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A Comparative Study of Night Eating Consumption Patterns and Nutrition Quotient for
Korean Adolescents (NQ-A) among High School Students in Chungnam Region
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Abstract

This study aimed to provide fundamental data that could guide high school students' night eating behavior by investigating habits
of their night eating consumption during COVID-19 pandemic (From 2021/5/13 to 5/20). Association between their eating habits
and the Nutrition Quotient for Korean Adolescents (NQ-A) were also explored. This study included a total of 604 students, among
whom 441 students were identified as night eating consumers. Among all subjects, 30.5% consumed night eating 3~4 times a week,
27.3% consumed 1-2 times a week, and 27.0% did not consume any night eating at all. The high-night eating group had a higher
score of total NQ-A than the non-night eating group for both male (p<0.05) and female (p<0.001) students. This was because male
students in the high-night eating group reported significantly higher rates of daily dinner consumption compared to non-night eating
group. Furthermore, both male (p<0.05) and female (p<0.001) students showed a significant increase in ‘Moderation’. ‘Diversity’
was also significantly increased in female studies (p<0.05) as subcategories of dietary habits according to night eating frequency.
These findings highlight the need for practical research to develop nutritional guidelines for night eating that reflect preferences of
students while providing adequate nutritional habits.

Key words: night eating, dietary habits, Nutrition Quotient for Korean Adolescents (NQ-A), high school students
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AEAA 7H4, g4 S5, JAERE 5 I FE(junk
foody2tal LAo| A= A1FY HH7F =4 et gloj o]
gt dA4S AT 45T BAR AR Uk T
COVID-19 He9] Aol A A& P40l Fa3 A171Q1 &
A¥7]9] sHEo] SHIE AGHTIE P07 ¢ ojH Y
At ¥ 3% thHong SH 2022). COVID-19 HH|9] A]7]
of YEY] HH ¢ ¥4 F=Yo] F7IsHHA ofsT Fa
UEQ v/} Z718icks R17) 9lo, o] 7hH ]9l
i 4], AERE QIAHE HOIH XA 52 &
o Eqt2gh Al53o] Wdd] o[ H|sto] Frletatt
(Yang JS 2020; Woo 5 2022). 0|38 COVID-19 Id|=]o] 4]
S A7l FFE vHThE A= AP 9o, &
A 2uEtol A COVID-19 HH|E] Al7]oA 9] HAEE9]
AT FLATNQ-AE o|&35to] RASH] BHWIE A
T= FE5 Aol
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ZHAolur AARE O]u]ettk(Stunkard & 1955). -2yt 15
SHEEY] of4] HAF7T ok AA]of| WA= PR 2ARE A
oA LFEAo] 13] o]} oFAlS A FTH= H]Lo| T1.2%E
EA UEFLTHKIm JH 2015). -yt H42E52 oF 4
HE 5HOoE B3l ggo] £2 WA A|&E =t (Bae
& Chin 2019), o] = QI8 AY AAE AEAY & R}
Al HS o FEFOE Qlsto] ofAlS AFH k= HlEo] =
A YEFGTHCho 5 2014). oFA]&3 41 (night eating syndrome)
2 dFYo] F W o]9] ofzt AAlo] Yehbe, Ay AL
o] =& A7tof| 55 4] HAFHFY 25% olidE Hok=
Zoflo]tH(Allison 5 2008). °FA19] A7] ARl HF = o5
TS FET 5 Qe o= FHAl, AsPdol, obd 4]
23 59 4L Rt A QUti(Allison 5
2008). OFAlE A F ot *HUE HAEE9] 7|2 =2
ofd] HlwE= Wik, X7, g, 1A o8 HES
o, A HH W7t w2 HRrEe AR, YA,
A, 71, §Fo|, HIAZF 5 YLt B2 ©skE 9
Adpo] F£5 o]F= FAlo] HH ¥t A #HF =AU
(Cho 5 2014; Kim & Kim 2019b). T3+ 1 53H3-S tharo =
OFAlZ B8 olF 59 oA HdF H&Z A A3t
SHYL 17.5%, oJSHEL 15.9%8 H5& A3t 7H] A3 1]
€9 10~15%E T} £2 HE&E AFote 202 RAE AT
(Kim EJ 2010). YFEAFTZ oF71XZ 5= Sl oRAlSS
2 10tf Etof| A 20t FRES] Z7] ARI7[oA] AlRtE0] &
B A&E= AOFE B QlojA|(Vander Wal 5 2012)
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(68.3%), AA|50] 14%5(6.9%)°] 2.1, o5HF 2] 79 H] s
o] 23%(5.7%), ATl 9H(22%), BF Asol 3357
(83.3%), AA|F0] 358 (8.7%) 2%, F A5 Hl&o] o5t
Yo AA FeYEY &2 FUsHZE 193t AtolE H
THp<0.001). 2021] X3PH A173F Fad AP RA
o w=H(Korea Centers for Disease Control and Prevention
2021), et FaEoHEY] BTk g W[t
17.5%A3, oJsHE2 vt 9.1%=2 B Ao} FAFeH] Edt
Aol AFT} H|ThEo] oY H T} &9tk E5] £ Aot
= Ao sty 15 9] AL, FoHY-L 18.5%0]H o
S 10.1%= HIEQIH &2 A4 RARE dEAY
Wluk W& 30 Ao AzkaEzAe] Aakel dob
Wluk Sl S(18%)R T B2 W8S Helowt, ofshie] ujgt
SET0e o ARERAE] Axte] vle ¥8(10.1%)
urh e vge no

&

0|
3
= =

—_



212 Jqas - 8493 - 2=+ A E P IA
Table 1. General characteristics of the subjects
Variable Criteria (nT:‘;tgz) (n}i%sz) (rg(l)sz) gVV;ll‘l‘;
Nuclear family 513(85.0)" 164(81.1) 349(86.8)
) Large family 37(6.1) 15(7.4) 22(5.5)
Fi‘;p“;y Single parent 43(7.1) 17(8.4) 26(6.5) ( Ozgi)z)
With siblings 6(1.0) 4(1.9) 2(0.5)
Others 5(0.8) 2(0.9) 3(0.7)
With family 600(99.4) 199(98.5) 401(99.7)
Residence type Relatives’ house 2(0.3) 2(1.0) 0(0) ( 0%1?8)2)
Lodging 2(0.3) 1(0.5) 1(0.3)
Both 399(66.1) 131(64.9) 268(66.7)
Employment status Father 168(27.9) 57(28.2) 111(27.6) 2.56
of family Mother 27(4.4) 9(4.5) 18(4.5) (0.633)”
Others 10(1.6) 5(2.4) 5(1.2)
<5,000 53(8.7) 21(10.4) 32(8.0)
Weeld al >5,000~<10,000 93(15.4) 32(15.8) 61(15.2) Jo8
e zwinc)’wance >10,000~<20,000 170(28.1) 50(24.8) 120(29.8) 056
>20,000~<30,000 98(16.2) 31(15.4) 67(16.7)
>30,000 190(31.5) 68(33.7) 122(30.3)
D1 (%).
? Fisher’s exact test.
3 Chi-square test.
Table 2. Physical characteristics of the subjects
Variable Criteria (I;F=06tgil) (nB=%S2) (nC—iﬂ)Z) tva(l,l)leéfuev)a e
Height (cm) 160.6+6.0" 173.6£5.5 160.6+6.0 256"
(<0.001)
Weight (kg) 68.2+14.3 68.2+14.2 52.848.9 14.047
(<0.001)
BMI” (kg/m’) 212439 22.6+4.4 20.4+2.9 7127
(<0.001)
Under weight 49(8.1)" 14(6.9) 35(8.7)
Obesity Normal weight 473(78.3) 138(68.3) 335(83.3) 079
degree” Over weight 11(1.8) 2(1.0) 9(2.2) (<0.001)
Obese 71(11.8) 48(23.7) 23(5.7)
) Mean+SD.
Y tvalue.
% Body mass index.
9 Boy: under weight BMI<17.8, normal weight >17.8~<23.7, overweight >23.7~<25.5, obese >25.5.
Girl: under weight BMI<17.4, normal weight >17.4~<22.8, overweight >22.8~<24.5, obese >24.5.

) n(%).
9 y-value.
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2. OFAl M3 mA ABT

AT OF4] HF T ALTE Table 33} 2. of
4 WES A4 AR B LRDo] 34517 184 (30.5%)
‘A7 128]7} 165(27.3%0l ek Bokgow, “of4
2 A3 ) gtk T Wt L 1638(27.0% S RAL
u, o= Wl SHIRE 9% Fol7k YTk TEAA of
4 M3 A7(Kim & Kim 2019b)0]4 ‘AFe] 1-28]" o}4]
W7} Y 48.0%9 of8h 45.5%, Q5o 38] ol
o 7}7} 33.5%9} 33.9%2 HIE|o] ‘Ao 23] of]
M7} g B A0R HuHeth E B HYATKi
JH 2015)01 4] *QFLol] 3-43] o]4F0] 20.4%E A AL,
U B Aol Qxdol 343 ool opy wlEr}
34.1% o ¥ W82 Both o] 2 ATo)A of ¥l
7h A BEE ol R i U A4 B9 Holoh
B 2ol, Z}7k9] Aol A BoIst ofale] that xfole] Az
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oA 35(1.8%) &l Ut 2%t Aot i
(o8 HofFA] k).

of2] A= Al AHdh= H2 A A A FolA =
A]9] o] 3147 (71.4%) 2.2 71 B2 Bl&2 AP,
drkre2e ‘wa/g ol 598(13.5%)°1FaL dizt FoI%t
Z}o]7} ATt AP AL (Kim EJ 2010; Cho 5 2014; Kim &
Kim 2019b)°f] T2, J-53HYS0] of4 S A9 o di
27249 B2 M $8T o= goto] & A7
LABFSAT. Koo & Kim(2014)9] AolA Lk i-55H 0]
7RAES AU ), P ET shE Ao s uE
bl HuEnh f19F 22 APAFES A¥E o, of
A A& 5419 YFET 7|20 wE gto] 2 A=
et n5SHIE0] 7158 e Gt s of4 Hl
Ao that B3 At Basthn A of4 H
S Aeshs ARS BA AARTL 24TH(55.8%) 0.2 71
%okon, Tho] $7} 1387 (31.4%) 0.2 Wehgth. o]&
Juk SOt Aol QIRLOVHASHY 27.7%, of3Hy
33.1%), of8Hgel A HE3} 9 AAsHe ko] ket of
4 43 et WA A el 4225061%)°] 7
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9l A 04" ol ofe AT ulgo] Perge
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HFBHE ofshie] vlgo] depysth ol RoH9l Fol
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FAE AT B T AP ATHKIm 5 201104 = Fehg2
QT 11A] 0]%, ofshYL FF 9~11A0f HF|5h= H]E°]
B2 AR HELAM (p<0.05) FeHYET ofshef of4] 4
F AlZto] WA o] & A At YAISHA T oF4 4
F & FRoll == A2 1ARR2A4710] 20078 (45.6%) 2
E 7P eH, 247 o1 14078 (31.9%), 302~1A3F
907 (20.5%), 308 oJul’ 9F(2.1%)2 FAIEFOH Hizt
R2I3E Fol7} siet

202130] AP A7a Fad AFPe A H=
(Korea Centers for Disease Control and Prevention 2021), -2
e 5L 1599 S oFd AAF BABE 384%
& U2 HolT gtk & ATo|A ofa] 4o ot
At ofRg 2ARE Aol otz ok 43 F 5 W
SHE 3 199%9(45.2%)°] HAAY ofd AAE ATl |
shgom, ol Wizt §914 Xfol7k Qglek. ok4) The &
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Table 3. Night eating habits of the subjects
Variable Criteria Total Boys Girls ();2 VV;ES
Everyday 22(3.6)" 8(4.0) 14(3.5)
3~4 times a week 184(30.5) 54(26.7) 130(32.3)
Frequency of 1~2 times a week 165(27.3) 58(28.7) 107(26.6) ((f ‘10945)
night eating Once every two weeks 70(11.6) 18(8.9) 52(12.9)
Rare 163(27.0) 64(31.7) 99(24.6)
Total 604(100) 202(100) 402(100)
Hungry 257(58.7) 83(61.0) 174(57.6)
Supporter 57(13.0) 18(13.2) 39(12.9)
Habitually 50(11.4) 18(13.2) 32(10.6)
Reason of Stress 42(9.6) 5(3.7) 37(12.3) ((1;;23)
night eating Nutrition 10(2.3) 4(2.9) 6(2.0)
TV, commercial 6(1.4) 4(2.9) 2(0.7)
Others 16(3.7) 4(2.9) 12(4.0)
Total 438(100)? 136(100) 302(100)
Taste 314(71.4) 100(73.0) 214(71.1)
Convenience 59(13.5) 18(13.1) 41(13.6)
Price 15(3.4) 6(4.4) 9(3.0) 5.94
Considering to choose Amount 102.3) 21.5) 82.7) (0.429)
night eating menu
Nutritional value 7(1.6) 1(0.7) 6(2.0)
Others 33(7.5) 10(7.3) 23(7.6)
Total 438(100)? 137(100) 301(100)
Alone 247(55.8) 78(56.9) 167(55.3)
All family 138(31.4) 38(27.7) 100(33.1)
Person to choose night Parents 31(7.1) 12(8.8) 19(6.3) (02_;‘85 "
eating menu Siblings 21(4.8) 7(5.1) 14(4.6)
Friends 40.9) 2(1.5) 2(0.7)
Total 439(100) 137(100) 302(100)
Home 422(96.1) 132(96.4) 290(96.0)
Convenience store 10(2.3) 3(2.2) 7(2.3) S0
Place of night eating Scheol 409) 21.3) 207 (0.731)”
Private school 2(0.5) 0(0) 2(0.7)
Snack bar 1(0.2) 0(0) 1(0.3)
Total 439(100)” 137(100) 305(100)
20~<22 143(32.7) 37(27.0) 106(35.3)
>22~<23 169(38.7) 53(38.7) 116(38.7)
) _ _ >23~<0 87(19.9) 27(19.7) 60(20.0) 10.42
Time to eat night eating (0.034)
>0~<I1 21(4.8) 12(8.8) 9(3.0)
>1-2 17(3.9) 8(5.8) 9(3.0)
Total 437(100)? 137(100) 300(100)
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Table 3. Continued
Variable Criteria Total Boys Girls gj;l:lleﬁ;
<30 min 9(2.1) 42.9) 5(1.7)
>30 min—<I h 90(20.5) 34(24.8) 56(18.5) 7.02
Pre-sleeping time after >1 h—<2 h 200(45.6) 63(46.0) 137(45.4) (0219)
night eating
>2h 140(31.9) 36(26.3) 104(34.4)
Total 439(100)? 137(100) 302(100)
Being usual 199(45.2) 61(44.2) 138(45.7)
Fasting 156(35.5) 52(38.4) 103(34.1) 229
To have breakfast after less than usual 79(18.0) 21(15.2) 58(19.2) (0.682)"
night eating
More than usual 6(1.4) 3(2.2) 3(1.0)
Total 440(100)? 138(100) 301(100)
Support 117(41.5) 33(38.8) 84(42.6)
Reason of cating Hungry 89(31.6) 24(28.2) 65(33.0) 285
breakfast after Health 66(23.4) 23(27.1) 43(21.8) (0.416)”
night eating Others 10(3.5) 5(5.9) 5(2.5)
Total 282(100)" 85(100) 197(100)
No time to eat 78(50.0) 22(43.1) 56(53.3)
No appetite 49(31.4) 16(31.4) 33(31.4) 3.80
Reason of fasting after Bloated stomach 24(15.4) 10(19.6) 14(13.3) (0.433)"
night eating
No supporter 5(3.2) 3(5.9) 2(1.9)
Total 156(100) 51(100) 105(100)

D n (%).

? The number of students who responded to the question out of total 441 students who consume night eating.

3 Fisher’s exact test.

9 The number of students who responded to the question out of total 284 students who eat breakfast after having night eating
% The number of students who responded to the question out of total 156 students who skip breakfast after having night eating.

ol AL st AL R Eit SES] ol At o]/
710l AR 1179 (41.5%)°] 7HF B2 &S HIo
o], 87} T34 899 (31.6%), ‘AL Y3 6678(23.4%)°]
1 HE O ol dollA RARE oFAS HFfsk= OH’T
Q1 “Bi7}F 2134 °(58.7%), OFAZ FAF7] W (13.0%),
A (11.4%) 02 A AT o2 &9 & & %IE}. a
of Hlsto] o}E A = HHE 15678(35.5%) 2 & LE
”OU% of4] T o}f] AARE AEE MIES e R o]
S ZARSE A3, AR AlZEO] Gloj A 7878(50.0%) 0.2 7}
T =2 g Blow, ‘Al&o] QlojA” 499 (31.4%), ‘&
o] Eﬂ‘%%ﬁﬂﬁ’ 2499(15.4%) A5 B FHizte] {9
TEEA] kTt oFA AdF7F ok A Atof B
FFS ARt A5 WmEH, opAlS HFsk= AFRE
%2 o] Hste] of S A=+ B &0l H &4
EFdS B 11619 2 W (Kim JH 2015; Okada 5 2019), o4l
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Table 4. Nutrition Quotient for Korean Adolescents (NQ-A) score of the subjects
Totsl Gender 1
. . . N otal ; t-value
Variable Classification (n=604) Boys Girls (p-value)
(n=202) (n=402)
H 71.9~100 104(17.2)? 44(21.9) 60(14.9)
45.8~71.8 280(46.4) 81(40.3) 199(49.5) 0.41
Balance
L 0~45.7 219(36.3) 76(37.8) 143(35.6) (0.683)
Total 603(100)” 201(100) 402(100)
Average 53.9+18.2% 54.3+19.0 53.6+17.9
H 69.2~100 35(5.8) 17(8.5) 18(4.5)
o M 44.2~69.1 217(36.0) 65(32.3) 152(37.8) -0.11
Diversity
L 0~44.1 351(58.2) 119(59.2) 232(57.7) (0.912)
Total 603(100) 201(100) 402(100)
Average 40.5+18.5 40.4+19.7 40.5£17.9
H 59.7~100 262(43.4) 88(43.8) 174(43.3)
, 36.6~59.6 289(47.9) 94(46.8) 195(48.5) 0.15
Moderation
L 0~36.5 52(8.6) 19(9.5) 33(8.2) (0.885)
Total 603(100) 201(100) 402(100)
Average 56.3£13.9 56.4+14.8 56.2+13.4
H 87.9~100 2(0.3) 2(1.0) 0(0.0)
) 55.5~87.8 165(27.4) 68(33.8) 97(24.1) 2.48
Environment
L 0~55.4 436(72.3) 131(65.2) 305(75.9) (0.014)
Total 603(100) 201(100) 402(100)
Average 37.6+20.6 40.5+21.6 36.1+20.0
H 65.8~100 147(24.4) 48(23.9) 99(24.6)
] M 40.8~65.7 320(53.1) 94(46.8) 226(56.2) -139
Practice
L 0~40.7 136(22.6) 59(29.4) 77(19.2) (0.166)
Total 603(100) 201(100) 402(100)
Average 53.7£16.4 52.3£18.0 54.4+15.4
0.53
+ +
Average 50.0+9.7 50.3£10.0 49.849.6 0.598)

Y The classification of the NQ-A scores into high (H), medium (M), and low (L) categories was determined based on standardized percentile

distribution values obtained from a nationwide survey.
2 n (%).

3 The number of students who responded to the question out of total 604.

9 MeantSD. Score: low NQ (0)~high NQ (100).

oA FxshE MES 7 HRE y|ZoZ 4 & g2 BE
5Fo] ZAMAFRLS] 2 BAY Y|, B ZAA A
gAY S8 B2 A2 6075(10.0%). T4 1149
(18.9%), “Z31" 15174(25.0%), “3F 2797 (46.3%) .2 F7}%|
At ol & A9 thgAFEol oF TFY HIE(46.3%)°]
7P A vEhd A2 B A7 dAREY dFATL
50.00.2 A=t WHQ 56.0E T WA YERd Ax} X5

=

o

o dolMel 39 5394, THF 4057, 24l 5634, B4

37.6%, A 537402 AEE Yt deAlo] AL AK
B A4 503702, JAER = 78 5438 (F), oY 404
S|

(3h, 24 s6. 41*(?) 273 4054 (3h), AA 5238 (3)°1%
o, o5t o] AL AA B AL 49.8402, 74 53.6
9B, T 4057(Eh, Xw 56.27(F), B4 36.18(3h), 4
A 5448F) 02 epgeh 87 Aet deelA ojshy
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Hoh fojnjstA =%kow (p<0 05), & A2 1 9 471 9

Al A= Ao I4E FugE Zol7t it Kim 5
(2017)°]] G=2H A=) AR JHE B Ho5= 3 586
A, ToF 5564, A4 48.14, 4 70.64, Ad 5214802
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Table 5. Physical characteristics of the subjects according to night eating frequency

Boys (n=202)

Girls (n=402)

Total - i F-val - i F-val
Variable ota High 'nlght Night eating Non .nlght value  High .nlght Night eating Non: .mght value
(n=604) eating (n=76) eating (p-value) eating (n=159) eating (p-value)
(n=62) (n=64) (n=144) (n=99)
Height (cm) 165.0+8.5"  172.845.1 174554  173.2+6.0 180 159.5£7.29  161.3+5.0°  160.8+5.4 331
(0.168) (0.031)
. 8.62 1.40
ight (k 0£13.1 2.7+11.1° 6£14.1°  72.9+15.4° 1.8+7. 4£10.4 247
Weight (kg)  58.0+13.18  62.7 68.6+ 72.9+15 (<0.001) 51.8+7.9 53.4£10 53.247.5 0.248)
9.88 0.02
BMD (kg/m?) 21.1943.9  20.9+43.1° 224443 242448 20.4+3.8 20.4+3.6 20.542.3
(kg/m) (<0.001) (0.980)

D Mean+SD.

? Values with different superscripts within a row are significantly different by Duncan’s multiple range test (p<0.05).

3 Body mass index.
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Table 6. Nutrition Quotient for Korean Adolescents (NQ-A) score of the subjects according to night eating frequency

Boys (n=202)

Girls (n=402)

Variable Total High-night Night Non-night ~ F-value  High-night Night Non-night ~ F-value
(n=604) eating eating eating (p-value) eating eating eating (p-value)
(n=62) (n=76) (n=64) (n=144) (n=159) (n=99)
1.12 0.84
9+18.2Y O+17. ) X 5+19. 1+18. 116, 3+18.
Balance 53.9+18.2 549+17.5 5624200  51.5+19.0 0328) 55.1€18.7  53.1+16.9  52.3+182 0434)
L. 2.44 . b b 3.38
D 40.5+18. 6+17. 441421, 8+19. 432419, 40.2+16. 2+16.
iversity 0.5+18.5 39.6+17.7 3 36.8+19.0 (0.090) 3.2419.7 0.2+16.8%°  37.2+16.3 0.035)
. 6.08 . 20.22
Moderati 3+13. 1.2+13.2%? 0£13.7° 2.3+16.4° 1.0£12.1° 6+£12.3° 4+14.5¢
oderation  56.3+13.9 6 3 56.0£13.7° 523416 0.003) 61.0= 55.6£12.3° 50 5 (<0.001)
0.45 2.57
Envi t 6+20. 4421, 40.9421. 42.1422.1 1£19. 4.4420. 4.5+19.
nvironment  37.6£20.6 38 6 0.9+£21.5 (0.638) 39 9.6 3 0.3 34.5+19.6 (0.078)
1.75 1.00
Practi 53.7£16.3 5224178 55.0+16.6  49.3+19.4 55.8414.8  53.7414.6  53.4+172
actice (0.176) (0.369)
3.42 10.64
A 50.0+£9.76 51.249.04°  51.849.69*  47.6x11.1° 5254948  49.149.04°  47.1+£9.80
verage (0.035) (<0.001)
" Mean:SD.

? Values with different superscripts within a row are significantly different by Duncan’s multiple range test (p<0.05).

Score: low NQ (0)~high NQ (100).

AFBEY BN HA B BoL DRI R(5258)0]
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S AR A7gsto] o] HF AHE 3
A3 Aol W duty £, opAl i A
FUATNQ-ALLY] A AT AN /SAY
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Abstract

In this research, we examined the shifts in determinants influencing the frequency of eco-friendly food purchases pre- and
post-COVID-19. Our analysis utilized filtered 2019-2021 Consumption Behavior Survey data from the Korea Rural Economic Institute
Food, excluding any irrational responses. Given the nature of the dependent variable, a multinomial logistic regression model was
employed with demographic factors, variables pertaining to food consumption behavior, and variables concerning food consumption
awareness as predictors. Following the onset of the COVID-19 pandemic, an individual's level of education was observed to positively
influence the frequency of eco-friendly food purchases. In contrast, income level and fluctuations in food consumption expenditure
did not appear to have a discernible impact on the purchasing frequency of such eco-friendly products. Irrespective of the advent
of COVID-19, variables such as the frequency of online food purchases, the utilization of early morning delivery services, dining
out frequency, and the intake of health-functional foods consistently demonstrated a positive correlation with the propensity to purchase
eco-friendly foods. Overall, consumers prioritizing safety, quality, and nutrition over price, taste, and convenience in their procurement
decisions for rice, vegetables, meat, and processed foods exhibit an increased inclination toward the acquisition of eco-friendly food
products.

Key words: eco-friendly food, purchase frequency, multinomial logistic regression, food consumption behavior, COVID-19

pandemic

N = $8+= 2 3716kl Yrh(Huh & Kim 2010). H8HFA]E0]
2 AEO OFAe Sk, EYoA ] HEH £33 &

Aok 5 bt A U S A S 9 S 454, FolEHAIE AsHA EHstr] $isto]
AXE 2] 55 9T 5 A gt Ad4E 5 9loH sk st g, A € FA 5 SHEHAAE A
(Kim TY 2018; Rural Development Administration 2020), 0] SHA] ofYstAY ARE-S FAskeE AZYSEH SFolA AjulE
AHAHEY] A7 Aot A 84 FHFE o] Yt o] 5 - ZAET A - SAES 98 T AR 510 A
off QFATE Aol et AHAES] IS A &H o= F7t %, 7H8, 98 5e 7FHAES 9Jv]ghth(Korean Law Information
St glow, QS HEY = e A E gt Center 2023). AF| 2 AH|AE9] AT s4E ] olf+=
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OHAAI(44.9%), A7FZER(24.7%), =A 4(13.7%), T4 BA
(6.4%) €22 L}EF O (Rural Development Administration
2021), 7 HeH AR - AlE A TFE= 20008 F
wid oF 5.8%% AgAs] 20250l 2% 1,3609 Yol o]&
Ao Z HAYHrt(Jeong 5 2018).

2020 23E ol A WG T2 jutole AR
19(COVID-10)= ‘541 4:1] B5of chopeh Wishs Eeigt
ok ARl A7) AR Qlsf 7|E emEel BAE
A= 221 433 S 22 4 a7 A=A
O H(Kim & Gwak 2020; Hong YA 2022), 20204 42.7%0] ©]
W 5 2-33]9] o]/4F9] 9]4] H|Fo] 2021 0l= 28.5%=
2243] 74514 thHong YA 2021). £3] COVID-19 20
2 QIS AHREY AF bAAo] g B =7 3A ot
A AoE YePg=d], Park & Heo(2022)9] AFolA=
COVID-199]| thgt &7t J=et A% /ol thgt ¥4l 3
T Atolofl= FAHY AT ARt YRt o=
COVID-19 'IAo] Z1gHg 4% o]l ¥4 5 I HIA
= 7Fs73< AARIHE BRE COVID-19 A2 AB|[AHEY
AlE QPA QIAE ol XIS AIE 4] I 8RICE A
Sk FAl0) AHAEY A Sff IHAFET 744 0]
=2 ASAHAE 4 T4 8RI0F -85+ th(Hwang &
2020; Statistical Development Institute 2020). AA| 2 20193 1}
20219 S EE A ATEY A EF AR PH AL AAARE
£ A a3 13] ol XA AE FuiAte] HlE2
20213 6.1%= VFERY, 20199 9] 10.8% thH] 4.7%pRHE A&
3 $2Z Btk olo] COVID-19 A% HFAAE 1 Q
AE9] FFF W3t HrE AFH o2 FAT A7 Bagh
Aoz meHErt
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1. HFCHA

2 AT T2 BAATLolA AAl D F70SE 2019
W|~2021d AFAH P 2AL] AAARE BARRE &
&t aig 24 BT gigkel=e] As Sl vt
194] o]/} gt 75A] mIRtel A& FFAARL} T 134] o4 vt
754 mEEQl ARl AW o, RE FEE2 B4
29 AFFHSZAL HAF 2 KB AfoHE YHE °ol&
ol o35S (multiple frame) W4]& %835t} (Korea Rural
Economic Institute 2019; Korea Rural Economic Institute 2020;
Korea Rural Economic Institute 2021). & Lo A= F1<]
A BAgos AgstEon, duy o EE 1 2019
9 33377}, 20209 3,3357F, 20219 3,3187F0|t}. o 7]
of XeFAF FHiNIETF AeE Fultle e il §
St H)=g]d SEAH20199 3671, 2020 367FF, 20214
167105 AQJste] 20199 3,301714(98.9%), 2020 3,299
7F+(98.9%), 2021 3,3027F1H(99.5%) 5 & BATAo 2
A3t



224 2

1) Bg ME W 1T Tk

2 QPN FEEASE NEF ThE fo) 2834
B0l s ol AR 4 B 4 ol
chest Ut W] ATANE THUES o o

Av|RRe] Ak AEo] et A A=E umo}ﬂi't}%
AA AmE FiNEs ]—%OE ARG 45 Foiilee
TAE WHshs Aol dig LHAte] AFav s A
A A Ee 3ol & 4 9] WeloH(Kim SS 2007;
Kim & Kim 2021; Oh 5 2021). °]& 93] A&2F Fvlx
HE] B AE RIS fARRE B ARFAE
e 7 Jebo g, Ang e iy AF4E 7
TR W2 Be= AEAE AR 7 o=
25 A ES et e e A=mE T
=oF FAQlo] BT HBHAE W] He o= FRSH9
o ofdd 5 2-338] *‘5-%_ & sk ﬂlx}ﬂ 239
VR4 EFS Fiske 392k 4 18] 4555 Fiste
2BA7E 4 19] Hehg 4%2 THiske A= B 5
A Zehg A e ol feko 2 ARkt o= o
RHREeh FEEH, dPIEE HE8E FHRleet A

{6 o o

TR SRR
o] APHAE FUINIE F 18] oS ABHAE IHE
o YEOR, AAF FAUE 22 1510 ik £
AL ANE Fu AEo, ATFNE FusH] L

Wl Eho 5 Ba Zolch. ool AR Fa) At
7 ALH 20219 SEAL B ofJA]= Table 13+ 2o,
AA) B4 717e] AgAAE o] duhalwsl AR E 7
el =& dFesk AUl 7+9] Zlo]= Table 29} 7Tt

9hA] AAJSE AT = B AT S(Kim SS 2007; Jeon
& Kim 2021; Kim & Kim 2021; Kim 5 2021; Lee MN 2021;
Oh & 2021)‘5 21 5to] A3AAIE LojEl o] JTRE b
A 8912 ) ATEAA W, AEL0|Ge A ¥
G AEANAA B A5 VI PR, 1A 97

AN B2 48 9, 8, A9, e @ W 4
= A ol 5] AZE A2 Wzh 1207 4T ofnE
AT AZ A8y I8 HERE gg}o] AlgXZ L
dElE, AP ToEE, A7) AE A ol A
5 -7 Ck17] - A DA - FBHE P,
T3 94 RS AYatelth. 4EanQld B WeE

NBAE T A Fa5H] sk
= 7okl 918t GAP - HACCP Q15

oA o7 Lusts £ VIR BT 2RI} oft

- A7)

=& - Yark - SF -
7%, Qrdst AEe

AE=

Table 1. Example of resetting dependent variables reflecting ‘food purchase frequency’ in 2021

Food purchase frequency

Variables Evervda 2~3 times Once Once every Once Less than Total
Tyady per week a week 2 weeks a month once a month
1 0 2 1 0 0 4
Everyday
2.4% 0.0% 0.1% 0.2% 0.0% 0.0% 0.1%
23 times High 1 23 7 2 0 0 33
per week frequency 2.4% 1.7% 0.5% 0.4% 0.0% 0.0% 1.0%
0 89 72 3 0 0 164
Once a week
. 0.0% 6.7% 5.0% 0.7% 0.0% 0.0% 4.9%
Eco-friendly
food Once every 0 175 150 40 1 0 366
purchase 2 weeks 0.0% 13.3% 10.4% 8.8% 1.7% 0.0% 11.0%
frequency Low 6 114 142 34 4 0 300
Once a month
frequency  14.6% 8.6% 9.9% 7.5% 6.9% 0.0% 9.0%
Less than 9 270 257 62 12 2 612
once a month 22.0% 20.5% 17.9% 13.7% 20.7% 22.2% 18.4%
Non 24 649 807 311 41 7 1,839
Non-purchase
purchase 58.5% 49.2% 56.2% 68.7% 70.7% 77.8% 55.4%
Total Frequency 41 1,320 1,437 453 58 9 3,318
ota
Ratio 100% 100% 100% 100% 100% 100% 100%
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Table 2. Differences between the general frequency and relative frequency of eco-friendly food purchases

When applying relative frequency

When applying general frequency

Years Non- Low High Exclude Non- Low High
purchase frequency frequency analysis purchase frequency frequency
2019 1,653 1,044 604 36 1,653 1,325 359
2020 1,697 1,048 554 36 1,697 1,286 352
2021 1,839 1,047 416 16 1,839 1,278 201

%31130101] o3
I Qe %, JG34F Ll A3 &40 ==0]
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T, 1PAL AL AES] 710l HRE

B lBUS NI A el AT
e Aoz el
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(multinomial logistic regression model}2 Z-&35}H}THOh 5
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Table 3. Summary statistics and variable definitions - Demographic variable
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(Unit: household, %)

Variables Year
2019 2020 2021

Non purchase 1,653(50.1) 1,697(51.4) 1,839(55.7)
Eco-friendly food purchase frequency Low frequency 1,044(31.6) 1,048(31.8) 1,047(31.7)
High frequency 604(18.3) 554(16.8) 416(12.6)
Male 442(13.2) 396(11.9) 371(11.2)

Gender
Female 2,895(86.8) 2,939(88.1) 2,947(88.8)
60 and over 920(27.6) 977(29.3) 1,013(30.5)
Age 40~59 1,817(54.9) 1,832(54.9) 1,824(55.0)
Below 39 600(18.0) 526(15.8) 481(14.5)
Below middle school graduation 578(17.3) 547(16.4) 579(17.5)
Education High school graduation 1,585(47.5) 1,557(46.7) 1,525(46.0)
College graduate or higher 1,174(35.2) 1,231(36.9) 1,214(36.6)
Region Eup & myeon 750(22.5) 752(22.5) 732(22.1)
Dong 2,587(77.5) 2,583(77.5) 2,586(77.9)
Less than 3 million won 1,341(40.2) 1,404(42.1) 1,285(38.7)
Monthly average household income 3~5 million won 1,154(34.6) 1,102(33.0) 1,070(32.2)
5 million won and over 842(25.2) 829(24.9) 963(29.0)
Change in food consumption expenditure Same or decrease 2,395(71.8) 2,296(68.8) 2,198(66.2)
compared to the previous year Increase 942(28.2) 1,039(31.2) 1,120(33.8)
. Single 867(26.0) 887(26.6) 929(28.0)

Marital status

Married 2,470(74.0) 2,448(73.4) 2,389(72.0)
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Table 4. Summary statistics and variable definitions - Food consumption behavior variables

(Unit: household, %)

Variables Year
2019 2020 2021
Non-purchase 2,171(65.1) 1,933(58.0) 1,646(49.6)
Frequency of online grocery purchases Less than once a month 802(24.0) 798(23.9) 778(23.4)
More than once every 2 weeks 364(10.9) 604(18.1) 894(26.9)
) ) No 3,117(93.4) 2,788(83.6) 2,650(79.9)
Use early morning delivery purchases
Yes 220(6.6) 547(16.4) 668(20.1)
Less than once a month 961(34.6) 879(33.5) 939(40.1)
Frequency of eating out Once every 2 weeks 829(29.8) 773(29.5) 810(34.6)
More than once a week 990(35.6) 972(37.0) 590(25.2)
No 746(22.4) 673(20.2) 510(15.4)
Health functional food Indirect purchase intake 1,145(34.3) 1,301(39.0) 1,206(36.3)
intake status
Direct purchase intake 1,446(43.3) 1,361(40.8) 1,602(48.3)
Less than once every 2 weeks 711(21.3) 744(22.3) 774(23.3)
Frequency of vegetables purchase Once a week 1,568(47.0) 1,561(46.8) 1,551(46.7)
2~3 times or more per week 1,058(31.7) 1,030(30.9) 993(29.9)
Less than once a month 265(7.9) 262(7.9) 442(13.3)
Frequency of fruit purchase Once every 2 weeks 707(21.2) 826(24.8) 850(25.6)
More than once a week 2,365(70.9) 2,247(67.4) 2,026(61.1)
Less than once a month 711(21.3) 677(20.3) 927(27.9)
Frequency of beef purchase Once a month 1,216(36.4) 1,164(34.9) 1,062(32.0)
More than once every 2 weeks 1,410(42.3) 1,494(44.8) 1,329(40.1)
Less than once a month 819(24.5) 886(26.6) 1,056(31.8)
Frequency of chicken purchase Once a month 1,082(32.4) 1,012(30.3) 1,051(31.7)
More than once every 2 weeks 1,436(43.0) 1,437(43.1) 1,211(36.5)
Less than once a month 208(6.2) 236(7.1) 274(8.3)
Frequency of pork purchase Once a month 658(19.7) 521(15.6) 701(21.1)
More than once every 2 weeks 2,471(74.0) 2,578(77.3) 2,343(70.6)
Less than once a month 1,204(36.1) 1,139(34.2) 1,112(33.5)
Frequency of processed food purchase Once every 2 weeks 863(25.9) 873(26.2) 1,014(30.6)
More than once a week 1,270(38.1) 1,323(39.7) 1,192(35.9)
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Table 5. Summary statistics and variable definitions - Food consumption perception variables (Unit: household, %)

Year
Variables
2019 2020 2021

) . ) Price, taste, convenience, etc. 1,587(56.3) 1,637(58.3) 1,716(62.0)

Important considerations for rice purchase ) o
Safety, quality and nutrition 1,233(43.7) 1,169(41.7) 1,053(38.0)
Important considerations for Price, taste, convenience, etc. 1,521(48.9) 1,528(49.0) 1,655(53.8)
vegetables purchase Safety, quality and nutrition 1,591(51.1) 1,593(51.0) 1,424(46.2)
. . Price, taste, convenience, etc. 1,702(51.0) 1,784(53.6) 1,822(55.2)

Important considerations for meat purchase . i
Safety, quality and nutrition 1,633(49.0) 1,542(46.4) 1,477(44.8)
Important considerations for Price, taste, convenience, etc. 1,972(59.1) 2,180(65.4) 2,187(65.9)
processed food purchase Safety, quality and nutrition 1,365(40.9) 1,155(34.6) 1,131(34.1)
. Below average 1,812(54.3) 1,805(54.1) 1,656(49.9)

Purchasing GAP and HACCP product first

More than average 1,525(45.7) 1,530(45.9) 1,662(50.1)
Adequate financial capacity for Below average 1,478(44.3) 1,311(39.3) 1,275(38.4)
food purchases More than average 1,859(55.7) 2,024(60.7) 2,043(61.6)
Awareness of risk factors for Below average 1,545(46.3) 1,496(44.9) 1,540(46.4)
agricultural products More than average 1,792(53.7) 1,839(55.1) 1,778(53.6)
Consumption of Eco-Friendly food is good Below average 1,435(43.0) 1,387(41.6) 1,539(46.4)
for health and the environment More than average 1,902(57.0) 1,948(58.4) 1,779(53.6)
Buying eco-fiiendly food even if Below average 1,965(58.9) 1,886(56.6) 1,934(58.3)
they are expensive More than average 1,372(41.1) 1,449(43.4) 1,384(41.7)

Table 6. Marginal effects on eco-friendly food purchase frequency - Demographic variable

Eco-friendly food purchase frequency

Variables Non-purchase Low frequency High frequency

2019 2020 2021 2019 2020 2021 2019 2020 2021
Gender (Male)” Female -0.027 0033 -0.080 -0.033 -0010 0051 0059 -0.023 0.029
Age 40~59 0.003 0017 0.036 0041 -0012 -0.046 -0.044 -0.004 0.010
(60 and over) Below 39 -0.004 -0.025 -0.004 0044 0.006 -0.004 -0.040 0.018 0.009
Education High school graduation — —0.009 -0220" -0.104  0.069 0.154” 0004 -0.060 0.066  0.100"
(Below middle school . . i .
graduation) College graduattion or higher —0.047 -0.239" -0.048  0.056 0.163” -0.034 -0.009 0.076" 0.082
Region (Eup & myeon) Dong -0.058 0043 -0.054 0031 -0.054 0105 0027 0011 -0.051
Monthly average 3~5 million won -0.120" 0062 0004 0055 -0.025 0031 0065 -0.037 -0.035

household income
(Less than 3 million won) 5 million won and over -0.156" -0.017  0.013 0.089” 0.019 0.033 0.067" -0.001 -0.046

Change in food consumption
expenditure compared to
the previous year
(Same or decrease)

s

Increase -0.116" -0.039  0.035 0.088™" 0.002 -0.030 0.028 0.037° -0.005

Marital status (Single) Married 0.009 -0.076" -0.149" 0.058 0.088" 0.093° -0.066" -0.012 0.056"

" Parenthesis indicates reference category.
*p<0.05, “p<0.01.
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Table 7. Marginal effects on eco-friendly food purchase frequency - Food consumption behavior variables

Eco-friendly food purchase frequency

Variables Non-purchase Low frequency High frequency
2019 2020 2021 2019 2020 2021 2019 2020 2021
Frequency of online  Less than once a month  -0.191" -0.192" -0.105"  0.183™ 0.199” 0.108" 0.008 -0.008 -0.004
grocery purchases More than once " . . . .
1) -0. -0. -0. A . A 5 A A
(None) every 2 weeks 0.160” -0.168 -0.087°  0.098" 0.158" 0.035  0.061 0.009 0.051
Use of early morning
delivery purchases Yes -0.193" -0.280" -0.329"  0.097° 0.089" 02647 0.096 0.1917 0.065"
(No)
Frequency of cating out ~ Once every 2 weeks 0.012 -0013 0014 -0.040 -0.031 -0.034 0028 0044 0.020
(Less than once a month) More than once a week —0.068" —0.093" -0.143" -0.024  0.004 0077 0.0917 0.089" 0.066"
Health functional Indirect purchase intake  —0.301" -0.349™ -0.237" 0.155" 0.186™ 0.175" 0.146" 0.163" 0.062"
fOOd intake Status Aok ek ok Hok ok Skok ok ek Hok
(None) Direct purchase intake ~ —0.328" -0.351™ -0.250" 0.229” 0242 0.180" 0.098™ 0.108™ 0.070
Frequency of Once a week 0.099" 0011 0064 0030 0029 0.000 -0.129"-0.040 -0.064"
vegetables purchase
(Less than once 2-3 times or 0015 -0.086" -0.007  0.173" 0.171" 0076 -0.188" —0.085" -0.068"
every 2 weeks) more per week
Frequency of Once every 2 weeks -0.032  0.031 -0.046 0.111  0.015 0.002 -0.078 -0.047 0.044
fruit purchase
(Less than once a month) More than once a week -0.036 -0.023 -0.125° 0041 0.031 0.064 -0.005 -0.008 0.061°
Frequency of Once a month -0.026 -0.061 -0.080" -0.018 0071 0055 0.044 -0.010 0.026
beet purchase More than once
(Less than once a month) eVery 2 Weeks 70020 70055 70079 70085 70014 70011 0104 0069 0090
Frequency of Once a month -0.024 -0.048 -0.080" 0020 0041 0038 0004 0007 0.042°
chicken purchase
More than once " " " - o .
(Less than once a month) every ) Weeks -0.117" -0.008 0.010 0.028 -0.082" -0.071 0.089 0.090 0.061
Frequency of Once a month 0.148™ 0.1557 -0.038 -0.099 -0.073 0.047 -0.049 -0.083 -0.009
pork purchase More than once - . X *
(Less than once a month) every 2 weeks 0.199" 02277 0.022 -0.055 -0.094 0.058 -0.143" -0.134" -0.079
Frequency of processed ~ Once every 2 weeks ~ —0.2017 -0.006 -0.144" 0.146" -0.031  0.102” 0.055" 0.036  0.041"
More than once a week —0.202" 0.026 -0.110" 0.136" -0.060 0.071" 0.065" 0.034  0.040

(Less than once a month)

D Parenthesis indicates reference category.

"p<0.05, “'p<0.01.
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Table 8. Marginal effects on eco-friendly food purchase frequency - Food consumption perception variables
Eco-friendly food purchase frequency
Variables Non-purchase Low frequency High frequency
2019 2020 2021 2019 2020 2021 2019 2020 2021
Important considerations Safe wality and
for rice purchase 1y, quality 0.033 -0.008 -0.096" -0.063" 0006 0112 0030 0002 -0.016
. . b nutrition
(Price, taste, convenience, etc)
Important considerations Safe wality and
for vegetables purchase . q.. vy -0.050 -0.058" -0.020 0.040  0.041 0.017 0.010  0.017  0.003
. . nutrition
(Price, taste, convenience, etc)
Important considerations Safe uality and
for meat purchase . qua v -0.004 -0.008 -0.065 -0.02 0.004 0056 0024 0.004 0.009
. . nutrition
(Price, taste, convenience, etc)
Important considerations Safe wality and
for processed food purchase . q.. vy -0.056" 0013 -0.011 0.008  0.004  0.039 0.048° -0.016 -0.028
. . nutrition
(Price, taste, convenience, etc)
Purchasing GAP and
HACCP product first More than average -0.129" -0.072" -0.042 0024 -0018 0016 0106~ 0.090" 0.026
(Below average)
Adequate financial capacity
for food purchases More than average 0.056°  0.056°  0.074™ -0.005 -0.040 -0.057" -0.052" -0.017 -0.017
(Below average)
Awareness of risk factors
for agricultural products More than average 0.104” 0.076" 0.045 -0.062" -0.040 -0.044 -0.042" -0.036 -0.001
(Below average)
Consumption of Eco-Friendly food is
good for health and the environment More than average -0.085" -0.129" -0.110"  0.051" 0.103" 0.072" 0035 0025 0.038
(Below average)
Buying eco-friendly food
even if they are expensive More than average —0.112" -0.124" -0.077"  0.094" 0.034 0049 0018 0.090" 0.028
(Below average)
" Parenthesis indicates reference category.
*p<0.05, "p<0.01.
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HA 7] FuiHlEE AT ARzt vE AR 2]
SHFAE A=t ()Y AHTAE Eou, 2021
o= FapEst A o2 BAE Y Al SR 1] 1 13
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wout, 20210 Y AT BAH F8S EH
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rT Hir
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ﬁ
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IRIE Fuiots FHY AAHJAE o A AYHTE
| A AE vt 52 R, A¥lEe}t 1yE g5
=0 A= o EAL B4 dAY &1 19 13
19t el A} o] 23 13] o4 FFufjRte] XIgHFAE RlE
Fuf BHEL 20199 10.4%, 202049 6.9%, 2021 9.0% =2
AOE Ueon, 5a7] 19 13] v|vt ez} o8] 25
13] ol uj=pe] ZHFAIE 1RlE v e 20199
8.9%, 2020% 9.0%, 2021d 6.1% & Z o UEpyit).

AR TRl s JSFAE FuiEet FHY A
ARl Ao E EAEUN &, COVID-19 2521 2020
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3 11 7F5AEol gt ABARY] HAlo] FHE A (Lee MN
2021), o|=|3t ko] AA| Al FAaB| P o= HHFEHI Q=
Ao & AtmHTh o4} 5719 ZF AlEE ARl A XIS
BAE ARz v|RE SHAER}T A7) S5 wet
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o Aot 3 AEAHAE et TR0l B2 A1),
H17] 52 iAol A= It ARSolA Y14 R
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A7} Zord Ao g woEh

o

P

o

N



Vol. 36, No. 4(2023) COVID-19 A3 23}

3) AIEAHIQIA| Mo} HIBAAIZ THIZole| T

B ALE, &7, HBAE 79 A $A5H) Telsh &
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%‘r EE- Xﬂ iy

3 %Lﬂﬂlﬂli@r 7}% T35 Jﬂ E‘ﬂ ZiS
AFAF 287h Zﬂ%hlr 01] O]E% FFE A= <
A eEo13len, s A4 Higt BE 3 vl Olﬁ}ﬁ
AR jH] F9f o4 &B|Ae] A4 E BTl e

20199 8.5%, 202011 12.9%, 2021 11.0% xgui, =Y XH‘EJ
o] eG4 E ANlE il BHE2 20199 5.1%, 2020
10.3%, 2021 7.2% =11, 5 HE 2eHFAE 1RIE
o e 20199 2020800 = FARESHO W 2021
38% =2 ACE YEht & A9 7Hdat Refshe Ade
Holt}. 0|9 &2 A= Kim & Huh(2019)9] AA7Hof|l A 4]
2o AEQP oAt g ojafo] JgPAFE Aulof
A2 0ol kS u| Attty ¥rsl A3 S-Afsltt Hsle] A3+
AZo] H|RE Lot Q4] $Z3}F GAP @ HACCP QI
T AES FAHCR St 14 F B WS4
= TURES Fhe] AHBAE A= ALE FAHH-
ojet &2 AF Fullof tiet T2t A Y = * A
F o] AL - 5E - 2] oA 917 8l A4 S

& AEAFAF FiRIES} S(-)9 AudAE e AL
2 e
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Aol ol
£ A7 270] B IAEES A% Sk AL dela
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N
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Changes in the Quality Characteristics of Yuzu (Citrus Junos Sieb.) after Ozone Water
Washing Treatment, Sterilization and Storage Period
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Abstract

The purpose of this study was to investigate the effects of sterilization, storage period and washing yuzu, according to the washing
method, during the storage period. The results showed that the fungus size increased as the storage period increased, and no mold
occurred in the yuzu washed with ozone water until 20 days. After 30 days of storage, a mold of 124.1+13.9 mm’® was observed.
The no-treatment sample had a fungus of 814.5+72.8 mm’ in size on day O and the fungus the largest fungus was 6,362+636.7
mm’ on day 30. In the case of water treatment, the fungus was 286.4+31.5~4,836.4+484.6 mn?’ in size. The results of the study
confirmed that washing yuzu with ozone water has a sterilizing effect.

Key words: yuzu, ozone water, sterilization, storage

M = A7) FRE o] ol e} AR BelsEA] ojSo] 2 o

A7k A BBE ot FehE Eate, SHAYAETE o]

A% BROPE SAHCinus junos Sicbys SYIEFR), o 23HA Wk Aol B Bl AIA So| mgsol
RS, T4 FROISRENEEIRO) S5, 5 9ol Belgeta Helst Ao Asd s1Eoltle 5
BaEots SolA A4 odE TR WS WEA 2017). QE0)S B ABteS T A L T, &
o A% ALW Lt 7|50 Azt bse AEWBolt. A 5 wIE Uk HOE LelA k. B3, 0FS Bt

3% PG ARAYo] AAAolm 3, FF, YR 5X Y T oA Exjolng HeolH A OR Ak
oA AMHEIT AckLee 5 2017 A= ATpRCHE 2 2 BejEy] qEo] A F Bz et S5 9 2%
e B9 £ulH1 glon] ABe B Ao ALAFE 0@ S B AHE o] B4l B ohe} e
Shod) AgsHe Bt ol Wk BAHo ofy]  AIol M9 ol§E F71ha Gl FAleleh. H choyat
RS A gAY Behzolg gl IR 9 1 7H3EY 08

A % - ABEopoIA AP e Sebxuio] et B AL 9% A7 AR B 9ok (Youn & Mok 2015;
Aol Z7H51 Slek. EefRube J1AHeh 2 UAS /b Kim & Lee 2016; Lee 5 2016), 94 Azfo] Tt A7

' Corresponding author: Seung-Hee Nam, Research Professor, Dept. of Agricultural Science and Technology, Chonnam National
University, Gwangju 61186, Korea. Tel: +82-62-530-0207, Fax: +82-62-530-0279, E-mail: namsh1000@jnu.ac.kr

- 236 -



Vol. 36, No. 4(2023)

53t Aoltt. fAt= 7y Aol AlF dAE AAA ==

7FEFA oA = SREE AlFR SHARE 55 AlF
A7garo] Aot A wgo] L] FA7F of7|H

AT} Kim 5(2007)2] Aol MEH HAFE A|HA] F

HI7E Alohla @& AlFo] d4 AlES AT 5= A
ol g Aato] we @ 24 ol-gsto] fARE Al st
A}t 8-A}oll+= phenolic acid, flavonoid 5-29] E32lo] @o] s}
fFEo] e Ao= LA Uo|(Park 5 2008), #7171
AFAgjo] o2 ZJEES] HElE AT mHeta 2
TolA= oA e FARe] A7 bH A SHE fIsh
QESFE o]&5to] AlAT & AA7|Tte] BE v AdE A
E 4 et &4, 8 EFHEL0|E RALE ST

koo & 4
ot
-|o[|

Mz o

1. AEE
E Ao A AME-H F-ZK(Citrus junos Sieb.y= Aebd s
A7EY HLATA DA FZH(Wando, Korea)o| A 20214
11ge] £33 ‘AR F F5S A&t 83t {FAE
Auto g RE & QZE4 WA (SWT series, CAST Co., Ltd.,
Seoul, Korea)E ©]-8-5to] A1 FoFERbAA H7HE7]Ewol
A A 23} Ministry of Food and Drug Safety(2022)& &+115}0]
2ES B 1 ppmol A 3EZE AL dRtHow /At
7FEAACNA AFESELL Sl WSl SR ERE 187 AlFst
At AlA WS Gt fA= 25CoA 3097t et
A A 5 AR BEE 2 Fg0] TEES AR

2. 3 Hs 4 EaE0lE 53

|49 F Tl FH2 Im 52021)9] WP o2 o3t
1 g A|2E 20 mL 80% ogh-E= 3AIZt &7 F&5}o] o3t
T ARESERT oghE &= 30 Lo 75 325 uLE
7}8t & Folin-Denies regent 12.5 pL.E H7}sto] 657F 40
A WFR]5}AL, 7%(w/v) sodium carbonate 12.5 L2} 54~ 250
ULE A7Fske] 60&7E Aol A ¥hg- & F3-3 A (Biotek
Epoch, Winooski, VT, USA)Z 760 nmo]|A] &34 =& =43}
Ak EETAL gallic acid(Sigma Chemical Co., St. Louis,
MO, USAYE EFE4E vl HAFTAE A4 & &%
L5 33 vhE 4% & Bty #2HAE UEiSlth &
gt o]t FHES oehE 5 20 uLof| di-ethylene glycol
200 WL9} 2 N NaOH 20 uLE A7}k 3 37°ColA] 305 Zot
A5k 420 nmQ] 1o A B E FAsto] k3t
AFAL EFEZE rutin(Sigma Chemical Co., St. Louis,
MO, USAYS AFE3}9THLee S 2021).

L AlA Aeo] ot gARe] F4

=4 Wk 2 A7IHE At 2 237

3. gtst &M =5

DPPH 2HjZ 47152 Jin 52008)0]) W& ¢ s}
o] £45t3oH, | mM DPPHE o€ 100 mLof -§-3[A]7]
a1, 517 nme[A] DPPH -84 9] 47} oF 1.57} H == 514
5to] ARgolAith EEEZFEE ascorbic acidS ARE-5to]
FI M-S ZAA5HH O™, 96 well plateo]] AlZ 50 yL, DPPH
| 250 uLE H7isto] 37CoA 1087 ¥HEAZ &
microplate reader(UV-1601, BioTek)S ©]-85}0] 517 nmoj| 4]
T4 E &5ttt 33 ¥ £4gote] B REHEAE
Fotlon, tha9] A& o|-&3 DPPH 2Ht)Z £745& Al
Abst it

Astample ) %100

DPPH radical scavenging activity (%) = (1— s

control

ABTS &zt AA% =72 2.5 mM potassium per-sulfate
50 mL2} 7 mM 2,2-azino-bis-(3-ethylbenzo-thiazoline-6-sulphonic
acid) 950 mLE EET ABTS S92 YHaolA 12417 &
ot 5 3 U3o] AH83HETh 1 F ABTS 812 735 nmol

A EHE 075-105 o] & W74 ofekgo] s|4jstect
EEEHEE HEW CE ARSSto] 0~10 mM2 JF 542
3 %, A5 50 Lol ABTS 514991 250 L& 71 F 9
oflA 3027t ®AISHL 735 nmof| A FF =S S745Ho] ABTS
AUz 275S s A 2R FSHItHIm 5 2021).
ABTS radical scavenging activity (%) = (1— %) %100

control

4. FL E2HE0|E BN

ARl 8 EdE o] ok 42 Seong 5(2021)9] W
HOo g =435}t narirutin, naringin, hesperidin, I+ neohes-
peridine =7%3}9 2™ 1216 Infinity LC(Agilent Technologies,
Inc., Santa Clara, CA, USA)E A8ttt EA8 Agozg
+= C18(Eclipse plus Cig, 4.6%250 nm, Zorbax, CA, USA)S At
&oto] 280 nmoflA RIS, AR FAFE 10 1L,
column oven 35CE FAISIIT 0|54 SWl2= HeE
3} acetonitrile®] 1:1 £3+E(A), SF0] formic acidE 0.1%
345t water(B)YE ARESIR O H, 152 0.5 mL/ming 4]
St Aefoll A AJAFSE M A: 20, B: 80; 5~105< w] A: 40, B:
60; 10~155 o] A: 50, B: 50; 15~208- wj A: 70, B: 30;
20252 A: 100, B: 002 2587F 245190 BEEEO
&2 AR2-E narirutin, naringin, hesperidin, B3 neohesperidin
(ChromaDex, Irvine, CA, USA)AOIA FA3to] ARE-SFAT.
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5. & Mz Y S0 XAt

% A<= 9 B9o] ZAE Back & Kim(2021) FH-g
Yool 2ASIAL AelE ARS 1 g¥ Hskol WA Es
10 mLE 7ol 253} wakelo] waSkolsicE. 1 % st
& 8919] 459 05 mLs} 108 T B4 05 Mg
717} LB 1A ¥iA|2F PDA 14| v R]of| =Esict LB HiA|
L 37T A 24A17F HHOJ:?)']'M_J_, PDA B R]= 25TCofA] 120
A7t st Bl & Al 1719] Bd 15~300712
A AT B "sto] Y5 Alibolla, 5380]
9] MA-2 Image] software(NIH Imagel; NIH, Bethesda, MD,
USAYE olgsto] 2718 24as.

6. SHAzZ
E JILof| A Ao A= SPSS EA I = 11 P (Statistical
Package for the Social Science, Ver. 23.0 SPSS Inc., Chicago,
USAYE ol §3tel Mgkt EEMAS AXSh A7
9] F94 AA2 one-way analysis of variance(ANOVA)E S+
3, p<0.05 $>F°f| 4] Duncan’s multiple range testS A A|5}-o]
Azl §ejel Folg ¥l water.
Zo o na
1. ofp, B, BalRwOlS EE HAs g AX
A AA ol mhE A 7IZbE 93, F v, SR

ol = L ghael B4 2% ATE Fig 13 Table 10] 1}

SR QITE. A1) 93t WSk 309 4 Helst 94pe] 4
1ol =7 Al @ Bgol7L AR v, oS XﬂﬂoP

o
$AH B A2, & Aour ST AHst ¥
S & 4= 9lglth e}l Aoy Aol 2Q AUl £ oM
2 &4 AbAF(reactive oxygen species)©] 2]t AFSHA TjAf
BAHEE| B7PEh 718 Wiseman H 1996), 015 24 A+
459 AASS 1A GBI} o5 ol Feaky
9 4Bl B Bilo] molA 1 gtk A PR
+= 37| vitamin, phenolic acid, tannin, and flavonoid 50| X1l
3 =H|(Oh 5 2005), FAFoll+= phenolic acid, flavonoid
59 £4o] Wol 3hrHo] Q= Ao R LA 1o (Park
S 2008), L A7 F-A12}F B|vte] thgt I4lo] HoFA A
a7l =80t Fgo] G4 it} o] T FAte] F8
‘g0l 715d Telo] Sl FAkE &0l e HwE0l
AlA o] wet gk w0 i RAFSIIT A%
7|7to] A T4E AH B BEoA F HE, Sk
o|t 3, st &0l Fachs AT Btk § e
TFZ AFE A7 et 1943 Aol S YE]
AFom 3044 & A7t g T 55 mgl® F AT
(6.9+0.0mg), = A2 (6.2+0.1mg) .t} 7P 22 FFs H
o} EEtH L o|EL IR AA7]7E 0, 10, 30Y o= 8917
Ql Zpol5 YEFHAAIRE 20 0fl= 2+ A& 77ke] {-ofm| gt
2}o]E Holz| gFott}. Jung 5(2008)Q] Gt A F 024

Storage period (days)

Control
Treatment ~ Ozonated
condition water
Water

Fig. 1. Yuzu slices treated by different washing conditions and storage periods.
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Table 1. Total phenolics, total flavonoids contents, and antioxidant activity of yuzu slices on different washing conditions

and storage periods

Storage period Washing Total phenolics  Total flavonoids DPPH scavenging activity ABTS scavenging
(days) methods (mg/g) (mg/g) (%) (Vit.C eq. 11g) activity (%)

Control 9.3+0.0" 43.5+1.1° 66.842.2° 21.1+0.7° 73.0+£1.2°

Ozonated water 7.1£0.1° 36.6£1.5 59.1+2.2° 18.7+0.2° 59.10.5°

0 Water 8.7£0.2° 37.442.8° 61.3+2.0° 19.3+0.6° 71.0£1.2°
F-value 1155 1117 6.5 133" 146.17

Control 8.4£0.0° 36.7+0.0° 57.742.4% 18.2+0.7" 68.2+0.7°

Ozonated water 6.4+0.1° 30.7+1.5° 55.9+0.8 17.742.1 55.4+0.9°

10 Water 6.8+0.1° 32.7+1.9° 56.0+4.8 17.7+1.4 59.9+0.5
F-value 2337 114" 0.12 0.13 2225

Control 7.120.1° 32.7+1.9° 55.242.9" 17.4+0.9™ 66.7+0.8°

20 Ozonated water 6.2+0.1° 28.9+1.7° 53.5£2.7 16.9+0.8 53.7+1.0°
Water 6.3£0.1° 32.7+1.0° 54.8+4.3 17.3+1.3 59.3+0.5

F-value 48.0™ 55" 0.21 0.20 190.7°

Control 6.9+0.0° 27.120.6" 50.5+4.2° 16.0£1.3 65.241.3°

3 Ozonated water 5.5£0.0° 20.7+0.8° 38.4+1.1° 12.2+0.3° 49.740.5°
Water 6.240.1° 25.8+0.8° 46.2+1.7° 14.7+0.5° 52.7+0.7°

F-value 209.8™ 554 153" 14.8™ 226.0™"

) Mean with different letters within the same columns are significantly different from each other at "p<0.05, “p<0.01,

multiple range test.

2 23147 =2} 2lo] 7|z OP%L 1) —’Ff,s%i AR5k
AvH 7HE 7 JRES] Tago] 2F & YebhgAR,
Lozl xjo|7} g Ao HystL MEU%, 2 A+ 2
FoA 9] F Hii, ETtHlco|t A¥t B3 $SEET 0ESF
2 AIFAl F2A Q1 Zol7} glo] & AT Aol FAFSH
Uehd 2o =2 SR1E i) FASHs 2 DPPH 2|z A7
=3} ABTS @z A4S 243 A7) 0, 10, 2040 A
DPPHE= 21221 Ztol& UehfiA] kARt 3094 A2+
Z+o] ol 50.5+4.2%(F A 2), 46.2+1.7%(5> A ), 38.4+
L1%(Qe& A2 T A7t 71 74 Yepdth 3044
ABTSE 65241 3% 2 2]), 52.7+0.7%(%= X)), 49.7+0.5%
25 ATHE 2 H, SgH Lol FtEko] gl
g)r ou}g]__g A5 Kim 5(2014)9] A+ Axo] w
2H A% 7)3tol whet f4F vty 29 2o A5 ¥sh
£ Rol e AFE ettt e Baisto] 2 ARat AR
AIE YERY LT

2. FQ EREL0|E 2Y
Naringin@} hesperidine =70 EXZ 02 WAL
gHo|t JREOE A4S} 4ot A48 B 5 =T

rr

[
L |

sokok

p<0.001 by Duncan’s

£ At 59 a7t e A2 E LA SIth(Demonty &
2010; Tong 5 2012). E3}, hesperidin® SX Y A FA] A|H
wiero] 9Jo1 o0 2 e A Il naringin TEFHO|A 29t
e 2242 43A4 AUrhHwang 5 2014). AlF 5 =
A% 71700 weh {ARe] &2 ko] & (naringin, narirutin,
hesperidin, T neohesperidin) 3% HPLCZ E-A45t A1}
+ Table 29} At} HAH 02 A4 7|7to] 7441L°L—|—§ A
9] /154 AHE 9] dtegFo| 71435kt Narirutin THF2 A%+
717tol| wet A2EE FoJAl Aol Ur‘:/}‘lﬂc>q A%
717k 204 Aol AT ¢ F T X (3.8 mg), 5 A (3.6 mg),

924 236 mYO feluld WSKE HolA| oot
Naringin $FFE narirutin?} H]$=3F 43F0 2 0, 10, 304 A
L A7) §F AolE LA 208l HE Fol
UFERA] kSt Hesperidin B2 2097HA]= F A ] > &=
A2l > 0% AeldolgA 0Ll 5 A2lgt 925
A2 we] Afolsk ehA) eiseh. o) A Ak Sl
A AFF=ol F Hs, 24 o], DPPH %+= ABTS 2}
U2 £7%9) A% AR Jo S(015)9] AT Az
A% A 71700] wet oeAe] Hel C PeRe §940

FSSIET Bag o B AT 2get SR Aow
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Table 2. Functional flavonoid contents of yuzu slices by HPLC analysis on different washing conditions and storage periods

Storage period Washing Flavonoid contents (mg/g DW)

(days) methods Narirutin Naringin Hesperidin Neohesperidin Total
Control 4.7+0.1*Y 2.440.0% 3.740.0° 2.0+0.0° 12.8+0.1°
0 Ozonated water 4.240.0° 2.240.0° 3.340.0° 1.7+0.0° 11.440.0°
Water 4.5+0.0° 2.340.0° 3.4+0.0° 1.840.0° 12.1+0.0°
F-value 111.6™ 194.9™ 345.5™ 582.2™ 2347
Control 4.140.0° 2.240.0° 3.3+0.0° 1.840.0° 11.4+0.0°
0 Ozonated water 3.6+0.1° 2.040.0° 2.840.0° 1.5+0.0° 9.9+0.1°
Water 3.9+0.1° 2.1+0.0° 3.140.1° 1.6+0.0° 10.7+0.2°
F-value 37.1° 50.2" 143.4™ 112.3™ 69.5"
Control 3.8+0.1° 2.0+0.0 3.0+0.0° 1.540.0° 10.30.0°
0 Ozonated water 3.6+0.1° 2.140.0 2.740.0° 1.440.0° 9.840.1°
Water 3.6+0.1° 2.0+0.0 2.940.1° 1.5+0.0° 10.0+0.2°

F-value 10.2° 3.53 106.5™ 19.8" 13.5"
Control 3.7+0.0° 2.140.0° 2.840.0° 1.5+0.0% 10.0+0.0°
20 Ozonated water 3.240.1° 1.9+0.0° 2.740.0° 1.4+0.0° 9.1+0.1°
Water 3.240.1° 1.8+0.0° 2.7+0.1° 1.340.0° 9.1+£0.2°
F-value 294.8" 613.9™ 551.6™ 190.6™ 484.9™

" Mean with different letters within the same columns are significantly different from each other at p<0.05, “p<0.01,

multiple range test.

1o

I A

3. & M+ ¥ JE0| XAt

A& Jegol wet n| eSSl gt ojwet It
TNA=A BE AgstA +ystaat shleh. fAkol F A
g, Q&5 = ¢ AT & AFSHA Al 5, F8o]
7] = WSS A Z3H= Fig. 2, Fig. 37} Table 3]
YIS Al 04A) § A, 0&, &= A= 7
7} g & 5.540.5, 2.0+0.0, 4.5+0.5 10° CFUZ YERgon #%}

717k0] S7tEE AldtrE S71ohes A= UrE}”‘EP(Fig

2, Table 3). A& 10Y7MA = 2 Ag > Q& > 5= A
<02 Alat7h DASHAANE 204 5B = F A > 5 A
g > Q&L £07 Al 7t F7FSHH A% 30del=
T AE, &5, & AT fARlA 42 g & 970.0+ 10.0,
65.6+3.5, 295.045.0 10° CFUR QE4F A A3t SA oA A
o] 71 AA DTS g5 QA3leh Park & Shin (2010)>
FEFFE &5 Aok HHoR AHT A3} vy =
9] g7%gol o A =0l £ A9 Aret KA
ok Al A vho mE fARe] F3go] 2719 W& Fig
3, Table 33} Zt}.

Of

sk

2<0.001 by Duncan’s

LEFE AATL FANA = AA 717F 209 7H4] F5380]
7} AY5ER] 9k 3094 0] 124.1+13.9 mm® F7]9] Zgo]
7h gkl F Aot = A2 B9 A7 717o] A
g o 2717 AR AL I £ AT F A=
0LAEE 30UR7IA] T+ Z7]7F 814.5+72.8~6,362.0+636.7
mn’2 7P o 4= 28]9] AL 286.4+31.5-4,836.4+434.6

mn’2 Ve Th Park & Shin(2010)2] A3 Ao w2 H H
A NPESE 4B HSoHL =T LEFE AlF
3t & A1E0] nE HIE RISt RERT °E
= AFA] =2 v s T4 5aE ERIskicha B
T}, Oh 5(2005)9] HoA % & HAE 03 ppm LEFE
A2 ZFo] 108]Z 5Fo] A|H Ao F 1.2~1.4 Log CFU/mL
At 8IS YEH T 5 E AlE Al A+ 837 YEt
WA gkdthar B asigich & A Ao A e APA+ 2
o} FASHA £ Aot aRE= AAT fAA = 53

o7} MAYEJAT EFE AAHTL FAIA= TFoI7t
204 A 7HA] HAYSER] Qfof @ 24=0] gt AkgtE o] Ay
AlA o] T2 Ate] YFZ 7I1H T W= 4]
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E”é‘ KI'E-_
FolA dold & Q= v =E

4 okx e
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Storage period (days)

Control
Treatment Ozonated
condition water
Water

Fig. 2. Bacterial occurrence in yuzu slices treated by different washing conditions and storage periods.

Storage period (days)

Control
Treatment Ozonated
condition water
‘Water

Fig. 3. Fungal occurrence in yuzu slices treated by different washing conditions and storage periods.
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Table 3. Bacterial and fungal occurrence in yuzu slices on different washing conditions and storage periods

Storage period Washing Bacterial counts Mycelial growth Disease incidence (%)
(days) methods (107 CFU/g) (mn’) Bacterial Mycelial
Control 5.5+0.5%) 814.5+72.8" 100.3+0.6" 100.7+0.4*
Ozonated water 2.0+0.0° - 36.3+£0.3° -
0 Water 4.540.5° 286.4+31.5° 81.9+0.6° 35.340.6"
F-value 58.50"™" 247717 12,8382 34,965.5™"
Control 25.5+0.5° 1,993.4+200.7° 98.9+0.5° 99.5+1.3°
Ozonated water 5.5+0.5¢ - 21.6+0.6° -
10 Water 15.5£0.5° 689.2+69.9° 60.8+0.3° 34.040.2°
F-value 1,200.0 206.8™" 19,942.1" 12,860.1"
Control 580.0+10.0° 4,187.14419.6° 99.241.0° 99.5+1.3
20 Ozonated water 41.541.5°¢ - 7.2+0.2° -
Water 210.0+10.0° 1,898.5+78.0° 36.240.5° 45.240.7°
F-value 3,376.5™ 218.1™ 15,031.2" 10,091.9™
Control 970.0+10.0° 6,362.0+£636.7" 99.1+1.0° 99.5+1.3
30 Ozonated water 65.6+£3.5° 124.1£13.9° 6.4+0.4° 2.240.2°
Water 295.045.0° 4,836.4+484.6 30.7+0.2° 75.940.9°
F-value 14,806.8™ 148.9™ 15,881.8" 8,805.9™"

D Mean with different letters within the same columns are significantly different from each other at ™

Q0 W A=

A4 % 70 2ol WAL AR Hstol A=y
¢ A=), 5= A2, 225 A2y GEishaA 749 530l
9 A BAET SRS 2ASIT 1 AT 44717
o] ZAxsto] wat {AHQ 7]5/4dEQ] narirutin, naringin,
hesperidin, T+ neohesperidin g0 7H4 o]—J: A3 e
W ESh @& AAA] o] HBES AF7IZE 20
7R LehEA et 30200] 68% Agstelc, i) %
A2t 4= 229 B A% 3040l 22} 100%, 76%2] 575

o WHES BT £ ATANE 5ol 0E4E A
ol A A F FE Aol adtHoletal Almdrt

ZtAlel 2

2 d7e 2039k sEAEA] e sAEY A

A SR} 9l 2231 & Te] 7]<& 7] EHRS-2023-00236699), ATHH]
of oJsto] efE Aute] AF=, ol 2 FAE EFYH-
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Abstract

This study was conducted to provide basic data on the antioxidant activity, inhibition of adipocyte differentiation and reactive
oxygen species (ROS) production of a mixture of Brassica juncea extract (BJE) and fermented black rice fraction (BRF). We
investigated the total phenol content, total flavonoid content, antioxidant effects (DPPH radical scavenging, ABTS radical scavenging,
reducing power, FRAP and ORAC assay) and anti-obesity activity of the mixture in 3T3-L1 cells. Our results showed that the total
phenol and flavonoid content increased with increasing BRF mixture ratio. The antioxidant activity increased as the BRF mixture
ratio increased. In addition, BJE and BRF mixtures did not show any cytotoxicity during the 3T3-L1 differentiation period. During
adipocyte differentiation, BJE and BRF mixtures significantly inhibited lipid accumulation and ROS production compared to the
control group. These results warrant further experiments to develop an anti-obesity functional food using a mixture of BJE and BRF.

Key words: Brassica juncea, black rice bran, mixture, antioxidant, anti-obesity
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I Akl B E QI A A E7F AN R 2I}eh=
B AE URE §EE 2edS ASH] s A
I HAEH YA A H2E AXA Hr} o] F hexose
monophosphate(HMP) shunts= G6PDHE 53l A|%gAdo] ©
23 NADPHE 3751 ©rt. 0|9} 2o A/dE NADPH=
NADPH oxidase(NOX)l| 23] NADP+& A2+e| 1 o|uf A=
W superoxide@} -2 ROS7} A th(Lee 5 2009a). AW o]
 AZoA PAEE= ROSE THFet iAo A 2|43
o g, ROSSH A B4 k] AP0l BiAE
Al ASH AEH A0 o7t G, H|TE, 13 59 7S A
52 sl EthHalliwell B 1996). AWPA| Lo 4] 25}

Al B == ROS= 3T3-L1 AATFA| 229 B35 £X16}
A A 0 ST 2 AT 3 v
ROSE A4a7] HRo] Hgte] 28 €el Fo] Stk 1
aLg HF lth(Yamashita 5 2008). WEbA B3HA Q1 FHlek &
A FHS eiAE AE 24 JA azel A ROS &7
Ao gt FAe}t S A Brkshe A2 F8sith

M Brassica junceay® YAA7E FF0| A5k T} Lo
A gy RejEln Y= ARSI Brassicaceae)ol] &8F=
A0|th(Kwon 5 2020). 7]‘—,% 22} AEA giAREEC] EH
LolE, ZY Y& 9 83 3+9 FgtEo] EHSH AoE H
N E] A THCho 5 1993). At}7} sinigir, 7] El glucosinolate S}
= H isothiocyanate $}eh=2 o 5 TSt &0l ot
1 &2 A Qlti(Talalay & Fahey 2001). w2tA] B. juncea®]] o
SF TRt Ao sinigring: 2] A AJR o= HA 5t
2 AF7F o]FolHom, A 9] &zl &HH 2t =
EE9 A9 FH|ol g9 G50] e o2 By vt
9IthKwon S 2021).

S 0|7 (Black rice brany> SH|E Exéi T AR ASS
woiel, e Bl W oot WEd seE o
anthocyanin®] &X.6}tH(Cheigh 5 2010) o]t anthocyanin
delphinidin flavylium, cyanidin, malvidin, pheonidin, pelargonidin
gl 0]=9] glycosides® a-tocopherold} -F-AFSE $~59] FFALS)H
S AYAL Aokl Hu I Q) o]9F -2 P4k} 3}
SHE 52 superoxide anion radical, singlet oxygen, hydroxyl
radicals L5t ROSE AZ 02 A A= 702 Hiy
o] Qlt}(Slavin 5 1999; Choi 5 2007). 1|72 AL &4
olQlo= thFet A &S 2= AR o]tk (Chumchoochart
& Sutthanut 2020). £3], 0|74 LasI¥-S o T, St
48 W g4 = thoket Aol =717 BaE b 9
THKim 5 2014; Safrida 5 2022).

weba] B AT Saat Aeley A4l 2t S
7 MElS Besto] B £A1E AL olo] st
24, A4 374 o)) 9 ROS A4 oA BAE WRlel A2
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& gl 7154 A4 L 5 HE SIS Bk sk

=}

= 3 g

0

Alo-IXHE =1] AIOI:

2 Aol AFEE ZEET HE S BEES 6

o AE]&Hto] @ Bl(Chuncheon, Korea) O 2 5-E] A3 Hro} AL
L5}, 3¢ FEE(Brassica juncea extract, BIE)2] A X vt
‘ﬂ% Kwon 5-(2021)2] WS arskaitt. 2t 5 keofl 60%
g 300 AASAT 0 TN AT B BF 2B T
Si3iSio] 4% BEINL SAALIN] B A wA
5|7} B35 E(fermented black rice fraction, BRF)2 (F)o]| A
Helvlolodle] Sulg@ua FaGS A%UYE
(15,000xg)5to] A|=2] NP ES AAskL, 484 e F
W] asho] Bk 05% XS HAAste] 4T T
8~10A17F B9 AXAIAHT. o]F, AAEZ](10,000xg, 10&)

—lo

2 5o 24 AUEL A4S FRAE A8t 5l
5 ol& ZZAZX5to] dAtHKim 5 2013). BIEQ} BRF=

9y vl EYstol 2 EYu|S Helstur stgon,
BJE®} BRFE Z+Z} 8:2(BRMI), 5:5(BRM2), 2:8(BRM3) H|-&
7 grloto] AlgE ARSI & Aol A ARGE ARl
Quercetion, ascorbic acid, gallic acid, 2,2'-azobis(2-methyl-
propionamidine) dihychloride(AAPH), 1,1-Diphenyl-2-picryl hydrazyl
radical(DPPH), potassium ferricyanide, sodium carbonate, potassium
persulfate, 6-hydroxy-2,5,7,8-tetramethlychroman-2-carboxylic acid
(trolox), folin & ciocalteu’s phenol reagent, 2,4,6-tris(2-pyridyl)-
s-triazine(TPTZ), 2,2'-azino-bis(3-ethylbenzothiazoline- 6-sulfonic
acid) diammonium salt(ABTS), Dexamethasone, 3-isobutyl-1-
methylxathine (IBMX), insulin, Oil red O (ORO) 5+ Sigma-
Aldrich Co.(St. Louis, MO, USA)O|A] F£d5to] ARE-5F AL
Bovine serum, penicillinstreptomycin, Dulbecco’s modified Eagle’s
medium3} trypsin - ethylenediaminetetraacetic acid= Gibco
(Gaithersburg, MD, USA)O| A 45} AREsHTt.

2. & HE Y EEEL0|E &2 2N
3 ol BHE Na 50O HHE AFslol 2H
t}. BRM1, BRM2, BRM32 7+ 1 mL® 35t &, 2% sodium
carbonate 1 mL2} 10% Folin-Ciocalteu’s reagent 1 mLE &7}
sto] Estal 1A 59 daofA vHEAIF ¥ &
microplate reader(Spectramax i3, Molecular Devices Co.,
Sunnyvale, CA, USA)E AR&-sto] 750 nmoj| 4] 825 57
Stelth #REEHE gallic acids AME-SHo] 23S & AT
-41(y=16.901x-0.0416, R2=O.9982)9_§1?—E1 S A4S

ot & EdtE L olE T2 Moreno 5(2000)9] BHH-E&

[0

%

l_‘
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sto] £45k3{th. BRMI, BRM2, BRM3 7} 0.5 mL¥ 3] &
F<= 2.8 mL, 1 M potassium acetate & 10% aluminum nitrateS-
H7VetaL Aol A 303t ¥HSAIF S ¥HS
readerE AFESH] 415 nmo A SFEE SH6IUH. E2E
A& Querceting ARE-35l0] HE AT I41(y=3.245x - 0.006,
R*=0.9998)& 245kl kg AL

- microplate

o

3. Ehtst gty

DPPH radical 2752 Cho 5(2011)9] WIH-&
=235} th. BRMI1, BRM2, BRM3 Z+ 0.2 mL& 3] 0.0004
M DPPH AJ9FZ 0.8 mL YW1l 3ot SEE-2 U440
A 1087F ¥H-8-A]7] 1L microplate readerS ARME-5}9] 517 nm

oM FBEE S5t oH, tha At el 9ste] DPPH
radical 275 F5F9 T
L AExper‘Lmétnt
DPPH 2 2 2715 (%) = | 1— — P < 100
control

ol

2

ABTS radical 2752 Choi 5(2022)9] ®HE &35}
T}. 2.45 mM potassium persulfateﬂ]— 7 mM ABTSE &3}5}a]
Aaof| A 1647t Tt ¥H-EAIA radicalz FJAIZIH. o],
S3ES 734 nmof| A G grol 0.70£0.027} H =& 34
519t} BRMI, BRM2, BRM3 - 10 uL% %3] ABTS &
| mLE H7bsto] AF2oIA 62 NS AR ol % NS BS
microplate readerZ ©]-85}] 734 nmoj|A] —aa‘rE—E—' 243519
I 2 Ak o] o]t ABTS radical £752 oAt

AExperiment

X
A 100

ABTS #t)Z+

contorl

i7ﬁ(%)=( -

FRAP &4 242 Benzie & Strain(1996)2] i< 115}
2t} 300 mM sodium acetate buffer(pH 3.6), 10 mM TPTZ I
20 mM FeCl;-6H,OZ 10:1:19] H| &2 Z3lst 89 1.5 mLe}
50 uLA F sk BRM1, BRM2, BMR3 181l %5 150 uLS
X o] 37T A 487 YFSAIZ T} B8 &, microplate reader
2 olgslol 593 molH FHES ZHskck

Reducing power= Yen & Duh(1993)2] WlHHo] u}e} =43}
%th. BRMI1, BRM2, BRM3 Z+ 0.1 mL, 200 mM sodium
phosphate buffer 0.5 mL % 1% potassium ferricyanide 0.5 mL
£ 5355ho] 50 Cof| Al 2087F BF2-A]71 & trichloroacetic acid
0.5 mLE 7}5kch 9 89S ¥AAEE]7](Hanil Science
Industrial Co., Ltd., MICTRO, Daejeon, Korea)S ©]-85}0]
L790+¢2 1087 QAIEIsto] 459 05 miL 23] 37 5
2205 mL, 0.1% Tron(ll) chloride 0.1 mL9} ZF}T

oo,
N
ek
k)
HN
oA
ro
o
i
Mo
fol
to
R
N
¢
&

microplate readerS ARE-5F0] 700 nmof| A S EE =45
ORAC value2 BRM1, BMR2 ¥ BMR3E- 75 mM phosphate
buffero]] =50 peroxy radical®] A§/dx} AHo] wE fluorescent
o g€ Jsiolch KISt kTS LA A
AAPHE AF3}91T, Ou 5(2001)°] HPHS S-851a] ORAC
valueE 7153t EEEEL troloxE /\}%—0}%‘3}- Alge
75 mM phosphate buffer(pH 7.4)E o]&35to] ==H=Z A X5}
11, 18 mM AAPHE 37CoA 158 B9 wFx|sl9ct 1 &
40 nM fluorescein 150 pLojl A& 25 uLE €3 HF=Z AAPH
25 WL2 F7HSHct 2451 A shaking o137 FHEHY
TARE FBELY Fd $E5 37CoA 0& FACET
13]) 485 nmol| Al AA7F SEFE7E H AL 530 nmof| A W E]
Al A7 sto] S5t ié%’éi ARG trolox®] FEE
0.625,1.25,25, 5 2 10 pMZ 3191, A|F9] A3 52 trolox
equivalents® HH5}1L A|F O] the area under the curve(AUC)S
FETA(y=1.3342x+0.3955)0]] 9J5f AL k5t

4. 3T3-L1 MZH{ I =35t

3T3-L1 A3+ American Type Culture Collection(ATCC,
CL-173, Manassas, VA, USA)ZXE] Jujsto] AME35}TH
3T3-Ll= ASEH o] 9 24-well 2 96-well plateo] Z+2+
1x10° cells/well-S seedingSt 5, BS(10%) 2 P/S(1%)S A7}
3 DMEM(89%)°1| 4] 100% confluence®f] Z=2gt wj7}A] vjoF
Stelth o258 F 29 &, AYAE E3HE £EH(0.5 mM
IBMX, 1 1M DEX, 1 jig/mL insulin), FBS(10%) = P/S(10%)=
H7F3 DMEMS 7} wello] H2jto] AAPMAES 2
EE BBREE S19ITk AMAIE EoKday 04 B8t 95 oy
Z]o] BRMI, BRM2 2 BRM3Z 400 png/mL® A 2]st91, &F
A ) Z1-(positive control) . 2= 7FE AL o} ZFE X]o} 100 ug/
L2 Aelstol Bl ESIgIch ALY Bohe HhaE B
AL A5t o2 29uttt 10% FBS, 1% P/S ¥ 1 pg/mL
insulin® A 7}5F DMEM &, 835}8-4] H|X & F7}5t] 69
FoF Bobel S SAISIRA AT ROSS] A HE
Bt AZ AgolH ARe] ABEE Kwon §
(2021) ¥ Ghasemzadeh 5-(2018)9] A& a5t A=
o] et o mA Azgd slso] 23 Aow
AHEE 400 pgml SES A5,

5. XTT assayE 0|28t MEZSMEI|

XTT {2,3-bis(2-methoxy-4-nitro-5-sulfophenyl)-2H-tetrazolium-5-
carboxanilide innersalt} assay kitS ARE-5Fo] 3T3-L1 A &Eoj
ot BRMI, BRM2 3 BMR39] A|Z5/d2 B7Fstio
3T3-L1 AFAZE 96-well plate©] seedingdlil 3} 6L ]
1 mLY] 2,3-bis-(2-methoxy-4-nitro-5-sulfophenyl)-2H-tetrazolium-
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5-carboxanilide (XTT) A| 23} 20 uL9] phenazine methosulfate
(PMS) A|9FS &35t working solution 4|5}t ZH]E
working solution2 H{Z] H1] 2] 20%Z Z} wello]l 71T
CO, incubatoroll A 4A|7F &<t H¥jget &, microplate reader
(Molecular Devices, Sunnyvale, CA, USAYS A&-5}0] 450 nm
o A9] FF& FollAl 690 nmollA 9] FFE Fre i A2E
S A4S EH(Furukawa 5 2004).

6. Qil red O stainingE 0|28t K|t S={ZF BHat

6% B2t 235} IS AZ 3T3-L1 AIZ W AFEHFS
EA35}32F BRM1, BRM2 @ BRM3E A 2|5}] 24-wellof| A]
o 59 B3HE 3T3-L1 A2 BiFAS A AL Bt
PBS(pH 7.4)5 Z} wello]l 500 uLA] 7}sto] 23] A 4513t
AlZ F 500 uL] 10% formaling 47151 ¥ 1 A-L0]4 SE
ZH A g H AASIAH. O F 55 10% formaling: 37k
SFAL 1AIZE o] A2 WAk e g2 EIHE 3T3-LI
Al 252 plateo]] IFAIZ . 10% formaling $H5] A|# 5t
7] 93} 60% isopropyl alcohol 84 500 LLE A& 5} A&
H A25S SAs] ARAIZT 6] A2 Azs2 v
2] A|Z3St Oil red O working solution(DDW : Oil red O = 4
1608 APAE Y SHE AP HRES TE5] A5k
o} 94 T 2R ARgS] TS 33) AHST SRS
Qb &S] AXAZH Al W S4€ A0S FATE Oil red
O 100% isopropyl alcoholS AREdlo] H&F EFA|7] &,
microplate readerE AME-5}0] 470 nmof| A SJEE =35I
th(Lee S 2012b).

(o))

7. NBT assay2 0|&gt ROS &2F &3

62 B9t 23} 4L A 3T3-L1 A E | ROS JAZHS
Z75t7] flsto] 24-wellol] £33} 3T3-L1 A Z9] E3}-F-A]
A& 25 A AT & Eo+E PBS(pH 7.4y 7+ wello]] 500
uLA H7ksto] 23] Al AT A& F 0.2% NBT &4 0.2
mLA 7t well vt} 71513 CO, incubatorQtof| Al 90E-7F vt
SAF . BH8o] £ ] 1 N KOH®} DMSOE 3:7% 23}
S}E&HE AHESHY] dark blue formazang 5T 8-S}
microplate reader® ARE-510] 570 nmOlA S EE £75
thH(Lee 5 2012b).

et

¥ R

8. SHAz|
£ 492 33 48 Agsiglon Bag EEuAs
TRl Aol Ayghe] diet SAAE B4 ~ZES
o] SPSS statistics ver 26.0(IBM Co., Armonk, NY, USA)E ©]
8510] RAsioiT). Bt 9914 B4 ANOVA A A|
P5}o] Duncan®] T} HP 775 (Duncan’s multiple range

ol B3] WSt B4 9 APIAE oA fat 247

test) O 2, G-9J4 p<0.05 $Fol A AATIFoH, AATA L=

Pearson®] A& AFA|4>(Pearson’s correlation coefficient)S

olgste] oS ErISHgnt.

=}
=

K

2D o

1. & HEs Y E220|= &2t

BRMI, BRM2 ¥ BRM39| 3 #|& 9 EtE o= 3
A= Table 13 Zoh & flE 2 EEELE gllic
acidg ARgste] 1 dFS AT & Hs gk
BRMI(8.51+0.05 mg GAFE/g) , BRM2(9.37+0.07 mg GAE/g),
BRM3(10.03+0.07 mg GAE/g)$= 0 & BRF9] H]-g0] &o} &4
& F ¥= o] 3716kt & St eo|E ke
FE2EE Querceting A& 11 g2 RIS & &
gH ol 3F 99A] BRMI(4.45+0.19 mg QF/g), BRM2
(5.22+0.24 mg QE/g), BRM3(6.25+0.12 mg QE/g)<=C.& BRF
9] H]go| ol T F EetEolE Fo] F76ll
Jun 52012y S0} 9 An|at -2 {0 oA w2
HE 3 4 EgtELolt TS Zrethl shgleH,
Cheigh 5:(2010)2 S1]73& &9 27X FE519S
F|df 7.08 mg QE/g9] Eeti 0|t S ZE=rtal B is)
%ch. whkA BRMI, BRM2 @ BRM39] & Hli&s @ Sk
o|E FgF WTl= BRF S w9 ZAOo= yoEr)

i

2. Ehitst gty
BRMI, BRM2 4 BRM39| 3h4te}t & B7h= ohdet in
vitro =@ (DPPH radical 7], ABTS radical 4~7%, FRAP,

Table 1. Total polyphenol and flavonoid contents of
BRM1, BRM2, BRM3

Total phenolic content Total flavonoid content

Sample (mg GAE"Jg) (mg QE”/g
BRM1" 8.5120.05° 4.45+0.19°
BRM2? 9.37+0.07° 5.22+0.24°
BRM3Y 10.03£0.07* 6.25+0.12°

Y Brassica juncea extract and black rice bran fraction were mixed
with 2:8 (v/v) ratio.

? Brassica juncea extract and black rice bran fraction were mixed
with 5:5 (v/v) ratio.

3 Brassica juncea extract and black rice bran fraction were mixed
with 8:2 (v/v) ratio.

9 Galic acid equivalent content.

% Quercetin equivalent content.

“Means£SE within same column with different superscript letters
differ significantly at p<0.05.
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Reducing power, ORAC value)S ©]|-&-5}o] =759 th. DPPH
radical AA%59 AL Fig. 1A) FAAUYZRLFLCoRE AREH
ascrobic acid= 42.03~74.64%= YEF S ™, BRMI1, BRM2 9
BRM3OJ| A ZFZF 38.12+1.63%, 43.45+1.39% % 48.93+1.11%9]
DPPH radical 2442 H Yt} ABTS radical A2759] 73
Qo= DPPH radical 2453 SASE A3S HAth(Fig
1B). BRM1, BRM2 Y BRM39] ABTS radical &7%52 27+
18.02+0.16%, 18.88+0.27% X 20.25+0.02%°. % LEF} BRM3
oA 7 &2 A4S &S YEFH T Reducing powerQ]
74 9o = BRM3, BRM2, BRMI £©° 2 BRF9| H|E0°| =&
5 A4S o] FoH o g F7tslith(Fig. 1C). FRAP
9 A] DPPH, ABTS ¥ reducing power?] Zi}e} 22 F3-S
YERATHFig. 1D). 31, 49] Mg #heisto] APPH
2 Asf AAdH peroxyl radicalo] FALSIEA O] o) FF=
7k At A8 AHgSlel BB B S ORAC
wsay®] 39 AR e VO Aol BE4E G
40| 45t decay curveE WEH=H] Fig. 1E= At
0E2 SEEST EFELE AT trolox?] FFEZHS] 7
25 YeERd Aotk & toloxZ2RE HE HY JFA(y=
1.3342x+0.3955, R2=0.9948)—% A5t BRMI, BRM2 2
BRM32] ORAC valueE =735t 21} BRM3(26.34+£0.11 uM
TE/mg), BRM2(23.65£0.99 1M TE/mg), BRMI1(19.41+1.07 uM
TE/mg)= 0 & LR

BRMI, BRM2, BRM39| & EdH5, SetH ol 3
3} c}oFet in vieo 2O 0] FHAts) B 2ke] S
B AT Table 29} 20} ¥ BeiulET} st 94
7He] AL R*=0.723~09568 =2 ¥ WAZS Vet
o, & ZgtHo]=9] HQo|x R*=0.787~0.9240 % =
© ool BAE LEgct. oloh e ATHE 2 i, BRMI,
BRM2, BRM3S| 43t SH4S Eellis 9 Eehiicos
T E4A 7t Ao E WHEH

off

rl

3. MIZ=MET}

Bioreduction® Z7}A]17]7] 938l XTTo] PMS(phenazine
methosulfat)E A 7}5F11 A|Eof| XTTS PMS9] &35S A
2|51 AtolQl Af| 3L 2] mitochondrial dehydrogenase©] 2]3}
XTTY] tetrazilium ring®] &3} =] 1L formazan crystalS 345}
Al Hct. /3% formazan crystal> $=8-H0] o} LM
A SchAdan 5 2016). 0] =THEE ELISAZ Z745t0] 4]
= 5 57}o] ol BBHHLE. XTT £40] I3} 400 pgiml. &
A= LA NESA T FH HIPF BEEA] 2ok
ThFig. 2). kAl 400 pgml FE= sto] SEE9] FH|T
24 Hrbstat

A
fol
to
AL
N
'

4. Qil red O staining2 0|28t At S&2F 2H&
BRMI, BRM2 ¥ BRM39] A|HA L £} oA a5 &
Q157 flste] Oil red OF B0l AFS H2MOE FAA]
7|13 -8&5t0] 3T3-L1 APAZ f BAEE S8ATY &=
43t A= Fig 33} 2t} th2H(con)ol| H|SH FHET
Al ZFEA| Yo} ZHEA]oF 100 pg/mL A 2ol Al 42.89+3.94%
2 AE W Xd FFH7Fo] A5ty BRMI, BRM2 Y
BRM3 & &0l A ZHzF 90.03+0.69%, 88.67+0.75% L 71.75+
436%2 NE W A& S0 27 vl FoHow
A5kt BIRkE A EA| o] 23 1Y F AlE Y
F8Aol HHE o= TAYskaL o] et A A 71H
o] 24 9 BNk A 4= Arh(Chen & Farese 2005).
Aranaz 5(2019)°]] W= PPAR y $8A4= A8k AL A
Aol 1€d e 2Eote 58S gdote=t, &9
H&2 PPAR y &A1 AT ZHgsto] A AAAHY 27
GAE JAFeEN A B 714E 2T BuE
v} 9lct. whebA, BRMI, BRM2, BMR39] A& %2 o] &}
= E9de ¢ ZgE wo|Eo} 72 e 4o 719"
Ao =2 Azteln, BRM39] EjulE gHgol 7 &9 W&
o A A AA &} T3t =UA Ao FWHH o] gt
A= v F2EY A 2 AR E3to]| s A
3t Yoon 52012)2] Ao} FATH HFES UEHH AT

Y

e}

—_—

5. NBT assayZ 0|2st ROS &2 &3
APAE W 528 ROS= NBT &3} w50} dark

blue formazan2 Y AJstcl. AA= dark blue formazanS 8=
sto] Al W AB/" ROSY ¥ ST 4 Uthlee &
2021). 3T3-L1 ¥3} ¥4 % BRMI, BRM2 2 BRM3 2] ROS
A/ AA] A NBT assayE A8t 43 A= Fig.
49} 2o}, g 23t (con)o]l HIS] FAHRER 7FEAY o} 7H
HXZJo} 100 pg/mL A FoA 51.95:1.13%2 FojHo=z
ROS A3/d7Fo] 7r4s}% 1l BRMI, BRM2 2 BRM3 A 2|9
A 242k 91.67+3.21%, 89.45+3.05%, 84.26+5.44%2 TE H35}
H[ g A ti2to] Hls) f9JH 0 & ROS /%ol st
k. Lee 5-(2009b)] Aol oJ5hH 3T3-L1 AlZofA T4k
SHA|9] A2 & Qlsl PPAR yO] Wdo] AaE1l, ApHog
APA| 0] 3L oA 9 ROS BT 4 A3t Yepd
0y 23 up Qlok wEbA] B Lo A= BRMI, BRM2,
BRM32] ROS 34 24| &3+= BJES} BRF E3HE9] FAls)
g gt Aoz woE)

OOk Ol
g

of al A=

¥ AFE BIES BRF T2 FASt B4, A9 57
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Fig. 1. Antioxidant activity of BRM1, BRM2 and BRM3 and ascorbic acid (ASA). (A) 2,2-diphenyl-1-pic-rhlhydrazyl (DPPH)
radical scavenging activity, (B) 2,2’-azino-bis (3-ethylbenzthiazoline-6-sulfonic acid) (ABTS) radical scavenging activity, (C)
FRAP activity, (D) reducing power, (E) Decay curve of fluorescence in the presence or absence of samples, (F) Radical
scavenging activity of BRM1, BRM2 and BRM3 expressed as Trolox equivalents. Each value is expressed as the mean+S.D.
of triple determination. The other letters on the bar indicate a significant difference of p<0.05 in the Duncan multi-range test.
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Table 2. Comrelation coefficients among total phenol content (TPC), total flavonoid content (TFC), DPPH radical scavenging
(DPPH), ABTS radical scavenging (ABTS), FRAP, reducing power (RP) and ORAC vale of mixtures of Brassica juncea

and black rice bran

TPC TFC DPPH ABTS FRAP RP ORAC
TPC - - - - - - -
TFC 0.917™" - - - - - -
DPPH 0.944" 0.910™ - - - - -
ABTS 0.956™ 0.924™ 0.972" - - - -
FRAP 0.723™ 0.858™ 0.768" 0.824™ - - -
RP 0.779" 0.787° 0.870" 0.817" 0.821 - -
ORAC 0.928™ 0.923™ 0.896™ 0.951™ 0.776 0.724" -
Significantly different at "p<0.05, “p<0.01.
120 E: A k
g /> ( /‘ @ W @

Relative cell viability (%)

GAR
100 pug/mL

BRM1 BRM2

400 pg/mL

BRM3

Fig. 2. Effect of BRM1, BRM2, and BRM3 on cell
viability on 3T3-L1 preadipocytes. Each value is expressed
the meantS.D. of the results from five different plates

(n=5). Statistical analysis was performed using the one-way
ANOVA (p<0.05).

o] 8 ROS A4 oA AL BISHGTE F v @ Ee
H1-o]EX BRM3, BRM2, BRM1 £0& =2 315k LjE}
W9lom, o]o] w2} DPPH radical &A%, ABTS radical &7
%, FRAP, Reducing power, ORAC value?} ZH-2 A4S 2.4
o4 FUT 7S ek gict. Ak £41 A3, g
3t 42 Euls 2 E9E 0|t T EH0A 7IQlsk=
AL & ek 3T3-L1 AZ0fA] 400 ng/mLs=2] BRML,
BRM2, BRM3E A Z51%& W AZBEE] IdF= vAA
2%, Oil red OF ©]&3t Zl‘**ﬂi 3+ 94 ai=
BRM1, BRM2, BRM3 AnRsS g ]/\1 _n_‘,]x-lo] x]xl;‘«;QOJ
Al a7F e on o= EdHs 9 ETtE o|tet &
L2 A 229 93RS Hke Aoz muEch Ef,

BRM3OJ| A 71.75#4.35%=% 71 @2 A4 =4S YUY

¥z 3

120

100

®
o
T

Relative lipid accumulation (%)
3

GAR
100 pg/mL

BRM1 BRM2 BRM3

400 pg/mL

Fig. 3. Effect of BRM1, BRM2, and BRM3 on lipid
accumulation during adipogenesis of 3T3-L1 preadipocytes.
Oil red O staining at day 6. Lipid accumulation determined
by optical density at 490 nm. The result is presented as the
mean+S.D. of 3 independent in triplicate. Bars with different
letters indicate significantly different at p<0.05 by Duncan’s
multiple range test.
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Fig. 4. Effect of BRM1, BRM2 and, BRM3 on ROS
production during adipogenesis of 3T3-L1 preadipocytes.
Dark-blue formazan was dissolved and the optical density
was determined at 570 nm. The result is presented as the
mean+S.D. of 3 independent in triplicate. Bars with different
letters indicate significantly different at p<0.05 by Duncan’s
multiple range test.
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Abstract

The purpose of this study was to analyse factors related to Home Meal Replacement (HMR) use among university students and
to determine the dietary quality according to its consumption. A survey on the consumption of HMR and Nutrition Quotient (NQ)
was conducted from September to November 2021. The study included 232 university students (88 males, 144 females) from
Chungcheong. The proportion of consumption at least once a week was 71.55% for ready-to-eat foods, 55.60% for ready-to-cook
foods, 40.95% for fresh-cut products, and 21.12% for meal-kits. The preference ratings were as follows: ready-to-eat foods, 3.77
out of 5 points, meal-kits, 3.53 points, fresh-cut products, 3.52 points, and ready-to-cook foods, 3.45 points. In terms of satisfaction,
convenience (4.06 out of 5 points), taste (3.71 points), variety (3.67 points), and food hygiene (3.62 points) were rated the highest.
The scores in the moderation NQ were significantly lower in the groups that consumed ready-to-eat foods (p=0.0002), ready-to-cook
foods (p=0.0002), and meal-kits (p=0.0068) at least once a week compared to the groups that consumed them less than once a week.
In conclusion, the results will serve as basic data for nutrition education for proper consumption of HMR among university students.

Key words: home meal replacement, dietary quality, nutrition quotient, university students
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E71E)& ESHTMinistry of Food and Drug Safety
2021). TA 0]l QAAEIE Al Z(instant food)o]} Ea|d 717t
BAS AF0) AAFAL 2751 A 87 g
Skal, Wol/dof vt I Tt AlF NS Boto] 4|
=9 9715 FFA7)= HFoz LA Uth(Lee
DY 2017). 284 AS7HA] RE 7FPE 7 HA] 3 A3
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gt 2271 AAE I JthKim 5 2021; Lee 5 2022a). H
oy EAIE U SHxeIAE] JUYAE VFS BAT
TolA= @ ] HEFo] AT ol &FEol AN
o, Ack e, B TAE, SAZAFTE A7
P& Folut Hopeh Halgt 8t SZlE}(Lee 5 2022a).
EG P B % - - IR 191 AR 24 9
AFYY IPYHE AT AN LERl e
o8-S HATHKim S 2021). 20~30t] 4ol tjAto g ot
Park 5Q019)9] Q0] T ZAHAAE 242
29| 7R HA A Hix 9 7| S vlEASHA] kL A
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HH A Hokel Al EA PEE AR At Uy
A AldiollAl 219 F Hig H|Fo] ZA F7lsHoH,
o, Y5AE, 7P 5 S AR vt S0t
3t EAS HQl v} Qth(Lee & Kim 2021).
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Control and Prevention Agency 2022). £3] st A7 ¥
S} 2 9 WA el VLTS, of2ulolE, A &

H] 59| Thoret THITEY] o] §2 AARAIZto] B AL,
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B 7oA SAS program(Ver. 9.4, SAS Institute Inc.,
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A, 7P EA Y] 13 A3 WEo] mE 3t Aol
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A= AA ALY B9 A d5.26%)7F 7 BwkeH, 11

SO0 & 7]4AK38.36%), AR (15.52%)29] <=0]A 1L, FeHAY
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Table 1. General characteristics of the subjects

Male (n=88) Female (n=144) Total (n=232) X2 or ¢ value (p)
Age (yrs) 22.60+1.80" 20.57+1.64 21.34+1.97 8.83 (<0.0001)
Body mass index (kg/m®) 23.7643.16 21.14+2.96 22.1343.29 6.38 (<0.0001)
Obesity degree
Underweight 2(2.27)? 28(19.44) 30(12.93)
Normal 37(42.05) 80(55.56) 117(50.43)
. 28.4753 (<0.0001)
Overweight 24(27.27) 18(12.50) 42(18.10)
Obesity 25(28.41) 18(12.50) 43(18.53)
Residence type”
Home 18(20.45) 18(12.50) 36(15.52)
Dormito 17(19.32 72(50.00 89(38.36
ry' ¢ ) ¢ ) ( ) 23.9528 (<0.0001)
Self-boarding 51(57.95) 54(37.50) 105(45.26)
Etc. 2(2.27) 0(0.00) 2(0.86)
Monthly allowance (thousand won)
<200 16(18.18) 26(18.06) 42(18.10)
200< and <300 13(14.77) 23(15.97) 36(15.52)
3.4998 (0.3208)
300< and <400 15(17.05) 38(26.39) 53(22.84)
>400 44(50.00) 57(39.58) 101(43.53)
Smoking status
Current smoking 27(30.68) 4(2.78) 31(13.36)
Sometimes smoking 5(5.68) 6(4.17) 11(4.74)
. 40.5701 (<0.0001)
Past smoking 7(7.95) 7(4.86) 14(6.03)
Non-smoking 49(55.68) 127(88.19) 176(75.86)
Frequency of drinking
None 8(9.09) 13(9.03) 21(9.05)
<1 time/month 10(11.36) 31(21.53) 41(17.67)
1 time/month 15(17.05) 17(11.81) 32(13.79)
) 6.6331 (0.2494)
2~3 times/month 27(30.68) 51(35.42) 78(33.62)
1~3 times/week 24(27.27) 28(19.44) 52(22.41)
>4 times/week 4(4.55) 4(2.78) 8(3.45)
) Meanztstandard deviation.
2 n (%).

) Analyzed by Fisher's exact test.

o NS HGTHp-0.0244). WAL WA HHSHE 2B 2AE An 34 Mtk §
B ATHIAISY 7Pgrma) 43 Ueol e Ak 3 HRe] s5.60%z 7HE RO, 1 thee AT(34.05%)
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ASAQ1I12%), H@431%)] ol glow], Fo Fat el MFIThL S ¥ Lo] FYHOE EUTHp-0.0012).

ol 6121% 7V welth MWL 22 4ASE 71 B Q7014 HH WESL 22 A0E tehd ZPgiay
Ut HH@09%). AHUGT0T%), oFIOI%S] £O2 L 9 §FL ZHNINE L AR FoIom, F2 7

Bhon, A5 dae Hol 8.62%= 7P gtk 7t AREAES Atk 7UEE AH@095%), FE He &
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Table 2. Intake frequency and preference of home meal replacement (HMR) in the subjects

Male (n=88) Female (n=144) Total (n=232) X2 or ¢ value (p)
Intake frequency
Ready-to-eat foods
>5 times/week 7(7.95)" 4(2.78) 11(4.74)
3~4 times/week 16(18.18) 27(18.75) 43(18.53)
1~2 times/week 45(51.14) 67(46.53) 112(48.28) 6.5260 (0.1632)
1~3 times/month 17(19.32) 32(22.22) 49(21.12)
None 3(3.41) 14(9.72) 17(7.33)
Ready-to-cook foods
>5 times/week 6(6.82) 6(4.17) 12(5.17)
3~4 times/week 13(14.77) 16(11.11) 29(12.50)
1~2 times/week 28(31.82) 60(41.67) 88(37.93) 4.9098 (0.2967)
1~3 times/month 16(18.18) 33(22.92) 49(21.12)
None 25(28.41) 29(20.14) 54(23.28)
Fresh-cut products
>5 times/week 0(0.00) 6(4.17) 6(2.59)
3~4 times/week 10(11.36) 10(6.94) 20(8.62)
1~2 times/week 18(20.45) 51(35.42) 69(29.74) 11.5087 (0.0214)
1~3 times/month 23(26.14) 34(23.61) 57(24.57)
None 37(42.05) 43(29.86) 80(34.48)
Meal-kits”
>5 times/week 1(1.14) 3(2.08) 4(1.72)
3~4 times/week 6(6.82) 0(0.00) 6(2.59)
1~2 times/week 10(11.36) 29(20.14) 39(16.81) 13.3466 (0.0074)
1~3 times/month 23(26.14) 43(29.86) 66(28.45)
None 48(54.55) 69(47.92) 117(50.43)
Preference”
Ready-to-eat foods 3.85+0.74Y 3.72+0.80 3.77+0.78 1.24 (0.2159)
Ready-to-cook foods 3.4440.88 3.45+0.91 3.45+£0.90 -0.07 (0.9465)
Fresh-cut products 3.3440.86 3.63£0.97 3.5240.93 =2.27 (0.0244)
Meal-kits 3.48+0.97 3.56+0.95 3.53+0.96 =0.60 (0.5469)

Y n (%)

? Analyzed by Fisher's exact test.

3 Measured by 5 Likert scale (1; strongly dislike, 2; dislike, 3; neutral, 4; like, 5; strongly like).

9 Meantstandard deviation.
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Table 3. Eating behaviors related to HMR" of the subjects

Male (n=88) Female (n=144) Total (n=232) X2 value (p)
Reason of HMR use?
Convenience 57(64.77)° 104(72.22) 161(69.40)
Promptness 23(26.14) 26(18.06) 49(21.12)
Taste 3(3.41) 7(4.86) 10(4.31) 8.7845 (0.0688)
Variety 5(5.68) 2(1.39) 7(3.02)
Nutrition 0(0.00) 5(3.47) 5(2.16)
Place to buy HMR
Convenience store 54(61.36) 88(61.11) 142(61.21)
OTlhne shopping 21(23.86) 20(13.89) 41(17.67) 72390 (0.0647)
Big mart 12(13.64) 27(18.75) 39(16.81)
Supermarket 1(1.14) 9(6.25) 10(4.31)
Intake time of HMR
Breakfast 10(11.36) 13(9.03) 23(9.91)
Lunch 41(46.59) 54(37.50) 95(40.95)
Dinner 26(29.55) 60(41.67) 86(37.07) 4.0759 (0.3958)
Inter snack 5(5.68) 10(6.94) 15(6.47)
Night eating 6(6.82) 7(4.86) 13(5.60)
Intake place of HMR
Home 64(72.73) 72(50.00) 136(58.62)
School 14(15.91) 41(28.47) 55(23.71)
. 15.8677 (0.0012)
Convenience store 9(10.23) 15(10.42) 24(10.34)
Others 1(1.14) 16(11.11) 17(7.33)
Person to eat HMR together
Alone 51(57.95) 78(54.17) 129(55.60)
Friends 28(31.82) 51(35.42) 79(34.05) 0.3505 (0.8392)
Family 9(10.23) 15(10.42) 24(10.34)

Y HMR: home meal replacement.
2 Analyzed by Fisher's exact test.

1 (%).
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Table 4. Satisfaction and importance of buying HMR" of the subjects
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Male (n=88) Female (n=144) Total (n=232) t value (p)
Satisfaction of HMR
Taste 3.68+0.707% 3.72+0.74 3.7120.73 -0.41 (0.6822)
Nutrition 3.28+0.88 3.0740.72 3.15+0.79 1.93 (0.0560)
Freshness 3.48+0.84 3.37x0.75 3.41+0.79 1.02 (0.3078)
Food hygiene 3.65+0.73 3.60+0.67 3.6240.69 0.54 (0.5911)
Variety 3.66+0.76 3.67x0.77 3.67+0.77 -0.14 (0.8889)
Convenience 3.97£0.67 4.11+0.78 4.06+0.74 -1.45 (0.1470)
Price 3.33+0.94 3.4440.76 3.40+0.84 -0.97 (0.3360)
Quantity/bundle size 3.48+0.84 3.46+0.74 3.47+0.78 0.18 (0.8576)
Importance of buying HMR
Taste 4.3840.73 4.49+0.68 4.45+0.70 -1.25 (0.2137)
Nutrition 3.51+1.03 3.4440.85 3.47+0.92 0.57 (0.5723)
Freshness 4.13+0.81 4.18+0.74 4.16+0.76 -0.54 (0.5924)
Food hygiene 4.30+0.76 4.43+0.71 4.38+0.73 -1.37 (0.1711)
Variety 3.90+0.91 3.90+0.81 3.90+0.85 -0.04 (0.9651)
Convenience 4.26+0.73 4.21+0.77 4.23+0.76 0.52 (0.6064)
Price 4.20+0.78 4.20+0.79 4.20+0.78 0.03 (0.9763)
Quantity/bundle size 4.08+0.85 3.83+0.89 3.92+0.88 2.14 (0.0331)

Y HMR: home meal replacement.
? Meanzstandard deviation.

9 Measured by 5 Likert scale (1; strongly dissatisfied or not important, 2; dissatisfied or slightly important, 3; neutral, 4; satisfied or important,

5; strongly satisfied or very important).
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Table 5. Comparison of nutrition quotient (NQ)" scores among groups according to the use of HMR”

Use of HMRs

- - Total t value (p)
>1 time/w <1 time/w
n 166 66 232
Component scores
Balance 22.18+13.06” 24.84+14.02 22.94+13.37 -1.37 (0.1712)
Reagy'éo'eat Diversity 51.90+17.36 54.15414.84 52.54416.68 ~0.93 (0.3548)
o® Moderation 64.17+11.59 70.49+11.71 65.96+11.94 ~3.74 (0.0002)
Dietary behavior 45.99+15.42 49.51£11.84 46.99+14.56 ~1.87 (0.0638)
Total score 46.99+9.71 50.80+8.53 48.0849.53 ~2.78 (0.0058)
n 129 103 232
Component scores
Balance 23.23+13.75 22.57£12.92 22.94+13.37 0.37 (0.7125)
Readg'tz'co"k Diversity 51.3516.87 54.04+16.41 52.54+16.68 ~1.22 (0.2238)
0" Moderation 63.35+10.91 69.24+12.42 65.96+11.94 ~3.84 (0.0002)
Dietary behavior 46.9115.42 47.08+13.48 46.99:+14.56 -0.09 (0.9294)
Total score 47.08+9.76 49.3349.11 48.08+9.53 ~1.80 (0.0736)
n 95 137 232
Component scores
Balance 27.33+13.66 19.89+12.31 22.94+13.37 433 (<.0001)
ir:jlu;‘;t Diversity 54.52416.71 51.17416.58 52.54+16.68 1.51 (0.1336)
Moderation 65.71+11.21 66.144:12.46 65.96+11.94 -0.26 (0.7917)
Dietary behavior 48.37+15.33 46.03+13.97 46.99+14.56 1.20 (0.2303)
Total score 49.90+9.46 46.81£9.40 48.0849.53 2.46 (0.0147)
n 49 183 232
Component scores
Balance 242741353 22.58+13.34 22.94+13.37 0.79 (0.4328)
Meal-kits Diversity 48.93+17.89 53.51416.26 52.54+16.68 ~1.71 (0.0882)
Moderation 61.88+11.99 67.06+11.72 65.96+11.94 ~2.73 (0.0068)
Dietary behavior 43.74+14.48 47.86:14.49 46.99:+14.56 ~1.76 (0.0790)
Total score 45.61+9.98 48.74+9.32 48.08+9.53 ~2.06 (0.0407)

D Average score of NQ in adults aged 19 to 64 nationwide (Ref. Lee et al. 2018).
Balance 38.6, Diversity 55.9, Moderation 67.1, Dietary behavior 47.0, Total score 53.2.

? HMR: home meal replacement.
) Meantstandard deviation.
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Abstract

Physicochemical properties and storage stability of plant-based alternative meat prepared with low-fat soybean powder (LPAM)
treated by supercritical-CO, and those of full-fat soybean powder (FPAM) were compared. Ash and crude protein contents were higher
in LPAM than in FRAM. Water absorption capacity and oil absorption capacity were significantly higher in LPAM than in FPAM.
Water binding capacity was higher in LPAM than in FPAM during a 20 days storage period at 5°C and pH was significantly lower
in LPAM than in FPAM after a 5~10 days storage period. Hardness, gumminess and chewiness significantly increased with the
increase in the storage period, and the three were significantly higher in LPAM than in FPAM after 10 days and 20 days of storage.
The acid value showed no remarkable difference according to the storage period in LPAM; however, it was significantly higher in
FPAM than in LPAM after 20 days of storage. The peroxide value and TBA value were significantly increased according to the
storage period, and were significantly lower iin LPAM than in FPAM during all the storage periods. Therefore, the use of low-fat
soybean powder may be effective in improving oxidative stability during storage in the production of plant-based alternative meat.

Key words: low-fat soybean powder, supercritical-CO,, oxidative stability, plant-based alternative meat, physicochemical

property
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zxlo] W5 9l7) W], A%, 9 % eHAA 2o
A aHAES] RFEE A%H0R S48 APOR 94|

%3 Qlth(van Vliet 5 2021).

FRe fHuEE ZEe sg¢dEolA okt 7H AR
o7 &85 Qe 55] thirs &d ko] oF 40%
e Mg 9o F 390 &8 =7 FHH(You
S 2020). of°] wte} = Tl FhaH|Eof et tfFE
DU FF 50%), T sSTH@HA FF 70%) H
o= Bl g 90%) 52 FEE o] o8HAL
A2 (Qin T 2022), &5F HAAR 717 wo] L-E= 11 3l
THAn DH 2019). o]e}zo] A&4 Thilld 59 o]3}ehA,
FLHA 2 7158 B4 RASOE 7Hs Al B 8
g FFE vA F Q= AoE BEarEo] QItk(Cho & Ryu
2022). SHA|RF tiF oA R A 2E A2 45 =2
A FFo & Qs A% H {-S2Hgoll Ao Atfj7t £
she, 2270] W3}, F HlEyY] B 528 VE A
Z |51 Hth(Christianson 5 1984). WehA] =5 o]
AEA dAlSS] Az Al AEA 9 950 49
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19] Aol S SHAI7IE AR Hilg v Qlrk(Lee
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1. &=

2 Aol ARE FRETS (F)THALA ] (Ever Healthcare
Inc., Icheon, Korea), 2FHL (F)H|X|FE(Vegifood Inc.,
Namyangju, Korea)oll A A|Z2H A FYsHAH. B 7}
ZE(Ohub, Seoul, Korea), TF & (Wooshin Food Co., Ltd.,

Icheon, Korea), OF2E= B2 (Wooshin Food Co., Ltd., Icheon,

AR A HiASe] olslehy #4549 9 A A 265

Korea) & Z43+(CJ, Shinan, Korea)2 AlEA TS A&
Ar-&-5kd Tt

2. MEY NS M=

1) iS22 X 33

o] A AAsH] flIste] 2UA olitabgta
(SC-CO,) &4 A (llshin autoclave Co. Ltd., Daejeon, Korea)
£ ARSI 58 A= FEX, £YE, 7R, o4t
steta ARRAE A A & 871= 2 L &9
AMESFR O, RE= HH Y 270 ofsto] 2AE
Ko FHARFLEA(TOR SF=U ALY 227t
AH 2221 60Tof| =gshd tiF2e 500 g& 5 871
o Y1 F&7]0] A5 olAEtEAE £k 99.99%E
AF8-513 L, AY-TE(CO, gas container)Z5-E| check valves
AR 219t T AEHIHP pump)ol] Ofsf 7HFE ATt o]uf o]
Absletas $RI50] F-53t @S WAISH] fsto] ¥4z
(coolen) & A A|5to] ol4itsterAao] 7|8kE *PA|sknt. 71y
F ol4tsteta= A9 24 7|(BPR)OY| 2J5to] o] 24w
R FEA ] o] Yo S FEXE olFH
ATh. 450 bar, 60COA] 10A]7F B hF=TY A= &
A &, 2JA o] AkstEr A micro-metering valveE -9
2l separator 1, 904 717] olttsebas Aoz B2
HAek EAEH AAY tFEEE - 18ToflA Eas] &L
Ao ARSI

2) A2 RIS ME

N84 BASLS Lee S2014)3 Shin 50149 FHL
Fustgon, 4z Fo| EEwe AAY g hrry
3 AR R TR Table 19] Hlglof e
BE ARE B SEL NET T 0] 5 em, 47 85
em] 2 HPENA AP o1F - 18TA 647
ol WZPAZ 2, ThA] ALLoIA 1412E ol e F 1 em
o koIt HER A2 T, 1000014 087 FAT AS
“A24 fAL AR teirk. olu AN g hrEY
H7hstol A2a A HASS FPAMY, A B
H7heto] AZt A4 AL LPAMOR 71

HHE A2 G AR AZ(I523FW, 3M, USA)

of ZAste] 5T 2087 Aot Ado] ARSI

2 AOACH](2000)0] et
FEUFE 105CoA 4% AR, RS 550C A
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Table 1. Production ratio of plant-based alternative meat
products prepared with full-fat (FPAM) and low-fat (LPAM)

soybean powder (Unit: %)
Ingredient FPAM LPAM

Full-fat soybean powder 29 -
Low-fat soybean powder - 29
Gluten 9.6 9.6
Tapioka-starch powder 24 2.4
Walnut powder 2.4 2.4
Almond powder 1.9 1.9
Salt 0.5 0.5
Water 54.2 54.2
Total 100 100

FPAM: plant-based alternative meat prepared with full-fat soybean
powder, LPAM: plant-based alternative meat prepared with low-fat
soybean powder.

toh
ot
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iy

12 auto Kjeldahl®, ZA|HH-S soxhlet &1
0% 77t 2eqr

AEA OAS9] MEE Lee 5(2014)2] HPHo|| whah A&
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3 A5 NS pH meter(Model 735P, Istek, Korea)Z 33] HHE
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Wakers Inc., USA)E o]&3}o] mulalal 187+ H2| A7) 1t
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FE 32 (%) = AHAEY 5 / A7 FA(g) x 100
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FAEFTE2 AR 1 g0 10 mLY 7hsahRE EFstal
127t voltex mixerE ©]-8-5tc] wWHISIGITE o] & HA|A ol H
ofl Al 103 BYAIZ]1 AL 3,249xgoll A 3027 LA EHAIH
ok 1087 FA|oto] ASHS 2t & JHAE9] SHE

SH) / A= FAl() x 100
@

A FE (%) = JHEY

5 H=z=2{ =™

AEA A8 H 2 (water binding capacity)= Cho &
Ryu(2018)2] ®H-& a1ste] A& 5 g ofIpA|of #pA] 4C
2 AA5E YAET]7](SUPRA22K 5, Hanil Scientific Inc.)&
o]&-5to] 3,000xgoll A 1083 st Bpge 4]
3ol whet Alitstde
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Mr 1
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-lOlA
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(©)
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QFRgE AxE A Sy 24732 45471
(TA-XT express 20140, Stable Micro Systems Ltd., Godalming,
UK)E 0]-8-5}0] 7 & (hardness), 334 (cohesiveness), 24
(springiness), 734J(gumminess) & %34 (chewiness)S =745}
ot Probex= SMS P/36R cylinderS #25}1 31, texture
profile analysis(TPA) mode©]| 4] pre-test speed 5.0 mm, trigger
force 10.0 g, post test speed 5.0 mnys, test speed 5.0 mm/s, test
distance 1.5 mm, test cycle 1.0°2.2 3}3T}. 335] o]A) HWHE-5}o]
B E YE Tk (Lee 5 2014).
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A= AFHE ()

AR 7= Lee 5(2019)9] WO wet A= 1 g2 &
aste] 200 mL 4HZERAT O Holal, EEEXE 10 mL
9} A 15 mLE AR &¢6tal KT 23R8 | mLE 715t
01 157F wHlst & 5E7F oo A ¥kS-A| T} of 7o =
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Al(5)0ll =t AAFsHAT
AR 7Hmeq/kg) = {(a-b) x F x 0.01/S} x 1,000 (5)

a: FAIH 9] 0.01 N NayS,05 -84 AA | (mL)
b: FJATE L] 0.01 N NayS,05 -&H| 27 2|(mL)
F: 0.01 N Na,S,0; &4 9] o7}

S: A& AF ()

TBAZ}= A& 5 gol 7.2%2] butylated hydroxyanisole 50 1L,
S5 15 mLE 7hste] &3 § of7A 1 mLo] 20 mM
TBA, 15% TCA 2 mLE 7}5to] & &38519th o] 90T 9]
3242 (BS-21, Jeio Tech., Daejeon, Korea)ol| 4] 1587t 714
SkaL glA|Alel oA 1027t Wdsto] 4T, 2,500xgo Al 15
27t AAEYSH. 1 e Fst 98 EA
(UV1900i, SHIMADZU, Japan)Z 532 nmo| A &34 & =74
519 9™, mg MDA/kgC &2 EFY QI TH(Shin 5 2006).

8. SAX2

2 ARAIE 3ol WHRAY AR re FRHEY
22 Yetf e, A3 Z3= SPSS 12.0(SPSS Inc., Chicago,
IL, USA) 219 o]-&5to] AbEstglon, A3 79
A AAL Student t-test L GAH[R] EAHEA (one-way analysis
of variance)S §t & p<0.05 9] 8-9]5=Z0f|A] Duncan’s multiple
range tests® AMEHYES ST

1. ke St Y M
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S(LPAM)° A LR < Y g ZA3H= Table 29} 2
o} S ESF2 FPAMI} LPAMZO] -9)37F gloith. 3 &
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Table 2. Proximate composition and color value of
plant-based alternative meat products prepared with full-fat
(FPAM) and low-fat (LPAM) soybean powder

FPAM" LPAM

Proximate composition (%)

Moisture contents 48.630.67” 48.80+0.90

Ash contents 4.32+0.01 5.08+0.03"

Crude protein contents 28.66+0.66 31.9340.82"

Crude fat contents 17.76+2.69" 8.10£1.09
Color value

L' 70.02+0.08" 67.94+0.26

¥ 2.87+0.16° 2.560.01

¥ 57.26+0.17 52.3942.90

! Refer to the Table 1.

2 All values are meantS.D. (n=3).

"Means with different superscripts in the different sample are
significantly different at p<0.05 by Student #-test.

Fol 71 A2 Ao AAR Qs 32 ggo] Al
2 Z71= ok Singh 5(2008) 2 Choi EH(2013)29] .11}
SAFSE 239t} ESE Kang 5(2017) ¥ Cho & Ryu(2022)9]
BTN fEREe] gX) 3HL AR 9 B Fx
£ /AT BaokE A3 AT
A R AR Y PERLL ALGotd A2E 4184 o
A S-(FPAM, LPAM)S] MT & E(L*) ESA E(a*) 2 AT
(0)E H|wE A7}, FPAMOIA )2 0= &2 ks B alrt
(Table 2). 2=/ HAlSOIA TEE= MY Hak= AA|
i FEEe Ao 7lE Aok i BE F 7t=H
ojEe} T2 A8/ M4 Aol A FoNA AAEHU
o Zo]g} Az th(Shafiur Rahman 5 2018).

2. pH

AA 2 AAY g F2gS d7lete] 42 Axe AE
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pHE B|at é#— Flg 13} 2t} FPAMO M= #3715
THA] A7} A7 20470 6247 fojHo g
Zads Byt LPAMQ A& 27]~10U717] Q-0]A 0l 3}

ol HolA okt A 271(0¢Ahel HFEEe A
o] WE pHE 6.27~6.300. 2 A&7k |92 99lou
A7 5~1087g0ll= LPAMS] pH7F ol oz W2 7ol
Adom, A% 159 o|Fols fFEde g4 fio] &
A7 AdTt
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Fig. 1. pH of plant-based alternative meat products
prepared with full-fat (FPAM) and low-fat (LPAM) soybean
powder during storage. FPAM and LPAM are refer to the
Table 1. "Means with different superscripts in the different
sample are significantly different at p<0.05 by Student
t-test. ““Means with different superscripts are significantly
different at p<0.05 by Duncan’s multiple range test.
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Table 3. Water absorption capacity and oil absorption
capacity of plant-based alternative meat products prepared
with full-fat (FPAM) and low-fat (LPAM) soybean powder

FPAM" LPAM
Water absorption capacity ~ 144.19+11.07% 187.2443 88"
Oil absorption capacity 195.90+2.49 214.16+4.25"

Y Refer to the Table 1.

2 All values are mean£S.D. (n=3).

"Means with different superscripts in the different sample are
significantly different at p<0.05 by Student #-test.

S 2006; Jitngarmkusol 5 2008).

wepd] $EE5E 9 §48452o] FPAMO] 1|5 LPAM
oA B &9k Zlo] HiFEEe] EX] 3H 2= QI8 LPAMC]
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= E=dl(Lin 5 2002), B2 tFH o] H4=2o] gyt ok
Hr} 258o] ¢ &9ktH= 2 3 (Samard & Ryu 2019y= €4
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Fig. 2. Water binding capacity of plant-based alternative
meat products prepared with full-fat (FPAM) and low-fat
(LPAM) soybean powder during storage. FPAM and LPAM
are refer to the Table 1. "Means with different superscripts
in the different sample are significantly different at p<0.05
by Student t-test. “®Means with different superscripts are
significantly different at p<0.05 by Duncan’s multiple range
test. NS: not significant.

d HAIS(FPAM, LPAM)Z 5Coll A 2087 A3 sh= &3 &
A 74-S 7 T (hardness), -3-3 4 (cohesivness), B2 4 (springness),
A4 (gumminess) A3 A(chewiness)O. 2 H| WSt A=
Table 49} Zch.
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H A gASS EAYE SHRIES F £l H7HE o
AlSof Hlsh A% ghgo] B Hlown, ojo wE Ak, HA

flo

2 QPP RoHoR wYtHe Hazt YEd|(Shin
2014), & Aol A LPAMS] e, A7 5 o] tha
SE Ax d= 5o A g HAGe] U= AR F
gt
tgor g2 oRRE P AANY 22
B7t5te] 89 B JFS
AP (Kim 5 2008), AR A FOA A1 oFeFe] g
£o| AL 27N RIHo 91E+<Muguerza
2002). =, &7 e Aot AT AW 25 29
OF HRSF L 9o, S5y Iy X|Hl 9l L5 o] &4
= Fastobet] 7]Q1gcH(Choi 5 2015). whekA] A i
B xﬂ = 2184 EHZﬂerﬂ/ﬂ A, %*é % el

L:ih‘ oln

0

]O]. \:ﬂ-O x47]-0].oq 71'71- zﬂ r:)‘_ /}_1'%
iﬂ-S,—(FPAM, LPAM) 5CollAl 2087 A% ot= B3t

L oJgke A yy@%ﬂ 4 TBAZIZ

H] 1 3t 75_#& Fig. 33} Zth 2124 4SS A5l 5
F A7h= FPAMO]A] A4 202 A3t Fofl $-9149 F7H2

9'1 U, LPAMZ A7|7o] w& 599217} Igict. di+
Babo] ghx] G3Lof whE AEA A8 A= A% 159
77}1] TS HolA] FShth(Fig. 3A). HHitetE7he A7
7ol Ao wal 9oHo7 ZrlE= Agko]| oL},
LPAMO| A= #4109 ©]% 3.33~3.83 meqkgl] &0 &
©.0]A 9] 2jo|E Ho|A| &okct SHH A& }_7](00‘X]-)01]
g2 g0 hE fR7F gllou, A 5Y o] FRE =
LPAMO| IHiFSHE7}7F FPAMOY| H]3] f-9)5oz yolrt
(Fig. 3B). TBAZ}= #HA4FeHE7He} ARG 3kl iet. FPAM
ol A= AF 152027 0] 2.43~2.80 mg MDA/kgC & -2]3}
7} 91glen, LPAMOIAE A% 5~208 7] 1.69~1.79 mg
MDA/kgO. 2 A%717k2] Zato] mhg FoJa7t et A
2 271(0¥82he] % A 717159t TBAZH= FPAMO|| A LPAM
of Hls| oA R &2 7ol Urh(Fig 30).

Ax o] FHE hFETS AFgoto] AxE FHo] H]
o 2R A hFRLS AR FROIAM A 5 A7 4
TASHETEY] o] GO0 g Uoked], ol ¥4 tiF
o] s A% 5 AFY ArlH ol FE N7 W'

olgtal 1% o] th(Lee 5 2019). ESF AA|R| Y A Z A
A7 e A RS 5~30% £20 2 259 W TBA
7t A ol Wordas fojFor FtEH It B
% AtH(Semeneh § 2021).
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Table 4. Texture attributes of plant-based alternative
meat products prepared with full-fat (FPAM) and low-fat
(LPAM) soybean powder during storage

Storage

days FPAMY LPAM
0 1,257.68+87.61? 1,515.284+300.48"
5 1,697.54+449.60°  2,033.92+319.37°
Hardness 10 2,029.92+174.75%  2,404.88+258.18™"
15 2260.824369.11°  2,600.26+393.32%
20 2,354.86x118.86°  2,961.90+285.74
0 1.00£0.03° 0.95+0.04™
0.95+0.02° 0.99+0.06
Cohesiveness 10 0.95+0.03* 0.97+0.04
15 0.94+0.02° 0.96:0.00
20 0.95+0.02° 1.00+0.02"
0 10.4120.02° 10.40+0.02"
10.38+0.02% 10.39+0.03
Springness 10 10.400.02" 10.36+0.04
15 10.380.02 10.38+0.03
20 10.35+0.02° 10.37+0.04

0 1,233.07+136.09°
1,573.714341.30™

Gumminess 10 1,934.54+148.40%
15 2,116.94+355.45°

1,580.60+478.24°
2,051.04+284.91
2,281.92+195.68"
2,527.17+326.43%

20 2,275.64+183.77° 2,903.57+243.54°"
0 12,424.77+1,734.43" 16,056.66+4,969.45"
5 15,802.45+£3,206.55" 19,714.23+2,242.37"

Chewiness 10 23,641.27+1,969.16™
25,157.87+1,807.31°

29,945.88+2,337.72%

20,092.25+1,034.23°
15 22,042.8143,776.36°
20 23,525.73+1,915.42°

D Refer to the Table 1.

2 All values are mean£S.D. (n=3).

"Means with different superscripts in the different sample are

significantly different at p<0.05 by Student #-test.

*dMeans with different superscripts in the same column of each
texture are significantly different at p<0.05 by Duncan's multiple
range test.

NS: not significant.

FA T AElA ARRIRMY S B7FsH] fisto] At
L FEAEAE e SHstEEN At J=9] Tt o]
|5 (Kim & Yun 1999), IA4HHE7H= 3toll 9§t Ud|st
ojt, AE, €A, dFE U oAHE 5 A It
& Aol EAHo|ng A% 271 Al HEo] Frto] o]
8571 9JtHDel Nobile 5 2003). TBAZ}= A4} 3he- A& 0]

SO = = - =
o - e - 297 RGP}
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Fig. 3. Oxidative stability of plant-based alternative meat
products prepared with full-fat (FPAM) and low-fat (LPAM)
soybean powder during storage. FPAM and LPAM are refer
to the Table 1. "Means with different superscripts in the
different sample are significantly different at p<0.05 by
Student #-test. ““Means with different superscripts are
significantly different at p<0.05 by Duncan’s multiple range
test. NS: not significant.
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4Bt B E= TELH SR T ST AR, 4
Fol AtgtE oo et AEH 0w F7tE7]
o A T AR B7tol anpEQl WRe
TH(Laleye 5 1984).

2 AFolA AEE tiASS] Al Al AREE dFEEY
22 34 5ol wet A% 1Y 5 4ieHE7E 9 TBATE
oflAl FJHRl ZpolE Hel AL Ur F9 A =k 9
ARl Ao woHh o2t A= tiF 2 294 dF
7HE= A7koto] Az 2o A% 1A T AR
ot TBAZZE A% 2719 BlF o2 F71E ke Kot
T FARE A3t} IEth(Lee & Kim 1987). &, A&7
A&l Az Al A ZHA 5= Trd 3bg, 3k
SHolA aeFolu, A H FeolA e AEAtst
lipoxygenaseS H|5£eF of2] A40] Zhgof o3t 4kehs] dst
£ "iAIsH] o= 9] AEY HRHAR]l FAEALE T4
Al FEZ(Wang 5 2001), 2] DA 34 5 o Al
EojA E-FA] 523 22lo] E 5 Ut

ol e An= £ uf A4 tiAlSol EAA " AA
R ZHEeL AEo ey F, 2279 4 U
Arlobg /g ol Sl 71ofst= Ao ERIH HE, A&
AA=ZA dFe B4 349 48 771 FE54 9 A%
d Fol $83% 8%0] Hi AR weHh

> op

2 ATolAs WA dFERES F7eE A8 diAS
(FPAM)T} 2 Q14| olAtstetag g A 2d AAY HFE
TS AR A4 dAISLPAM)S] ARHERA, Ak,
pH, TEEFE, fASTE, B8, 243 9 4B 4
B, M= FPAMOIA fofd o= woitt 7 &

¥ &F593 LPAMO] FPAMO] HIs| {28 os
4 dAISS 5CA 2087 Aol B <
LPAMOI| A 25 #7%47]7H5-9F FPAMETE #3137, pHE A
g 5~109 A7 Fof LPAMOA] 212 0 & Wgith 47|
ol e A, A4 92 HIAAGS A7l Aol
FJHoR F7tstlon, A% 109 & 2098°] LPAMO|A]
FPAMO] HI8] §-9]2 02 E3ith. A7F= LPAMO]A] #77]
2te) Ao e KAt igleH, A% 2094 B3 Fof
FPAMZ LPAMO] HIsl f-o# o8 =9t} IAtekert %
TBAZ}= A7471719] Z3tol] whet fojdor F7hE o
], LPAMO| 4 FPAMO] B3] {92 02 2 Aol rt.
B AFZT, AR tASY] Az Al 2YGACAISFEA A
2] AAY TS ARgste] AL diAlS Ax7t 7t

et
=

> fo

B =R dRATAT FHATALS AYQ02IRIA
2B5B01002210)1} 7] % AT (NRF-2021R1A6A3A01086896)
o] A ¢S wol £3% Atoln, ojo] FA=HYTt.
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A Study on the Sensory Characteristics and Consumer Preferences for the Development of
Food Menus Using Agricultural Products in Chungju
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Abstract

This study was conducted to select representative agricultural products (4 types of fruits and 4 types of wild vegetables) in Chungju,
define their sensual characteristics, derive suitable flavour-pairing and recipes for each ingredient, and use them as a cornerstone
in the development of menus. For the experiment, 10 experts were selected to choose 8 representative agricultural products in Chungju,
and 18 menus were selected through a flavour-pairing survey. A consumer panel (a total of 413 people, 105 in their 20s, 103 in
their 30s, 103 in their 40s, and 102 in their 50s) for evaluating the characteristics of consumer preferences was selected. After the
flavour-pairing survey ‘sweet taste’, ‘light flavour’, ‘soft flavour’, ‘savoury flavour’, ‘familiar flavour’, ‘harmonious flavour’,
‘softness’, and ‘harmoniousness with food ingredients’ were determined as drivers of liking, on the other hand, ‘disturbance with
food ingredients’ and ‘soybean fishy smell” were determined as drivers of disliking. The degree of consumer preference and overall
acceptance were found to be related to the consumers' familiarity, suggesting that if a menu should be developed using unfamiliar
local agricultural products, it should be configured with familiar recipes and seasoning methods.

Key words: agricultural products, menu development, flavour pairing, untact consumer test, principal component analysis (PCA)

M B2 A 5 A= AAH 2435} #g HES AAst] A

ks A4 3 4v] 4318 B3 A1 v EAHE R

NASE &8 AFAA HstR Qs did o g ghol A stA =3kl Itk (Ministry of Government Legislation
ot it 4= 5ol S7HsEA S4Bk 2021).

AH|7F Y15 AL Ath(Lee T 2013a). -2 HE}of| A= 20031 A G549 g2 2000 T HE] F-F T EroflA] A

FE ZF 5719} FTAZ A2 olF U4t s4H=2] 714 5t Zte|glon, 714 AR T= A7Fstal Hgt s4kE A4t

gog Iy sitkE 4H A4 8 FASR wet = olA T yolrt ALS]A], BAA, 744 o] o= gristo

W sAkE A A4 9 75 o2 FAF ek )l A&E7FsS AFAA F52 fIoto] AA = Ach(Feenstra

(Jin HG 2015). w2hA] =it S4HE9] Y2 #0171 9 GW 1997). $-2ueto] A stz A SH, FAA

3 20159 FAFEAAHE S B oR “X|HEAtE olE & oo}, 121l gF Ao g FoltS I sh= EoE H9

' Corresponding author: Hojin Lee, Associate Professor, Major in Food and Nutrition, Division of Food Science and Biotechnology, Korea
National University of Transportation, Jeungpyeong 27909, Korea. Tel: +82-43-820-5338, Fax: +82-43-820-5850, E-mail: hojin@ut.ac.kr

- 274 -



Vol. 36, No. 4(2023) 5 AgsitEe 283 Mo

=31 Uh(Hong 5 2009). ©] & AH|ARE0] R 5AbEolA]
7ol 84 $38F 59 F FEEMN(Somino &
Marsden 2006), &2Fo|ut HHAMA A 2lE A Yot Aolth
(Kloppenburg 5 1996). whebA] A& QP 3t #H o]ret 9t
£ SuetE 1 7ol At g, AnjRte] A4St
7% HAY 35 HEC] fE5DA A AHEHE o
A P v[A L QltH(Hong 5 2009).
FEE AFAE BARGS 20221 7] 1887302
o AR APAEEO] OF 4.6%E X}A|5laL 9lom, o]
T T 13284808 A 57 AFAFS] oF 20.7%0]H
A= 3829F 08 A= A7 AAFY oF 48%E AHAoh=
A0 2 ERGTH(Statistics Korea 2023). SAHEL9| IA|F
RAARES 2021 7]% 133,536E 0.8 A= IAF ABAEFO]
oF 7.6%°]H, SHFEY FAF BAEZ 1770358228 A
= GAF A 13.1%2 Aepdo] ojo] JAH APAF
9] 2918 AAst dom, FIFEFEY IAF A
11,9328 08 A ZhHF YA 2.5%8 UERGTHStatistics
Korea 2023). T3 S EL 9] 34l AR 20219 7|&
14220208082 H= 3+ BAEFS] 6.7%0|H, o] F S35
o] Ab A 52,1338 0.2 A= Ak AJAFEFO] 10.1%
2 BAEEL} BAEE o]0 At AT 391E AHAI )
I glon, SIHFLO BFof PAEE 46,0302 A=t
Egof YAFS] 24.0%= HAAEL| o]o] E5of BAkeF 2
A& AR5t Y= Ao Z LEFGTH(Statistics Korea 2023).
5, BAH A4S i SHETANE AFLER
T QAR 3H o] Aol Woton, T, A&, A
7 Tk Z1F AuiE 1 lo] et 79 A FsAES
Aarst= Ao vttt
A7 4] vl Ad B=HE S A48 ArEdy,
SIS gt obd F418 7HE AehS Al AH(Kim

¢

Uk
O{N' ol_] r
)

N U
o

153
& Ji 2013), 250} EE 0] X|AES B8 94 v
2 e AT Kim 5 2020), AebdE SAES B8 7
aL
5 o
A

4 vt L] B AT (Han 5 2009), AL BE
EF M vy Nt s A-H(Cha W 2021) &
Ui, &4 Wi AL 9% BAEA oot Baty A

L g7 Al B8 gt Edo] 2 Aot B,
ot Bdo]AY SR, A% $2, M, ZWE, pH
59 /AH $1% Bl B7KE AF(Kim & Chun 2021), F
ol T UAE AE L AEZE AF AL 919 of
o 7 AAE 22 9L B Bk 3% e AW
A(Park YE 2022), §2:39] o} AARE & 7]k 7971
Aol et A5% £AHE §F A7(0h 5 2021) ol Uk
E SAE U SAES B vl i WsBsle B
UE ATRE DPAS A ARSI B 54 G4

- -0 =1

Wsd B4 L A6l 7SE 24} 275

S
bEo 7 54 242 915 Wsulel ojstetd w7}
242 HAIRE AFH(Lee & Lee 2006), BF5 A
QA9 A7 W2 olBEY U BEHIFE A
S H715E A+ (Han & Jang 2008) S°]
AATF. A A BT BEE FAe] Aotel A=
o P54 BHEE £EIT, o HFoR olgt I
zgtol Wk AR S50l ek MR ZAZA, 3 Hol
NPT ATE o} AP vk Gk o] B Aol
PAFE 7 AHhome-use-test; HUT)E AAI5to] T57}
YASIRET, FPAAE A S BEE T AT
QFLAE Ao D27 BBQLAY T3 A7)
20 ggt IsH7HE AARE A5 (Lim 5 2008)7F AL
SIA|FE F 2 U] AZTESE-19(COVID-19)2  Q15}]
Q0] Brlselol BB olehe BPNA 71
AN AN ATE ofy XWE ok itk
TehA 72 Ao A= 7HIARE A S o &Ste] &
FAY sAkEC] Ut ¥4 §42 FlstaL, 74 Almmitt
oj&dls FHEEE =&t AgsiES &8 Hw
7ol do] 2402 &gotalxt 5, o5 Higto 2 i
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Table 1. The main sensory characteristics and pairing flavors of 8 agricultural products in Chungju

Product Sensory characteristics Pairing flavor
Sweet flavor, refreshing flavor, honey flavor, flower flavor,
Apple - . Sweetness, sourness, salty
sourflavor, crunchytexture, hardness, juicy, astringentflavor
Sweet flavor, milk flavor, sour flavor, savory flavor, fragrant, .
Fruits Peach Sweetness, sourness, salty, spicy

Sweet potato
White bean

honeyflavor, softness, crunchytexture, hardness, juicy
Sweet flavor, savory flavor, chestnut flavor, dryness, softness

Savory flavor, light(plain) flavor, sweetness, softness, dryness

Sweetness, salty, oily, fatty

Sweetness, salty, umami

Byeong-pul

) Gongsim-chae
wild

vegetables

Minty flavor, bitter flavor, grass flavor, mugwort flavor,

sharp flavor, toughness, astringent flavor

Grass flavor, sweet flavor, bitter flavor, savory flavor, light(plain)
flavor, refreshing flavor, slippery, softness, crunchytexture,
moisttexture

Grass flavor, green apple flavor, sweet flavor, bitter flavor, slippery,

Sweetness, sourness, salty

Salty, spicy, sourness, oily

M; I-ch . . tness, salty, , umami
yeongweorcho crunchy, stiff-textured, moist texture Sweetness, salty, sourness
Deuloode-sun Perilla leaf flavor, strong flavor, sharp flavor, bitter flavor, Saltv. spic
&8 astringency, savory flavor, softness, roughness . spicy
Table 2. The 18 food menu developed based on FGI results
Main ingredient Classification Menu
Appetizer Apple wheat wrap (sagwa milssam)
Apple Main dishes Apple sweet potato gratin (sagwa goguma gratin)
Dessert Apple Crumble (sagwa crumble)
Appetizer Cold soup with peaches and apples (boksung-a naeng-guk)
Peach Main dishes Spicy noodles with peach (boksung-a bibim guksu)
Fruit Dessert Peach greek yogurt (Greek momo)
ruits
Appetizer Sweet potato cream cheese bursqueta
Sweet potato
Dessert Sweet potato bread (goguma bbang)
. Bean pudding with shrimp (kong-mul pudding)
Appetizer .
. White bean pancake (kong jeon)
White bean o . . . )
Main dishes Grilled short rib patties with beans (kong tteok-galbi)
Dessert Tofu cheesecake (dubu seoritae cheesecake)
Appetizer Silken Beancurd Salad with Myeongwol-cho (myeongwol-cho yeondubu salad)
Eggplant rice with Gongsim-chae (gongsim-chae gaji-bap)
) Main dishes Ketogenic salad kimbap (myeongwol-cho keto-salad kimbap)
Wild vegetables i
Pasta made with Byeong-pul pesto
Deep fried vegetables (sanchae bugak)
Dessert . . .
Korean rice cake (tteock) with meo-wi (meo-wi injeolmi)
AARE A3 Al 1 FEREPCHT Al 2 FAHZ(PC2)0] 42 of =g, B, FHlhY’, ALARE 5, ALAR WA, R
& U5 45.85%%F 23.09%F ATgot] & M9 6893%s =P 59 540 EEEAL, It ElE HU A
49T 4 YArkFig ). ARSol FHEA g 25§ =, BAAY 59 S4o] vehtt 3¢ & 5 Atk v
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Table 3. The information of the 9 food menus for sensory attribute analysis

Code Classification Main ingredients Image
— —
o TS
Cold soup with peaches and apples PeachA Peach / Apple 2
Bean pudding with shrimp BeanSP Appetizer White bean
Silken beancurd salad with myeongwol-cho MeongS Myeongweol-cho
Pasta made with byeong-pul pesto ByeongP Byeong-pul
Ketogenic salad kimbap Skimbab Main dishes " e.ongWEOI-Cho
Perillayoungleaf
Eggplant rice with gongsim-chae GongsimR gongsim-chae
Korean rice cake (tteock) with meo-wi MeowiT Meo-wi
Tofu cheesecake TofuC Dessert White bean
SweetPB Sweet potato

Sweet potato bread
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Table 4. Definitions and reference samples for the sensory attributes of the 9 food menus

Attributes Definitions Reference samples
. o 5% Vinegar (Ottogi Vinegar, Ottogi Co. Ltd.,
Sour odor The smell associated with vinegar Anyang, Gyeonggido, South Korea) solution
. . Soaked raw soybean (Samsung Tesco Co.,
B Th 11 h
eany e smell associated with raw soybean Homeplus, Dongdacmoon Gu, Seoul, Korea)
. . . Grai Ottogi Co., Ltd., Anyang, G ido,
Sweet odor The smell associated with grain syrup rain syrup (Ottogi Co yang, Lyeonggido
South Korea)
. . . S Oil (Ottogi Co., Ltd., Anyang, G ido,
Aroma/odor Savory odor The smell associated with sesame oil esame Oil (Ottogi Co yang, Lyeonggido
attribute South Korea)
The smell associated with herbal medicine and
Bitt Y lami Co. 1, K
itter odor hangover solution drinks. comyeong 808 (Glami Co., Seoul, Korea)
Grass odor The smell associated with green leaf Napa cabbage (Samsung Tesco Co., Homeplus,
Korea)
Salty odor The smell associated with kelps Wet the kelp (Samsung Tesco Co., Homeplus, Korea)
Spice odor The smell associated with a variety of spices Allspice (Samsung Tesco Co., Homeplus, Korea)
Fundamental taste sensation of which lactic and 0.03% Citric acid (Duksan Pure Chemical Co. Ltd.,
Sour taste . S . . .
citric acid is typical Ansan, Gyeonggido, South Korea) solution
Fundamental taste sensation of which sucrose is 2% Sucrose (Duksan Pure Chemical Co. Ltd.,
Sweet taste . . .
typical Hwaseong, Gyeonggido, South Korea) solution
R i Co., Ltd.
Savory taste The taste associated with sesame seed oasted sesame (Ottogi Co., Ltd, Anyang,
Gyeonggido, South Korea)
. Fundamental taste sensation of which caffeine or 0.1% Caffeine (duksan Pure Chemical Co. Ltd.,
Bitter taste .. . . .
Taste/flavor quinine are typical Hwaseong, Gyeonghido, South Korea) solution
attribute Salty tasto Fundamental taste sensation of which sodium 0.5% salt (CJ Cheiljedang Co., Seoul, Korea)
ty chlorideistypical solution
It tastes like grass when raw vegetables are Napa cabbage (Samsung Tesco Co., Homeplus,
Grass taste .
chewed in the mouth Korea)
. . . 0.3% MSG (Sigma-Aldrich Chemical Co., Ltd., St.
Umami The taste associated with MSG Louis, MO, USA) solution
Sicy taste Fundamental taste sensation of which capsaicin is  Fresh green pepper (Samsung Tesco Co., Homeplus,
Py typical Korea)
. The feeling which taste sharp associated with Balloon flower (Kyeongdong traditional market,
Astringent
Balloon flower Seoul, Korea)
The feeling of softness in the mouth associated  Stean the cabbages (Samsung Tesco Co., Homeplus,
Softness . .
with steamed cabbages Korea) for about 20 min
. The feeling of hiness in th th iat
Texture/mouthfeel ~ Crunchiness .e ecling of crunchiness in the mouth associated Lettuce (Samsung Tesco Co., Homeplus, Korea)
) with lettuce
attribute
Hardness  The texture associated with nacho chip Nacho Chips (Ricos Products Co., Inc., USA)
inach T ., H lus, K
Chewiness The texture associated with blanched spinach Spinac (.Sam51'm.g esco Co., Homeplus, Korea)
blanched in boiling water for 20 seconds
The to which thing stick
Stickiness e degree to which something sticks between Pan-fried sweet rice cake (Hwajeon)

tooth




Vol. 36, No. 4(2023) 5 AgsitEe 283 Mo

Biplot (axes F1 and F2: 68.93 %)
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Fig. 1. PCA loadings and scores of the sensory attributes
and the 9 food menus.
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Table 5. The mean intensities of consumer acceptability and attitude scores of the 9 food menus

Category

PeachA BeanSP MeongS ByeongP Skimbab GongsimR MeowiT TofuC SweetPB F-value

Degree of preference  6.31°  592°  6.30%
Acceptability ~ Overall acceptability 628 5.86°  6.25%

651  6.67° 6284 624 5.96° 7.15
646>  6.61° 6244 6.20 5.94° 7.08*  24.021°

24.697""

Harmony with ingredients 6.19°  5.86° 636  6.52° 6.53° 637  620° 582  7.09° 28828

Degree of familiarity ~ 6.00° 577°  6.06™ 615 627 6.14*  618™  587% 697 227127

Attitude Willing to try 5687 5560 585%  630* 638 6.08¢ 599 57T 695 26630
Willing to recommend ~ 5.62%° 551°  581°  6.16° 6.17° 594 590° 5.62% 679 23.589"

*"Means in a row by different superscripts are significantly different at the p<0.05 by Duncan’s multiple range.

ok

p<0.001.
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Table 6. The list of attributes that the consumers liked and disliked about the 9 food menus
PeachA BeanSP MeongS ByeongP Skimbab GongsimR MeowiT TofuC SweetPB
Appearance(20) Sweetness(49)

Sweetness"(46)” Light flavor(43)

Light flavor(35) Light flavor(35) Light flavor(40)

Light flavor(30)

Sourness(30) ﬂFa a‘znrgé) Exotic taste(40) Familiar Familiar Light flavor(41) Mild flavor(20)
Familiar Savo Familiar flavor(37) flavor(35)  Mild flavor(23) Familiar
flavor(23)  Light flavor(55) flavo r(%) flavor(23) Savory Savory Familiar Sweetness(20) flavor(45)
Drivers ~ Harmonious  Mildflavor(23) onious Savory flavor(25) flavor(30) flavor(30)  Light flavor(37) Savory
of flavor(33) Softness(63) flavor(31) flavor(25) Harmonious Harmonious Savory Softness(52) flavor(37)
liking  Crunchiness(58) None of Crunchiness(24) Harmonious flavor(47) flavor(42) flavor(43) None of Harmonious
Softness(22) above(41) Softness(42) flavor(43)  Crunchiness(30)  Softness(22) Harmonious above(46) flavor(39)
Harmony of Harmony of Softness(23)  Harmony of =~ Harmony of flavor(23) Softness(57)
food foo dy Harmony of food food Softness(36) Harmony of
ingredients(43) ingredients(37) food ingredients(39) ingredients(41) food
& ingredients(41) ingredients(32)
Disharmony of
Soumess(20) . f9od ' Disharmony of
Disharmony of ingredients(33) Disharmony of food
Drivers Y Disharmonious ~ Bitterness(24) food ingredients(32)
food None of . . None of None of ; . None of
of i oredients(24) VO3 None of above(s3)  neredients@3) e above(6)  Dsharmonious L 74)
disliking et Beany above(43) None of flavor(24)
None of flavor(30) above(56) Bean
above(43) . Y
Fishy flavor(41)
flavor(25)

" Attributes selected by more than 20% of the subjects in each testing site are listed.
2 Numbers in the parenthesis are the percentage of respondents who checked the attributes.
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Abstract

The purpose of this study was to investigate the association between household economic changes by COVID-19 and dietary habits
in Korean adolescents. The study analyzed data from the 17th Korea Youth Risk Behavior Survey in 2021. A total of 54,848 middle
and high school students, 28,401 males and 26,447 females, participated in this study. COVID-19 lead to deterioration of household
economy in the lower level of household economic status (p<0.001). The deterioration of household economic status by COVID-19
was associated with dietary habits such as lower breakfast intake, and higher fast food, soda drinks, and sweet drinks consumption
(p<0.001). Logistic regression analysis showed that deterioration of household economic status was significantly decreased in
frequency of breakfast intake (OR: 0.73, 95% CI: 0.67~0.80). The deterioration of household economic status by COVID-19 was
also significantly associated with increased frequency of fast food (OR: 1.28, 95% CI: 1.16~1.41), soda drinks (OR: 1.42, 95% CIL:
1.30~1.56) and sweet drinks (OR: 1.35, 95% CI: 1.24~1.46) consumption (p<0.001). In conclusion, it was confirmed that the change
in household economy caused by COVID-19 was associated with dietary habits in adolescents. As the household economy deteriorated,
there was an increase in undesirable dietary habits including skipping breakfast and fast food consumption.

Key words: household economic changes, COVID-19, dietary habits, Korea youth risk behaviors web-based survey

M 2 g sdoz JFEHAL, AS -, B5eld AE9 o

€ 5 ot 9 A7EEE AdEHAT FaE-E ASHA]

S 2ol 2 A H (2019 coronavirus disease; OJ5F T2 3Rt W& 29| WSiel teo] Ef AW WA 5 oAt
H9) o538 2020 3¥€ AARZIZ]F(World Health HEQAZRE ugss A 3 Hol4 AEHA 5
Organization, WHO)7} 1 H| 9] (pandemic)& A1 ARt o], -] JAA 7 2 AR 75 5 AAA A3 ek o
Uats b 23t d QA HoZ ETS SelYchPak S 0]} 9 th(Loades 5 2020; Lee G 2021). 72431 A4 &52
2020). 9] Hdd Y= fote] st 7713 Fa, 52 oA &HE gaAlA B A8 28 5 T
A7 A=), AHe A A7), vkaa A 25s) 29 U S sl HoEe Wao] A 5 Aol 22
= 24 973t 5 AR A Hdo] 24 Hsletit. E2 v wole Aoz HiuE It (Jeurissen 5 2003;

F2UH199] ZZ ogsty] ste] ehao] fiw ol ¥l Shin & Kim 2010). E2F ¢ "2 9] Hote} o723l A3
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(Ferrante 5 2020). Z=1H9 W92 FaF A 2344
T JFZ & Bt opl= Sy 715 5 FHoE IFE
H)A, AolEth AHoE RISkl AAH 0w G5t
g7t Wadlof st Al719] e FAES A=Y
oL FHoFgt AlFolztal & 4= UTH(Choi J 2021).

ALS]A AgR7] & AU Y Ao g It FARet A
H|7F A7) 15 0] AFS] AREA Rl BAlo] ¢ =AU
(Hong T 2020). A 52| A1 Q1719] o]F A|gkE AJH]
AAL HIES Tt o] Ao FFE F=of 4|2t A
A9 QA7 S5, AR SoTehHong T 2020). 419
A7t ofutel a5e] 3 7Hg Aol ereige wA
m2th9 o) ol A7t 2439 vielel HT 419
AT o FSHE 9177k BolE vhEo] Fashs Ao
2 YePETh(Shin H 2020). T3F Z2UH9E Ql5ta] 20204
2¢o] Hlsto] 39 68k T, 49 348t PO AR 7 A
S, AARF= 1291 Bgo] F7tsto] HIBA|Z-E 1]
249) 57k2 14 253 A5 gl FAP] 47t
IS =251 th(Korea Labour Society Institute 2020). ©] <
e 7R A Y] oSt BE 7Ol LA = HIA=
Zo] ofuz} A 7ol FAA QI JFE H wol 74
wo] ZAA ofzfZo] B 4ot AL g H I EQJUTHNam
& Lee 2020). Z21H19 81t ofye} 714 A 9] W=
FadsolA A9 FHFH AEH AR A-Gsto] A%
= Agsta, 53] AEH AL A8 S3o] WIS 25t
of Ao Y& JFS F= A2 YEFgth(Jang JS 2019;
Abbas & Kamel 2020).

— 0O

ro

=

Fadrle 10733 BE PEsol 2AHEHE A7IR v
AT A5 JFHoZ FHFT AAE Foto] AA|
A g A AL SHsoF ek B3 H4E7]9
A5 4lo] He ol P F=0] o] A|719] A5
TS BL FQ5lHBae YJ 2015). 3H22] H4WL tiato
2 3 Aol Z2uh19 T A oiE] Y Sof] oA
o] =

=713t A0 2 UEFTTH(Lee & Kwon 2021). 2119 A
of Hsto] HAd 9 H|vta} A Fo] FrFstl o, ofshy
of ®lsto] Fego] BAZHCE [of5tA H|gt d BpA|Fo]
S7FFATHKIm & Woo 2022). 1155HYS HA} o= §F A8
Aol L HHSHA Y= HlEo]l IEU9 A=
12.7%0 4] 2219 30 21.7%=2 Z715F9.1, S8 A%
HIZ T 19.5%00 4] 14.6%% ZHASFITHOh JW 2021). ESH
Sho] 13] o4 7HHRl & A3 Rl=rF ZEUH9 A0
6.9%NA 16.9%2 Z7}5FHTHOR JW 2021). o]&]3F AL
FAZ2UI9E QIsto] StalgA]o] Y&stA o]FolX|R| X3t

V9 it A4 287

AL GF YRlog 283t A oF QYzhgrt. FA21H9 o]F
2020 39 40,337 E(1), 49 50,884 E(1), 5Y 59,675 E(1)<] &
g4 A FE oAREFF 9EAY5H9) © H(Korea Rural Economic
Institute 2020), 7Hg7HHA] 2 w24 HFH o] S7171 B4
WOl A& Wstol] JFE U= 7Fsdol UK Gyeonggi
Institute of Education 2020). AR 2 St Al HA4FH A
FE Bdolu FE AlFstlon, ZHE AF A, vt
A A5 B4 T YYNES HPsto] AP A
Z1ofsigth BadS R 3 AEAB| P RA|A
FaEY 33.5%7F Hig4E ol &S, g WiRrEs
A7, A, A 344%9F ‘T 2P 20.1%2 7 ASsH= A
O 7 e} TH(Korea Rural Economic Institute 2021a). FE§F Tf
SIS o2 o ATl T2iHoz gt we
o] APEWA A5l v FFLS BHAL A4
S67%% 7 E9kom, BEeA) 43 27t 420%2 vt
STHKim & Yeon 2021).

FEUE IRt A W &5 AR FHYA S| F
7¥eti o, AAARI o2F o & Qlsto] A]FH] X&Ho]
Wi Aggo] A Ao detsel FAUE B 4
oL AoZ HIEQthKorea Rural Economic Institute
2021b). AT Z2UH9Z QIgh 7P A A Q] wstel HaH
Hado] gt A= FE 2olu AEYA 5 FAER
7 Bolg AZE o] QIthKi E 2021; Lee 5 2021; Jang &
Kim 2022; Kim 5 2022). Z2U}192 Q18 71 Ao #s}
7b Fad9] Aol dF2 uE 5 ASolE Esh,
71 A Wsket FAad o gl gt A= A9 o]F
o2 gkoktt. WAl 2 Ao A= ZEUHIE IRt 7HE
A9 et} 4y Al AW 245t 5kl
t}. o]& EY = HAS FAAES] vt At 9
PHAS Boto] AGEHo] =20] d 5 &= 7| xARE
g5t At sHith
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1. AFCHA

2 A7E 20219 AN7a FAEAZFHRAKThe 17"
Korea Risk Behavior Survey, 2021, Ministry of Education,
Ministry of Health and Welfare, Korea Disease Control and
Prevention Agency)?] YAIRHES o] &5ttt FAAAZY
B 2As Ao 2559 3508 a¥cte 37k
ASA(GAHE A 117058 2)FAZ vid HAISHH, F4E
o YT, AATE, 25, FA 5 AR AL v
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AW AL 20219 49 A F w5 SIS B



288 s
RGO R siglow, 12 FEIY S KT 33}, HE
MR, BRSO WS ol 8osich BT FskeAE 39
7H 2 &3} ’Ez,i’_ S SR ARt BES 1177

0% 1, BE 3715 Zohal 400701, 15SHL 400
AT MRS, EES2E FEIARZYE ol 8ol
o} 796701 54,8487 0] FAlo Fofsto] FolE&-2 92.9%E

UiebRieh. 2At] AHGE JEE AGNEE o] Tl A
Aol ool WgH 9T, YA o 8ol Tiet 2
B99) 59 W F A4RT cheuol Bt

L_
L
O

b

2. APET

AT A ABFREA 157 G, 13 BFO.
oSol4 glom, B ATolAE 2Ab AR AurA
9 9%, BB 54 o a2z T 7995
o w42 olgstaitt. ° A% A9, A% 9
8, shd, 5%, ob#lA 8, ofmy]

ABA w2 B

P2 ARFRAOM, 3
Rt AXGRE 5%
‘7}*4 Se mRsha, WAL
LA, 7%, BEAE S A 7
8steict.
727F ofH AA} W, 7} AHu T BkAt
G 22 AFNE, WA 43
oL gsHateh, oF AL HIEL % 59 ol 4131,
—; A 42 A, F 19 olst gToR Ao
Tl A3 F 78] o4 A, 7 381014 63] HAZ %
28] ofsh HALOR ARFIAAE. BALE, Bt &
2 AERE YAUEE F 53] o4 YA, F 30014 4
3 43 7 23] ol3t AFzo2 AR,

AU Y Bt W B R B 4% O o
B4 LS LA WAL, TS B

r_ﬁlﬂm i

)
o ~
o
oo ¥

flo

AN o orjo 1ot

> g RO
o

M A

4 = H

S o

£

a 2

HTOhU g
Imﬁoé
M

rE dlo
m \
o
m 3

©)

L

J__l_7

2EFA QA S5 - AU B, FHOR QI BUA =
B HE ol etk A4 FA2 A 302 5t FH
T UL B8 ST U oR, A SF= HZ 304
& &5 vl Fde =02 AEFotairt

NABE B WAL AF HAUE A
(Ministry of Health and Welfare 2013)0] w}2} 315 604
=7 AHE
o R A&
=0

AAEE ARA
ol
o] = 501 o]/q.o ‘l.—_o’oi = 501 u]u]—___
% sttt 1w AAEEY 2 st &
F 39 o] wEOR F 3 mT ‘%S’QE A
TR BN AEAL QA ) go
o] w7t ‘do] w7itp g, ‘2Z w7tk
thE, MR LA gt Ad LA g

{r o

§

7 GethE Qi ohlth €8 - A9 49, F5e
2 QI3 HYA " FF Hsts YAARE IHZE ARESo]

‘olet, QPR TEST.

U9 A% /PR Heks “mR oz 9l8 o}
A 44 9] AR e ol R} olel YAk A7

Mrehe AR0 2 WS §
29 wolth, 124
shaiet.

go] Y w1,
ore olt, 8 19X rpw 24
B ATolAE AEFeA 3a GAARE 1=

WelaAl YAAEE BEERAAC olato]
Q. THnz AyBARe] AR o8
A 249 3, W2t 1A, SEuA
wIg BORE ALNAL Hgeto] waol
SRV % AR Hakel] B Ha
Jubel B4, A4, A7 549 Aol 2
HE WAHEA 199l Rao-Scott x° testZ E-AISFATH A
BMI(H| A %FA|42, body mass index), A5, St &,

A7 A, A% e, oA sk, ofey) o
Elofl A 2192 A3t 713 A| ¥skrt of
A H|A = TS EFHE A AE
Alsto] ZF 4ol et WM 9F 95% Al=|+E
e ot = BX2 SPSS Package(Version 23.0, IBM
Co., Armonk, NY, USA)Z ©]&3t3om, SA4 {94
p<0.052 A5}t

ox ©

1
10k
1A
ox
2

a
o
i e

ey
1
ot o

i
filo
(1

IS R
o & > o

o
o)

Zdq}

= | _Tl_il-

1. JFEZA a0l 2 LS S4o| X0
FEGI0R AT /gFA ) Hsteh gl Qurel

E40] xjo| & A% ATH: Table 17} 2k, 4, 3hd, A
% A9, sl H, AF e, opi) g, ofeiy ot 5

—-—

2=
ol 2

WO A 7 A A Q] Hstol| whEt BAFCE |93t
HAtHp<0.001). 714 A7t wi-- vk ek &

3k WobAlo] 57.6%2 oI5HA) 42.4% Kok %9tk A163 3
AUAG P RAH20209)E 0] 83 APAFAE At
gado] oz Fadreh 718 A o5t o] w2 Ao
2 YePdthLee S 2021). T58HYL 7 AR 7} oS- Lt
Atk S5t 0] 563%= E9ron, EAL JHAAA
o] ¥3}7} oty SuEk o] 54.9%E =9kth(p<0.001). &}
o Aol ¥ Be+= 7H3A A7t wi- btk SEEt
o] 39.8%= =9ror, &t AZo] =2 AL M AA

of ¥sbl Qittal SHERE wo] 4.9%= A HEET



Vol. 36, No. 4(2023) 7H97A Wsle} A5 289

Table 1. General characteristics according to changes of household economy by COVID-19

Changes of household economy

Characteristics ( nj;jt;l‘lg) Much worse Worse Similar No change X’ p-value
(n=3,200) (n=13,512) (n=22,136) (n=16,000)
Gender
Male 28,401(51.7) 1,842(57.6) 7,003(51.9) 10,955(49.4) 8,601(53.4) 30.6  <0.001
Female 26,447(48.3) 1,358(42.4) 6,509(48.1) 11,181(50.6) 7,399(46.6)
Type of school
Middle school 30,015(51.0) 1,556(43.7) 7,111(48.7) 12,008(50.4) 9,340(54.9) 46.1 <0.001
High school 24,833(49.0) 1,644(56.3) 6,401(51.3) 10,128(49.6) 6,660(45.1)
Residence area
Metropolis 23,862(41.9) 1,438(44.5) 5,857(42.0) 9,422(41.0) 7,145(42.6) 225 <0.01
Middle city 26,864(52.5) 1,548(50.5) 6,648(52.5) 10,958(53.2) 7,710(52.1)
Rural area 4,122(5.6) 214(5.1) 1,007(5.5) 1,756(5.8) 1,145(5.3)
Academic achievement
Upper 20,528(37.1) 1,069(33.9) 4,295(31.2) 7,954(35.4) 7,210(44.9) 887.6  <0.001
Middle 16,903(31.0) 827(26.3) 4,177(30.9) 7,253(33.2) 4,646(29.1)
Lower 17,417(31.9) 1,304(39.8) 5,040(38.0) 6,929(31.4) 4,144(26.0)
Household economic status
Upper 21,568(40.1) 780(24.4) 3,305(24.7) 7,900(36.5) 9,583(60.7) 7,649.7  <0.001
Middle 27,077(49.0) 1,198(38.0) 7,608(56.4) 12,405(55.6) 5,866(36.0)
Lower 6,203(10.9) 1,222(37.6) 2,599(18.9) 1,831(8.0) 551(3.2)
Paternal education
Middle or below 558(1.5) 71(3.8) 201(2.3) 210(1.4) 76(0.6) 870.1  <0.001
High school 8,665(25.7) 584(36.0) 2,608(34.0) 3,550(26.0) 1,923(17.9)
College or higher 22,958(72.8) 903(60.2) 4,649(63.7) 9,296(72.6) 8,110(81.5)
Maternal education
Middle or below 453(1.2) 65(3.4) 163(2.0) 170(1.1) 55(0.5) 7144  <0.001
High school 10,147(29.5) 665(38.6) 2,979(36.6) 4,142(30.1) 2,361(22.1)
College or higher 22,722(69.3) 944(58.1) 4,720(61.5) 9,224(68.7) 7.834(77.4)
Residential type
Living with family 52,426(96.2) 2,950(92.6) 12,855(95.8) 21,252(96.6) 15,369(96.7) 133.1  <0.001
Not with family 2,422(3.8) 250(7.4) 657(4.2) 884(3.4) 631(3.3)

Values are presented as number (weighted %).
Differences of each variables were analysed by Rao-Scott chi-square test.

(p<0.001). AA7F HL o5tE Aoz YEGTHLee 5 2021; Kim 5

7H7AA &0l w2 A5 78 Ao Wert glvkar 2022). 21197} 7147 A] oFste] wjAl= F3Foll et 3
SuT 2ol 0% 71 BOH, B B9 A ARNE AN Auk AEA S0l wor BAez
AL BT SRR ol Sedv, e ASE AHFA  Rolsh ZHA otskaol Eeh ZMsAo] althLe
7 o LTI SR o] 3T.6%E Uit felgt A 5 2021). Eg ZRuhom <lsto] A3l - AAH Lol
ol BATH00D). FAUE YO BAT AYAT BN AR FFL WA FHopAFo] B8 B}
NAE 71 AA £F0] G242 FZ2 U192 Qlsla] 714 st Ao 7 H I E I th(Korea Rural Economic Institute 2021b).
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Table 2. Dietary habits according to changes of household economy by COVID-19

Changes of household economy

. Total — )
Characteristics (n=54,848) Much worse Worse Similar No change X p-value
(n=3,200) (n=13,512) (n=22,136) (n=16,000)
Breakfast
<1 day/wk 15,935(29.0) 1,133(35.4) 4,200(31.3) 6,297(28.5) 4,305(26.7) 3473 <0.001
2~4 days/wk 13,227(24.2) 863(27.1) 3,499(26.1) 5,399(24.3) 3,466(21.9)
>5 days/wk 25,686(46.8) 1,204(37.6) 5,813(42.6) 10,440(47.1) 8,229(51.4)
Fruit consumption
<2 times/wk 24,183(44.0) 1,590(50.3) 6,466(47.8) 9,793(44.0) 6,334(39.6) 386.1 <0.001
3~6 times/wk 20,879(38.0) 1,065(32.9) 4,943(36.3) 8,697(39.3) 6,174(38.4)
>7 times/wk 9,786(18.1) 545(16.8) 2,103(15.8) 3,646(16.7) 3,492(22.0)
Fast food consumption
<2 times/wk 40,603(73.8) 2,200(68.5) 9,864(72.7) 16,496(74.4) 12,043(75.0) 188.1 <0.001
3~4 times/wk 11,294(20.7) 693(21.5) 2,868(21.4) 4,623(21.0) 3,110(19.7)
>5 times/wk 2,951(5.4) 307(10.0) 780(5.9) 1,017(4.6) 847(5.3)
Soda drinks consumption
<2 times/wk 35,765(65.6) 1,849(58.1) 8,581(63.9) 14,522(65.9) 10,813(67.9) 189.2 <0.001
3~4 times/wk 11,973(21.7) 735(23.2) 3,108(22.9) 4,948(22.1) 3,182(19.9)
>5 times/wk 7,110(12.7) 616(18.7) 1,823(13.2) 2,666(11.9) 2,005(12.2)
Sweet drinks consumption
<2 times/wk 28,425(51.7) 1,470(45.5) 6,857(50.6) 11,458(51.5) 8,640(54.0) 135.5 <0.001
3~4 times/wk 14,782(27.0) 855(27.0) 3,747(27.9) 6,140(27.8) 4,040(25.1)
>5 times/wk 11,641(21.4) 875(27.5) 2,908(21.6) 4,538(20.7) 3,320(21.0)

Values are presented as number (weighted %).

Differences of each variables were analysed by Rao-Scott chi-square test.
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EldthLee S 2019).

Qo] 53] ol WAERES Yl ALE

A7E o vebg ok -3 Eet o] 10.0%2 7HY E9koH,
23] o]at2 g Hoh= A= M8 AA o WSt glokal &
T o] 75.0%= ot HA| FofRt AfolE EATHp<0.001).
FAES o= 3 AollA 7HAA 0] =0 ¥ o
EZCE F7A d3Hsta, obyl A4lo] =0 JAERE
o o] JdFot= A= UEFElth(Hong SH 2022). &
19 o]} o] &5 H|Wato] HAEO] A S H| Y]
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2 90J5}4 Z7}5FAthKim & Woo 2022).
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(Kim & Yeon 2021). 3¢ 13] o]/} o] &3 g4 X|710]
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U F21H9 W92 FAE ] AL vEZlstA] Kt
IS & AL AT + AATHKim & Yeon 2021).
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Table 3. Health behaviors according to changes of household economy by COVID-19

Changes of household economy

. Total — 2
Characteristics (n=54,848) Much worse Worse Similar No change X p-value
(n=3,200) (r=13,512) (n=22,136) (n=16,000)
Smoking"
Yes 2,404(45.3) 248(49.1) 704(46.3) 861(44.9) 591(43.5) 54 0.167
No 2,925(54.7) 259(50.9) 827(53.7) 1,067(55.1) 772(56.5)
Drinking”
Yes 5,803(32.6) 528(40.7) 1,649(34.0) 2,180(31.5) 1,446(30.6) 56.4 <0.001
No 12,136(67.4) 820(59.3) 3,291(66.0) 4,759(68.5) 3,266(69.4)
Moderate physical activity
>5 days/wk 8,351(14.6) 599(18.1) 2,084(14.9) 3,123(13.5) 2,545(15.2) 57.5 <0.001
<5 days/wk 46,497(85.4) 2,601(81.9) 11,428(85.1) 19,013(86.5) 13,455(84.8)
Vigorous physical activity
>3 days/wk 17,073(30.0) 1,159(35.1) 4,201(30.2) 6,482(28.1) 5,231(31.3) 90.7 <0.001
<3 days/wk 37,775(70.0) 2,041(64.9) 9,311(69.8) 15,654(71.9) 10,769(68.7)
Muscle-strengthening exercise
>3 days/wk 12,595(22.5) 889(27.2) 3,176(23.1) 4,765(21.0) 3,765(23.1) 74.7 <0.001
<3 days/wk 42,253(717.5) 2,311(72.8) 10,336(76.9) 17,371(79.0) 12,235(76.9)
Subjective stress
High 21,245(38.8) 1,721(53.6) 5,889(43.5) 8,141(36.8) 5,494(34.6) 861.4 <0.001
Middle 23,226(42.6) 1,040(33.0) 5,678(42.1) 9,894(44.9) 6,614(41.6)
Low 10,377(18.7) 439(13.4) 1,945(14.3) 4,101(18.2) 3,892(23.8)
Depression experience
Yes 14,692(26.8) 1,272(40.3) 4,156(30.4) 5,673(25.8) 3,591(22.6) 540.7 <0.001
No 40,156(73.2) 1,928(59.7) 9,356(69.6) 16,463(74.2) 12,409(77.4)
Violence experience
Yes 775(1.4) 147(4.5) 202(1.4) 229(1.0) 197(1.2) 2524 <0.001
No 54,073(98.6) 3,053(95.5) 13,310(98.6) 21,907(99.0) 15,803(98.8)

Y Smoking in the recent 30 days.
? Drinking alcohol in the recent 30 days.
Values are presented as number (weighted %).

Differences of each variables were analysed by Rao-Scott chi-square test.

A A5 AT} Table 49+ 2} A8, BMI, EA|F5, St
&, A9, okl A3, AAl A, AF FE, oA 8, o
U stelS BAsta 71 A A 0] sk} Qs W4s 7]E0
= At 5ol 5Y o4 opF A AR 7HE A
A7F R 4 (OR: 0.86, 95% CI: 0.82~0.90)3} 714 A
7F o - b ZAE(OR: 0.73, 95% CI: 0.67~0.80) 2.2 7}
A7t Urﬁﬂ}x‘ﬂ—% SAALE FI5HA oFAAE St
%7} EolEe AoE Yehgthp<0.001). 249 o]&
A7|Eo] AQstela Qi PSS GO R S A4 =
W4 oHA] e o A4 ARE 158HY0] 7HE H A Wi

2 1%
{
>~

O‘OU% 7V AAsEER B 7PYAA $50] B2 4L

9.7%7t HA| AL THAA FEol R A= 24.5%
7F YA e Aoz YEY, 7MAA 0] W 2
Aol =2 AL &4 AUHGyeonggi Institute of Education
2020).

AFdo] 33] 0|4} PAEFE HHWIEE 7PFAA 7
B HAW(OR: 1.11, 95% CL: 1.05~1.18)7} 7Y A A7} w2
a2 (OR: 1.28, 95% CI: 1.16~1.41) 0.8 EAZ o7
FolsHA HAEFE HF7E S7loke Ao®: UEyth
(p<0.001). FFUo] 33] oA} ehALEE HHVEE 7HIAA]
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Table 4. Association between changes of household economy and adolescent’s dietary habits

Dietary habits

Changes of
housihold Breakfast (=5 times/wk) Fast food (=3 times/wk) Soda drinks (>3 times/wk) Sweet drinks (=3 times/wk)
economy OR 95% CI OR 95% CI OR 95% CI OR 95% CI
No change 1.00 1.00 1.00 1.00
Similar 0.94 0.90~0.99 1.04 0.99~1.10 1.11 1.06~1.16 1.11 1.06~1.15
Worse 0.86 0.82~0.90 1.11 1.05~1.18 1.16 1.10~1.23 1.15 1.09~1.20
Much worse 0.73 0.67~0.80 1.28 1.16~1.41 1.42 1.30~1.56 1.35 1.24~1.46

OR, odds ratio; CI, confidence interval.
Reference is no change.

Adjusted for age, gender, residence area, type of school, academic achievement, economic status, residental type, paternal education, maternal

education, body mass index.

7F Wk HAW(OR: 1.16, 95% CI: 1.10~1.23)3} 734 A7}
oo LhkRl HAE(OR: 1.42, 95% CI: 1.30~1.56) 0.2 EFALS
2 A3 BTt Sk ASE YERTHp<0.001). Y
of 33] ol dtt= 5= AFWIEE 7HAATE vkl
ZAE(OR: 115, 95% CI: 1.09~1.20)3}F 7 A7 off-9- Ll
% ZHA™(OR: 1.35, 95% CI: 124~1.46) 02 Tiits 38
AH NErt S7kske A& YERETHp<0.001). Z2UH9
olF 7HgAATEC] B Y A5 HH H fAEF
T AHE 327%7F A4S 7P AA o] W2 sHAY
o] A= 35.9%7t 75t SAH SR FoTt AolE
FATH(Gyeonggi Institute of Education 2020). 7}g4A| $=5=0]
£ Y BEe wiEg=A AF7F 26.7% FAokA 7t
BAAA o] R Y9 B9= 34.8% S7Foto] Fofgt
Z}olE H Y th(Gyeonggi Institute of Education 2020). L& E
2 FZUI19Z Qlste] 7HAA Szl yuhd F§- o
Alo] F7Fstal, AERE, ehAbZ R, ddtths 220 A
HE7h S7ksto] 7 ARl 9% Aol 8% FF & Ao
& A7 AgATolA 7P AA o] B2 BE 4R
HERIT 7718 5 QFAF FE5A vlgo] w1 A3gn
THE Aol fHEo] 2 Aoz HIEGH(Korea
Rural Economic Institute 2021b).

B AT 2019 A7 JAEAG YRR AR E o]
sfof Hade] TR0 AT FYHAL et A%
o ATYL Pohiy] gIste] Susteint. TEHIE <
Hadel ARA dalo] e Auael B4, A4,
7] Aot Aol n]x: G st 91t
J5HA 28,4017, oMY 26,4778S EFOHE 54,848
ggom Basteet. dataol elstgel wlste] mziho

2 Aol i oo

2 QIS 7P AA7E v Wbkl A L= Ve THp<0.001). St
ARHo| FEFE, 7HAA 0] RS4E AEUHIR
A%t 7HAA7E B WEFEATHp<0.001). Z2UH9= Q19 7
73A F<2o] wiS- vhkxl B9 3 1Y o]} o AAL Rk
7F =%THp<0.001). 7HYAA S=5o] v vkl J4E-E
WPAERE, gt S8, duhhs S8 AFRlErt #2340
(p<0.001). 7P A s=520] bzl Fado] dx 355 o
o] sh= AL = YERTH(p<0.001). 7HYFA| 4ol
X ado] AEAE ¢ Wol Wl glow, &5 - At
Aol £ Z 0= UEEThp<0.001).

F2U192 QIS 7 A ®sht 453 & JTFS
E4517] 9ot 2AAE AL AASH A3, 71
Al o] VHASE obAAL RIZZE WOITHOR: 0.73,
95% CI: 0.67~0.80). 7} 7AA| 42Z0] Yuld42 frEZT
AF Bzl 271619 tHOR: 1.28, 95% CI: 1.16~1.41). E3F
TV AA o] YukRl JAdo] RS HE(OR: 1.42, 95%
CL: 1.30~1.56) @ &= S F(OR: 1.35, 95% CI: 1.24~1.46)
9] AF Wzt EA YEETHp<0.001).

£ A3E 2 79 SIS 7HA A ok AR, HAEY
A7) BaE ot A5E ool A5 A7| Bl HEF
(self-report bias)o] E3HE 7HsAlo] QUth €A, 24} AIRE
ol gate] BT JATEA M5 FEst ARTA
mieto] Agto] 91, M5 HAGT AT 5= Utk A
A, T2 A3t 7 FA 2] Wstol| gt M7t gt A
2 AlgtE]o] i, "9l o] A 7] Hilo] ot
Aoz A =t AL Yt IHo = 5t
I E AFe VP FESHE TR RARE 5ot 42
ddolgZ g0l AU S tiE & 5 Qs BES P85
Fh= Aol ok EF F2UH9E QI3 7Y AA| F2
HIE 40| AgTo] v TS Telskltt= &

Aol siet
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Abstract

This study investigated the anti-obesity effects of Coriandrum sativum L. ethanol extracts in a high fat diet-induced obesity model
(DIO). We confirmed the anti-obesity effects by analysing the expression of the related proteins, weight gain, dietary intake, dietary
efficiency, blood biochemistry, histological analysis and western blot analysis. After oral administration of Coriandrum sativum L.
ethanol extracts at concentrations of 250 and 500 mg/kg, a significant improvement in dietary efficiency, reduction in weight gain,
triglycerides, total cholesterol and LDL-cholesterol in blood lipid was observed for 8 weeks. In addition, improvement in blood glucose
and metabolism confirmed through glucose tolerance test was observed. Further, the concentration of alanine transaminase (ALT)
in blood was significantly decreased, which improved the fatty liver caused by high-fat diet intake as confirmed by liver tissue analysis.
This phenomenon was confirmed to decrease the expression of fat accumulation-related PPARY and FAS protein in the liver tissue.
Especially, it is believed that FAS, a liposynthetic enzyme, has a stronger inhibitory effect than PPARY. Therefore, Coriandrum
sativum L. ethanol extract is thought to improve obesity by reducing blood lipids levels, improving glucose metabolism and inhibiting
synthesis of the fat that accumulates in the liver in high-fat diet-induced obesity animal models.

Key words: Coriandrum sativum L., anti-obesity effect, high fat diet-induced obesity model

M E UA] Extgol ofste] WAYsto] gt Ao & Qg g

o, Al 28 G, AEHA 2E SW F3ES o 5

F2UZ QIS A4 9] wshrt AujolAle] AZAzE 22 TETY 9 TVHIVIE AHoE A A4 w7k
= S7HZIHA EARE 5EE, AEH A F7L AAAIRE o] A1 = H7HEA ol th(Sharma 5 2009). WHO(2017) &
o] H|&&3}, B AT AL E H|T, 18, G, THA o] o5k, v oF 4007 o] TA|F A, BT R It
3t 5 thFet Aol k& o] 7ol Bt HAET} ug of YIS Kot AFGSta 197595 E 2016A71A] 3
ol T Qic}. B Thobesity) Ei BT (adipositasy A% AE 2 wlEk gHgo] 48] o] Z7lst, 2030
o] =M A== APo g AA BHA 7|7= AdF A n]=+o] H|gk A9l H]-go| 42%E o Z&stHA BTkl Aol
$7F 30 o3l A& Hlvkgol2ta gttt 59| B[R o H] AA7F o= H[E 07 A Fo| v &Aoo 7 Aol 9l
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o} H 15k QTHWHO 2017; Cardel 5 2020).

Wgke QubEow Ao] 43 2z A Wel A4,
A4 g5o0] BytH oz YaEolol =t sHsalA,
WEH A 3.2 WA 4300 7H ZsA oleehe
ol Slcang 5 2011). Hlg A=A ofo] BAES 7ha
s7] oig Ml o8B, WA e, A4 2HE 5
4E 9 AAT 24F F8 A7 AWET ArHeal
S 1998; Yoo & Shin 2012; Lee & Kang 2018; Kim 5 2020;
Kim & Kang 2021a; Oh & Kang 2021; Park 5 2021). F-2-8-&
st & 5 e T AFEE PAE A9E FEE
(Park 5 2021), Hht A4 F2-E(Kim 5 2020) 53 Zo],
AlE AA ] B ZAF AF-Eo] @] 9 E (A AL ]l

115=(Coriandrum sativum L., Coriandery= H|L}2]|1}of <3}
SrofAolER 69olA] 79 2H & 52 FAH £
o] AR = AFH FEAY, FolxLe] 7}, FdobAlof
solH A S, T, A%, HAoF 5ol d] AulE
At AeE JAFT F 2 ARESE R4 = (Potter & Fagerson
199024 2419 Blivhe AASAL, Hgael 5o ooy
g g2lo] AAgo® AMEI QT FASS FATHAL
st 11pE 7Y Bol HFfshes olf= 718X sEaAE
Hetsty] figtoln fejutolA= AFE ZAolA F& A
B3ttt lEe ot @ FASEE, Rk, RS
SHAA AF FHE HESHAY P AT et 7}
FAE AZo|A HEW §571% A% D 2T MS A
StaA; aFehd EHT A 4 B S48 71 4
& A5 AMESH] flste] A7t sttt ofof whet A
AEEA AL oz 1 oehE FEE9] ogotAl

e
rlo

ol

=

i & rr
rr

=3
Hlol= B8golAq 1% T S4Fe] ARAA AN
HolWA FFEYATHKIm 5 2001) AT, 22| G4t

o}, 9 ¥ gR2AE 71% G3(Ning & Lee 2023)7} 115
3

S 9 G, A9 5 U SRR Basiel Aee
248 /AT ek, ABAR FL AezRE A d2
A BYE BAL o1 0|2 e ATV e el
79Utk Tl AR ool ARAE A8 oFE
B22A BRI SRAG@E TR BRI Boke
159 FAE 23548 U HIRDAE w0l Ue
2] Qlth(Potter & Fagerson 1990; Chaudhry & Tariq 2006). F3t
A7) 7150l Feg FUA &Y Bele) BasE U
ZAZE2-S olH(Lewis & Elvin-Lewis 1982; Gray & Flatt
1999), YHO] BB E ZotA 283 FXI5t= B4 (Potter &
Fagerson 1990) 7}A|1L ttal Shet

QA Agof IRt 75 AFEE LFF7E AFAHA

W oAolg s Ao FAAY U 2drHE gan

Aol &

ot
N

(Hwang 5 2001a), 12 7o) O3t T/ 2
Aadt 94 @4 749 AAiskE AAshs FAkekk
YH(Hwang 5 2001b), FF2] 7|55 =oFA &2
Z4sto] A SFATH(Gray & Flatt 1999), 14~ o=
9 2 EPHLo|t o] Qg FASIE T (Nan 5
2019), 21 oehE FEEC ASUANRIA 2 ASA Al
E7RIS) BAFE AAA7IHA FHFSETH(Nan 5 2019),
14 Ao A&tE 59 U JAaY ¢ SR
(Sathishkumar 5 2016), 1149] ¥a] 4 4 Z7] FEE9]
DNA £4F B35 G3KTang 5 2013; Ishida 5 2017)7} E11%]
At 179 7154 AT T AddARE HEE Ad4s
9] 4T A7F IR ESS A7 I E G o
A A7 =22 € 4 AThAl Eil(Hwang 5 2001a)¥ B}
. S T4 FEE2 3T3-L1 H|THA| oA 24 3§
B& HAAAZIAA APAE Bt E 7fAsHs AR UE
W Th(Patel 5 2011). U1E B= HUE (degel marmelos), =
(Morinda citrifolia) @ 1425 27 50 mgS £l &
S EUE 2Hsto] AR s A0 55 Al AE
F4Z £0]1 1&FNA AT BEE st 582
235199 tF(Ngamdokmai 5 2022).

a2y 2158l ogke 2559 A BT
4 T G449 A= ofF ulH|gk AAolrt. w
AFolME L oehE FEE9 AAFA0] f=

2 d(diet induced obesity)?] F-I1ZLR|HfoA Z|H}:
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A= gk AAslgon, ol Fo) 14 o
Fulnt w52 WrlelaAt st

o 7

M2 I
1. AIREENZ=
Ao ARESE I4E HY|E TFEA A U5t A&
A(100 gy5 S745F0] EU35}3t A2 ethyl alcohol 95%(HPLC
) 1 LE #7158 30 cycle(40 KHz) 223 $=Z7](SDN-
900H, SD-ULTRASONIC CO., LTD)& A-20f 4] 1,500 W, 155
Z50 APstHA F719 12082 A5kl ch o 2HQualitative
Filter No.100, HYUNDAI MICRO Co., Ltd) & 7+¢} AZ5}0]
FEE8.06 grz AU

2. HESE M=RxA

C57BL/6 mice 47 338 36ula]E Gishulo]og]a
(Eumseong, Korea)ol| Al 74t 1 AFSR AL 2% 2242C,
ST 50.0£15.0%, BE7] 7HE 124]7H07:00~19:00:
Z7]), ZE 150~300 Lux, 7] 34 10203)/A17F 5 A5



7% SPF(specific pathogen free) ZZAA B& ARA
(Polysulfone, 331 D x 159 W x 132 H(mm))< ©]-8-5}o] 857t
ARESEITE A9 Ao &2 o AAE AAISHL ASS
Z7oto] JHAAE o whet 7479 =3} 7|7hS A5t
Wi 18] WS 52 TSI S8 FEYA A
SRRt ARt ERIg & A5l ool fl= &
£ Agsto] ASE o5t HiASHT A8E 13AE
2 ARgole AHFEE2]0](20% protein, R3+ SAFE Inc,
Franceye: (2)2guo] el Tfatol 243 AR
284 = UVE E44AE & O E of1)st 250 mL polysulfone
o8 A FGHA Sheleh A A Al EES
of ggol| wHA Foid ol "tk £ Fsonication 304
H|(DAZ01, Fuchigami, Japan)Z 7755}t

—~ O]

0
o]

%

o
I

A

N

3. IX|YA0|2 =E H|2H SETE
ARl HitsERES RESH] fste] 4F9
C57BL/6 mice 57 AF|of|A| 4]0 25 CON 152 10
kecal% fat®] $teFo] ZXst= A]o]lE A|-&olx, DIO(diet
induced obesity) 152 60 kcal% fato] $}5Fo] Zxjol= 114]
Aol E AlFotnt. ApdetE 55 A9t A
Alo] 4 #5}HA] oral injection 250 mg/kg, 500 mgke= 19 1
3] 5647t Foisiltt. Fof 52 1 AF=iS =
A HYE AA5I9 2 (Hwang S 2001a; Aissaoui S 2011),
OE R4l EAA AYoA AHES 835 g AAst
ATHPark S 2015; Kim & Kang 2021b; Oh & Kang 2021). 2-3
U7 BT E AMYRFE TS APEES F
Sttt ojnf] 2w B4 ATE FFeE 74 ol
Y3kt wehA AP S CON 2, DIO 7, DIO+CE250 2,
DIO+CE500 £ 0.2 & 4702 Ut & 5/ o2
Aotleh. AT APAEZA7]= 65004 105:A0]9
FoJotA 7kt 8% PH o] Wd 220 w-E uCP
THE oJulQles Aol HolHA 1A sERES %
Al 85 A3-& 5 tH(Kang SA 2002; Park 5 2015). & o+
oM HRts FEstdA X 7A]olE A AlFste] AA
wo] 7kt AlRtol A& A]o)7F AAS] F7HE drbvt
AtAUE He Agoz B AF2 uint o5 dof 3
= 2 9 ARl W3t 2E A
e s=EHAE: 19149 5¢
219 HE A 43795, IEI1: 2020 2 11 HE A
169775)°] ZAE Fi $AFAAATE ST
A3]IACUC)ONA 5A(5IHS: WIIACUC131211-4-05)S
ok, A 482 SERAAATA AdsE SE9d

of

E
<
It
et
ox
)
g
&
4
o
i
%)
5

=
4 2458 o) Aol 34 FEolol HUSAT, ATE
29 20 7] RADAE Y vpE RAS BT Y
= = S ZAYUALEZ  fat(subcutaneous,
peritoneal, mesentric, epididymal), kidney(renal hypertrophy),
heart(cardiac hypertrophy) 2 Liver®] FA& =73t} &
717t T8 AQo FEEESS C|AFEW/AEANAIALE o]
85to] &9 uHA1A E -5 H (abdominal aorta) O 2 FRE
2 AE5¥ 1, 4L BD microtainer tube(K2E, K2EDTA)
o YEET T A A4l ETsto] d2 FAgo] tisto]
AY5}otA] A-5-84]71(7020, HITACHI, Japan)= 2 55
< AAFSHT

5. Western blot A&

Th lysis bufferE @11 4CoflA 1087 &S AI T AT
lysateS- 4 Coll 4] 13,000 rpm, 2047+ H4l2e]5to] 45-H

30 ngS #|5Fod A SDS loading buffer(60 mM Tris, 2% SDS,
25% glycerol, 0.5% 2-mercaptoethanol, 0.1% bromophenol blue)
S H7} T35 & 10% SDS polyacrylamide gel 0] loading3t
S 7195 HOZ nitrocellulose membrane®] Zo]3Hg-S 51%
t}. o] I & membrane 5% FAE-F7F SH+-E TTBS(10
mM Tris, 0.1% tween 20, 100 mM NaCl) €8 o] F7}1A 1A]7F
=t AF20jA] blocking 3FiTh TTBS fHM o & 1087} 3¥
A& & XA (PPARy 1:200, FAS 1:200)2 2A]7F HES-A]
2 & TIBS U0 3 AHS WHESIIt 1 o3
peroxidase”} EZHE 2x}¢tA|(goat anti-mouse IgG-HRP, 1:
200002+ 1A BRGAIZL & PA| A& chemiluminescent
substrate &NOF Z}A|S}SF & ChemiDoc MP Imaging
System(Bio-Rad) 0.2 Z=7J5}-0] Image Lab 4.1(Bio-Rad) software

6. ZZ|9| WISty E= MZ, M L pa
T S5 F 74 AP Al 72 7] 52 10% 5%
ol 34 &5 =T N 1T F F3 £AZ cross
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sectiond| 4] hematoxylini} eosin@Ms}o] &, =451t
2w L BE AR 220 BA% 2718 AT 7
10% 57 &5 2T 1= 471E =Htd A=
320 7] (embedding center, Milipore)® 305}t
0] A 2 2] 7] (microtome, Microm)Z <
um FA9 AR5t H&E(Hematoxylin-
Fosin) A9 214 AW 5 im FAE felsetol=
of RAFAIZI thZ xylene A0 g gujeid gt &, 4F o

L B5to] MU S E+= E(tap water)of] AIRE
o Hg FASH7] 25} hematoxylin(Harris hematoxylin,

MUTOpl 587t @aislan o] Hol et geme
AT A QUL 9I5to] HAE Q80| B 2Y %
2452}ol 2 Fosin(Sigma) §940] 23 EF AT TS
s3] FBTLUYS ANG. RS AT DI
Histosolve(Shandon)E #]]5}9] Consul-mount(Shandon)&
Jotoirt. 2AHES] M A= Fef 2 A1E
st w)Z TS100(Nikon, Japan)S ARE-5F3T).

flo &

=

o o

o]

A FE=

ulgkas} 299
An o o

1. i‘llg, I0|A-|=':|Ek al AIOI§% I:II_1§|.

QE GRFA A AR 5o AE A 24 A
Eo] o]} F4S Holx| glgtet. AY7|7E Fobo] AAFE
9] H|EH3E HojE A= Table 19] HojF3itt 5647
o] 71Kk B CON 29| A% F7Hs 82413 g0 Lhe}

%11, DIO 72 22.6£1.9 g DIO+CE250 w2 19.3+3.0 g,
DIO+ CE500 #-& 13.243.6 g2 & UElgth Aufd oz A3
71253 1948 (p<0.05) 2= 7 Wol F7HE ++2 DIO &+
& A o] HF oo, 14 FEE FolFg] o9&
st} folA o g2 Frhego] HAaTHp<0.05)S WD 4= 313l
t}. DIO #o] 1 &5 250 mgkg A T1E3 79 AL
= DIO 9| B]3, tieF 15% HA4AS AL, 500 mgkg ZTF-
Fol 29| B9+= 41.6% Fa&S Hof 11 Ao|7t SAH L

Z 895} 9 tH(p<0.05). Table 2= A3 7| 7FEQT TH 4o]
A Ao|a&g Hoja St F A¥7|7F 52t Ue

Wt 3152 Alo] 4 #H LS CON, DIO, DIO+CE250, DIO+CE500
7. EH £M 7ol 594 Q1 Zpol & YEtA] Aokt 18y Alojag
IE A BAZT = B3 22 ge 2 sy 9] AL, CON #& 2.5+0.4, DIO 72 6.6+0.5, DIO+CE250
A, Z+ 27+ H|@ HPH-E ANOVA(software StatView: -2 58409, DIOHCE500 -2 4.1+1.12 e}, CON 79
version 4.51, Abacus Concepts, Berkeley, CA, USA) S-A%H H]3] TX|HHAo] A o] §ojF o7 Z71519 1 (p<0.05),
o] 9Jsto] AP AFFH P22 Duncan's multiple test 1 355 FoT9Y A= Fogo] gEHor Fost
E &5t p<0.05 oA AASHT SAZEIHES Al A5 THp<0.05). o]= AAAo] HHE F7HE A]o]
SPSS v18 statistical software package(SPSS Inc., Westlands, a8 _T_’—’r— 2ZE0] 9IS nH G AoZ #EE
Hong Kong)2 HE= A ZAIE EAstct T}, Hwang 5(2001b)9] Oq—"rLOﬂ A deid 1A ES 3
o 1 (Y, A, Fe)) BEE 230%t AolE Algst A3
Aol ¥, ASS7HE R 4 01;%% a1 AF ol 9t
Table 1. Change of body weight among groups
Weeks after administration Weight
Group Initiate 1 2 3 4 5 6 7 8 gain (g)
CON 202412 24314 253+19  259+17  268+19  27.5823 287421 293420 304420  82+13
DIO 223109  25.6+1.8  282+1.9" 3194257 34326  36.6+82.9" 39334 41727 4494237 22.6£1.9"
gEIg;O 223407  252£13  273+1.9"  30.6£2.7° 32.6432% 355+33%  383+3.5°  404+£32°  41.643.1°  19.3+3.0°
é)é?(;o 22304  23.6+1.1  253+13°  27.5+£1.7°  28.6:1.9°  31.0+2.9° 32.6+3.5° 34.5+3.8° 354437 13.243.6°

Number of each group = 9.
Each value represents the meantS.D.
“Significantly different from CON vs DIO (p<0.05).

““Means indicated with different letters are significantly different among DIO groups at p<0.05 by Duncan’s multiple range test.
Y CON: normal control, DIO: high-fat diet induced obesity animal, CE: oral administration of Coriandrum sativum L. ethanol extract 250

mg/kg or 500 mg/kg.
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Table 2. Change of food intake and food efficiency ratio FEFS A Lot ZEM Hwang 5(20012)2] Ao A=
(FER) among groups I FEATA oIS BET FEY 14 HFE ZollA
Aol dF o] S718H 0‘4‘ o m¥t= A o, He, Aol

Group Food intake (g/day) Feed efficiency ratio
CON 33403 2.5+0.4 weh oEA e
DIO 3.540.4 6.6+0.5"
DIO+CE250 3340.5 5.840.9° 2. X=X FAl0| Hat
ZA5= =7 9] F
Each value represents the meant+S.D. A ok= A2 Fig. 1°] qu_"‘]“ AT F-aLek Aol
*Significantly different from CON vs DIO (p<0.05). 739 CON 0] 1,037.8+324.6 mg, DIO 0] 2,725.6+545.2
“*Means indicated with different letters are significantly different mg, DIO+CE250 0] 2,725.9+323.6 mg, DIO+CE500 -°]
1 among DIO groups at p<0.05' by Dur?can.’s multiple r.ange 'test. 2,352.6£269.7 mgC &2 ERY}, B %l XREFo] H9= CON
) CON: normal control, DIO: high-fat diet induced obesity animal, el Zuto Moz 2o
CE: oral administration of Coriandrum sativum L. ethanol extract 7} DIO | FojHes AfolE HeEgl (pf0.0S), -
250 mg/kg or 500 mg/kg. T FEE 500 mg FofoA= ﬂlﬂ_i FoJet ZolE B
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Fig. 1. Fat tissue weight changes in diet-induced obesity model. Each value represents the meantS.D. “Significantly
different from CON vs DIO (p<0.05). *“Means indicated with different letters are significantly different among DIO groups
at p<0.05 by Duncan’s multiple range test. CON: normal control, DIO: high-fat diet induced obesity animal, CE:oral
administration of Coriandrum sativum L. ethanol extract 250mg/kg or 500 mg/kg.
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Fig. 2. Organ weight changes in diet-induced obesity model. Each value represents the mean+S.D. “Significantly different
from CON vs DIO (p<0.05). **Means indicated with different letters are significantly different among DIO groups at p<0.05
by Duncan’s multiple range test. CON: normal control, DIO: high-fat diet induced obesity animal, CE:oral administration
of Coriandrum sativum L. ethanol extract 250mg/kg or 500 mg/kg.

EEZ E8%t Aol AlTe 2y B FEHAHE & OofAFEHARZ ufQ BNH 08 FF FH|AHE S
L= 14 B AF o ste] f-osHA Wolslem HDL-& A7 ol AW o e = SHAHEY =
Eﬂéﬂl%% #3571 g190c). Rajeshwari S(2011)2] L) A AANZoZN AAH Ao dolsttiy s}ty E

L 314 Roto] Ax|uEAgo] Bato] ALslHA] ofulE & Dhanapakiam 5:(2008) @7Lol| ©]atH 11<=#|oke] o] 9

Ao ZAshe YRl StETe) AuA) ave] o3t 1 @ BF L 24 o YA Fyo| BATL BEA L
o2 Hokth Eras 5(2005) Aol ahd o] EAste  FH AHSE BeE $wsb S7151 Wt dAE 2

AR AP =, DA, LA, Bl EAL Adol2At 9 ]Sk stk whebd T4k 1AEF oY L Amait



Vol. 36, No. 4(2023)

303

TG B T-CHO
& w0
a
i L
200
d
g b 3 b
= D 450
£ E
20
20 -
0 . . . 0 . . .
Con DIO DIO+CE250 DIO+CES00 Con DIO  DIO+CE250 DIO+CE500
| | | |
‘ DIO I j DIO I
LDL
25 q
a
20 * H
g
) b
E
o] T T
Con | Do DIO+CE250 DIO+CE500

DIO I
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at p<0.05 by Duncan’s multiple range test. CON: normal control, DIO: high-fat diet induced obesity animal, CE: oral
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Abstract

This study examined the determinants of healthy food purchases before and after COVID-19 in Korea. Binomial and multinomial
logistic regression models were applied to Korea Rural Economic Institute's Food Consumer Behavior Survey data from 2019 to
2021. The analysis revealed a significant decrease in the non-intake of healthy food in 2021 compared to 2019, suggesting the impact
of COVID-19 on healthy food consumption. Consumption patterns also changed, with a decrease in direct purchases and an increase
in gift-based purchases. Several variables showed significant effects on healthy food intake. Single-person households exhibited a
higher probability of eating healthy food after COVID-19. The group perceiving themselves as healthy had a lower likelihood of
consuming healthy food pre-COVID-19, but this changed after the pandemic. Online food purchases, eco-friendly food purchases,
and nut consumption showed a gradual decrease in the probability of non-intake over time. Gender and age also influenced healthy
food intake. The probability of eating healthy food increased in the older age group compared to the younger group, and the probability
increased significantly after COVID-19. The probability of buying gifts was significantly higher in those in their 60s, indicating that
the path to obtaining healthy food differed by age.

Key words: healthy food, COVID-19, multinomial logistic regression analysis, marginal effects
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Table 1. Summary statistics and variable definitions (Unit: household, %)
. Year 9
Variables 2019 2020 2001 X p-value
Not eating 746(22.36) 673(20.18) 510(15.37)
How to get By purchase 1,446(43.33) 1,361(40.81) L602(4828) o 001
healthy food By purchase + by gift 753(22.57) 942(28.25) 764(23.03) ' '
By gift 392(11.75) 359(10.76) 442(13.32)
Male 442(13.25) 396(11.87) 371(11.18)
Gender Female 2,895(86.75) 2,939(88.13) 2,947(88.82) 7157 0028
Number of More than one 2,506(75.10) 2,434(72.98) 2,402(72.39) 357 oom
household One 831(24.90) 901(27.02) 916(27.61) ' '
Less than 40 600(17.98) 526(15.77) 481(14.50)
Demographic- 40~49 866(25.95) 847(25.40) 786(23.69)
related Age 50~59 951(28.50) 985(29.54) 1L038(3128) 24722 <0001
60 and over 920(27.57) 977(29.30) 1,013(30.53)
Rural 750(22.48) 764(22.91) 744(22.42)
Area City 2,587(77.52) 2,571(77.09) 2,574(77.58) 0143 0931
Middle school or lower 533(15.97) 513(15.38) 535(16.12)
Education High school 1,482(44.41) 1,466(43.96) 1,453(43.79) 1.236 0.872
College graduate or higher 1,322(39.62) 1,356(40.66) 1,330(40.08)
Monthly average LSS than 3 million won —1,341(40.19) 1,404(42.10) 1,285(38.73)
househ Td verag 3~5 million won 1,154(34.58) 1,102(33.04) 1,0703225) 21368  <0.001
OUSEROIE INCOME 5 illion won and over 842(25.23) 829(24.86) 963(29.02)
i No 2,953(88.49 2,883(86.45 2,730(82.28
Haxflng the ( ) ( ) ( ) 54599 <0.00]
disease Yes 384(11.51) 452(13.55) 588(17.72)
Health- Relatively low 805(24.12) 877(26.30) 803(24.20)
related | icalth concern Relatively high 2,532(75.88) 2,458(73.70) 2,515(75.80) 4991 0.082
Awareness of Not healthy 1,100(32.96) 1,255(37.63) LISSGAS) o
<
one's own health Healthy 2,237(67.04) 2,080(62.37) 2,163(65.19) : '
Online grocery No 2,171(65.06) 1,933(57.96) 1,646(49.61)
shopping Once a month or rarely 802(24.03) 798(23.93) 778(23.45)  300.074  <0.001
frequency More than twice a month 364(10.91) 604(18.11) 894(26.94)
Frequency of Mostly not bought 2,257(67.64) 2,394(71.78) 2,451(73.87)
eco-friendly food 33.8460  <0.001
purchases More than once a month 1,080(32.36) 941(28.22) 867(26.13)
No 1,393(41.74) 1,309(39.25) 1,318(39.72)
In-taking nuts  Once a month or rarely  1,538(46.09) 1,744(52.29) 1,691(50.96)  44.469  <0.001
More than twice a month 406(12.17) 282(8.46) 309(9.31)
Lifestyle Availability to Strong}y disagree 3(0.09) 1(0.03) 3(0.09)
and classify healthy Disagree 143(4.29) 119(3.57) 120(3.62)
Dictary- S Neutral 1,202(36.02) 1,214(36.40) 1,286(38.76) 9.641 0291
elatod ag“"; ura Agree 1,774(53.16) 1,787(53.58) 1,698(51.18)
products Strongly agree 215(6.44) 214(6.42) 211(6.36)
Strongly disagree 4(0.12) 4(0.12) 2(0.06)
. . Disagree 193(5.78) 192(5.76) 159(4.79)
Ea“nf ;‘ V;“ety Neutral 1,255(37.61) 1,288(38.62) 1251(37.70)  10.186 0252
o 100 Agree 1,598(47.89) 1,608(48.22) 1,650(49.73)
Strongly agree 287(8.60) 243(7.29) 256(7.72)
Strongly disagree 18(0.54) 27(0.81) 26(0.78)
Havine 4 reeular Disagree 232(6.95) 222(6.66) 185(5.58)
bg Py tgu Neutral 961(28.80) 947(28.40) 895(2697) 16573 0.035
reaxias Agree 1,583(47.44) 1,539(46.15) 1,633(49.22)
Strongly agree 543(16.27) 600(17.99) 579(17.45)

Total 3,337 3,335 3,318
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220199 32.36%C01 4] 20219 26.13%2 2 Z o= slest A
o7 et} F Wy 25 ArE 54 F Xo|7t EAst=
Aog EAEQY. ANFE T & 13 B I vvte=
AF ST ot =L 2019 46.09%00 A 2020 52.29%
2 F7bsta e, g gof 23] ol AFttth= BlEY B¢
20199 12.17%°1 4] 20204 846%= 7HAst] Ard EA4
2tol7} Q= ACE UEyith 7o £2 545 A5t
I Qi g3t HEL 201993 20219 ZHZF 59.60%,
57.54%= A =0 & HISHE Holx| grafow, thefelt A%
< FF AFea g3t vlg 9A] dxE 2 Ao] glo] F
A 55.51%(2020), L 57.45%(2021)Q] $=2S Bt 432
ARl ofFAALE Sk okl et HE2 dEE Ha A
2319] 20199 63.71%01 4 20219 66.67%% YER} Jx=d
BAA Aol7t EAfot= AR EAEI

2. o= S| SAHH A0 HA

T 2y drd 2y 7 FHAAS Ao B4 dit=
o3 Zot BE dAE ARE FHet F43 2%
LS -1,10170, A= AEE vHE o =AY 20 EZS
77 -3,682.120199), -3,707.920204), -3,445.7(2021'd)
2 AEE0] 1% FoeRollA FHEFY dAASETL A
T 239 IJAASE T o7t e AR UEHT
olo A= v} EXAY ARG E FF &
H4=0] A RIS o]-§5to] COVID-19 HF A7FA1E A
o ¥of z+ Wrt ujA= 9F Fx d HSHE Aotk

SA 2T Axd ol Y T 2AAE I AHEA At
£ o g Wl A aRE A9, ofg 244
g 384 A Table 20, e 2A2E SAEA At
€ ATAEEHE B4, A7 B4, AEsT 9 AN 54
©2 FE5}0] Table 3~59 AAISHITE. o] 2AAE £4]
Aol A A7FAE A5 el T4 4TS nxEe
FES COVID-19 T A E 7€ 08 7H=Fs] A Egte
o, 20 Bt FAA AP dFRAAE B4 AnE
HEo 2 Al sk

1) ZZAIE M3 o{F0f CHEt SAHEat

AFAE AF ool gigt o]y 2AAE 3|ARA A,
COVID-19 4] ojiel gaiglo] HE 7|7 A48 43
o 5ol BAA Ztolg Wl ¥k Y, Ay, 22 &7
o] o, XY AF wuf ¥, AVF HH NER B4
=Qlct FAH R L HYETt o o] HHEA R 6.27%

=, 40t wIgE o] 4o, sodf, 60th of&o] ZHzh 8.97%,

13.97%, 18.20%%HE, 2291 43 ujo]g ot tjn] IHI:
o] Heho] 533%RtE, X8 AR vl Hek thE]
o] ko] 9.99%RHE, AT vl H Hd ] 1RIE AHH
ol 16.30%5HE BAXCE =2 AFAE HFH FES
B2}

olo] Hste] COVID-19 T A5 AZAIE A3 ool
st 544 JFe] gkl WaE 190 7hE o, 2
B{ i, AAR0 A% 4] AR EAEQ o] F 1
Ql 7ot AAR AZYettt i AZbohs Jo-2 okl 7ot
AAE ZA7HA] Ytk A3k Feol| Bls) COVID-19 ¥
B A 22} 5.66%, 5.12%0F A73AFE HF gEe] R
1 COVID-19 4 o] &2 s} Afoli= BAH SR {54
Aottt Tioto] AW Bk} u|R{Ate] AFAE HH &
E9] Ao]= COVID-19 HA A BAH LR [olokA] gore
L, B4 Sofl= P ERA e HRAEe] ARAIE AEH &
E0] HHZHOR 6.64%UE £ AoZ EAH

2) HLAIE FIS Wy sAE}

(1) QITALEIEHN w0l BHHE}

QITAEISHA o] that Fa B4 Aok et 2t
A dA e ool AGAES PHSA e FBL
20198 4.99%, 20209 8.88%, 2021 7.63% T A LEL}
ool ABAE HHT BEol ¥ B AT BAEUt

ol HSHIES o P4 thy] o9 ART/AET}
E0 AAIGE Park 520217 43 tiH] of/do] A7 54
E2 HFHT FEo] Eoha AAIS Kim 52021)2] Ao
Halols 23t & 4= 9t} gsto] Fuio] COVID-197} ¥
RS 20202 o Eo] GARET YRAE+IR o=
ARAEE HET 80| ¢ 2 Zoz yergoh ol
ZHE oiE] 191 7He] ARAES A e EEL
20199 5.75% =A YEREAIEE, COVID-197}F B33t 20204
o2 BAXHOCE FO5HA] 2 AR EAHTt. o]
Ao kA AARE AL E 23] F7Fetal Qs A4
£ 43 v5E 283hd CovVID-19 FAPo2 QI 191 71
9] AZAE AF o] Ao R FobH 7Y = A
FAE AH e Ato|7t f-951A] A UERd Aoz o
A3t = ook ek 191 747t ol Zh ] AGAES
TFufjste] 43t e COVID-19 Af3o] 123}E]7] AJzh
St 2022F0] Holx= AoZ YERh

E 7|ZoA A A7t EoldeE A4 RS A6
A kS 31go] Uolx Ao w Bar|o] 4y} AFAE
AH FE2 AH] AHBAT SATE A eH, o
L Aga A7 84 9 A75AE 23 Q4] A



Vol. 36, No. 4(2023) COVID-19 A% AZAIE AF off B399 vjw 315

Table 2. Marginal effect on healthy food intake by year

Eating Not-eating

Variable
2019 2020 2021 2019 2020 2021

Gender: female

b 0.0441°  0.07837 00658  0.0441"  0.0783"  0.0658"
(Male)

Single-person household

-0.0566" -0.0196 -0.0058  -0.0566" -0.0196 -0.0058
(More than one)

40~49 0.0479 0.107" 0.1143"  0.0479 0.107" 0.1143"
Age 50~59 0.1062"  0.16377  0.1491"  0.1062™  0.1637"  0.1491"
(Less than 40) ok ok ok ok ok ok
Demograp Above 60 0.1465 0.2142 0.1853 0.1465 0.2142 0.1853
hic-related :
1erelated Area: city -00104 -00216 -00062 -00104 -0.0216 -0.0062
Education High school 0.0682"  0.0354 0.0355 0.0682"  0.0354 0.0355

(Middle school or lower) College or above  0.0216 0.0028 0.0182 0.0216 0.0028 0.0182

3~5 million won  0.0167 0.0200 0.0526"  0.0167 0.0200 0.0526™
Monthly income o
5 million won and

(Less than 3 million won) over 0.0457" 0.0343 0.0326 0.0457" 0.0343 0.0326

Having a disease: yes 00293 00624 00704 00293  00624"  0.0704"

(No)
Health- Health concem: relatively high 00125 -00135 001 00125 -00135 001
related (Relatively low)

Awareness of one's own health: healthy

(Not healthy) -0.0512° -0.0025 -0.0155 -0.0512° -0.0025 -0.0155

Once a month

Online grocery ot arely 0.0915™ 00751  0.0346 0.0915™  0.0751"  0.0346
shopping frequency More than twi
(No) ore than fWICe 4 0915™  0.0523"  0.0161 0.0915" 00523 00161
a month
Frequency of eco-friendly More than once 01234”01129  0.0635" 01234 01129  0.0635"
food purchases (No) a month
Lifestyle . Once amonth )7 01975 015477 024277 019757 0.1547"
and Intaking nuts or rarely
dietary- o M h i - - - o - -
tary (No) ore than tWice 147 01779"  0.0963"  02147"  01779"  0.0963
related a month

Availability to classify healthy agricultural products: yes 0.0211 00206 —0.0021 00211 00206 —0.0021

(No)
Eating a Va“f;yo)"f foods: yes 0.0046 -00139 -00116 0.0046 -00139 -00116
Having a break(ff‘s; regularly: yes -0.0031 -0.0285 -00154 -00031 -00285" —0.0154

D Reference group.
"p<0.05, “'p<0.01.

Aol A(Hel FFol AT & U= AR O & o2 metE: 40t migk oM Ay FFste] AAFAEE
Kim(2012)2] d+to] Fotst= 2= & & St} E9] 7|+ A G2 = 2E 7IX0A BAZHCE w2 AL
Ak o] 1Ay JolA A73AE A3 G Bl =2 2 Jepton, 50019 AL 201990 EA o R S9l5t
717} COVID-19 ©]& 374 2713t Ao 2 BEA= o] COVID-19 2] gkoko} COVID-197}F A3t 20204 o];ii-t— H =2
AT A7A1E A3 Aol AFHER AdolstA dddE A FAE 2= A0 BARET AFAEE 45 A A
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Table 3. Marginal effect of demographic characteristics variables on how to get healthy food by year
Eating
Not-eating
Variable By purchasing By purchasing + by gift By gift
2019 2020 2021 2019 2021 2019 2020 2021 2019 2020 2021
- femal . - . .
Ge"gf/;ale;',me -0.0499° -0.0888" -0.0763" 00559 00133 00270 00088 00910 00459 -00148 -00155  0.0033
Single-person houschold 00575 00125 00078 -0.0519 -00387 -0.058" -0.0051 00185 00403 -0.0006  0.0076  0.0109
(More than one)
N 40~49 -0.0560" -0.1230" -0.1362"  0.0666"  0.0932” 0.1432”  0.0289  0.0420 00174 -0.0394" -0.0122 -0.0245
g¢
(Less 50~59 -0.1235" -0.1953" -0.1891" 0.0564  0.1041" 0.0877 0.0921"  0.0908" 0.1076™ -0.0249  0.0004 -0.0062
than 40 » - " - " " o *, "
an 40) Above 60 -0.1598" -02474" -02237" -0.0513 00554 -0.0310  0.1148" 0.1064™ 0.1732 00962 0.0856"  0.0815
Area: city -0.0019 00174  0.0035 0.0472 00773 0.0229 0.0306 -0.0310 00292 -0.0758" -0.0638" -0.0557"
Education High school ~ -0.0751" -0.0429 -00474 00583  0.0943"  0.0603 00238 -0.0283 00025 -0.0069 -0.0231 -0.0154
(Middle school
or lower)  College or above -0.0200 -0.0086 -0.0252 -00059  0.1091" 0.0804 00534 -0.0670 -0.0333 -0.0275 -0.0335 -0.0219
Monthly income 3~5 million won ~ —0.0107 -0.0183 -0.0495" 00291 -0.0406 00151  -00047  0.0755" 0.0586° -0.0137 -0.0167 -0.0242"
(Less than 3 .
million won) 3 Tng'?/e‘:on —00272 -0.0238 -0.0231 00197 00045 -00726" 00157 00450 00812 -00082 -0.0257 00145
D Reference group.
“p<0.05, "'p<0.01.
Table 4. Marginal effect of health-related variables on how to get healthy food by year
Eating
Not-eating
Variable By purchasing By purchasing + by gift By gift
2019 2020 2021 2019 2020 2021 2019 2020 2021 2019 2020 2021
Having ?Nil;fase: yes -0.0259 -0.0645" -0.0633™ -0.0147 00095 -00385 00265  00649° 0.0814° 00142 -0.0099 00177
Health : relatively high - .
calth concem: relatively hig -00104 00123 -00198 00227 00303 00734" 00070 -0.0267 -00315 -0.0193 -00160 -0.0222
(Relatively low)
Awareness of one's own health: healthy ) hoop 00103 00113 00326 00694 00859 -0.0863" -0.0818" —0.0579" 00016 00021 -0.0393"
(Not healthy)
D Reference group.
“p<0.05, "p<0.01.
BT YL HES ol YHIUTHT G Wuol £ e APAE vl4F e BAF Folk gL}, COVID-19
2 40t Hqt oiH] 40t 9] A SAA Aol gllem, 50 7 Ak 2020 0= A4S skl HHT g0l
tje} 60t o] o= AF A7t woHdE ol S =Y Ao g EAESIH Hoto] 5& AFRIo] BA| A
o] FolAE AoE BAEch BT AR wol 4TIt wlof u]g) MR AF ol AZAELS 4T Ago| FAA

3G B 40t m)g ohu] 60t) o] ol EAHOE
FolskA A9 e vekch. ool Ak 409 g
ohH] 408) ol ol N AZAEL HHT gl Brie Wt
a09h9] A9 A Fofste] sk Agol, S0l S
A oot HES B9 HAVE YA o et e
olgo] A9 AEL wo} P AFo] Ui AL ]
s ol AT AZAE A3 olReh S wpo] £
3 Hol7t EARS AAkE

57 WA &S - B T ZAE)e] A%

02 H g2 AR YENY. o]F 20224 V& FU 5
o

A FHAPo] 43. 9*1101 dhd W 292 56342 3t
& A9 3R] g= 137.90] St H R 92 444.99] o]
ErtE AR 1’41?:]0]-05] 5 (Korea National Statistical Office

2023b), A7FAES AE @S gEo] &2 500, 60t o)A
1F QI H|Fo| w24 9] BA UEht 29E & 5

2% ofdt oy 1E
2019¢9] 7.51%

A AGAE
A et ot
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and dietary-related variables on how to get healthy food by year

. Eating
Not-eating
Variable By purchasing By purchasing + by gift By gift
2019 2020 2021 2019 2020 2021 2019 2020 2021 2019 2020 2021
Online grocery Once @ month —_ \oese 00600 ~0.0253  0.0886™ 0.0634° 00827 00326 00160 00186 -0.0428" ~0.0405" ~0.0760
shopping or rarely
frequency " . . " "
‘ D More than —_ \e08™ ~0.0447° ~00144  0.0481 00064 -00542 00653 00339 01306 -00326 0004 -0.0620
Lifestyle- (No) twice a month
related Frequency of
cco-friendly More than once (1= (350" 073" 0.12187 00573 011777 00259  0.1058" 00020 00057 00271 —0.0473"
food purchases a month
(No)
Once a month - 7ge 05078 -0.1700" 0.1363" 0.0890° 0.1293"  0.1221" 0.1150" 0.0897" -0.0104 00037 -0.0487
Intaking nuts or rarely
(No) i " - - - - " -
Morz if;ﬂtl‘“ce -02178" -0.1905" -0.1184" 00253 00287 00618  0.1296" 0.1805" 0.0878" 0.0629" -0.0187 -0.0312
Dictary- ~ tng @ Va“f;i) )Of foods: yes 0100 —00154 00015 00288 00204 00309° -0.0235 -00040 00254 —0.0153 —00010 -0.0070
related
Havi ks larly: , . .
aving a brea (Naz; TEBUATY: Y5 00076 0.0110 00009 00027 0.0164 00075 -0.0269" -0.0334" -0.0082  0.0166" 0.0060 -0.0002
Auvailability to classify healthy
agricultural products: yes ~ -0.0050  0.0309” 0.0186 00077 -00081 -0.0005 -0.0050 -0.0370° —0.0143 00023 00142 -0.0038
(No)
D Reference group.
“p<0.05, "p<0.01.
COVID-19 ¥ o] 2= BA A Alo)7} gle Ao B4 (2) A& 2 B==o| StAHg 1}
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Quality Characteristics of Noodles with Added Chickpea (Cicer Arietinum L.) Power

+ .
Youn Ri Lee
Associate Professor, Dept. of Food and Nutrition, Daejeon Health Institude of Technology, Daejeon 34504, Korea

Abstract

Noodles were manufactured using chickpea powder to evaluate quality characteristics. Compared to noodles made of wheat flour,
noodles made with chickpea powder showed higher contents of protein, lipids, ash, and dietary fiber. Among noodle cooking
characteristics, weight, moisture absorption rates, volume, and turbidity decreased significantly as the added amount of chickpea
powder increased. Comparisons made of the color of noodles with raw noodles after cooking showed that the brightness (L value)
of raw noodles tended to decrease as more chickpea powder was added after cooking, and levels of red (a value) and levels of
yellow (b value) tended to increase as more chickpea powder was added after cooking. The texture of noodles with added chickpea
powder tended to increase as more chickpea powder was added, such as hardness, springiness, gumminess, cohesiveness, and
chewiness.

Key words: chickpea powder, noodle cooking characteristics, color, texture

ISR F(grasspea), ALF TH2 02 F 83 F ZHE0|Th(Lee JS
2015). AR AL 2} 7HEH 2 skl H1 010111 L}

A7sHE Agge] wiste ubgdsio] AE Aol AR B3, u|$rbR, B dlob o] &sha, WaAlEe] ¢
PR A Aol gt BAT 71 5AAE] gt A7t o8 odFAL} ojHYL oEE ol%%u}(Ahn H
sHA Aol HuA A7RER 715S 7H et AE 2012). o3 o] 83t 7HEAEe] APATE Abou-arab

7iero] o]Foj 1L Quet. ot (Cicer Arietinum L.y ©] 50102 A0AE ] FA LS fI8h Hotd] F7HEY
HE FoZ EH Holg] 502 H®h O H(Lee IS 2015), dIFA ool 715490 EAS, Abu-salem & Abou-arab
S, AT, A=, FYOFAotoA A E, £, é%, (2011) Hote]g Ta A FEl d(tempeh)o] th3t o]3ts}
TRA SO gt 292 AHFH JohLiv Y 2012). 5 A EA4E, AdE WotelE du vlee gt e
o] Bl Uj7} Qlo] a4t w2 “01*:1%5: ko= =yt ﬂZﬂ(Lee JS 2015) A7-=°] At
o] ol thololE AEozZ FEE I Qr(Pittaway JK 2L oyl2s 2oy A2y B Yol uiEsl 5 |
2006). 53] 972 6Hll o]/d] Zre FHol Qlof w A7 EH—E— HE 7he AA A3 F 9% 2712 Fet ut
3t AR FEY & Athe Bt Qd(ukanti 500 € AEFE sk AoE, 99 TR 9 HVEHe 249
2012). Tl et ot Aol /gE 9lon, A *ﬂ AXo=z
ot 2j7}, otel7t, Qlk, Fdotd 2|7t BollA Fagt g AHEe AFo|ti(Chang T 2017). T YIRS
AE SAEE Afsta Aok I AoIME 1A & FARE QA 227} 7hssto] vhE A "J%Ol A 2
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= 3139l 7IgAlEo|th(Kong & Lee 2010). o] &
(Ch01 2005; Han & Han 2011)°]4} @H](Kong & Lee 2010),
K| (Ha & Park 2011), =X}Hyun 5 2001) 5& 4L 24
AF-E0] HiE ot

wehd] 2 AFolAlt Wl ® Bue
Azstol BAEAE BN

285}l

ot —1
=

ME o

24 7] (HMF-600, Hanil Electic, Korea)=

mesh Ao W& -20CoA YEEAsIH
A ARE *}%0}9&4 o] 2ja _,_11]3\_01] AHEE AR
28 E(CJ, Korea)?} AFHCJ, Korea)y &5 ulEO| A 1935}
o] Ag AT

2. Ho2|Z3 2% I+ M=

Hol] g 2 =4 AZE fIs D71l ot T
2 0%, 10%, 20%, 30% (w/w)2] H]gi A7sho] A Z5H Tk
(Table 1). A2 100 go] & 50 mLE 91 AF 3 g 237
o2 718 =4=A| Z7](BE-9500, Bethel Co., Ltd, Eumseong,
Korea) g AH&sto] & 1142 AR Eo7HHA W& 34
gt &, A% 08 mm, 4o|E 20 cmE ATtsto] A (fresh
noodle)& A Z35}%tH(Lee & Lee 2011).

1=RuiJ
=

3. OEH:II_I-AO-LE_ al _=é=_ OlA‘|° ‘='A-|

0] YEGE-L AOACH(AOAC 1998)0]] wha} EA41519]
oh 232 550C A 219Hy, AR Soxhlet F&H, £
chllo 252 A= 2 2R](B-234, BuchiCo., Flawil, Switzerland)
€ 8% Kjeldah¥ 0.2 24313t} Ao d# o2 2
=

ZFHo R =51 H(Prosky 5 1988).

Table 1. Formula for the preparation of the noodle made
with chickpea power

Samples (%)

Ingredients (g)

0 10 20 30
Wheat flour 100 90 80 70
Chickpea powder 0 10 20 30
Salt 3 3 3 3
Water 50 50 50 50

u)

4. 2%
2]

9_| _{E'EA-I

iﬁ%*ég %Aq 0}71 _?.]6]-04 Zapg) 2

§
a
~§
8
g
)
e
H
E
ér
=3
@
0l rl
ﬂJ (¢}
A 4
o
ol
ol
1)
o

(Choi 5 2005; Lee & Lee 2011: Kim & Jung 2013). SF2
A 427 2Ee & Ao A 2 E0 3027
AU T S SR sl S8 % Sl
Fegese sudd 39 4o 392
oh] AlEe] B o] £ ¥
38 Mk 249 5 BERE

*E]EJEiOﬂ 300 mLO] Z2E5E ;‘(H o7
ok B Bug 2gelst s AW 20 g2
=olA 4—v—7J 4ok A= A Fof ojnff dof =2
20f| A BZ}sto] AETE F2F T UV/VIS spectrophotometer
(V-530, Jasco, Tokyo, Japan)Z 675 nmo]|A] &4 =& =7}

%t

-II

5. M

A= colorrmeter(JS-555, Color Techno System Co., Ltd.,
Japan)E ©]-2-5}o] Hunter L(lightness), a(redness), b(yellow-
ness) #r< =435I cH(Jung 5 2009).

6. ==Z

Texture analyzer(TA-XT2 express, Stable Micro System Ltd.,
Haslemere, UK)O|4] Pasta firmness ring(part code HDP/PFS,
batch no. 11588)& ©o|85}o] =743} th. 7 & (hardness), —‘,ﬂ—
Z1A] (adhesiveness), 431 4] (chewiness), 4 2}FA] (gumminess), EH
J(cohesiveness)S =75} t}. Texture
analyzer®] &% 272 pre-test speed 5 mm/sec, test speed 1.0
mm/sec, post-test speed 10.0 mm/sec “L2] 1 strain deformation

AJ(springiness) H SH4

2 25%2 3t9ithJung S 2009).
7. BHEA
2= A% Zil= SPSS program(Version 24.0, SPSS Inc.,

Chicago, IL, USAYZ A}:3to] Wt BEmA Lehlg

1, 94 HAAL dUEAHEA(One-way ANOVA)Y} TF
H 2] % ¥ (Duncan's multiple range test) O 2 A|& 7+9] }o]

2 EASHATHp<0.05).

N

/-1 E

1. HollE 2
Holelg
29} gt o

11.41%°]H

oo ME =S52 YR

T g7t whE =40 YRR A= Table
A slke By Wrks 22o] chuAstere
obg|F B 10%, 20%, 30% F7tol whaf o

_@ HE OHI
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Table 2. Chemical composition of the noodle containing different ratios of chickpea power

Chickpea powder (%)" Protein Ash Total dietary fiber
0 11.41+0.93° 0.89+0.09" 0.8240.05" 0.730.06°
10 13.36+0.47° 2.2140.10° 1.98+0.10° 2.18+0.10°
20 15.33+0.48° 2.60+0.07° 2.37+0.15° 2.2240.11°
30 17.49+0.62° 2.92+0.13¢ 2.55+0.11¢ 2.44+0.11°

Y Ingredient ratios are identical with those listed in Table 1.

*dMeans within a column with different letters are significantly different (p<0.05).

[©)

23S 13.36, 15.33, 17.49% Z21= YeERgt.
o] H71E =4=9] T Jheko] A yehd
E o] 7|18t £ 2 o AXIT Aot
L7+ 49] AoFE2 0.89%0]™ Hotalg & 10%,
20%, 30% A7}l whap A 221, 2.60, 2.92% A2
BT Igbal 5-(2006)2] A-FollA] ot F-2f Aot
520%%ct. IEEFS HY TR =9 RS
0.82%0°]™ Hgota]g B 10%, 20%, 30% H7tol whet g
Boleko 1,98, 237, 2.55% A2 YERG OB 2lo]HG409]
e W7HSE 529] Ao|HdfAadhg2 0.73%0]H otz
LS 10%, 20%, 30% 7ol w=th SlEdFS 2.18,
22, 2.44% AT JEPGT Aum HM(2018) S7-o]| A o}
gFos Azt FAFFY P2 6.20%, RA2
0.29%, 3B 0.51%% Lelth Holg]d Etof thul
2, A4, 3lE Aol R4 o] AUyt VR E AT
i Holg|F Eo] A Tl Qlo] AAA o
T3] Fgo] =4 YErHh

tel

p.:

Hr &
tlo tlo rlo

>

U

fT oft
(B o

T

1= o

of mo

[\9}

2. HOl2IZ 22 HII mE S50l x2Sy
olelg B Hlo] e F40) xel54Q 2w
F%, FEESE, Yoo S 249 AT Table 3%
2t 42 F9| F5FFL hE7] 3649 go] 01t o

3 BT Wlol gt Grge] ZHSF 3551 g(10%,

Az OHl

33.84 g(20%), 32.68g(30%)71A] AATHAT}. BB E =
FHstel o] Hoteg B Hrhgol S7HdE 11 gl
Hashs A3e HIiH ol Woldd &9 AH/dEol
7HE9] 32 Aststglr] Wigel 28 & "o &%
F&o0] 4T Zlor B QIthMin 5 2010). 42 ¥
9] Byl tj 237} 3321 mLo]l oy HolElF B H7lo
we} F7leo] 2712 32,05 mL(10%), 30.83 mL(20%),
29.50 mL(30%) 7+A] ZrASF4 ). Park & Lee(2005)2] £
FeA S 7R Aol A S gk St wheEh o
o] Zof &afjEo] =542 ST TRETE0] H4ast
Rl ot Adets AR EH= Aolt 22 F L1FEY
4 A=E Yetde 3829 gee HolEs 2 J7H
o] F7IdE grglo] Hashs AT YEH thKim
TH 2010). 72 137 =& AT g S7h= dd=
A FofA| L FolAA sto] 22 ASHAZ 4= U=
gote]E EEo] MEEE2 ol Ak 92 & kL oA
Zt}(Delcour & Hoseney 2010).

3. Hol2IZ 2 &0 me

Hole 3 BLe A/ F4o) Puat 2eue] A=
243 AT Table 49 2Tk FEL valuey A=) 3%
7)) we} grol S7skA T Fpol wet gro] gkl
o} AHO] HI(L value)y= X771 81.32&2 YEtoH, |

OHI

20| M

Table 3. Cooking qualities of the noodles containing different ratios of chickpea power

Chickpea powder

Cooked noodle

Cooking water

(%)" Weight (g) Water absorption (%) Volume (mL) Turbidity (O.D)”
0 36.49+0.32° 81.41+1.06° 33.21+0.57 0.41£0.03¢
10 35.51£0.41° 78.67+1.17° 32.05+0.80° 0.28+0.01°
20 33.84+0.50° 75.93+0.67° 30.83+0.49° 0.25+0.01°
30 32.68+1.23 69.83+0.40° 29.50+0.34° 0.21£0.01°

Y Ingredient ratios are identical with those listed in Table 1.
? Optical density at 675 nm.

*Means within a column with different letters are significantly different (p<0.05).
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Table 4. Color properties of the noodles containing different ratios of chickpea power

Chickpea Raw noodle Cooked noodle
powder (%)" L a b L a b
0 81.32+0.82¢ 1.19+0.09° 10.86£0.97* 80.71+1.12¢ 1.13+0.05° 11.06+£0.20°
10 79.79+£0.21° 1.42+0.05° 12.10£0.37° 74.7340.47° 1.88+0.11° 13.3740.46°
20 76.09+0.55° 1.89:£0.03° 12.75+0.43% 72.44£0.51° 2.854+0.10° 14.09+0.15¢
30 74.33+0.30° 2.4120.04° 13.68+0.33° 69.13+0.67" 3.600.07° 15.37+0.45

" Ingredient ratios are identical with those listed in Table 1.

*IMeans within a column with different letters are significantly different (p<0.05).

olelE Bue WSS FE} gamgon], 2eue
WEE SR Holele B A71gl /1S
TVt A4S A AL (a value)= T 2F7T 1.19%2
ehton Wolelg B¥ Arlge] F71es Z71he
AL W 2] UEE HolelF BT Hjol
FU2R Ao SR BTl e ol E
o M7 BHE W Ao, vl Mael HHHL]
Wolel3e] BeElo] Aol WolelZ Hriwol F4U4E
S8 gro] Z7ts A0 2 Azl Kim & Lee2016) T
F9 Hol2lg, AT S ol8stel IS AXHAS
o} Wolelgo] /14 A £A Liestt AHe] A
(b valuey= HZ771 10.86°.2 UEGo™ Holalgd
Wrhol BNUHE SV AT Rk 22ue B
AL Holelg £ Hjwo] F1U4E PRI 3
skt %ol UEste. BAED olAE Holelg 4
of Aigo] FHULE Fol THek/] o] olel2 Hegol
271 271 T Bt Leo ISQUIS Holels
TR W ARA BollE Bl AT HuEg
o] Z7RHE AS WolelEe] Soigkt FHzeiol
Aol 71T, Bhof 2 B3} QK S B

o) mlo

Iyl

4 HOlZIZ 22 Ayl mE 4| ZXY 58
H

H7Fet #4:9] 7% (hardness), A

(springiness), 743 (gumminess), -3-%] 4 (cohhesiveness), 4T
(chewiness)ol| et 22|72 5795 A= Table 59F 2%
o AEE t277 520150t HolelE At ut
gt 7ol Z71E4E 108.2, 113.9, 116.57H4] Z7181 ).
g2 2771 0.220] o HHoleF £ F7bof| ek
H7¥go] F7HETE 4.70, 6.64, 6.92 S7Foth AL o
Z7F 2580|100y ot g & H7tol wheh Mol
F7HEE 370, 4.19, 454714 S7F6HH SRS HE
T7F 0240191 01} Hotelg BT X7l wet Vo] F
7FdE 038, 042, 045714 S71skith AR e+
7} 0.340]91 o4 HolelF &' 7] wet 7ol 71
FE 056, 0.59, 0.637H4] F7Fotdet. 71 A Z 1 2217411
T, ©®EA, A4, S84, A HolglETE Are
Z7}ohe o8 LFERAT Kim S(011) A2t 3
7} gl 285 AR, B4, A4, S04, W4l 5
Aol AFe ) ol AlElol] whudo] 22w

O Holu, % BSANE B GFHA %t 7542
Azl QolHE A7/t o Bastek Bz,

Table S. Texture profile analysis of the noodles containing different ratios of chickpea power

pO\CN}(lilngi/j)” Hardness (g) Springiness Gumminess Cohesiveness Chewiness
0 95.2+0.95" 0.22+0.04" 2.58+0.03" 0.24:+0.04* 0.34+0.03"
10 108.2+2.57° 4.70+0.27° 3.70£0.22° 0.38+0.01° 0.56:0.02°
20 113.9+4.33° 6.64+0.10° 4.19+0.09° 0.42+0.01* 0.59+0.02°
30 116.5+2.10° 6.92+0.06" 4.54+0.14° 0.45+0.03¢ 0.63+0.02°

Y Ingredient ratios are identical with those listed in Table 1.

*Means within a column with different letters are significantly different (p<0.05).
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Antioxidant Characteristics of Sweet Potato (Ipomoea batatas (L.) Lam.)
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Abstract

This study investigated the antioxidant characteristics of sweet potato according to different plant parts and drying methods. The
sweet potato plant parts were divided into root tubers, stems, stalks, leaves, and tips, and the drying methods were freeze-drying
and hot air drying. Total polyphenol and flavonoid contents and radical scavenging activity of the sweet potato plant parts were
significantly different depending on the plant parts and drying methods. The total polyphenol content of freeze-dried sweet potato
leaves and tips were 52.76 and 46.19 mg chlorogenic acid equivalents/g sample, and the total flavonoid contents were 222.47 and
214.12 mg quercetin equivalents/g sample, respectively, and decreased with hot air drying. DPPH radical scavenging activity was
higher in freeze-drying than hot air drying and was significantly different depending on the plant parts. The ABTS radical scavenging
activity of freeze-dried sweet potato leaves and tips were 43.48 and 44.68 mg Trolox equivalents/g sample, respectively, and decreased
with hot air drying. Therefore, additional studies on the functionality of using by-products from sweet potato cultivation are needed.

Key words: sweet potato, Ipomoea batatas (L.) Lam., phenolic compound, antioxidant activity

M =2 18 LB (Ishiguro 5 2007), T 2L FEAM0] L4 (Lee
5 2007), FLA27] D FAEA Kwak 5 2013), FUEA

FOHipomoea batatas (L.) Lam. = 254, U & A} (Shen 5 2018), FH ¥4 (Hermes 5 2013), FALSHEA
o} A NAAC R Wo| Au=r Y= AER, HE, chi (Jeong 5 2015; Kim 5 2015; Ogutu & Mu 2017) 5°0] =&
q, Holig, HER, Ve, 2710 5 gopgol ERF Ao WU ofeit $-84RT I Al 1
o2 &HA 9thHou S 2019; Kim S 2019), Tup= = 0} ol E7]= 7 7P*4%(Islam S 2006), T2HGo N 2015)
2 IS o8&l qlow, it 17] A= 4Rt ol H7lote AEFaAzE &85
o]-go] Hi YAz & FAFAERE H7|HL A= 71& QAE g At 3558 UALE 7 Ho] A
Aot} atup A4FH0] 3t £7]0fl= Aol 77t S5 S YA A85H7] w2l AES H7]= vlgol TSt
skal £H|QL, HEFIEY 5 F-8/d8S v ehRokal 1o 1 A4 errEo] Ae F-8AHES ol-85HA Eote 9
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o] Qlth(Lee 5 2022). Y3} AAZ H-go g MitH Ji4E
E29] EX|Z(Ipomoea batatas (L.) Lam. cv. Tongchaeru)+=
° %@z}%amszsmﬂ MI2011-31-09(IT334865)
A F35olth. A} YAF FEAo}
5 71%*31"5: | %1‘%5 AL AR AAA AH7 s F
2190 F5o2 AT A3 AT AH,
7~} 12 Hu, 345 552 dAFol= FH UG
mg/100 g), HEF}IEE(83 mgl100 g), AEACFI(180.2
mg/100 g), H]E C(15 9 mg/100 g)S tFF 39517 9o,
URR $FE =2 EZZo|tk(Lee 5 2022).
B Aot R SARAEE HAHE 2t
Z719) 9, A= =0 FaA =AS 95 EF= Zx9]
AapRol ek FAKEAE ARl HEE A7) 5o

B8 AT NZARE BEIHIA SHc

N o T
i lo
S

l\)

ME 2 e
1. AEM=
2 Aol ARERE A1k A F(cv. Tongchaeru) 52
2 20229 AepaE FobE 2419 P AlFaeh Hiol e
NYRAZIEATLA AFZAHQE 34° 5N, AE 126° 27E)
oA BArE AL ARSI 1Ol 49 5Y w}Esto]
d T HE AHcIon, 59 3040 AHAAHE 70720
em& 5Fo] 4FAISFRI T A 9] H] 5= N-P,0s-K,0 5.5-6.3-
15.6 kg/10a3} E]H] 1,000 kg/10aS AlH]5tgIch 48 A=
o] A& 44 3 12020 9¥ 30L0] A=A HAAE 5
3+ & 3 (root tuber), Z7](stem), AAF(stalk), A(leaf), T
2 (tip; Zoj|A] sult)hoz BEEsto] AlLslyich Al=e] Ax
2T 3 A9 &84S g o &

g - sty - FFAEGIHLA

ZAZH S AFESITHLE 5 2012; Yu 5 2020). 5AAR
£ B ZZAZX7](FDTA-5050, Operon, Gimpo, Korea)Z 7d_1_’5]-
P FEAZRE HAFEAZR7]|(JW-500ED, Jinwoo Electronics

Co., Ltd., Hwaseong, Korea)S ©]-&35}9 40, 50, 60 & 80 C=E
A7 ARFIGOH, AT T U Table /S 2L
=72 7](MA-100, Sartorius, Sartorius Lab Instruments GmbH &
Co., Goettingen, Germany)Z =745}t A2 $ESIEFS
AAHoZ =AARS} 1208 IEAXRI A|FA G
S Belon], ¥ANRE Yot Beeld o e U

- =
S Bt B &4 AdE dsd4E89 S5
radical &AGGS SAsto] FEATE A Ysty IFF

(equivalents) @ = F 3 B/ AtsIATh AxH AlEe
Micro Hammer-Cutter Mill(Cullati MFC grinder CZ 13, Culatti
AG, Zurich, Switzerland)S ©]-85}0] 80 mesh® H4fo}o] 4T
BRI AFstHs E48 Aluz ARSI

2. & Efjils ¥ E2Ex0|E & 'E‘ﬁ'u'
Az g a1t AEA Fepd %Eqﬂ]%‘é‘ 9 F
gHH ol & QFgE BASH] Q3 5% &
£ Fslo] 80% ol (Dacjung Chemical & etals, Siheung,
Korea)& Y1l homogenizer(HG-15A, Daihan Scientific Co.,
Ltd., Wonju, Korea)2 ASIA|Z] & AF-20f 4 2447} 5<t
23] AB3Z(Wise-Cube WIS-RLO10, Daihan Scientific Co.,
Ltd)?F Th= 4T, 1,500<go Al 1087 A4-22](Sorvall ST-40R,
Thermo Fisher Scientific)s}1! A5 N2 Zﬂ‘c‘T}Oﬂ -20C Y51
of npsEA BAE AR gt 2220 gt &
E¥E ¥ EEolE IF2 Kim 5(2018)2] {IHo®
A5 & E¥E T2 55 50 ulof| 2% sodium
carbonate(Na,COs; Sigma-Aldrich) -89 1 mLE 7}$F & 38E7¢

OII

Table 1. Moisture contents of sweet potato according to different plant parts and drying methods

Drying methods (g/100 g sample)

Plant parts Hot-air drying
Freeze-drying
40C 50T 60T 80°C
Root tuber 0.38+0.01° 3.32+0.054Y 1.17+0.01% 1.14+0.07°® 0.57+0.04%
Stem 1.01+0.08P 4.16+0.10°* 1.47+0.10°® 1.2140.06™ 1.2540.09°C
Stalk 1.25+0.10° 2.12+0.03% 2.16+0.09" 1.56+0.07°8 0.96+0.02°°
Leaf 0.19+0.00° 6.310.06" 2.44+0.08® 1.96+0.02°¢ 1.16+0.02°°
Tip 2.13+0.12°¢ 4.06+£0.09** 2.600.04° 1.510.04F 1.89+0.03*°

D" All values are expressed as the mean+S.D. of triplicate determinations. Means with different letters within a column (** row, plant parts

A-E

or °7 column, drying methods) are significantly different at p<0.05 by a Duncan’s multiple range test.



Vol. 36, No. 4(2023) Ao wWE At AEA] R PAREA 329

HFX)5}] 50% Folin-Ciocalteu reagent(Sigma-Aldrich) 50 pLS
7Fskaltt. 302 &, RHEHO] S35 S 735 nmoll A 57
o} al, =2 chlorogenic acid(Sigma-AldrichyS AR
of HFAZ 2ot on, Alm g 59 mg chlorogenic acid
equivalents(CAE, dry basis)® WENH QT & ETtHo|=
e &5 250 ulofl SH5 1 mLe} 5% sodium nitrite
(NaNOy; Sigma-Aldrich) 75 pLE 7]t o2, 582 & 10%
aluminum chloride hexahydrate(AlCl; + 6H,O; Sigma-Aldrich)
150 uLE 75Fo] 65 "WFA|5lal, 1 N sodium hydroxide(NaOH;
Sigma-Aldrich) 500 pLE Z7}8f 113& & w299 534 7t
< 510 nmof|A =A31ct ER2EAQl quercetin(Sigma-
AldrichyE AR&-sto] HgAE ZHdstalon, A8 ¢ 59 ug
quercetin equivalents(QE, dry basis)Z WEFH AT}

3. Radical &7{&N =3

Azl g ATk AlEA B9 radical £2ABHLE
DPPH(1,1-diphenyl-2-picrylhydrazyl, Sigma-Aldrich) ™ ABTS
(2,2'-azino-bis-3-ethylbenzo-thiazoline-6-sulfonic acid, Sigma-Aldrich)
radical AAEAS =43} HKim 5 2018). DPPH radical
AAL/L 02 mM DPPH 89(99.9% ofgt-&o] &3f) 0.8
mLo] A& 0.2 mLE FH7FeE & 520 nmof| A 302 & FF
T FAXE 401 oM, trolox(Sigma-Aldrich) 2 A4S
ZrAslo] A& g d mg trolox equivalent antioxidant capacity
(TE, dry basis)® HEASFFCE ABTS radical AATAHLS
ABTS 7.4 mM3} potassium persulphate(Sigma-Aldrich) 2.6 mM
2 5% B Gl WAsto] ABTS Fol 22 FHA F
08 735 nmoJ A FFE ghol 14~1.57} HE=F ofehS
2 345t0] L8 3Lt 51495 ABTS £ 1 mLo] £
50 1LE 7Fste] FHEY] WHSHE A5 308 ol ZAsH9]
o, trolox(Sigma-Aldrich)2 A4S ZAsto] AR g
mg trolox equivalent antioxidant capacity(TE, dry basis)= ¥ &
sheit.

4. SHEN
= "ol = 33] ¥HE 345l oY, HaEEHALRE A
A5ttt ESE HojA Ayt BA 2 ] #(Statistical Analysis
System; version 9.4, SAS Institute, Cary, NC, USA)& ©]-8-5}¢]
55 97 A (Duncan’s multiple range test)}= A A5} 0.0, Z}
HAYE 7] FHBAE 246 THWoo 5 2021).

EEi = n kS,

AT 2 D70 AR ROl SIS Bt
q A

1
AlEA AEd9E 79 w4 3HEE-2 phenolic hydroxyl

0C)lA AZE ARONA A ehgch BRI 270t
3 Qof 4

or

52.76+0.68 mg CAF/g sampleZ 71 =2 TS LeRQlo

, 4o A 46.1940.71 mg CAE/g sample2 =2 3}k
wolth 187 SAARS QAR 27E 27 1067
0.42 2 12.89+0.48 mg CAE/g sampleC| 1 O™, ¥ 2.04+
0.05 mg CAE/g sampleZ 7} @it IEAZ9 2L 40T
oA AZ3 Y3t ELoA 2+ 36.73+0.55 L 42.55+ 0.33
mg CAE/g sample® |12 &2 g2 B o, JAFe}
271 9159l Zol7h QST T2o] 1.76:0.09 mg CABlg
samplei? 74 itk @8A% L7k SRl vt 5 &
iz g WA YR HAash= A¥FS HoH, 50T
oA B ALt F9l9 T EuE ol RA UE
TH(1.7240.06~8.31+0.05 mg CAE/g sample). TS, 11-2(807C)2.
2 AEAZT AR AP HAAHOE 2.86+0.03~17.38+
0.41 mg CAF/g sampleZ 97t 715 A4S Bk 12
o Az ARoA & Bus Tgo] O Sk A
< GAY oA 1ute] A ELZRE ASstAY 1t
=o] Hs4 RMES] &&0] F7i6taL HeR EdAY &+
8o 7]121gt A C 72 AZ+E th(Huang 5 2006; Kim 5 2019).

OFreeze-drying O Hot-air drying (40°C)

aA
50 | @ Hot-air drying (50°C) mHot-air drying {60°C}) M

mHot-air drying (80°C)

4 r bB

3

Total polyphenol contents
{mg chlorogenic acid equivalents/g sample)

20 ac
ab
dA aE
B ac cAcA cA bC bC
10 r bD
oD cC
dE cB
eC" gp ep eB °A
o LOmmmml . ‘ . .
Root tuber Stem Stalk Leaf Tip

Fig. 1. Total polyphenol contents of sweet potato
according to different plant parts and drying methods. " All
values are expressed as the meantS.D. of triplicate
determinations. Means with different letters within a column
(** plant parts or “*
different at p<0.05 by a Duncan’s multiple range test.

drying methods) are significantly
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slekule} Algu] B3] A7 L vheid Beo] el
B S Hue AN SEAES 15mkH £ & &
s TFE 16.1~23.5 mg gallic acid equivalents/gO 2 1 31
St (Park 5 2014). E3F, AAFZRE 1 emE FAFIL
20 9] AAEE S85lo] FAAZ T & BejuE
S 2%t Ay vt ZEHEF 30.7~744 mg CAE/gZ Kl
ST (Yu 5 2020), 9kgko] Xjol & Moz AL AudE
O 714, &k, 35T & AHigEel 711t Ao m Helh
Az e 17k AEA 7oE F EFvE e
Table 29} Zo] & ZTfELo]E $EHR=0.9655), DPPH
radical(R=0.7081) 2 ABTS radical(R=0.9717) 2 A&7} =2
AT (p<0.001)2 Hol= Aoz ZAMErh

AT 0t F59 AEA #HE § ERtE ol

[
T

e

A
N
_?15

i

i)
3|

(3
[\)

1o

iy

o

i}
N

o

L

we,
>,

il

__)..1_5‘

4z

1o

i)

51
2 RS BN 3R AR B2 2E400)9
AZ3Z AmoA =4 Uyt BXF 190 59
AEA Hd F St Lo|t IFS 5AAXRT YA
222.47+3.31 mg QF/g sample®Z 7} =& $HFS YERY QL
Lo A E 214.1242.22 mg QF/g sampleE =2 TS H Q]
o, 7L 455£0.09 mg QF/g sampleE 7}4 Wokth 4%
Az9] Z$- 40CoA AR A3t EolA ZH2F 12813+
1.17 ¥ 188.52+1.46 mg QF/g sampleZ H|1 & =2 kS
Helrh 954% 227t S71] wet & STt olE o
T2 Y2 AlQlstal G4 5] Hhoks AdE HoH, 80T
oA FEAZRZE AFOJA 1.46+0.62~37.54+0.71 mg QE/g

240 r g Freeze-drying OHot-air drying (40°C)
bA
210 | O Hot-air drying (50°C) mHot-air drying (60°C) i =

a9 Hot-air drying (80°C) b8

E 180 |
23
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£3 150
3 ;l:;' aB
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= 120
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g o
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Fig. 2. Total flavonoid contents of sweet potato according
to different plant parts and drying methods. " All values are
expressed as the meantS.D. of triplicate determinations.
Means with different letters within a column (*° plant parts
or ** drying methods) are significantly different at p<0.05
by a Duncan’s multiple range test.

sample®] W= UEFHTh 1170t F5E AGHE 20 emE
Sogstel SA1% ¥ 3 SRS UL 4T

99.4-427.0 mg QE/g2 H.TSFE =6 (Yu S 2020), Ok
ol A= #2] 9), AuE Sol oI5t Ao zkect
Azupgo] B2 n7or 454 298 F Sehuiols 3
ZF2 Table 22} Z+o| DPPH radical(R=0.6773) 2 ABTS radical
(R=0.9804) AL T} =2 AT (p<0.001yZ Hol= AL
2 AR Al R HE SES A
/o] &2 A& HIHUEH(Woo T 2021), 53] H=
4 sgrge) Txo uet AT FEd 5 ke A
AL 2= Aoz I A QkMiddleton & Kandaswami
1994 1AL E7], 2, YA 5 AARE 4ELR S0
2 8o HoiME 5EAR T A9 E3Ax IS
o|gsto] AgE HAFsk= Ao| FHT A= wrtdn

2. Azxerof w2 I70f AlEA| 52| radical A&

AU 7 2EEC) PUNLHL 4B A5} A9}
A W &4 radicalo]] o]t =3} A9 A7} Qlo] Axat
L3 qshe 98-S SHhKim 5 2001; Kim 5 2018).
FAIBH R O3t HAFoI5-S ZY5Hs DPPH radical 4
A/ (Moreno 5 2000002 FAHF 1190}t FF FEE
of 942 243 A3} Fig. 33 o by L 4EA 2
AR 7942 Zo|& Hol= A& YEFHTHp<0.05). A
ZHHo| W& S5 F52] DPPH radical 24842 52
AZe} 2 AFARM@0C)NA =2 B2 Hol= 2o =
ettt BAR nwoh 2% 484 26l DPPH
radical AZAEAL FTZEAZRS £7](6.94+0.01 mg TE/g

] OFreeze-drying OHot-air drying (40°C) mHot-air drying (50°C)
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Fig. 3. DPPH radical scavenging activity of sweet potato
according to different plant parts and drying methods. " All
values are expressed as the mean+S.D. of triplicate deter-
minations. Means with different letters within a column (*°
plant parts or ** drying methods) are significantly different
at p<0.05 by a Duncan’s multiple range test.
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sample), QWAFF(6.07+£0.05 mg TE/g sample), 4(6.30+£0.01 mg
TE/g sample), T<=(6.83+0.02 mg TE/g sample)of| A =& &4
2 nglon I Be YL Holk Aoz Uehgrh
I AZY HFF 40CoAA AZXSE £7](6.96+0.02 mg TE/g
sample), WAFE(5.92+0.08 mg TE/g sample), 4(6.37+0.01 mg
TE/g sample), E<>(6.72+0.01 mg TE/g sample)S] &A4jo] 52
A%} fAT e YeRiRT. 2EAZ L7 S7104
E(50~60C) DPPH radical 2~A&A2 TFAdl= [FS HY
I DLE00E AR B9 BeA R FUlAE
g, ol L& x| whet TFuke] Al 220 st 9wt
A% 4 R0 83 7w 7% Aow AZEd
(Huang 5 2006; Kim 5 2019). Park 5(2014)2 5}QF0| 2} 4]
g 220 B4 15 6~10 D 11~150tH 2 LES}o]
DPPH radical 271892 2748 A7} A9] vjr] Q52 =&
B/4E HRAYal SN Lee 5(2007)> 171 E9]
DPPH radical &~A&/do] I|THTh =rhil B =d] o]
= Hsd IgET Aol EohaL skt
ABTS radical®] FF=7t FitebdEol 23 JAlH= &
4 229k ABTS radical 2784 (Kim 5 2009) 0.2 S
£ 170 B 2580 B4 24T 23 Fig 49} 2o|
Az D A2A 29U A0l Hol Hol Ao
2 Uehiehpe005). BAF L70 B39 AEA 29
ABTS radical £2A84H2 T2 A oA 44
43.48+0.58 I 44.68+0.66 mg TE/g sample= =2 TS H Y
o, oA 7 Wednh EFAE] AFF- 40TCoA HAx
3t Y3} TLoA ZHz 30.89+0.59 L 42.00+0.74 mg TE/g
sampleZ B3] £ AL Hon AFAX 227t 5
7¥gtoll w2t ABTS radical 248/ A2 02 HAadh=
A Bk

Yu 52020y I70F FFE E¢2 £ ABTS radical
27T S UERE 2107 BT5H9L, Li 520121 17
o} 29 oy} £7]|9] ABTS radical AAEAo| 22} 30.72~
58.75 2 8.02~14.95 mg ascorbic acid equivalent/gC. 2 X 315}

2]
=

331
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Fig. 4. ABTS radical scavenging activity of sweet potato
according to different plant parts and drying methods. " All
values are expressed as the meantS.D. of triplicate
determinations. Means with different letters within a column
(*° plant parts or ** drying methods) are significantly

different at p<0.05 by a Duncan’s multiple range test.

A=, L FE, AR QFH F9, A ol s
OFZFe] Apol7} Q= A o' AZE T AxHol e
ot AEA| E9E ABTS radical £AZ/J-2 Table 29} 7]
DPPH radical(R=0.7617) &A&/d7} =2 AT (p<0.001)
Hol= A0 R ZAE QI oo AuE ST K 1+

diE sdAER W7 Ee ko] £719 o, dA
59 &84 23E 93l 5T =9 XA
o FARtEAS FAR
9 ZetH wo|E &k} radical AAEA

Table 2. Correlation coefficients among total polyphenol and flavonoid contents, DPPH and ABTS radical scavenging

activities of sweet potato according to different plant parts and drying methods

Factor Total polyphenol Total flavonoid DPPH radical ABTS radical
Total polyphenol 1.0000 0.9655™ 0.7081"" 09717
Total flavonoid - 1.0000 0.6773" 0.9804™"

DPPH radical - - 1.0000 0.7617"
ABTS radical - - - 1.0000

Significant at ~p<0.001.
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2T A4 BEE f9HQl Aol& Holz Zo=w
et 52423 AT 140 559 A3 E59 F
ZoHE 3RS 747 52.76+0.68 L 46.19+0.71 mg CAF/g
sample= 90, 40 CoflA] BJFAXT AFE 742} 36.73+
0.55 2 42.55+0.33 mg CAFE/g sample=Z H| 12 =2 3lekS

iz =2
ot BANET U BeY F Behuiols YL 7t
Z+ 222.47+3.31 9 214.1242.22 mg QE/g sample® =2 3+=F

S H3om, 40ToA EFARS AEE 47 128134117
9l 188.52+1.46 mg QFE/g sampleZ YUEGHTH X 1110}
E39 £7], dXF, 4 9 E<9] DPPH radical £2AE4-2
SAAZT A2 6.07£0.05~6.94+0.01 mg TE/g sample©] 9.2
m, 40C AR AFE 5.9240.08-6.96+0.02 mg TE/g
sample?] &/d-& UEF It} ABTS radical 2AEJL 52
Az A} TaolA 2t 4348+0.58 9 44.68+0.66 mg
TE/g sample® %2 T4 Hom, 40TCoA IEAXS
A=E 27 30.89+0.59 F 42.00+0.74 mg TE/g sampleZ H| 1L
A £ B4 HAth A7t QoA LAY st s A FA

i =
=% AGHE AR olgsh] At AxWHE2 8%
o] SAYAE 98 s2Axe} AL dFA2TFF2 A
o= A7kET

B H0 2253 XFATLAI@A WS PI017267
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Non-Heat Sterilization of Yujacheong Using Ozone Treatment
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Abstract

To suppress mold generation of yujacheong, Penicillium chrysogenum 1L B31 was cultured, and spores were harvested and put into
yujacheong. Antioxidant activity, useful ingredients, mold size and incidence were investigated while storing yujacheong for 30 days,
after sterilization with different methods (nontreatment, ozone gas emission, heating after ozone gas emission and heating). The results
showed that the content of narirutin, naringin, hesperidin, or neohesperidin, which are functional components of yuzu, increased as
the storage period increased in all the treatment units. In addition, mold generation was not observed until the 15th day in the heat
treatment group after ozone gas emission. As the treatment group emitted ozone gas. molds of 34.8 and 112 mm’ in size were observed
on the 30th day. These results suggested that ozone sterilization can prevent microbial contamination, further extending the shelf
life of yuzacheong and maintaining a fresh state.

Key words: yuzacheong, ozone gas, sterilization, mold

M E Ho gk 71d At Al o] SAEAY ZdHHo| opy|E = &

AZo] Aot T3, IS ‘9?1%01] FA A FFol

AU (Citrus junosy= 31 240l &5t W 7} dAgoto] ¥HE-E 7ot 497t HlHstt). o]t £A)

It WgAdol st ALE 243t 7|3 vt 7hsst AE 2o @A BI7 AT B84 it E4evt

THEo|m ofAJo} X[Ho] F= Abx|o]t}, °4ZH SN FA AR Y= Aot

Y57t gol fuEs A9 Mt 1EAHo R Aot A AFEEE H7HE AE A 7IEEE A7, A

59 et Aol FE Auistal 87]= 108 T A zoht @ 239 5-9] HH(Martens & Knorr 1992; Knorr

oA 12¢ 2= o] ot A= Aol F41 IF D 1993)°] 1oyt §AH O] #ed FAA s 2 HvH]E 5
ot A3t FE 7HA AL o] AEAY A= Eol O & A83}EA] Eotal Q= AXolth. ShA|TE BI7FE At

ARg-star %lﬁmfoo 2004). @A FAH= YR o]g57| U F LEO0)AE7E2 220 95t A4 Y 45k °l

Hotes F2 3Edstel 448 FHE 7heste] ol AR He w1l ARE AR & AR R Foter] wigdl 22 2.4
oH:}(Shm 2005). 2514 U= AT} Al 2 2 =22 So] g} o]_C_
TS AR 5 7HE A she Aol Il Y AR A AFARIS ¥R #E AoA 9 o] &
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7} A 27113 Qi AIOIEHCho 5 2009), TebA] &

Aol A= HI7HE At 9 shl REZIAE 0] &9

of FAHE9 A% 4 15717k AFAIZI A = A
ST

1. A|I2A 2]

Penicillium chrysogenum LB31<2 8% & L5 423}5}0]
1x10° conidia/mL == FH|5I¥ct 3-Agof 1x10° conidia/
mLe] ZAE At & E Ao 22 U7
(MDP-1, CAST CO., Ltd., Seoul, Korea)E ©]-&3}] 3.5 ppm2]
Os5 1:7F AL 108 AR & 65T 25204 15
£ SREAIFH 25CoflA FAFES 30987 A st Al H4tst
Y 3 8 S0, o] WHES AT

2. &5 = 4 ESHL0|E &3

AR & Hls S Im 5(2021)9] HHO = 53T
1 g AlEE 20 mL 80% Ofgh2= 3|7t &7 FE5to] o3}
T RSk offeE &% 30 ulof 7 325 uibE A
7}3t ¥ Folin-Denies regent 12.5 pLE d7}5to] 6871 440
Al "WFA]5}al, 7%(w/v) sodium carbonate 12.5 =2222250
UWLE 7Fste] 6027t oA BHg & EFF = A (Biotek
Epoch, Winooski, VT, USA)Z 760 nmo]|A] &4 =& =43}
Aot FFT AL gallic acid(Sigma Chemical Co., St. Louis,
MO, USAYE EFEAE 72l A4S 4498 & 3%
L5 33 vy S4% ¢ gy 22HAE UE ST
EZHLo|E L e FEE 20 pLof di-ethylene
glycol 200 pLe} 2 N NaOH 20 uLE #7135t 3 37 Col|A] 30
S SABLTL 420 nme] WO FHES SHelo] 7o}
Aot AFAL EEEZZ rutin(Sigma Chemical Co., St.
Louis, MO, USAYS AF&3FATHLee S 2021).

3. St M £H

DPPH &}tz A75-L Park ID(2021)9] HI'HE ¥ 5}o]
Z745t9 21, 1| mM DPPHE °&+Z 100 mLoj| 8-3A]7] 1,
517 nmof|A] DPPH &4 9] =7} oF 1.57} H == 3]4s}
o] A8ttt EFEEHZE ascorbic acidS AME-5Fo] AT
241 2451 0™, 96 well plateo]] A|& 50 puL, DPPH -84
250 ULE FH7Fsho] 37°Co|A 1087 ¥H-S-A]71 3 microplate
reader(UV-1601, BioTek)E ©]83}0] 517 nmojA] SF =&
57453l 33] ¥HE E45to] Pod REHAE 512
o, 9] A& ©]&3ll DPPH &)z &75S AlAFsHo

QLEAZE o8 FAES w7t 335

stamplc )

> 10C
Abs 00

DPPH radical scavenging activity (%) = (1—

control

ABTS &HZ £75 &% 2.5 mM potassium per-sulfate
50 mL2} 7 mM 2,2-azino-bis-(3-ethylbenzo-thiazoline-6-sulphonic
acid) 950 mLE 3943t ABTS 45 YIaolA 1247t &
Qb Byt & Aol ARGt 11 & ABTS -8 735 nm]
A FBE 075105 3ol L& 7] ofekgo] 3 4stsict.
HEEEEE HE CE ARESHY 0~10 mME HE34S
T3 5, AR 50 uLo] ABTS 40} 250 1LE 713t & ot4
141 3087F 9FXI8ET 735 nmol| Al B =S Z5to] ABTS
Zd A75S TS Ao & H5H¥tIm 5 2021).

¢

R
o x

Abssample )

X1
Abs, 00

ABTS radical scavenging activity (%) = (1—

control

4. F2 ECEL0|E 24

Aol 9 gt o= B2 Seong 5(2021)9] HPHO
2 =745} t}. Narirutin, naringin, hesperidin, '+ neohesperidin
£ =759 2™ 1216 Infinity LC(Agilent Technologies, Inc.,
Santa Clara, CA, USAYS Ao}t 48 Afort
CI18(Eclipse plus Cis, 4.6x250 nm, Zorbax, CA, USAYS AM&-5}
o] 280 nmof|A] ERISIF I, A& FUZHE 10 1L, column oven
2 35CE A6t ol 54 2= HEh23} acetonitrile
9 111 ZFEA), EFF formic acidE 0.1% S35+
water(B)E AR&-SF oM, 1452 0.5 mL/ming G413 A H]
of A AlZFak o A: 20, B: 80; 5-1052-Y ] A: 40, B: 60; 10~15
£ A: 50, B: 50; 15~20&< @ A: 70, B: 30; 20~252%
o A: 100, B: 002 2587F BEASHY T EEE0F AEH
narirutin, naringin, hesperidin, T.+= neohesperidin(ChromaDex,

Irvine, CA, USAVIOIA -9J3to] AR89

5. SE0| XAl

AeE AlmE 2 gof A=A da 10 mLE 7Fsto] 227t
Wit 9 #ASRSHT 1 & FE3RE 899 5 0.1
mLS} 4% @A) 149 0.1 mLAE Z42F PDA 4] HAlo]
=TSkATh PDA HiAE 25°COlA 59, 1047F v gotglet
HiF & F350o]9 WAL Imagel software(NIH Imagel)E ©]
£5lo] 3715 =49 tH(Back & Kim 2021).

6. SHXzZ

B oA fojd ATt SPSS 57 L2 773 (Statistical
Package for the Social Science, Ver. 23.0 SPSS Inc., Chicago,
USA)S o|-&oto] Bty EEHAE AAlstdnt. A=t
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0914 HA-L one-way analysis of variance(ANOVA)S 3t
, p<0.05 5=%°f| A Duncan’s multiple range testS A A]5}o]
Azzke] foHel 2ol wmakaich

o 1o

ot o o

=

[

1. 85, Bap2'-0|S FE A BN 53

H=4 gFerEo] 4 Sk= phenolic hydroxyl(OH)7|= T
Wy 53 Aoete AES 7HAH AL o B
133} 59 BYEAEE A= AR d#A UtkDroge W
2002). Flavonoid= polyphenol®] FQ AjHo]m *ﬂiﬂlﬂ Arst
715& AAAT= S ol ARCE A S e

+ T8 A FOJthKim & Lee 2016). A+t HH 9 A% 7]
o] W2 fAES & HlE, EYERlE e T4Es
FAF AIHE Table 13} 2o} E AE FEA 0~-30L7H4]
T A7 7P =A4 Ui A% 7|7to] AakeE &
Y, Pt ol BF FUlotes 4TS BTt E9tE
ot g2 0UAY} 15UA7IAI = AHFEE FH L 2
ol:= WA A AINE 3044 7oA Q1 Zfo]F Holm F

A7t 532 mgC & 7Y EA HEGI F TiA wiE
T 7Hd, 2F kA HiE, QAP 0|A] 43.7-47.7 mgC & 1t
e}t DPPHE} ABTS &)z AASL A2 Ad ¥
4 87 o] £84E 47 B4o] F7hEH Wty
free radical 291 DPPHS} ABTSS] A7 &AL 09414 Q]
FHBAE 2= 202 IHA Urhlee 5 2012). HiFE
WA 40l 92 Arige aRH oz AL, 2]
2o) 7140] et Mo 2 B8l Wiy Bho| A
517] Wizl & ALollA= DPPHE} ABTS )z &7 &4
BES 2gste] A Yol B 340 P B
H]3 §7}el9ich DPPH 2o 47 84S A4717k0] 3
ahepoll et S7hshe e HAAY AYLEE A
F7k9] o7l Aol hepbx] QIotTh. ABTS 2htizt 4
A B4 A B AT, 0F 14 WE T 71, 0= 7}
~ vz, 1ROl =5 A% 717b0] Aaheol et o
0 kolx: L HolFEY) ol $4 A
o Akt TS 7= Ed0] 33 A% 71X S
o] 2 A 855 UEUl= A 2R AR EH. o]
71Zto] W& DPPH} ABTS 2tz 47

El.?l'.
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<2
O
4
1=

jad

oA o] A%

i

Table 1. Total phenolics, flavonoids contents, and antioxidant activity of yuzucheong on different sterilization conditions

and storage periods

DPPH scavenging activity

Storage period Heating Total phenolics Total flavonoids ABTS scavenging
(days) methods (mg/g DW) (mg/g DW) (%) (Vit.C eq. 1g) activity (%)
Control 9.8+0.5") 41.2+3.0™ 42.9+1.4° 17.4+0.6" 75.541.4°
o Ozon gas + heating 8.440.5° 37.6+5.8 38.2+1.9° 15.4+0.8° 68.7+1.5°
Ozon gas 8.7+0.2% 40.143.1 40.442 4 16.3+1.0® 71.742.0°
Heating 9.0£0.5° 40.245.6 40.6+1.0° 16.4+0.4% 74.0£1.0°
F-value 14.8™ 0.90 4.90° 495 15.17
Control 9.4+0.5° 452437 40.8+0.4™ 16.5+0.2™ 74.9+1.4
s Ozon gas + heating 8.5+0.7° 41.6+4.7 40.2+0.8 16.3+0.3 72.1£2.0
Ozon gas 8.9+0.5% 433425 403+1.0 16.3£0.4 72.90.5
Heating 9.0+£0.3" 43.9+4.8 40.4+1.1 16.3+0.4 73.7+1.3
F-value 4.62" 1.11 0.44 0.42 3.06
Control 10.520.5° 53.242.6° 42.4+1 4 17.120.6" 79.4+1.0°
Ozon gas + heating 9.4+0.6° 43.7+4.3° 38.8+1.0° 15.7+0.4° 73.0£0.6°
30 Ozon gas 9.6+0.3% 46.5+4.9° 42242 0° 17.1£0.8" 76.2+0.7°
Heating 10.1£0.7% 47.743.6° 42.142.0° 17.0+0.8" 76.4+1.9°
F-value 6.17" 8.05" 443 444 41.8™

! 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). Before sterilization, Penicillium chrysogenum LB31 (JNU, 107

concentration) was innoculated at Yuzucheong and

shuffled for 1 min. After then, yuzucheong samples were treated by ozon gas (3.5 ppm exposure for 1 min on/ 10 min off), heating
(65C for 15 min), or ozon gas and heating treatments. Samples were kept for 0, 15, or 30 days at 25C. The 5 g of yuzucheong was
homogenized with 25 mL of 80% ethanol and supernatant obtained by centrifuged at 4C, 8,200xg for 30 min for assays.



Vol. 36, No. 4(2023) LEAHE o835t

o] Z7FAtHE Kim & Yoo(2021)9] A Ate}t U3
SHATT.

2. FQ E2HE0|1E B

At W B AR 717l wet R Y] =8 S o]
T (naringin, narirutin, hesperidin, ¥+= neohesperidin) &
HPLCZ X3t ZAi}= Table 29} ZT}. Narirutin, naringin,
hesperidin, neohesperidin $=F0] A%} 7|7to] AuldrE &
ke ATE Hylow 7 AT §olHel HolE 1}
EF ST, Narinutin B A7 0-300717] 472172
of F9A Hol& UrE}"“O“:] Ao A 0o ¢
12.6 mgC 2 71 Wokal 15Y, 3040 Z+2- 14.3, 15.3 mgo.

& S7FSHAth. Naringin A7717F 0] & A =7} 4.1
mgl & 7P &7 et Q& JIA viE & 7M7)
38 mgO R g e Pk BTk 1593 09 025
e A%S HEom AL, HelTol uhet S0zl 1
o1% Uehitt Naringin® 7259 95} falo] 49
A e dEo.2 FlEolit rleke] WEo] ol

s o] £ AoHE dor|il B 25 RO It

FA39) vyl 337

Z-go] 9k B 1E o] gJtkshin 5 2008). ZehE o] =0
total FFL 040 T 22](30.6 mglg) > 7FA(30.2 mglg) >
9F 7}A(29.8 mglg) > OF 7tA HlE T 7}9(28.5 melg)
&olglom 30YE 2L o= vehtet.

3. B0 =AL

A A dAA T AT, @& 74 HlE, 2E 7}
A HilE & 7HE, 7FEA S F 309 Bt ASHEA 3
o] 7] & HAE FA}F ZIZ Table 33} Fig. 19 YEFA
ok 2F 74 HiE & 7FEAERE Ay F TRA HjESE
Aol A= 1587HA] F780]7F HAgsHA] Al 3044 9]
747} 34.8, 112 mm® 37]19] F3go|7} %‘”ﬂ‘ﬁﬂ}. 5 A+

AL 044 727.5 mm®> 20| 7} BT A& 7|7Ho]
A2 Zgo] 37]= 3099 4,100.0 msz}X] ARt
Tt o] 4 7 A prcks Fgo] S0l H9A
Tk A% 717to] AeE 717} ;qx] 73—3(}% %/\}o}

HQl Aol UEpTh whA] FA4 HAPY 4 ”Du o
ol 5t 9 F}A] At HIHChoi 5 2015) AT 2

Table 2. Functional flavonoid contents of yuzucheong by HPLC analysis on different sterilization conditions and storage

periods
Storage period Heating Flavonoid contents (mg/g DW)
(days) methods Narirutin Naringin Hesperidin Neohesperidin Total
Control 12.6+0.04*) 4.120.01° 10.2+0.04* 3.7+0.01° 30.6+0.09"
0 Ozon gas + heating 11.840.03¢ 3.8+£0.01° 9.3+0.03¢ 3.6£0.01° 28.540.08¢
Ozon gas 12.5+0.03° 4.1£0.01° 9.8+0.03° 3.5£0.01° 29.8+0.08°
Heating 12.6+0.03° 4.120.01° 10.24+0.03° 3.340.01¢ 30.2+0.07°
F-value 782.9™" 955.1™" 7152 1,282.5™" 548.9™
Control 14.3£0.03° 4.6£0.01° 11.1£0.02° 4.0£0.01° 34.0+0.05°
s Ozon gas + heating 13.4+0.03° 4.240.01¢ 10.3+0.01¢ 3.740.01¢ 31.6£0.06°
Ozon gas 13.90.02° 4.4+0.01° 10.3£0.01° 3.740.01° 32.3+0.08°
Heating 13.9+0.01° 4.50.01° 11.0£0.01° 4.0£0.01° 33.5+0.03"
F-value 785.3" 1,1382™ 3,607.9™ 2,810.0™ 1,697.2"
Control 15.3+0.04" 5.0+0.01° 11.8+0.03° 4.3£0.01° 36.3+0.10°
Ozon gas + heating 12.8+0.02¢ 4.240.01¢ 10.120.02¢ 3.60.01¢ 30.8+0.05¢
30 Ozon gas 13.240.03° 4.3£0.01° 10.6£0.02° 3.840.01° 31.9+0.05°
Heating 14.5+0.02° 4.7+0.01° 11.7+0.03° 4.240.02° 35.1+0.08°
F-value 5,183.6™ 5429.6™ 2,898.9"™ 1,985.0™" 4,085.4™

! 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). Penicillium chrysogenum LB31 (JNU, 107

concentration) innoculated Yuzucheong samples were treated by ozon

gas (3.5 ppm exposure for 1 min on/ 10 min off), heating (65C for 15 min), or ozon gas and heating treatments. Samples were kept
for 0, 15, or 30 days at 25C. The 5 g of yuzucheong was homogenized with 25 mL of 80% ethanol and superatant obtained by centrifuged

at 4T, 8,200xg for 30 min for HPLC analysis.
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Table 3. Fungal occurrence in yuzucheong on different
sterilization conditions and storage periods

Storage Heating Mycelial growth Disease
period (days) methods (mm?) incidence (%)
Control 727.5+18.3" 100
Ozon gas +
0 heating
Ozon gas - -
Heating 433.8+31.4° 60
F-value 1,382.3™ 2,042.4™
Control 1,177.2+76.6" 100
Ozon gas +
15 heating
Ozon gas - -
Heating 753.9+18.2° 64
F-value 654.9™ 891.5
Control 4,100.0£172.5" 100
+
Ozon gas 34841 3¢ 1
heating
30 .
Ozon gas 112.0£7.5 3
Heating 3,218.74288.9° 78
F-value 4684 1,400.4™

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). Penicillium chrysogenum LB31
(INU, 10> concentration) innoculated yuzucheong samples were
treated by ozon gas (3.5 ppm exposure for 1 min on/ 10 min off),
heating (65°C for 15 min), or ozon gas and heating treatments.
Samples were kept for 0, 15, or 30 days at 25°C. The 2 g of
yuzucheong samples was homogenized with 10 mL of distilled
water and 0.5 mL of dilluted sample (10 %) were appplied to
PDA (Potato dextrose agar) plate for 5 days at 25°C to measure
mycelial growth area (mm?) of fungi using ImageJ software.

oA @E THAE HIESIAE W BE oA ool HEEH
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Fig. 1. Fungal occurrence in yuzucheong by different
sterilization conditions and periods. Penicillium chrysogenum
LB31 (JNU, 10~° concentration) innoculated yuzucheong
samples were treated by ozon gas (3.5 ppm exposure for 1
min on/ 10 min off), heating (65C for 15 min, or ozon gas
and heating treatments. Samples were kept for 0, 15, or 30 days
at 25C. The 2 g of yuzucheong samples was homogenized
with 10 mL of distilled water and 0.5 mL of dilluted sample
(107%) were appplied to PDA (Potato dextrose agar) plate
for 5 days at 25°C to measure mycelial growth area (mm?)
of fungi using Image] software.
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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

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.

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

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

Article 8: Order of Authors and Affiliation

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

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

accordance with custom.

Article 9: Responsibility of the Corresponding Author or Senior Author

The corresponding author or senior author shall take responsibility for accuracy of data, the list of all authors, approval
for final draft of all authors, all of the exchanges and responses to questions, and others by representing co-researchers.
In addition, the corresponding author must be fully aware of that mistakes and omissions made by himself/herself and

co-researchers have a great influences in their careers.

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.

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.
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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 on human subjects, It should be noted in the paper that IRB approval and consent of the
subject has been obtained. A copy of the IRB approval must be submitted by e-mail of society. The effective date of

IRB approval is 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 year)
Question investigation for minimize of researchr's confusion

. Jan, 1, 2018

(survey and sensory 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
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.
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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.

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
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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 The identity of the examinee shall not be disclosed and attention shall be paid to the protection of the honor and

rights of the examinee until a judgement on alleged misconduct has been reached by the Committee.

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.

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.
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3 9 B4 B 9l 2149
micrometer 2 um part per million 20 ppm
millimeter 4 mm molarity 0.1 M
centimeter 6 cm normality 0.05 N
meter 2m 0.01 N HCl
milligram 2 mg temperature 60T
gram 4¢g 180°F
kilogram 6 kg absolute degree 270K
milliliter 2 mL mega pascal 25 MPa
liter 4L kilocalorie 2,000 kcal
second 2s gravity 10,000xg
minute 4 min
hour 6 h °F 0
milliliter/minute 2 mL/min optical density O.D.
meter/second 4 m/s dextrose equivalent D.E.
percent 20%
Y%o(weight/volume) 20%(w/v) 52 1.0~2.0 mg
milligram percent 100 mg%
pH pH 7.0 = 4 (atb)/(c+d)
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Guidelines for Submitting Manuscripts

. The journal of Korean Society of Food Science Nutrition
shall publish review research articles, research notes,
and provided, That reviews shall be published only in
cases of appointment by the Society and deliberation of

the Publishing Committee.

. 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 Society's website (http:/ksfn.kr).

. 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.

. Peer review
“Peer review” is used to help ensure the highest possible
quality in published manuscripts. All manuscripts will
be treated as confidential and will be critically read by
at least two anonymous reviewers, selected by the editor
and associate editors. Scientists with expertise in the
subject matter will evaluate the manuscript for validity
of the experimental design and results of originality,
significance, and appropriateness to the journal. The
corresponding author is notified as soon as possible of
the editor’s decision to accept, reject, or request minor

10.

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

or major revision of manuscripts. The editor will consider
the revisions, and recommend to the editor-in-chief either
to accept or reject the revised manuscript. The author
will then be informed by the editor-in-chief of the final
decision. When the final revised manuscript is completely
acceptable according to the The Korean Society of
Food and Nutrition format and criteria, it is scheduled

for publication in the next available issue.

. The language in the manuscript should be Korean or

English in A4-size paper setting, typed using a computer
with font size of 10~12 points and the line spacing
should be set at 200%.

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

the author’s (or authors’) name(s), and affiliation on the
first page of the manuscript. The running title should
be provided at the upper part of the title page. If the
number of authors is two or more, " mark should be
indicated in front of corresponding author. If affiliations of
should
be put at the end of authors name in order. The same

sk dokok

authors are different, superscriptions of

marks should be put in front of respective affiliation.
The corresponding authors should provide author’s name
in English, affiliation, affiliation address, telephone, fax,
and e-mail. The authors’ names in Korean should have

[T3RL)

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

The English abstract should be provided in case of Korean
manuscript on the second page of the manuscript. The
abstract must not exceed more than 200 words in one
paragraph and it should provide a general view of the
manuscript by including the research objectives, methods,
and results. About 5 keywords should be included at
the bottom of the page. (All of the keywords should be
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written in lowercase letters.)

references are as follows:

11. Article structure should be in order of introduction, 1) Cited references should be presented as surname in
materials and methods (or research methods), results and English and the year in parentheses at the corres-
discussion, summary and conclusion and references, in ponding part. For the citation of a single author, his/
standard. In addition, the manuscript should be in written her initial(s) and surname should be provided. For
in a continuous form regardless of page number. the citation of two authors, only surnames should be

provided. For one work by more than three authors,

12. Research Notes are brief reports of limited scope that citation should include only the surname of the first
contribute new knowledge. The formatting is the same author followed by “et al.” For two or more works
as the Research Articles. Research Notes are suggested by the same author by year of publication, the signs
not exeeding 2500 words. The tables and figures are such as a, b and c¢ should be provided followed by
limited up to 3 in any combination. the year.

e.g. Citation in the beginning of a sentence

13. Titles and descriptions of tables and figures should be Kim HJ (2005) is -
all provided in English. Titles should be provided in Kim & Lee (2007) is -
order of Table 1, Fig. 1, and etc. and in clear and precise Kim et al. (2008) is -
manner so they could be understandable without referring Park (2007a) is --*
to the text. The title of table should be given at the top Citation in the end of a sentence
of the table and the title of figure should be given at (Kim HJ 2005), (Kim & Lee 2007), (Kim et al. 2008).
the bottom of the figure. Tables and figures should be
stated as Table 1, Fig. 1 and etc. when they are quoted 2) For several citations in the text, the cited sources should
from the text body. be presented in chronological order or in alphabetical

order of authors, in case of the same year.

14. Footnotes should be expressed as Arabic numerals of " e.g. (Lee et al. 2007; Kim HJ 2008; Park & Kim 2008)

23 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 * > & ¢ 4

etc.

17. KSFAN actively recommends to cite articles (2 or more)

published in the journal of the Society.

should be used and the explanations should be
stated at the bottom.

18. The arrangement of references shall be put in alpha-
betical order of author’s last mame. Abbreviation of
journal in cited references shall comply with inter-

15. All of the tables and figures may be presented in the national standards for abbreviation. The examples of

middle of the text body or on separate sheets of paper cited references are as follows:

to be attached at the end of the manuscript in order.

The exact locations of tables and figures should be properly 1) Academic Journal

Kim KW, Ko CJ, Park HJ. 2002. Mechanical properties,

water vapor permeabilities and solubilities of highly
carboxymethylated starch-based edible films. J Food

Sci 67:218-222

stated in the text. Pictures must be neatly produced by
photography or a computer to be directly used as original

images.

16. All sources cited in the text must provide author’s name
alphabetically and the year, and, in principle, all references 2) Edited Books

must be provided in English. The examples of cited
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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 fermen-
tation. 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. Preparation of cold water dispersable
cocoa powder. Abstract 21, 42" Ann Meeting Inst
Food Technol Atlanta

6) Internet Source

Korean National Statistical Office. 2007. The statistics of
mortality and the cause. Available from http://www.
kostat.go.kr [cited 20 January 2014]

19. Article abbreviations should be presented in accordance
with Chemical Abstracts. Academic terms, if possible,

should be provided in Korean.

20. 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 recommen-
dation 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.

21. In principle, revision is accepted during the proofreading
made by only the authors of the manuscript. No changes
or insertions shall be made in the contents during the
revision. Provided, That matters, in case of deemed
necessary, may be revised by an editor. The copyright
of all published articles in the journal of KFN shall
devolve on the Society.

22. The paper contributor should pay the expenses for publi-
cation (50,000 KRW/page). In case of color printing of
images and book publication with more than 30 volumes,
the actual expenses must be paid by the paper contri-

butors.

23. The number of published article per main author is limited
to two in each issue, and 30 or less of fully edited
papers will be submitted by the 20™ of that month.

24. Any matters not explicitly stated in these regulations

shall be determined by the Publishing Committee.

% Guide for authors have been partially amended as of June 16™, 2016. Please refer to the guidelines for more details
for manuscript submission commencing from Volume 29, Issue 4.
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Aims & Scope

The Korean Journal of Food and Nutrition (Korean J. Food Nutr.) is the official journal published quarterly in February,
April, June, August, October and December each year. Contributions written in English and Korean are welcomed in
the form of review articles, research papers, and research notes. This journal aims to promote and encourage the
advancement of the field of food science with nutrition. Topics covered include:

e impact of nutritional science on food product development

e nutritional implications of food processing

e nutritional quality of novel foods

e food-nutrient interactions

e use of fermentation and biotechnology in food science/nutrition

e nutritional and physiological aspects of bioactive compounds in food
e dietary requirements and nutritive value of food
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Availability of the full-text in the web

The URL address of the Journal is ‘www.eksfan.or.kr’ where full text is available.

Indexed in database

Some, or all, of the articles in this journal are indexed in Ksfan, DOl/crossref, Google scholar, the National Research
Foundation of Korea(NRF) and Korea Citation Index (KCI).
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