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Association between Night Snack Consumption and Obesity among Korean Adults
- Data from Korea National Health and Nutrition Examination Survey 2023 -

+
Gyusang Han
Formerly at: Professor, Dept. of Food & Nutrition, Honam University, Gwangju 62399, Korea

Abstract

This study analyzed the association between night snack intake, nutrient intake, and obesity-related indicators in 5,466 adults based
on data from the 9th (2023) National Health and Nutrition Examination Survey (KNHANES). Among the subjects, 46.3% consumed
night snacks. Night snack intake significantly varied by gender, age, household income, educational background, and drinking habits,
with a higher proportion found in young adults. Total daily energy intake was higher among night snack consumers, as were protein,
carbohydrate, and sugar intakes. However, fat-related nutrients did not show any significant differences after adjustment. There were
no significant differences between night snack consumers and non-consumers in BMI, body fat percentage, or waist circumference
after adjustment. Logistic regression (Model 3), which adjusted for age, sex, and total energy intake, also indicated no significant
differences in the risk of obesity or abdominal obesity between night snack consumers and non-consumers. Among night snack
consumers, analysis of night snack energy intake and its contribution to total energy intake, comparing obesity group and non-obesity
group, showed no significant differences. The results of this study suggest that night snack intake is associated with energy,
carbohydrate and sugar intake, but no clear association with obesity or abdominal obesity was confirmed.

Key words: adults, night snack consumption, nutrient intake, obesity, KNHANES

M B2 1 RQtH(World Health Organization 2025). ©]2} Z-2 H[gt &

HAFY S7H= A8E Hd o] HalkE 8 YRICE A|F

Ak 207 Sy} B9k /19 HES] ST 2 st Utk 5] Aol AZo A 7H] AHdF e FFHL
of. St 194] o4 AgRl19] HTt &2 A A5 2 393 X E ZA|skaL Q& whH, ofgt 7HA] A7 5
25 kg/n? o 7|02 AGstal 9lon, 20059 HY B 7¥ohHA] AAL Al BIRERRo] FA of Higt 4ol St
T+ 31.3%°1 A 2023\ 372%E F7Fekoit 5] H9] A+ 3, 7o g B2 AFEo] AFPHI vt v 4]l

— T
34.7%N A 45.6%2 S7keE ZA0F BIEI QlthKorea O ZHA] AFHE AIMER FESE] 7H49] oY A] 7=
Disease Control and Prevention Agency 2026). A|A &0 2% E 24T AFolAe A AYAY o 45%F A4

ORI HAWS vIEsto] 4Rl Mk BAF ATE A% (1800-20:59), oFzH R AP (21:00-05:59) Azkeho] F 5T
37 #A12 Holx glon] ot HEWAT Fu 5 Y A0E UekurhHan G 2026)
e WS U MY 98 o] 28 Ao BaE  oRE 9 %2 AZke] Ak gk L AR S7het HhAt

' Corresponding author: Gyusang Han, Formerly at: Professor, Dept. of Food and Nutrition, Honam University, Gwangju 62399,
Korea. Tel: +82-10-7244-5472, E-mail: promidas@naver.com
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o g Zdiota, BAEECl TS VA BT - AW At
of 9F vA 5= o, HRty A A% FAE {6l
AAL AZE 2do] FQsithes AT ZA¥Eo] HiEIH
(Jakubowicz 5 2013; Morris 5 2015; Na 5 2016; McHill
S 2017; Xiao & 2019). | AP A% AJAF AIZH
A ozt ZhAo] gk 9 ARy Aol JF2 HAAL U
< Bkl ek Fuf A9 A%, oigE ARt 7R A3
7F HgE 9] S Eoli(Lyu T 2024), oftt AAF
2% Fio] dF= v & S-S FASHAH(Kwak 5
2023). Ha & Song(2019)2 of7t AJAF € RIE7} v|qky} of
ATt Ai/gdo] S AAISkAL St si9] At At
NAE =2 AY ofvx] HF 57F= vttt 4 Gl 5
oAb et e e E7AE 4 9heg mushy oot
(Crispim & 2024; Longo-Silva 5 2024; Wang 5 2024).

oftt 7HA 0 2 HF == 2419 A9 iR 2411 T ol
g - 2 SAlo] gor, o] A2 o] Uxrt =11,
A, UHEE, 39 AFeS dHZoz S7HPle 24 &
0531 AtH(Yoon 5 2025). 55| A, BARS =, W5, TiA
EXT, HoREd} T2 27AIES Be A A= &
oluiA], e, A 5o HFE F7MI7= 8 9o
2 A7]=3 Qck(Shim JS 2021; Shim 5 2022; Kim 5 2023;
Shim 5 2023; Jung 5 2024). webA] AAF A7ba} 247} 2] 39}
o] IAE HSHCE FHT HoUt & AR AHZHE

oHH, 7|& Ay AT B8, 548 Jdol ATEHAY 4]
AL AIZE, Ozt AAbo] mhE BT 9 tjARS S| AT
of tiet A1} 5= AAlsta oy, Syt dvt 4ol
GO E ofgt 7H4] A F 9} Hlgk 2| #eto] A g Al A
= BAT AFte AlRbHolst & 4= QU

s & AtE b AJR19] 7HA HF] o Fo TE G
& 719152} BMI(body mass index), AAYE, 3= 54
22 vgk A 1eke] IAYE A5 AL 5kt 4] Hlo]
B 20239 SYAZFERA ARE EE5H3oH, o5
&l ofzt 7HA 9] JF AF HiES hetstal, Bivk B A

=
e R 3Y 4H Yol TAS AR St

approval number, 2022-11-16-R-A)2 ¥-2 A|97] 2023H %=
2 A7} G FZ A Korea National Health and Nutrition
Examination Survey, KNHANES) ¥AAIRE ZAZ 3
H90e. AT GERAG AFAERA B 7
ofgh gt 194] o]AF 49l 5,7818& F&3191, o] F &
& odA ATl olGAE Hol= 500 keal HYE Ei=
5,000 kcalS ZIH(Willett W 2013) 842 A5+t
EE5FE, ASTE, 57 ¥ A7 AS5H ARE
8T 4 gl 205 % A5kt TS Lut 419 ofgt
A AF FEol T Rt A3t BgS BAskaAt
o &2 A9 FHof wet gEA - ¥ 7= HE
YA - R 26782 AlQfotal, HFAH o R 546672 &
AT B4 gioez AAstdrt.

OFZt ZHA] AdFAReE ofzk 7HA] Bl A 2 el
X7 FAFZAF AR 71U T2 AN Meal)o] A 7H4]°
AFAE 7S &, AY AAF o]F 18:00~23:590] 7HAS
AT ARES oFtE 7H4] 4 #HAH(night snack consumer)’ =
22ok1, 7 9] AR “olzk 7h4] 1]43 2k (non-consumer)
2 BRalgith ozt 7H4]) A3 AIZE 7]2(18:00-23:59)
FuEt 419 7H4 HFE B3 olvA] 7]oje2 =A% A
T(Han G 2026)°14] A 7HAlo] AR5tz oUA] H& &
oF 45%7} 18A] o] % A3} ofzt gl A A7) HFEH=
AIE WS AY AL 184] o] Fof o] Foi7l F9-
o= 71y & ¥ S HATHE E4 g e® Sk o
2ol AY o g 7|55 MFe ot 4o ZtEA FUT

2
o8 7o APANE AL AT ST U B8}
of 7122l Bg/dS SESIIAF st A 19294,
30~49A4, 50~64A, 65~74A, 754 o]’} (Ministry of Health and
Welfare & The Korean Nutrition Society, 2025) 2.2 5513

W, AFAESES o, F5), B4, A9 AR Tz

TG BESEL Tk Y ol ek 59 of
o BRIAL, T o A Qi S A o

a =
HP(BS3-1E 18I, S5 ol AT 1493 SN

T’ H@BDL 1)E Zask
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OFZF 7+A] AdFIAFet ofzt THA] WA FAR] o iR & FF
2 AR vl A4S 915l 24417 34 A=E o851
o, F oA 3T FF4L HFFS AEsto] Bk
o & AASHAH. i oA AdF, Bigt E oA S
I DG Bwo] Q1AL AR F8 FYE HANA A
AlE Al e @A (protein), A|Rf(fat), E3}A]|Hf(saturated
fat), = A H|E(cholesterol), B4>3}=(carbohydrate), 4]©0]4
S(fiber), B-Fr(sugar), LEFENayS 24 tiAtoz st

3) H|OF X|Zefe| EEHN

okzk 7b4] 417] oio] mhE gk A F9} VARG HAs
7| Sish AREA) AAAZ ARE olgste] WA
(BMI), H|AX"FE(body fat percentage), & 2] & g|(waist circum-
ference)s EASIH I, ESF EFuE|TF 35 E(abdominal
obesity)& AHEtol ¥l B4

ozt 214] 47 oiRo} ulgkzt Byvjkzte] a1
oFe7] 918 oz 7HA MRS o E WA, o7k 7 v
HAAE 712 W2 Agelel 2A2Y IR B
H|uk 9 EX2u|uko] Q =H](odds ratio)S AFESlFITh BHIRRS
A A ZFR]=(BMI) 25 kg 0]AFS 7]&(Korea Disease Control
and Prevention Agency 2023)°2.2 3131, EHH|WL2 3 &
g 71 FAF 90 cm o4, &} 85 cm o[4S 7]&(Kim &
2021)0.8 SFATY.

4) OFZt Zha| MFIXIQ| H|BH R0 M2 o

AR 5 oft 7HA] HFHARES FE(10=2.410)5}0]
H|gt o Bof w2 B4 A E 1A} skt vk 53 o
F 7182 20239 SHIAGILERA] A AAS(<185
kg/m?), A41(18.5~<23 kg/n?), H|TF A A (23~<25 kg/m), 1
A HTH25~<30 kg/m?), 224 H]TH30~<35 kg/m?), 3THA
H|TH(=35 kg/m?), & 6GAZ 61l Qlrh. & AolA=
249 a4 8] AET A5 25 kg 7|22 2 H]
T (obesity group)d} ‘H]H| T2 (non-obesity) 0.2 1513
o}, B|gE of Fof wet dY ofzt 1Mo ' A k= ofUA|
(kcalyE AAISFAIL, DY F oHA] AFHF 71 oKt 1+
o8 HFRE AUA7F ARGt HE(%)® AFESHIT

3. EAIEN

glojg £4< 93t EA = 7292 R(R version 4.5.2, R

oz 714] Fsk Blgite] B 35

Foundation for Statistical Computing, Vienna, Austria)& AF-8-5}
o™, RStudio 373 (version 2025.09.2+418 Posit Software,
USA)A H= BAS ST U0 ITRAL 9A
Am 5 a3 WEE AAsk, AREAERAL FRRAL
AFAFHRANAEE F&oh= 5 HlolE A2 22 Microsoft
Excel 2016 L2151 o] &5ttt A4 277 Syt
AR R ¢ s EFRELA 8400 FopHS
(KSTRATA), = =(PSU)Rt 7152 (wt_tot) S HFG5to] &
Hehict

OFZF 4] AF AR} ozt 71A] M HAY] ARIARGE 1
ZEA (x2-test)S Ff] W E-E(weighted %)yS o1l 794
= AAsHAT) ofzt 4] HF o Fo g FUA 7oL,
H|TE 2| 2ote] /g3 H|gteo] W offt 7H4] M3 |d%
2 ttest H4], QYEALHEA (one-way ANOVA), Z2AHLA
(ANCOVA), 2 AE 3] EA](logistic regression analysis)S
ol gstol BAjsHATH

okt 74 M o] w2
WA AATE RS 97
THASSE, ISTE, 25
Agsigek 1 9 dda % 2
BB Aottt ozt 7H4] At iRt 2312k
A Bl A BAWS ARE of fofl w2t Model 127
R4 ARSOHA] 9+3), Model 20735 ¥, 43E), Model
3EAGHS: AY, A, THASESE ISTE T R S
A AAE, F oA AR AT 2R AE A&
X (logistic regression analysis) A= @ ZH|(odds ratios, ORs)
2} 95% AIF]F7H95% confidence intervals, Cls)©. &2 A A|5FF
oh WE BAE 5914 WAL p0.05 SEolA S

2
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ot
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>
o

op
I

EERU = gt
1. ORZF ZH| M3 o0 ME YEN M
VA gt B ot 2H4] AFHAHE 46.3%, oFtE 744 M
AHAR= 537%A7, AY BEXE= Yo 50.3% ojAS
49.7%SATHTable 1). Rzt ZH4] AHAL 5 E/dE 51.7%, oKt
ZHA] Bl FHA F FAS 49.0%th oA oft 744 A%
2} 48.3%, OFZF 7HA] WA} 51.0%= AEo] ek 7k 4
F ojio] ZolE HHTHp<0.05).
AHEL A ARl A 304941, S0~64412] BT} 7
ZF 34.2%, 284%2 7} =okth g o] W ozt 7HA] A
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Table 1. General characteristics of study participants by
night snack consumption”

Night snack  Non-

Characteristics (n=];04t1216)2) consumers consumers p-value®
’ (n=2,410) (n=3,056)
Sex
Male 50.3(0.6)Y  51.7(1.0)  49.0(0.8) 005
Female 49.7(0.6)  48.3(1.0) 51.0(0.8)
Age
19~29 15.9(0.8)  182(1.1)  13.8(1.0)
30~49 342(1.2)  36.7(1.5)  32.0(1.3)
50~64 28.4(0.8)  29.0(1.1) 27.8(1.0) <0.0001
65~74 14.100.6)  11.6(0.7)  16.3(0.7)
=75 7.7(0.5) 4.5(0.4) 10.1(0.7)
Household income
Low 14.6(0.9)  12.1(0.9) 16.8(1.1)
Middle low 22.5(1.0)  20.6(1.2) 24.1(1.2) <0.0001
Middle high 303(1.1)  31.0(1.4)  29.6(1.3)
High 32.6(1.5)  36.3(1.8) 29.5(1.5)
Education
<High school  54.1(1.4) 49.1(1.6) 58.4(1.6) <0.0001
>College 459(1.4)  50.9(1.6) 41.6(1.6)
Smoking
Non-smoker 81.6(0.7) 80.6((1.0) 82.4(0.9)  0.154
Smoker 184(0.7)  19.4(1.0)  17.6(0.9)
Alcohol
Non-drinker 25.0(0.8) 22.8(1.0) 26.8(0.9) <0.01
Drinker 75.000.8)  77.2(1.0)  73.2(0.9)

D All data were analyzed using the complex samples module.

? Unweighted sample number. Weighted percentages; night snack
consumers: 46.3%, non-consumers: 53.7%.

) Chi-square test.

Y Weighted % (S.E.).

F o R E FJHQl 2to]E H = (p<0.0001), Ot 7F
Al HFH AL AL 19-294](18.2%), 30~494](36.7%)° 4] okt
Z7HA Bl FA ] o AHiH R =2 HE&E Hlow,
65~74A]], 754 ©1/39] 7% of7t 7HA] Bl FHA A =2 H
&2 Hoth

JRloA ZHAlo] Aot P 7IEE BT A
(Han G 2026) ATl A% £ Ao} FASE d3kg HojFa

-

Utk LY F oA AHF T 1A 7]9j& ool 7
AET 2 ATE o, 1H] AF A EE EAS
8%, 21:00 °]Fofl= FAJo] 27.5%, o1/do] 17.3%2] 7+4] of
HA 7)ol Holm F/doflA ozt 7HA] A7 B2 A
gl 4= ek ARE EA AT 19-494]94] 214] ©]
T 65.4%2] 712 ovA] 7]ojee HAH

THAE FEolAe A AR T A 32.6%, S
30.3%%2 £ HlE= HA ot 7+ A3 5 AP IF
0] 36.3%, ‘S TLE°] 31.0%= ot 7H4] v F{Alo] H] 5]
2 HE&E H3lon, 5ok, o 159 A ot 1+
A FHA A B =2 HE&S E A THp<0.0001).

B8sEe A BY A % nEstn 2 olsp
54.1%, the} 9 ol4do] 45.9%%ct. oFfk ZHA] A H Ao 4
F gt &4 ololA 50.9%= ozt ZHA B F AR
41.6%5E T ¥ HlE5 Ho|H, WS 3o whe} ofgth 714
A5 ol 7o) SAZ AolE H A Thp<0.0001). & of Fof A
= AA 3R] 81.6%7F HIZAA o1, 184%7F FAAL
Rt ofzt 7HA] A FARe}E ofgt 7HA] Bl F Aol A F-AAE]
H &2 27 19.4%, 17.6%5 B30 F202Ql Zfolg Ho|
A% ersteh

Seuet gelo] AHFTL e Tl Ao zE A
&, BHAF, HYIZESSE, AR, FAER 9F, 435,
HOJAE, A&} - I - &5 T O AR S5
Ao & HIEI lth(Han G 2026). O|2|7t A&+ 5 A}
R, HOlAlE, SRS T2 AE2 2TRRAIEe R
22531 It} 27154 E(ultra-processed foods)> AF A ©
£ Az 715439 JHE JIA"HE A¥, ehibgRs, o
7, AT, AW, HAE, AP Lol vtz HF 7S
st FEjo] 4E 07 AHOE I QI (Monteiro 5 2018; Sung
S 2021). o] HeF 27ISAEE SHOE AR ANE 5o
o2 A3 dgs A AdF(Kim 5 2023)9] 5, 25
o EAAEY 15N £, ek ¢ oldelA 27k
A1E9] 7] 7]ofgo] =2 Ao R YEht gFEo] &1,
Hers 7HAEY dFleo] w2 298 Hol & A
o} FARRE AdE Ht

= A5 B, A WA 5 ST 75.0%, Bl
FAE 25.0%3ATF. ofZE 7HA AHAY S5 A= 77.2%, oF
7k ZHA B A A S5 A T3.2%E H o™, ot 7t
Al A7 o Fof Tt S50l F9HQ Zo|7t As= Ho
FI1 AHE<0.01). ol= SFA7E A8 oA Zol7t

=
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9e-g HolEeh. 53] 4 419 S5l S5k glo.
o (Kim & Kim 2021), % ¥ESh 35| Z7H 3 4
2 74 D 924l - SRFRE U] S7HChoi & Bac
205)2 A4te] A A5k ST Uk B TSGR
o P 24 PHE A3k oA o] 254 PP
of 7]oig & U2 A HFT UrkKwok 5 2023). B3] &
2 opzk Alkeel @ol ol RolA| 1, L& Q18 ofzk Azt
dholl LA A% A olold & = 7hs Aol Stk
ol 7} ot 24 4HE o713 22 29 3 o
U AHEE S7H412 4 rke E dveh duEg
Bz a8,

2. Ozt ZH M3 GiR0] IS HUA M3 Hm

Ok 24 A2 otk 1H4) BAAS] QY FUL 4
2 HlTsto] Table 201 ANISHACE QY & ofx] 413
A R B L kablsick, o 24 A

ozt 4] gt Hiile] wiy 37

(adjusted p<0.001) Z}o]S H it}

Tl Ao HA F 703 g/gol|Qom, ofzk 7HA
AFHAY 73S 742 gAR ot 714 BIAdHALS H-9-(67.0
geETE ofzt 7HA]l AFHARS] Tl A FHo] Wt
(p<0.001), & ANUA HFFS Zet AFeH E4 HPE
BAT Folx F94<0 2ol H Y Th(adjusted p<0.05).

Ak oA A H Y] 49 otk 7H4] HFHAKGS5.2 of
U, 179 gd)7} ozt 744 HIFFAH474 g, 146 gD)ETt
ERTHp<0.001), T A, GE, THEASSE, 1SS

s 2 " FAAE, F oUA AFTE B o Fol=
‘% A= its}xlt‘* AHF 25 9411 Zpol& Ho|
orort}. ZHAHE E3} ofzh 7H] A A7} 280.2 mg/d
& ofzk 7F4] HlAF A} 251.7 myYETh AF ko] w@orout
(p<0.001), B Fol&= 235t Zpo]E HolA] USktt.
eesHE AFH A= oft 7HA AFHAE 273.7 /Y, oF
b P2 v FHA 2446 gAE AFFO] AolE EloH
(p<0.001), BA Fo= [Fogt ZolE HThadjusted
p<0.001). FFANAE ozt 7+ HHA7L 65.8 g Y& oFZt
A B FHAL 495 g DETE =0T (p<0.001), B Fol&
A 8951 2po]E H 9 Hadjusted p<0.001). LFEFO] AL

HN m

_4

Table 2. Contribution of nutrient intake by night snack consumption”

Nutrient 7Tota1 ) Night snafk consumers Non-ionsumers pvalue Adjusteg
(n=5,466) (n=2,410) (n=3,056) p-value
Energy (kcal) 1,848.9+12.6 1,969.3£19.1 1,744.9+15.4 <0.001 <0.001
Protein (g) 70.3+0.6 74.2+0.9 67.0+0.8 <0.001 <0.05
Fat (g) 51.0+0.6 55.2+0.8 47.4+0.8 <0.001 0.093
Saturated fat (g) 16.1+0.2 17.9+0.3 14.6+0.3 <0.001 0.332
Cholesterol (mg) 264.9+3.8 280.245.8 251.744.9 <0.001 0.145
Carbohydrate (g) 258.1+1.8 273.7+2.8 244.6+2.1 <0.001 <0.001
Sugar (g) 57.1+0.7 65.8+1.1 49.5+0.8 <0.001 <0.001
Na (mg) 3,243.1+30.3 3,107.4+38.3 3,400.2+44.5 0.057 0.697
Energy contribution
Carbohydrate (%) 57.6+0.3 57304 58.0+0.3 0.168 0.095
Protein (%) 15.340.1 15.120.1 15.4+0.1 <0.05 <0.01
Fat (%) 24.0+0.2 24.6+0.3 23.540.3 <0.001 0.593

Y All data were analyzed using the complex samples module. Mean=S.E..

? Unweighted sample number.

) Total energy intake was adjusted for age, sex, household income, education, smoking, and alcohol consumption.
Other nutrients were adjusted for age, sex, household income, education, smoking, alcohol, and total energy intake.



OFZt 744 A3 AH(3,107.4 mg/L)7F H]A 3 (3,400.2 mg/A)E
S AFEE HAo, B Fole Fodt Aolg B
A A

Fr=rQlo] B A3 A%E BAITE AH(Yeon 5 2026)]
nE AAH o g GF e Fashs FAE Eolal 3
o g HFY F8 w9 AFLE T8 F7RE 28, ofo]
239, 29 52 A2 S Atk 53] A AGT viet
ol LEutet A4Rl9] AL F8 M oF ANF, HAF,
SEF, HAFE %ol AF(Han G 2020312 Q= Ao
Uehy gralE 2 g 3ol 97 288 Alos AR
" EL o3RS HiFE 27AE B B
o, 275 AF AFAl ZRER ofye dYd FouA] 4
ZAY AHF 578 v, slEEE S @ 9 v
T4 A3 F4ae BHo] e Ao BHiEo] ARkl
A go] dof JFS v 4= AtK(Shim JS 2021; Shim 5
2022; Kim 5 2023; Shim 5 2023). 3+#, F4E 9] 7+4] A3
o Hlvk 2 3ok BAGS FARE A7 (Yeon JY 2017)01A4]
T A SR A AH Wert 3AS 9 e SR E

20
§

re

I FAgo] Se Hilskal Qlrt.

OFZF 74 AF] o7
Hzl 7logo e AAHCR westE 57.6%, SHA
153%, A5} 24.0%2] A7HS Bt hilEo] Ao of
2k ZHA AFHATE 15.1%, ozt ZHA] BIAFHAT} 15.4%=2 K
d A, B & L {oIRt Aol Holw, o7k 74 WA
Aol A TEiE o] o] 7]of&o] i w2 AFE HAH-

€ gt 9, AR of

3. OF M2 oo} HIBH X|EQ| BEIA
OFzk 7H4] 443 ofRol Hlgt A EBMI, AR LE, 5l2E

g, & 18)oko] TS A5 THTable 3). BMIO]
735 oFt 2+ AFAF 23.9 kg, ofzF 7HA] WA F A} 24.1
kgmrPE B2 Z(Model 1) 5214 Q1 2|7} ISt A=}

A HATE S (Model 2)0| % oFzF 7HA A F|AH24.0 kg/m?)
o ozt ZHA] ] F2H24.2 kg/m) THoll 727k o]} i
3,54, A, TMHEAESE, 184E, 35 4 S 9
o} F oA HAHFS BT F(Model 3)ollA = ozt 7H4]
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Table 3. Obesity-related indicator according to night snack consumption”

Variables Total , Night snack consumers Non-consumers pvalue
(n=5,466)” (n=2,410) (n=3,056)
BMI (kg/m?)®
Model 1 24.0(0.1)Y 23.9(0.1) 24.1(0.1) 0.118
Model 2 24.0(0.1) 24.0(0.1) 24.2(0.1) 0.084
Model 3 24.0(0.1) 24.0(0.1) 24.2(0.1) 0.073
Body fat percentage (%)
Model 1 29.5(0.1) 29.1(0.2) 29.8(0.1) <0.0001
Model 2 29.5(0.1) 28.8(0.1) 29.1(0.1) 0.151
Model 3 29.5(0.1) 28.8(0.2) 28.9(0.2) 0.675
Waist circumference (cm)
Model 1 83.9(0.1) 83.5(0.2) 84.1(0.2) <0.05
Model 2 83.9(0.1) 84.2(0.2) 84.5(0.2) 0.278
Model 3 83.9(0.1) 84,0(0.2) 84.3(0.2) 0.232
Abdominal obesity (%) 36.5(0.7) 34.2(0.9) 38.4(0.9) <0.01

D All data were analyzed using the complex samples module. Missing values for each variables were excluded.

? Unweighted sample number.
% BMI: body mass index.
9 Weighted % (S.E.).

Model 1: crude (unadjusted), Model 2: adjusted for age and sex, Model 3: fully adjusted for age, sex, household income, education, smoking

status, alcohol consumption and total energy intake.
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Table 4. Association between night snack consumption and obesity-related outcomes
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Variables Predictor

Model 1 OR (95% CI)?

Model 2 OR (95% CI)  Model 3 OR (95% CI)

Night snack consumers

)
Obesity’ (Ref: non-consumers)

Night snack consumers

. - 4)
Abdominal obesity (Ref: non-consumers)

0.91 (0.80 - 1.04)

0.86 (0.75 - 0.98)"

0.90(0.79 - 1.04) 0.88 (0.77 - 1.02)

0.91 (0.80 - 1.05) 0.90 (0.79 - 1.04)

D All data were analyzed using the complex samples module.

2 Model 1: crude, Model 2: adjusted for age and sex, Model 3: additionally adjusted for household income, education, smoking status,

alcohol consumption and total energy intake.

ORs and 95% ClIs were obtained from logistic regression analyses. p<0.05.

3 Obesity was defined as BMI>25 kg/m?.

9 Abdominal obesity was defined based on waist circumference (=90 cm for men and >85 cm for women).
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Table 5. Characteristics of night snack consumers by obesity”

Variable (n=];,)flﬂ())2) Fizif‘;egssl;y ?fﬁ;;i? palue  Adjusted p-valuc”
Night snack consumers (%)” 100.0 64.7(1.1) 35.3(1.1) <0.001 <0.001
Night snack energy (kcal)® 255.7+7.3 248.3+8.9 269.8+13.4 0.187 0.779
% of daily energy from night snacks 12.7(0.3) 12.8(0.4) 12.5(0.5) 0.620 0.662

D All data were analyzed using the complex samples module. Night snack energy(kcal) and % of daily energy from night snacks were

analyzed only among night snack consumers.
? Unweighted sample number.
3 Obesity was defined as BMI>25 kg/m?
9 Adjusted age, sex, and total energy intake.
% Weighted % (S.E.).
9 MeanS.E.
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Changes in the Quality of Yuzu (Citrus Junos Sieb.) during Storage
according to the Type of Packaging Material
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Abstract

In this study, 'Tadanishiki', a yuzu variety, was stored at 25°C for 7 weeks using various packaging materials (unpackaged, plastic
containers, functional films). Appearance, quality characteristics (hardness, weight loss rate, etc.), antioxidant activity, total number
of bacteria, and mold generation were compared under each condition. In the case of unpackaged yuzu, the weight loss rate increased
from 24% at week 1 of storage to 70% at week 7. The weight loss rate of yuzu in plastic packaging increased from 18% (1 week)
to 68% (7 weeks). However, functional films were found to be effective in maintaining marketability because they had fewer changes
in the weight loss rate compared to unpackaged and plastic packaging. As a result of the total bacterial count survey, bacteria began
to be observed from the 3rd week in the case of yuzu stored in unpackaged and plastic containers, whereas yuzu stored in functional
films developed bacteria by the 7th week. Fungi did not occur in any treatments on day 0, and mold measuring 47.7 mm’ size
occurred in unpackaged yuzu at week 1. It was confirmed that mold measuring 483.5 mm? occurred at week 3 for plastic containers
and 189.2 mm’ for functional films at week 5.

Key words: yuzu, functional films, bacteria, storage

M B Hlo|= 3gtEo| thef $haElo] QIk(Shin Y 2012). Tt
FAE o] B4 FAL gon, 43t Atu|ol w635t g
AR Citrus junosye TrEFO] IFOE QBRI F2 5o 2 7HA A A ETHE HEEo] *@} A% 24 5

A e futolMe Ak, 18, &%, AA 5ol sto] 12 7=l vx};@ﬂi i o] &=L Ath(Yang
Al F2 AefE]o] Zhrk(Shin 5 2008). HToll= Agol M= 5 2011). SPARE §AF FF THdw ] A9 A7F A9 Q1L
AL A A 1,476 ha Z 79.2%20 1,169 haS X}A|5HH 2] < 77 o] gFol AJThg o 0]8st & 9= AL HTh

S AE0 2 sttt 1§ A8 824 ha(70.5%), A= A8A|0)7] EH+°11 78 &A%Y Sl PRAE
St 235 ha(20.1%)= 8 AEiA| o] YFE o] [l AOHH TEF 5 A AEE AlEeol bt 28 Aol 54

A= BIER C, limonoid7} F-5-51H, tannic acid, caffeic et FEZ EolstAY /\EO]-U#H 4, & 9 Co, 7tAE
acid 5] |54 SFE3 naringin, hesperidin 52 &2 5 WA =L ofof] wheh A [Ae] FAo] WEkR|A =
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pre-load speed 2.0 mm/s &% XZAOCE 519 A&
23} A] 9ato] kS A1 A2(PX523KR/E, OHAUS Co.,

Parsippany NJ, USA)Z &735}11 7]7to] Fglof uket 84}
of F5F WokE gelel MERE ehith AL 4 3
9E MX}A(CR-400m Konica, Minolta, Osaka, Japan)E O]
&dto] SHoIAL Fx(lighyE UEtdi= Lgh HM=
(redness)S UEM = aghat A% (yellowness)S UEFH= b
2 245} olu) ALBT BE MW L, o, b3S 7}
7} 95.74, 0.04 2 2.800]QIch
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N
-~ u.ln

1=o 4
© ot

*E}O]_ QA= IEAZR7)(ISOF-100, JSR, Gongju,
Korea)2 50T, 24A17F A% & 92 Ba7|(DA282-2,
Daesung Artlon, Paju, Korea)2 245}t 94 2% 1 ¢&
20 mL 80% Of[ERS(5% A|E-5)2 3A]7F 8 2Z510] 02 um
syringe filter(Hyundai micro, Seoul, Korea)Z o]} & AR2-5}%]
th. DPPH 2ht]Z A7%5-8 Park ID(2021)9] ¥ # 3 5}o]
Z75t%o™, | mM DPPHE €2 100 mLoj -§-34]7] 3L
517 nmo}|A] DPPH -&H o] 47} oF 157} F L& 3]45}
of ARE519iTE EEEZEE ascorbic acidE ARE-5}o] 74%
AL A/Jor o, 96 well plateo]] o2+ &
uL, DPPH €9 250 uL= H7}sto] 37°CO1A] 1057 H}—/\]
71 % microplate reader(UV-1601, BioTek)E ©]-85}2] 517 nm
oM FFEE Sttt 33] ¥HE S5t P #E

]_xz\:l
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DPPH radical scavenging activity (%)
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)>< 100
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Ferric reducing antioxidant power(FRAP) =7 ®'H-2 Kim
& Yook(2024)] & -3-85to] S 5H3UTh. FRAP -89
300 mM sodium acetate 2+=-28% 40 mM HClof| 834171 10
mM TPTZ(2,4,6-tripyridyl-s-trizaine) ¥} 20 mM FeCl;& &35}
o] AZ3I9c}. FRAP -§0o] A|2 100,LS Y3 37°C2 ¢
Aol 1587F 29851t 1 & micro plate spectrophoto-
meter(Biotek Epoch. Winooski, VT, USA)E ©]-&3 593 nmo]|
A FFEE S8 EEFALZE FeSO; - TH0E ©]

4. & H= ¥ E2H20|1E &H

$ He T2 I 5202D)9] HHO 2 51t &2to]
A5 922 IZ A Z7](JSOF-100, ISR, Gongju, Korea)Z 50°C,
UANZF Ax T SAE £217](DA282-2, Daesung Artlon,
Paju, Korea)Z 245} 54 £ 1 g2 20 mL 80% of|&t
27 3A7F BHF FE5F9] 02 um syringe filter(Hyundai
micro, Seoul, Korea)2 oj1} & A&ttt SA:EE 30
pLol| 74 32.5 uLg 7kt ¥ Folin-Denis regent 12.5 puL
£ H7Foto] 6E7F FaolAl WASHIL, 7%(w/v) sodium
carbonate 12.5 uLo} S5 250 uLEs A715te] 6087F A
of| A W & E3333 A|(Biotek Epoch. Winooski, VT, USA)
2 760 nmo|A FFEE SHSHAT EEIAL gallic
acid(Sigma Chemical Co., St. Louis, MO, USA)E B&EA &
SEY AYRAS 44T T FYES 33 W2 24 o
= B BEEAE UEWGlH S8t ot
ofer-S 25 20 uLoj diethylene glycol 200 uLe} 2 N NaOH
20 pLE H7IE 3 37°Co A 30 Bt ®WA]|5kAL 420 nm2)
oA SBEE SA5to] ottt AL EEEE
= rutin(Sigma Chemical Co., St. Louis, MO, USA)& AME-5}%1
hH(Lee 5 2021).
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Agstol ZASIS. & Al A EEPUYOR 2
Aotct. AgE FAF 9ES 2 7](homogenizer, Ultra-
Turrax T25, IKA, Staufen, Germany)E ©]-8-5}9] ice bath &7
o] @Astelich. FASHE AT 10000 T T4l
5RO 100 LA ko] LB wAEA o] E2steict
o1 37CoIA 48X17F HjkRt T ol | AE SE

3] ure Z4ste] Hastel Lergict.

_O/] [Si3 1

_ H
CFU/mL = ) x A% < 0.1mL

Bl AR AlRE 2 gl et T BaARASR 18 mL
£ 7hstol @Aslelel Agetsich A% Azl 49 10009
A S A8 Z42F 100 ul® F5ko] PDA A HiA|o] =t
SEATE & HiA|= 25 CoflA 24A7 BiFSHALL, BT & =
o9 A2 Image J software(NIH Imagel; NIH, Bethesda,
MD, USA)E ©]83}o] T51glch. Bgtol7} ek w00
mm HEZ] 49| A @A) FFol7t ARt HA
21 % Area 7S FolFo] Aksteir.

% Area

2
100 x Total area (mm?*)

Area (mn?) =

ol o2 o} &3] 7t AZ9)] discase incidence%)S T3

ZF M Z area(mm?)
2 2]+ area(mm?)

Disease incidence (%) = x 100

6. SAHXZ
E Ao A dojA A= SPSS B4 I 2 713 (Statistical
Package for the Social Science, Ver. 23.0 SPSS Inc., Chicago,
USAYS 0|83t} Wt REWAES A4start. Augt
9] 8914 AXL one-way analysis of variance(ANOVA)E St
3, p<0.05 §>Z°f| 4] Duncan’s multiple range testS A A| 5}
A&7He] oA Q] AolE WSt
A o o
1. 7Rl o2t 3 FE 5o HE
ZAA S5l w2t 25Tof AT F449 < HilkE
Fig. 19] YeHict. Fig. 1914 9% APE F4F Qi
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& AT EX*ZHtﬁ(-“%EX‘ E2taH, 7154 28 A
o] pH, B, A, A%, AEE, M Z2 W3S Table 1,
Table 20 YEHUSITE pH, B, AF=9] 3¢ AA7IZE W
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T 2GR FHol ©E §AL A AR 15247
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219 Are ZJlste AFYS HYow, 27] 8.37~8.57
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Table 1. Changes in the quality characteristics of stored yuzu depending on the type of packaging material

Char(gl::rztics Packaging materials - 1 Storage per310d (weeks) 5 :
Control 3.25+0.13™" 3.080.11™ 2.75+0.05™ 2.8140.05™ 2.78+0.02™
pH Plastic 3.19+0.20 2.90+0.20 2.76:0.01 2.82+0.08 2.7620.01
Functional film 3.3240.10 2.94+0.15 2.80+0.11 2.87+0.40 2.80+0.11
_ Control 8.47+0.35™ 9.07+0.40™ 9.50+1.41™ 10.90+0.71™ 11.55+1.06™
SO]“?;SOMS Plastic 8.33£0.49 9.05+0.35 9.4020.57 11.300.99 13.15+0.64
Functional film 8.37+0.55 8.70+0.71 8.90+0.14 10.60:£0.42 11.05+3.61
N Control 4.34+0.18™ 4.53+0.49™ 4.77+0.30™ 5.15+0.64™ 5.1320.57"
A‘z;/i;ty Plastic 4.51+0.34 4.85+0.18 4.40+0.70 5.200.14 5.37+0.31
Functional film 4.44+0.27 5.28+1.14 4.600.50 5.17+0.61 5.2040.45
Control 8.57+0.31™ 9.27+0.75™ 15.240.64° 18.5+0.80° 20.5+1.47°
Haiigess Plastic 8.37+0.42 8.70+1.64 15.242.38" 17.6£2.19" 17.4£2.10°
Functional film 8.500.50 8.85+0.64 7.95+1.48° 8.77+3.11° 11.7+2.42°
. Control - 24.942.18° 45.30.65" 64.82.29° 70.8+9.31*
Weight ;"SS rate Plastic - 18.8+1.36° 42.350.74° 76.1420.7° 68.742.37°
o Functional film - 9.65+0.42° 19.8+1.72° 30.144.82° 35.0£3.05°
Y Means with the same letter in each row are not significantly different by Duncan’s multiple-range test (p<0.05).
Table 2. Color change of stored yuzu depending on the type of packaging material
) ) Storage period (weeks)
Color value Packaging materials
0 1 3 5 7
Control 73.1x1.55™Y 75.4+6.20™ 73.0£0.65™ 63.65+1.11° 63.114£2.96™
L* Plastic 7234231 76.8+6.56 73.841.20 67.31£0.04° 64.28+0.45
Functional film 72.4£0.53 77.5+5.40 73.5£1.58 74.97+3.97° 69.202.00
Control 3.62£2.07" 4.19+1.03™ 4.17+1.71™ 15.4+0.22™ 11.40£0.92°
S;ll‘l’; a* Plastic 3.50+1.32 3.65+0.22 3.87+0.87 13.6+4.50 18.65+0.11°
Functional film 4.76+0.68 4.06:1.11 3.00+£2.25 5.53+3.32 2.35+0.70°
Control 73.3£2.98™ 84.3+82.8™ 81.7+1.42° 70.441.80™ 76.9+0.11™
b* Plastic 71.449.37 83.7+2.45 75.7+4.20° 75.14£3.41 70.124.19
Functional film 74.6£4.75 82.9+2.06 71.8+2.44° 74.943 44 69.8+1.07

D Means with the same letter in each row are not significantly different by Duncan’s multiple-range test (p<0.05).
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2. srst BM =5
Fiksks2 SISk Wy 59 shtel UL 4 of
2 FOA PR AT AR 248 89 £ ¢
AbSRso] itk Tekste] whao] LR 24T
(Lee 5 2025). A7) FFo uet 478 £49] DPPH o
U A7%2 238 AU Fig A9 2ok R 4
S Rg7|7ko] BolW4E 0UA 69.4%51H TR 30.6%
2 gastglon Serad 8719 49 7R 37.8%E £
Asteck. v 7154 BB A9 e waA vs &
© oF 66%2] DPPH 4752 trehyic. Ruga Sehae
871 Ag7Izko] LolW4E DPPH 4759 FaZo] 3
43 AAT 7154 BEL 09757449 DPPH 47 %0]
833-806% FA%o] AL AL BT 4 AUk Kim 5
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Fig. 2. DPPH radical scavenging activity (a) and FRAP
(b) of yuzu stored according to the type of packaging
material.
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DPPH 27458 UehiThe Baiste] 2 A9 94 2
32 gk, E5E, Bin Q0140 A7 Aol thw
A7 717tol TE AR%e] DPPH HA}5-05-9] W3} A3, 0Y
Aol 92.32%0f1 4 15GA}o] 85.74%% HAdsh= AS ERlst
At Choi 5:(2013)2] AFoME D7|E 109 53 AFH
< o & T 9] AN S FASHA Aokl 4T
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FRAP(ferric reducing antioxidant power)H-2 AR5 o5
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(F*-TPTZ) 0.2 S S ol8§F Aolthlee &
2025). FAtSs O 2 FRAPE eI A= Fig. 2(b)<}t 2
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Total Phenels {mg GAE/g D.W.)

Contro Plastic Functional film

Fig. 3. Total flavonoids (a) and Total phenol (b) of yuzu
stored according to the type of packaging material.

3t A3 093 98.07 ng/goll A 193; 72.97 /g & MW A]
A F45HAaL, AY 793F 5539 ng/eoll A 8UA} 40.75 nglg
o] FFo g AA7|Tto] dojArE Fadhs BFE 2
2 AFAe} Xkt FZoll= HIEIY} 7R E| o]
E AEEREH {8 v 2 ESEkolE So] FAtet
Ag0] 28 AT SH= HEYo| YEHon, AEHA B
A ALY F8 s YR Sepuo|St G AYF
A mie vehdcy el
2005; Yoo & Moon 2016).
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ZAjo] FIAONN 47.7 mn? 2719] BHo]h WAL,
Zepad 87]9) A9 3550] 4835 i, 7154 WEL S
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Fig. 4. Mold and bacterial growth in stored yuzu depending on the type of packaging material.

Table 3. Investigation of mold and bacterial growth in yuzu stored according to packaging type

51

Storage period Packaging Mycelial growth Bacterial counts Disease incidence (%)

(weeks) materials () (log CFU/mL) Mycelial Bacterial
Control 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00

0 Plastic 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00
Functional film 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00

Control 47.7£2.09*) 0.00+0.00 50.0+2.19° 0.00+0.00

1 Plastic 0.00:£0.00° 0.00£0.00 0.00:£0.00° 0.00+0.00
Functional film 0.00+0.00° 0.00+0.00 0.00+0.00° 0.00+0.00

Control 1,099.3+27.0° 43042.16° 100.0£2.63° 100.0:£7.00°

3 Plastic 483.5+2.29 4.15+2.08" 44.1£0.21° 96.5+3.50°
Functional film 0.00+0.00° 0.00£0.00° 0.00+0.00° 0.00£0.00°

Control 3,416.6+6.31° 6.18+3.09° 100.0£0.19° 100.0+0.14°

5 Plastic 1,848.6£14.9° 4.97+2.49° 54.1£0.44° 80.5+1.12°
Functional film 189.2+4.06° 0.00+0.00° 5.54+0.12° 0.00+0.00°

Control 4,298.2+53.5" 7.4443.72° 100.0:£1.35° 100.0+0.63°

7 Plastic 3,250.4+4.10° 5.48+2.74° 76.2+0.09° 73.7+0.10
Functional film 462.6+11.1° 424+2.13° 10.8+0.24° 57.0£3.21°

Y Means with the same letter in each column are not significantly different by Duncan’s multiple-range test (p<0.05).
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Abstract

This study aimed to optimize the enzymatic process for extracting narirutin from yuzu pomace while maximizing yield, and to
assess its functional properties related to prebiotic, antimicrobial, and anti-allergic activities. Given the high pectin content in yuzu
pomace, which increases extract viscosity and impedes the release of bioactive compounds, a sequential enzyme treatment was
implemented. Pectinase (P4) was first used to degrade pectin, followed by cellulase (C1) to facilitate the release of narirutin. The
P4 - Cl1 extract achieved a 2.17-fold increase in narirutin content compared to the crude extract without enzyme treatment. In prebiotic
activity, the P4 - C1 extract enhanced the growth of Lactobacillus plantarum and Bifidobacterium infantis by 34.62% and 28.03%,
respectively, compared to the crude extract. Additionally, the P4 - C1 extract demonstrated improved antimicrobial activity against
Salmonella typhimurium, Staphylococcus epidermidis, and Staphylococcus aureus, with increases of 22.69%, 27.09%, and 25.04%,
respectively. Furthermore, in anti-DNP-IgE-sensitized RBL-2H3 cells, the P4 - C1 extract showed enhanced anti-allergic activity by
reducing [3-hexosaminidase release by 16.22% compared to the crude extract. These findings indicate that the optimized enzymatic
process significantly improves narirutin extraction efficiency and that the extract has considerable potential as a functional ingredient
for prebiotic, antimicrobial, and anti-allergic applications.

Key words: narirutin, enzymatic treatment, prebiotic, antimicrobial, anti-allergic
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oA ], Aot 59 FikEo] o Ak, ol At
£ 385 S&HA Zotal H7]=aL glof olF BdE o
2 ZEstE e A7} o]FolA| 2L Utk(Suri 5 2021). FAFE
H]&3t ZF=-5-of+= narirutin, hesperidin, neohesperidin, naringin
59 flavonoid7} F5-6HA4 F-FE o] 3U=H|(Cheigh 5 2012;
Hyeon 5 2023), 7L $o|A X narirutine &¢TF-24 9 H|IH
=4 A A A, SRS A, HTE A, A2
e o, TEY U GASTE AR B Seh
da A AthHPark 5 2013; Mitra 5 2022; Bak 5 2025).

Narirutin® Lactobacillus®} 22 §-9l49] v Z7HA]
713 9] A 75 MAAF Y= A 23S B9 =Y
Ho]| Q8 aits Yehd 4= Ql3o] AAIEATHXu 5 2024).
ojZ gt Ul mBETS 30 " AA 2Eof| 83 F
&2 ot L2719 AW FdS JAIskL HAl LEE7]
482 SISk o 7]oje % 2UckQin 5 2025). 5 A
vEze] 2R Bel 21 7159 ol4g et of
£ e, o]=8 U AAIT L ookt wR Ago)
A3} Plo] Pt OB BT Egirk(Mahmud 5 2022),

oj=et A& tES AN o g &-8s5h7] gt
Hog g &, 229 HE &, 294 74 55, vlol
Tt 7]so] &85

A1E9] Alx
HZ RS AY Jofisto] Al Wof 23 =g &
AE] HEZ St WHolth ol fdf setEdE At
&oHA] 201, thE W T Bl 1w A W 2L oA o]FoiA
715748 BEY S AT 5 UAtke ARlol Ao
(Stanek-Wandzel 5 2024).

FAREol= thE 2 of| B8l pectin, cellulose® % Al
29 tgR7t FEoHA EAsh, ol 559 A=t &
TE S7HI71I B e & 88 Adfcks &
Q1o g Z-gg 4= QIrk(Sharma 5 2026). o|2{3t ZA|E 2
5}7] 95l pectinase X cellulaseS 0]-8-3 F=E2HS 59 H=
SRRHE9] 3l4go] A ATV EilE Qo w(Miron 5
2013; Streimikyte 5 2022), A48 G4S -3 T4 3}
4= F5 A E3 25| o] Fo{R] AL QUth(Jeong 5 2023).

mebA] 2 oA @A AR 248 5%
HAsE 24 ot
d=7] 845 B7H
s glstnA

o [

AEste] narirutin®] & $& FH
i, ol9] mejuiel e, Fut ¥ &
8

o=2H 7 HFE a2AEAY &

st
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4y
oy
"
N,
ojr
i
o
N
iy

ME U

AREE SRR 2023d0f] HEbdE IS ofdl
9523 Goheung, Korea) 0. 2 5LE| FFukeritt, F-2 2

de gAEl THEE 247} 05 om B oA
IETAx 4 FEAXSUY. @3Ax2Y FE
QE(JSOF-100, JSR, Gongju, Korea)& ©]-85}c] 40 Co|A] 24
A AzxsHY L, 52 AR FS SAAZRT(freeze dryer,
Mareuda, Gwangju, Korea)S 0]-85}0] 48A|17F A=}t A
25 §A= E4)7](DA282-2, Daesung Artlon, Paju, Korea)S
o83} BB, 60 mesh S A B AR A
&otich ESF 2 Aol AHEE EE B4 AR &k
00% o Fo] FAL 7 Aok AL,

H A1E Y3f pectinase®} cellulase S5 Hol= AP-E
a4 1258 o] 85It} Pectinase= Z}Z} Plantase PR(P1),
Rohapect UF(P3), Plantase CP(P6)}= H|ZAH}0o]Q 7 (Seoul,
Korea) O ZHE|, Pectinex SP-L(P2)2 Novonesis(Bagsverd,
Denmark) Z5-E{, Peclyve FR(P4)= Solyve(Normandie, France)
FE¥E, Pectinase SP2(P5)+= SID(Seoungnam, Korea)Z5-E| &
Futo} AF85tATE AFA-E cellulase= ZFz} Rapidase Fiber(C1),
Cellulase Pyr flo(C2y= SIDZH-H|, Cellulase KN(C3), Cellulosin
ALS(C4), Rohament CL(C5), Rohament CEP(C6)+= H|ZIH}0] Q.
Ao 2 RE Fgol AMESH{TH(Table 1).

|

2. A|2 Met

Ly — |

A} BH2RE narintin 25 HH52 Y8) 922 7
Z 3 g 7ol ot vwsth 2 fAF 2 10 g
Z54 100 mLo] A71gE & 35T A 347 A8 2&35+%
th. o] 6,511xgoll A1 108 53t 4E2](Combi 541R, Hanil
Scientific Co., Incheon, Korea)s}o] A5 E5t & A5
OH-& 0.2 um syringe filter(Hyundai micro, Seoul, Korea)Z 3}t
o} tt. Flavonoid 42 5] HPLC(Agilent 126011 LC
series system, Agilent Technologies, Inc., Santa Clara, CA,
USAYE Ah&stelom, ZHYLS ZORBAX  eclipse plus
C18(4.6x250 mm, 5-Micron, Agilent Technologies, CA, USA)&
o] &5ttt o] 5342 0.1% formic acid in DWE A €112,
acetonitrile B U2 5131 0™, 42 1.0 mL/min, 232
2k 35T, AlEE 10 uLE FYsto] 243513 o|54
|1 FEll= A: 80, B: 20914 AJ&FSko] 15-2580= A: 65,
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Table 1. Detailed information about commercial enzymes

b}

Enzymes Names Strains Activities Temperature pH
P1 Plantase PR Aspergillus niger Pectinase, pectinmethylesterase 50 -60C 45-50
P2 Pectinex SP-L Aspergillus aculeatus Polygalactronase 45-55TC 5.0-6.0
P3 Rohapect UF Aspergillus niger Pectinase 50-55C 45-5.0
Pectinase P4 Peclyve FR Acid Aspergillus niger Polygalacturonase 45-55C 3.0-5.0
A ] ] o
P5 Pectinase SP2 bjp ergillus niger, . Pectinase 20-60T 3.0-5.0
Trichoderma reesei
P6 Plantase CP Aspergillus niger Pectinase 30-50C 3.0-45
. . Aspergillus niger, . . B
Cl1 Rapidase Fiber Trichoderma longibrachiatum Cellulase, pectinase 50-55TC 45-5.0
Cellulase, hemicellulase, pectinase o
2 1lul Fl A ] ] ’ ’ ’ 10 - S-S5
C Cellulase Pyr Flo spergillus niger arabanase, B-glucosidease 0-60C 35-5.0
Cellulase -3 Cellulase KN Aspergillus niger Cellulase, B-glucosidase, 40-5C  40-60
hemicellulose, protease
Cc4 Cellulosin AL8 Aspergillus niger Cellulase, hemicellulase 45-50C 4.0-5.0
C5 Rohament CL Trichoderma reesei Cellulase 30-65C 3.0-6.0
Co6 Rohament CEP Trichoderma reesei Cellulase 30-65C 3.0-7.0
D P (pectinase) and C (cellulase) indicate the type of commercial enzymes used.
B: 35, 25.1~3089]% A: 55, B: 45, 30.1~3180] = A: 20, B: = W,
_ Solubility (%) ={1—~|x 100
808 ZEslo] BASIP O, diode array detector(DAD, W,
Agilent Technologies, CA, USA)Z 280 nmo||4] HZ&35}Th W, = pectinase W& A -2 29 A (g)
(Bak 5 2024). ¥FEZQl narirutin, naringin, hesperidin, W, = pectinase -3 & AZH pellet? FA|(g)

neohesperidin(ChromaDex, Irvine, CA, USA)S sEEH=E A X
& F peak®] WAL Folod BFHAL ol8T ATHES
“p4gste] Haalait.

3. Pectinase 2! cellulase A&t

1} B4 AR BHOR, §4 w¥o] TekfEe] HE
ol B & GHSl= pecting E-9l5H7] H9f| pectinaseE Al
otz stk A B2 3 g2 SHS 30 mLop It
3 pectinaseE ZH2F 0.1%(v/v) A7Fsto] 50 CoflA] 120 rpm
O 2 12A1ZF ¥FESHQITE. o] F 98 CollA 1587 B4E &
AT, 6,511xgs 105 2ot YA Ea]ste] AHS oS
223t &, Whatman No. 4 9JI}%](Cytiva, UK)Z o3}5}
ATt Pectinases A'Hs}7] 915 oA 9] &3&3} pectin
O ZHE H)|H galacturonic acidE FFolFtt. L&
AL pelletd] AxXH FAE &4t A

m{

pectinase *2] &

Aot

St pectin®] £8) o F+= thin layer chromatography(TLC,
Silica gel 60 F254, Sigma-Aldrich, St. Louis, MO, USA)Z &2l
St TLC plateo] pectin &3 Al=E 1 uLA H2A51% o H,
A7) |1 nitromethane:1-propanol:water=2:5:1.5(v/v/v)2 23]
AN F, A 9 21(0.3% N-(1-Naphthyl) ethylene-
diamine dihydrochloride, 5% H,SO, in methanol)& A5} Th
(Wang S 2004). ©]Z 120°C Qo)A 552
go]5}al Image J(NIH, USA) T2 T3-S o]-&3] spot density
£ 274319} Galacturonic acid(Sigma-Aldrich, St. Louis, MO,
USAYE 712 B A|25t0] spot demsity® 274513 3]
APRAE B3 AFHE golol B

22 @4 A7 Yo R, FA EUERE narirutin &
T& P2 FIT cellulase T ATSEAL 919F LT S
225}t Cellulase A2] & P2 A5HS 0.2 um syringe
filter2 o3}5}9 0w, HPLCZ nariruting H|

59 #17 spot

33} hesperidin,
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4. g8 a4 A2l FHF
GA Bk 2% 28 9 narinutin & $& TS YT
pectinase®l Peclyve FR(P4)2} cellulaseQ] Rapidase Fiber(C1)2]
£33} A2 2Hste APstact. P4 T A7, C1 T A,
A A (P4+CI), A% A2 (P4 - C1) RS o]-&3to] E
Z} extract9] flavonoid?] TS, 84 T2 crude extract
o A ZAF A H| WS PAHCIY] BS F AAE M
Z}2F 0.1%(vivyd H7FSEL 50T, 120 pmol|A] 12417} BFS-8t
T, BTAA 1587 a45 £G4 P4 - Cl1o] B¢
PAS WA 0.1%(vvE F7Fst] EZAESIAAL, Cl
0.1%(viv)= AZ|sto] ohA] B4 BB S AR

N

o

S& g4 A2 FA =529 Z2[H0|E S}
Ak He 9Fo] ME 2229 Tejrlo o8 BAS B
7Vot7] 3l Lactobacillus plantarum(KCTC 13093)2 KCTC
(Korea Collection for Type Cultures, Dagjeon, Korea)ZF-E £
ofuto} AR5} O™, Bifidobacterium infantis(KCCM 11207)
L SHEn|YEEZEME (Korea Culture Center of Micro-
organisms, Seoul, Korea)ZH-E| EFoFdto} ALEs|Act. 24
RO R BAYUS H7I5HA] -2 MRS broth(Difco, USA)
£ ARESH o H, A RS MRS brotho]| glucose(Junsei
Chemical, Tokyo, Japan)S 1%(w/w) 2713t vjA| & AR5}
o Al& B7F Al MRS brotho] glucose H4l 4> FA4] 2]
crude extract?} 3+ §4 ]2 P4 - Cl extractsS & 7}5}
At o] H7Iet viR|o] HFS FAttS 37°Cof|l A Higst
o] 0~36A|717HA]  spectrophotometer(NanoQ Plus, K Lab,
Daejeon, Korea)Z 0|85} 600 nmof| 4] ODZES =45}t
TS fARFO] A A=E HA vl A7 Bt =4 A
A s H71e 4 = area under the curve(AUC)Z A TF

st

6. S8 84 M| FA FE29| Folle M& s HIt

5 AP §o] e §7 228 Sk A A
< grtolr] Yol AS5E4Ql Salmonella typhimurium(KCCM
6538)2 St=U|EREAEZEE, FXAQl Streptococcus
mutans(ATCC 40105)= 1] =-A| 3238 (American Type Culture
Collection, Manassas, VA, USA)O 2 HE| Hofdto} ALE519]
o} ESt TE R[5l Staphylococcus  epidermidis(NCCP

r
4y
iy
"
N,
ojr
i
o
N
iy
(9,
3

14768)S =7} LA A28 (National Culture Collection for
Pathogens, Cheongju, Korea)ZH-E] E-oFdrQFom  Staphylo-
coccus aureus(ATCC 6538)2} Candida albicans(ATCC 10231)+=
O)=A| 2P 2 e 2Pttt 3, 9] 559 fofld=
FO =2 Park 5(2014)9] WHE WPsto] tAaz SHAHY
(disk diffusion assay)Q 2 =S ZA5Ich

7i7te] 2% WOFRS 600 oA FHE 24 5
BEE 1x108 CFUmLE 3]4]5}0] ARE-SHQIT). o] & &
9 AZE=0 tryptic soy agar(TSA; Difco, USAYE, S|
brain heart infusion agar(BHI; Difco, USA)E- o|-&5}Htt. Z+2)
9] agar plateo]] 100 pLo] A<t @EAZ HFotal A5t
SISt FA = Bd4E ARSIl H, crude extract
@} P4 - Cl extracts= 20 mg/mLe] 5E=F AH|Zolo] H4H 8
mm paper disk(Advantec, Tokyo, Japan)©]| 50 uL* 233}
t}. 0] %] EHO| paper diskS F-2FA]7] T 37°COlA] 244]
7t B9t vj sttt Paper disk 39 9] clear zone2] AJA]
o} 179 BrlE FRelel FRAL WAL

2 o
flo #1 1o

N

X,

7. 58t 84 A2 7A FE2Q| LY =T| &S

1) M= HHSF & =N "=}

RBL2H3 AL v]FARZLPolN T80l A1851%
ot Alx viS 3 1% Penicillin-Streptomycin(Gibco BRL,
Grand Island, NY, USA) 2 10% Fetal Bovine Serum(FBS, Gibco)
S A7ISE HA =4 vA(minimal essential medium; MEM,
Gibco)S ARE3}O] 37T, 5% CO, ZZANA vl

RBLHS AZolA ARS) B4E 245 SIo) 345
dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium bromide(MTIT, Sigma-
Aldrich, St. Louis, MO, USA) 8+l H1S o] g5}o] 429
A ZE-S =75} H(Mosmann T 1983). HA], RBL-2H3 AL
£ 96-well plateo]] 1x10° cells/well®] HE = 100 pL& E33}
of 24417 e ML, AR B4 2517|919
MEM HjX]o] 0~100 pg/mL &%= crude extract?} P4 - Cl
exract: 291 ) B|43lol A7) 5 24417 52 WKl
t}. o]% 1 mg/mL 52 MIT 8H-E 96-well plateS] 2t well
ol 50 LA 810l 37C, 5% CO, 7114 342 Bt
HFSA|FH T DMSO(Dimethyl sulfoxide, Sigma-Aldrich, St.
Louis, MO, USA)E 100 pL¥ 23513l 158 59t shakingdt
3, microplate spectrophotometer® 570 nmoj|A P EE =4
sto] dizo] tigh A2 BEES WEES(%WZ HEMI:
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2) ede|l=T| &5 HI }
a4 A {F7o) OE A FEEY U ETY] 252
B7kst7] Asll, gl 27] §hg-ofl #ofsh= B-hexosaminidase
) A4 g3tE AT WA, RBL2H3 A|ZE
24-well plateo] 2x10° cells/well2 B33} 37°C, 5% CO, Hi
7oA overnight BJ9FS}IT}. Phosphate buffered saline
(PBS, HyClone Laboratories, Logan, UT, USA)Z A% & Z+
wello] 50 ng/mL 5X9] anti-2,4-dinitrophenyl immuno-
globulin E(anti-DNP-IgE, Sigma-Aldrich, St. Louis, MO, USA)
£ APsI3lt) o]F 2447t Bt Hi gzt & Al ZE MEM Hj
A& 23] AlFsEIL THA] 160 uL H7ksto] 37°CoflA] 2027t
sferstelct.
o]ojx] Z} H=® crude extract, P4 - C1 extract®} 1 pg/mL 5
9] dinitrophenyl-bovine-serum albumin(DNP-BSA, Thermo
Fisher Scientific, Waltham, MA, USAYS- 20 uL &7}5ko] 37°Co]
A IAZE SRt §EGAIA A7} 3 (granule) = BF/JoHE S A}
5 5, AFSRS 4T, 10,174 xg& 1057+ YAEE5H9Ic) A
S 25 pLE 0.1 mM2] p-nitrophenyl-N-acetyl-3-D-glucosaminide
T 0.1 M citrte buffer(pH 4.5/ 50 1L H7Fted 37 C]
/\1 1A]7F 59t ¥ RSAIF ). 71 3 0.1 M NayCOs/NaHCO; stop
buffer(pH 10.0)2 100 L A7}k 8HS-S HX|A]7] 1, 405 nm
oMM EFEE ZFech ofF Amo] AL GEakA] e
FAETS 7|52 2 7} A|59] B-hexosaminidase2] A B3}
£ Blusielt) ol 3RS A ATE, FHRT
O 2+ 0.5 mM ketotifen fumarate(Samil Pharmaceutical Co., Ltd,
Seoul, Korea)E Al8-5}3T.

8. SAXzZ

= A9 33 HHEsIlon, #£4 A= SPSS A=
= 13 (Statistical Package for the Social Sciences, Ver. 26.0,
SPHH Inc., Chicago, IL, USAYS o]-&5}c] B} EFHAE
UERf QI & Fot 719 H] W& Student’s testsS A A5
on, A A% oo BAH fole A WA Eaea
(One-way ANOVA)S A At &, Duncan’s multiple range test
2 pe005 Folszol A AEIAt

o

1. Narirutin T&H7 A} 22 Mut

A 9 vt Az BEUE R nariruting $E517] 9

ot
o[>
ok
Eﬂoi‘
nd
o]
of
OO
ﬁ
N

o AzgE R Polo) e TRAATIFe. 1), BFAR
€ f oo BT SRS f oL 3 e

?1.

vt o, o Al RE2] =525 E narirutin, hesperidin,
neohesperldm, naringing HPLCZ 241513 t(Fig. 1B). Fig. 1CO]|
eRd A7 2ol JEAZ S 9 B B, A0

Hot air-drying (HD) Freeze-drying (FD)
Pomace Peel Pomace | Peel
2 y fz,
ki, ol
Dried y ﬁ‘
material panf I\
4 7
Powder
a g 1 Standard
P
o] 4 Noohesporidin
S 3
»
b
o
o
L e
,; HDpeeI
8 e WY W
- 2 H & ] 1 12 i 1 1 i)
N FD pomace
_M'M oS
o
3 T 3 3 R ) P
4l FD peel
. b A._A_/\A_IL
®
I 1 T 1 EI R
4'Efl
2 b
=
o 120
c
£
= 80 d
% —J Naringin
5 1 Neohesperidin
> 40
E = Hesperidin
" mm Narirutin
Pomace Peel Pomace Peel

Hot air-drying Freeze-drying

Fig. 1. Selection of narirutin-rich yuzu samples. (A) Hot
air-dried and freeze-dried yuzu pomace and peel. (B)
Analysis of flavonoid in each yuzu samples using HPLC
chromatogram. (C) Flavonoid content of each yuzu samples.
Data are shown as mean+S.D. (n=3). HD: hot air-dried, FD:
freeze-dried. Different letters written on the bars indicate
significant difference at p<0.05 according to Duncan’s
multiple range test.
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hesperidin, neohesperidin, naringin®] & 3rF2 141.26 mg/g 2021).
DW, 132.06 mg/g DW, 102.11 mg/g DW, L&) 68.09 mg/e

DW= YErdth E3| narirutine 212} 57.30 mg/g DW, 27.51 2. & T2 Sk pectinase Mgt
mg/g DW, 5346 mg/g DW, 71270 4126 mglg DW= Ul 94 383} 2hulo] o ZAI5Re pectin® o-14 AFHO 2
JZAZ SR Buto| A 714 =L narirutin 3RS 015} AZH galacturonic acids FHECZ sh= OdRE, 58

ok webA 7P =2 narirutin 3RS VFERU ™, hesperidin, oM &2 A=E FAot] At T2 FEHE YERA st
neohesperidin, naringin®] 7} &2 9Fg2 UEhd I54% Az % FAJgIct o] QA3 narirutin 5 58 AEO 8=
A BES S Aol 4 ks Adfiste 29102 AHg-Rth(Kashyap & 2001) wt
Li 5(2023)2 50Co|A FFx0] 42 & U9 A 7 ﬂ:ﬂ‘oﬂ/ﬂ]‘ narirutin &3 913 GFAER FAHE &

% flavonoid S 6.45+0.11 mg/g RE DW=, &5 Az 4 L] 83)-8 FAS YN pectinase 65 A3 T FEE9
EZAZSI] dLe T3 HI9 & flavonoid THHTH L8 v ol FtH(Fig. 2A). P4oA 63.67%% 71 =2
38.71%, 21.47% =QFThT B 6}°ﬂc} B o7 oA olob & 8RS HGPOom, P3(60.83%), P2A59.67%), PI(51.67%),
A3t AF=S BT, ol Ax oA & TFF T4 P5(47.83%), “L2]3L P6(36.50%) 0= LEAT:

W Ag 24 AE | 72 WS o) B WE Y olojx] BANS F Rejsh A4S0l pectind] BHEY

=

3 Solubilization efficiency
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Fig. 2. (A) Screening of six commercial pectinases to enhance solubility efficiency and galacturonic acid content from
yuzu pomace. (B) Screening of six commercial cellulases to improve narirutin extraction from yuzu pomace. (C and D)
Comparison of narirutin content and HPLC chromatograms according to various enzymatic treatments: pectinase (P4), cellulase
(C1), their simultaneous treatment, and sequential treatment with P4 followed by C1. P (pectinase) and C (cellulase) indicate
the type of commercial enzymes used. Control: no enzyme treated, P1: Plantase PR, P2: Pectinex Ultra SP-L, P3: Plantase
UF, P4: Peclyve FR, P5: Pectinase SP2, P6: Plantase CP, C1: Rapidase Fiber, C2: Cellulase Pyr flo, C3: Cellulase KN,
C4: Cellulase ALS, C5: Rohament CL, C6: Rohament CEP. Data are shown as mean+S.D. (n=3). Different letters written
on the bars indicate significant difference at p<0.05 according to Duncan’s multiple range test. Uppercase letters indicate
solubilization efficiency and lowercase letters indicate galacturonic acid content.
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O] galacturonic acid &% ARG 23}, P4o]|A] 882.75 ng/mL
2 71 =& galacturonic acid $HF2 1 9.0 ™ P3(800.64 ng/
mL), P2(722.31 pg/mL), P1(704.43 ug/mL), P6(634.02 ug/mL),
T12]41 P5(454.05 ngmL) <907 YUEHTE Pl~P4= 238
3} galacturonic acid®] g <=A17F LA|SHA LRt 514
9 P59 &3fl& PoRETE 1133% © EA UEHeH,
galacturonic acid®] $F2 P67} PSET} 179.97 ng/mL THE ¢
A Uepstet

Alhomaidi 5(2025)°]] 9]} Q#R] FA AJAro]| pectinase
A Al ol& AFotA] 2 txLo Hlg| FA FEL
24.62% =7t oH, EPT L 53.84% Z71E QT HaE
uh glek E3 B A9 Ao pectino] F5H GoH T
ofH} 20 pectinaseE A 2|5t W, W3 Aol whEt
galacturonic acid TEFA| 2} DP2~10 Alo]9] &3] 11H $}EFo|
AXH 2 A4S HojE A AAe} fAR ¢S Y
EPATH(Ninga 5 2021). ©]2]3t Z3}H= P47} pectin E31E &
3 23S Ao 2 ZUIA|7]|1, galacturonic acidE 7}
7 @ol A7 T pectin &5 BE0] 59 H|st
of P45 T A7gst

3. Narirutin £& T2 SIS 2I&t cellulase M

£ AFolA ZF A& cellulase 65 *]2]5}+0] narirutin,
hesperidin, neohesperidin, naringin®] &=2 HPLCE £-4]5}c]
Fig. 2Bo] YEFH 1T}, Narirutin®] 732~ ClofA] 55.74 mg/g
DWe| TS 71zl Aog I H, C2(50.30 mg/g
DW), C3(48.78 mg/g DW), C4(39.24 mg/g DW), C5(28.70 mg/g
DW), 12]T C6(31.70 mglg DW) %08 Ujepdc}. dh,
crude®] 3¢ 27.23 mg/g DWY] narirutino] &91% 3l 0™ Cl
< crude HiH] 2.048) B 2 S UERTH

Miron 5-(2013)0]] @29 cellulase, endo-3-1,4-xylanase and
pectinase® A2 1) 22 587 P2k ol o 27
UE} O™, Choudhari & Ananthanarayan(2007)2 EOFEO]
cellulase®?} pectinaseE A TP W =ho]ZH 8o] ZZ+
144%, 188% 5713t A+t AIHE H s3It o|=jt A=
2 AFLolA] cellulaseo]] o3 A|2H thgdF7} Eof=wA 2
3t FH|2 E£X)5}¢ flavonoid’} E3& 0 72 &5 o 7|
gt Ao 2 wEEtH(Pinelo 5 2006).

Y3t narirutin 2] 7]EF AJE-9l neohesperidin®} naringin
crudeof| A Z¥Z} 7.63 mg/g DW, 6.09 mg/g DW=, Clo| A Z+z¢
2.10 mg/g DW, 1.95 mg/g DWE crude H] 22+ 72.48%,
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67.98% ZrASIATE Cl1& Aspergillus niger2} Trichoderma
longibrachiaum® 258 G-It A=, pectinase, cellulase,
naringinase®] /& A1) 7= A= <A Utk &
3| Aspergillus niger25-8] F-2]1% naringinaset= a-L-rhamno-
sidase®} B-D-glucosidase® TAH BT aAZA naringind};
22 flavonoid HiFA Q] 7HeEd] ¥HE-S Fufiste ZAO0E
H 11 %] 9] © o (Bodakowska-Boczniewicz & Garncarek 2022),
ZrE F29)] naringing E&F7 02 7RSIt AT
A37F HIEQEHNi 5 2012). & A5 A= narirutin®]
FZ €5 AT FA9) rutinosel T} neohesperidose©]]
H &2 714 Eo]4& H] naringin®} neohesperiding & 1}
202 FAAZTHE Bak 5:(2025)9] AT At FARE A
FE B wEte E5A% FAHE 229 narirutin®] 3

2 +82 M BAAZ S+ Uk Q12 HE A

4. 28 54 XN2| FFS|
A BH AmS] §aE Z71S 99 AT Pt
narirtin & & $7H 98 A9E Cl& 47 P4 &
A 2] (P4 extract), C1 T X T|(C1 extract), FA] A Z|(P4+Cl
extract), L8] 11 < A 2](P4 - Cl extract)5}o] H-2 narirutin
9] SIS Fig. 2C9]|, ©]9] HPLC A Z2vE 13 Fig. 2D
UEIH It} P4 extract, Cl extract, 128]3 P4+Cl extract9]
narirutin -2 212t 57.13 mg/g DW, 61.52 mg/g DW, 1811
61.18 mg/g DWZ UERGTH WHH, P4 - Cl extract®] 7%
narirutin® 67.36 mg/g DWZ, G445 A g5}A] & crude
extract 2T} 2.178] =& $HFS H T} Pectin A& A 2H
o)Al cellulose?} hemicelluloseS EST{A= WEEA ILXRE
FAoto] thgR7E 2ol 240 kEEHE AL A9e 5= 9l
TH(Marcus 5 2008). TFA] pectin®] A A= celluloseE 25
2 =EAA cellulase] ZH-8-2 Z75}11(Pakarinen 5 2012),
ol AlxH FHx9 ES|E o]ofA nariruting H|EZH
flavonoid®] €& F7tol| 7]94& 4= Uti(Miron 5 2013). Tk
ZHA] P4-Cl extractE: B B7F AE=E T A5
St P4+C1 extract®] narirutin®] $HF-2 61.18 mg/g DW
2, CI extract®} P4 - CI extract® Tt} Z}Z} 0.34 mg/g DW, 6.18
mg/g DW 22 3HS UEITE ol 47 84 XA
= AYA a37F BEER] gton, E4 a4 290
Zto] A4 oY AP S HEY ago] Astd & 3
AFGst A+ Aot FARE FFE HEAth(Thoresen
2021).

o 1N

ol



Vol. 39, No. 2(2026) B3ka4 0§ ARt Yelsd

5. 58t 84 X2 FE29| =Z2[H0|2F =1t
o
=

zutol AL S50 U v1E F9E Adste]
fos A PR 4F HFAE, A3} BT

GgRe SRR AR P RolRol HEe
WA B O BT 24 L due o
(Gibson & Roberfroid 1995). wehax] £ HALoA = Lacto-
bacillus, Bifidobacterium 5 HE 7ol st 54X F
Zpek Bt extract®] A X BIFE in vitro 20| A H7F
Skt

4 B9 crude extract®} P4 - Cl extract?] ZZu}
o|¥ aiE Hrislr] Yol L. plantarum(KCTC 13093) U
B. infantis(tKCCM 11207)9] A=A} A=A off HZ|
7S Fig. 30 YERHRATE. P4 - Cl extracte= L. plantarumi}t
B. infantiso| A FAAHZ2 glucose 1% A 2T} F-AFSH A
Z ElE HYK(Fig. 3A). L. plantarum® 739~ P4 -Cl
extract 2] A], 24A|7F o]|F o= 4 Flo] 1.5900.2 U}

g

Ay
oy
"
N,
ojr
il
o
N
S
2

E}Y crude extract(1.078) TthH] 9F 47.50% =2 7FS LERAL

B. infantis®] 739~ P4 - C1 extract A E] A] #{F 1247t 0]
FE Aol Fael] S50 UXTIA 16859] T
T Zro] YELY crude extract(1.174)2 T} OF 43.52% =2 7
UerdtkFig. 3C). L. plantarum3} B. infantis X5 crude
extract 7} Al 124]7F o] % A7Fo] HA =AY Lol A=
AL Bl ¥HH, P4 - Cl extract A2 A] HjoF T7]714] A
&1 A% 2718 ek

T4 ot WAS BARE AL, L plantarum©l| 4| P4 -
Cl extract?} glucose 1% A2 22} 44.47, 45.04%, &4
Zog SASE HAZS YEFH O, P4 - Cl extract= crude
extract® 0} 34.62% A YEFSLTH(Fig. 3B). B. infantis JA|
P4 - C1 extract?} glucose 1% *Z72 242} 9.14, 9.042 54
Aoz [FARE W3 & UEPHOow, crude extract®rCh
28.03% =A YEFSTHFig. 3D).
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Fig. 3. Growth curves and the corresponding area under the curves of Lactobacillus plantarum (A and B), Bifidobacterium
infantis (C and D). Glucose, crude extract, and P4 - C1 extract were each added to the MRS broth at a final concentration
of 1% (v/v). Crude extract: yuzu extract with no enzyme, P4 - Cl extract: yuzu extract by sequential treatment with P4
followed by C1. Data are shown as mean+S.D. (n=3). Different letters written on the bars indicate significant difference at
p<0.05 according to Duncan’s multiple range test.
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T4 A vF 2ol v BA ol &E A FFeol W
7 dee] g wgE 2o fold mNE @ 4 oot
(Kumar Singh 5 2019). Espley 52014y ZAZ}SH FH7t
flavonoidE HFARS ™ A & Aot 52t THAE Bifido-

bacterium spp.7} Z7}9thal B 115} © ¥, Duda- Chodak 5
(2015)2 QFEA[opHo] Q1A Aol A S55A] §Far o
of =gt &, AU vEC] 95ff thAtE|o] ArfHo R A
W s 244 WIS AASHE ESE Estruel-
Amades 5(2019)2 hesperidin 5 flavonoid’} Lactobacillus
spp-2} Bifidobacterium spp.2] B8 Z7FA]FH 00 o] Z Q13
AU wBER FFE vE = A= A
Narirutin®] 1$H3-% P4 - C1 extract”} glucose 1% # 2|1}
SARRE ARRA ofd) WS LeRd

AL olgfat Ay AT
o X3} EF SFAZ FAe] H2F

A5 gke

crude extract®}, o|o] £33+ 45 A 2|3t P4 - Cl extracto]] &
A 5= pectin®} pectinase©]| 2]} AAJE pectic oligosaccharide
= W& W Lactobacillus spp.2}; Bifidobacterium spp. & SHA|

A &Fo|A gt °ﬂ°c1:— nAgy 2yE vk 9ok
(Wongkaew 5 2022). 0] FA4 T oAz Zeulo]oE g1}
7t e 23 *}i‘?:bé]: e AT 2R AAZG 2

AL M = L plantarum} B. infantis 5 HEZHQA T+ 714
F-ol#of st crude extract®} P4 - Cl extract.J AA} =2 A

& WA, 25 AL G2 730 fat 37}
a%o] asi
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Fig. 4. Antibacterial activity of crude extract and P4 - C1 extract from yuzu pomace. (A) Images of disk diffusion assay
against Salmonella typhimurium, Streptococcus mutans, Staphylococcus epidermidis, Staphylococcus aureus, Candida albicans.
(B) Inhibition diameter of the disk diffusion assay. Each paper disk was loaded with 50 uL of crude extract or P4 - Cl
extract at a concentration of 20 mg/mL. Control: sterile distilled water, Crude extract: yuzu extract with no enzyme treatment,

P4 - C1 extract: yuzu extract by sequential treatment with P4 followed by Cl,

ND: not detected. Data are shown as

mean£S.D. (n=3). Significance between two groups was analyzed using a Student’s t-test (*p<0.01).
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Table 2. Inhibitory effects of yuzu extracts on pathogenic microorganisms by disk diffusion assay

Types of pathogenic microorganisms

Inhibition diameter (mm)
P4 - Cl extract”

Crude extract”

Foodborne pathogenic bacteria

Salmonella typhimurium (KCCM 6538)

11.90+0.18 14.6+0.17"

Cariogenic bacteria

Streptococcus mutans (ATCC 40105) ND ND

Staphylococcus epidermidis (NCCP 14768) 11.98+0.22 14.98+0.21"
Skin pathogenic microorganisms Staphylococcus aureus (ATCC 6538) 10.30+0.24 13.09+0.13™
Candida albicans (ATCC 10231) ND ND

Y Crude extract: yuzu extract with no enzyme.

2 P4 - Cl extract: yuzu extract by sequential enzyme treatment with P4 followed by Cl.

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

Significance between two groups was analyzed using a Student’s #test (“p<0.01).

B4 HIt 2pzolt. 2+ 3)dol s P4 - Cl extract7}
S. typhimurium(KCCM 6538), S. epidermidis™NCCP 14768), S.
aureus(ATCC 6538)°]] o3l Z+Z}F 14.60 mm, 14.98 mm, 13.09
mm] inhibition diameterS YEFJ 0], crude extract TH] Z+Z+
22.69%, 25.04%, 27.00%% T BHdo] 23S Helete
t}. Flavonoide= 48l 95, FEH27], I, FHtold
2, R 540w & d#A Y=Hl(Gomiak 5 2019), Al
o] A4 o]E5it Ao Agsto] uho] x4 ES ¥
SHAZ1AL A 755 AT 2N gt B4 UEhd 5
Q= Ao 7 HIilE o] lth(Arora -5 2000; Tsuchiya H 2015).

Y C albicans(ATCC 10231)2} S. mutans(ATCC 40105)°]]
He 97 24S ST+ At Aol Sl C
albicans’= chitin, B-glucan 522 FA4H HZHOZ Qg A
Foe oe 724 598 14 9% 97 B4 AR
AGSHE FA2A 48] FFE 14 5 UAcHGow 5
2012). TSt S. mutans= thamnoseE X 35l= peptidoglycan©.
& o]Roj7 Ao = QI3 Al X [A]Q} Al FE
FEsHA ZH8EHAS 7FsAdol Ath(Rush 5 2025). wHEbA
B A3E E) nariruting 11335 P4 - C1 extractZ} A= o]
N R AS= S ophimurium, WF- GRS FI5H= S.
epidermidis@}t S. aureus©l| Fat A4S YEPHS SISkt

7. A-"E =M J‘_.gjl-

2z I8

B4 AY §Fof @E crude extract?} P4 - Cl extractS
RBL-2H3 A|3o] thgFet 5%E(0~100 pg/mL)E 2]}
MTT assayS 53l AlE Y=L F7I5FAHFig. 5A). Fig.
5A014 & 4 0l, 100 pgmL FEo|A AlZ PEE0]

85% ol/F o= Yeh, o]F A¥o] 25, 50, 100 pg/mLe] Fk
£ #8353t Niu 5(2021)9] Aol 4= 10~200 pmol/L 5
%9] narirutin®] RBL-2H3 A& E&0] 2221 F= 7
A Qkgkow, Chung 5(2013)9] AF-lA  naringin,
quercetin, phloretin, fisetin, biochanin A+ 12.5~50 uM 5-=9]
A RBL-2H3 A|3Z &g T3 dFS nAA] ekt

8. 58 24 A2 FE29| 27| F1t "It

B-Hexosaminidase®= 3. G+ RBL-2H3 A|Z9] 3¢ W]
EAol=s B4R, Y 27] 9h3o] o5 Az dre g EulH
ChKim SG 2017). w2bA| RBL-2H3 A|ELojlA 23ty
(degranulation)®] X|EZ AREE|+E= B-hexosaminidase E&5F
2 zggoam ARe gUdas] B4 BT 5 Atk
(Itoh 5 2011). 2 AFolA= anti-DNP-IgEE  Z2HE
RBL-2H3 A| 30| DNP-BSAE A 2| 5to] ¢ A ¥h-3-of 9
o 2SS Fskith dYEl=7] A= RBL-2H3 A3
9] B-hexosaminidase &S 7|02 H7olHth(Fig. 5B).
Anti-DNP-IgEE A 2|5}A] %2 A|3E 9] (-hexosaminidase
S5 1 fold2 AAsS o, o|& A3t AlZofA 4.42
fold®] B-hexosaminidase W52 X o], RBL-2H3 A|Z9] &
ol A oE FrdES Rlsitt. AR 05
mM ketotifen fumarateS X 2]5}HS W [-hexosaminidase2]
W&ol 1.39 fold= UElY, 23ty oA 237 UehdZ
3Folst 4= 9191 th. Crude extract®} P4 - Cl extracts A2 WS
o] B-hexosaminidase EHS =T o|EXH 07 ZFASHY I,
100 pg/ml =2 AW o 22 3.58 fold, 3.00 fold] B-

hexosaminidaseS W=5}9th o]& &3] P4-Cl extract:=
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Fig. 5. (A) RBL-2H3 cell viability of crude extract and P4
- C1 extract by MTT assay. (B) B-Hexosaminidase release
from RBL-2H3 cells treated with different concentrations of
crude extract or P4 - Cl extracts. RBL-2H3 cells were
sensitized with 50 ng/mL anti-DNP-IE and stimulated with
1 mg/mL DNP-BSA in the presence of 0.9% sodium
chloride, 0.5 mM ketotifen fumarate, 1 mg/mL crude extract
or P4 - C1 extract. NT: 0.9% sodium chloride, Crude extract:
yuzu extract with no enzyme, P4 - C1 extract: yuzu extract
by sequential enzyme treatment with P4 followed by CI.
Data are shown as meantS.D. (n=3). Significance between
two groups was analyzed using a Student’s r-test (‘p<0.05,
“p<0.01, " p<0.001).

crude extract TJH] B-hexosaminidase®] W& 16.22% 4
Al71H P4 - Cl extract/} B &2 B39 A 25 &, ¢4
27] 932 4381 s AdS HEolEth NarirutinZ 4|
7] Bt&Z& SEA7]= IL4, AN o] S4d3tet A5 vt
9] ghito] #ofsh= TNF-a9] W&Z A|ste] RBL-2H3 Al
29| dHgS Aot a7t okal H 1 B QITk(Niu
= 2021).
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St JAls 13 FEH 27| B5S ARSI WA,
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A% FAHE Bgo] 7MY 352 narirutin $=FI 5 flavonoid
TFS Uetdo] HE A52 A5t fAo] 18R
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pectinase 632 H|wsH A, 7P =2 Alm &oedt
galacturonic acid TS UEHH P4E AAT 4= AAst
Aot ESE narirutin 5 FAES ISt cellulase 652 H| WSk
A3}, narirutin®] FFo] crude HH] 2.048 F7Fok= Cl F
% MG o] wire.E pas) C12 A% Aefsiol, &
AE HP5A] L2 crude extract TH] 2.178] =& narirutine
SF95F P4 - Cl extractS EH 59T} P4 - Cl extract= crude
extract W8] L. plantarum L B. infantisS] S 212} 34.62%,
28.03% ZZI5H= ZejHto] 0 AiE SISt 35 &
A4&4 HUMA P4 -Cl S, typhimurium, S.
epidermidis, S. aureus®]| W3} crude extract ThH| Z}2}+ 22.69%,
25.04%, 27.09% =2 3 852 YEH oY, C albicans 9
S. mutansO| A= 58t EAdo] TEEZR] Aot FLH =
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0 g giS AAsto] L =T aE UEH 59
P4 - C1 extract 100 ug/mL #| 2] A|, crude extract THH] 16.22%
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Anti-Obesity and Anti-Inflammatory Effect of Beopje Processed Platycodon grandiflorum Ethanol
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Abstract

This animal experiment aimed to examine the anti-obesity effects of dried Platycodon grandiflorum extract (PG) and Beopje
Platycodon grandiflorum extract (PGB) in a high-fat diet-induced obesity model. The study analyzed fat tissue weight, blood lipid
levels, and tissue histology. After orally administering PG (250 mg/kg BW) and Beopje PG (250 and 500 mg/kg BW) for 28 days,
significant reductions in body weight, which increased due to the high-fat diet (HF), were observed. Additionally, the food efficiency
ratio improved, and the weight of regional fat tissues decreased. Blood triglycerides, total cholesterol, and LDL-cholesterol levels
were significantly reduced. HDL cholesterol levels in the PG, PGB-L, and PGB-H groups significantly increased compared to the
HF group, confirming that Beopje PG extract positively affects blood lipid levels. The elevated levels of blood TNF-a, IL-6, and
IL-13 induced by the high-fat diet were significantly reduced in the PG, PGB-L, and PGB-H groups. Histological analysis of the
liver confirmed that the administered Platycodon grandiflorum extract reduced lipid deposition and decreased adipocyte size.
Therefore, Beopje processing enhanced the functionality of Platycodon grandiflorum extract, indicating its potential as a functional
material for obesity management.

Key words: Beopje processed Platycodon grandiflorum, anti-inflammatory effect, anti-obesity effect, high fat diet-induced

obesity model

M2 10 F<F BTS2 34%E Hol, 4l HITE R o} e

£ 3fjof 3= Ao 2 ol EtHOECD Health Statistics 2024).

-7} dorbaA AR AA E4E ST HIR HThS A9 8A A, B, HIYEZ S AT, o, A
< ZF N9 49 7HAE HolmEw, A7 AES Sdist Wi 123 EUEd 5 FEUchke AEdAE AEstal
of B $HLS GEA717] Sh= AHolthRa 5 2024). 2022 (Grundy SM 1998; Kopelman PG 2000), %41 A7 ZAxto] <]
d AAEAZIFHWHOP oJshd 20208 A AlA] 4 5 ohd A, 9%, dsEd 22 AT ARleHy 2l 3 %
43%7F HA| SOl &5t o] FollA] 16%7} BTt e = e &5, AEHA, SHEANT 22 PF E A9H gl &
o] I g 5tth(Phelps 5 2024). 2005 FF 209 B ¢ &5to] BT WS = U2 AAISHL AUTH(Lee K 2021
et 4919] HITHE-L 31-32%0] 2, - utet 919 At Ogilvie & Patel 2017). H|¥F JE QWS AAaH, P54 X
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&7, 2584 5ol AR vt g Ao ojEsh= ¥l =
ChJang 5 2011). HITA A2 AMEE= oFE9 FAHES
o7t H=4 e e AEA AHE 5 A4 R84
= B8 AR AF 4 HAE 229 &8 Higt
A7} AP = 31 Qtk(Sirotkin & Koles'arov'a 2021; Kim &
Kang 2024). 5] Al 28-S $531 & 498 7|H<
T Q= AFEe Y FEEY FEol 540] A It
o AYEAo]l wof T AR dFEHI
(Sirotkin & Koles’arov'a 2021). o]of w=} Ao tigt X 79]
Rt o AH9] X 7igo] A& 44| FEHE O
SHA BRI Qloh
7~8€o| = =YY £ I= T X|(Platycodon
grandiflorumys T2 B O 2 A7 (Platycodi radix)°]2} shH,
= FA == M €4 91, 7H 9 713 5 2571
OF2 0 2 0]- 8 th(KoSFoST 2012). =&tX|= A-5-2 &t o}
Yk 7714801 2, Z4F, vivls, UEE, ofd, o] §
FotA 2= o] AL, d2REH UE, B, Ao glA
wol o okxj2 283t PJEAQ A1Zo|thShon S 2001). &
2kx]9] tEZAQl 9Fz] AEL triterpenoidA| saponin®l
platycodino|= o]} g7 stigmasterolZ Z3I3H o FF-2
sterol AJ&-0] HA UtH(Chung 5 1997). 71EA] Aghof &
Ya a3l ol 8eke wee] ey ATE Wger
&(Seo 5 2004), ZHAHSTHA} 7] 4 (Seo 5 2000) H FH|
Z-&-(Byun BH 2003)0] HIE et EebA] 550 WA
A, FAan 4 Fadt 59 FE =w=(Yoon
YH 2012; Kim J 2014; Kim & Jeong 2015)°0] T3t H 11 %]t}
SR 9 dspergillus oryzae ¥ HEste] HaA|7] A}
U o] ATk AT V2 ke AT AT
7} A8 =o)X 11 Qltt(Jeong 5 2013; Jeong & Yu 2013; Kang

= 2015; Choi 5 2016). 181} Ea}xm 7HA AL Q= 73St
20t w20 A7l 2 ot 858 7HA A EEE A

HASEr doug &9k JfAsty] oA kA B
< AAT & =0l gAY, 7HEREE Soto] 9 ol&
ot 5= QA gk ZEbA| 9] 249t &l tiofiAl= otd HE
SH ko, platycodin 52 AR FFE L F th(Jeong
& Yu 2013). &5t & AAHAY Aol o=
A& S5 2 daste] The TdA = *}E
do] 7heEsi=EHA gt @A 59 715%7t F7FetR AL

BG5S L EopF ot Bl (Park JH 2011)7}F Qich W&
3 S AX Y7 91 Sl AE2 At & E o

AR =2k et

2§93 an 69

i EHE FSRI], 4F AAE AT U 4G

d(; =2 R

w0l dE FiL, FUE A st AREE =olH,
AjF0] ZHAIAL = 05%“ e FEAA AFTPHAE A
AJGHcHPark KY 2012). B2k 43 wHEo] o3k o]y &

o gy ¢ %Hl 1t 2 7(Shin 5 2018) Aol A = v}
LaEIY2 AF Abto] 9] &8 9lon, A
St Z7HLee 5 2015), ¥ S T8 &
7(0]-6—].11] Tﬂ—lﬂﬂ?ﬂ ELJ H]E]‘U l‘ﬂ/\o]-u]}_r_/\]— o] .uJ/\
01 ?%*Eﬂﬂ’%‘luéc’ Eol ¥ & A &
el 3L QIth(Park 5 2009).
iXH% 7HR ] ohkdell sl Adwo wis)
% Z $7go] o] FojxHA {83t *é—Er
42 85T F AEE TAYH 32 HALFE ol &
HAA T H2 AE J2E 7 ALAHES Bt
< FFHA 4L o9 {AAY 7Hd Ase Ao
HE] s thKim 5 2002; Lee & Kim 2003). A 2|2
N2 712 Ae SHI 4= Aol JdoH Aro =4
S FolWA A 55 TV HHOoR dEEE g
2] o] &-5f|2 wrolct. ATl oJsto] 7-8 AJEo] SVt
St AR A0S WA B 6-gingerol KRR S
5= A (Kim 5 2014), 2UHEE HA & urushiol &S
A ASHAA H A EZ %—41% AA| 5= EIHChoi 5 2006),
HAA LS 949 Hvid a3 94 FIAFEIKIm &
Kang 2024), HA A gt Aol o] FAZ G & + 9
AH(Yoo & Kang 2021).

AR ZEkx|o] B3t 54 AFRE TR EEE 9
3t 7|3 A3ko] st g ETHLee S 2000), DG Aot &
TH(Seo 5 2004), OIFAAEZO] gt = FEES] BF
A4 9 ZHAHS 74 EIHKim S 2000; Zhao S 2008).
ORI Z4] A E5(Kim S 1998; Lee S 1998)0] H 1]
Aot 212y HAA S S FEEY PHVEIAE &
EAY0E At A vH|otnR o] BetiAt £
AT E HTFEERE S I AGAo|2 FEote] ZEtA]
FEEI HAA YT S FEE9 PHTaTE Ao
2 A3t A sFqrt
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70 gAe -

o 4% 474 G715 oS
w52 AT 9 9
Z7] 71A(JW-1359ED, JInwoo, Korea)E ©]-83}] 60C &7
220 29 Bt AXRI AL S0 T AAEHT] AGH
(JH-GB, JINHIENG, Korea)E ©|-&3|A Z7]& 300mesh® &
At WA He® webx AlRS Ga Wha Wellfood
Co.(Jincheon, Chungcheongbukdo, Korea)ol] 2]&|5lo] A3 A

22 AgsteT WA APEe A2 weAE AT
T A= AEE 58, 2417 204 ARSI dXRAIR
TR 5E ¢ Fe IS AAHA EZ & AA
T ¥ 15l 2400 B RN BATEL 5ol

A IS 18], HE A § 38 WRAQ 39S )

T 60T A=x7] ZH]|(JW-1359ED, JInwoo, Korea)Z THA| A
zelqlth. AEst AzE T A4R7] AUIHGS,

JINHIENG, Korea)Z I 7]E 300mesh® £45to] -20C
S0 BaeTHPak 5 2018), 52 AZAHES 14l
AA A g2 Aot HA| A mebA] APA R &
T 100 gofl 95% of ]E]'—Q 208 182 H7h5}0] ALLo]A] 244]
759 )220 ¥ 28] ofzisieic). ofz HojE gole
552 ool 94@*4 AE557] AEYELA, rotary
vacuum evaporator, Rikakikai Co., Tokyo, Japan)Z s
A2 o] BAAZT T -20Co|A BBEAGE. AF A
FEE AT RL AUSFIOZ B

WS ST 5 AT AZFE ZHsHE 3900 st
3F F2 7S Ao Het HAAZSHA g2 =t
A9 FHF Fae 323%A o HAA T ZA]= 38.7%

57BL/6 male miceS &tjjstd}o] e
2] 3 (Bumseong, Chungbuk, Korea)ol| A +¢J5lo] #-37|7H
15:7F FAI5HL, SEARS A2 A NS E(%): 50.0+15.0,
L5 22.022.0C, 3LF7] A]ﬂ': R2A7HhE A =230
2 43 o]-oi| EX HYd Y= 279l SPF(specific pathogen
freo) B0 AUARS 12 5 FREA ol 1A}
A 9 QL AHoto] AR ABIHAT. AFERE A3
717k &Rt ASF7HFl ol o] gl =& AYsto] 5
T AL Este] ATS wiAsklt AVt 5
oG A 5E A°o]X|(MJ Ltd, Seoul, Korea)ol| A gt

sejsto] ALRBHeT AR SAFE Inc.o] FEAlo] Al
(protein 20%, R3+, SAFE Inc., France)Z 4] 3|A} 9-7JH}o] Q.
dof| A FJ3lo] Aol= R4 FHH(Ad libitum method) 2.
2 Ao SRTE 330 th(Table 1). AAAR= A
AEE Fol 870 AFT s Fof gAo EdrR

ReR=] e SO—E.— F 28314 8] & oral zonde(DAZ01, Fuchigami,

JPNE A2 FostTt.

3. IX|HHA0|Z H|OHSERY R

HTbEsE2 A *401_% LEEQT, $A C57BLE6
mice(55H)OA A-&Tt 40|19 FHE= 229 10%E A

Wo g A AdTM)T AR 60%E AWoE AT
g IAAOJHFE )OI, EEtA] dgts FEE AL
A2 o] (high fat diet)E AdFsko] HTHFE=oF A (Tt
AAEE A0 Fofots HHOR FEx& 250 2 500
mg/kg BW= 28U7H(13]/Q) Fofstqict. Fof &2 =t
A 71648 =S F1E J s=HAE A5
(Kim OK 2016; Yosri 5 2023) PC(positive control)wt< Orlistat
30mgkg BW o, b4 FE2(HF+PG(250 mgkg BW))
-, =2 E HAIA 23 A5 & (HF+PGB-L(250 mg/kg BW))
=, =R E AR S 2E = (HF+PGB-H(500 mgkg BW))
Hog AA 67 AFPFo R LAt Table 1). SE9] &
B2 ARAGEY AFA R 27171 F7FsHEA 5 HEY
T ookt 229 UCP Tdof| 793k Ao]& Hol=
6~105= Afo]E 112{sto] ILAHHA o2 HIYhS Fkesh= 4
37|17+ 31 (Kang SA 2002; Park 5 2015)5}0] 9= 2 A
A& JPsielet. o] Aol 5 Z*i}L *‘%1%% o

H 2E 3L Sro, BE

o elstel Agsc

4. EchoMRI £
A Aolz Bk RE =2 AdEe SA6kL
A+ EchoMRIZ &3 AATA A2 24, AW &2 2 Al
HleES 24519t} EchoMRI 7]7]= A4 2}7] 29 AlA
goz ”0}21& “04%%4 X*Xﬂ ANA, A 2T, F

A AT F ASE FFE 12 ol &2 AR 5%t

B
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Table 1. Experimental group

Wzt TakAe] Slol ° sli= @yt i

Group Diet Treatment Number (n)
N Normal Non-treatment 6
HF High fat diets Non-treatment 8
PC High fat diets / positive control/ orlistat 30 mg/kg BW 8
PG High fat diets / PG 250 mg/kg BW 8

PGB L High fat diets / PGB, low concentration 250 mg/kg BW 8

PGB H High fat diets / PGB, high concentration 500 mgkg BW 8

Y N: normal, HF: high-fat diet induced obesity animal model (DIO), PC: positive control (orlistat 30mg/kg BW), PG: DIO oral administration
Platycodon grandiflorum 250 mg/kg BW, PGB_L: DIO oral administration Platycodon grandiflorum with processed by Beopje 250 mg/kg
BW, PGB H: DIO oral administration Platycodon grandiflorum with processed by Beopje 500 mg/kg BW.

2% 4 9 o] UAT w1 Golet o] Yt
717] EchoMRI QMR A48 WPHS A4E 242 w2

o 4 AL s BA W S4cks AoR =AY A
£ B X (carcass composition analysis, CCA) H'H Xt} U5}
A 2R 4 = AFo] YthNixon 5 2010).

5. 52 XN U B 3

g1 59

=
&2 1% & H&E staining method2 F2]9] |
RSk 29 2919 7] RAL AL & 7 Hejsio]
FAE S35t 7 A%, A%, AR 24 (subcutaneous,
peritoneal, mesentric, epididymal) FA& &7dstg4ct 9 A
312 gisto] olageataAL 9 vl Adol4 B
5™ (abdominal aorta) ©. 2 ¥ & (whole blood) A &35}
A4 B 5to] & (plasma)S L o]A] Biochemical automatic
analyzer device(#7020, HITACHI, Japan) 7]7|12 8% A|d&
£ 0 ol AR SEE Z4ser

6. ag XE=E 9 Malsis X|E B
48 BAL Sdsiel ASSEIERAY AAGHT0D,
HITACHI, JPN)Z 4] X (Triglyceride, WAKO, JPN), 8%
% 2| AE|S(total cholesterol, WAKO, JPN), @% AL & |

=

il Y AH|S(LDL Cholesterol, WAKO, JPN), T T At
W ZY AH|E(HDL Cholesterol, WAKO, JPN) 53X & =75}
AT} TNF alpha, IL-6(1E|F71-6) E IL-1B(AEFZ1-1B) A
¥ BE EA4L Mouse ELISA kit(Invitrogen, CatPGog
BMS607-3, Waltham, Messachisetts, USA)E- o|-8-5}o] 3+-Lgt
A| 52 (antigen-antibody immunoadsorption method)<
o|-gsto] PA W T WAIAHOZ ELISA ZH7] 7|4
(SpectraMax M2, Multi-Mode Microplate Reader Molecular
Devices, CA, USA)Z A5}t (Yeom & Jeong 2020).

7. H&E odAH

Z25+A W3S H 1A} H&E staining H'H O &2 F3131X]
HS A5 2 AR5 T WA A5t saline solution© Z Al
2 3 10% buffer formalin §Mof| 1174 & m|A|ZAHE7] 7]
7](Finesse ME Microtome, Thermo Fisher Scientific, MA, USA)
2 oF 23 um S72 o Adksto] mhebe TA(STPI20
Spin Tissue Processor, Epredia, London, UK)2 A A5t &
Slolmo] NRE R 7 A%, & elun, ¢Re g
e Y, 255 A4 AL vzl b H&E 99X 34 &
AX &golE AF|Y 7])A|(Pannoramic MID Scanner, 3D
Histech Ltd., Budapest, Hungary)o]| 2]5}o] 45} th(Cardel
= 2020).

8. 84 =24
AYS Boto] 42 AIE A Y5t Hadw
(mean)T} HEFZHAKSD)YS T3t ZH AT 7Ho] BAH

Z}olE H X} ANOVA A (Software StatView(ver. 4.51),
Abacus Concepts, Berkeley, CA)2.2 95% Al Z|=of| A H3-5}
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Aok AA AETE 79 {94 A 242 Duncan's
multiple test W' (p<0.05)C.2 A[ELASSIo] {94 #2528
E715HA
23} ol =k
1. MESE2 AF, HEZS7E U A0|gE2 vist
2 Ay Agl2

H3l 19.3% ZASHRAL HAIN 2T oA s EdoA=
14.2%, FAA e ZeA] Aol 11.5%, HAA 2
SRS T AL 8.8%2 FoF o7 HASIT FA
2wR1 PC2 AAAO|(HF)E SH3tRAIN S =
E(orlistat)2] BI7} 15 SHE HolHA FAZEN)S] AlF
off ZHSHA Aokt MAA 2Rt Z2t4] 115 % (PGB-H)
T A= LA HA o] EH(HF)of| MW Sho] F-oJ5HA HATE
HolHA e AFEEPG)TY HAAYS ZetA] A5k
(PGB-L)y- 2ot WA UebelthFig. 1).

ASS7FFS BTN AFS7HE 4224045 g0 2

Body weight

41 7

38 r

35

32 r

29 r

Body weight (g)

26

23 -

20

Days

Fig. 1. Body weight changes among 6 experimental
groups. Each values are expressed as meantSD of triplicate
analyses. ~Significantly different from N vs HF at p<0.05.
Groups are specified in Table 1.

UERE T, HFZ-2 10.3540.68 g, PCT-< 3.02+0.33 g, PG
7.1241.05 g, PGB-L-- 6.23+1.54 g, PGB-HZ-S 5.3240.77 g
O 2 UEHth(Fig. 2). 223802 AFo| 7 Wol 7kt
T2 AAA O] HHF) L2 ANl H| L ske] 7214
A(p<0.05) AF S71d3Z EJoh. FAHRALPCOS F4
TN ZHHA FPFE] 8= FOsHA EHAirh A
JA RS EFAFEE Fo] 5o EHoE [oH2
AE S7F A7t FaEp<0.05rE At PG B9+=
HFof| H|s] RFoJstA] A (p<0.05)5t313L, PGB-L-}
PGB-H-2] 7%= HF-ol BI5to] 60.2% H 51.4% Hae

Weight gain

a
*
100 1
b
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[
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Food Efficiency Ratio
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a
*
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Weight gain/Food intake

| |
: DIO '

Fig. 2. Weight gain and food efficiency ratio (FER)
changes among experimental groups. Each values are
expressed as mean=SD of triplicate analyses. ~Significantly
different from N vs HF at p<0.05. ““Each letters indicate
significant difference among DIO groups (p<0.05). Groups
are specified in Table 1.
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HolHA SAHE FAYUA FA3ATHE<0.05). A
APt A FEE0] w0l weh Hatd s s koA
Hae Sty AsEdis SAAA Aelg HolA] &
Atk Y ERRAFEEn HAAER ERAREES
A Aol Fof| Hlste] FOJSHA A (p<0.05)%E st
At

20| A& (FER)Q] A= Aol dFFo] Azl Hat
7F AL AFS7Hel lEste] 2t BlsshA YEbg
o ANl BlaLste] AAA o] F(HF)o] ALA[4] 0]
of ofet AFS7I=E F2AHR] 7M. EAAL(p<0.05), =2t
AFEE T2y HAALY 224 FE55 FoAZNA
© LAGA ol Hwste] FoA Rl A (p<0.05)=
Haoh HAAES Z2hA] AsZ(PGB-L)7d Als®
(PGB-H)T Fol-2 BAA 72 2kol7t fldeut 4
HE2L(PO)T EFHAFEZ(PO)ENA SAHLE F4
A HEFTHp<0.05). o]t Aits A4 o] AFH=
AES7Hel 25t S7HEAE Aolags =24 &=
of ot FFoll Qlste] WHAL HAA IR &fsto]
AgHstol] aatHQl Aitg Ho|HA HAG =pAEE

Peritoneal fat

o

1000 - b

N HF PC PG PGB-L  PGB-H |
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* o
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b
2000 - bc
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Fat weight (mg)

o
o
=1

|
£ DIO

AR Tek] Q] g 2 3= 7t .

Bo| Aol LBFER)] J3FE v1HE Selstgich. Byun
BH(2003)] AFNHE Eeba 3529 Fulwast AT
oA AR Fol 5 1708 837H AR ol2 et
of 743 Bk Kim IY(2008) A7) Slahel wehy
o4 Beld AmY HRol AF g L Aol mgo] L4
sheAl BlelA RS BT Shin $(2018) AT HE
SebAE £FS Hrlstel WEAZIE FUANAE 08
of s} % fAtRe] F7b] Sste] AFY WIS AL
WA FUMELE ZPART Kim & Kang(2024)2 314
PAolE F7H AL WARUT SIFEB0| FH
o) AFHLE HYOZA WARY 7HHo] Aol
2 F71HE AFL F2AAFS BelFoss WAA
3 meb AelolA AFZ7F DA Aol 2ol vlste]
RS A B A7 Ao SAF FFHL B

2. X|Hxz| FH Bs)

2 AEE] AHE2A (F: peritoneal, 77} mesenteric,
B35} epididymal, I3} subcutaneous)?] ¥ FA|= Fig, 39
HojZ1 Qlot. B9 Az 9 g2 HA|H R 117

Mesenteric fat

*

Fat weight (mg)
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Fig. 3. Fat tissue weight changes among animal experimental groups. Each values are expressed as meantSD of triplicate
analyses. "Significantly different from N vs HF at p<0.05. ““Each letters indicate significant difference among DIO groups

(»<0.05). Groups are specified in Table 1.
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Ao F(HF)Z g (NET 940 s F7kets Hylt
(p<0.05). 118 A} ShFe] k= IA R4 o] F(HF)o]
& MN)Ol Bl 792l F7Hp<0.05)F HolHA 1A}
2lolo] a7t F3isHA ®Fg= 1A, PG, PGB-Li 9
PGB-H-Z A4 o]3to] Hlwlsto] EA A 0% ROt 7
45 Ho|HA APA R A7t HATHp<0.05). 35HA%
(subcutaneous fat)9] Treg-2 K118 X7} hefa} H|oHA| 1L
A2 Ol (HF)Of| o5ko] A22]9] ghafo] B/l 4.64
] F-ol5HA] 71k HAN(p<0.05), F/d £ (PCr HF
o] H]5to] u- G-o]5HA 48% FASHHA FAFE &
5 BHHE<0.05). =2HA] F5=0f ofsto] axRh2jo]of
oJsto] F7IeE A2 9] o] FASHAAL, MAIA et
So) 338 AL S22 Fot galon T
FEGBHZINE BAHOR folspl BATe Bt
(p<0.05).

B0 gm0 0n Age g PuEA
(epididymal fat)¥} T|S}R]"(subcutaneous fat)d} H|<=gt Ak
2 HolHA ZEfAFEE Fojof o7t A x29
RIS & 7 AU HAF A ofsto] A 24
ohgel A s Y F35H Fogt ApolE HolHA |
AA 2 7l ot Aeg/d o] ®isto] ot AT 9
S5 5 ATk =R BEofla EEFE Afzdo] st
FAIE G AdAAa, ded AP a9 IAGA ol
off wlste] WA A AAHAS FaA7E 20E HA
CHKim JY 2008). W A% S22 thfet tiAb Ak dgo
7P %835 93 Q0log HuEly LA AlRdLe &
T oA WA o2 W AFS st AaAIF
Shin 5(2018) AFollM= A E 45 H7I6to] HaA|
7le oA = FAkto] S7FetEA EetE ol & gho]
S71otaL lipase ASjE/do] S7FshHA AW=2]0] A=
A BlRke]o] kx| 9] ZhgRio]l S a st A4
o] fk HYF FELRHAN LA tfjFo] ot AEZ]
FE s}, A, Fargh A7 FA7F AAsHoh(Kim
& Kang 2021).

AA7A LR AEAAA A sk v =AQL

AYZH(XenicPG, Roche, Swiss), U x| AH|E ZZ5l= &
99 (Reductil, Abbott, USA) 59| FH|Ft 7|H2 AFAGE
4g 24sl0] 488 oAelA kol Thet kgl glof
A QbiAo] ShuE AU T2 okeNE RN RiE
Ao ABEEdE §stal gt} ojo mEt ira YFEE

2RE 2ejd obel(arctiin), eHA] o] AU 9] ghulgt fw}
AT(Kim IY 2008), T2 EE o] FulgtEsiKim &
Kang 2021), |14 2] 9-9J2%& 2] Gu|5kETHKim & Kang
20047t BREHA LA 7H5HE HolFT 9tk o]0
B AN 8T EAXREE B2 WAAYT maiX
2220 AWzl g Ws} BT SAT AFHE B
olwA Fulgt 24 754 B

23} 172 Fig. 40 Hoja Qioh. A5 A= HF-O]
AEMN)ET 1w F-2J5HA S7FH 1(p<0.05), PGB-Lat2
AAHFA o] FHF)ETE A o KO3k Alol= glRle
™, PGB-Hi-2 SAH C.Z {27t 20| & Ho|HA 21% 7
ASFATHP<0.05). A7gHIH @42 1 A4 o]to] At
Ho} Lo1a] o8l S7FsFAaL(p<0.05), HAIGE =] 1L
&L FoJF(PGB-HT)Z A o|(HF)TE Tt F9]5HA
28% FAE HJ 00 (p<0.05), PGB-LFL 15% 43+t
ko] BA & A4 o] (HF)Eo] HAZETE Fol5H 148
v F7H8 B A(p<0.05), PGS LA HA] o]t K} -9
SR A 7HASHE o PGB-LiY} PGB-HZS HFZET}
FRASHA 15%2F 16% 745k ATHp<0.05). o]/ 22 A9
A=, TAGA]O|(HF) A FH el o3t A% TeFo] F7h o
2t A £4 @4l dojutA AT 7 FA= f94<
7 Bolth 0 A9 e AR ZEAFEE 1L
Sk Fo(PGB-H)ol| oJ5te] |-olotA] AS HAaA7IH
A ¥ A 22 9] kol AATS BYlrh A 3
HE 99t U MY vgk 2EE s AFolA] B2l
o, B2 o] TR T E A7 ]s/3o] ol o
FolA ALE L JTHKim JY 2008; Hong 5 2014; Shin 5
2018).

3

2 A9 =9 A7IFAGE A%, AR, A7) et
g
o

i

LEHA] FEET HAAYS ZeAFEEY A4
o 9%t JAHEGET HHo] IS H 1A EchoMRIE
AR RS £ A= Fig 59 HojFil Qo
AA W AW LA A O|(HF w2 A= E T 79
3k xpo]& JreFo] ZHASFY A (p<0.05), PGZT} PGB-LZ,
PGB-H#-Z MAGAO|(HF)EY {23t F7H5 Hot
(p<0.05). T3t A AT HE TAGA]o|(HF )2 ZA

4. HME(F2a X HE
H
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Fig. 4. Organs weight changes among animal experimental groups. Each values are expressed as mean+SD of triplicate
analyses. ~Significantly different from N vs HF at p<0.05. *“Each letters indicate significant difference among DIO groups
(p<0.05). Groups are specified in Table 1.
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Fig. 5. Body composition weight changes among animal experimental groups. Each values are expressed as mean+SD
of triplicate analyses. "Significantly different from N vs HF at p<0.05. *“Each letters indicate significant difference among
DIO groups (p<0.05). Groups are specified in Table 1.

THETE {5t AfolR FFo] 3.6H] F7FSFIL(p<0.05), 5. 8F MsISHKE st B3t

PG, PGB-L7} PGB-HZS HFZET} $9J3F 2jo]2 IA o2 S HiEEREA U 5 9L

16%, 22%, 35% Z45FAHH(p<0.05). §3], PGB-H7- 548 IHAHCE 0odd £ s AR @58

PCE3} 2ol 7} gle HE 2 AAR4]o](HF)wto] H]ls}ho] A4 9 aFoted ol ZefA] FEE0] HA=

9918t xpo]Z ZHABFATHp<0.05). Tt 71755 A #RD 5 ASTSF ALT A= Fig. 69 B
FI k. EF 8484 T d JHoted e BE
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Fig. 6. Blood AST, ALT, creatinine, and blood urea nitrogen(BUN) changes among experimental groups. Each values
are expressed as mean+SD of triplicate analyses. "Significantly different from N vs HF at p<0.05. ““Each letters indicate
significant difference among DIO groups (p<0.05). Groups are specified in Table 1.

AdFoA BAFOR §HQI Zol7} QIS 2 1]
A ;O THA| I &40 4] B Bol4 ¥hg-Z Hol=
EZ ASTS}F ALT §F2 HFEo] Nitoll Bl asto] {22 o
2 Z7IeHEA(p<0.05) HAIE 4L A5, PG,
PGB-L3} PGB-Hi-2 TLAJHHA]o|(HF)Z 2 et 5213 2}o]
2 Aot p<0.05). 53], PGB-HT- ALT TollA =
A 255 4 AsE HAAYSE 2 A FEF FoliE
o BAHCE o3t Zpo| & Ao thp<0.05). I
T2 A 7 AFHote] HTkE e AdolA 2 At
o] v A R thAte] oJote] 7HeAd A EE AME-SH= AST
o} ALT 8% %7t 71t 235 EQl A-H(Tomkin GH
2010)9} H]S23F GAFS BTt & A7 Adfo|Ax A4}
Alo]of] oJgt vlgt HElo| A EF ALTS} AST 5%=7} /-3t
2ol 2 7KL TetA] 55 9 WA TefA &8
Folof oJoto] ZHA|HE Fro] FHASHHA 7 EAE AT
Btk Kim 5(1998)9] A-tolA 1 AHEESTS 78
3t P39 ¥ 5 AST € ALT 84 &/do] 22\ ZEtx
APEHE FHT oA oA B2 AIE Ho|HA 2
Ao Autel FARE FAS B

-
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ek
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6. €3 K& =59 #ig}

TapA] 2EE T v SEREA S A&
B9 ¥3k= Fig 70 HojQlth @5 S8R &

£ IAO|HF)wo] FATN)TET 598k 2fo|2
2138 Z7}8F9 2 (p<0.05), PG, PGB-L#¥} PGB-HZ-
HFZHET {003t ZJol2 18%, 20%, 32% HAst=t|
(p<0.05), &3] HAA #}FE AX Z&HA] 15 (PGB-H)
T2 ZHAFEZEPGTEET FOASHA 17% ZAsHHA
(p<0.05), FHRF(POZ 321 Zfo]F Holx]| Ak

T FZULHEHTOY sE+= IAHAO|(HF)TS N
ol vl sto] 2,044 §-9JstA 7R (p<0.05), HAIo}
A kS T e}x|Z2EE(PG), PGB-L7} PGB-H--2 11 A4
OoJHFyoll HIsl 21%, 27%, 39% olotAl Astact
(p<0.05). 53], HAIA T ZL2tx] s E(PGB-H)wS Tt
AFEEPG)TETT 5924 2o 2 22% ZHASFHA (p<0.05)
PC #3H= RolH 02 Zpol& Holz]| Foky HAIAH Y
o oJste] Fejgido] F7IotHA FZFHAEHE Fgol F
F& Fodet B

3 ALL FHAHE(LDL) e A4 O|(HF)T
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Fig. 7. Blood lipid profiles changes among animal experimental groups. Each values are expressed as mean+SD of triplicate
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(»<0.05). Groups are specified in Table 1.

o] NZHET FostA 2.28] F7FsFIAL(p<0.05), PG,
PGB-L77} PGB-HZ-2 HFZET} S-9& 02 18%, 19%,
40% WoldS H9 0 H(p<0.05), PGB-HZS PGHHETH &
ARz FOSHA 27%(p<0.05) Wobg 0=, WA A =gt
L2 FEE IsEd2 HASH] g2 T2bR] FEET
Ho} ROt Apo|2 FAstHA FAAHRLE(PO)ZET= F
O3t Apol7} qilom HAA Y HHo| %t FEdrdol
Z7tote] €% LDL 5o TS o=zt 2ot WA
A2 7hsHRol ok e gl Wsto] ot AxE 9

2% % A9tk Eebx BejolA Helak Amdo] st
A Aol o] lste] 7o) FHAY L FRALHE B

T g FaA7= 2FE BEAHKim JY 2008). E3F 114
Hd Fof| 9J5to] =715t hepatic fatty acid synthase A4S
TR A F7to oot A AFE HolwA Eet
219 GejAl 9 AAALe] FFS FS Bt ZEAE
LA E THOA fAakto] S7FetHA EEtEkolE
ghFo] 71kl lipase Asi&/do] F7IotHA F5A A
ko] W3S ®Ith(Shin 5 2018). Streptozotocin(STZ)

o

"Significantly different from N vs HF at p<0.05. *“Each letters indicate significant difference among DIO groups

o2 Bu8 FU8 Aol so l%a
Fo & goiA &9 7

triglyceride(TG), total cholesterol st
Bogx Jdkart ¢ 5;]"3]‘?}33’}% HAHKim OK
2016). AAAO| R H|TRE fE T EEfR] 2EE T
9J5lo] &71= A total cholesterol, total lipid, triglyceride
o] AR AaTromA VR USL 5
SFETHByun BH 2003). 2LA|RFA]o]+to]| H]|5te] ZEtA] 3
E& Fojo] €5 triglyceride(TG)%} total cholesterol(TC)
gherol Rolsh AT ATk B AW A} fAR 2
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3 oA 9] Ao] A 45 ARt B IsH3I T Kim
—(1998)-4 AFoA AEFYAHEESS FES IFY &
J % LDH 84 &4 28 TR AAZd S 333 &
w FOJsHA Wi k22 9] S AEHE D FHAE
ghego] FASHHA ZakA] Atdo] oJgt ARiA 5iE
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¥olch. w3k Byun BH(2003)9] A70] ©J5FH 0.5%2} 1.0%
AbEd B30l Z47F S AR (138%2 142%)1*} ZHAHE

(199%3} 240%)°] thﬂ e =i} u}
ShA EeA9) A Aol Alo] ] §AE ol
T 5 Ao RS FRAG. 1B 42 YW
SR SIS ATOR YR FA2 SN2 U5
Hqro] 275 4 54, 70 242 o)
kel MIghE ofshed & SEFL 3}t (Shin
S 2018). Aspergillus oryzae= EE'}X],%:'- HB/AA 78S
FEAZIH 3T3-L1 APGA 2 E3HEoIA e ZefA] Tao
ofsto] ETH=etgol S7IsHEA BT 23S oA
Sto] vt 7| ate] A2 A9 74| 9 ST ol Al
ol Tl 4= U= AAFSHATH(Kang 5 2015). WHA]
A SYFEE] FHTAIHKIm & Kang 2024)7} 3=
A 2 AFolAe 2A Y] HAA 2 ot Hay
Hol oJsto] Fu|vt avE BT FARRE AIE B
o] A3t= TraFHof gt 71540l FYES Holk v

N 2Io|t.
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A, AR 24 228 Fo 57t S716HEA TNF-a2t
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T W3= PG PGB-Lidt {-o5HA Zol7h Qo
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askA| g2 il Hlwste] Eda)Fwo] TNF-a2]
o] AsfEE 5] =A Uebs Hao] o3t fa A&
H3}o]| ofsto] v W3l A2l & 4= Uoh(Kim & Kang
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Fig. 8. Changes in blood TNF-o, IL-6 and IL-18 among animal experimental groups. Each values are expressed as
mean+SD of triplicate analyses. "Significantly different from N vs HF at p<0.05. ““Each letters indicate significant difference
among DIO groups (p<0.05). Groups are specified in Table 1.
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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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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
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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
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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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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
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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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