ax ¢ & 574 o]
ks AJEOl 850 F4a%t tﬂ—*ru% HojZc}, b,
n-Hex I MC B3] Altjd oz 12 38 HyLrg|, ol
H|2A g E3ojAE ZTds U ZetH o]t AEo]

§ 80~ 10
w3 o4
32 o0 100
g8 = 250

i)

2 a0- - = 500
s
E 2040 (Hg/mL)
2

T
VitC F MeOHF EtOH F DW H MeOHH EtOH HDW

Fig. 3. ABTS radical scavenging activity (%) of Gynura
bicolor extracts based on drying method and extraction
solvent. Data are shown as mean+S.D. (n=3). Statistical
significance was determined by one-way ANOVA followed
by Tukey’s post-hoc test (p<0.05). Bars with different
letters differ significantly according to Tukey’s post-hoc
test (p<0.05).

100 aa aa aab 1

9

< 804 0
_F !
33 b = 100
R 60—
g e = 250
w2 H
E S 40— Em 500

&
“2 50 . (ug/mL)
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0 T
VitC EtOH n- Hex EA n-BuOH

Fig. 4. ABTS radical scavenging activity (%) of different
solvent-partitioned fractions of Gynura bicolor. Data are
shown as meantS.D. (n=3). Statistical significance was
determined by one-way ANOVA followed by Tukey’s
post-hoc test (p<0.05). Bars with different letters differ
significantly according to Tukey’s post-hoc test (p<0.05).
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ZOoE WoH o9t fARE FRF
&t A2 vrs(Allium sativum) 3E5 AT FEE
9&2“1, g Aol A= EA EE0] ABTS g &7 &4
A G 2 UL e U, e £ 2 24
< BYctJo 5 2022). E3Y, G7|(Fragaria*ananassa Duch.
var. ‘Seolhyang’) o F&E T ALJAZ EA B4 &
43 ABTS 21012 A7 B4o] BelHgor, Lee SCOI9
o G 54 34 S} 4O PUS HuE
e 5 s BE SHAT 0|9 e AFL B A7
o] DPPH Ui 47 B4 Asiehe Aae], 2% EA
2 pBuOH £20] £-& YA BYL ehit 70 428
TSt U HolErh
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E(TP) ¥ & E2HH 0| =(TF) g2 #Ast9 e, 1 2
= Table 19] YeRQict 24 A3} FD-EtOH £&50| 71
=2 TP(100.840.29 mg TAE/mL) ¥ TF(4.72+0.03 mg QE/mL)
S UERlCo, o= HD-DWXET} TP gl oF 8Hl, TF
o] oF 3H) &2 FAYS "}E}"HE]' Olh Az WY ==
Q.UH7]— /\ﬂﬂfi]-k] /H‘:'_J E___‘I_J’]‘ ] ‘6‘—8—7:5_ o(}z_- ]
x]‘jr A ouldtet. FARE ?ﬂ—_r“’ﬂ’ﬂE 54 4z U 4
= 87t E2lE W SR ot el 9= A=
Aoz HIHH. Kim & Jeong(2015)9] AFofA= o
(Smallanthus sonchifolius),
Z(Lithospermum erythrorhizon) F2=0)| 4] EA ‘:'x] n-BuOH &2
o] ¥ E7HlE 9 St ol S H3oH, Son &
(2020)9] A= BEETHEruca sativa Mlll) 573742 NE
o] §FAX MEHT FF0R £ Eejvs 4 ST
ot 3= Bt ESt, 2 (Arctium lappa L)—- Aoz
3} Son & Hwang(2024)4 ocl;loﬂxi T, BAAZ % 95% EtOH
2 F23 ARAA 7MY 52§85 AR TRkl BaEQith
QHH, Jung ’%2023)-4 Aol A= HERE H7IRE ABC 17
FA7F e EeHE E ESfE oot RS YERioH, o
£ 71573 AES AR &4 SHet DR BHElo] e A
o8 HuEQIrh An 5(2023)°] Oq?‘oﬂ/ﬂl:-_ A= H A
o & ZdulE ¢ St ol o] 22E P &
d 3t FolsHA S7Fshe A Hol, & °q:rL 27l FAF
T BEFE et & AN SAE FEE T w2 E
2ol 9 ST eolt S YERHloH, o= 7154 AlE

A8+ 2(Gynostemma pentaphyllum), A}

Table 1. Total polyphenol and flavonoid contents of
Gynura bicolor extracts depending on drying method and
solvent polarity

Total polyphenol content Total flavonoid content

Sample (mg TAE"/mL) (mg QEY/mL)
F MeOH 78.2+0.09° 4.13£0.02°
F EtOH 100.8+0.29° 4.72+0.03"
F DW 11.6+0.47° 2.17+0.04°
H MeOH 81.2+0.51° 2.1240.01¢
H EtOH 56.940.51° 2.47+0.02°
H DW 12.4+0.47 1.53£0.03°

Data are shown as meanS.D. (n=3).

Statistical significance was determined by one-way ANOVA
followed by Tukey’s post-hoc test (p<0.05).

Values with different letters differ significantly at p<0.05.

Y TAE, Tannic acid equivalent.

Y QE, Quercetin equivalent.

BA1Z(Gynura bicolor)] §-7]-8u

2 7R5AS AR whebAl, FA29) gelE

wo wh mawdoR nEsh] de A1l 7kg e 7
9 A% 2A2A) 48 S AR 4
3 Aoz gk

Z 2259 & 9
AlOF(TA) B2 24t éﬂr— Table 20]] YER E}
OPEAIO}H—S— 2] ERPgste] dofl S5 HA 2= A
ong, & A &1 s=oF &2

2700 v} %}%ﬁ o]7k 2 4= glet. ol whe & o)A
L ofehe SRR 229 AR tg  HEAOR §
Hg B3 14 584 3% 24 IUst A sk
A A3}, 70% BtOH FEE0)A] 8.1240.73 ngmLZ 71 &
Z otEAJo}d T}efo| UpElG oM, o] 95% EtOH =&
E(2.5342.31 pug/mL) ¥ 40% EtOH F&-5(3.20+1.22 ng/mL)
T H s o FHRl AolE EATHp<0.05). o]t 2
e EOH 5571 3 QHEAohde] §9of] JFg ol
si, 531 70% EOHol 3 ARAoR 22

OPN

0 rlo Mz Hu:

o 1 g S5 A4l w28 Solach o2
Abst A %Q?ﬁ HE (Ribes nigrum)E AT O 2 St Cacace

& Mazza(2003)9] AFoME HIEOoH, g ATLofA
60% EtOHO| A & QFtEAJold & §8&o] 713 &9k,
80% o] 39] FEollA= Q5|2 Fashs B3 HAA o]
+ EtOH 5=7} Y& Fobd ¢, F40] RotA & tEA]
ofd o] &oi=7t HAaT 4= As= APe) E3L o] AF
A= F& 2= JA| F AEAOMD F
FFZ PRI, 30~35C HYANA 7HF & Z&0] YEY
L A0z BT} Jun 5(2019) GA] ERHE] & A
30% EtOH 2 A4 % QFEAjobd gheka} afak
7 =022 el HE Qlok RHA, & AtolA=

Table 2. Total anthocyanin content of Gynura bicolor and
its ethanol extracts at different concentration levels

Sample (ug/mL) Mean+S.D.
Gynura bicolor (raw) 0.91£13.4°
95% EtOH 2.53+2.31°
70% EtOH 8.1240.73"
40% EtOH 3.20£1.22°

Data are shown as meantS.D. (n=3).

Statistical significance was determined by one-way ANOVA
followed by Tukey’s post-hoc test (p<0.05).

Values with different letters differ significantly at p<0.05.
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& 8 FAZ FEE9] F=K(TP, TF, TAT A4St
2J(DPPH, ABTS) 7+9] A #4Al= Table 33+ 2T}, TP= TF,
TA, DPPH, ABTS®} B F9] A4AdAE HetdloH, E3]
TP} ABTS 7He] AAlSsE 1=0.942 7H8 & THp<0.01).
ESH TFO} DPPH 74| AAIGE 1=0.89= &2 AddS 1
ATHp<0.01). o3 A= F2E9] FAksH 4o 3lof TP
2 TF o] F85H 7|ojge AR

6. EtOH F&=°| 28 += ¥ il &4

ol
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Table 3. Pearson’s correlation coefficients among total
phenolic (TP), flavonoid (TF), anthocyanin (TA) contents
and antioxidant activities (DPPH, ABTS) of Gynura bicolor
extracts

Parameter TP TF TA DPPH ABTS
TP 1 0.87 0.75 092" 094"
TF 1 0.78 0.89" 0917
TA 1 0.81" 0.81"

Statistical significance of correlation coefficients is indicated as
follows: "p<0.05, “p<0.01 (Pearson’s correlation).

Table 4. Extraction yield and predicted bioactive com-
pounds in each solvent fraction of Gynura bicolor

Solvent Weight (g) Yield (%) Predicted main solvents
Ethanol Extract Various polar and
26.00 100.00
(EtOH) non-polar compounds
n-Hexane Fraction 5.00 1923 Non-polar compounds

(n-Hex) (fatty acids, waxes, etc.)

Methylene Chloride Medium-polar compounds

. 0.08 0.32 .
Fraction (MC) (low-polarity polyphenols)
Ethyl Acetate 022 0.86 Mid-polar compounds
Fraction (EA) ’ ’ (polyphenols, flavonoids)
. Polar compounds
n-Butanol Fraction 1.70 6.54 (flavonoids,

(n-BuOH) water-soluble agents)

Values represent single measurements without statistical replication.

n-Hex(19.23%)>n-BuOH(6.54%)>EA(0.86%)>MC(0.32%) <=0.&
et oH, 2 ATt ANG-E EtOH 552 FD % HD A
2 72104 92 FDEOH, HDEOH 3322 7840], o
2 T Q7 ApEA0E REEAC, olo] w2t Table 4]
FOH 222 23}, o4 7 7% 2700] B2 Azjele HAa)
S, of2i Zake Bule] 34 olo] T MY 23 =
K3t Wet Tl Qe Aoz et S5 1134 Bojel
n-Hex 2804 71 &2 80] Uehd 22 A &F7, A7
5 B4 skhEe] v 2RE S AR, Hidiz
MCS} EA 819 e 582 3754 SRS Bo] 9t
7] HjEo 2 A Ert. o|3t FF2 =I5l Asteraceae)O] <
Sl= Artemisia arborescenss YO R 3§t AFolAZ n-Hex,
EA, n-BuOH 59| &5 0|83 2 AAONA nHex 20|
F8 A8 R F2o 5HHQl Zow Yo,
camphor, trans-caryophyllene, pulegone 5-2] Aj2]&] =4o] &
A= ATh= A% A7 2ot YA TH Araniti 5 2013). ot
ep FAIZ 22 G4 40 02 HeH B8 S4o] 24
Sol, 4 AT 7 B8 O FR AR T el
Bt 7= 28 A0E Al

FD-EtOH A|Bo|AL 3HAksH 24
ZetH col= $leFo] 7MY =9k, DPPHE} ABTS 7|8t 47
S5 7P 9455 A9 2ok {ujo] g A=
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EA 2 5n-BuOH ¥38o| =2 d}iks) &4
St FuSH 4Re] AEH Sxo] TRAAL AN
T B9, % QHEAlONd B 0% olebg FEEANH 743
EA et o, oekE 57t & QtEAJC kel
$AT JUL & & Slge welFA. olot T2 Ak
AR A 7HE 9 & 2 A 72 Am=E
% 9lo0, 7154 AF D kst 44 Al o] 38 7}
5= AAGTE FEolle A Win vivo) 85 A5 4=
of 724 54 £48 B9, FA2E A5 AECR B
wekel 9T Bast ek

&3] A 7S B
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Abstract

The aim of this study was to produce a fermented rice bran extract with enhanced ferulic acid y-oryzanol contents and high
antioxidant activities. The ferulic acid content in the freeze-dried extract of rice bran treated with plantase PT enzyme, increased
by 4.1-fold compared to that of untreated sample, the DPPH radical scavenging activity also increased by 1.5-fold and 1.2-fold,
respectively. The y-oryzanol content of the dried powder prepared by inoculating Apergillus oryzae BOT1869 onto steamed rice bran
for solid-state fermentation followed by extraction with 80% ethanol, increased 2.3-fold compared to that in an 80% ethanol extract
powder of raw materials. The ABTS scavenging activity also increased 1.5-fold. When the ferulic acid content-enhanced extract and
the y-oryzanol content-enhanced extract of rice bran were mixed and subjected to liquid fermentation with Lactiplantibacillus pentosus
BOT406 and then freeze-dried, the ferulic acid content of the extract powder increased about 3.0 times compared to that of original
extract powder. In addition, its y-oryzanol content increased about 1.5 times, the DPPH radical scavenging activity increased 1.4
times, and the ABTS radical scavenging activity increased 1.6 times.

Key words: ferulic acid, y-oryzanol, rice bran, solid state fermentation, antioxidant properties

M B A RIS Rolel A, E o8 F8alo] TEIS)

A% THsst AEL A AL EecHMoshtaghin 5

17 (rice brany2 Ao A ¥Wiu| g = ASH= dH]of| A A7 2021). M7 ©3kE, Ao, AR, TlEE AR,
BAAY Am0 7 o]FolX £ 7IRE ot dn|9 FAE &S A HlEl mjdjZo] ghaE o] Qls it
6-8% A3ITHYang 5 2025), WA} QeI AL @ ofel, AEZA3 DNA £4€ Q07lE AshESS A7)
o) 7o) 40~60% 715 ¥ TARANER TSI Q1oL g 4 Q1= E8]#=(polyphenols), E 3 H|&(tocophenols), EF.
1% 20~30% FERE ol &E I QIS & i REo] HUER E g}o] o= (tocotrienols), 7r0tL 2] A= (y-oryzanol) 5] THoF
BB AT 9l AHolTHKim S 2019), FE QIAolZ(food 7 A FAESFE o] THHE|o] SIT(ChristRibeiro 5 2021),

upeyeling)> 4= 2|7 &2 A5F 77 fle AESol HEsRtE2 AeAll 8 ExH0] e 22 A

AL 19 e
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oltt. m7dol Eolfle H=aRtE2 HEAK ferulic acid), F
u} 2 Ak(p-coumaric acid), HFdAk(vanillic acid), A]'g4k(sinapic
acid) SOl HEAR He4d FAPI(-OH), o522
(double bond), 7F2E-417](~COOH) 5-9] TH57]2 LA H o]
Qlom, AL gol & FEH, YRl & 22
OF=t}(Martillanes 5 2018). H|EAk(ferulic acid)> LDL(low
den51ty lipoprotein) AFSFAAA|, S AEHE A 715, T, &
A5, 2 (radical)ol] 3t MEZLEY BT 5 A4S a7t
g 9 ofye, g f= 9 5 AE MH A% 5
o Ag&/do] R =3 tk(Yang & Choi 2007; Jo & Choi
2010). Z1}-2Q 2] A= (y-oryzanol 2 trans-ferulic acid”} phytos-
terols(sterols¥} triterpenic alcohols)Z} ester2 S o]l Q1O
™, X84 (liposoluble) 22 E LI EZ= & F2EHY B2
= Z 2E5 R E=tfMartillanes 5 2018). 702 2R &2
SUEAE LA FAT, XL GCMS 9 LCMS #4125
3 ot R0 E o] ltke Zo] grezon, A
stigmastenyl ferulate, stigmasteryl ferulate, cycloartenyl ferulate,
24-methylene cycloartanyl ferulate, A’-camperstenyl ferulate,
campesteryl ferulate, A’-sitostenyl ferulate, sitosteryl ferulate,
campestanyl ferulate, sitostanyl ferulate 5°0] &8 FLAEZO|
2 EHA Uch(Rogers 5 1993). AU A =9 8 &
52 ZYAHE 4 (Cicero & Gaddi 2001; Kim 5 2002), &
AFSHFarhoosh 5 2011), T % 2H8-(Akihisa 5 2000), &G
(Chou 5 2009), AQtE TH(Shih 5 2011) 59] P &Ao] &
HA Qc}. A& MxH2 MEZ Acellulose), UAEZ
2 (hemicellulose), ®E(pectin), 2] 1 (lignin) 522 FA=
o] glom, ol HAl A4S U= TRl wet xylan,
arabinoxylan, mannan, galactomannan o2 W& 4 3tk
(Heredia 5 1995). *ﬂEtﬂi Al o2& AXA] 95l e
BHEES Ioche A2 BEA0A &5 4 o, AlZ
Y 242 EM(grinding)E ZEFst 223HAE, AL 7R
3 B aARIE w7} 7155k, pectinase, hemicellu-
lase, cellulasel} xylanase 5-9] M| EHE| G ALE 0|85t Al
2HZ B oEn RRBdEES B840 FET]
FEFEE THAE 5 U BEASHATHLImM 5 2023).
DA H(solid-state fermentation)S 23+E E31E0] 17
Az daE, $80] Fi1, F4o] 21s7] el
25 Wo| AIFE Sl Haiiyolrh. 1 as ol
o] XAoke o] FHof B2 nPES wikshs Hat
Hog SHSINT (AW} A Z 0 R 0.40~0.902] ILAATE]
o] E24A Alg == AR o|thRobinson & Nigam 2003).
BT AlROT TALRAA ABARE BES 71
Al 4= Qltk= B 50| Qlth Aspergillussy o] thofst
S50 hRolnag Gasken] TaHols, 23 47

Ho]r
o
Mo
el
&
ol
A,

o

oX,

E49 §5lE golsHA| & th(Papadaki 5 2020). &
L Al xylanase®] # 2] o5 Z-w|7do] wl=Adsket
e CEEEE T
, 1 23 (Bacillus subtilis) 3-2f| xylanase?} cellulase®] &34
9] |2 -2 82y TS 41% S7HIATH L BalE]
TH(Sapna & Jayadeep 2022).

2 A70)4 0]g2ERY AEA UL B Sl
o] AFel-8 FAQ plantase PTZ A 2jolo] S84l Jol2Es
A Z5FA . ESE u| 3ol Aspergillus oryzae BOT18690-F2
P‘I‘EPEOP 80% FA 08 ZZ3lo] 7Hil-Q g s 75l

FE A 5 591 2388 S 7
tibacillus pentosus BOT406°.2 WaAA7] & 5
TaFEi 2 A Fs1oH, FAikst &4 é%

23t 2] mE l

O

S 9

o i o mio

b

N' lil mlo

Lactiplan-
zsjo] B3
A}o}ﬁu} o]
A3} 7} QeiAbs AR slee v

g WA Gl vAe DR pHske] 477154
£0) 242 BEY 5 glo] o] 201 ZAT ek opfek
ABRAEe] GAolZelE Y]ole Ao= Y.

RIS
1. XM=

& A7l ARSE BAEI)E y-oryzanol FFo] Ml
on, gHe] Bt 7|90l Haell Aelo] 71 gol
AE] T Q) 2w okxbu]E 2023u o] 2B HZA] AT
o AT HAYEZEHANA AalT 8H5to] w2
SRS TN A RAES T5to] WTe] A
otaA AlmE ARGSHRTHKIm 5 2012). &&= AR
H 34 T oE-E)2 Daechan Ethanol Life(Hwasung, Korea),
WASH] dAEY(indigestible dextrin> Haena Food(Seoul,
Korea)ol| Al 45T a2 8| A s EEE2 Fuyjifilm(152-
01272-AE0321, Tokyo, Japan) S22 E] F1QI5t0] AF&3}iT.
Di(phenyl)-(2,4,6-trinitrophenyl) iminoazanium(DPPH), ABTS 2,2'-
azino-bis(3-ethylbenzothiazoline-6-sulfonic acid), BSA(bovine se-
rum albumin)2 Sigma-Aldrich Chemical Co.(St. Louis, MO,
USA)O A Y519}, Sumizyme AC, plantase C150P, plantase
PT, cellulase KN 5-9] &4+ H|AH}o] 2 7 (Seongnam, Korea)
oA FAsIATy. AR GFO| ARESE Aspergillus oryzae
BOT1869= H-&F+=ollA &Eefstlon, st=Adg3sta+
ol 71ersto] 71EE(KCTC 19234P)S Fojrolt}. Lac-
tobacillus sakei BOT169= Q0|7 X|o)|A] E&|5}o] sh=AY
SotAt ol 7|Este] Z7IES(KCTC 19054P)E F-ofHgk
O™, Saccharomyces cerevisiae BOT4150-F+= A oA &
2|8t 30|t} Lactiplantibacillus pentosus BOT406-2 & t] i}
ARl Y= RE A E2]|5k] MRS agar(Difco, Sparks, MD,
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USA) HiXo Rt A ARSI

2. H[E4H} y-Oryzanol H2FEM

S84 YL Lima ST i O Hgelo] 24
SHch HEA EEES F5LFLE |, 5, 10, 100 pg/mLo)
B 84171 T2 syringe filter(PVDF, 045 ym)& o7}
B A o] AR5t 17 BT 400 mgS 50 mL cornical tubeo]]
=3 HPLGE water 20 mLE 37|5l0] 231} E4)7|(Pulse 150,
Benchmark, Sayreville, NJ, USA)E o]-85}o] S7HA|7|2 1587
FE351 oS Y41EE]7](Labogene, Gyrozen Co., Ltd., Kimpo,
KoreayE 0]-85}0] 4T, 2,700<gollA] 1087 fAHE=]5E & 4
209 23] syringe filter(PVDF, 045 um)& o]7}5}e] HPLC £
Aof| ALgolct. HEA SRFE4L2 high-performance liquid
chromatography(Series 1200, Agilent Technologies, Santa Clara,
CA, USA). Column Waters C18(250 mmx3 mm, 5 pm particle
size)S ARESITE HEAN 249 oA 95% solvent
A(0.5% acetic acid) and solvent B(acetonitrile)0] 2} 2.1, flow rate
+ 0.5 mL/min®] ¢}, injection volume 10 pLo] it} HEARS
310 nmof|A HE= AT

¥-Oryzanol -2 Kim 5(2012)9] WH& wla} BA519)
t}. y-Oryzanol EFES F4LFE=F 125, 25.0, 50.0, 100
ngmLe] sE &2 83A]7] thS syringe filter(PVDF, 0.45 pum)
& ojmsto] EAo] ARESEITE v £ 1 g0l 50 mL
cornical tubeo] B, F5LF-& 20 mL FH7}oto] HEA £
A Y Yo R AgE A|ESHIH y-Oryzanol
oF BEXAL2 high performance liquid chromatography(Series
1200, Agilent Technologies, Santa Clara, CA, USA). Column<
YMC-triart C18(250 mmx4.6 mm, 5 um particle size)& AR89
ATt y-Oryzanol E-A9] 0]FAMS  methanol/acetonitrile/di-
chloromethane/acetic acid(50:44:3:3 v/v)0|1 2™, flow rate:=
1.4 mL/min, injection volume< 20 pLO|{t}. y-Oryzanol>
325 nmoj| Al HEE A

3. H|E4HdSt D[IZFEE A8 g

Az -E.—ﬁ}]i_/,: 22& AlEToM(cellulase), HE[LolA]
(pectinase), 9| 1]/AE2HA](hemicellulase)® TAE AFYE &
4> sumizyme AC, plantase C150P, plantase PT, cellulase KN 5
< H]7Hlo] @ Z(Seongnam, Korea)oll 4] F+sto] ARE-SHY
o vl 30 g= FA 2] YA 108]9] HASE 71eE & A
9 Blaas 27 98 59 v 05%% H7tstar, 50T
A 3A17F B9t shaking water bath(Maxturdy, Daihan Scientific,
Seoul, Korea)o]| 4] 100 rpmO 2 WHF &35ttt u|7do] A
5 7IRE 39| pHE 9F 650|124, A oA 9] A<
Tefslo] pHE ZERA] QT IR AANSS A

JOE

=] A 3 dAke 24 97

L3 T 00CAA 108 B WA 5
4000-e, 15%)510] 454S SAAETAE

4. y-Oryzanol Zs} DMEISE

Auk- e s ol Astd IERES AR 9
g FFE AEE ATt ARAZENAN = (dspergillus
oryzae BOT1869), 3-Atat(Lactobacillus sakei BOT169), & X4
(Saccharomyces cerevisiae BOT415) & 3%0°] AWEAct
Lactobacillus sakei BOT169+= MRS broth, Saccharomyces
cerevisiae BOT415%= YM brotho]] HZ & 37Co|A] 24A]7F
&<t wjgsto] HAFSHMIAS AxsIATt TRAEY
A oA AAFEHY Fovt> FES A4S AT

de] AMEA] g1 AA| R TAYE Y] Ftol A
253 9JtKToshikazu & Hiroshi 2008). weha] £ @Lof A
T Bk (dspergillus oryzae BOT1869) w5 1 #Fo|&
YM(yeast mold) broth HJZ] 30 mLo]] HE3F & 37CY
shaking water bathof|A4] 120 rppmO. 2 W HIS[HA 24 h B3]
gﬂ;r:} 'a—ulu]é ol 24X7 AAF T 120CoA 108 EF
ZufoFst 2380 Aspergillus oryzae BOT1869

4 ] ikl 2%‘3 %‘3?0}01 30°Coll Al 4847t 5QF 3L
AVFe = TRAIA FFAZR7]NA 50TAA 5A7E 52 A
e s R Xﬂ-r—o}oﬂ‘:}

Fratet WG, ARG, AueES v|7do] ST
2% HEoto] FERAIX] YRE9] y-oryzanol 2] S
g5t7] floto] IRFH o E 230t FE5ITh AR
cornical tubeo]] Y11 4L TS 20 mLE S35 & 15
o 23T T 400004 152 FF RHRETF A5
HulE 20 mLE Z&SF T 0.45 pm membrane filter2 o 1}5}
o] HPLCZ y-oryzanol &2 S75H3itt

—_
(o]

O off mo fn =

Hm

ot 35
52 2% 145—0}04 30ColA
AZ7190A 50T A 5417 B9t

6. y-Oryzanol O|ZFEEE M=
PRI 1 k@ BYSte] RAT Y1 W14 23
71(&%F 25 L, HanilM Co., Seoul, Korea)o| A 80% F7 10 LS
7¥sto] 50TCoflA] 3AI7E &9 X &SI 552 Y
5=7](Buchi R-220, Flawil, Switzerland)& ©]-8&5}0o] ofol |
U782 AANG. NHeE F3T FEEE VAol &
of £27% T BUL SAakY ofzhgo] ol dasH
Bl A E P (indigestible dextrinyS 0]73-HE ofd] F 5%7} =



98 4% - 7ed - e -

2 Hrlsto] 1&HAA7|(L5SM-A, Silverson Machines Ltd.,
Waterside, United Kingdom)Z 6,000xgo| A 10& 59t #2435}
3t & 527 Z7](Operon FDT-8612, Operon, Kimpo, Korea)

‘l" o=
g olgsle] FAAZAAL

=

7. SRS FEE NX

HEA FE2 A4 FE71(8&F 25 L, HanilM Co,,
Seoul, Korea)S ©]-&5} T]7(1 kgyS FZ3x0] Wil 10819
BATE 7R & A2 23 a4 plantase PT(EE ST
H] 0.5%)5 7FstaL, 50CoflA] 3417 B9t &3 £ 90T
A 107 S AZA T FE2AL AHEY B oTsto]
AhL s Ark-eeAE 52 At
1 kg Agoto] FA Lo P31 25 L 57|94 80% 7
10 L8 7ele] S0TAIA 3412 5 AAREeIRTt 228

AWE5715 ol&sto] N f dZSE AAT & HE
At 2ENS TSSITY. Lactiplantibacillus pentosus BOT406
< MRS broth(Difco, Sparks, MD, USA)Oﬂlﬂ 35Co A 24X 7
Bt I FH(L0x10°cfuyE EFFEE] 1.0% HEt
of 35CollA 16A1ZF HRAIXT & ‘r_}iﬂ“ YAERS w|T}

A= fH] 5% 2 I&FA7]E ol-&sto] 6,000xgo]
A 1087 FASHAR]

Oit

rIo

p

=3t

8. HIEA U y-Oryzanol FEE2| st} #A

Di(phenyl)~(2,4,6-trinitrophenyl) iminoazanium 47|52 Blois
MS(1958)9] HP¥o] whet Aesto] ks TS s
ot B2A%H ARE 22k 750 | mgmlZ o] FH|5)
2Att. 1 mg/mL DPPH 8W 3} AL A 187F 8-S A| AT} Ht
S0l B¢ F HFBEAR 517 oA FBEE ST F
TASE BAS okl ket 42 tiRtol Hlsto] &
A% FYEEHE radical 27E&2 of 9] A4t2lof o]5to]
4F&S13IT. Ascorbic acid -8B TR Al=2} B sh7] 9%t
272 ARSI

DPPH 47%5(%) = [(Controls;; —Samples;;)/Controls;7] x 100

ABTS(2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)~=
potassium persulfate®]] 2]l HAE Qo] I H=A-G =7
uh, AksE B2 0] AARFol S (radical 427]%5) 0.2 o] fo
e gL B3 PSS FEoetant.

9. SHEN

A A3}0] EAEAofl= SPSS for Windows 24.0(SPSS Inc.,
Chicago, IL, USAYS AR89l o, A|2Eo] st A3 ATk=
38) §HE 299 BaghoR ek 2 A= ko) S0

A - A3 - olEF - At = AEITIEIA

ol Xfol& EA5H7] QI8 U¥E-4Al(one-way ANOVA)YS 95%
RST7I0A SIGAE, A1 T $OT o]} 9 H
of|&= Duncan t5H 9] A& H(Duncan’s multiple test) 0.2 ARS-
Bag sol AR 79 Aole ASIS
Aot @ oE

| HEA U 20MEIRKE BHEHEA

HPLC B4 43} H2419] HE-ES A|7H(retention time) 32
i ZAIA e e m(Fig. 1), MIdFER2ET HEAt
T2 0.37 mg/gol ATH(Fig. 2). AP 2Rz HE-E ARt
L 15504 208 Afolof YEFGEO M, cycloartenyl ferulate
(peak 1), 24-methylene cycloartanyl ferulate(peak 2), campesteryl
ferulate(peak 3), sitosteryl ferulate(peak 4)0] F+Q AJHE 0.2 3191
SO (Fig. 3), B4 80% FHOR 2Eol0] AL
o] A2 s & A 20.6 me/ge] AUTHFig. 4).

2 HBAUS DRSS HXS SIS B

48 S BUFLI AR A4S
2, 1Y, g ada re o] Agsto] Al jio] HE
At 22 40| —v—ﬂlﬂﬂ oj% 584 FH=E ARt
(Cerda 5 2013; Sapna & Jayadeep 2022). AL 8 HEagi=
Ot AxY AT RE Bl 5 QU= E4E cellu-
lase, hemicellulase, pectinase, [3-glucanase, xylanase, arabinase
5ol AUt ol2et 540 X E M2Y AR Zetst
I Sl E84 HEAe] HojA et fEHE Hed &
Q1tH(Cho 5 2018).

HEAE T2 AR HES a4 plantase PTE A 2|7t 3
2B 20A] 1.5 mgle, plantase C150PE 423t A2 o)A
1.08 mg/g, cellulase® A 2|3t A|FOfA] 0.22 mg/g, sumizyme©
Z XSt A ZO)A] 0.31 mg/gO & plantase PTE A 2|3t A|&
oA 7Hg =AUt ol AP SHA] 2 A=l A9 9k 0.37
mg/gt} 4.18) 5715} th(Fig. 2). Plantase PTa= pectinase”}
3 A48 aaAolH,
plantase C150P €A] pectinase”} F8AZ (-glucanase, arabi-
nase S5°] &3+H g AA o]t} Cellulase= cellulase”} FE 4
=, B-glucanase, hemicellulase, protease 5°] ZH GAA|0]
™, sumizyme cellulase”’} FEAZ [B-glucanase, hemicellu-
lase 50| 3 Faolth 2 AT AT vl7ko 2]
B4 2ETFS 2717171 913 BRIl 2o cellul-
ase} Th= pectinase”} T] G849 2O & HOIt}. Plantase PT
@} plantase C150P 2] A|=9| H|EAF o&F 1]-01 pectinase
R4 0]99] FLAHRAY ApolofA 7RISt A Helrh

u|739] A EE hald A EZ, Ao|AdL RS

ZFa 42 cellulase, hemicellulase”} &
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Fig. 1. Typical chromatogram of ferulic acid from standard solution and rice bran.
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0
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Fig. 2. Ferulic acid content of rice bran extracts after
enzymatic treatment. Different letters written on the bars
indicate significant difference at p<0.05 by Duncan’s multi-
ple range test. Control: non-treated, PT: Plantase PT,
CI150P: Plantase C150P.

S7HAZ1AL, 113 7159 40 EgrE2 TiAdshs AeR
B I E K Christ-Ribeiro 5 2021). Cerda 5(2013)< pectinase
£ Az QElo) 9= HelS Bofd 4= Qs G4 AlxE
o RE wissihEe] #2I2 Bolsh B & drki ms)

o, Kim & Lim(2016):> v o 2R Hs3ldaS 5
k=t 19 xylanase pectinase, feruloyl esterase, caffeoyl esterase

£ of] 7} BAS BPHoR AR Zo] Aikdolen
weh v 9lck

Martillanes %—(2018)—8— H]749] HEARS 100% =2 43T
A 2A17F 2235195 1 0.17 mg/gC & 7FY WL ofo] &
F oty B 1519 09, Kim & Lim(2016)2 =7} g3t

BRalase] A2z & A B 25300 F754%
on], 1% HEAT Tol2Al Pgol TreAA Z1ehel
L= LA A o L
1A oA free radicalS Tl 3} X2 53} HH-25}o]
A w3t EXAZE & Sl = EEE o|2|T free radical
1]74“ T e AAEC] et A7t dstA AP =L
ﬂ free radical® AFHAIZ| AL SHIA7|E Lo 2
A4 59] T2 radicalo] TSt &AA &4 9 SRAE
7IHig & Ath(Lee 5 2016). & A A<= radical
L%Jé‘% Z27451= Qg4 DPPH} ABTS radiacl 44
4 5F3ATt. DPPH radical £75 S4HE Hsd 9
W orl slebEo] HFE Al=olA A radical& 47
sto] Atst &4 S5kt HIs| ABTS radical 275
S Fol2 radicalE &ASHE 4 2 HZHZEZ9
AR 5E S45t= Aolth ‘IJrEW 7} radical& 475}
Aol 7o) LERRE Holct
(Lee 5 2010). "7} A4AHS & FZEAXT £49
DPPH radical A75& £43t A3}, plantase PTZ *2|st 3
Z2870] A7A50] 53 7%E 7P E=9roH, AR e
AlZE 9] 37.1%KE ) 1.458 Z71519tH(Table 1). ABTS radical
A5 E43 AT, plantase PTZ %] 2|3+ A|F2] ABTS
A7) TA%E 71 Eron, o Helst o
© A2 60.6%5T} 1.28] Z7F5}%THTable 1) AutA o
o EA4t $F1} DPPHQ} ABTS radical &75S H| W59
o HEA g5Fo] &2 A|Ro)A DPPH radical £7-53}
ABTS radical £274%50] =& ZA0 7 YEIITE Lee 5(2013)
< 7Y FEE AR Ao FE2E7F =25 § 9

op

radical
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Fig. 3. Typical chromatogram of y-oryzanol from standard solution and rice bran. Cycloartenyl ferulate (1), 24-methylene

cycloartanyl ferulate (2), campesteryl ferulate (3), sitosteryl ferulate (4).
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Fig. 4. Effect of solid-state fermentation of rice bran using
Aspergillus oryzae on total y-oryzanol contents. Different
letters written on the bars indicate significant difference at
p<0.05 by Duncan’s multiple range test. Control: original
rice bran extract, Fermented: fermented rice bran extract.

& stgfo] Z7181, ABTS radical A7A5E Joxo=z =
7480 B 18kelth Kim & Lim(2016)2 @ w]7k20] a4t

sl e gaEo] o8 2718l A U HEA 2 £ g
SiotE ohefy) =85t A A E 7y Q%] gkon, ol=
Au7tRol = HE=3hE 99 teFst PAksHE ] 45t
7] wjFolgtal skl

3. Dj2o| TAUSE 9Ist PEMY
WL RS o] 8ste] 5718 B o
PHES oz fASEA HlgBo] Brlshe 4% Tl

aaot A% W 220 2ol gl YelByRESo

Table 1. DPPH and ABTS scavenging activities of rice
bran after enzymatic treatment

Samples DPPH ABTS
(Inhibition %) (Inhibition %)

Ascorbic acid 94.4+1.84° 98.0+2.83"
Control(Non-treated) 37.1+0.99 60.6+1.98°
Plantase PT 53.7+1.84° 74.2+1.70°
Plantase C150P 53.3+0.99° 62.3+1.91%
Cellulase 46.6+1.98° 60.7+1.84%
Sumizyme 52.542.83° 61.7+1.98"

“*Means with different superscripts in the same column are signifi-
cantly different at p<0.05 by Duncan’s multiple range test. The test
concentration of the samples was 1 mg/mL (0.1%, w/v).

Fe|SHE A Aol 8-ES

ag9o oucm ATh(Ji & Ra 2022). TTARE
A H(solid-state fermentation)}> E3+-E0] TAAJEZ HFFHH,
o] 7. 590) 2ieket) ] el ol Al
9l g HFH o|th(Punia S 2021). TAFHE O] HHEAQ] o2
= S=dH(4spergillus oryzaeye SRS o] HFoH0] koji(S
)2 A|ZSIAY W=t (Aspergillus kawachiiyS SAE &o]
U SARE W71l HEsto] urde] Az et d=2 Al
2 7162 5 5 Uk T PelE TAES 1R
EL; o&:ﬁ }\gﬂ', x]Z = 7]‘?(]— O]:Z/Jz ____,] lfl_:]_—
g o] 8= 3«‘3}- 3], UM BitE=
o83t Uk

for
A
o
oX
i
=,
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E Ao A= Lactobacillus sakei BOT169, Saccharomyces
cerevisine BOT415 455 vUSt £ D Aspergillus oryzae
BOTI8695 HiU’t dvl+S= 212} v|idol| S vl 2% &
£}l MR TAPLAES AZAGT. 2 LAES 17HO
221 E4712 FE3to] HPLCE 59l y-oryzanol 3FF
A5t AR}, Saccharomyces cerevisiae BOT4150-72 &a
b I AATRES] y-oryzanol T 172 mg/ge] L,
Aspergillus oryzae BOT1869% ©]-&3t n| AT EE9] y-
oryzanol SFF2 17.7 mg/gC & 71 =910, o= YE(144
mg/e)h H LBt} 23% 274 A0% UERdThFig 5). Wang
52024y U710l Aspergillus niger®} Lactobacillus plan-
tarumg: JE5to] TAMIGHE o S HlEES 52.9%, &
EetHo|E FF2 95.6% S7botttal B gt wh Qlet
Aspergillus oryzaes BA 4 D7)& EFE| FFsto] 14
wjoFalo] A 238t koji(PEA] =)= cellulase, hemicellulase,
pectinase 52 B| 124 ol ghR5HI Ql= Ao E HilH vt
Qlth(Yamane 5 2002). Aspergillus oryzaeS 50l 1AM 9F
St 2.0 cellulase E47}F 27159 01, cellulase 4= W=
sRhEo] 2= e tEAEEY] a8 #Edliste] &
A HlssRE=E FEAAFE o2 Eud vl Qltk(Zhang
5 2024). S HO FAVIEE cellulaseZ A 2| SF 2T}, y-
oryzanol $&go] F7HE At HIEItH(Wanyo 5 2014).
Le 5(2019)2 "7 Lactobacillius lactis\t Lactobacillus
SfermentumO 2 AT GRS wf A EA7} y-oryzanol &
o] Z71elSiTtL BLsic

1 0

4. y-Oryzanol 2%t O|ZFES MEQt &itst 2
E Ao A= =91 Apergillus oryzae BOT18695
FEoIA ZEstlon, ol5 SARE @l WA AIA

OO
= ofm

20 4

a a
b
4
15 A
10 A
5
0 -

Control BOT169 BOT1869 BOT415

y-oryzanol (mg/g)

Fig. 5. Effect of solid-state fermentation using various
microorganisms on total y-oryzanol contents. BOT169: Lac-
tobacillus sakei BOT169, BOTI1869: Aspergillus oryzae
BOT1869, BOT415: Saccharomyces cerevisiae BOT415.

HraEel AL % Fust to1

Jeteg AAS L, task] SAEAS

(o]
=
of AZXSIAY. W ArFS FE 22T Aok
(0]

Punia 5(2021)2 Aspergilus oryzaeZ 173S IALEAZ] 2
3} gallic acid®} ascorbic acid?] S-S 7N Z &+ ATt B
3% HF ok Kim 5(2012)2 U&= 0.5~1.6 mg/gl] y-
oryzanol2 333tk W 3118t v} It} Duvernay 5-(2005)2
u] 732 9~29 mg/g9] y-oryzanolS T-A-3tcEal S HE GlO
), Wanyo 5(2014)2 u|79] y-oryzanol TR 528-5.70
mg/go|2tal B 115} t}. Martillanes 5(2018)2 1] 72 100%
FHo2 60TA 847 F9 FEFUS 1 1.9 mg/go y-
oryzanol& T-F-5FTHAL H TSkt

AuE5o 8 IPIRA HRES FE6l 52X
2t 229] DPPH radical 22752 P UEFEE0] 68%, 1L
AEAZ] VRSB0 AL ez A 27
ororo 1}, ABTS radical A4 52 |} LYEFEE0| 31%, 1L
AP A7 u) 3 EE0] 47%E 1.54) Z715F4 th(Table 2).
Punia 5-(2021)& 0|7} Aspergillus oryzae= VA A A F
< w| DPPH radical &7 3.0% &7t A S7FoHA]
QrXoFO 1}, ABTS radical 2452 114%=2 IA =769 Th
I Byste] 2 AAe}l B S5k3I T Wang 52024y U
719l Aspergillus niger} Lactobacillus plantarums JZ5}
o] 1HejFHS w] DPPHR} ABTS radical AA50] @A5}
Al F7FstAHL BTt v QU

o

o

()]
ol
ot
iz
o

£20| FZo} BB B
2 A1} o 2 Qlsto] AFARE A8
716l g5 gt BRFHE AN AL AHRAge A

Table 2. DPPH and ABTS scavenging activities of y-
oryzanol fortified rice bran extract

Samples DPPH (Inhibition %) ABTS (Inhibition %)
Ascorbic acid 93+1.41° 98+1.70"

Control 68+2.83 31£1.13°

Fortified 69+1.41° 47+0.71°

“*Means with different superscripts in the same column are signifi-
cantly different at p<0.05 by Duncan’s multiple range test. Control:
original rice bran extract, Fortified: fortified rice bran extract. The
test concentration of the samples was 1 mg/mL (0.1%, w/v).
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o U= T2 o (Wang 5 2024). 2 Aol A= vt
o] WS4 y-oryzanol FE FRAIF FEES ALk K
Aba(Lactiplantibacillus pentosus BOT406) 2.2 W A]7]| 1A} 5}
STk wl74e] SEAL T 17 SPted nlzpe Hm
2ol 84S plantase FTE At 5= Avk- ik I
£ 7151717 Yok Aspergzllus oryzae BOT1869% AT S
T WS 80% TR 53 FE2NE TSt Lactiplan-
tibacillus pentosus BOT406°0.2 BAIYFg & UASHA] AIAET
& =A7AZ A3}, H2Alo] Sk EazHal
(0.11 mg/g), BoFEHL(0.47 mglg), YAFZEL(045 mg/g)
2 7B UaSEE T Alojols BARCE {4
o]k GO, AT BRI WEFBLL] UG
YE22ETY Yapurt o 308 S7R4AckF 6)
¥-Oryzanol9] $+Fe JE2EE(13.98 me/g), HotEZE
EU(17.28 mglg), SRFZED (20.52 mg/g)oloH, HE

S 535t &

0

=

o

—_

3 v WotGS o dEETo] oF 159 S7lokyet
17E YAAZ|H radicakd: 2AA7E 52 (EHEAI71A
U A7l 5ol STt k3kE Alske 52 A
0.6 4
a
8 051 a
£
[2]
-»é 0.4 1
s
8 0.3 A
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&
g %27 b
£
£ 0.1 A
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Fig. 6. Ferulic acid and total y-oryzanol contents of
original, fortified, fermented rice bran extracts. Different
letters written on the bars indicate significant difference at
p<0.05 by Duncan’s multiple range test. Control: original
Fortified: fortified rice bran extract,
Fermented: fermented rice bran extract.

rice bran extract,

Ao
oY,
Mo
el
oy
ol
A,
£

o] Z7hE0hT B H} 9tk Andriani S 2022). B Q1T
AT |7} —".‘— Hu P«] DPPH radical AA 5L |7} AESE
F0] 45%, 7F3l5EET0] 56%, HaFEETo] 65%=2 9
FEETo] °Jt'—zr%l‘%‘?=_}l‘iq 14“H 715k tH(Table 3). W]
7&'—?‘—%1"?—‘?3"01] gt ABTS radical 2A5AHA} A3-= Table 33}
F210] ABTS radical 274 %5-2 20%E SQ1E]9]
SRy} ghg 35 9k0] ABTS radical 2752
Z¥ZF 37%, 50%= UE, RFESEE 4EFSET e
Lo Z715F Ao 2 YEFGTE Yoon & Son (2023)2 H| 73S
Lactoctobacillus brevis2 2 aA|71 A3}, DPPH radical A7 5
2 82.2%0 A 92.3%=2 Z7}51%H 0™, ABTS radical 4
38.2%O0| A 69.8%% Z7F5 Ttk B g v itk Ak E
He A AEE A o Ei 3%, Wele s, 15} o
A58 WA 7158 R Tl 4502 981 4 9
Ao 7 AHA th(MinAlexander 5 2023). w2hA HEAL
S} o1 2 A A0 WAL T T

= RL
NFE At d o188 & U Aol

el *ﬂEtE%éH‘AOl plantase PTZ | 2]5}0] SAAZ

T EUoNA HEA T2 AESHA g2 AlRET 419 S
7]-0} %1, DPPH radical _1_7]—O—t 1.58) 271519921, ABTS
AATE 1.28) F7Iotqnh AEFSolA E23t dpergillus
oryzae BOT1869S Z4}3l &ujo] HAAA AR du|HRs
< o EE] HEsto] LAPTAAI RES 80% T2

= —rﬁ?l’ AZELY y-oryzanol $FFL YE=ZHUHT}
2.38 Z71519 3L, ABTS radical 4 1.58) 27181t
n)3e] HEA o AEEET \g—oryzanol b g o) Kol
S3151o] Lactiplantibacillus pentosus BOT406°0.2 HAMIE &

Table 3. DPPH and ABTS radical scavenging activities of
original, fortified and fermeted rice bran extracts

Samples DPPH (% Inhibition) ABTS (% Inhibition)
Ascorbic acid 93+1.41* 97+1.14*
Control 45+1.20° 20+1.06°
Fortified 56+1.06° 3743.55°
Fermented 65£1.59 50:£1.00°

*dMeans with different superscripts in the same column are signifi-
cantly different at p<0.05 by Duncan’s multiple range test. Control:
original rice bran extract, Fortified: fortified rice bran extract,
Fermented: fermented rice bran extract. The test concentration of
the samples was 1 mg/mL (0.1%, w/v).



Vol. 38, No. 3(2025) HEA 2 ZukeeRs 43t

SANZS 23, wEAY] e AEFESETET °F 30
SIS0, vorvanl BRE o 159 jsiston
DPPH radical 2752 1.48] S7F5HQIT. o)/ A+ A&
SPHOE YEANAS 1 V4L BAHIY BREE o
S Aspergillus oryzae BOT1869%2 1AV ESE & FAH 0
Z2&% 2252 S35 Lactiplantibacillus pentosus BOT406
oz A ESIH HEAY y-oryzanol®] o] 7FsiE )
SOl FitsE o] S7HE SIS & & QlHt wEbA] o]
St AT Adte HarPtE E8sto] TRt 71584
NEARE B8H 4 A Aol

jus)
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Abstract

This study investigated nutrition quotient (NQ) scores of 283 Vietnamese marriage migrant women and their children in Korea
and analyzed the influence of maternal dietary adaptation factors on children's dietary quality. The survey was conducted from
February 3, 2025 to February 28, 2025. Based on the acculturation theory, mothers were classified into five dietary adaptation types:
complete-assimilation, mixed assimilation-separation, integrated-separation, marginalization, and passive-adaptation. Among pre-
schoolers, the complete-assimilation type had the highest total scores of balance (89.0) and practice (83.4), the lowest score of
moderation (30.8), and the highest overall NQ-P score (77.8). Among preschool children, the passive-adaptation type showed the
lowest total scores for all domains except moderation. In school-age children, the mixed assimilation-separation type had the highest
total scores, while the passive-adaptation type had the lowest scores across all domains except moderation. Among mothers, the
complete-assimilation type had the highest total scores in balance (88.0), moderation (66.1), and practice (89.6) domains with, the
highest overall NQ-A score (82.1), while the passive-adaptation type had the lowest total scores in all domains except moderation.
These results confirm that maternal dietary adaptation can affect children's dietary quality highlighting the importance of dietary
education and support for mothers during this stage.

Key words: Vietnamese marriage migrant women, dietary adaptation factor, nutrition quotient (NQ), preschool children,

school-age children
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Table 1. Reliability assessment based on the factor analysis of dietary adaptation factors among Vietnamese marriage

migrant women

. Variance Accumulated Cron-
Factor Commu- Eigen

Factor Items loading nality  value explained  variance  bach's
(%) (%) a

I respect the dining etiquette of both Korea and my home country. 0.822  0.739

; ;jsif;t ht(l)l::1 6:/.acl(t;zsltIc:eyrflbedded in the food cultures of both Korea 0765 0.670

Integrated I often cook dishes that combine ingredients from Korea and my 0759 0.624
assimilation home country. 3.468 26.680 26.680 0.840

type I usually choose Korean food when dining out with my family. 0.666  0.494

I usually eat Korean food for all three meals a day. 0.656 0435

llllinj'lfg n;at(i:in It(r(})/r.ean food while also frequently eating food from 0564 0.546

I am experiencing conflict due to my failure to fully observe the

dining customs of both Korea and my home country. 0848 0.719

Margi- [ feel confused due to the differences between the dining practices 0.801 0.646
nalization of Korea and my home country. 2702 20.788 47468  0.811

type I feel distant from the food cultures of both Korea and my home country. 0.738  0.626

;{ 1)3;1; ziloiinforf:assznlﬁi? not follow the food cultures of either 0694 0636

1 usually prepare dishes from my home country for my family. 0.798  0.663
Sep;f;;“’n I frequently long for the food of my home country. 078 0758 2126 16355  63.823  0.748

I teach my children not to forget the food culture of my home country. 0.766  0.743

Kaiser~Meyer~Olkin scale=0.837, Bartlett's test of sphericity: x*=1,635.042 (p<0.001).
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Table 2. Analysis of factor and cluster differences according to dietary adaptation factors among Vietnamese marriage

migrant women

Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5
Cluster Assimilation- Integrated- Marginalization Passive- Complete- F ()
Factor separation mixed type ~ separation type type adaptation type  assimilation type
(n=99) (n=58) (n=52) (n=53) (n=21)
Fact Integrat 210.894
actor Integrated 41203 4.6£02° 4.120.4° 2.940.4° 47402° o
1 assimilation type (<0.001)
Factor Marginalization 1.720.4° 13403 3.040.5° 2.740.49 2.0£0.3° 167.102"
) type 7£0. .3+0. .0£0. 7£0. .0£0. (<0.001)
Factor Separation 35403 4.6:0.4° 4.020.5 2.6:0.5° 1720.4° 293.374™
3 type 540. .620. .0£0. .60. 740. (<0.001)
"p<0.001.

D Responses using a 5-point scale (1=strongly disagree to 5=strongly agree).
2 *Different superscript letters are statistically different at p<0.05 by Duncan's multiple range test.
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Table 3. General characteristics according to dietary adaptation factors among Vietnamese marriage migrant

71

gl

women

Dietary adaptation factors

Total

Assimilation- Integrated- Marginalization Passive- Complete-
Ttems o . . o X @)
separation mixed separation type type adaptation type assimilation type (n=283)
type (n=99) (n=58) (n=52) (n=53) (n=21)
Seoul 31(31.3)Y 17(29.3) 15(28.8) 7(13.2) 20095.2)  90(31.8)
Gyeonggi 14(14.1) 6(10.3) 9(17.3) 10(18.9) 000.0)  39(13.8)
Incheon 11(11.1 46.9 2(3.8 13(24.5 0(0.0 30(10.6
Place of (LD 69) 35) (24) (©00) (106 85.709
residence Gangwon 6(6.1) 8(13.8) 3(5.8) 14(26.4) 00.0) 31010 o001
Chungcheong 14(14.1) 12(20.7) 12(23.1) 6(11.3) 000.0)  45(15.9)
Gyeongsang,
Jeolla, and Joju 23(23.2) 11(19.0) 11(21.2) 3(5.7) 148)  48(17.0)
Length <5 7(7.1) 11(19.0) 5(9.6) 4(7.5) 1(4.8) 28(9.9)
of 5-10 64(64.6) 35(60.3) 33(63.5) 43(81.1) 14(66.7)  189(66.8) 1363
residence (0.091)
(years) >11 28(28.3) 12(20.7) 14(26.9) 6(11.3) 6(28.6)  66(23.3)
Edu-  =Middle school 8(8.1) 0(0.0) 4(7.7) 26(49.1) 14(66.7)  52(18.4) o
cational ~ <High school 66(66.7) 43(74.1) 38(73.1) 21(39.6) 6(28.6)  174(61.5) (<'0 001)
level > (ollege graduate  25(25.3) 15(25.9) 10(19.2) 6(11.3) 14.8)  57(20.1)
Housewife 62(62.6) 36(62.1) 39(75.0) 40(75.5) 3(143)  180(63.6)
Skilled, manual,
and elementary 15(15.2) 10(17.2) 9(17.3) 3(5.7) 148)  38(13.4)
OC?UP' occupations 88.571
ation Off q (<0.001)
1CE an
rechnical worker 10(10.1) 8(13.8) 1(1.9) 2(3.8) 0(0.0) 21(7.4)
Others 12(12.1) 4(6.9) 3(5.8) 8(15.1) 17(81.0)  44(15.5)
Monthly <300 28(28.3) 4(6.9) 14(26.9) 23(43.4) 13(61.9)  82(29.0)
income 300~399 25(25.3) 15(25.9) 6(11.5) 29(54.7) 6(28.6)  81(28.6) 101.045™"
(KRW 400~499 23(23.2) 35(60.3) 24(46.2) 1(1.9) 2(9.5) 85(30.0) (<0.001)
10,000) >500 23(23.2) 4(6.9) 8(15.4) 0(0.0) 0(0.0) 35(12.4)
Monthly <90 39(39.4) 42(72.4) 24(46.2) 45(84.9) 9(42.9)  159(56.2)
food cost 90~119 20(20.2) 9(15.5) 10(19.2) 5(9.4) 11(524)  55(19.4) 59.207"
(KRW (<0.001)
10,000) >120 40(40.4) 7(12.1) 18(34.6) 3(5.7) 14.8)  69(24.4)
Korean High 27(27.3) 20(34.5) 15(28.8) 23(43.4) 209.5)  87(30.7) 35866
reading Middle 69(69.7) 38(65.5) 34(65.4) 28(52.8) 17(81.0)  186(65.7) © 08 5
ability Low 3(3.0) 0(0.0) 3(5.8) 2(3.8) 2(9.5) 103.5)
Korean High 12(12.1) 20(12.9) 12(23.1) 19(35.8) 000.0)  63(22.3) o~
writing Middle T4(74.7) 38(65.5) 31(59.6) 29(54.7) 19(90.5)  191(67.5) (<'0 001)
ability Low 13(13.1) 0(0.0) 9(17.3) 5(9.4) 205 29(102)
Korean High 41(41.4) 22(37.9) 16(30.8) 29(54.7) 2(9.5)  110(38.9) -
speaking Middle 53(53.5) 36(62.1) 29(55.8) 20(37.7) 18(85.7)  156(55.1) (o' 002)
ability Low 5(5.1) 0(0.0) 7(13.5) 4(7.5) 1(4.8) 17(6.0)

stk

"p<0.01, ““p<0.001.

Y Values are presented as number (%).
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Table 4. Physical characteristics of children and mothers according to dietary adaptation factors among Vietnamese

marriage migrant women

Dietary adaptation factors

Assimilation-

Passive-

) Integrated- 1 oinalizatio . Complete- Total XIF
Items separation separation adaptation assimilation _
) n type (n=283) ®)
mixed type type (1=52) type type
(n=99) (n=58) (n=53) (=21)
b1)2) a b b c 24569***
Mother 33.2+4.9 30.144.4 33.0£3.9 33.7+3.8 41.0£3.3 33.245.0 (<0.001)
Age in years . é77***
Children 7.242.8° 59427 6.142.1° 4342.0° 5.3+].3% 6.142.6 )
(<0.001)
b b b . \ 8.186""
, Mother 158.846.5 161.5+4.3 158.0411.4°  152.9+11.9° 158.7+2.52°  158.0+8.7
Height (<0.001)
CII] Aokok
(cm) Children 117.9424.5°  111.7417.2°  1143+12.4°  98.9+122* 111.3+6.51° 111.9+19.3 (9%(6)7(?01)
a a a a b 7649***
) Mother 51.3+6.3 52.9+4.5 50.7£6.9 51.749.5 59.6+4.5 52.247.0
Weight (<0.001)
k ko
(ke Children 249+11.3°  19.7+6.4° 20.8+6.7° 14.945.1° 14.843.9° 20501 1264
(<0.001)
. . . b . 18.637""
Mother 20.342.2 20.3+1.1 20.2+1.6 21.9+2.7 23.7+1.9 20.8+2.2
BMI (<0.001)
k m2 sk
(kg/m?) Children 16.9£2.6° 15.4+1.2° 15.6+2.0° 14.9+1.7° 11.8+1.7 Is6i24 283
(<0.001)
Underweight  14(14.1)” 3(5.2) 6(11.5) 4(7.5) 0(0)) 27(9.5)
Mother Normal weight  74(74.7) 54(93.1) 42(80.8) 28(52.8) 7(33.3) 205(72.4)  73.103"
other
Pre-obesity 6(6.1) 1(1.7) 3(5.8) 14(26.4) 9(42.9) 33(11.7)  (<0.001)
Obesity Class 1 obesity 5(5.1) 0(0.0) 1(1.9) 7(13.2) 5(23.8) 18(6.4)
classification Underweight  12(12.1) 3(5.2) 5(9.6) 10(18.9) 19(90.5) 49(17.3)
Children? Normal weight ~ 71(71.7) 53(91.4) 45(86.5) 43(81.1) 2(9.5) 214(75.6)  112.496™
llaren
Overweight 5(5.1) 2(3.4) 2(3.8) 0(0.0) 0(0.0) 93.2)  (<0.001)
Obesity 11(11.1) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 11(3.9)
“p<0.001.

Y Values are presented as meantstandard deviation (SD).

2 *“Different superscript letters are statistically different at p<0.05 by Duncan's multiple range test.

% Values are presented as number (%).

9 Obesity classification of mothers based on BMI classification criteria of the Korean Society for the Study of Obesity: Underweight <17.8 kg/nt,
normal weight 17.8 to <23.7 kg/n?, pre-obesity 23.7 to <25.5 kg/n?, class 1 obesity >25.5 kg/n?.

% Obesity classification of children based on Korean growth charts: Underweight <5th percentile, normal weight 5th to <85th percentile,
overweight: 85th to <95th percentile, obesity >95th percentile or BMI >25.
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Table 5. Nutrition quotient for preschoolers (NQ-P) scores by domain, item, and total according to dietary adaptation
factors of Vietnamese marriage migrant women

Dietary adaptation factors

Assimilation-  Integrated- o Passive- Complete-
. . . Marginalization . Lo Total
Items Domains separation separation . adaptation assimilation (n=158) F (p)
mixed type type (:;I; 0) type type
(n=32) (n=32) (n=43) (n=21)

Number of ap) . . ) 13.020™
.1£26. 1£l6. .8+24. A . 5+19. 9423,
vegetable dishes 53.1426.8 78.1£16.5b  60.8+24.3 50.0+15.4 77.5+19.0 61.9+23.4 (<0.001)

Intake frequency b be a a . 15.723
+ =+ + =+
of fruit 71.9+£21.8 75.8+17.4 56.7+27.0 51.7<11.4 85.0+15.0 65.9£22.3 (<0.001)

Intake frequency

of white milk and ~ 67.2426.5°  82.8+13.4°  55.8429.9°  523+12.0°  87.5¢152°  66.7424.4 11'05(6)8 ,
dairy products ’
Inake frequency (o075t 6722330 08827.0°  448LITT 13122 6ASE66 oo
Balance of meat (<0.001)
Intake frequency 36.342""

51.6+20.0° 1.9423.6° 54.2425.5 32.6+15.9° 2.5+11.8¢ 56.2427.8
of fish and shellfish 7195 ? o 7 (<0.001)

sk

Inake frequency ) sip3gh 7970148 675:256° 41382610 025180 650879 o o0
of eggs (<0.001)
Intake frequency b . be b d 16.808™
44.5430.3 1.88+16.50°  60.0+31.2%  51.2421.1° 3.8+11.1 61.2428.2
of bean and tofu 7 o (<0.001)
Balance total score  57.8£15.5°"?  74.8+11.2° 59.8+22.1° 46.2+9.2* 89.0+4.9 62.5£19.7 ‘(‘2'03 (7)?)1)
Intake frequency 7 500"
of sweet snacks and  422+427.3%  2424224%  3504£224%  44.8+19.3° 17.5+23.1° 34.7424.6 (<'0 o01)
beverages ’
Intake frequency 11.959™

57.0+£27.9 32.8426.5° 41.7423.1%  483+19.2%  13.8423.6" 4124271
of greasy foods (<0.001)

ko

Moderati .
oderation Intake frequency (g 23 oe 35040370 50.04263%  46.5418.6° 8381220 so7apad oY
of fast food (<0.001)
Intake frequency (5 )3 3s0u0600  483427.0% 4944185 100:262° 4384209 o307
of processed meats (<0.001)
Moderation 3536

56.4+24.7° 32.9+22.1° 443+19.4° 47.5+13.4% 30.8+15.7* 43.6+£21.2
total score (<0.001)

Fkk

Intake frequency b1R) b b a b 8.699
O+31. 315, 8+26. A£17. .8£16. .5+24.
of breakfast 71.9431.6 81.3%15.6 75.8426.7 54.1£17.2 78.8+16.8 70.5+24.6 (<0.001)
D f h 19.145™
egree of hand g 0 h0sh  g36e150%  83322.0% 5294226 9134186 7534245 L

washing before meals (<0.001)

Practice DCECC OF distraction ) he b 4141050 3750430 512038 8004103 4g4m71 1922
during meals (<0.001)
. b . b . . 26.964™"
Frequency of exercise ~ 67.2421.5 88.3£15.5 62.5£29.2 48.8+18.9 96.3+12.2 69.34£26.5 (<0.001)
. b b b . . 20.899™
Practice total score 65.2+17.1 72.4+9.6 65.9+15.6 52.5£12.7 83.4+9.9 65.6+16.6 (<0.001)
) . b . d 35.888™
Overall NQ-P score 60.9+11.0 67.4+6.1 60.2+13.4 49.2+8.8 77.8+4.4 61.1%13.1 (<0.001)

"p<0.001.

Y Values are presented as meantstandard deviation (SD).
2 *Djfferent superscript letters are statistically different at p<0.05 by Duncan's multiple range test.
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Table 6. Nutrition quotient for elementary school children (NQ-C) scores by domain, item, and total according to dietary
adaptation factors of Vietnamese marriage migrant women

Assimilation- Passive- lete-
SSHT ajclon Integrated-  Marginalization asswg CO.mP et.e
. separation . adaptation assimilation Total
Items Domains . separation type type F(p)
mixed type (n=26) (n=22) type type (n=125)
(n=67) (n=10) (n=0)
Number of b . b . 4.676"
L6122, S£19. 327, .6£28. - . .
vegetable dishes 58.6+22.8 62.5+19.0 44.3+27.7 38.6+28.2 55.2424.6 0.004)
Intake frequency b a b b 2.979°
+ + + - +
of fruit 63.4+47.1 47.1£17.8 54.6+31.5 52.3+28.4 57.5+25.7 (0.034)
Intake frequency 3636
of white milk and ~ 67.5+22.6" 49.0422.9° 64.8+28.5 61.4+30.3" - 62.7£25.5 (d 015)
dairy products ’
Intake frequency L a N N 5.789""
622, 3+18. . . 2E27. - . .
Balance of fish and shellfish 58.6+22.0 43.3£18.1 40.9422.6 43.2427.6 51.0+23.1 (<0.001)
Intake frequency 675 h1 00 6641860 SLILISI®  523:208" - 6291210 489
of eggs (0.003)
Intake frequency . be b . 5.808™
3+£28. R R 321 1£20. - . R
of bean and tofi 62.3+28.3 53.9+19.6 44.3421.7 34.1£20.2 55.0+27.0 (<0.001)
Inake frequency 4031305 3465174 3414204 2274175 - 3656273 1478
of nuts (0.224)
b " . . 6.234™"
Balance total score 59.9+18.0 50.8+10.2 47.2£19.0 42.6£11.8 - 54.3+17.4
(<0.001)
Intake frequency 1177
of sweet foods and  58.2+24.4 58.7+19.9 50.0+28.9 47.7£21.0 - 56.0+24.2 (0'321)
beverages ’
Intake frequency 0.970
of greasy snacks and  62.3+19.2 59.6+17.4 54.6£21.3 59.1£12.6 - 60.1£18.8 '
. (0.409)
fried foods
Intake frequency o0 j64p 6LSEI7T® 5238203 7056219 - 62.1k184 %
of ramen (0.022)
Intake frequency 1.305
i 61.2+16.5 55.8£19.1 53.4£19.4 61.4425. - 58.7+18.5
Moderation of processed meats ? ? ? 7 (0.276)
Frequency 7704053 7504200 761261  77.3+208 ; 7661238 0%
of overeating (0.981)
Intake frequency 0314
2.7£19. 2.5£16.2 L 1£25.1 .9+20.2 - 2.3+19.
of fast food 62.7+19.6 62.5+16 59.1+25 65.9+20 62.3+19.9 0815)
Degree of distraction o, 5075 5104254 5342202 4774284 - sagery 066
during meals (0.638)
Moderation 6312104  60.58+10.8  S6.1+128 615141 - ol2:114 =133
total score (0.100)
Intake frequency 1.850
+ + -+ + -
of breakfast 79.9+30.5 73.1+26.4 81.8+25.8 59.1+40.7 77.0+30.3 0.142)
_ Check nutrition " . b . 3.243"
1432, 3424, 3+33. 1+34. - . .
Practice fact labelling 54.1+32.7 68.3+24.0 52.3+33.6 34.1+34.1 55.0+32.3 0.024)
Degree of hand 0 1660 80761700 R07EITI® 6142205 - 7808178 2%

washing before meals

(0.006)
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Table 6. Continued
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Assimilation- L Passive- Complete-
. Integrated-  Marginalization . o
. separation . adaptation assimilation Total
Items Domains . separation type type F (p)
mixed type (n=26) (n=22) type type (n=125)
(n=67) (n=10) (n=0)
Intake frequency 2.994°
of family meals 79.1421.1° 75.0421.2° 73.9+18.1° 59.1+23.1° - 75.6+21.3 :
(0.034)
on weekdays
. Frequency of
Practice  ockday exercise 5788231 6354215 5234308 5234325 - 57.6425.2 (8'3?2)
lasting over 30 min ’
. b ! b . 3.970"
Practice total score ~ 76.0+17.2 74.0£15.0 73.8+17.1 56.7+£21.9 - 73.5+17.8 (0.010)
b b b . 4.670"
Overall NQ-C score 71.0+13.2 67.8+11.2 66.3£13.2 55.5£15.6 - 68.2+13.6 (0.004)

ok

*p<0.05, “p<0.01, *"p<0.001.
D Values are presented as meantstandard deviation (SD).

2 *“Different superscript letters are statistically different at p<0.05 by Duncan's multiple range test.

o

b A= Table 60 AAISHAH. 7+ FHIN= ALF7 7t

FTF(p<0.01), TL(p<0.05), A-F-FFAIF(p<0.05), JA-
N7 (p<0.001), EZ(p<0.01), TFF-7(p<0.001) FEAA]
& FAHR] Zpol7k e SEEE] E982 A4
T St AVNFE A 2] FEAN 22 A5
Hloh EEA 2P AR v SRO258)t &
F66.44)°] AF e wkou, HA@71H), A-7H
AE49.08), BA 27337 A= ROt FRSE
HA468) T DSR-RARG48eIAE B A
A- 2740939 BEGLIR)IM = w2 S B
234 AP AT W SFHE867), Y- 2HFM@32
), BEG284), T FRRCAIDNNE Wy,
(52.3%) AF= vlnd A4 YebE

AA| F90lAl= 2 AH(p<0.05)yS A2t 729 F
SolA Aet 2 FolHRl Zol7h il 2 AF dA
Ae eohis 2936428 254 45370580 =
2 WSS HAAE, FUSF(230)2 3 WA $5L
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M fZ o P
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(p<0.01), B 7}= AAF AFH RIE@E<0.05)004 Yo+ 7 &
SJAQl Apol7t Yehgt. B3 EEF2 JFHA &4
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(7508014 ¥ AFE BIoH, 234 AgFL olF
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Table 7. Nutrition quotient for adults (NQ-A) scores by domain, item, and total according to dietary adaptation factors
of Vietnamese marriage migrant women

Dietary adaptation factors

Assimilation-  Integrated- Passive- Complete-

) . Marginalizati 4 o Total
Items separation separation g ;za on adaptation  assimilation (n=283) F (p)
mixed type type (rtl}f; %) type type
(n=99) (n=58) (n=53) (n=21)
Number of o2 ) b . . 12.864™
. 64142247 67.2420.0°  60.1420.6°  47.6+14.1 8+12.8 62.14212
vegetable dishes 7 7 7 (<0.001)
Intake frequency b y b a . 12.131™
14241 1423, 3425. 2.8+14.4 5+14, 2.4423.
of fiuit 63 65.1423.9° 563253  52.8 90.5+14.7 62.423.9 (<0001
Intake frequency of 6137
white milk and 475432.6° 5824267 52.94312°  48.6+186°  78.6+182° 5324291 (<'0 001)
dairy products ’
Intake frequency S6.6:204° 5521260  49.58260°  SO.OLISS' 92051400  S6.6£240 12
of fish (<0.001)
Intake frequency a a a a b 10.638™
+ + 5 3£35. A . JTE23. 5432,
Balance of bean and fofu 404+32.1°  422431.8"  4234352°  40.6+19.8°  85.7+23.2 4454322 (<0.00)
Intake frequency SO5E27.9°  S3O043300 48683030 4974208 845t 5204304 Ol
of nuts (<0.001)
Intake frequency 10.430°"
of whole grains and ~ 49.5+33.1*°  50.44232°  4424352°  46.7+#24.0°  90.5423.0° 5124314 (<‘0 00)
mixed grains ’
Intake frequency b L b N . 5.807""
69.235. 3.326.0 3.6£28.6°  59.0428.2 5.2+12.8 0.9+31.1
of breakfast o ? 7 7 o ? 7095 (<0.001)
17.503™
Balance total score 564+£19.6°  59.0£19.9°  54.4+20.8°  50.0£10.9°  88.0+£13.3° 5774202 (ZO 001)
Intake frequency of b b 9.967"
66.4:243°  49.6£259° 5724244 5284263  821+140°  59.9+259
greasy bread and snacks (<0.001)
Intake frequency of o001 g0 so0ms 7 S87252 sSTUT T62iss®  6lseao L0
fast food (<0.001)
Intake frequency of 555"
spicy and salty 65.9+30.2°  49.1£30.7°  62.5£28.7°  552+186™  75.0+13.7°  60.5+28.1 (<'0 001)
soup-based foods ’
Moderati Intake fi f 21.580™"
oderation Infake Irequency o 3¢ 14187 32.8421.1°  42.8820.6° 4624173 3.6£120°  36.8421.5
red meat (<0.001)
Intake frequency of (o5 600 as0e278  620082% 53312050 Tasess 59370 0
processed meats (<0.001)
Froquency of o) 1og g 56243420 66.55326™  623£199%  T8148T 671292 S0
overeating or binge eating (<0.001)
M 1 . Hokok
oderation 64.7+182°  474423.0°  58.9420.6°  S4.8+11.8°  66.143.0° 5832104 00
total score (<0.001)
Degree of effort in 0 5\ h0gv  733g4161° 702192 538£192° 412175 96214 020
practicing a healthy diet (<0.001)
Practice Check nutrition 717425 806188 73622000 ST1e227  90.5e47  7asea3 120
fact labelling (<0.001)
Degree of handwashing 28.792"

4 b u b b + a + C
before meals 82.1£17.5 79.3+16.3 84.6+18.0 56.1+19.6 94.1£10.9 78.0+20.5 (<0.001)
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Table 7. Continued

Dietary adaptation factors

Assimilation-  Integrated-

Passive- Complete-

. . Marginalizati . e Total
Items separation separation glnae on adaptation assimilation (n=283) F ()
mixed type type (1:};1; 2) type type
(n=99) (n=58) (n=53) (n=21)
Frequency of drinking . . b b . 14.298™
. 8.0+£24.2 49.7+28.8° 56.2431. 61.1+20. 6.2+16.3 64.9+£28.0
] more than 5 drinks 7 o7 7 ? 7 ot (<0.001)
Practice 2475
Practice total score 74.4+13.1° 71.0£9.7° 70.6£13.5° 56.4+12.6" 89.6+11.1° 70.7+14.8 (<'0 001)
. b b . d 40.137™
Overall NQ-A score 66.1+10.1 60.3+7.5 62.2+10.3 54.0+7.7 82.148.3 63.1+11.4 (<0.001)

sk

p<0.001.
D Values are presented as meantstandard deviation (SD).

2 *Different superscript letters are statistically different at p<0.05 by Duncan's multiple range test.

+ Table 79 AAISIAT. 78 FGolA= He F=ollA A
o 7+ 72121 Aol 7 e THp<0.001). 4 53+ A
7 R S5(79.8%), A (90.57), -H--FA1E(78.67),
J4(92.97]), T FH(85.74), ALF(84.57), AI-FI+F
(90.57), oF-AAH95.27)) & He FEoIA 7P w2 A
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# T EHEE Aok
W S7(67.270), TA(65.17), oFdAAK73.37) A W=
oA, FoEE EFFS PaF vt FR6413DT HA
(63.17) A3 WZoA, F=HIFL Yo/ ¥zE F7(60.1
et ob-AAKT3.67) AF RIEolA vHud 2 A+
Hol FEHE AJol= oy, AR S +E2& AAL
P2 FAGHL Q= Ao=®E YErHTh
AA| oAM= B F=olA Ft 2+ 142 =ol7t
eI THp<0.001). &4 5392 715X B AU82.17]), o
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Jereh.

olel AT FHSY, AEoIFoIHY ANT 4G 4
Fo £242 ANAY A5u A7 YFo| Py T
Qgich. 9 B #3, A, 4H GI B A5
w BE 71 52 F5E Hol OgE ANBE 9%
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Research Ethics Rules of the
Korean Society of Food and Nutrition

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

Chapter 1 General Provisions

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

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

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

truth in academic research and fairly verify misconducts.

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

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

Chapter 2 Ethics Regulations on Research Conduction

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

scholars

Article 5: Data Management

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

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

by publicly presenting the findings.

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

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

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

Article 8: Order of Authors and Affiliation

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

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

accordance with custom.

Article 9: Responsibility of the Corresponding Author or Senior Author

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

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

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

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

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

integrity of the research

Article 10: Citation Principles of References

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

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

references.

Chapter 3 Ethics Regulations on Misconduct

Article 11: Definition of Research Misconduct

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

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

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

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

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

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

Article 13: Prohibition of Distortion in References

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

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

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

Article 14: Practices to Avoid

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

process.

Article 14-2: Bioethics

When submitting a paper that involves research on human subjects, it is necessary to specify in the paper that approval
has been obtained from the Institutional Review Board (IRB) for bioethics and consent has been obtained from the
research subjects. In the case of animal experiments, compliance with institutional or national guidelines for animal
research and approval from the Animal Research Ethics Committee must be stated in the paper. Copies of approval
documents from the Bioethics Review Board and the Animal Research Ethics Committee should be submitted to the

conference via email. The required approval for research and the date of implementation are as follows.

Date of enforce
Research type (After date of enforce, make Note
indication of submission)
human subject Jul, 1, 2017
Animal experiment Jul, 1, 2017 Suspend periods(6 month ~ 1
Question investigation year) for minimize of researchr’s
(survey and sensory Jan, 1, 2018 confusion
evaluation)

Chapter 4 Ethics Regulations for Dissertation Review

Article 15: Responsibilities and Obligations of Dissertation Examiner

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

15.2. The examiner shall immediately turn in the research paper to the Publishing Committee once the submitted

dissertation is determined to be inadequate for the examiner to review.
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15.3. The examiner shall objectively evaluate the dissertation by applying strict scientific and research standards
regarding the quality of dissertation, the experimentability of research, and conceptuality and interpretation, and must be
able to adequately explain or support the assessment made upon his/her judgement.

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

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

the consent of the author.

Article 16: Unethical Acts of Examiner

For fair evaluation and confidentiality, examiners shall refrain from performing any of the following unethical acts.
16.1. an act of assigning research paper view that is requested to the examiner to post-graduate students or any third
party

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

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

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

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

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

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

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

Society.

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

not corrected.

Article 20: Purpose and Composition of the Ethics Committee

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

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

Publishing Committee.
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Article 21: Rights of the Ethics Committee

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

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

submit materials relevant to the case.

Article 22: Judgment and Sanctions of the Ethics Committee

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

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

reinvestigate, if necessary, upon the reviewing objection.

Article 23: Protection of Informant and Examinee

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

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

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

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

and rights are not infringed upon.

Article 24: Procedures and Contents of Disciplinary Sanctions

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

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

his/her affiliated institution and journals.

Article 25: Revision of the Ethics Regulations

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

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

amended regulations without additional pledge.
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Addendum

Article 1: Date of Enforcement

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

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

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

These regulations shall enter into force on November 10rd, 2023
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Guidelines for Submitting Manuscripts

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

or those approved by the editorial board.

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

research papers.

Submitted manuscripts should not have been published

before in any other journals.

The author should submit the manuscript electronically

via online submission at the website

(http:/ksfiukr).

Society's

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.

Online submission is the primary method. Authors

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

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 Ad4-size paper setting, typed using a

spacing should be set at 200%.

The author should provide the title in Korean and
English, the

affiliation on the first page of the manuscript.

and
The
part

author’s (or authors’) name(s),
running title should be provided at the upper
of the title page. If the number of authors is two or
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corresponding author. If affiliations of authors are
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at the end of authors name in order. The same
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affiliation. The corresponding authors should provide

marks put in front of respective
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The authors’

author’s
address,
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telephone, fax, and e-mail

[T3RX}

in between the
name and the author’s names in English should have

[T31)

,” 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
research objectives, methods, and results. At the
bottom, include up to 5 keywords in English (all in

lowercase).

The paper should follow the standard format with

the following sections in order: Introduction,
Materials and Methods (or Study Subjects and
Methods), Results and Discussion, Summary and

Conclusions, Conflict of Interest, Acknowledgments,

and References. The text should be continuously

12.

13.

14.

15.

16.

1)
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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
without referring to the text. The title of table should
be given at the top of the table and the title of

manner so they could be understandable

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 o & ad e ghould be used and the

explanations should be stated at the bottom.

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

directly used as original images.

All sources cited in the text must provide author’s
name alphabetically and the year, and, in principle, all
English. The

examples of cited references are as follows:

references must be provided in

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

Kim HJ (2005) is -

Kim & Lee (2007) is -

Kim et al. (2008) is -

Park (2007a) is -

Citation in the end of a sentence

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

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

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

17. KSFAN actively recommends to cite articles (2 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 HIJ. 2002.
properties,  water  vapor  permeabilities  and
solubilities of highly carboxymethylated
starch-based edible films. J Food Sci 67:218-222

Mechanical

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 abbreviations should be

accordance with Chemical Abstracts. Academic terms,

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.

revision is

22. In principle, accepted during the
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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 February 14, 2025. Please refer to the
updated guidelines when submitting papers for Volume 38, Issue 1, and subsequent issues.
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