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Analysis of the Quality Characteristics and Functionality of Yuzu (Citrus junos Sieb.) Powder
and Foam Tablets Containing the Same according to the Drying Method

Bo-Bae Lee, Hyeon-Ju Jeong, Chang-Yong Yoon™ and *Seung—Hee Nam"*

Researcher, Fruit Research Institute of Jeollanamdo Agricultural Research and Extension Services, Haenam 59021, Korea
*Senior Researcher, Fruit Research Institute of Jeollanamdo Agricultural Research and Extension Services, Haenam 59021, Korea.

“Research Professor, Dept. of Agricultural Science and Technology, Chonnam National University, Gwangju 61186, Korea

Abstract

In this study, in order to develop an foaming tablet product using yuzu powder, yuzu powder was manufactured using different
drying methods such as freeze-drying, 60°C drying, and 40°C drying, and then quality characteristics and functionality were analyzed.
The naringin content per g of yuzu powder was 8.9 mg for freeze-drying and 8.8 mg for 60°C drying, and the hesperidin content
per g of yuzu powder was highest at 53.6 mg for freeze-drying and 46.2 mg for 60°C drying. followed by 40C drying (41.7 mg).
The tyrosinase inhibitory activity of 60°C dried powder was found to be twice as high as that of freeze dried powder. Accordingly,
in order to develop an inner beauty product, foaming tablets were manufactured using hot air dried powder, and the quality
characteristics and functional ingredients of the final foaming tablets were investigated. The foaming tablet prepared with yuzu powder
content of 10 and 15% showed an inhibitory activity of tyrosinase of 73.7 %, which was 1.6 times higher than that of ascorbic
acid (1 mM), which was a positive control, confirming its melanin production inhibition effect.

Key words: yuzu, foaming tablet, inner beauty, naringin
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A& 7MIstlt) o] Al FHEof| w0 vl T2 e
2 5921 &x o] Holglo] AnRt H3 S 243t
7] 4‘4—?—”4 Froi/dol 7tk S 7HA AL QT

2 Ao s T F5F ol8sto] Az R o
g A 22 A 23 F melanin A4 Ao S35 a4
Ol tyrosinase A3l A} TEFE /fA A HEZE matrix
metalloproteinase—l(MMP-l) Ao BHL =F ’8}@1:]— E3H
S4B ol 42§ HRAS ARIAAT FEHO
FHEA, A 24, 01]"111]134 , U, tyrosinase {3
2/, MMP-1 A3f| /& ARSI ol=et A4 295 E
= FAF T2 o] 4RSS %t A== AAISkaLAt St

gml

M= W

A=
Q170 A fAE T BE0R HePdEEg
7148 SRl S E Wando, Kora) 217

AF&olAT) A= &2to] A(CHOP and CHOP X-Slicer,
Taizhou Woka Industry and Trade Co., Ltd, Shanghai, China)&
o]&sto] 0.5 cm FARE &To|A T F o]F —-80ToA &
& F45te] B2 ZAX(freeze dryer, Mareuda, Gwangju,
Korea), 40C ZAZ7](VS-1202D4, Vision, Bucheon, Korea) %
60C AZ7](0F-1350S, Jeio Tech Co., Ltd., Daejeon, Korea)S
ol-gsto] 2tz AxotArh FEZXE, 40T % 60T Ax7]9
A AZE §R9] BB ZHE 2.5%, 6.5%, 6.3%J T A
25 A= E4)7](DA282-2, Daesung Artlon, Paju, Korea)Z &
3t F 100 mesh S FHAA E4-8 AEE ARESIATH

o

b}

| E
=

il
dr
0z

roh 19

ol

A =

pH, At S8 A& 5 g& 25 mLY| S/
t & filter paper(Whatman No.4)Z o] 1}-5F -89
pH meter(PHM 210, Radiometer Analytical SAS, Lyon,
France)E ©[-8-5tc] 33] ¥HE Z74oto] HHgho= Yetfiql
31, A= Al &0 0.1% phenolphthalein 2~39-8-2 #7135t &
0.1 N NaOH 0.5 Z4o] B w74x] Hs}o] NaOH §
Aol AvjE EF(mL)S 3 thF AL E SHibs}T
G XY T A (PR-201, Atago, Tokyo, Japan) S AH-5}
91 ML AMAA(CR-400m Konica, Minolta)S ©]-8-35}0]
S5t Mee BYx(ighys Yetde Lgh, A%
(redness)S WEHY &= azkd} S (yellowness)S YEFH+= b

2 S5ttt ojnf AHES EE WAEO] L, a, b g2
ZY7ZF 9574, 0.04 2 2.800] 3t

g o N
k=

u}-4]

ol

=
=

o
=

F Hs 01‘%2 Im —(2021)94 HRo= At
1 g& 20 mL 80% OleF& =2 3A|7t 85 &
ARESEAT. oleE FEE 30 ulof|l SF
32.5 yLE #7}8t 3 Folin-Denis regent 12.5 nLE #7}5}o]
B7F Aol A WA S1AT, 7%(w/v) sodium carbonate 12.5 pL
S5 250 uLE F7Fste] 6027 daoA vhE 3
I = A|(Biotek Epoch., Winooski, VT, USA)Z 760 nmo]|A] &
B E 24519 EEIAS galllc acid (Sigma Chemical
Co., St. Louis, MO, USA)E FFEAE 5 AFIAS
AT T S 35 W% 2T 5 Bt BEud
S Uepsic) Behriols Hake ofehg 22 20 o]
di-ethylene glycol 200 uLe} 2 N NaOH 20 uLE 3713t & 37C
ol 308 ek WAL 420 nm] WO|H FHEES 27
oto] Lottt AFAL EEFEZE rutin(Sigma Chemical
Co., St. Louis, MO, USA)S AF&-5}9tHLee S5 2021).

4. Shitst 2 £3

DPPH 0] AAL-L Park ID(2021)9] HHHS ¥ s}o]
5745t 2H, | mM DPPHE ©|&HZ 100 mLo] 8-3A]7] 1
517 nmJ| 4] DPPH 49| L7} oF 1.57} E| =5 3]4s}
o] AHESHTE EEEAZE ascorbic acidS ARE-5to] HTF
IS 2510, 96 well plateo]] A& 50 L, DPPH -84
250 uLE H7Fsto] 37CoA 1027 ¥H-&-A1Z]1 & microplate
reader(UV-1601, BioTek)S ©]-&35}o] 517 nmoj|A EF=S
ZA3519th 33] HtE =& sto] HHT FFHAE L5130

o, t}2.9] 42 o] 88 DPPH 2tz 2745 AT
. . .. Abssamplc
DPPH radical scavenging activity (%) = |1 — ————2% | 100
Abscomrol

ABTS &zt AA5 &% 2.5 mM potassium per-sulfate
50 mLe} 7 mM 2,2-azino-bis-(3-ethylbenzo-thiazoline-6-sulphonic
acid) 950 mLE &35t ABTS €4S YIAoA 12417 &
b Bt & Ao ARG8T T & ABTS 82 735 nm]|
A FFE 0.75~1.05 gho] Y [7HA] ofe-&o] 51453 H.
FEEZAZ = HEH CE AR5 0~10 mME HFTAS
TRt ¥, A& 50 uLoj| ABTS 34 250 uLE 719t & 44
oA SOErZ_ WABHAL 735 nme| A FFEE S745H0] ABTS
AA5S The Aoz P

%2
_u

> 100

. . .. Abssample
ABTS radical scavenging activity (%) =|1— ——"—

Abs

control
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5. Tyrosinase ';'J MMP-1 2N 1}

Az o FAL L2 v G IH= tyrosinase A 3]
A4S B9 2HoISTt Hwang SQ0129] HHL WFsio]
tyrosinase A 3] &AL 243199, 7|2 =E 0.01 M 3,4-dihydroxy-
L-phenylalanine(DOPA)(Sigma, St. Louis, MO, USA)E A5}
At} Sodium phosphate buffer(0.1 M, pH 7, 60 mM)°]
mushroom tyrosinase(100 U/mL) 50 pLe} A& &AW 50 uLs
Yy 37Co)A 1087 vH2A171 H 10 mM DOPA 50 pLs
91 37Co A 1087 BFAIATE 11 & S4 LS 465 nm
oA EHckArh HETLEE abuting ARESHROH,
tyrosinase A 3f B/ offj Q] 4]& o]&f A7 &H X7}t
o} R THE FAEE Lehyolc
Abs

Psample

X
Abs 100

Tyrosinaseihibition activity (%) = (1—

control

A &.9] matrix metalloproteinase-1 (MMP-1) &4 #]3}] &3}
+= MMP-1 inhibitor screening assay kit (ab139443, abcam)< ©|
235lo] =459t enzyme solution (MMP-1 0.76 U/uL) 20
uLE 96 well plate©] buffer 50 uLe} &3t & ZF A& 20
WLE A7kste] 308 Eob 37ColA MASkT 1 mM
substrate solution 10 pLE A 7}5}aL 37 CO|A] 105 HH-3-5}0]
FHEE 412 nmol A Z3ATE MV A3 BHL A2
B9 ArhEs A% 29 FHE BARE UEp

I
,_.

1-(A—A")
W > 100

MMP-1ihibition rate (%)
A AR WG F
A AR gFo0]
B BAIR g ¥ FAE
B: BA29} g30lo] FHE

19
H1

6. =Q ZalgL0|= BAM

829l FQ ZgtH o]t EAL naringin, hesperiding
24519 o™ 1216 Infinity LC(Agilent Technologies, Inc.,
Santa Clara, CA, USAYE ARSI £4-8 ZE o=+ Ci
(Eclipse plus Cis, 4.6x250 nm, Zorbax, CA, USA)& AR&-5}o]
280 nmof|A] EQ15FH 1, AR FUFFS 10 uL, column oven
< 35CE fFAsII o 54 Gl == He-23 acetonitrile
9] 1:1 EFE(A), 0.1% formic acid(B)E A5t oH, &<
<= 0.5 mUming FAI3F Aol A A& off A: 20, B: 80;
5~10824 o A: 40, B: 60; 10~1552-Q o A: 50, B: 50; 15~20
EA ujj A: 70, B: 30; 20~25E4uf A: 100, B: 002 2587+
A5t #EECE AREE naringin, hesperidin(Chroma

S Exye] L5 9 Vs BY 131

g

Iél-

IE

7. 7AL 22 S mE gxd A
s 2 EUxY Axe A4 2 0%,

5%, 10%, 15% Fi= 20%0] FAHER] FAAR, BAAUE
F o2 F7KHR A YA &2 isomalt, sorbitol, H]EFY
C ¥ magnesium stearic acidS ¥ BiES}H tH(Table 1). LE
A2 B Aol oigd &AE9] #LEE #0171 Ssl 80%
FAES AREsto] 114 T A]7](KMI, Keumsung machinery Co.,
Ltd., Ansan, Korea)Z 23} 30]] 20 mesh 27|19 A2 w23}5H
= 50 qu\ﬂ 3AIZF AZSHATE 1 3 20 mesh 7]9] A=
T3kt F o]7]9] magnesium stearate A7g T2 E4oto] EHY
7](CPR-6 single punch tablet press machine, Dott Bonapace, Cusano
Milanino, Italy)& EFY5to] BEAS A XU THIM 5 2021).

o 77 WEHo| 53 Sy
SAF B ko] W pH, AHE, A% ZAPFHL 290
A g o s o} BERY GEL WEHS Bof T

2 microplate reader(UV-1601, BioTek Instruments Korea Ltd.,
Seoul, Korea)E ©]-€35}9] 600 nmof|A] SFEE 33] =435}
o Hygroz YeT HAZE Tex-tutremeter(XforceP,
Zwick/Roell, Ulm, Germany)E- AR&-5F0] £735F31 2.1, probe
£ 6 mm A7 AAY HFE ARESFATE. Start position speed
100 mm/min, pre-load speed 2.0 mm/s &4 ZXAOCZE 73}
t}. ojAlslela dHeF 272 PET 87]0 52 Y1 ¥xge
42 5 At 252 S45te AS Al Zahm & Nagel
6000(Zahm and Nagel Co., Holland, NY, USA)& ©]-85}c]
PET uj%o] hiiehg Z4eloic

0. WEHO| J|5% SN
=]

1o § W U EefHico|s S 3w

Table 1. Foam tablet recipe according to yuzu powder

content

Ingredients (%) Contents
Yuzu powder 0 5 10 15 20
bif;’il(ﬁte 25 25 25 25 25
Isomalt 40 35 30 25 20
Citric acid 25 25 25 25 25
Vitamin C 5 5 5 5 5
Sorbitol 5 5 5 5 5
Total 100 100 100 100 100




132 olEnf - FA=
Wit FA Yo s BASIAT e, A 84 573
o 4iv SUsA BASIGT FEH) H % FE A4
QA adt= sHY LS 245 8 et ko=
£40] A9o|% 604 Qe YT} 2o HPLCE o] &
slo] BAaI9}

10. SHXz2|

B Aol ol A¥= SPSS EA| X2 T3 (Statistical
Package for the Social Science, Ver. 23.0 SPSS Inc., Chicago,
USAYS o] g5to] Bagheh EENAS ALbshech A7
9] 94 AL one-way analysis of variance(ANOVA)YS St
B, p<0.05 $>2°f| 4] Duncan’s multiple range testS A A| 5}
N@7e] $269l Folg Hlawsgit.

O

Zdunt o nFE
1. X SHY RA 2O Ol=tety S4
Az o] BhE FA4Y pH, AtE, 3% E= Ak 5 0]
%S

5}3—}4 E4 AE Table 20 YeH At pH 4 A3} 5
32,40C ¥ 60C AxE 47 33, 3.12 YET
*PEf FYHQl Apol= YepA] dokom Jde= 52 4
Z,40C AZR, 60C AZ 747} 47, 4.0, 4.8 °Brix® YEFTH

A 24 A3 54 xS A 2Eo] 8458 & BEH
< BPou FAEE 60T AX ARoA 2842 £t A
2 e 2 A 2 A SeR: 2 2
AE7F40°C, 60C AR A gHTE Bt Ao] ¢ 8HA] Yebg
THTable 1). YEtA o2 7}g L7 =11 7 A|7to] Ao]
A2 7h 7| AER ] 7hA0t ZFHER Q] MAo] 27
© A2z A AtH(Chung 5 1996). THEFA, 60C 20
A9 Qof 1=%o] Hol o] g2 Aol =] FAE 7
o] 7§ BA e Aoz Amgdh ofzUe} 0] Az
Y] A A2E=7 SIS F L a, b glol 2R 'Y
11 (Horszwald 5 2013) Eo|HAl9] AL 60C AXA L, a, b
gho] ZFARehaL SheIEkChoi 5 2014), AR o] w4

S AGA R whel B9 chepst e Ao Alw

[e}
23 mgo & 7}4} =9kow 60T A% 40T ARE Z7F 2.1
mg, 2.0 mgO = H|SFRI). Park 5:(2014)2] A+ Ao wp
EW 54 1zx" E7HYY F HE T2 17.2 me/eold

Table 2. Physicochemical characteristics of yuzu powders prepared by different drying methods

Color value

Drying Acidity Soluble solids

method Appearances pH (%) (°Brix) L a b
Freeze drying 3.240.0) 4.2+0.0™ 47+0.1° 84.5+0.4* 0.4+0.1° 22.0+0.1°
40T drying 3.3£0.0° 41202 4.0£0.2° 65.9+0.4° 6.0£0.0° 22.2+0.1°
60C drying 3.1x0.0° 4.240.1 4.840.1° 63.00.8° 6.6£0.3° 28.4+0.2°

Y Means with the same letter in each column are not significantly different by Duncan’s multiple-range test (p<0.05). The values represent
the meantS.D. (n=3). Sliced yuzu with 0.5 c¢m thickness were dried by three different methods; Freeze drying (-807C, 72 h), Cold air

drying (40°C 48 h), Hot air drying (60°C, 24 h).
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Table 3. Functional compound of yuzu powders prepared by different drying methods

Drying Total phenolics Total flavonoids Naringin Hesperidin Vitamin C

method (mg/g DW) (mg/g DW) (mg/g DW) (mg/g DW) (mg/100 g DW)
Freeze drying 2.3+0.0") 56.6+2.8" 8.9+0.9° 53.6+0.0° 99.8+1.6"
40°C drying 2.0+0.0° 13.0£1.6° 7.7£0.0° 41.7+0.4° 27.5+1.3°
60C drying 2.140.1° 53.743.3 8.8+0.0° 46.2+0.4° 68.2+1.1°

D Means with the same letter in each column are not significantly different by Duncan’s multiple-range test (p<0.05). The values represent
the mean+S.D. (n=3). Sliced yuzu with 0.5 cm thickness were dried by three different methods; Freeze drying (-80°C 72 h), Cold
air drying (40°C, 48 h), Hot air drying (60°C, 24 h). The 5 g of yuzu powder was reflux extracted with 100 mL of 80% ethanol (5%

w/v) at 80°C for 3 h and filtered through a 0.45 ym membrane.

O}, 60T AXA] 103 mggO 2 FAEo] & Ay} FARE
AIE HAS uE Qloh A= g B EStEEClE AR E F
HE FARE Fo s Yeson 52 12(56.6 mg) >
60C 7A2(53.7 mg) > 40T A=R(13.0 mg) £ O & eI
it ow Az o] wet faidEe] Wbyt A7tk
g A 9loH(Kim & Kim 2000; Choi 5 2014), o]of whz}
FAY FRAECRE UFHA Q& naringin, hesperidin, T+
HIEH C g A% Wil whet v W skl th(Table 3). 2
Z e 2ot §A Y ¢ F naringin 2 52 AR
89mg W 60T AZR 88 mgl 2 71 =9kt T+ A& 719
Tl Aol YehA] eksktt. F-AF 2 g B hesperidin
SHEFe =4 AR 536 mglE 7P =9ron, 60C AR
(46.2 mg), 40T AR(41.7 mg) +-C.& UETh 7192 %0

£ 32 159 A= ¥EE A Kim 5(2001)2] Ay}
of = 7hdetol wet hesperidin o2 2 A4S
I Bk EF 9o 1 Av= 2 AP fASH UE
ok v C 2 52 AR A4 £ 100 g F 998
mgO 2 UEFFI 40C A% 27.5 mg, 60C AR 682 mg 3k
< YEFH AT, Park 5:(2014)0] w2 E2H|E]|9] H9-, &

2 Azo|A Blek €7 7.1 mg/i00g, 60T BF Az
5.6 mg/100 go] F9Fo] g, olefet ol AF Az
A WER C7F AStEL, 52 A Ao R L o
o wletyl b REE7] tEolet sttt o AT Ak
B AT} ¥ A ehiglon 40 TolA A%E ¥
ol u|ehyl C Yol 71 AA ekl AL A% Aol

Vg A ol HEkEl C7} Akgte 9l Aol A
o}, meb, Hlebel C Heke Az L, A7k} Bt gl

20| gitst g 3, tyrosinase & MMP-1 |

Z S 2t 94 £29) DPPH 2oz AA 2

Az Bo] 494%2 7MY 2 £AA5S BJA 60T
AZ(27.1%), 40T A%(18.8%) +=O0 = YEFHTHTable 4).
ABTS 2zt 42752 G433 v AR &A &4
D= =4S 4= 90U 2 DPPH radical A2AHKETH & &
917} YohRe 5 1999). T3}, DPPH: 2&E9] EA4Jo| okt
A5 2 Z 3 cation f-2]7]9t0] A% A7t thE 4 UL
o, 5 7|43} 9hgETO] A% F =7t 4o|5te] radical A

Table 4. Antioxidant activity, tyrosinase or MMP-1 inhibition of yuzu powders prepared by different drying methods

Drying DPPH scavenging DPPH scavenging ABTS Tyrosinase MMP-1

method activity (%) activity (Vit.C eq. 11g)  scavenging activity (%) inhibition (%) inhibition (%)
Freeze drying 49.4+3.1*Y 20.0:£0.9° 53.1+0.6" 26.9+2.1° 42.7£1.2°
40C drying 18.8+2.9° 11.2+0.8° 6.7+0.2° 23.144.8° 26.441.3¢
60°C drying 27.142.5° 13.6+0.7° 30.0£0.1° 44.0+4.9° 52.4+1.4°

) Means with the same letter in each column are not significantly different by Duncan’s multiple-range test (p<0.05). The values represent
the mean+S.D. (n=3). Sliced yuzu with 0.5 cm thickness were dried by three different methods; Freeze drying (—80°C, 72 h), Cold air
drying (40°C, 48 h), Hot air drying (60°C, 24 h). The 5 g of yuzu powder was reflux extracted with 100 mL of 80% ethanol (5% w/v)
at 80°C for 3 h and filtered through a 0.45 um membrane. For tyrosinase and MMP-1 inhibition activity measurement, the 5 g of yuzu
powder was reflux extracted with 100 mL of distilled water (5% w/v) at 100°C for 3 h and filtered through a filter paper (Watman No.4).

DPPH: 2,2-Diphenyl-1-picrylhydrazyl, ABTS: 2,2’-Azino-bis(3-ethylbenzothiazoline-6-sulfonic acid), MMP-1: Matrix metalloproteinase-1.
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Yol Fol7} B7]= AR HIEHJATHWoo 5 2008).
ABTS 2HZ AASL =73 AZR7} 53.1%= 40C AxL 60T
Az v M =2 AAFES YEHUL 60T AR
(30.0%), 40°C AZR(6.7%) <02 FAFSH &Ado] opH Tt
Chang & Kim(2011)> 4ksl &/ 7HE A8 & ¢ Hl
EFYl C9} Zro] Fofl oFgt atskE o] mH o2/ dnt
o7 11 g%o] ZAFEcty H519th Hwang & Do Thi
(20142 Az 9 S s a5 9F= 71 5
4 7123 of2Y ol 3Pkt &/do] thE Az el A
Azt QEAZET #A UEytial Histo] 2 A4 4
39} QAR AT LRSI A% W] ThE f4 2
wol uul @ 25 44 o BIE 2T AT Tabl
33} 2t} 40T AR BE0] 23.1%Z tyrosinase?] A3 &4
o] 7% WA Ul 60T R 80| 4.0%= 7H =4
UERFTE 60C AX £29) tyrosinase Ao S 52 A
Z Fo] vlsf 28 EA Yebgth RSt A A xE
MMP-1 A Si&/dS S75t3itt 60T Az £o] & A5
491 524%F B, 40T AR o] 7H W2 A
H64%)% AT AFOIA AV AT EE e rs
ARG U 2o AN AT b ST A
MR S, B AT ol E AEL L]
A3t AR Z 0] & AO = tyrosinase2} MMP-19] A 3]] 24

o] 2 60T Ax ZL<Z o|83to] 5 XA A XA &

4. A LEHO| EF EM

QA Bt 0%, 5%, 10%, 15% F= 20%)°] what g
49 4 E4& Table 50| YEFW ATt pH 378 A3, 94
S Hristo] Ax3E AlREC] FAETE H7FeHA] &
2 drguc 32 pHE Bk FAEY %= AxE T
EHL 352 7Y =2 pHE BEoloH, A4 B A7l
Wold4E pH7} HA; Rolx|= Aolqint. o= GRAE

ol - HAF -

F7Ket AEA] Aol AFt(Jung 5 2017)004 FAHEES]
7¥Fo] S7Fd4E pH #ho] WolAl= A3 Eol=t, & o
T2t dA|5k= ZAtolt}h. FAfo = citric acid, fumaric acid,
malic acid, oxalic acid, and succinic acid’} 3E3+Eo] It
B35t 01 (Lee 5 2017), o]& {7]4to] o5 A B
H7VFo] F7HEE pH7F AAskal 47 71 2o s
Atz =Tt AP AT (Lee JH 2011; Yang S5 2016)0] wh=2H 4]
glofl A7kt oH, euAt Ar 59| H7HEol S7H
wet AEsb 27K pE BASHe A2 ekt 2 o
7 Ane} §A8 AFE YeRIT, oot 2olx Qoo
§71410] J3f9] Ak} pol Qg FE Ao Azt
Yrl B e %S 1) 79 B 44 A e
20% U2 AR HEY| HE 88 °Brix® 7MY == o
2 Bt o]l= IEA Az Al EA7ele] E3tabgofA
F H7kgol UM Bt =4 U2 Ao R AlREH. &
A B A7HEE 2Eiste] AR IR o] Mk HHIto] A
BE(LEDHe AT H7hdol S7HdE Qo A
= H3AH 0% ol 98.60% 7Y wotoH, £ 7t
BHE 594(94.6) > 10%(92.3) > 15%(90.5) > 20%(89.1) =4 =
T o FFadchs A EAth FAERYS HdlS
e AR2A AT 5] $71E45 W& UE
e Bee Aot AME= BE ARoA 3(-)9
TS Hylon A= FARE J7bEol USRS +
AstA Z7kska] 0%(1.1) < 5%(27.0) < 10%(29.8) < 15%
(31.6) < 20%(33.3) =22 FJAQl Aol ettt 74}
Bo] H7lego] F/S BEE Aadt FUES S
7¥sl= AL Shin & Joung(2018)9] RS Hrlst &
Ho] A, Choi 5(2019)9] FAF 8= 71kt SH A+
o} Y AFE EAh olfe ¥Ie= /A BEEY
carotenoid] A4xof] OJgt A0 &2 AL HTh e A £
o] Wobds S7Ist0l 94 BT 20% H7zo] 092
714 S5 bt IR0 A5 hardness) S 93 2

Table S. Physical properties of yuzu tablets produced with hot air dried yuzu powder

Color value

Powder Acidity  Soluble solids Turbidity Hardness  CO, content
contents (%) pH (%) (°Brix) L a" b’ (600 nm) N) (gv)
0 3.540.0"  24.140.4° 7.940.1¢ 98.6+0.2* -0.1+0.1°  1.1£0.0°  0.1£0.0°  187.1£15.1¢  2.7+0.0°
5 3.4+0.0° 25.4+0.8° 8.1£0.1° 94.6+0.1° -3.6£0.0° 27.0£02°  02+0.0° 176.2+9.7° 2.7+0.1°
10 3.320.0° 27.3+0.2° 8.240.1° 92.3+0.3°  -3.6+0.0° 29.8£0.0°  0.4+0.0° 173.7£104°  2.5+0.1°
15 3.2+0.0° 28.7+0.7° 8.5+0.1° 90.5£0.3°  -3.5+0.0° 31.6£02°  0.7+0.0° 219.5£19.2°  2.5+0.0°
20 3.120.0° 30.5+0.3" 8.8+0.1° 89.140.3°  —3.6+0.0° 33.3+02°  0.9+0.1°  250.513.1°  1.6+0.2°

Y Means with the same letter in each column are not significantly different by Duncan’s multiple-range test (p<0.05). The values represent
the mean+S.D. (n=3). Commercial product shows turbidity 0.440.2, hardness 224.8+15.2 N, CO, content 2.6+0.4 gv.
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3} RART kol FKSl uet RSk B UEdTh £ 4SoAAE, JABEE X AE Aol ot
ZurE Ko & Sim 2014)S H715F AFo|A T BAjzo] J I H 150} 9tk (Moon S 2015). weba] A Bk Hriek
Thgol $H84% Ht Sk S0t FU AFS B o W WA naringin} hesperidin TF o152 SHel5]

Aot T ROA TS89 2411 ojiteiEA oS S| 24 AAISY. A4 22 el wE TxA e

245t A7} §A&F B 0, 5% A7 ol= 2.7 gvE T AR naringin, hesperidin 35 £4] ZAi}= Table 61} ZT}. Naringin
ol $91HQl Aol7k QT 10-15% WASAS e AR B AT 54 RS ArlelA) e Aol
2.5 gv oAlsetas JheFo] ot HAE SFAAL 20% H7HA| A AEEA Fokor, KA B 5%, 10%, 15% Ei= 20%

ot 16 gv A Fastedeh. AFo] Wojshs LR TR WEFIME ¢ F 2205, 10, 15,20 mg 202 §
F9 542 2ARE 23 5 04, JE 248 N, oJIBREE A F/lge] met fH0R Freke ZoE vehgek
Fepol 26 v ekt o] ATk G4 B 15% FFL  Hosperidin YRS BT A3} T FeRol Al ABEA %

A7 A Az 92 SRAT} /1A v|LEt BT 25 9 XL, FAF B 5%, 10%, 15% T 20% T TEH oA
A 25 X BT 15%S A71ske] AIAIES A &89 27y ¢ & 3.2, 65,93, 124 mg £ O F naringin®] A1} &
A SART Ul SIS foldoz Sl

5. At €EHo| & Wz ¥ E2EL0|E EH AL g15HQITh Park 5(2019) AT Aol 2w {2 4
G4 U 2t RIS B A % BoRoIE 2D A A 2 A1) SAAAE pi bt T
AT Toble 63} 2T S BES AANA g3 AZE 2 94 7o) Tt R9H0R ST of ATk B
WEo) F 5 FES ¢ T 001 mol AN, BEAEH @7 Zzieh QASAT ek C £ A% f4 2T
0% 7 B W] Z1USS B lm WAL FAY slgo] Z4TSR HEh C A 1R, S

ok A BEE 5%, 10%, 15% E= 20% H7kske] Alxgt Bl C 2 243 A5 Z3K(Shin 5 2009)0f wEH I}
H2HoNA T HE FF2 42 02, 05,07, 1.0 mggl 2 Fo|A9 BE C S 1074 mg/100 g, B3 F AFS
ol fAF g HrlekA] 2 ®rEAof v F ml 3k 3021 mg/100 go & B 1 E k. wEbA, fAke] Blekd b
Fol oF 20968 7HA] 7Pt ATE EeF 0|20 Ak & FREC] V] "ol fA B o] SIS T
Hed VR E §A4 B J7Fgol BE4E SUtte o "Bl C TFE FUkete Z0R AteH

BE Hebdeh

7. R WEHO| SIS BN 5
q
O

6. FAI 2ZHo| F FFEL0|E A FAESE 24 S4 g8 AHEE= DPPH:= E2 HepAd
Naringin “d+#-2 =72 9y Hujo] &Fd FRFy 2 uL& v WA QYT free radical2A] AL FAS ZH=
HiFA| Q] AFQl HAQ] 2R o R AR aAEe EHAERE AR 245 AFH oW DPPH-HE =W
SR ef FatAgo] kAl HalE o] 131 (Shin -5 2008), A AL Hepo] gt o w SR H g thofet AlE AA)

hesperidin A& 3 9-AF9] A # JEOZE HIEI 3oy ERE s S5t Bol o] &5 JUrkKim &
Ajt =HAO AH = AR VIRE B85 SYULAHE & Chung 2017). §-4F &2 H7hgo] w2 Y34 9] DPPH 2t

Table 6. Functional compounds and antioxidant activity of yuzu tablets produced with hot air dried powder

(i(;vtve(ftrs Total phenolics Total flavonoids Naringin Hesperidin Vitamin C scavenglr)lzlictivity sczi/]:r}:gsi‘ng
%) (mg/g DW) (mg/g DW) (mg/g DW) (mg/g DW)  (mg/100 g DW) (VitC eq. 1g) activity (%)
0 0.0£0.0°" 0.120.0° N.D? N.D 1.0£0.1° 5.942.6° 0.120.0°
5 0.2+0.0° 2.120.0° 0.50.0° 3.240.1¢ 5.1£0.0° 13.2+2.1¢ 0.4+0.0°
10 0.5+0.0° 3.6+0.6° 1.0+£0.0° 6.5+0.0° 10.6£0.3° 23.6+1.5° 6.8+0.7°
15 0.7+0.0° 5.6£0.1° 1.50.1° 9.3+0.1° 14.9+0.1° 30.3£0.0° 11.5+0.3
20 1.0£0.0° 8.7+0.2° 2.0+0.1° 12.4£0.1° 20.8+0.1° 39.5+0.8° 16.9+0.5°

Y Means with the same letter in each column are not significantly different by Duncan’s multiple-range test (p<0.05).
Y Not detect. The values represent the meanS.D. (n=3). The 2.5 g of yuzu tablet powder was reflux extracted with 100 mL of 80% ethanol
(2.5% w/v) at 80°C for 3 h and filtered through a 0.45 pm membrane.
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4 2AS &4 A3 F F7RES 59 vitC eq ngO 2 YERSE
I 8RBT 5%, 10%, 15% F= 20% 3He LE YA =
132, 23.6, 30.3 X 39.5 vit.C eq. ugl 2 SA Bk A7l=F
o] Z7tgol Wt vk JEH o R Frlohe AdFe BT
(Table 6). ABTS:= H|W A 9143t A9 g}t]zt& DPPH 2}t]
23t A FAkst @44 S45t=t ©ol o8& Ut
ABTSE THAFS a4, dH4kSle40f REGA|A S ol
ABTS7} A=W 559 F4tstEo] 93 ABTSO] 47
wo] ged 579 ARl FEMo] ZMET olF FHE
A2 Yetyo] 559 st 84S B7HE & ItHKim
S 2013). ¥R ABTS #HHZ £ATS F H7Ho
0.1%% 7P $& 4 Holom fA &8 H7Fgol 7
Sto]l @} 0.4%, 6.8%, 11.5% E= 16.9%F ABTS Zrjzh &
7ol FAH LR F715HAH. CitrusFo Fhujut FAofl=
Ak EgtE ot 5 F EuE o] =2 A=
A= J 2 H(Kim 5 2009) F-A4F EEol= Ak S A
d naringin, hesperidin 5-°] g-F=|0] 3lo] FAiks S4B
ol ALeg HIUEI SIthChoi 5 2019). & AolA
DPPH, ABTS 2}tz &4 A& A4 9 o] 3719
of wet FojAog F7I6kalal ABTS Sz &
T} DPPH 2tz €4 A7t o =2 AL I & A
o} ol AR 2 475k DPPH W} 2] ol
S-S A A= ABTS 9] Zpol 2 7| A1} wh-g-=3}9]
A% =7t g2tA 2o AA o] AolE Helrtk= &
o] WE=rHLi 5 2007).

ox
ox,
k1
H

8. A} Y HO| tyrosinase L MMP-1 {H| &1}

Tyrosinasex= tyrosines 7|2 & 5} dopaquinoneS A§4JA|

a
a a ab
c c
60 b
40
C
20 .
0
0.5 1 2.5 0 5 10 15 20

Ascorbic acid (mM)

2

Tyrosinase inhibition activity (%)

Powder content (%)

o

7™, o]F A/d% dopaquinone OFH] At 22 ThlE] F
wgo] oo} 25402 Wepdlo] FHATHLee 5 2009).
ZhA 2 AFo)A= melanin A4 AFGo] FQ37F BA
tyrosinase®] &4 A o FEE ERI5 1 11 A¥= Fig. 1A
@} Zt}. Tyrosinase A3 AL H7ISE 23 FAEL
5~15% A7FA] A&7 623~73.7% AEZE A=A 20%
FA Ego] A7ME NS W 258 Azt Fhohs A
Hol 15% 242 H7Igh dxFo] a3&Ql Ao R wHE
Aot FA B T 10%, 15%7} tyrosinase] A|5f /o]
73.7%3% positive control@l ascorbic acid(1 mM)Xt} 1.6H] =
2 A5 S Hof dWepd AG9A aE AHS IRlst
At AlEC] EActs EYulEs JEES A4S ¢ vH
/ol a7t 9l5o] Bl Eojqltk(Veberic 5 2015). LRt
Ao 2 HER FFES HFE TfRdte AEAe 1 =
EE2 2 4SS 27] "o, tyrosinaseo]] 2]t 7+
4 Q5SS AL B4 UERITHKim & Uyama
2005). ESF H&5F SISHEL tyrosinase?] 7]& 9l tyrosinel}
TZAO0Z FAISIO] tyrosinase?] B/d2 Asittal A2 A
UTHBoissy & Manga 2004). RAFFZO|A A A A
(competitive Inhibitor)= 7|23} 71 Fe|7} -2 SAGHH &
49 GAEL0) 7181} FAH o= Adstet ol
A2 FARREEO] tyrosinaseS Asfisto] v|H 24dS L
Woltkal weE] Qi

R A2 A 22S A5k RS 7Hed S
2 g7 AR FFY 9% Eol= F8 4 @i doltt
wEtA FEHe] Bolle & 2% 229 ©E Astel 15
5 2 Ao AFAQA JFE A

Aol A BPE= 4SS MMPs 712 MMP-1-2 &

a
a a a a
b

60
40 b I I I I I
20 I

C
o

0.5 1 10 0 5 10 15 20

NNGH (uM)

o 8 oot

£

MMP-1 mhibition activity (%)

Powder content (%)

Fig. 1. Tyrosinase inhibition (A) and matrix metalloproteinase-1 (MMP-1) inhibition (B) of yuzu tablets produced with
cold air dried powder. Means with the same letter in each column are not significantly different by Duncan’s multiple-range
test (p<0.05). NNGH (N-Isobutyl-N-(4-methoxyphenylsulfonyl) glycyl hydroxamic acid) is the representative MMP-linhibitor:
The 2.5 g of yuzu tablet powder was reflux extracted with 100 mL of distilled water (2.5% w/v) at 100 for 3 h and

filtered through a 0.45 pm membrane.
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Z7llo] Eo]x o R Zh8ol= A Eof 8 A (proteinase) =
A MMP-19] &4 JAsto] Fehlls Eostd o7 27
o] &S RASHL 59 B AT 5 U= A=
&2 A Uth(Kondo S 2000). wehA FAF F o] wE
o] MMP-1 A5l /442 AL T A3= Fig 1B
o Zh. fAF Eo] M7HEA &2 F M7 B 53%
E MMP-1 A5l /o] 7FF A Yehetal fAREE d7FF
o] T7ILTE o= B¥E A FAF £ 5~15% &
7FA] A AE&0] 64.8~66.3%7HA] Z7 o= ARFS UFERAA| N
20% H7TE R S= 253 64.8%F A4St o] Aite
tyrosinase®] Ao AT} 2= HFOo = YeHTh §4 £
SHF 5~15%7F MMP-19] A3 E4Jo] 64~66%= positive
control 1 tM NNGHXE T} oF 23] A& =2 A3 &44E 7}
A= Ao= drefth

2 AFNA e A BES 83 olvRE AFA =
g AE S A8 Az PHEEAR, 60T X, 40

N

AE)S FESNe] G4 RUS AZT F 154 4EL

Qo= AL 20% FAF 2ol A7 IS =
Q5] o FrAoks TS B 15% B8 J7ig dx
Hol mHel Aoz WAAT TG 94 BT Y
10%, 15%7} tyrosinase®] A3f] &-AJo] 73.7%= positive
controlQ] ascorbic acid(l mM)E T} 1.6H] =& A A4S H
o] ehd Aol ETHE AW S FIsiAc o4kl A
ANE GA RGO 4AFSE At 712 EE E8E &
Qe Aoz Az

2 A= AGESRE7|e/T ARl e 53 &

g 717 9 A st
(RS-2024-00437307), A +H]ol| oot =3d Ao I+
=, o] Z& FAE =9yt
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Abstract

The objective of this study was to investigate the anticancer effects of EMPS (edible mushroom mycelium polysaccharide: Tremella
fuciformis) in animal models with colorectal cancer induced by AOM/DSS. The experimental groups consisted of Nor (normal), NC
(AOM/DSS), EMPS (EMPS 50, EMPS 100), and PC (Fluorouracil). The NC group had the highest number of colon tumors, whereas
it was observed that tumor occurrence was significantly reduced in the EMPS consumption group. The expression of Bcl-2, an
apoptosis inhibitor, was significantly lower in the EMPS 50 & 100 and PC groups. On the other hand, the mRNA gene expression
of Bax, a factor that induces apoptosis, was significantly higher in the EMPS 50 & 100 and PC groups compared to the NC group.
The mRNA expression levels of TNF-a and COX-2 significantly increased in the NC group, but showed a significant decrease in
the EMPS and PC groups, indicating inhibition of the cancer-promoting response of cells. At the phylum level of the mice's intestinal
microbial composition, the proportion of Bacteroidetes tended to decrease, while the proportion of Firmicutes tended to increase with
EMPS administration. This suggests that changes in the gut microbiota caused by inflammation can be influenced by dietary intake.

Key words: anti-cancer effect, Tremella fuciformis, edible mushroom mycelium polysaccharide, colorectal cancer
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A|z2o] o] FRSFHKim & Kim 1997). HAERF
HAS] BEYEdEEL HIFRA FE B-(1.3)-glucan L2
2 AISFH A9 Meshima(Lee 5 1996; Kim 5 2000; Lim 5
2005; Lee 5 2012), 11 HAI 9] Lentinan(Chihara 5 1970a)2
H 9 FAE A FdHog &gstal qlrt

HAS W 243, g, FEH R, Y, A
& T4 59 dEES Uetdl= I EES WA FAF
A T AHA G EdRE L FHTHOR 5 2006). I
A A T3 o F(lentinan) o] FFA| o] gk g
TH(Chihara 5 1970b), OF7HA ot F A H A thg-7-2] H
AIKCho 5 1995), AHA A 2 otgA &4 H
ds &7 9 FAaIHKim SW 1998; Baek 5 2001; Baek
S 2002), A=A ZAHLA f 93RS ¥ ayt
(Shim - 2003), I=o|HA & 2oF{Y FAGS S7F
9 FAAIHOh T 2006), FoIHA AHEA & 20RO
FARI(Hur 5 2008), leFaJo] AHAA 2odF2o| HY
4 FABIH(Choi 5 2010), FAHA AAA] F2f 2obdF
o] a9 "ASHAATHKIm 5 2011), FZHA A
A F vgFe HAS7Fark(Lee 5 2012; Park & Hong
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2017) 5 2183 2AA ke WS A7 AR T
A5ict.

W =0 WAl(Tremella fuciformis Berk. )2 3=, A&, S,
A= 5 A AlAC] £REoIQ o™ JIAREOIL &Y40] &
7] 910l MAste At ROl H (Cheng 5 2002), I, U
733}, Festh FaAY, 718A 9, W], FeHA5} 5 A
Z/go] UTHO 5 2006). WEFOHAlS 45 5t Fogt 4
£ @4 LDL-ZEAHE, 7H9] § S 2EHE, SHAY
FS FY5HA TAAF]E= Tho]olER I fecal neutral
steroids@} total bile acids excretion Z7}AX]7|HA] SCFA A4
g 27101700 ufet RS FHTHCheng 5 2002; Liu
= 2018),
$8% ARARUC) 239 WAle) GRS 9l
Aol ulstel FAAVE 25 dpERe] Fgol w1 g
4 A7) JTHELAE B4 TR JoiA FA
Al F R 715 A+7E APE L Tk (Chang HY
1998; Lee 5 2012; Kim 5 2013; Park & Hong 2017; Ge 5
2020). S=oHAS] AuHH-E FY Al thFABAL 7S
flote] mABEFHOR AR H A9 viFxde] wet
A7} oAl QUtk(Lee 5 2019). SEOHAL AR -2
T o7 BAPTR 55](Yoon JW 2008), 10| Al T
e el g(Ge 5 202008 FeF AR (Bin C
2010), W0l H A FAR {3 thER2] FASATHYoo &
Kang 2021)0 thgt A= Aot wmolHAl AR R
OERel g sERdoAe] Fdas E oy v
E 73 digt A= vSsttt

wtA E JL= azoxymethane/dextran sulfate sodium(AOM/
DSS)0 & =gt et FERLEA WEolHAl AL
o R ddERA 4 B o rdE #39 HkE
Bz shqict

@

1.

9§ C57BL/6 TR-A= 6P 0= 20.0+2.0 g Al 50|
2|9l EH}o] @ (Orient Bio Co., Seong-nam, Korea) SJALO]A]
T Abm= AIN-93G 4l0]& Fgotal, 2% &7
2382°C, AUEE AL 55+5%, light- dark cycleo] G4
12A]7F £ 7](micro ventilation cage system) ZZ10f| 4] A}
sttt AddsE A & A3 71X 1Y &, A5
sto] A AL AHAa(Nor: normal), AOM/DSSE T
AL GE5F REINC: AOM/ DSS), AOM/DSSE TS
TSt EMPS(A-GHAAARA T3 Tremella fuciformisy s
50 mgkg A5 =2 4 FoI AF(low dose, EMPS

0
)
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o nE fo i rlo AL fo
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50), AOM/DSSE. 4% S% & EMPE 100 mgkg 4%
T2 AT Eo]Z(high dose, EMPS 100), AOM/DSSE th&
S FE5}kal fluorouracil (5-FUYE 20 mgkg A|59 L=
A+ FEoJZH(PC: positive control) 0.2 EZ31H ). AFo]| Ab
L% EMPS+= Tremella fuciformis d-AHA -2 ShgA =2 500
L 714 Mjobg Setol AT 2714 Wore WgE
MCM Hfj Z](glucose 20 g/L, MgSO,-H,O 0.5 g/L, CSL 10 g/L,
KH,PO, 046 g/L, K;HPO, 1 g/L)S AF83FSIT, 50 L 8250
WHFY ¥j9}7](KoBioTech Co., Incheon, Korea)S ©]-8-3fA
24A17F B F shlct. ¥iSF F 500 L -8 Wity w70
A 96X\7FESE ¥} SHih HEHOR AASZAL 50 kg
239 5 A7AZ7](llshin Bio Base Co., Dongducheon, Korea)
2 96A1E B9 FAUZ 7 Bet oA A S T
ZoARLNA AFHo} 2 AT AR AL 2

£ 9% BEAS Aot BEATL gAY
% IACUC210040) 2912 w31 A5tk

2. 0¥ 7

C57BL/6 tf-A0f i3S G =517] 5to] azoxymethane
(AOM, Sigma, USA)S PBS & 0o] &3}5l9] 10 mg/kg mouse
body weight2 £7} £oJst1, AOM Fof 25 THEH 2%
dextran sulfate sodium(DSS; Biomedicals, LLC, Illkirch, France)
2 159 5% 242 %ol ¥ FA7IE Ak Az
EMPS A&L(50 mgkg bw.), 1I&5E(100 mgkg b.w.),
fluorouracil(5-FU, 20 mg/kg b.w.)S PBS &of 3435t & 7
7 Folsiglrt, A ] EMPSE A8 157 Y 7
2 Folslglan SFUL 15:90] 8 ¥ A7 Solstgith. 4%
A7 & 1157 Welel
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4. CHEZZ|o| Ha|sty ZHAL Zat

4 Ul golgles 2 S PBS 2407 7j%o] A|A &
10% Z2LR FHof YL 4TAA 2442F QA & ot
2ty 22 B2 AIRE THE § 5 um FAE AT 2
Z] AWL hematoxylin & eosinCZ FASIY HulFP
(Y-TV55; Nikon, Tokyo, Japan)2 ©]-&5}0] 17H{-8-(x100)0] A]
s

5. =& L mRNA 28 SX(RT-qPCR)

A9 JAZRAS 1 ecm F5F9] trizol -8 (Invitrogen,
Carlsbad, CA, USA)C. 2 A|3Eof A RNAS £3|5191, 0.1%
diethyl-pyrocarbonate(DEPC) &-9lof &-3sjA|H ). &-3)j=o]Z
Z RNAX NanoDrop ND-1000 kit(NanoDrop Technologies Inc.,
Wilmington, DE, USA)Z #A&3}ith. cDNAZS AL
Superscript 11 reverse transcriptase A]2F(Invitrogen, Carlsbad,
CA, USA)S o]-&35fo] Aot} 4% cDNA+= Thermal
Cycler BioRad CFX-96 Real Time System 7]7](Bio-Rad,
Hercules, CA, USA)Z AR @ BA4-S 519 tHJeong JK
2012).

6. % Lif EH4E S £H (Western Blot)

A9 hAZFZAS 1 cmE: #5F9] 1 mL radio-immuno-
precipitation assay(RIPA, Invitrogen) buffer -84 0 2 235}5t
T 4°CoA 13,000 pmofl A sEZE YRS Foto] 24
W edE Esielnt. 2ol @¥EL Bradford
assay 5 (Bradford MM 1976)C.2 T2 =& A5}9]
o} &5 o] TS SDS-polyacrylamide 2 7] 950
2 223t Z polyvinylidene fluoride(PVDF; Bio-Rad) 9F-2 1t
O & o] FAX] B, PBS-T §HS o7t 5% A7 W=
H|5o]&Ql Tiia-g E= 7 AF . Blocking ©A| &, PVDF
membraneS PBS-T§ O 2 33], PBSEHOZ 13] 4|3 &
12} FAS Fo] T 4CE ovemight HFSA|F T} 11 0|30
PBS-TE&H O = 33], PBSEHO = 13] AlH & 22 FAE
Sof T 247k B9 ALolA WgAZLh. Bel-2, Belxl,
caspase3, p21, p53, IL-6 L PB-actin(Santa Cruz, Dallas, TX,
USA) 12} antibodyS AHE-3F &, ZH7}o]| 9hi= 22} antibody S
AFE5F T Amersham Imager 680 7]7](GE Healthcare Life
Sciences, Chicago, 1L, USA)Z 45} t}.

7. OFRA CHEC| microbiotall NGS £

A& QCOY|A] sequencingZ}A| MiSeq-Metagenomic sequencing
AL A2 22 EFo| whet X136t o™ PowerSoil®
DNA seperation KittMO BIO Laboratories, Inc., Carlsbad, CA
USA)Z DNAE F&3519t}. 2120 9= sequencing sample
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2 [llumina 16S Metagenomic Sequencing Library protocol©]] 2]
3lo] Zu|E et 16S rRNA T7] SAXE 16S V3-V4
primer®2 ZZ1}4-S 5191 th(forward type : 5'-TCG TCG GCA
GCG TCA GAT GTG TAT AAG AGA CAG CCT ACG GGN
GGC WGC AG-3', reverse type : 5-GTC TCG TGG GCT CGG
AGA TGT GTA TAA GAG ACA GGA CTA CHV GGG TAT
CTA ATC C-3). AT Z9] input type eDNAZ 16S V3-V4 I
gho|HE FF A1 & A=A cycle TF IS AXH
Al th58F A5t ARy AlE E4 odEE J7HAFT
2 HAES 1 F1HU(PicoGreen)y ©]-8-5t] AF5ta+4
I =2878S AX AL, Ho]T AHo]A DNA Screen Tape
D1000(Agilent, Santa Clara, CA, USA)C.2 library 2715 Z+2}
o159t o]ojA MiSeq™ ZZE(Illumina, San Diego,
USA)O 2 sequncing IS A Hth EE EX= Macrogen
Inc.(Seoul, Korea)o| 4] Z18§5}31t}. Operational taxonomic unit
(OUT) A E7} 01 QUME(v.1.8)& Tt S72 n| Ay
E 23S FE BAokA. 7 AlR0A vE 219 F
59| copdn FATL BASHLA Shamon AF}
Inversed Simpson A|¥-5 Ho{U 1!, Rarefaction curve®} Chaol
- AHgsto] g o] AERES RISk o] BE
A= Macrogen Inc.(Seoul, Korea)ol| A Z13§5} Tt

8. 84 Xz

RT-gPCR AHEN A5 Hgtd EEQ A (standard
error, SE)2 FA|SIAAL, o] & A|Qet AF A 2HE2 ¥
3k #EH A (standard deviation, SD)E HEASH T A9
Z7H9] AolE H7]Y5lo] One-way analysis of variance
(ANOVA) AT AASHAAL, A FHn=10)79] Z}o]
£ BHE F94 A5 Duncan’s multiple range test= A A] 5}
Sch. 214 WSk p0.05 ofstl 1] 21te] AT
Aol Qlckal TSIt SPSS v.18 statistical software T 7] ]
(SPSS Inc., Westlands, Hong Kong)2 AHZ3E FA 435}
At
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o]
9
5F4] 9 Nortnomal: HAHTOIA A1 71210] weh HRH
0 g F7Fsk= Aol UAAT AOMDSSE tged= &
3t NC +*(negative control: AOM/DSS), EMPS ~(EMPS 50,
EMPS 100) 2 PC *(positive control: Fluorouracil)}2 A]|5:0|

oy
4>
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o
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Experimental period (weeks)

Fig. 1. Effects of EMPS on the change of body weight
in C57BL/6 mice with AOM/DSS induced colitis-associated
colorectal cancer. Nor: Normal diet, NC (AOM/DSS):
AOM/DSS+Normal diet, EMPS 50: AOM/DSS+50 mg/kg
b.w. EMPS, EMPS 100: AOM/DSS+EMPS 100 mg/kg b.w.
EMPS, PC (positive control): AOM/DSS+20 mg/kg b.w.
5-FU. **Means with the different letters at the same storage
period are significantly different (p<0.05) by Duncan’s
multiple range tests. “*Not significantly different.

t] A8 A3Fo] eyt AOM/DSS #25to] thgtS &
=3 #olde A dFel f=d Aol FIEUAT. AOM
© DNAZ 2sfelo] 9rg usHs B3k ol o] g7
of AH&E AOMDSS 23 2 TIPS o8 <Qlsto] T
ol e dedes = o Aot mebA, ool
A ke Ae g 9 AAF S HolH AlSo] 4xst
St 53], DS BFE T 4F 0 77 Aol Rl
AE dart FEEAS. 8557 ST As=t
5% EMPSE 9ol 2 oE 3 H|WSHH NC +
(AOM/DSS)]| H]3] 1% %.9] EMPS(EMPS 1002 © 9l o]
A% 3]E &2 ¥k o, o= PC(positive control) wH Tk
H=7 S EE ArhFig 2). DSSE HFAS FE=F vheL
oA FAsE ASHAETt Tremella fuciformis FAHA] ©F3H
oA AT 25 Lrr) wgton ] ti2y) vt A
IE Eo|HA (Yoo & Kang 2021) & A+ 23} FARE &F
A Bk

2. AI|IFHQ wst
AR 11500 7h v, A% 9 18ke] SRS H| skl
A= 23] Sl diek A5 HE&E FASHITHFig. 2).
it 18] FAl= o 7ol §-21Z Rl Apol7t QlZ o E o
o} mele Z 9rE Ao ErkFig 2C Y Fig 2D). 18
5408 A5 75 @] et
A Z7] A717F 2 AFE BT FAFH SR, NC
(AOM/DSS) 2 Nor #E.o} 713t v EA7F FolotA =
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Fig. 2. Effects of EMPS on the tissue weight per body weight (A-D) in C57BL/6 mice with AOM/DSS induced
colitis-associated colorectal cancer. Nor: Normal diet, NC (AOM/DSS): AOM/DSS+Normal diet, EMPS 50: AOM/DSS+50
mg/kg b.w. EMPS, EMPS 100: AOM/DSS+EMPS 100 mg/kg b.w. EMPS, PC (positive control): AOM/DSS+20 mg/kg b.w.
5-FU. **Means with the different letters at the same storage period are significantly different (p<0.05) by Duncan’s multiple

range tests. ""Not significantly different.

ko™ EMPS 50, EMPS 100 ¥ PC2] A7 7 A= A2t
H|S A2 {OoHA 45kl Thp<0.05)(Fig. 2A ¥ Fig.
2B). metA] EMPSE A F$t -2 NC(AOM/DSS) wof| H]5}
of AT AT ol HachHA S3tES Bl &
5], EMPS 100 o] Wo| &43tgZ B} DSSE A
FEgt vareAoA bk FAS] F7PF AEE Tremella
Suciformis TAHA| G2 ThFE oA SEEHS Ho|HA =
it FF g0l L3HE A (Yoo & Kang 2021)= 2 A+
o] Tt oA EMPSS] B}t AR AHE H o

3. CH&Z0| & CHESAH/Z0| HIZ

AOM/DSS Fofo]l oJgt thget Rk & EMPSO] oJgt 43t
a5 H7] 9J5to] FEolA ileocecal FEFF7HA Q] BAS
AAskaL Aol A FE7HA9] dol} iAol gt &
Aul&E 54T A= Fig. 3A H Fig. 3Bo] Hol3int.
NC =& Nor of| H|sto] 4 o7} @A 5] W3Rkl EMPS
4 PC 9] tj9] Zol= NC Rt i do|7t BAH L
82 80514 Z7}519tHp<0.05). AOM/DSSE LS &
=3t AOM/DSS +(6.60+0.19 cm)2 Nor (7.88+0.46 cm)Tt
H|wsto] tiA}F Zol7} -2 stA ZhobA Al (p<0.05) AOM/DSS
2 o] fEd AL ERIstAt. kAT EMPS 50+t
(7.09+ 0.20 cm)@+ EMPS 1005(7.23£0.40 cm) 0.2 4]-8 wiE

oA H#AHA e thFRE HAHT > AOM/DSS o
H|5to] tfjie] Zol7t fold oz F7tst Y th(p<0.05). Ak
Ao g tfgo] AF T2 9o osto] &A= AF HAE
A 0 28 E B3 A4, i) dol A, g8 g HAL
g 4 At 53], A%o] WAgsHA Ao dFo
A7IHA 22]0] £AFE| QL Fduto] gropAH =5E]
Zo|7} ZotxA "t w2, A do] 82 4
o] Ay E= A4t g 5IkE glot=d
0]& EMPS7} AOM/DSSZ 13t tfAQt R-of A of
S AAH O R AAAFIHA 9 ol7t 4
Sot L, EMPS A3 +9] dig2 vy W2 4
AGE 7H ZCE odHE.

i A7t g2 24 due] A3 859 I8
EA02 oty, ol= ti9 FAE S7HAIZIT whetbA, o
2 29| Folet A9 HES &

Y J=E HnT 5= rh o] A4 NC(AOM/DSS) 2]
%} FA/4o] Hlgo] o2 FHTE BAZOZ Fo5H &
2 A= B YckFig 4)(p<0.05). EMPS 50, EMPS 100 ¥ PC
9] thA FA/Zo] H]-E&L NC(AOM/DSS) 2] tha A/
Zo] vt A3s] WAUATHp<0.05). ©] A= EMPS] 9
o G AEi7 A= ASS AAFSITE Yoo & Kang(2021)
9] Aol WEoIHA FAA thdF7t DSSE =8 o

ol
b
k)

OO

rlo
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Fig. 3. Effects of EMPS on the colon length(A,B) in C57BL/6 mice with AOM/DSS induced colitis-associated colorectal
cancer. Nor: Normal diet, NC (AOM/DSS): AOM/DSS+Normal diet, EMPS 50: AOM/DSS+50 mg/kg b.w. EMPS, EMPS
100 : AOM/DSS+EMPS 100 mg/kg b.w. EMPS, PC(positive control): AOM/DSS+20 mg/kg b.w. 5-FU. **Means with the
different letters at the same storage period are significantly different (»p<0.05) by Duncan’s multiple range tests.
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Fig. 4. Effects of EMPS on the colon weight/length ratios
in C57BL/6 mice with AOM/DSS induced colitis-associated
colorectal cancer. Nor: Normal diet, NC (AOM/DSS):
AOM/DSS+Normal diet, EMPS 50: AOM/DSS+50 mg/kg
b.w. EMPS, EMPS 100: AOM/DSS+EMPS 100 mg/kg b.w.
EMPS, PC (positive control): AOM/DSS+20 mg/kg b.w.
5-FU. *Means with the different letters at the same storage
period are significantly different (»p<0.05) by Duncan’s
multiple range tests.
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Fig. 5. Effects of EMPS on the colon tumor numbers in
CS57BL/6 mice with AOM/DSS induced colitis-associated
colorectal cancer. Nor: Normal diet, NC (AOM/DSS):
AOM/DSS+Normal diet, EMPS 50: AOM/DSS+50 mg/kg
b.w. EMPS, EMPS 100: AOM/DSS+EMPS 100 mg/kg b.w.
EMPS, PC (positive control): AOM/DSS+20 mg/kg b.w.
5-FU. **Means with the different letters at the same storage
period are significantly different (p<0.05) by Duncan’s
multiple range tests.

ithFig 5). Nor 2& g2 FE8HA] Q9] W]
HQro] §E7] olot F9¥o] YoATh NC(AOMDSS) 7
0671 2272 ThE 23} | wsto] TP B o] FokS
UERATh ¥HA, EMPS 50 ol 4] 6.56+2.137], EMPS 100 <+
ol Al 4.57£1.277], PC -0l A 7.00+£0.947§ 2, EMPSE H st
0] EMPSE A F5HA] b2 "41 =l vl FF P
A5 AT AL sQish o]olr,].(p<0 05). Eu} olg}
EMPS 500 1|3}l EMPS 100_4 Z0F 27} 99514 ¢ AL
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A0 UEL, EMPSY] 557t 225 Y A48 Al &
7} 27k Ao Hlth

5. CHEH =Z|o| Ha|shy F4

5= I 229 HeHd AIE Fig 604 et
Wit GutARl iR A9, d5] YA F,
AR FRE AT 5 o, i W A5 ol
A=A 24 A T A IE @A) Ysto] FEjEH o
2 AolotA 5 EE5Z AT 4= ot did 22E
A9 227 AMIE AT} Nor Z(Fig. 6A)A L w3t &
Solu F%ol IHE A= skt SAIRE NC(AOM/DSS)
oA e gt FFol TEE AhFig. 6B). EMPS 50
(Fig. 6C), EMPS 100(Fig. 6D) % PC (Fig. 6E)°A:
NC(AOM/DSS) 9] A-Htt= A5 9 FYo] o] &3t
H RS AT & S}tk PC F-% NC(AOM/DSS) +Eth
S E SUo] 43t AL FAF 4= Ao 53], EMPS
100 T+ Nor i 9] 22 FHE Ue, 95 2 0]
AA5] EolE AS AT 5 AUt

6. RT-gPCRZ L& =% L mRNA 48 &£H
A|329] apoptosis®] T5l= AAFC]l Bel-2 familyw= F A
F 7HAE Yg 4= =, apoptosisE AA5k= QAARI pro-

survival regulator?} apoptosisE -F-IE o=

91&}91 pro-apoptosis

Nguis AR IR e oA a 145

regulator} AT} & ATLof| A= pro-survival regulator?] Bcl-2,
18] 31 pro-apoptosis regulator®] Bax2] mRNA 3R} & 4=
& H|usHhFig. 7). 1 23}, pro-survival regulatorQ]
Bcl-29] <. EMPS 50, EMPS 100 @ PC L3} ¥ w5t 9
olF oz A JeEPFTHp<0.05)(Fig. 7A). HH apoptosisS
O T3} Bax9] @ =32 EMPS 50, EMPS 100 2 PC -
o] NC(AOM/DSS) ¢} H] 1 5t0] §-9]4 0 2 =A] UEH L,
EMPS 100 #-2 o|EET 7MY} =7 Ha=HISS & 5+ 3
UTHp<0.05)(Fig. 7B). Apoptosis(H| 2 AFE )= FAko] of gt
N EZAPES] FE =R, &4 A, BFGAE 9 =31 Al
IZ= o] JHLE Qlsto] AARE AFHEO|RITE 2 A
Aol geba] Al Ed3t g ago] HGAo|BE Al
FAPHO] A0 R o] RojA|A] goba] LAYSHA Hot. 11
o2 A 9] apoptosisE EAISHA 7= S ol 4
I IgE Aoficks B4 Ql Bl

Bax®} Z-2 A ZAPEIFF O] 2EA 0] oo 2HEoR]=
caspase’= Al pro-caspase FENE EA5tH, AZAF &
33} 3]20] oJsto] A=EH caspaseRE == HA A LA

= FXotA =k webA, B3 FE Q] caspase 3 E 9E
A, MEAPES &3 AxE ERIT &+ Stk
caspase 99] W& £F-2 EMPS 70] NC(AOM/DSS) o] H]
o fojHos =A Uehger 152 EMPSE HF
oA 7 =A = AT p<0.05)(Fig. 70).

EMPS 50

e .

EMPS 100

Fig. 6. Effects of EMPS of histological observation of colon tissues in CS57BL/6 mice with AOM/DSS induced
colitis-associated colorectal cancer (H&E staining, 100). A: Nor, B: NC, C: EMPS 50, D: EMPS 100, E: PC. Nor: Normal
diet, NC (AOM/DSS): AOM/DSS+Normal diet, EMPS 50: AOM/DSS+50 mg/kg b.w. EMPS, EMPS 100: AOM/DSS+EMPS
100 mg/kg b.w. EMPS, PC (positive control): AOM/DSS+20 mg/kg b.w. 5-FU.
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Fig. 7. Effects of EMPS on colon mRNA expression levels of apoptosis related genes (A: Bcl-2, B: Bax, C: caspase-9)
in C57BL/6 mice with AOM/DSS induced colitis-associated colorectal cancer. Nor: Normal diet, NC (AOM/DSS):
AOM/DSS+Normal diet, EMPS 50: AOM/DSS+50 mg/kg b.w. EMPS, EMPS 100: AOM/DSS+EMPS 100 mg/kg b.w.
EMPS, PC (positive control): AOM/DSS+20 mg/kg b.w. 5-FU. ““Means with the different letters at the same storage period
are significantly different (p<0.05) by Duncan’s multiple range tests.

TNF-a(Fig. 8A)9} COX-2(Fig. 8B) 94412l mRNA ¥Hd LRI Th(p<0.05)(Fig. 8). W2k EMPS 0] NC(AOM/DSS)
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Fig. 8. Effects of EMPS on colon mRNA expression levels of pro-inflammatory related genes (A: TNF-a, B: COX-2)
in C57BL/6 mice with AOM/DSS induced colitis-associated colorectal cancer. Nor: Normal diet, NC (AOM/DSS):
AOM/DSS+Normal diet, EMPS 50: AOM/DSS+50 mg/kg b.w. EMPS, EMPS 100: AOM/DSS+EMPS 100 mg/kg b.w.

EMPS, PC (positive control): AOM/DSS+20 mg/kg

b.w. 5-FU. **Means with the different letters at the same storage period

are significantly different (p<0.05) by Duncan’s multiple range tests.
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S7H=H Al ZAPE TG of] et AgHdE UEhlHA dSEE
5Ol o]ojA Ao} otMlE Fa} ¢ Ao Hefstal 9l
ot &2 A4 COX-22] mRNA & F2 EMPS ¥ PC -
oA NC(AOM/DSS) #H ot foH o8 W2 Ao yehd
oZH Axo A S AA TS HATHFig. 8B). I
AHAAAA 7ol oA B ] tialA|2E HA 7]
52 2 AT A2 fAEE 58S S7HAF AL, TNFS] 2
H|E @A5HA S7HAZIHA 5529] 12} Hroj&gof #ofst
= ZA0E HISItH(Kim & Kim 1997). GAHAL A
HiFEERE FEE A FAE-E2 tAA oA &
HE = 40 g 28, SEAZ] gk =428 4 =
F9 "L 7ol g3t Ao E HQIth(Back 5 2001;
Baek 5 2002; Park 5 2013). oAl AAA 93 20gH
o] fIotA| =l gt FUaT d HISHEI} U2
1 5F TH(Hur 5 2008). =3 o] A A fE 2ot
7 2= B dupt @Rl AT 84 S,
T B4 Azt MES S5 S 2R HAE A
832 sarcoma 180°f tjs}o] AT IE X HTHChoi 5
2010). A AHAA| G4 FEE0] sarcoma 180°] Thgk
THE/o] =A UEFETH(Lee & Seo 2000). ©]9}F o] THF
e S50 Bl FAA| S22 AAA fE R WS
4 et 852 HolE Ze} vt 295 HoFqoh

fr ohe oft

AgHA FAASH TR e oAt 147

7. Western blot2Z [H& ZZ| L CHEE W £F

AFEEY A 22 W &id IdE S 2
EMPS 4 5-FUE FoIgt nhe-2of A, th22] 9] Bel-2(Fig.
9A)¢} Bel-xL(Fig. 9B)S] AP E7t ZHASHAIL caspase
3(Fig. 9C)2] Tl A2 F7HAIZATHFig. 9). ©] 2= o
Z 22 B FAXEY mRNAY] HE et fAFSH]
B, AAL o ol 3 a3 A=k vttt 4
IE Btk dutd o g AEAPE S oA ZA S22 A
Ataroletal oh, ohA| 2 AEA A doljuh= dAtoltt. Al
FAPEo]| ofsto] A S5, Al=ut] 7x P4, 39
TS @4 AlZAPEA B4 59 Al FEY ol &
Aoltt. o 2gt AlZAPE] Hofsh= Tid WHAS 55t
AL G & A Z75H= IL-6 HF o] AW Al FAH A 9
stof AAES Eoloh

3l &o] AHMA| & thEHFE sarcoma 18002 E49MS
AR Foll A BY3HE9] alkaline phosphatase B4~ SHF
7h W@t F7F @S HolHA WY 3 4 PUR
T EATHO 5 2006). XWPHAL AR Bl =l A =2
gt ERe S AlA 53k WY S5 5 ot 24
o 715748 &4 N 7S E U THLee JW 2014). /FH
AofA Ee|=olxl el A o= SW4g0 Q17 23
& Az FAY Z2Y FA A, EF dAZY A= A
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Fig. 9. Effects of EMPS on colon protein expression levels of apoptosis related protein (A: Bcl-2, B: Bel-xl, C: caspase-3)
in C57BL/6 mice with AOM/DSS induced colitis-associated colorectal cancer. Nor: Normal diet, NC (AOM/DSS):
AOM/DSS+Normal diet, EMPS 50: AOM/DSS+50 mg/kg b.w. EMPS, EMPS 100: AOM/DSS+EMPS 100 mg/kg b.w.
EMPS, PC (positive control): AOM/DSS+20 mg/kg b.w. 5-FU. **Means with the different letters at the same storage period
are significantly different (p<0.05) by Duncan’s multiple range tests.



148 z

of
>

FaNE FSF AHE EATHL 5 2004). AMHAG
frondosa) HAHA| G HER F& £EES YAAHRE T
FUAZETF(KB cel)2t 7HIA|ZF(HepG2 cell)ofl A AL
A EIE H A rH(Park 5 2012). NO A/dFo] LPS A2
of Blaste] AFHA FAR FaAgt HERolM Fad2
H 3131, TNF-a2} IL-69] /7ol wotA| A | S AT
g4 a7t Ql2o] AFEAch(Park & Hong 2017). YAHH
A AN 35 ZOHFRE At WA RS TNF-
o, IL-6, IL-2  TL-15 Abo]| E7}el Hu|eko] 148 Z7}at9d
i, HEA 7} F715EA sarcomal80o] iRt FAEAE

AJAFSHE EHKIim 5 2011). o]} Zo] thost 279 Al #
AA B A 2 dFRY] 95 E FARHE Ho
T 23e} H=gk AakE otk §9] & AFolA = AlE

HEO|HA FAAZEE fEE R AZAESE
Skl Q2715 FAA7IH A5 Al E7IRIE 245t
g A2 I S4S AAT Zoleta JZETh AOM A
2of] o3t DNAZZ 3] 9]ste] Qo] F-E% 3 AOM/DSS
232 T 5o E @Y7 Yol RS fEste] A4S
S doFl g XA oA 4§ WiEo|HA FAAZRE F
A g7 45 B 9449 mRNA 2 i il
S S JAIoHHEA tigdol it Feta
Alg
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Fig. 10. Gut microbiota composition at the phylum level (A: Composition,

Stk oleie ATNEL Yo BY T Y 5 gy
of Welly W gk ARARAL] FE7IAE AN

8. ZHH D|ME 2
AY5E9 A v|yE 24 9] phylum level> Bacteroidetes
2} Firmicutes”} A 8 w|AJEo|th(Fig. 10A). NC(AOM/
DSS) ]| 4] Bacteroidetess= 42.4%7} LEFL} Nor 20 H| 3}
27}5}9 11, Firmicutes= 46.6%2] H| &% Nor of ¥|3] 7+
43¢tk EMPS £0igt EMPS 503+ EMPS 100 9] A ]
A E-0]| & Bacteroidete?] H| &2 Z+7F 43.1%2}F 31.5%% 1L,
Firmicutes®] H]-€&2 Z+7F 52.1%2} 56.9%3ATHFig. 10B).
EMPS Eoof 9J5}a] Bacteroidetes?] H|- &< ZASH= A3
‘d<& Ho|HA Firmicutes?] H-&2 F715t= A 3d= HEM
t}. £3], EMPS 1002 oh& ]| H|sj| Nor o3} 7H4 B]=gh
A% ERo] det A=l BTt 9k A0 Az
t}. PC oA Bacteroidetes®] H|EL 40.6%= q—ﬂ-q—
NC(AOM/DSS) ol H]5f| 7459, Firmicutes®] H]&-

51.1%= NC(AOM/DSS) ol H]8} F7Fstl o 1 X]'ol%
A g2 A0 Hol JPAUAZ Qs G| BE 45 +f
o] /AMZ Ao =2 HIth Bacteroidetes?} Firmicutes?] H]&
< Nor 7-9] H]i5to] NC(AOM/DSS) ol 4] °F 40% 57F5t
£ 4TS B9 o4 EMPSE HAS o4& o] Hl&o] 7
a5t A& B & JoH 55| 115kl EMPSE HFS
EMPS 100 v+ Nor w7} H|=3t A& HeE AthFig.

ONor OCon OEMPS S0MEMPS 100 B PC

Bacteroidetes Firmicutes

0.75 A1

0.5 A

0.25 A I
0

Nor NC EMPS 50 EMPS 100

Bacteroidetes/Firmicutesratio

B: % of phylum proportion, C: Bacteroidetes/

Firmicutes ratio). Nor: Normal diet, NC (AOM/DSS): AOM/DSS+Normal diet, EMPS 50: AOM/DSS+50 mg/kg b.w. EMPS,
EMPS 100: AOM/DSS+EMPS 100 mg/kg b.w. EMPS, PC (positive control): AOM/DSS+20 mg/kg b.w. 5-FU.
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100).

HRE g A gjaPgoll, A7tAgde 9 ofg f39 &
o B9 A7 229 U VA 2% H3 BHS 7
(Gagniere 5 2016). THA2] dysbiosis(Ml- E3)
%0 WIstE fEsto] e dopA] 4L
AOMIDSSE. A=)l B9-29] th 4223} Folse 4
2tet Aol eleto] Aol WAED, BE Ay 245o|
S EEA §ol7o] 27} Ak falo] 27t 27K
FZ Ao A A SR= Bacteroides fiagilis, Fusobacterium
nucleatum, E. coli, Shigella, Campylobacter, Peptostreptococcus
5ol K94 YA EIVtaL  Faecalibacterium, Blautia,
Clostridium®] Z3A3tkal de] A Qlth(Wang 5 2012). o]
g g Bt AGSY HYAE Skt FEEClE
A7 dHE|EloE FAaAA W P EABHTE E4F)
< st T FHS 7P EBIF AF A gL
SAbof| Wlasto] 7] et b= wAE /o] thEA
UERE A ZGuEe] ol whet S gl 24
gk o] & AlARERL AUTH(Yoon CH 2023). 53
Firmicutess= 1% /3 vte|g]oto|n Z-2 AHFAKSCFA)E
= /st i Ao Ao ouxdo= A-gskal g
Aut Y 755 JBA7|BR uPE FF9 W= S8
e U E Zeth ESS o ST AvEo] e 7
ollA dAEA o BHEH ASHARIETRIS 5=
Fregteh B3 JUndE B4 A B SR
Eo] 2% 45 A4S 2dshd &5 4 S dAYe
WA R Aol & 4= Uth(Dautsev 5 2015). ThYRE A4S
= EHE A5 osto] fad ndE #3559 ¥sk=
e ramgo] $a% JEZ stEE, Ao|® HF 5t
‘g0l oJsto] FUn| &S] Mk R sto] vt A

YL =R 5 UASE AR

Qo w =

Q170 BH2 AOMDSSE SEE e SR o]
A EMPS(&| S HATAMA T Tremella fuciformis)®] B
aE st} st AYT-S Nor(normal), NC(AOM/
DSS), EMPS(EMPS 50, EMPS 100), PC(Fluorouracil)z- 2.2 &
Foteh Als, A dol, x4 Wl SF7, B715A,
A ZAFE AL B AF S A 22 mRNA 3 3
ol IS EA5H

A 2¥= AOMDSSE F=d digY S48 ASd4
= EMPS(EMPS 50, EMPS 100) g3l 25t A5 44 &
g0l JAEHA AFo] w2A JEH AT ELF I S
oz gif do] FadA= EMPS AHFo] ofsto] Al avt

At PG thaRel et ot 149

7F FosHAl vergeh i W 99 4= AOMDSS f%
oA M B2 =9 A4S YER L, EMPSE AT #
o] TU TS AASHA AT Y 22 9] FEshy
Ao A AOMDSS ol A A9 H-g3t FFo] JEE S
O} EMPS 50, EMPS 100 @ PC Fojl4] @Z 9 ZoFo] Abd
o] 5tE AS ERIT = QUG AZANE AR
Bel-2 92 EMPS 50, EMPS 100 2 PC Fo]|A] 8-0]8 0 &
A Yepsth AZAPES fFEoks AR Bax9] mRNA
L. A2 & EMPS 50, EMPS 100 2 PC 0] AOM/DSS
3} v wste] foF O R A YErsith J8EE o) W
I FAE e Q1 U2 A A ZANE S &4
ShA7]E Aol & 4= ok E5HH TNF-a9t COX-2
Ak mRNA L& P2 NC(AOM/DSS) oA F-o]8 0=
Z71st¥ ot EMPS 9 PCHoA] f-9]8 o0& 74Tt oaH
Aol FARYA S-S AATHS Kot 48 wimo|HA o
AMAZEE GeE ddR7t 5 T FEAS] mRNA 2
el S TAAZ|HA ALl it FLaIE B

Aok me-A0] Ay nA8E 249 phylum 50]A]
EMPS Eoo] 9]5}o] Bacteroidetes?] 4 B] &L 7FASH=
AL BAIL Firmicutes?] Y& S0k AFE E9A
o} o= A3l Yol I vBE 45 HIrt Aoy
FHoll oJste] g Ee] Mshe xsto] thefet Ay

HE EEE 5 e AAR.

o 4

w0 Fam el 1ol X YKGM5482113)S d
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Characteristics of Garaetteok with Added Dried Inner Shell Powder of Chestnut
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Abstract

This study investigated the influence of incorporating chestnut inner shell powder (CISP) at varying levels (0%, 3%, 6%, 9%,
and 12% w/w) on the quality, antioxidant potential, and consumer preference of garaetteok, a Korean rice cake. Findings revealed
a decrease in moisture content and pH with increasing CISP content. Color analysis indicated a reduction in lightness (L) and
yellowness (b) values, while redness (a) values increased. Textural properties displayed an increase in hardness, chewiness, and
gumminess, but a decrease in springiness, adhesiveness, and cohesiveness with increasing CISP levels. Sensory evaluation for
appearance, taste, flavor, texture, and overall preference revealed the sample containing 6% CISP to be the most favorable. Moreover,
the antioxidant activity of the garaetteok exhibited a positive correlation with increasing CISP content. In conclusion, incorporating
6% CISP resulted in improved quality characteristics for garaetteok development, offering enhanced nutritional value, antioxidant
properties, and overall consumer preference.

Key words: chestnut inner shell, garaetteok, quality characteristics, antioxidant activity, reactive oxygen species

M 2 Aal] WolAA = GAket A48 AYaL Jov Rt &

S Al e Gt o) V)5S HAaAA HE 4

Datae AR F4AA A IFolA EAEE & Eshe dlle] Hrk(Hyong 5 2006). Wb E/g kAo A
AER 8] AdEE sgtER AES Fo Eitae Al WA= ASFAEH 20 O35 HsiME Hedt 2E5e
O RRE AAE Boshal Ao G AFE, Aedgs HstdA F714Rl 252 sk Aol "astal AsAA
2Eoke 715S sHAIRE et ¥ BtEE AEey & IR Aa, HY, SR, A9 52 AS A A9
HZ T AlZoA F23 715 S, DNA, A 5 She A4 7154 2] ‘molEAZ 52 Y 84
of ek &2 s g A, de, IHSS, =4o] 73] rE 7154 HEFS F&3] AFsoF Tt

=35, AR AIE ot 5 4 A 389 ¥jle] I (Kim & Lee 2021). oo w2k FaksbAlof st A= 2]

(Kim & Kim 2020; Kim & Lee 2021; Park 5 2023). T3t I} o| 20| FATAISIAIZ butylated hydroxytoluene(BHT), butylated
gt 5 Al AW SHALE STHAA tHAA| et gl hydroxyanusole(BHA)7} 7= o] AR&-E|o] gt} T1=u 7t
14 7R WSt 452 fhal 4 diAEE Y | Zo] Agstal a7t Ak A2 AT Z4HoE ]It
A, HEHIA 59 osfiet 52 EJA7I= AR 4 Qg /del tisl ==to] WS X Ab&o] A= o] HAT
A Ath(Lee & Park 2004; Hyong 5 2006). 14 o= &4 AbStA o] et A7F 233t AXo|tHOh 5 2004; Kim
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= 20184a).

St YmvhiRae] thid 25e vhin g 47
Z & tannin acid, catechin, gallic acid, coumarin 52| AkSH
S g Sl Aol E4LTE AAT 5 Q=
ALGASA ] Zgo] THstehPark 5 2022). &3 H
o5to 2 ola) A1E 71E 34 % taeo) s7lEo] e
249 o8 7}x|7} wont 21l <3l dgt B4lo] olx|
5 U2 PET Ao B A7 @] o]l
3L AEH(Kim & 2014a). &3] W 9] tannin /d-2 F4oHs0]
Solut FarskA 2] ALgol BolAl T 93 &3} 3 A
A= AR o]& 7= FoFA| AL Uth(Jeon & Park 2000;
Cho SJ 2003; Joo & Choi 2014). T3+ &3] 9] Z&|uis HEC
sl G3HE o] ghyslo] Yoleehe U o W=
SlEo =22 1, I, FLEA, HEFT AW, TES.
HHYS4 Soll &sol FHolurha LA UthLee 5 2008;
Kim & Kim 2020). 12|11 &3] 2537 £9&52 24351
H|TE Ao #H| == Al E7IRIS] A2 A5k
ASz2do| 20| H= A2 Yeth=s A7 o
(Jun 5 2013), Lee SG(2010)2] Aol QJ5tH 2|8} ALA L
Al 3T3-L1 AIZE AMPAIE Fedhs I T &3 FE5=2
100 ym/mLE & Z]A] triglyceride”} 2F 46% A == A o2
bt} 13 ulg ool 819 7L F8 A4z
7 wwo] gurt okl dEA UiL(Yang 5 1999; Jang
S 2011; Gu 5 2018), otE] W FE a0 = 7|4 A|A
zL Hog B 5o} YrHChoi 5 2013; Kim 5 2013). &
so] A1 Fof A7 WolAE &30 $3% F2 75}
(Lee 5 2009%), 7H8 3 W20 a4 Farshgol et
77} ek (Hong KH 2021). @A) £71% 0] 8¢ 4% Bl
Q&L 57(Shin & Kim 2017), %78 (Lee & Surh 2021), &
Z(Jung 5 2006), =5 T E(Joo & Choi 2014)0] T3+ A7}
ot 1 9] et 4E0) A8 A7t BEelT 14F
AEow AYE A2 s S5 Qo nad ut
Qlo} 4% B4HZQl £317} ABARI0] o 8 rE A7
Ajel7} R Aol

Y2 539 Al oA ARt AlE o' o] WS
I E4RORAQL ofet A7 & A Al 7R B2
79 Ho| wEolA fom Fu PAL S|, A4t
AA 02 ARG Hof g3 o E ZHstAY e FARE
71t et 79 9o g W E o] Zrh(Won 5 2008).
Z| At o] ¥Sto] wet COVID-199] whE 7HHAS] =87}
S7FokaL 77dol| gt I4lo] WolR ™ Aslrt AE= & 7t
F&0 tiet ¥io] AERE I Qlof 2021 B AgAbo] 40
T E5 dolA AL i Aol FA4ASHIL QITHaT 2020). A
T Y T AAETE E2 Eel 7S =Y dFo=E
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I FARE HUloto] wHEolA YW F43 407 ol§
o] grorf(Park 5 2011; Kim 5 2014b) Tr2l=2] o]
woF I A Al vt G 55 Y S dvke B
o] SlthLee SH 2016). °]d @& Hest7| s B7HEE
tiAls] H7HE S A TS FARE 7R "ol gigt
AT-E°] @ol BuHi gtk At 2 HHol 7y
(Lee 5 2011), &HP=HARI Foff B2 471 71l (Lee
S 2009b), A HF Aol A TS MR hE Y| 3}
AA EIH(Park 5 2011), EIHA 2L H7F 71 H (Hyun
S 2014), Z2)7} T 7 E(Kim 5 2018b), 71 7HAE
(Woo 5 2016), A7]7d 347} 7FH (Choi EH 2009) 5-2] A
2 A7t ol B AYPATEe] ZuFHu Yok

ol & A= AF 7H 5 WIHE &9E AF A
02 Aggsto] AAHA 7HAE Eolv v AFS A
WolT WA= Ade E8ote] 852 HEsi -2 A
& =A< 7HIgel &xE Ariste] &Y ZlY e FA5

A3 Ast waks WoASIA St

WER:!

OE
T

/éla

N

lo

1. AETY

27 Bue 2034 9%o] SAYE FFo) A% W7
Hhof A gk o] AA-S WA ¥ % 7] (Hanil machinary
Co., Ltd, Jangseong, Korea)S ©]-&3f 55COo|A 24X 7t AZ
3 60 mash A7} 22Hg) E407](Pungjin machinary Co., Ltd,
Busan, Korea)2 0|88 22 Azstoich. 7y A2g
A5t A w2 H&Nonghyup, Pyeongtaek, Korea)¥} A~++(Sinan
Solar Salt Co., Ltd, Sinan, Korea)2 &} 5@ ULEO|A ¢
sto] 49 AR AHgelsich

2. L2 FI} 712l M=

€1 24 A7} 7Y 9 vigH]= Shin SM(2019)3} Park
& Shim(2022)2] AP A5 Farsto] 3 9] oju] A
&l AFESFITH(Table 1). WS 53] A & Af-20]A] 84
F AA A & Aol A 30127 E715 ¥ S roll mill
(Dackwang machinary Co., Ltd, Hanam, Korea)S ©]-85}9] 13]
43 & Ay 2 7 oAl ' E4fsto] Z1d
A zE A7FFE ARSIt &1 £92 AA| 715 S22
1,000 g 71202 0%, 3%, 6%, 9%, 12% (ww)H| &= 7|35t
So] A" HY(Ssangma Machine Co., Ltd, Gyeongsan,
Koreay ol-8to] 27114 108 5t 4 o2 587 52
E9] 3o &= A 7](Samwoo Machinery Co., Ltd, Kimhae,
Korea)E ©]-&sto] 7F & A2ttt ol2fet A4S &
o) ARG 7HRE S Lol H 2087 FE Fol 10 om 2
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Table 1. Formula for the preparation of garaedduk with
added CISP

Additional ratio (%; w/w)

Ingredients 5 3 p 5 5
CISP 0 30 60 90 120
S(’sl;:sj;ce 1,000 970 940 910 880
Salt 10 10 10 10 10
Water 300 300 300 300 300
Total 1310 1310 1310 1310 1310

CISP: chestnut inner shell powder.

oz Wet WE F UY AR AHgIAL

3. 20 2 &Il 7i2He| EEEY
1) &8
AOAC(1990) -4 H(Official method)ol] wet 7teig ] 4=
B UYL 49 eaxEes 35t 3% WS
drying oven(DI-0560, Century Science Co., Ltd, Seoul, Korea)O]
A 24717 B SE9] A= AIX F HAFACIE A Bt
o] &FS SISt & ARSI AR 2 g drying ovens
o]-&3ta] 105ColA 2447t F<t 23t 7 FPste] FF
o] T WrtA WrEste] ZP3Heck. FF A F 33

wEstel 2 FFCS SSA

a2t =N

2) pH

7HiEOpH= 10 g F5te] 90 mLo] S/t oHA
homogenizer(PT-2100, Kinematica AG, Luzern, Switzerland)=
15,000 pmell A 15870 F48k2 A7tk F95k A71 AR
o o] Al5-91-S #3f] Whatman No. 2(Whatman plc. Kent, UK)
2 o35t T oML pH meter(TOA HM-7E, TOA Electric
Lid, Tokyo, Japan)2 32] ¥H=ele] Z4stict. 22el &
2uo] pHE 9i9h 5U Yo ZFeIqct

=3

3) Mz =3

71 E 9] A &= AR]}A|(CR-200b, Minolta Co., Ltd, Osaka,
Japan)E ARE-5}0] Lik(lightness, H ), agk(redness, 220 1I),
bgk(yellowness, =) A RHE 33] vHESto] 4% &
of Bty EEHARE YUt =g S45H7] Ao
RS BAE A EE WA A8 L, o, b3hS
27319, o] L, a, b3k 96.73, -0.03, 3.730]3ic}. A&
A £7) pol HMEE 9io SAT Yo SHsiarh

4) I Tz &H

el AAE 2% 9 AP 2 om T7)2 A2
7} E-& texture analyzer(TAXT-pluse, Stable Micro System
Ltd, US)E Al&-5}o] 7 = (hardnees), BF2] A (springiness), F-2}
*J(adhesiveness), % 3] 4 (chewinees), 7 4J(gumminess), 5% 4
(cohesiveness) 59 ZFZA 7 EAE TPA(texture profile
analysis) test modeZ 73] HHE 51t} ojnf SHZX AL
pre-test speed+= 5.0 mm/s, test speed= 1.7 mm/s, compressed
60%, distance= 10.0 mm, trigger force= 5.0 g probe=
P/20(stainless stee)Z 7| A% ZAZS =45}

5) 7S EHI}

] 7155 B s Bl AelH o e
oA} QI 309 TAte.z Aol B4l Tt Yol B
% W7ol Was A4 wo] o SEe TS W

=]

SEE
Q=S USEOIA 53 ] A2l 247t 29 BAS 7
wo] GAgE Fo| FAo] Hstol Agegw, WSl

Foll AR89 T4 E4o] EFEHA s T
A&E B7IRE 3o o ¢h& A1 A Bt ¢ UEF
231 3 d3& HE HdE5oA AFsHar

7|18% Hrke &1 B9 JFEE 9] o] (appearance), TF
(flavor), (taste), =& Zh(texture), AHIA Q] 7] S T (overall
preferenc) S B 4 QUEE Agelon, 0 Hwo
27357t 2248 2 J4E FEF st & 7%
& ol AEdsh AE e ase) Aol 9 59 1
= A%l Fo] 351 tHSURB-HR-2023-017).

4. ST| B9 X7} JjaEo| SHALS &M

o

1) gttt FE2 MX

7HIEE AlEEE 10 g& F5to] 90 mLo] 72t 3
homogenizer(PT- 2100, Kinematica AG, Luzern, Switzerland)=
15,000 rpmof| A 1527t IS AlZH. AT A7
9] A=HS 23] Whatman No. 2(Whatman plc, Kent, UK)Z
o#st oS -5T o]s} YAI(R-BI41GD, LG Electronics,
Seoul, Korca)ol ] 281914] ah4ks} 34 A1glel ALsteict.

0

2) DPPH ZC|Z AHENM =X

712" 9] DPPH 2tt]Z A7 Z-AJ(DPPH radical scavenging
activity)2 Blois MS(1958) ®IHS -3-8-5f0] =453t &1
S H71et 7HN g S 108 54 5to] AR8-5F% 2™ DPPH



Vol. 37, No. 3(2024) 21 BEE U8

(2,2-Diphenyl-1-picrylhydrazul, Sigma-Aldrich Chemical Co.,
USA) €92 Z341 7Ho] 0.9(0.02)7} F|EZE ethanolZ H 7
olo] ARESIATE AR FEN 0.2 mLe} DPPH 0.2 mM 0.8
mLE g3 E9tsto] A29] FAoA 1027 ¥HEAIZ &
UV-Vis SpectrophotometerS AR&5}0] 517 nmoj| A T4 =&
33] ¥HESto] 24513 0H Blanks= ethanols AME-SFATH
AR #AEs RAZkE GUE Aot WMBER oo
DPPH ez 47] 84S A&t

ke

3) & Eflnl= &2 54

2 Z9 5 T2 Folin & Denis(1915)2] B} Fernanda
5021)9] WHE ¥&sto] S5 &9E H7IeE 7t
S 752 108 A3 AFE 200 uLet 50% Folin-
Ciocalteu -8 200 tLE S35kl A4 5E7F LA &
7% NayCO3 &4 2 mLE 7}stal A-2of 4] 9027t HH-S-A1A
UV-Vis Spectro-photometer= 760 nmoj| A 345 73}
ot} BZEHL garlic acid(Sigma-Aldrich, St. Louis, MO, USA)
9] AFAL 0|85l ug/mL garlic acid equivalent (GAE)Z
YER T

5. SHEAM

H JF9 HE A= SPSS for Window(ver 22.0, SPSS
Inc, Chicago, IL, USA) L& TS AL85l0] Yl FAEA]
(One-way ANOVA)C. 2 A7 7+o] B4 ZolE AASIAL
Z+ A|& 7F9] 8-9]1AQ] X}o]= Duncan’s multiple range test=
AZARE A AR 2k FAFQ] Atolg EA5HY Tt
(p<0.05).

=}

243} @ p=

= =<

Kl

2 &7} Jfelme] BUSY

1o
B
ML

1) =2 =& A pH

&7 243 JUIkt 7Y 9] & kg pH 54 Ay}
+ Table 20 e et &9 22 71t 7Hg el =&
2 &3 BEZ HUieHA] g2 FH7E0] 5527%= 7t
A =9k1 &1 B9 3% FH7FEo] 51.19%, 6% H7FEo]
50.50%, 9% 7}ato] 48.87%, 12% H7Fo] 48.26%= LFE}
U &1 J7go] 7S o TS Hachs 2R
YEFETHp<0.001). 7FRE O] f=Q1 BVt 8
50.84%% &1 BEro] X SHEF 12.11%E T} OF 4.124] W
HoZ ettt 7HIES Ax A] 8 o] 2 54
WA ES o] 83| A|FSIEE g1 B o] Lojd

5% 58 GYol £ PR H]go] FolEHA 71

d
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Table 2. Moisture content and pH of garaedduk with
added CISP

Additional ratio

%, wiw) Moisture content (%) pH
0 55.27+0.42°02 6.2340.06"
3 51.19+0.66° 6.13+0.15°
6 50.50+0.28" 6.05+0.15°
9 48.87+0.78° 5.94+0.03"
12 48.26+0.18° 5.92+0.024°
F (p) 85.203(<0.001)™  94.982(<0.001)"™"

Y Each value represents Mean£S.D. (n=3).

? Values with different letters (*%) within the same column differ
significantly (»p<0.05) through one-way ANOVA followed by
Duncan’s multiple range test.

*p<0.001.

go] B gefo] FolE Ao R st tHNam & Sim
2021). B A7} GARE AR E B8 ul7d(Choi & Lee
2010), BA|1]7H(Choi EH 2013), ¥ A (Hyun S 2014), %
71(Woo - 2016) 5 A= H7Fgo] Z71E-E 7t
SE o] frashs Ao® ety J8y &1 2
9% 7189k 12% H7Hofl A& G921 2fo|7} §lE Ao
2 Yehgth ol ¥ 7R Al 50%9] B A 71 Eo] WA
St H71E2 B 443 v 42 FEE o] F 9
25%7} ¥He] Ui H1EQ] vt 4ko] g dE o= HEo|t vt
ARL B A% 50| &oF B3 A 71Esto] 53} A7)
W A YHE TE ¢ 9 E40] Qo] o]& AE 7HE
AF&-517]1 & $HH(Cho ST 2003). Jeon & Park(2000)] Aol
oot & W HEC B Z3 582 175%°] 1 v Ao
|

A BEet AR B A 592 2165%2 HAEAL T
oA #2325t W AREY dfau 7 &

A2 gol gsto] & 23t 580 won AR dAY
27 T2 vldAY Fio) vleol et a2 F5Eo]
geivtal Hu gy 53] @R E2E i dRol
&5 AREY & A 590] 1L amylase O]
£OF Bamylase?] &3] Hele 2 A o= YERET 1Y
AEY w2 o8 AT Aty 53019 S4S sk
(Jo & Kim 2022) 234 Adfoh= #44 9F= F2=
712=7 7HE =% 6% F7HIZ 7REE AlEshs Aol
T o= Wtk &3 B H7IeE 7HE 9 pH
€1 B 27ko] 62302 7P &9k 12% H7Hto]
5928 71 wot &3 BHe| H7Igo] soldsS pH7t &
A28H= AFS RATHEp<0.001). =FT T B2 pH 7.0~
75 9] 7S AYARE =A% F 24704 ool

A
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AU pH7}F Z4sto] Ao 747t At Kwak S 2018;
Park & Sim 2022). T1#] B2 & 717} Th2 A7)0 A BIIE
2 wEolAls 942 T4" AIHY 27T g pHe
PR wol A == 4F e pHe 4F9] F4 o
T2 o] RopdeE /o] oA AL R A7o] TS
A Avgg 85t 497 WrhKim 5 2018b; Park &
Sim 2022). €3] 29 pHi= 71 g 9] pHET} Yol o] A
Ag0l 38 TS PA7|E SHATE 7Sk HolA = =
2 pH7F O] AL g S7HA A BHY dFE &
o n= 7|5xTt 7MY EU9d 6% AR TS
Az Al Z2Z7o] AU o= werdEh

€1 B0 HUeh g o] Mz &% Z3H= Table 33}
2o &1 24 A7} 79 9] gk (lightness) S YERH = L
2 &1 B FH7Lo] 82.58= 7P w9al 81 B
9] A7kgo] SIS Lk WotA 83 U 3% H7kE
o] 58.71, 6% H7F0] 55.34, 9% A 7F0] 53.59, 12% A7}
o] 49858 &1 T M7l vlHEs] Bt Hache
20 & ULt (p<0.001).

1 2% J7F 7YY AL (redness) S UEHH = agh
g1 2 A7Fgol vlEe] S7kohs Ao UEtt

N

[e]

- =

BATEL -1.572 7P Bkal 12% A7Eo] 9.592 74
A YR TH(p<0.001).

€1 B 7t 7Y Q] Ak (yellowness) bgk-> H7FF
of u=t S7khs ALr YEht F370] 3342 T @
ok 3% H71E} 6% H7lEo] 1444, 13298 7] LheRet
O 9% F7HET 12% A7 A= 10.58, 9.800. 2 2.35]8

Table 3. Color values of garaedduk with added CISP

Additional ratio L a b

(%, wiw) (Lightness) (Redness) (Yellowness)
0 82.58+0.22°92 - 1.57+0.02° 3.3440.75
3 58.71+0.0° 7.58+0.04° 14.44£0.16°
6 55.34+0.46° 841+0.42°  13.2940.19°
9 53.59+0.51° 8.71+0.26" 10.58+0.27°
12 49.85+0.42° 9.59+0.26° 9.80-+0.34°
F 507.935 63.251 56.163
®» (<0.001)™ (<0.001)™ (<0.001)™

D Color values (n=5) represents Mean+S.D., respectively.

? Values with different letters (*°) within the same column differ
significantly (p<0.05) through one-way ANOVA followed by
Duncan’s multiple range test.

ok

p<0.001.

Aokt &9 EE9 L3k 6840, agt> 121, bgte
19.652 A7}59] L3kl 91.620] H|of R, agh2 -0.56, b
W 6,072 A7FE Hr} £OobA|(Choi & Sim 2021) €3 £
Hrhegol B71e 5% YL Yol I AHEL kol
ACE Uehith B A7er gARE Ak 83 2 A7t
7](Shin & Kim 2017)2] AN T SHIE| Q] 1) &
To| F7HFE LT b2 FAskL gt S716ke 4
FE HAT. old At He SASkE B0 L& 7

dE 3717 &9 9] M4 R vhgsto] 25} XY
o] P P L= WolA| 1 AN gobyl Ao wdh
Heh =y &1 B2 7R 78(Lee & Surh 2021), =
< El(Joo & Choi 2014) 52| AFollA= &x £E2| A7}
ol VA4S Mol FUES e agtat balol
71 A% BT o Ane &d0] ERs:
fructose, glucose, maltose, sucrose 5-°] 7}E A] o 2t
caramelization ¥1-8-0] FojUAL &3] o] ZA5H= glutamic
acid, aspartic acid 5-2] ofu|i=Ato] S UFI} WH-§-5)| maillard
AL oA MEd] JFS FAUS 02 Holtkloo &
Choi 2014), 53] T §apo] & 83 B A% A 2%
o] ThlE T Aot % A Polh TA Zutgo] A
Fjo] Mo} Bt} o ITkLee & Surh 2021). w2}
H A 28] A 72 Ao} 9 2] o] 22 )
A7hehe RAjo] Wt AEs} Wsks e & 4 9k

3) JIHm Ex
25 222 WG kg AN 21g 24 An

Table 49} 2ot 1] B2 7} 7F 9 9] 7 = (hardness)2t 7
J(gummness), %3 Ad(chewiness)}> Fd7}o] Z+Z; 1.63
kef, 0.74 kef, 820 kef SO8 742 Wory 129% H7}2o]
3.70 kef, 1.46 kef, 15.13 kef 0.8 &3 Eut H7}eko] 27}
252 4%, A4, AEHo] ke Aow Uehin
(p<0.001). HFHo] EZ-A(adhesiveness), T2 AJ(springness),
&%/ (cohesiveness)> &3 FL F7Hgo] S7HE4E A4
Sh Ao= it BAzIEl 247} 0.10 kef, 1108 mim
046 kef SO2 714 9kl 12% H7F2ol A Z42F 0.08 kef,
1035 mm, 0.34 kef 522 &7 £ H7HFo| S71E5
At o et ZEe g At o
AZHDE R BHS AR ok} wajl A 4
29) JFS YHHOT Bo) Wth, Eak Arleo] S
e BE 55 AV, 4, A%, A, 2 AT
=of w2} ekAlo] s}l e] Ao} Qe go] o
(Shin 5 2016). T2hA] 3 Feo] EL T EE Ao
o 22 S¥ Bl e N TS Yol Wo
Aol g0l Be4e Awst Wygo| Z71a @

iy

I

(o]
=

o o
- & AN
o 4¢ %0 oL
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Table 4. Texture profile analysis of garaedduk with added CISP

Additional ratio (%, w/w)

Sensory attributes 0 3 p 5 ” FI)2 (p)
Hardness (kgf) 1.63+0.12:D 2.5740.28" 3.41+0.29° 4.1240.25° 3.70+0.51¢ 68.144(<0.001)™"
Adhesiveness (kgf) 0.10£0.05 0.1240.10 0.14+0.04 0.08+0.35 0.08+0.02 1.304(<0.291)"
Springiness 11.08+0.04° 10.35+0.60™ 9.76+0.51° 10.40:£0.40™ 10.35+0.31%® 3.882(<0.012)"
Chewiness 8.20+1.03° 11.12+1.29° 13.56+0.70 17.46+1.83° 15.13+2.28¢ 38.223(<0.001)™
Gumminess 0.74+0.09* 1.070.09° 1.39+0.08° 1.68+0.17° 1.46+0.20° 52.886(<0.001)""
Cohesiveness 0.46+0.07° 0.42+0.03" 0.41£0.01° 0.41£0.04® 0.34+0.01° 2.711(<0.049)

Y Each value represents MeantS.D. (n=7).

? Values with different letters (*“) within the same row differ significantly (p<0.05) through one-way ANOVA followed by Duncan’s multiple

range test.

*p<0.05, ""p<0.001.

Hulo
T—a=

2 ] QthKang 5 2012). o] Axt: 27}
Sl 527](Shin & Kim 2017), =% HE](Joo & Ch01 2014) 59
AN FAHA &1 H7tgo] 7145 Fxet 4
/o] F7ete Ao & eyt BHA

g3 B2 A7t &
Z(Lee & Surh 2021) AP HE &3] Bito] Z7135E 7

Lol M HL Zrast= o2 e} rq Bk 2 7}6h
AE9] FRol uet AEe] Fol FolST Aol df7} 57}
e g0l we Aol Bl z}om Uehd Aoz B

Qlct.

7rg o] e t 3R] B9 FA7HE0l 42 11.08
mm, 0.46 kgf2 12% Z7}20] 10.35 mm, 0.34 kgf= LEFY
A7Ygol S7HESE RolAe e Uit #g4e
Ui 2=, SHAS U 2 39 Qe S0
IHE 0116}31% A2 oujst=d F7tgol ST
249 o] F7Fste] &1
1—/\/\]7]_1:_ Aoz BoEg
¥ 2% F7Fgol S7rds

Ao Uehal g9y

2 YERT

pa

(Lee 2011).
2 Ar ol »3lk
5 g4, B3

4) 8

gnq B W A1) s BAS SA Aok
Table 59} Zt}. & =& $FeF(total phenolic content) &I
Buk 247170] 1.52 mg GAE/100 gO. & 71 Y¥eky g1
Bk 12% 7o) 4.96 mg GAE/100 g@ & 71 =4 Ler
U 2] 22 Ariego] Soldhs slee e & v 9=
3715k AL2 SRIE AtH(p<0.001). DPPH 2tojZ &7 &
J(DPPH radical scavening activity)~ &3] £ F3 70|
1.38%, €3 2 3% H71o] 11.13%, &3] B8 6% A7
0] 22.99%, &1 B 9% AH7}0o] 3591%, &1 2% 12%

Table 5. DPPH radical scavenging activity (%) and total
phenolic content (mg GAE/100 g) garaedduk with added
CISpP

Additional ratio DPPH radical Total phenolic content

(%, w/w)  scavenging activity (%) (mg GAE/100 g)
0 1.38+0.15*% 1.5240.27°
3 11.13+0.71° 1.91+0.00°
6 22.99:0.55° 2.72+0.18°
9 35.91+1.21¢ 3.08+0.14¢
12 48.69+0.85° 4.96+0.14°
F (p) 1,785.318(<0.001)™  1,270.183(<0.001)"™"

D Each value represents MeantS.D. (n=3).

2 Values with different letters (*°) within the same column differ
significantly (p<0.05) through one-way ANOVA followed by
Duncan’s multiple range test.

seokok

<0001,
H7HEo] 48.69%= &3 &4 7o Eolds= DPPH
ooz 27 24| Z7ele FFL B ATkE<0.001). S35
&3 2 12% F7Hto] TR oF 358 4= DPPH
47 o] B A0 Uehyrh. & AT} 2ol 81 &
Wil 51855 el st $ie) 7k

2 A4 HE=3EQl gallic acid?} ellagic acid7} 5
299 BEOE Yol et o] B 4
| o g@o] &R Ao B E3{th(Jeon 5 2020). £3]
S04 FEE AEd Z2Ed dEHE
2=} A= E4E B0 & 5= 5840 112 AR
WSOl JE e Az 5402 <lof &3] BU] B4
2 SR S| SRo] e ZATH O <l o u)
S5 7Y 9] F4tet S woiFo] AR HH Al

o e pe
ol >,i e}

O

gallic acide= &2 45
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Jlz= "ot
&3 2% 37 719 7|2 B7he Table 63t Tt
&3 F9S A7IRE 7" 9] JK(flavor), F(taste), £217F
(texture), AW Q] 7] § It (overall preference) 52| 7|3 & Z
AollA 6% H7H20] 7.00 OO A Lk} g F2 A
7HIE M Aoz Yeigtt 9 Vs ke &3 B 6%
A7HLo] 6.767 02 7F =9k 3% AH7lo] 472F 07
7V FATHp<0.001). &1 £ J7hgo] wet ot Ve e
= 6% F7HH6.767) 9% H7HH6.457)°] FAFSHA &8k
onl 3% HrHmETA)T 12% A7FE@198)0] W Liet
S} old A3z nol 81 Rurg UHF Bk Aol
B W7lo] IHAA FFL Tk 12% o4 Wt AL
N A2 B4 DL FA AR FHOR Agt 3ol
&v 2 189 Mro] AL vlH sHe] 1S ga
A7 agte Z7IA71E 28} Il oo Aot &
obH 7BEo] R4H %S F A0 Az} Gy
&7 Bue 6% 719 AeEe Az Zo] okt 7
S0l HHo) wig|2 BerEn

F 72 &1 B 6% F7kEo] 7073808 M =
QLT 0% H7}Lo] 470808 71 WoFthp<0.001). 3] &
o 2% H7hgol wet & 712w 2ol7F /1ol 9% H7HE
(63827} 12% HA7FL(5.038), 3% HA7}L(4.78%) 0.2 LHe}
U 87 2% W71 599 go] 7| 550 JFL Fof 4
Jepo] ] B Hrbe 7| ZES Rol At 9% o4 A7t

o

Alole FAAQ 9F= F= Aoz Hdnh 2y 2 A

i

N

o H

Table 6. Preference of garaedduk with added CISP

7hgol S7Vd S pH7t Aasto] 7heg ] Am|7} Ftst
= A2 97t HsA FH9 {714 Hol ghF-5ked (Kim
= 2002; Lee & Surh 2021) &7}20|| H]3] pH7} Yo} 7t
o] A/ Wl 35 & & Yo w2 A= 7SR
B4 QTS A LR &1 289 gt JrtEoE &
7N18&7t 7P =2 6%E 7l 7HE S Alxsks Aol
71 A3t Aow werEd.

715k &1 BT 6% J7HEo] 7413808 7MY =
OFIL 12% H7Hto] 441802 7H Yokt (p<0.001). gt 7]
Sk o 7|5 xe} HioHA &1 B 7Rk wet 7|
So] Zo|7t AAET 9% H7HL(6.5278)°] 3% 7
(5.008), F-7HE(5.008)] A= gt 7|3 =7F YERY 7]
S 23S o & o 7Y Az Al &1 289 ©d
Ao Qe Wautel FErt oA oL o] 7t Ay e 7F
5790 EOMA B E(Lee & Surh 2021) ThF9] &35 H715H
7t & Axst= A2 vigAskA] gt Joo & Choi(2014)
O] A2} Lee & Surh(2021)2] Aol oJstd Bt 7] S of|A]
€1 £ 1%} 3% H7H|e FH7HET= 5921 Aol
7} Qlovt &1 B 3%9} 5% o]AF H7} Al Wouta} o]
7t 7R B3 =it webs S H2Ue g 2l
off =2 Akt 8IS RS A5Eol A&t Ag
o] Wotoug gt gt 7|5k SHA TH w2 7|8 E
B7HE B2 &1 B 6% J7HE 7HiEE ARsh= A
o] HA9| wigH|2 HwHHt.

ZAZL 7155 &1 B HUF 6% H7kto] 748H o7
7P =Sk 12% FH7HEo] 44108 7P WA YebgTh
(p<0.001). €3] T 9% HF7H(6.5278) FH7FE(5.703),
3% H7FEH(5.458) S22 HRT 22 6% H7kto] o]
o 27t 715 %7} Yetgth &1 £42 AR =5

Additional ratio (%o,w/w)

Sensory attributes 0 3 9 2 F ()
Appearance 540£1.77°0  472+1.31° 6.76+0.95° 6.45+1.15° 4.79+1.62° 12.982(<0.001)"™"
Flavor 4.70+1.64° 479+1.37° 7.07+1.13° 6.38+1.01° 5.03+1.43 18.500(<0.001)"™"
Taste 5.00+1.62° 5.00+1.51° 7.41+1.05° 6.52+1.09° 4.41+1.38° 24.829(<0.001)"™
Texture 5.70£1.53° 5.45+1.70 7.48+0.95¢ 6.52+1.09° 4.41£1.38° 19.236(<0.001)"™"
Overall preference 5.40£1.57° 5.45+1.70° 7.58+0.68° 6.65+0.55° 4.38+0.94° 43.114(<0.001)™

" Each value represents MeantS.D. (n=30).

2 Sensory liking score was evaluated using a 9-point hedonic scale (1=disliked extremely; 9=liked extremely) to assess the following sensory

attributes.

% Values with different letters (*¢) within the same row difffer significantly (p<0.05) through one-way ANOVA followed by Duncan’s multyple

range test.

ok

p<0.001.
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o] W11 (Choi & Sim 2021) 4]0]-G7} o} &1 B H7}
29 =9 A] HEO H]ES 7}/\0}1 20|97} 2718) 7F
Ay ER9] @42 A= = S7Fste] A4
BFE Fo| A 712_%% AT 18y &
6% H7FE o F37EEY Aes AW &
E &1 159 HE Adwe] FF2E(Cho SI
) SN A= Aol 7t glof @58 223 7|2t
71t Ao 2 YEEth
ARrAQl 7|8 &3 B 6% H7kto] 758802 7}
A =9Fa1 12% H7hto] 438F 02 7H WQkth(p<0.001).
E3l &1 But 9y, H7o] 6.657, 3% H7lEo] 54573,
0% H7Hto] 5404808 Tt 7|55} 2AZ Vs ret e
BEFORE 6% 7kl o]o] HRHAQl 7|2 k7t FoRt %
o2 Eokth I8y 12% A7l = & 179 &
gont gdust xz7ko g Qg g, gt &7 7|3 %9
FAA dFS Fol AWHEQ 7|5%rt 7P @ttt &x
2 J7F #7129 A7(Shin & Kim 2017)014 = &1 28
40% o4 g A7F Al g, 227, A¥EAQl 7|5 ko] B4
A JFE o £ AL}t s AREARl 71e ot 74
22 Ao HuEh o]3 A3E EYE FAtH &
1 Bl 6% H7l2o] 9 3F 4, XA Akl 7|5 %
7F 7P =R B E &1 B4 6% F7He HEigE Az
Sh= Aol I F4Z =o|1 AvkARl 72 E A
7= 7P A9 H7HH| R wohEd

ox
ey J

T

B OB o
giA
d

) mlo

qr
=T

o &
X8
_u»l‘

_>.i

] Bual 71
=2

B

(Ole}

=ETETE

rhu

B ATE e ARl 87E 4F AUOR ol 85tol
230YE Folu Y NS Kol A9 &9 e
0%, 3%. 6%, %, 12% 2 U2 A% 4] % il 71
o] 27islol 54 izt a3ke wiags. &
B Hrlgo] FAUSE S U, p= RO P
S A% LRI p-000D. 5] A3 Likah ke
LT gk B7HAE0001). 71A1% 227 2

e g3 B Griego] Soldhs Aot WA, AHL
IR SISO E00) S SYY, 2y
© ZABATHE<0.001). FATHY BB AL &3 Be
WIS ] § o U, DRvi Skl 2] 24
59 st BAo] F7H5HITHp<0.001). 75 BrHAA

= 9, 3 Ot 223, AREEQl 7| S EoA &3 BT 6%
7Rl 7P w2 713 E e AR ERIHIY
(p<0.001). WetA FABHES 2ol ZAEAT} 7|55
SolA 7HIY Az Al &3 £ 6%F F7ste] ARk
o] At H7H|= YEht ol AF FAE g8

I

(EECESEE 159
7IGs 2E UE AT 240 394 99E U 4
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Abstract

The domestic swine industry is currently facing a threat due to the recent increase in pork imports. This study aims to determine
what factors influence consumers' intention to consume imported pork and suggest measures to support the domestic pork industry.
To achieve this, we analyzed data from the Korea Rural Economic Institute's Food Consumption Behavior Survey using a binary
logistic regression model. The results revealed that a higher intention to consume imported pork is linked to a higher intention to
consume imported rice, purchasing meat online, frequent purchases of HMR, and procuring U.S. beef, especially among urban
residents. On the other hand, a lower intention to consume imported pork is associated with a higher awareness of animal welfare
certification, frequently dining out, and older age. Based on these findings, we propose the following response measures for the
domestic swine industry: implementing educational programs, marketing, and advertising specifically targeting urban residents to
improve their perception of domestic agricultural products; enhancing price competitiveness through distribution optimization; and
developing policies to promote the use of domestic pork as an ingredient in processed foods.

Key words: imported pork, swine industry, binomial logistic regression, marginal effects, consumption intention

M 2 67.6%7H= Z715t 28.5 kg & FA}E| 9 th(Korea Meat Trade
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Table 1. Summary statistics and variable definitions

1 XY= - A3 -

(Unit: household, %)

Non-consumption

Consumption

Variables . . . . X p-value
intention group mtention group
Gender Male 189(10.90) 76(11.09)
0.019 0.890
Female 1,545(89.10) 609(88.91)
Age Less than 40 187(10.78) 110(16.06)
40~49 368(21.22) 175(25.55)
31.543 <0.001
50~59 549(31.66) 223(32.55)
60 and over 630(36.33) 177(25.84)
Monthly average household income [ ess than 3 million won 671(38.70) 224(32.70)
3~5 million won 575(33.16) 236(34.45) 8.702 0.013
5 million won and over 488(28.14) 225(32.85)
Education Middle school or lower 275(15.86) 56(8.18)
High school 776(44.75) 323(47.15) 25.163 <0.001
College graduate or higher 683(39.39) 306(44.67)
Living area Eup & myeon 417(24.05) 94(13.72)
31.421 <0.001
Dong 1,317(75.95) 591(86.28)
Intention to consume imported rice No 916(52.83) 244(35.62)
Neutral 371(21.40) 204(29.78) 58.346 <0.001
Yes 447(25.78) 237(34.60)
Verification of country of origin No 915(52.77) 341(49.78)
when purchasing meat 0.573 0.449
Yes 819(47.23) 344(50.22)
Awareness of animal welfare No 279(16.09) 186(27.15)
certification
Neutral 888(51.21) 355(51.82) 54.080 <0.001
Yes 567(32.70) 144(21.02)
Purchasing meat online No 1,598(92.16) 584(85.26)
26.463 <0.001
Yes 136(7.84) 101(14.74)
Frequency of eating out Less th
ess fhan once 494(28.49) 168(24.53)
every 2 weeks
3.881 0.049
More than once
1,240(71.51 1 4
every 2 weeks ,240(71.51) ST1(7547)
Frequency of purchasing HMR L h
css than once 1,048(60.44) 258(37.66)
every 2 weeks
102.522 <0.001
More than once
686(39.56 427(62.34
every 2 weeks ( ) ( )
Frequency of purchasing U.S. beef
Less than once 1,362(78.55) 451(65.84)
every 2 weeks
42.229 <0.001
More than once
2(21.45 234(34.16
every 2 weeks 372 ) 3 )
Total 1,734(71.68) 685(28.32)
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Table 2. Binomial logistic regression analysis results on the intent to consume imported pork

Variables Coefficient ~ Standard error
Gender (Male)"” Female 0.053 0.154
Age (Less than 40) 40~49 -0.205 0.166
50~59 -0.216 0.165
60 and over -0.297 0.191
Monthly average household income (Less than 3 million won) 3~5 million won -0.078 0.125
S million won and over 0.036 0.136
Education (Middle school or lower) High school 0.265 0.193
College graduate or higher 0.039 0.223
Living area (Eup & myeon) Dong 0.584™" 0.138
Intention to consume imported rice (No) Neutral 0.754™ 0.120
Yes 0.829™" 0.117
Verification of country of origin when purchasing meat (No) Yes -0.029 0.102
Awareness of animal welfare certification (No) Neutral -0453"™ 0.124
Yes -0.819™ 0.147
Purchasing meat online (No) Yes 0.321" 0.154
Frequency of eating out (Less than once every 2 weeks) More than once every 2 weeks -0.227" 0.120
Frequency of purchasing HMR (Less than once every 2 weeks) More than once every 2 weeks 0.751 0.105
Frequency of purchasing U.S. beef (Less than once every 2 weeks) More than once every 2 weeks 0.509™ 0.021

Y Parenthesis indicates reference category.

p<0.1, "p<0.05, " p<0.01.
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Table 3. Marginal effects on the intent to consume imported pork

Variables

Marginal effects Standard error

Gender (Male)"

Age (Less than 40)

Monthly average household income (Less than 3 million won)

Education (Middle school or lower)
Living area (Eup & myeon)
Intention to consume imported rice (No)
Verification of country of origin when purchasing meat (No)
Awareness of animal welfare certification (No)

Purchasing meat online (No)

Frequency of eating out (Less than once every 2 weeks)

Frequency of purchasing HMR (Less than once every 2 weeks)
Frequency of purchasing U.S. beef (Less than once every 2 weeks)

Female 0.009 0.027

40~49 -0.039 0.032

50~59 -0.041" 0.032

60 and over -0.055" 0.036

3~5 million won -0.014 0.022

5 million won and over 0.007 0.025
High school 0.048 0.034

College graduate or higher 0.007 0.038
Dong 0.099™ 0.022

Neutral 0.136™ 0.022

Yes 0.152™ 0.022

Yes -0.005 0.018

Neutral -0.090"" 0.025

Yes -0.153™ 0.028

Yes 0.061" 0.031

More than once every 2 weeks -0.042" 0.022
More than once every 2 weeks 0.140™" 0.020
More than once every 2 weeks 0.097™" 0.021

D Parenthesis indicates reference category.

p<0.1, "p<0.05, " p<0.01.
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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 Cormresponding 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.

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



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

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

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

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

the consent of the author.

Article 16: Unethical Acts of Examiner

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

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

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

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

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

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

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

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

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

Society.

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

not corrected.

Article 20 Purpose and Composition of the Ethics Committee

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

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

Publishing Committee.
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Article 21: Rights of the Ethics Committee

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

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

submit materials relevant to the case.

Article 22: Judgment and Sanctions of the Ethics Committee

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

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

reinvestigate, if necessary, upon the reviewing objection.

Article 23: Protection of Informant and Examinee

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

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

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

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

and rights are not infringed upon.

Article 24: Procedures and Contents of Disciplinary Sanctions

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

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

his/her affiliated institution and journals.

Article 25: Revision of the Ethics Regulations

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

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

amended regulations without additional pledge.
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Addendum

Article 1: Date of Enforcement

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

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

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

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

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

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

research papers.

. Submitted manuscripts should not have been published

before in any other journals.

The author should submit the manuscript electronically
via online submission at the

(http:/ksfikr).

Society's website

For information of Manuscript submission please
contact the editor.
E-mail: foodnutrl@naver.com

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

to the Society.

. The corresponding author must be a member of the

Korean Society of Food and Nutrition, and the
publication of papers by non-members is subject to
the resolution of the editorial board.

Online submission is the primary method. Authors

Amended on 05/07/1988
Amended on 16/08/1996
Amended on 08/08/2002
Amended on 26/03/2004
Amended on 25/03/2009
Amended on 22/06/2012
Amended on 28/09/2013
Amended on 17/12/2015

Amended on 10/12/1990
Amended on 18/12/1998
Amended on 08/03/2003
Amended on 25/03/2006
Amended on 14/08/2010
Amended on 20/06/2013
Amended on 20/06/2014
Amended on 16/06/2016
Amended on 10/11/2023

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.



8.

10.

11.
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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 Ad4-size paper setting, typed using a

spacing should be set at 200%.

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

affiliation on the first page of the manuscript.

and
The
part

author’s (or authors’) name(s),
running title should be provided at the upper
of the title page. If the number of authors is two or
should be

corresponding author. If affiliations of authors are

more, ' mark indicated in front of

sk

different, superscriptions of ~ ™ should be put

at the end of authors name in order. The same
should be

affiliation. The corresponding authors should provide

marks put in front of respective

affiliation, affiliation
and e-mail. The authors’
“” in between the

author’s name in English,

address, telephone, fax,

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

9
b

in between the name.

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

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

documentation for identity verification if needed in
the future.

The English abstract should be provided in case of
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
At the

bottom, include up to 5 keywords in English (all in

research objectives, methods, and results.
lowercase).

The paper should follow the standard format with

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

Conclusions, Conflict of Interest, Acknowledgments,

and References. The text should be continuously

12.

13.

14.

15.

16.
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connected without page breaks.

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

and figures are limited up to 3 in any combination.

Titles and descriptions of tables and figures should
be all provided in English. Titles should be provided
in order of Table 1, Fig. 1, and etc. and in clear and
precise 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.

manner so they

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 » b & & ad e ohould be used and the

explanations should be stated at the bottom.

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

directly used as original images.

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

examples of cited references are as follows:

references must be provided in

Cited references should be presented as surname in
English and the year in parentheses at the corres-
ponding part. For the citation of a single author,
his/ her initial(s) and surname should be provided.

For the citation of two authors, only surnames



198 Guidelines for Submitting Manuscripts

should be provided. For one work by more than
three authors, citation should include only the
surname of the first author followed by “et al.”
For two or more works by the same author by
year of publication, the signs such as a, b and ¢
should be provided followed by the year.
e.g. Citation in the beginning of a sentence

Kim HJ (2005) is -

Kim & Lee (2007) is -

Kim et al. (2008) is -

Park (2007a) is -

Citation in the end of a sentence

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

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

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

17. KSFAN actively recommends to cite articles (2 or

more) published in the journal of the Society.

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

interest.

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

cited references are as follows:

1) Academic Journal
Kim KW, Ko CJ, Park HIJ. 2002.

properties,  water permeabilities  and

Mechanical
vapor
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 abbreviations should be presented in
accordance with Chemical Abstracts. Academic terms,

if possible, should be provided in Korean.

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

22. In accepted during the

principle, revision is
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proofreading made by only the authors of the
manuscript. No changes or insertions shall be made in
Provided, That

matters, in case of deemed necessary, may be revised

the contents during the revision.
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. Additionally, if color photographs are to be
printed or if separate attachments are requested, the

24.

25.

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

the month are corresponding

month.

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 November 10, 2023. Please refer to the
updated guidelines when submitting papers for Volume 36, Issue 6, and subsequent issues.
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