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Factors Influencing Fast Food Consumption in Korean Adolescents
- Based on the 16™ Korea Youth Risk Behavior Web-based Survey -

+
Seung Hee Hong
Associate Professor, Food and Nutrition Major, Division of Food Science and Culinary Arts, Shinhan University, Uijeongbu 11644, Korea

Abstract

The purpose of study was to examine the factors influencing fast food consumption in Korean adolescents. The analysis was
conducted using cross sectional study data from the 16™ Korea Youth Risk Behavior Web-based Survey in 2020. A total 54,948
middle and high school students participated in this study. The subjects in the analysis were 28,353 males and 26,595 females, 28,961
middle school and 25,987 high school students. In total, 56.6% Korean adolescents consumed fast food once or twice weekly and
25.4% consumed fast food more than three times weekly. Logistic regression analysis revealed that fast food consumption was
significantly associated with dietary behavior such as lower breakfast intake (OR: 0.930, 95%CI: 0.891~0.970, p<0.001), higher soda
drinks consumption (OR: 2.563, 95%CI: 2.452~2.678, p<0.001), and higher sweet drinks consumption (OR: 1.898, 95%ClI:
1.818~1.982, p<0.001). For psychological and health behavior factors, fast food consumption was also significantly associated with
higher perceived stress (OR: 1.239, 95%CI: 1.163-1.321, p<0.001), higher smoking (OR: 1.300, 95%CI: 1.164~1.453, p<0.001), higher
drinking (OR: 1.193, 95%CI: 1.112~1.280, p<0.001), higher depression experience, higher loneliness experience, and lower subjective
health, In conclusion, fast food consumption in Korean adolescents was associated with undesirable dietary habits and psychological
and health behavior, suggesting that appropriate education programs are necessary to reduce such behavior.

Key words: fast food, adolescent, Korea youth risk behaviors web-based survey
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oF orelA QrHKim & Kim 2017; Park JY 2018). E3} H]
ez} 274 o] Rasiel MEH I AFE Rty
JOFEH P 2SHe AILICE (junk food) BT 2257
= 3HLyu S 2006; Lee JS 2007). 20189 S-@|uta} Zule
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H3E 524 AT Buds BEE A4S S 4
gofzxog EHFFs AHE S48 4 AthKim & Park

A =0
onHdxa O—

Fli‘

21

2005; Lyu 55 2007). A5TL A BAY SHOE &
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of A7e] FFL vIAA HEE Pad] AT A4
%

o] > % Q3}th(Lee & Han 1996; Kim & Lee 2006;

dadr]ol F=2 &g H

Han G 2021).
It Aade dder sk fAEFE AF UH,
253, Aol Higt B2 AJAFS0] ol Foi T vt
o] A5l A AR Pr Aol =tEal AR
HAAEES gAC R SHAtHLyu 5 2006; Lee JS 2007; Lyu
S 2007; Her -5 2007; Lyu ‘5 2008; Jegal 5 2009; Kim BR
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Table 1. Sociodemographic characteristics by consumption of fast food among Korean adolescents

Fast food consumption

.. Total - - )
Characteristics (n=54.948) No 1~2 times/wk >3 times/wk X p-value
(n=10,037) (n=31,255) (n=13,656)
Gender
Male 28,353(51.9) 5,013(49.4) 15,873(51.1) 7,467(55.2) 95.01 <0.001
Female 26,595(48.1) 5,024(50.6) 15,382(48.9) 6,189(44.8)
Type of school
Middle school 28,961(49.6) 5,612(53.1) 16,630(50.2) 6,719(45.7) 140.6 <0.001
High school 25,987(50.4) 4,425(46.9) 14,625(49.8) 6,937(54.3)
Residence area
Metropolis 23,621(42.2) 4,319(42.8) 13,529(42.4) 5,773(41.5) 429 <0.001
Middle city 26,981(51.9) 4,771(50.2) 15,299(51.8) 6,911(53.3)
Rural area 4,346(5.9) 947(7.0) 2,427(5.8) 972(5.2)
Academic achievement
Upper 20,146(36.9) 3,887(38.7) 11,712(37.8) 4,547(33.5) 175.7 <0.001
Middle 16,585(30.1) 3,069(30.3) 9,554(30.5) 3,962(29.1)
Lower 18,217(33.0) 3,081(31.0) 9,989(31.7) 5,147(37.4)
Household economic status
Upper 21,339(39.9) 3,963(40.3) 12,077(39.7) 5,299(39.9) 14.4 0.006
Middle 26,397(47.5) 4,661(46.3) 15,204(48.0) 6,532(47.2)
Lower 7,212(12.6) 1,413(13.4) 3,974(12.2) 1,825(12.8)
Paternal education
Middle school or below 658(1.7) 145(2.1) 349(1.6) 164(1.8) 13.9 0.006
High school 9,419(27.1) 1,682(26.2) 5,432(26.9) 2,305(28.1)
College or higher 22,638(71.2) 4,198(71.7) 13,100(71.5) 5,340(70.0)
Maternal education
Middle school or below 486(1.2) 108(1.5) 264(1.2) 114(1.2) 6.7 0.149
High school 11,170(31.7) 1,990(30.8) 6,429(31.7) 2,751(32.1)
College or higher 22,207(67.1) 4,111(67.7) 12,803(67.1) 5,293(66.7)
Residental type
Living with family 52,332(96.2) 9,469(95.6) 29,827(96.4) 13,036(96.1) 12.3 0.13
Not living with family 2,616(3.8) 568(4.4) 1,428(3.6) 620(3.9)

Values are presented as number (weighted %).

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

& % ok & AT 7pge) ARzl
HAZO| OB EAW T L WA B o
°l

9 %

L 7 128 M2 7 39 o) AT
shelE| gl

3. AlST M2 IAEFE MF

WAERE 43 vEet BaE 45w

>
=)

STe 2
Table 29} e}, 27 AXYE oFAAAE F

2

lo

3% HAERE H[HF 0] 504%E 7HF =L, oAl
ARE 59 mIRE & Af= HAEFES F 3Y o] A
0] 56.4%= 7MY =4 UEY SAHLE {3t Zol&
HAoh(p<0.001). o}3] ZA]o] B2 He= HAEFTEE H
wo] ¥ ot= AS & = ok AYAFoA = oI AAE
S| gF= HIE7t =0 W HAERE o|f RV 22 0
2 BEYrHKim & Lee 2012). T3+ o} A4 WL} 3=

33] ol Bade HAEFES ¢ gol ol&shs AL
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Table 2. Dietary habits by consumption of fast food among Korean adolescents

Fast food consumption

Characteristics ( n:”l;(é)‘tzzg) No 1~2 times/wk >3 times/wk X p-value
’ (n=10,037) (n=31,255) (n=13,656)
Breakfast
>5 days/wk 25,664(47.1) 5,004(50.4) 14,793(47.6) 5,867(43.6) 115.2 <0.001
<5 days/wk 29,284(52.9) 5,033(49.6) 16,462(52.4) 7,789(56.4)
Fruit consumption
>once/d 10,001(18.7) 2,032(20.8) 5,569(18.4) 2,400(17.7) 40.5 <0.001
<once/d 44,947(81.3) 8,005(79.2) 25,686(81.6) 11,256(82.3)
Soda drinks consumption
>3 days/wk 19,558(35.5) 1,710(16.7) 10,141(32.2) 7,707(56.2) 43043 <0.001
<3 days/wk 35,390(64.5) 8,327(83.3) 21,114(67.8) 5,949(43.8)
Sweet drinks consumption
>3 days/wk 25,267(45.8) 2,995(29.6) 13,576(43.1) 8,696(63.4) 2,883.7 <0.001
<3 days/wk 29,681(54.2) 7,042(70.4) 17,679(56.9) 4,960(36.6)
Values are presented as number (weighted %).
Differences of each variables were analysed by Rao-Scott chi-square test.
E YERTHBae & Kim 2016b). H4g o5 o ¥ o 2 SAXH2E {FosHA 106w S7IetAL, Hd Hie
HE= F9 vl F o] 20.8%0] 1L, ShFof 3F H ujgre 2 A 0.898f A%t Ao 2 LEFFTHLee & Kwon 2021). o} Tk
Fshe 75‘ = 7 339 AFTol 823%=2 HAS Wol 9A| HAEZE M= F2UH9 Ay o]F 0.994] Z4T A
O A WAERE P U L AL S 5 AU O ekt mRUHoE 9 G A9 WA gk Ao
(p<0.001). F 3Y oA B2 RE HF 5= A= F 39 Z 3QIEATHLee & Kwon 2021).
o4} Aol 562%= 71 WOk, BAIe RS F 39 1]

g 435 A9 aAFTo] 83.3%E 7Y Wobd WA

EFCo airgael HAVL e WHs) An

sl 9

A & 7 AUHE<0.001). HAEFEO] JEHFZ oA
EZC o e RT @A AFE L 9lo] AEFES} ghit
=59 ¥ ¥ AEEATE s AR dEF th(Kang
S 2006; Song SM 2006). AW 9] EALS 2o} GRS 7 O]
AFel S = 200 it APAFNA @A, A
70, A 59 HAEFE JFH7 TS ShE R &
259 A7 Botl= A2 E UETth(Lee SM 2019).
IHER FAEEY] HAEFE} e R HF= 94
SHA A= AL ol AlFHE =2 A o
A= Qlsto] H4¥ U PTEATS 2 T 5 U= AL
2 B35 tHLyu 5 2007; Kim GN 2014) ok s &

£ F 3% ol AFoke A= HAEFE 33 AT
0] 63.4%% 7} Wil F 39 u|gt A& A= v g
0] 704%= 71 ol SAH LR §-2J5HA|(p<0.001) FA
PAEFE HHe Aol =2 A & & A8 A=
1}19 Woe A50] AW A4S | w3t A3l Lo]
A 21419 W9 o] [y}t v]wsto] o] 5o o AA}L A4

4. AZZ EM0| WE HAEFE MF XI0|

PAEZT Mo} BeiE FAAZ EAJO] BA A
Table 31} Zth 232 AEFHA QXA AEFHAS Wo
=tk AZo= A= JlAEZTEE £ 33] oA A
0] 37.9%& 7HF Wil, AEHAS 27 dH ek F
1~23] AF o] 454%2 71 B, AEHAS @z
A9 v AZ o] 243%= 71 Wolr] EAFHoR §9l5)

A(p<0.001) AEH A7} JAEZT M2} ddxtE]o] Qlrf=
AL 39l & & it FWA FE70 AL FEsiriy

—

A

(o) A=
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o T o=

AZohs At F 1-23] 3ol 64.8%, HEOo = S
o—rt = 394 o] A} AF|Eo] 28.2%, FESFA] Uil AY
9t F 39 ol AHTol 100%E FAHOE §
} AATHP<0.001). FZ 1d Bt &F - Azt
QoL = 33] o|A} AF o] 29.2%0] 1 HH5}A]
Q= v FTo] 168%2 BAHOR (o3t AfolE
HYTHp<0.001). 2 1d Sk AAFS 215 Ao 2 3
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Table 3. Psychological variables by consumption of fast food among Korean adolescents

Total

Fast food consumption

Characteristics (n=54,043) No 1-2 times/wk >3 times/wk X p-value
(n=10,037) (n=31,255) (n=13,656)
Perceived stress
Stressed 18,662(34.2) 3,239(32.5) 10,276(33.0) 5,147(37.9) 171.1 <0.001
Moderate 24,379(44.5) 4,334(43.2) 14,130(45.4) 5,915(43.3)
Not stressed 11,907(21.4) 2,464(24.3) 6,849(21.6) 2,594(18.9)
Subjective happiness
Happy 35,175(63.7) 6,368(62.9) 20,348(64.8) 8,459(61.8) 65.8 <0.001
Moderate 14,960(27.5) 2,732(27.7) 8,401(27.1) 3,827(28.2)
Unhappy 4,813(8.8) 937(9.4) 2,506(8.1) 1,370(10.0)
Depression experience
Yes 13,840(25.2) 2,313(23.2) 7,521(24.0) 4,006(29.2) 163.1 <0.001
No 41,108(74.8) 7,724(76.8) 23,734(76.0) 9,650(70.8)
Suicidal ideation
Yes 5,979(10.9) 1,097(10.7) 3,171(10.2) 1,711(12.6) 55.8 <0.001
No 48,969(89.1) 8,940(89.3) 28,084(89.8) 11,945(87.4)
Loneliness experience
Loneliness 7,766(14.1) 1,358(13.3) 4,151(13.4) 2,257(16.3) 137.7 <0.001
Moderate 18,923(34.5) 3,212(32.2) 10,871(34.7) 4,840(35.7)
Not loneliness 28,259(51.4) 5,467(54.5) 16,233(51.9) 6,559(48.0)

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

Al YEbEaL, $AF e 4‘5& Aol &
e =ASE o
UEbd T A3 Aol e F4a
o] b/l Hal F-5/g°l
2 Ao} o] =lo]
AAAQ EAEo] jAEZLT AHFo| gIe mA=
2 e 2 o%u Ao} sk

.90 0(p<0.001),

o go] 45 Jow
o MAEFES o]gshs

O pj_o]

/\E—1

A et A L AL
A02 X% 0]|(Seo YS 1992),

740
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o=a T«
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75]
vl o] 70.8%2 7P 1 REo7 7S 73%%
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THp<0.001). F 302 =0t 22 Aslo] 9= AR o7}

L 3 33] oA} A7} 352%0]1 1 A vlSFA HAFE
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Table 4. Health behavior characteristics by consumption of fast food among Korean adolescents

Fast food consumption

.. Total - - )
Characteristics (n=54,948) No 1-2 times/wk >3 times/wk X p-value
(n=10,037) (n=31,255) (n=13,656)
Subjective health
Good 38,444(69.6) 7,126(70.8) 22,163(70.6) 9,155(66.6) 113.5 <0.001
Average 7,126(22.6) 2,210(22.1) 6,896(22.2) 3,236(24.0)
Poor 4,162(7.7) 701(7.1) 2,196(7.1) 1,265(9.5)
Smoking
Yes 2,470(43.2) 297(38.8) 1,243(41.3) 930(47.9) 27.5 <0.001
No 3,160(56.8) 475(61.2) 1,726(58.7) 959(52.1)
Drinking
Yes 5,892(31.9) 780(27.2) 3,210(31.4) 1,902(35.2) 57.0 <0.001
No 12,465(68.1) 2,082(72.8) 6,921(68.6) 3,462(64.8)
Moderate physical activity
>5 days/wk 8,131(14.0) 1,693(16.3) 4,404(13.3) 2,034(14.1) 57.5 <0.001
<5 days/wk 46,817(86.0) 8,344(83.7) 26,851(86.7) 11,622(85.9)
Vigorous physical activity
>3 days/wk 15,667(27.5) 3,041(29.5) 8,545(26.3) 4,081(28.8) 553 <0.001
<3 days/wk 39,281(72.5) 6,996(70.5) 22,710(73.7) 9,575(71.2)
Muscle-strengthening exercise
>3 days/wk 13,541(24.0) 2,661(25.9) 7,324(22.7) 3,556(25.6) 67.0 <0.001
<3 days/wk 41,407(76.0) 7,376(74.1) 23,931(77.3) 10,100(74.4)

Values are presented as number (weighted %).

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

Hog 49 73 9
F7F A G AsTT

W= AAEES 39 ol 7 B9= Bl FEol 29.5%0]
3 39 ek 5 1~23] AHF o] 73.7%, 3% ol <87t
+5e A9 Bl FTe] 25.9%0]4L 3 vlRke] Fe=
—’,‘— 1~23] AFo] 77.3%E ZolE B AHp<0.001). 4

g thog so] AARE ME NIFLE HHE 2AR
Ao A 2ERS &5, 14T 2 7% AAEES 5=
253} oHA P DFAH §9I% Aol Mol Foz

B tHKim 5 2018).

6. HAEFE MF0 2HEHE 201

dade] F 33 ol YAEFE HHo| IF= vAE
295 A8 flstel HEEALEH JHARHS HAAT
A= Table 59 At A, oHd, =AIAFR, SHAA 4, 7H4

s}, ofrly stelo] QlpArslet
% UEEE BASlel £4T B3}, UFAS 59 ol ol
= H

Jsto] HAEFE A

F7to. 3HH(95% CI, O89~0 97) Yo Aoz LrERKp=0.001),
oblg B4t Fadel HAEFES o Bo] 45ty
1= 2o It Fads o o HPAT 2

AR %S
I, FYo]| 5Y o4 oS AAlsh= %ol HYAE A
F7} 1.358] =kl (Park & Lee 2020), 71325 AF7T 1.27
Hl #2 A2 & YEHTHKim 5 2018). YY) 3¢ o]
SRS AFste 497t 3Y mnt AFsks F9of v
5ta] AEZT HFH7} 2.568](95% CI, 2.45-2.67) EA A0
2 8051 &A1 (p<0.001), 3Y oA Tt U= SRE A
FHole A%< 39 vt AFHok= 450l Hlsto] sfAEF
T AF7} 1.8941(95% CI, 1.81~1.98) =A] UEFETHp<0.001).
JPAERE HFHo| JFS A= BAATT EAONA 2E
A5 L= A= W7A B B9l Blste] fAEF
T A7} 1.238)(95% CI, 1.16~1.32) =9k 11(p<0.001), P&
ol L7)= 97 FESHA] gkl w7 A5l Hlske
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Table 5. Associated factors influencing consumption of fast food among Korean adolescents

Fast food consumption (=3 times/wk)

Variables Categories
OR 95% CI p-value
Dietary habits
Breakfast >5 days/wk 0.930 0.891~0.970 0.001
<5 days/wk Ref
Fruit consumption >once/d 0.944 0.895~0.996 0.035
<once/d Ref
Soda drinks consumption >3 days/wk 2.563 2.452~2.678 <0.001
<3 days/wk Ref
Sweet drinks consumption >3 days/wk 1.898 1.818~1.982 <0.001
<3 days/wk Ref
Mental health
Perceived stress Stressed 1.239 1.163~1.321 <0.001
Moderate 1.116 1.054~1.182
Not stressed Ref
Subjective happiness Happy 1.089 1.008~1.177 0.016
Moderate 1.021 0.947~1.101
Unhappy Ref
Depression experience Yes 1.184 1.124~1.248 <0.001
No Ref
Suicidal ideation Yes 1.048 0.979~1.122 0.176
No Ref
Loneliness experience Loneliness 1.165 1.087~1.249 <0.001
Moderate 1.089 1.040~1.140
Not loneliness Ref
Health behavior
Subjective health Good 0.727 0.677~0.781 <0.001
Average 0.842 0.778~0.911
Poor Ref
Smoking Yes 1.300 1.164~1.453 <0.001
No Ref
Drinking Yes 1.193 1.112~1.280 <0.001
No Ref
Moderate physical activity >5 days/wk 0.961 0.908~1.017 0.169
<5 days/wk Ref
Vigorous physical activity >3 days/wk 1.058 1.011~1.108 0.015
<3 days/wk Ref
Muscle-strengthening exercise >3 days/wk 1.043 0.988~1.102 0.125
<3 days/wk Ref

OR, odds ratio; CI, confidence interval; Ref, reference.
Adjusted for age, gender, residence area, type of school, academic achievement, economic status, residental type, paternal education, maternal
education.
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EXT 437} 1.0841(95% CI, 1.00~1.17) =Qkth(p<0.05).
- A3 9ol e A7t 8l 5ol Hlsto] A
T A7} 1L18HH(95% CI, 1.12~1.24) =}11(p<0.001), 2
= W= A7 A e 739l HIste] L16H[(95%
Cl, 1.08~1.24) =A WERTHp<0.001). 7P E SA4A
FHH o AFsitty Bzt A= AASHA 4
y7koHe 749l Blsto] PAEFT HH7} 0.724](95% CI,
0.67~0.78) ZAUTHp<0.001). FA-Z H]FAf B|sto] HAE
e 7} 1.308](95% CI, 1.16~1.45) EF31(p<0.001), S
+ HIZFo HIske] 1L19¥](95% CI, 1.11~1.28) =A YR
G<0.001). S73= AAZsH L7335} 252 HAEF
E A3l fofet 92 mAA &2 AR YKt A
2 SR o AfgAolA AT S7F vledxt
H|Z30]| Hlsto] oU A8 9 71F2=E o Eol HFst
£ A8 HiuFol & A7 Ane} X5t As gl
3t 4= 9)9ithRa 5 2017; Kim 5 2018; Oh & Chung 2019).
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Qo U HE

2 A= 20209 A6} HAAAGFHZIRARAE
A5E o]gsto] futet FAH HAERE A3 AH
£ wholstar, QAR eHs B4, Alsw, A 54, A
FHE /0] AEFE HFof nA= FS Lot
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ot AA 549482 LR EASIRlH HAWl
56.6%7F = 123] JAEZCE HHstgon 254%7 F
33] o]} AFSHAH. AIFAISSHY EAJolA= Fetgo] of
SHYET AESFE HHNIErt w3kon, Skt 1
S0l HAERT HH7F E3kTH(p<0.001). 3H4/dZ 0]
FE5E JAEREE ¢ Wol HFSHATHp<0.001). o}
AAL RIE7 FEes, RAYF7E 4SS, AR o
g U 259 A37F 5258 fAEFE HAFNIET =
UTHp<0.001). AEHAE o] HSes fAERE HF
7F TS o H(p<0.001), &% - A B =3 Aol
M= Aol HAEFEE o go] AFstrhp<0.001). 5
WA o & ALHZ S BZeke A= MAERES
AA AFSHALH(@<0.001), TH & S5 Sh= FF= 1
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T AAEE, 2P 52 ot Aol HAEFEE A
Al AF sk E<0.001).

PAERE HHo| FFE F+= 8390 FRlstr] fisto]
EAAY IHRAZ AAIRE A, ol AAF KT} =35
& JAEFCEE FA AJFH5HAIL(0R: 0.930, 95%CI: 0.891~
0.970, p<0.001), BAFEE AF(OR: 2.563, 95%CI: 2.452~
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2,678, p<0.001) & Tt LF= S F(OR: 1.898, 95%Cl: 1.818~
1.982, p<0.001)E @o| HZsld JAEZCE EAZHOR
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Abstract

The objective of the present study was to investigate the molecular mechanisms involved in the activity of [10]-gingerol using
A2058 human melanoma cells. [10]-Gingerol inhibited the proliferation of A2058 cells by 50% at a concentration of 52 uM. Such
inhibition was dose-dependent accompanied by morphological change indicative of apoptosis. Furthermore, flow cytometric analysis
by Annexin V and PI double staining showed that [10]-gingerol increased the extent of apoptosis. Analysis of the mechanism of
these events indicated that [10]-gingerol increased the ratio of Bax to Bcl-2, resulting in the activation of caspase-9, caspase-3, and

poly-ADP-ribose polymerase in a dose-dependent manner.
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Introduction

Melanoma is known to be one of the most malignant tumors,
accounting for 65% of skin cancer deaths (Rigel & Carucci
2000). Exposure to direct or intermittent sunlight can increase
the risk of melanoma (Cummins et al. 2006). Therefore, it is
important to avoid direct UV exposure and to thoroughly apply
sunscreen before UV exposure (Chen et al. 2008).

Apoptosis is involved in cell sculpture, tissue homeostasis, and
the removal of unwanted cells. Cancer can be caused by the
disruption of apoptotic regulation (Portt et al. 2011). The apoptotic
mechanism is negatively regulated by the Bcl-2 family, which is
the best mediator of apoptosis (Adams & Cory 1998). There is
growing evidence regarding the role of the mitochondria in inducing
apoptosis, resulting in the oligomerization and autoactivation of
caspases (Green & Reed 1998). The pro-apoptotic member of the
Bcl-2 family can directly signal the mitochondria to release
cytochrome ¢ (Park et al. 2013). In the early stages of apoptosis,
pro-apoptotic signals activate separate signaling pathways via
caspases (Igney & Krammer 2002; Martinvalet et al. 2005).

Ginger (Zingiber officinale Roscoe) is a commonly used

tropical spice. It has pharmacological properties and is used to

treat arthritis, aches, dementia, and hypertension. Despite the
identification of more than 400 compounds, [6]-shogaol, [6]-gingerol,
[8]-gingerol, and [10]-gingerol have been identified as major
biologically active components responsible for gastroprotective,
antihyperglycemic, antioxidant, antifungal, antiemetic, antipyretic,
anti-cancer, and anti-inflammatory effects (Yoshikawa et al.
1993; Nakazawa & Ohsawa 2002; Ryu HS 2007; Ryu & Chung
2015; Guon & Chung 2016; Lee et al. 2020). It has been
determined that the presence of @ Gunsaturated carbonyl groups
is determined by the length of the carbon side chain, ultimately
determining anti-oxidant and anti-inflammatory properties (Rolt
& Cox 2020). Though there are currently convincing evidences
on the anticancer effects of gingerols, it can be needed to
determine the impact of gingerols on the molecular mechanism
in A2058 human melanoma cells. In this study, we investigated
the effects of [10]-gingerol on proliferation and apoptosis
through activation of MAPK-mediated signaling, as well as
alteration in Bcl-2 family protein expression and activation of
caspase-9 and caspase-3 in A2058 cells. Interestingly, [10]-
gingerol-mediated suppression of A2058 cells viability was
significantly decreased in dose- and time dependent manners,

which, in turn, led to caspase dependent signals.
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Materials and Methods

1. Samples

Ginger (Zingiber officinale Roscoe) were purchased from
NongHyup (Yangjae, Seoul), 2012. It was washed with bark and
dried at room temperature for 2 days. The dried slices ginger (10
g) were extracted for 1 h, 3 times using 70% ethyl alcohol by
maceration at 80°C. The extracted solution was filtered,
concentrated and freeze-dried to produce yellowish powders
(1.5635 g). (Guon & Chung 2016). Column chromatography was
run on a silica gel 60 (70-230 mesh; Merck Millipore) and
Sephadex LH-20 (25-100 mm; GE Healthcare Life Sciences,
Uppsala, Sweden) eluting with n-hexane-ethyl acetate to yield
[10]-gingerol. [10]-Gingerol was identified with co-TLC with

references.

2. Materials

MTT, SP600125, PD98059, propidium iodide (PI) were
purchased from Sigma-Aldrich (St. Louis, MO, USA). JNK,
phopho-JNK, ERK, phopho-ERK, p38, phopho-p38, cleaved
caspase-3, cleaved caspase-9, and PARP antibodies were
purchased from Cell Signaling Technologies (Danvers, MA,
USA). -Actin, Bcl-2, Bax, and secondary antibodies, including
goat anti-rabbit IgG-horseradish peroxidase and goat anti-mouse
IgG, were purchased from Santa Cruz Biotechnology (Dallas,
TX, USA). The chemicals and instruments used in the experi-
ments were prepared according to previously described methods
(Ryu & Chung 2015; Guon & Chung 2016).

3. Cell culture and cell viability assay

A2058 and HaCaT cells were purchased from American Type
Culture Collection. The cells were maintained in DMEM
supplemented with 100 units/mL penicillin, 10% FBS, and 100
ng/mL streptomycin at 37°C under 5% CO, atmosphere. Cell
counts were performed using a hemocytometer. [10]-Gingerol
was dissolved in DMSO and directly applied to the culture medium.
The cytotoxicity of [10]-gingerol (Fig. 1) was estimated colorimetrically
(Carmichael et al. 1987, Ryu & Chung 2016). The absorbance of
the supernatant was estimated spectrophotometrically at 540 nm.
The results are presented as the meantstandard deviation (SD)
of at least three trials.

4. Nuclear staining with Hoechst 33258
A2058 cells were treated 10, 25, and 50 uM [10]-gingerol;
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Fig. 1. Chemical structure of [10]-gingerol.

fixed for 30 min at 37°C in 100% methanol; washed with PBS;
and stained with Hoechst 33258 (2 pug/mL) (Ryu & Chung 2016).
Apoptotic cells were observed using a BXS51 fluorescence
microscope with a DP70 camera (Olympus Corporation, Tokyo,
Japan). The nuclear morphology of the cells was observed using
DNA-specific blue fluorescent dye Hoechst 33258. The viable
cells were stained homogeneously, whereas the apoptotic cells
that had shown chromatin condensation or nuclear fragmentation

were not stained.

5. Apoptosis analysis

Annexin V/PI double staining assay was carried out to further
differentiate early and late apoptosis stages. The assay was
determined using an ApoScan™ Annexin V-FITC apoptosis
detection Kit (BioBud Co. Ltd., Seoul, Korea) in [10]-gingerol-
treated with PBS. The cells were trypsinized, harvested, and
washed with PBS, and then cells were resuspended in 1xbinding
buffer (500 uL) and incubated with 1.25 uL of Annexin V-FITC
(200 pg/mL) at room temperature for 15 min. The supernatant
was then removed after centrifugation at 400 xg at 4°C for 10
min. The cells were then resuspended in 500 pL of 1xbinding
buffer, and cell suspensions were then stained with 10 uL of PI
(30 ng/mL) at 4C in the dark. Fluorescence was quantified
using FACSCalibur flow cytometry (Becton Dickinson & Com.,
San Jose, CA). The amounts of cells in early and late apoptosis
was determined as the percentage of Annexin V+/PI- or
Annexin V+/PI+ cells, respectively.

6. Western blotting analysis

Protein extraction and western blot analysis were performed
as described previously (Ryu & Chung 2016). The cultured cells
were harvested, lysed, and then centrifuged at 13,000 xg for 15
min. The lysates were mixed with 5% sample buffer and heated
to 95°C for 5 min. Equal amounts of protein were separated by

12% SDS-PAGE and transferred onto nitrocellulose membranes.
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The membranes were washed, and protein bands were detected
using an enhanced chemiluminescence western blotting detection
kit (Bio-Rad Laboratories, Inc., Hercules, CA, USA). [3-Actin,
TBP, and specific protein levels are presented as the fold change
relative to the control. Densitometry was performed using Image
J software (National Institutes of Health, Bethesda, MD, USA).

7. Statistical analysis

SPSS software version 22.0 (IBM SPSS, Armonk, NY, USA)
was used to analyze the data. Significance was determined
one-way ANOVA with Tukey’s test. P-value<0.05 was considered

to indicate a statistically significant difference.

Results and Discussion

1. Inhibitory effects of [10]-gingerol in A2058 cells

In the present study, we examined the effects of [10]-gingerol
on the growth of A2058 human melanoma cells by the MTT
assay. Cells were exposed to various concentrations (0~100 M)
of [10]-gingerol and their viability was determined. Cytotoxicity
was determined as the percentage of viable treated cells in
comparison with viable cells of untreated control cells. As shown
in Fig. 2A, [10]-gingerol significantly inhibited the proliferation
of A2058 cells in a dose-dependent manner. Treatment with
[10]-gingerol for 72 h with concentrations of 10, 25, 50, 75, and
100 pM decreased the viability of A2058 cells by 81.1%, 74.1%,
48.7%, 44.8%, and 42.9%, respectively with I1Csy values of 52
IM. To determine whether [10]-gingerol can induce cytotoxicity
in normal human keratinocytes (HaCaT) cells, MTT assay also
achieved (Fig. 2B). HaCaT cells were found to be more resistant
to A2058 cells treated with [10]-gingerol. Therefore, [10]-gingerol
concentrations of 10, 25, and 50 pM were used for the

subsequent experiments in A2058 cells.

2. Induction of apoptosis by [10]-gingerol in A2058 cells

Apoptosis is commonly known as physiological programmed
cell death and is characterized by a series of morphological
hallmarks (Kumar et al. 2010). In order to determine whether
[10]-gingerol-induced growth inhibition in A2058 cells was
associated with the induction of apoptosis, DNA-binding dye
Hoechst 33258 staining was performed. As shown in Fig. 3, the
nuclei showed homogeneously stained and an intact structure in
control cells. After the treatment of [10]-gingerol, there was the
induction of apoptosis by morphological changes on A2058
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Fig. 2. Cytotoxic effect of [10]-gingerol. (A) Cytotoxic
effects of 10-gingerol in A2058 cells in time and dose
dependent manners. After treatment with [10]-gingerol for
24, 48, and 72 hr. Each bar indicated the meantstandard
deviation (SD, "p<0.05, significantly different from control
cells for 24 hr; p<0.05, significantly different from control
cells for 48 hr; $p<0.05, significantly different from control
cells for 72 hr). (B) Cytotoxic effects of [10]-gingerol in
HaCaT human keraninocytes in a dose dependent manner.
After treatment with [10]-gingerol for 72 hr. Each bar
indicated the mean+standard deviation (SD, *p<0.05,
significantly different from control cells).

cells. The population of live cells dropped slightly, and the
morphology of the cells changed with reduction in the cell
volume (pyknosis) with [10]-gingerol. Treatment with 10 uM
[10]-gingerol resulted in slight cell shrinkage and reduction of
cell numbers. However, increasing the [10]-gingerol dose to 25
and 50 pM, resulted in marked apoptotic morphological
alterations, including membrane blebbing, nuclear fragmentation,
chromatin condensation, and increased fluorescent intensity. In
particular, crescent-shaped nuclei, a typical characteristic of

apoptotic cells, were observed at 50 uM [10]-gingerol treatment.
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Control

Fig. 3. Microscopy image of [10]-gingerol-treated A2058
cells in a dose dependent manner. After incubation with 0,
10, 25, and 50 uM [10]-gingerol for 72 hr, the cells were
observed by fluorescent microscopy using Hoechst 33258
staining (arrow indicates the formation of apoptotic bodies).

At a higher [10]-gingerol dose of 50 uM, these characteristics
were even more evident and the cells exhibited partial
detachment. These results suggest that [10]-gingerol exerts
antiproliferative activities in a dose-dependent manner, and is

consistent with MTT results.

3. Effects of [10]-gingerol on apoptosis in A2058 cells

To further investigated the apoptotic cells, Annexin V and PI
double staining were used and were analyzed by flow cytometry
analysis. Annexin V-PI- and Annexin V+PI+ populations
represent viable and late apoptotic cells, respectively. Apoptotic
populations were increased in A2058 cells treated with
[10]-gingerol (Fig. 4A). Treatment with 10, 25, and 50 pM
[10]-gingerol increased the number of early apoptotic cells by
9.2%, 13.5%, and 29.5%, respectively, compared to the control
(2.2%). Moreover, treatment with 10, 25, and 50 pM [10]-
gingerol increased the number of late apoptotic cells by 9.9%,
13.3%, and 28.1%, respectively, compared to the control (4.5%).
Treatment with 10, 25, and 50 uM [10]-gingerol increased the
number of total apoptotic cells by 19.0%, 26.8%, and 42.4%,
respectively (Fig. 4B). The increase in the number of early
apoptotic cells was greater than that in the number of late
apoptotic cells on treatment with 25 and 50 uM [10]-gingerol.

In the early stages of apoptosis, PS is exposed on the external
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Fig. 4. Effects of [10]-gingerol on apoptosis in A2058
cells in a dose dependent manner. (A) Flow cytometric
analysis of A2058 cells incubated with [10]-gingerol for 72
hr. The right bottom quadrant represents Annexin V-stained
cells (early-phase apoptotic cells). The top right quadrant
represents PI- and Annexin V-stained cells (late-phase
apoptotic cells). (B) Statistical analysis of apoptosis.
*p<0.05, significantly different from control cells.

cell surface (Lee et al. 2013). Anti-apoptotic proteins prevent
apoptosis by blocking the release of cytochrome ¢ from the
mitochondria. Pro-apoptotic proteins are regulated by promoting
such release. These results present [10]-gingerol induced
anti-proliferative activities against A2058 cells, which were

caused by inducing apoptosis in a dose-dependent fashion.

4. Effects of [10]-gingerol on the expression of Bcl-2
family and caspase protein

Caspases, a family of cysteine proteases, play essential roles
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in intracellular protein cleavage by signaling apoptosis. The
intrinsic apoptosis pathway is controlled by the Bcl-2 family,
which prevents mitochondrial permeability transition pores from
opening during apoptosis (Armstrong JS 2007). Bcl-2 interacts
with the mitochondrial plasma membrane and prevents
mitochondrial membrane pores from opening during apoptosis,
blocking the signals of apoptotic factors, such as Bax (Ryu et
al. 2013). The A2058 melanoma cells exposed to [10]-gingerol
showed a concentration-dependent reduction in the level of Bcl-2
protein, with a concomitant increase in the level of Bax. With
the change of Bcl-2 family proteins, the activation of caspase-9
and caspase-3, an effective caspase, was accompanied (Figs. 5A,
5B). Moreover, poly ADP-ribose polymerase (PARP) cleavage,
an indicator of apoptosis, was also elevated (Fig. 5C). The
mitochondrial-related pathway is regulated by anti-apoptotic
(Bcl-2, Bcel-x, and Bel-XL) and pro-apoptotic members (Bax,
Bak, Bid, Bad, and Bim) of the Bcl-2 family (Liu et al. 2016).
Cell death signals cause the release of cytochrome c¢ from the
mitochondria and activate caspase-9 in this pathway (Araya et
al. 2021). Caspase-3 cleaves most cellular substrates in apoptotic
cells. It is activated following cleavage by caspase-9 (Pereira &
Song 2008). At present, apoptotic signals involve two main
pathways: the extrinsic or death receptor pathway and the
intrinsic or mitochondrial-mediated pathway (Pfeffer & Singh
2018). These results presented that [10]-gingerol can lead to
apoptosis by caspase-related protein family and might be through

intrinsic mitochondrial apoptosis pathway.

5. Effects of [10]-gingerol on the expression of MAPK

Mitogen-activated protein kinases (MAPKSs) signaling cascades,
including c-Jun amino-terminal kinases (JNKs), extracellular
signal-regulated kinases (ERKs), and p38 kinase, are found in all
eukaryotes and play a central role in regulating cell proliferation,
differentiation and apoptosis (Kim & Choi 2015). As shown in
Fig. 6A, the levels of p-ERKs, p-JNKs, and p-p38 MAPKSs were
significantly elevated on treatment with [10]-gingerol for 24 h.
In contrast, the levels of non-phosphorylated JNKs, ERKs, and
p38 MAPKSs remained unchanged. Thus, 50 uM [10]-gingerol
caused apoptosis through ERKs, JNKs, and p38 MAPKs in
A2058 cells. To further determine whether JNK, ERK and p38
are involved in the [10]-gingerol-induced A2058 cytotoxicity, the
kinase-specific inhibitors, SP600125, PD98059, or SB203580,
were incubated. As shown in Fig. 6B, the p-JNK levels decreased
on co-treatment with SP600125 and [10]-gingerol. Similarly,
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Fig. 5. Effects of [10]-gingerol on the expression of
Bcl-2 family and caspase-related proteins in A2058 cells in
a dose dependent manner. (A) Cells were treated with 0, 10,
25, and 50 uM [10]-gingerol for 72 hr. The cell lysates
were electrophoresed and western blotting with Bcl-2, Bax,
caspase-9, caspase-3, and cleaved PARP antibodies. (B)
Effects of [10]-gingerol on the expression of Bcl-2 family
related protein in A2058 cells from statistical analysis.
*p<0.05, significantly different from control cells in intact
cells. (C) Effects of [10]-gingerol on the expression of
caspase-related proteins in A2058 cells. ‘p<0.05, significantly
different from control cells in intact cells.
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Fig. 6. Regulation of MAPKs in [10]-gingerol-treated
A2058 cells in a time dependent manner. (A) An equal
amount of cell lysates electrophoresed and ERK, JNK, p38,
and their phosphorylated expression form were detected by
western blotting analysis with corresponding antibodies. (B)
Role of JNK in [10]-gingerol-induced apoptosis in A2058
cells. (C) Role of ERK in [10]-gingerol-induced apoptosis
in A2058 cells. (D) Role of p38 in [10]-gingerol-induced
apoptosis in A2058 cells.
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co-treatment with PD98059, SB203580, [10]-gingerol effectively
inhibited p-ERK and p38 MAPK upregulation (Figs. 6C, 6D).
These cumulative results suggest that JNKs, ERKs, and p38
MAPKs are involved in [10]-gingerol-induced intrinsic pathway.

Conclusion

In the present study, we investigated apoptosis in A2058 human
melanoma cells which were treated with various concentrations of
[10]-gingerol (0-100 puM). [10]-Gingerol suppressed the growth of
A2058 cells in dose- and time-dependent manners. This effect
appeared that [10]-gingerol to be mediated by the induction of
apoptosis, as evidenced by morphological changes, cell shrinkage,
condensed chromatin, and the formation of apoptotic bodies via
staining with the DNA-binding dye Hoechst 33258. [10]-Gingerol
increased Bax expression but decreased the expression of Bcl-2,
each in a dose-dependent manner. The mitochondrial plasma
membrane disruption by [10]-gingerol was followed by the
activation of caspase-9, caspase-3, and its target, PARP. Western
blotting experiments indicated that caspase-9 and caspase-3
appear to be activated in [10]-gingerol-induced A2058 cells. The
cleaved form of PAPR was also detected in [10]-gingerol treated
A2058 cells. And the phosphorylated JNK and ERK, and p-38
significantly blocked in response to co-treatment with [10]-
gingerol and SP600125, PD98059, or SB203580, respectively.
These data indicate that [10]-gingerol induced apoptosis via the

intrinsic pathway.
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Analysis of Volatile Flavor Components of the Essential Oil from
Chrysanthemum coronarium var. spatiosum Bailey
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Abstract

This study investigated the volatile flavor components of the essential oil from Chrysanthemum coronarium var. spatiosum Bailey.
The essential oil obtained from the aerial parts of the plant by the hydrodistillation extraction method was analyzed by gas
chromatography and gas chromatography-mass spectrometry. One hundred and one (99.11%) volatile flavor components were
identified in the essential oil from the Chrysanthemum coronarium var. spatiosum Bailey. The major compounds were hexanedioic
acid, bis(2-ethylhexyl) ester (12.45%), 6.10.14-trimethyl-2-pentadecanone (7.94%), 1-(phenylethynyl)-1-cyclohexanol (6.34%),
a-farnesene (5.55%), phytol (4.99%), and a-caryophyllene (4.39%). When the volatile flavor components of Chrysanthemum
coronarium var. spatiosum Bailey were classified by functional group, the content was high in the order of hydrocarbons, alcohols,
esters, ketones, aldehydes, and phthalides. Sesquiterpene hydrocarbons were the most common hydrocarbons, mainly due to
a-farnesene and a-caryophyllene. Among the alcohols, the content of aliphatic alcohols was significantly higher, mainly due to
1-(phenylethnyl)-1-cyclohexanol (6.34%) and phytol (4.99%). The analysis of the volatile flavor components of Chrysanthemum
coronarium var. spatiosum Bailey in this study will provide useful information to consumers when purchasing food and to industries
using fragrance ingredients.

Key words: Chrysanthemum coronarium var. spatiosum Bailey, essential oil, volatile flavor components

M =2 E2% AufEct. 4802 o]&sl= X2 FEuEt Qok
A%, FolAlol, 37, U2 SOz U, & I 2, 4]
2 7W(Chrysanthemum coronarium var. spatiosum Bailey)= =0 do] &3} 3RS %‘-ZJE} 2710 5 AQAZE dg] AH|

Skt Compositac)®] S} Ei Fojdtol AR, A A H om HIo i) okl A ALE B
dtol Wbl Asolch LAULA Selifele] Folsh 4 o] olge. FHORL AT, 395, 2950l slon
S 9] S7A0IA ol Auake] B a7t Qi Aol SeelA AL RS $UF0| BFol, F9%
o AARORE 33, Ah, 42, A SONE AR o] YA A & AR ok Sk 2] ol

w2 A
o £2t9] A1BA] ol 30-60 cmol®, 9, HelE7), 571 ZebAA ghobd] Yol 2 AL STl ol ey,
L Ao oz 5.g90] Zo] WoHKim TV 2000, 24 5% FEo|HE o] o] Zebdl Aw e Auj=c.

SEQ /18 AW oURY et} W FobAloh Ao o] Akx Bo o Zekd AL Pl il FekAT
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1. M2

E Ay ARRH LFH(Chrysanthemum coronarium var.
spatiosum Bailey)2 Hed = 115 570 A Aufstal &5t
A At ARG Al A% SA41 -80T
of WE T nakslEA Fu4 P74 2ae AR A
Bolth 35 L BHS 9lsle] AR REFBARE
1-heptanol & myristate(Waco Pure Chemical Industries, Osaka,
Japan)g ARESFRAIL, GC 9 MSO| AR EEEHRE
Sigma-Aldrich Co.(St. Louis, USA), PolyScience Co.(IL, USA),
Waco Pure Chemical Industries(Osaka, Japan), Bolak Co.(Osan,
Korea) @ French-Korean Aromatics(Youngin, Korea) A|&& A}

g3toet

N

Bz ol 58

S F7|AEL hydrodistillation extraction(HDE) %5
(Sehultz 5 1977)2 ALg3he] 223190tk AT AR 15 kg
of 284 4 LE Y1 4A17F 59t Clevenger-type apparatus
(Hanil Lab Tech Ltd., Seoul, Korea)S A&-5}0] 33] =%7] &
73 & 7SS 2SI, 7155 2441t SRt
FAUEEL & gsto] Fts £25k3ith GC E MS

Holl ALgal7] A 33 FET A9 BT EHlo] B
waz FASE ARSI,

ot

[ Ae

M

3. GC ¥ GC-Ms M U HRA S

S5 AT F7IHEEAS Agilent 6890N GCE A&
3}t Column DB-5(30 mx0.25 mm i. d., film thickness
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Folsom CA, USAYS A5t 25 =2 132 70°Cof A
287F 9AI3 The 2Cmind] SEE 23007 5A7]T
ol% 2087 el FUF 2 AEY] Lt 27 250C
2 A H L, carrier gasZ = AAE F<4 1 mL/minZ AR
Sl AlRE= 1 uLE Y590, linear velocity= 22
cm/sec® SFF 1L, split ratio= 50:12 ST GC-MS &40
AREE GC H 74 2742 919t 5Yst o, MSE IMS-
600W MS(JEOL Ltd., Tokyo, Japan)& AR&-5}itt. 7] 7]E4]
< 23] Algsto] BEgZ AAISHAE

F71HEES 9I5| Y5l JEOL mass spectrometer©]] 42
H Wiley library 2 NIST Mass Spectral Search Program
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(ChemSW Inc., NIST Database)®] Ho|€] AJAHI0] Q= 7]&E
ZA3}+9] mass spectraZs H| W5}, HEEZTO] co-injectionS
& =4 TS HYcI 2 A AR RHR
22 F 1-heptanol & methyl myristate(Wako Pure Chemical
Industries, Osaka, Japan)& ©]-&3}] weight percent(Choi &
Sawamura 2000)E A A5}t

HDE %<& ARE-Sto] &3 4
A%t 23t 10159 g F714E
(99.11%)°] SRI= At o] JESS AHANA =5 Y

= &A= Table | 9 Fig. 19] AA[SIATE &5t9] 2
3F7) A5 0 2 = hexanedioic acid, bis(2-ethylhexyl) ester”} 12.45%
2 7 =4 yeElgod, 11 2O 6.10.14-trimethyl-2-
pentadecanone(7.94%), 1-(phenylethynyl)-1-cyclohexanol(6.34%),
a-farnesene(5.55%), phytol(4.99%), a-caryophyllene(4.39%). hexa-
decanoic acid(3.04%), dibutyl phthalide(2.96%) <=92.2 LE}
on] 7 AL Fig 29 2T

Hexanedioic acid, bis(2-ethylhexyl) ester(CxHxO4)= adipic
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=™ 2-ethylhexan-1-0lZ} adipic acid®] 7}2EA17]7} =3
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8ol = AR 24 B4 A5 % 23 o] v
F FEF9] 40| hexanedioic acid, bis(2-ethylhexyl) ester
4 phthalic acid F-=AS3 #A 0] EiH vt UTHGe
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do Fgal| o3 ATE LU A, o] RO 33
£ hexanedioic acid, bis(2-ethylhexyl) esterS X 3§l5lo] ThQF
St AEEd B4o] g A2 2 B 15t} Hexanedioic
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E2A AT Il et BlAAAA R AR SRtAA S
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A SITHAL-Qudah MA 2013). °] S}gE2 HHd, &7},
Aejg]o] ExJ4o]1l Fa3t g7/ gHolH, o] Qo= oy
FAA L] THE FEECE AHA UTHIMIC 2022).
o] IFEZ & AT &ZtoIA FET HARAFE
7.94% SR AoZ FAE QT

a-Farnesene(CisHy)> AT EH SIEZ A GFotal &
23 Fe e AC=E IHA UTHArctander S 1969).
Phytol (3,7,11,15-tetramethyl-2-hexadecen-1-0l)2 S 224
SEERE B famesol 2 FE A5 5= =t Fr10 gt
719es A 2 Ao2 IHA T} (Arctander S 1969).
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= AlA&FE R (Choi HS 2015), ©] &2 Y4 Al
ol et BT, FIS 8, FYHEF dART 5
o] Sl&o| LA (Amiel 5 2012) | A+ 22 S
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Table 1. Volatile flavor components of the essential oil Table 1. Continued
from Chrysanthemum coronarium var. spatiosum Bailey
- No. Compound name . Retention % 1
No. Compound name . Retention % ) index (DB-5) (w/w)
index (DB-5) (w/w) Decanol 1,264 0.57
Hydrocarbons (E)-2-Dodecen-1-ol 1,690 0.26
Aliphatic hydrocarbons 3,7,11,15-Tetramethyl- 1-hexadecyn-3-ol 1,889 0.23
Decane 999 0.23 1-(Phenylethynyl)-1-cyclohexanol 1,896 6.34
3,7-Dimethyl-1,3,7-octatriene 1,051 0.32 (Z,E)-3,7,11-Trimethyl-2,6- 2,142 0.72
Tetradecane 1,400 0.51 dodecadien-1-ol
Hexadecane 1,597 0.20 trans-9-Hexadecen-1-ol 2,211 0.18
Octadecane 1,806 0.32 Subtotal 12.34
(E)-5-Eicosene 2,106 0.20 Monoterpene alcohols
2-Methyl-octadecane 2,198 0.42 B-Terpineol 1,143 0.18
Tricosane 2,300 0.82 Borneol 1,170 0.72
Pentacosane 2,500 2.14 Terpinen-4-ol 1,192 0.54
Hexacosane 2,600 1.14 Nerol 1,231 0.20
2-Methyl eicosane 2,686 1.48 p-Mentha-1-en-9-ol 1,480 0.73
2-Methyl nonadecane - 0.88 Subtotal 237
Subtotal 7.78 Sesquiterpene alcohols
Monoterpene hydrocarbons Cedrenol 1,607 0.24
a-Myrcene 992 1.61 Spathulenol 1,629 0.26
Limonene 1,032 0.23 T-Muurolol 1,631 0.31
Subtotal 1.84 B-Eudesmol 1,657 022
Sesquiterpene hydrocarbons a-Bisabolol 1,663 0.35
a-Cubebene 1,345 0.42 6-Cadinol 1,674 047
B-Caryophyllene 1,418 0.30 Zingiberenol 1,685 0.53
a-Caryophyllene 1,459 439 (E)-2-Dodecen-1-ol 1,690 0.27
Germacrene D 1,486 142 Subtotal 2.65
a-Zingiberene 1,496 0.94 Diterpene alcohols
a-Farnesene 1,509 5.55 Phytol 2,115 4.99
Isocaryophillene 1,513 0.82 Subtotal 4.99
Bicyclogermacrene 1,516 0.83 Aldehydes
a-Muurolene 1,520 1.03 (2)-2-Heptenal 958 0.23
Cadinadiene 1,526 1.31 Benzaldehyde 965 0.57
Germacrene B 1,565 1.01 (E,E)-2,4-Heptadienal 1,013 0.35
Subtotal 18.02 Benzeneacetaldehyde 1,048 1.02
Alcohols (E)-2-Octenal 1,061 0.20
Aliphatic alcohols (E,Z)-2,6-Nonadienal 1,157 0.25
1-Octen-3-ol 979 0.61 2-Nonenal 1,163 0.17
(Z)-2-Octen-1-ol 1,070 0.34 2,4-Nonadienal 1,216 0.17
3,7-Dimethyl-1,6-octadien-3-ol 1,100 1.65 2,6,6-Trimethyl-1-cyclohexene-1- 1,224 0.20
E, E-2,6-Dimethyl-3,5,7-octatriene-2-ol 1,103 0.75 carboxaldehyde
1-Methylcycloheptanol 1,111 0.45 Epoxy-2-nonenal 1,274 0.18

2,6-Dimethyl-1,5,7-octatrien-3-ol 1,161 0.24 2,4-Decadienal 1,281 0.29
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Table 1. Continued Table 1. Continued
No. Compound name inii[er(lltjl(])srf 5) (wjfv)]) No. Compound name inie;et(lgo;s) (wjfv)l)
Undecanaldehyde 1,292 0.23 Phthalides
(E,E)-2,4-Decadienal 1,318 1.44 Isobutyl 4-octyl phthalate 1,869 0.37
2-Undecenal 1,366 0.52 Dibutyl phthalate 1,963 2.96
Pentadecanal 1,714 0.30 Subtotal 3.33
Subtotal 6.12 Miscellaneous
Ketones Decamethyl-cyclopentasiloxane 1,158 0.18
3-Octen-2-one 1,042 0.28 trans-Z-o-Bisavolene epoxide 1,570 0.47

(6-Methyl-3-[(2Z)-6-methylhepta-2,5-

(EE)-3,5-'Octad1en-2—one 1073 0.58 dien-2-yl]-7-oxabicyclo[4.1.0]heptane)
3,3-Octadien-2-one 1,095 0.17 7-(2,4-Hexadiynylidene)-1,6-dioxaspiro 1,866 0.60
2,5-Octanedione 1,247 0.19 [4.4]nona-2,8-diene
Undecanone 1,295 0.38 2-(2,4-Hexadiynylidene)-1,6- 1,880 2.87
6,10-Dimethyl-2-undecanone 1,405 0.19 dioxaspiro[4.4]non-3-ene
6,10,14-Trimethyl-2-pentadecanone 1,846 7.94 Cyclic octatomic sulfur 2,006 0.36
Subtotal 974 Spiro(tricycle[6.2.1.0(2,7) Jundeca- 2,043 0.26
Esters 2,4,6,9-tetraenej11,1 -cyclopropane
Octyl acetate 1149 040 2-Octadecenamide - 0.39
Subtotal 5.13
Bornyl acetate 1,287 1.35 Lotota
. Total 99.11
Terpinyl acetate 1,352 0.23 1
) content of flavor component in oil.
Geranyl Isovalerate 1,613 0.28
Citronellyl valerate 1,624 0.36 = e -
oltl 1 o]s}e AL g=3] g §Hn
Methyl tetradecanoate 1,654 0.22 15 10 pp m I5te] s =elA 2EW I RS AN
. (sweet-balsamic-herbaceous taste)S AUH, IFEoA= =z
5,8,11-Heptadecatriynoic acid, 1,919 0.72 °
methyl ester 2ol &0k A drt. dukA o2 0.5~5 ppm 52 A E
A o] ko W Q5 .
Methyl 11,12-octadecadienoate 2,093 0.18 Hatt A e d o ARt Arctander S 1969). Limonene
O AJASE AJEYA TH|E X SlolE 2| 7A & Q]
11,14,17-Eicosatrienoic acid, methyl ester 2,099 0.52 = Ll S‘ﬁ 1_181_100}7143 I ?f o Ef Qﬁﬂ(j}’@ ded
3 o QlulA o gx] sko 2 FALHE E
Hexanedioic acid, bis(2,ethylhexyl) ester 2,417 12.45 01] ?T';Q(ﬂ ”;_E]- =Ho = 2“0‘ 1 3 ]—‘E i;‘]‘ﬂ‘; qh::"
o] 5k7] glel=olt}. o] FEE T YT A 25, 2
Hexanoic acid, 2-ethyl octadecyl ester 2,480 0.19 ! 'C: L(])]‘—] ?}H}i et _] j];j oia}u {’gﬁ o ]]_o]’ ‘L}z
kel =g A = o = 3 o) A
Mono(2-ethylhexyl)-1,2- 2,546 1.90 = ti . g5, 7 Do °C:11 E”tﬂ }__‘f
benzenedicarboxylate Heoh AE7RE A 9ok PE, v, AlAl & ot
135l Q xo] /|2 o Q
Terephthalic acid, di(2-cthylhexylester - 0.8 L8] 71 e wlol F6A A8 rh(Arctander S
Decanedioic acid, bis)2-ethylhexyl)ester - 0.26 ]969)L )
Subtotal 19.04 gokpai BoR dIEFO| Ol 2235%= w7
Oxides e AoZ Uergl, ol FZ  I-(phenylethynyl)-1-
0/\77 0 71015} 9O O
B-Caryophyllene oxide 1581 0.93 cyclohexanol(6.34]1—i;)ﬂ- phytol(4.99lf)°ﬂ ] LL:]- ot 207
AH|2=&9] sl2fo 0 = o ol =
a-Caryophyllene oxide 1639 037 A28 2572 Fgo] 19.94%= F7 "}E}Mj”%~ = F=2
Subfotal 130 hexanedioic acid, bis(2-ethylhexyl) estero]] 7]215}%it}. A EH
Aods = AA T IR 974%E UERl=T, °o §
-tri Do o] gleko] =0 Ao
2-Hexenoic acid 1,619 0.52 ]6/’]_10’1‘; f;methylZzhpentadecano(rile«]h ui}: | =2 /(\1——%2} ‘j]'E}
A L L ic acid7} 2ol
n-Hexadecanoic acid 1,967 3.04 A AL exencic acid%t hexadecanoic acid7} 5
Q11 phthalide T2+ isobutyl 4-octyl phthalate®} dibutyl
Subtotal 3.56

phthalate”} €-Q1%| It} Fig. 3[4 Ho|= v} o] £7t9)
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OH

Hexadecanoic acid

Fig. 2. The major volatile flavor components of Chrysanthemum coronarium var. spatiosum Bailey essential oil.
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Fig. 3. Constitution of functional groups of volatile flavor components from Chrysanthemum coronarium var. spatiosum Bailey

essential oil.
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Abstract

This study aimed to provide directions and implications for a future program by analyzing studies on diabetes programs from
2000 to 2020. Among the studies with control and experimental groups, the selected studies included ones that provided intervention
to patients with diabetes and ones that contained descriptive statistics. Sixteen studies were selected to verify the effectiveness and
homogeneity of the data coding meta-analysis. The overall effect size in the diabetes program combined estimate was 0.398 (95%
CL: 0.268, 0.425, p=0.000). Among the dependent variables, fasting blood glucose (—0.616) and glycated hemoglobin ( —0.442)
showed median effect sizes, but the effect of fasting blood glucose was not statistically significant. In terms of the study design,
non-randomized control trials (NRCTs) (—0.543) was more effective than randomized control trials (RCTs) (0.719). Among, the
counseling and self-management program ( —3.241) showed a very large effect size. Furthermore, the cognitive-behavioral ( —0.828)
and self-management (—0.482) programs were also found to have a positive effect on lowering fasting blood glucose. As the
importance of diabetes management increases, further studies based on RCT should be actively performed, and differentiated and
specialized diabetes intervention plans need to be established.

Key words: meta-analysis, diabetes programs, type 2 diabetes

M =2 %1 tH(Health Insurance Review and Assessment Service 2019).

Fue 927} ofslo] B Vel Waw wadEo

U DYHZ LU SR FPIAS 55 2 Gl FIRE 271 A P ol Al
T ARR] Tt AR 7t FF5oko] e AT stz Zo| wi-$- F8stitt.
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of ofstd, 2021 A AIA 20~794] FieH BAb= 59 3,700 ¥ 22 e} BNkt 22 BESH QQlo] A7 S
Tt H(10.5%)°] AL, o]} Z2 FAlEhd &5 20300+= 6 = FHolgtal AFstAh Pl=di 5] (American Diabetes
] 4,300, 2045 0]= 79 8,3009HH o2 F7Hd Zow Association 2017) AFAE &, AHTE 2= Bl
A A}51 9 tH(IDF Diabetes Atlas 2021). 7471'E3157:ﬂ°‘3|£0ﬂ 9] A&7 vk 1EQF 9 g o] =g -?4%]8_?10]‘11, 3
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A A dEAEONA 5~10%] ASHT 2 S 302 ol
o #4490 &5 5 A4V e Az 9o
(Nathan -5 2007), 2| 2021 Gt AgA oAM= 27|82
S9olRs SMKon WALES 28T 9thKorean
Diabetes Association 2021).

S A7 HEA RN BHlE= ded E8ES
71207 19 G (Type 1 Diabetes, TID)T} 2§ T
(Type 1 Diabetes, T2D)C.2 LEE™, AH ALl °F 90~
95%7} 2% Gty EAO|tH(Aune 5 2015). 411 2% Gy
SARe] 22 A AL FollE AL loH, o]9] S
< A gAY 7 385 9o @A) 4ef At
Ao AR §e v12ckShao 5 2019). ATHH o
AN RERD G Gry AL i APehe
Al otk &3] =] Bitg SARAH O HeF A5
AT 23] Z2AE = AT 6 arA Y Ao th(Park
5 2008; Kwon & Chung 2013). A7}%9] Gl
ojx7] fsiA= A 9T = = |
2] vheiElofof slA|Tt 2 ey AL oz A8
& B9 BRI BAT R RED
2016y EFAT AP {44 vjA 1} J&rg4lo] =
710 2% G| FPSH AFFEOl #ol7t /1o, o]
gk ztoof Higt A 4ol /i RS9 #Eo] kEFE £ A
olgtal A HsYrHLI 5 2016). 1 EE I E4 ATLE
o] aate £3HOoR Selst Ho| W)

Ty W29 3524 FHR Sl gt A4 =
99 avs A E45ks A7 2 /st e
He Agarel anasle A%kl B4 12ado &
AzH0z 4SS 98 AFPEoltt. AEAT
et an=a71E Atsr] Aside At dix2eto
A A4 olo] tiet Hawh REBA 527} B4
A =i Aol A of2fet £27F AAE B2 BA B
A7go|t}. o]o & AFtoA= FERt HE AT E ALt
371 oA P2 o] AR A4 Ro] BAZ
of AAE G FA AFE WFo R WEHEAS T35t
1A gk QAo BAL U 49 28 P BRES

=)
i

=
S5t 34 LIRS ANA R U FEANE, B
wlol aa/1E shotste] LAQl i F4) LI

e 9% TA4RE st Foltt.

207 HaE B A4S SRl =2 AF 3=
Moher 5(2009)2] ‘Preferred Reporting Items for Systematic
Reviews and Meta Analyses’ (9|5} PRISMA)E &-&5}3t}. =
= AME 9l sh&dlo]EH o] A H] A(Data Base Periodical
Information Academic, DBPia), $F=5r&4 X (Korean Studies
Information Service System, KISS), §h=%7] H A]H] A(Research
Information Sharing Service, RISS), <+3] &= 4] 3H(National Assembly
Library, NAL)& &-&5to] ‘B, ‘G, ‘TA, ‘2T
W, 2, FA 59 -Bolg 2estol 20004 0% W
Sepa} SHolES AUt 1 A3 shoheRa o
$Rol & 133170 D, olF viekao] B8 5
ARZE ZHHA) G AT %, B F BEWA
oA HAESAT ol AlZF7to] AAXE] Ue ==
o =R Agtste] 1,235 AlQfshAtt. Bt FHHRIC] &
SHAUSE At 22HS A5k, SheATet oFe=E ] Y
80| F5H AF e=iS AHst 3989 9=
12} Aol A Al efsttt. 22 Ao A= A7} 2910]
WA A F5 A HiAde] AdRlo] obd A% 69, Hlw
ool = AR 9H, A Z2IH I A7 ofd 48
A Jsto] 2F 16Ho] HA = ATH(Fig. 1).

2. X1=e| IAE

& 1689 =4S fIste] 2 9+ S40 mhe A=
TP AR A, 2L, SAGY, S, F
23}, HGARRE AEA B 7S 2ASE] AAISEH
o I 22 oS’ B0 mE AT EdE=RE A

¥ o

| Database search; n=1,331

Title and abstract examine; excluding n=1,296
- Insufficient analysis data (n=1,235)

- Uncertainty of the dependent variable (n=22)
+ Duplicate research (n=39)

spection based on selection criteria n=35 |

—
=3

The studies excluded after content review;

excluding n=19

- Non-adult subjects (n=6)

- Experimental and control groups are not clear
(r=9)

- Unclear research design (n=4)

| The final studies confirmed; n=16

Fig. 1. The PRISMA flow chart.



Vol. 35, No. 3(2022)

avkg B4 e

EE 3718 245G 1YL ATR} 20| 22t s
gov AL he F FUH %S 39

E thE AA 2910] FAT AT Belo] A 1=
ZJateit.

1) ENAS

27 AHEE 7] O E BANRCE AsE Angh

& oI FHSITA W T BE AT HekhE
WPHolT) 2 Aol HE 24 B2 190l AIE B4
°% tirol 2, gudY, gsjENs, ¥Y @ BEA
w23lo] Zte] AaY|S BHSAT E5 B4 T
WS GFUR o] 22t ZRYY| AL ARA|S
2959t B ATt A B0 gl A4S 9
Sff Cohen J(1988) 7|2 &85t o, AH=H ditE 178
517] £5to] Hedges?} Olkin(1985)2] WA G 7] ggfo =
Wesho] 2 5SC} Cohen I(1988)2] Lk7] 34171 Z0]
UEd aug77F 0208 A A A2 anar),
0.30~0.702 “27F E7137)’, 0.80E T} 2 AL & {337
2 Auslolc. Aden dazel AT B, EEw
Z}, AHleE 5 24 SAXE CMA 3.0(Comprehensive Meta
Analysis)& ©]-85}0o] A5 th(Borenstein 5 2009).

2) 31}37|—°—| Cist S24 & 0|2M ZHAE
< MEAFETE0] 242 BTN 54
ﬁ‘?lﬂ% mHefst7] 18l I-square=100%x(Q ~ df)/Q (O=Cochran)
& AFESH9IT}. Isquare(The proportion of true variance)=
AT &, A7) FFol dglo]l FFH LR e
of et o)A Z AT 7F A7) 9] AAEARS YERY
o ®ESHE ghol7] wZol A& Wt 7hssirth ek
IsquareZ} 0% 7-F, o] d/do] Ql= AL 2|5t [square
ol AdSE ol FVI6te ALE wdd 4 Ut
YA O & Lsquare F1O] 50% o]0l ATt =] o]F
Ajo] Qlthal W3ttt Table 194 &
Q=277.520, o] WAL P=81.62%% ATE =RE9] o|FAo]
Fso] ARG $4E AN sl

Table 1. Effect size homogeneity test results

Q-value daf (Q) p-value I-square

P Z2THO] HERHEY 195

) HEMEA oi710| & Ty} &3

B A0 2 BAAL 2912 HE AAE 1670
t5lo] Scottish7} 2012F0] 7H¥ESt Scottish Intercollegiate
Guideline Network(°]|3} SIGNYE HI& O & Z}R} =79] 2 3
7He AAIRE & EOE AA T dAH 2HE =E5H3
O SIGNS 7 AE] A4 9 Webd, Re) W,
AHe = 7}Eq‘ﬂ(concealment method), ©]% WA, AL}
2t 7F 71AGH S 524, BlEH (bias) o F, A7
w4, %_L‘“:he_r 5ol gt 102Fo 2 /o] glom, - e

2 T oo YRl BuSH] FBY 9, U
F5o B3 AP0 S A9 ¥, SRR Y50l B3
BF -2 H7IRITK(Table 2). HA A *‘il AEO] 10719
Wleg 7AE Foll 7 el AFAt 27t Wk
Hohz Aol 168] RolA] QAT Ao B4,
A2] AAHR Aol, FAY U Asgrel HolA o)
S 78 AR Ao Sof ojA] HEY] Yt ol A
oz QAL Felst gl A0 e,

ZET EHEKPublication bias)
Aol A= HEHEA Y] B SHE 5 S "y
AASHATE S5 Hafo|st A-A o] £A4olu
2t o] = AFELE 7 %Er‘?l SuEE 3
F5ich B o 1o] &uk weke uizbAg AR e
]—r(fall-safe NZ AFEsIloH, 4 % aa71E B4
= FoAsHA &A FasKnullify)st7] s 7HE Ak
O‘U}Ur H F7tEolof St=AE AHE e Aot & A
TFolAE HFAS7E 1.9982 UEY 2itA7]E 02% v
7] AAdA= 1.9987] F=71E ojoF o2 HojF+= Afoltt.
Jeste] & A9 anar|vt Bl g Aoletal & 4
Ut 240 o] 8H =REY EWHYT AL E gelsh] 9
sho] Al 27| 192 Fig. 29 Zh. 27| Z1olA
HITh Y 2oFo] 2= UeA] gte s avyt e 9
T ANt SHEQIS AR VEEE HIPHLS AT
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Table 2. Assessment of research quality (SIGN)

Mark Condition

++ If all criteria are met

Study conclusion

Does not change the study
conclusion

+  When several criteria are met Does not change the study
conclusion

Very likely to change the
conclusions of the study

- If all criteria are not met

277.520 51 0.000 81.623

SIGN, Scottish intercollegiate guideline network.



196

Al

7]

Standard Error

Hedges's g

Fig. 2. Funnel plot.

Zdat & &

£y

M i
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B

rr

A 16" A1 EAL Table 33 . &3
20104 o]Aof EWEH =2 43.75%RF 2™ 20114

o]% :=Fo| 56.25%% UERGTE 11 & T 5W7H2016~
2020)9] AT7} OF 5% AN B APATI B
Aog F7KHL S & & AUtk HEFH = e
TH(43.75%), HHA] 9H(56.25%) SHPl=tm(2HAeHe 4,
Apets) sEoloich QubE o ARAT A4 EFS
Zohet A= 2] HiA Al (Randomized Controlled
Trial, RCT) A, H[F-2FY v}4 A]d (Non-Randomized Controlled
Trial, NRCT) 919 502 FE3Ich RCT2F NRCTS] #}o]d
o Ao 2P EPSHT ATFE AL SAsH R
B AE BAREA9] ofFof wet fLEEH & AT
e 4ECs0el @77t B2k W] ololl AHeT
R, 12H(75%)°] HIET/ tHET AP-ARE AA ATt |
ERE Ao QFA] Scottish Intercollegiate Guideline Network
(SIGN 2016) B71228 FE3lo] A0l 4 HIE AW}
Rom, Brt A3 4HS +, 128 P o= WPt om,
‘=0 Sigote e THE (it AREo= HAd
16H 0] A2 o] ofsf A9 A7 v 7hsAdol Atk

Table 3. General characteristics of the studies included in the meta-analysis

Study participants Intervention
Assessment of
Author Publish Study Experimental Control Hours ~ the study quality
# (Year of . group group . Total Duration
publication) format design Avernge Average Total per session - on (week)

age age (min.) SIGN  Dr (%)

1 Hwang & Jung(2010) Peer-review NRCT 29  47.62 30 5140 59 N/R 6 20 + 3.39
2 Lee DH et al.(2011) Peer-review  RCT 23  50.39 12 48.50 35 40 22 ++ 17.14
3 Yang JJ(2003) Peer-review NRCT 20 40~79" 19  40~79" 39  15~20 4 4 + 3333
4 Choi & Yeom(2019) Peer-review NRCT 26  66.04 25  69.08 51 N/R 12 12 + 9.80
5 Ha SM et al.(2019)  Peer-review NRCT 20  76.20 16  77.19 36 60 12 12 + 11.11
6 Kim & Chang(2009) Peer-review NRCT 94  56.00 23 5576 117 180 16 16 + 0.00
7 Yoo JS et al.(2006)  Peer-review NRCT 21  54.00 13 67.08 34 180 16 16 + 47.06
8 Kim SY(2008) Ph. D. thesis NRCT 30 30~70 30  30~70 60  20~130 6 N/R + 333
9 Shin EC(2016) Master’s thesis NRCT 21 51.24 21 52.00 42 60 2 N/R + 9.52
10 Yang SH(2015) Master’s thesis RCT 71  63.00 37 6594 108 150 N/R 12 ++ 1.85
11 Yeo SJ(2018) Ph. D. thesis NRCT 26  68.90 30 67.20 56 N/R 12 12 + 14.29
12 Yoo JH(2002) Ph. D. thesis NRCT 17  55.29 13 5746 30 30~70 17 8 + 10.00
13 Lim EJ(2014) Master’s thesis NRCT 27  72.50 25 7140 52 30 8 N/R + 25.00
14 Jang M(2018) Master’s thesis RCT 22 7882 22 76.55 4 5 days? 6 6 2727
15 Jung SY(2016) Ph. D. thesis RCT 21 3843 21 41.05 42 N/R N/R 8 ++ 9.52
16 Choi JE(2008) Master’s thesis NRCT 85  55.40 46 5830 131 30 N/R 12 + N/R

Y Age range.

? The auricular acupressure intervention was implemented for a total of six weeks with five consecutive days a week.
RCT, randomized controled trial; NRCT, non-randomized controled trial; SIGN, Scottish intercollegiate guideline network; N/R, not mentioned;

Ph

. D., doctor of philosophy.
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= Lt ?HH O] A=H(Choi JE 2008)°]| 4]
e Uidt 92 AUAT FEt 5 AdFcHA = &

50~60h 7} Hlx A} gherow, A tidA e 24 30504
FHd 135522 F 9367g°] ot Aoz HAHAT. &
SAAEE AFT A= 9HU(G6.25%) 22 FA 15824
o 13023t SAE ABSIAL, 7HE3.75%)2] AolA =
SAAE A AFSHA Tk SA 7] e FHAa
28)7100l4 2o 229]7]2 H7F d3leH, 109]7] o]l
7P w2 REE YElth A7 A 45004 Fd
2057HA] g SR, k7L 105 o FA LRI
S AL AoE YT

2. MA B S2137|

AA A 4ol 544 A5 A2 HEeE BT &
7}37]= o]AAo] ou g ¥ ALE 0] m ko] Lo
A B4 23 FE25 v 7HYste] 483k (random-
effect modely& AEistct. £ A-tollA 23 Gt FAE
Aoz gt FAnzIYS] Ay g9, g9 9 5 A
Ak 53 22 AP W HeEAsiglong, 3
H}H717} &9 Fholojof A7t Qles ACRE AT 4= 9l
o} J3u 2 AoA EAE =79 A Hdt a3
£ 0398 A2 ®islol= a7t gls Ao2 Uergth
(Table 4, Table 5).

AAA Wo] whek RCT A5 NRCT AFEE Lo
a73718 243 A3 Z7F 0.71995% CL: - 1.540, 2.978,
p=0.050), —0.573(95% CI: -1.144, -0.002, p=0.000)C.2 1}
E}SETH(Table 4). & Atoll4] 245 RCT A+ 5 7H B2
Z=9] thAFE AFSE Yang SH(2015) ATolA] FgwL0

Table 4. Differences in effect size by RCT and NRCT

P Z2THO] HERHEY 197

o] B

ot
H

ek
i

3} G W] fo)2el Ao ¢

ou, oleig AT A 2 RCT A79] HHA7o] F
U2 0.2 AREh §hA TS AX]8 NRCT A7)

a33717F -05730.2 BAACRE 7951 tHp<0.001).

2 A B 27 £58 s RCT 4771 2% &
58] o]oiAok & Zolx, AAZIA] RCT A79] 47} o
S 2o Aw HA AR/ e BEH 24H2 A
7ol Ago] itk Gl FA) A2 AT 24 7|7t
o B gu FEge] nXE $% 820/cHGaaviz 5
2018). B%0] 49l Frde Lol I APHn 4]
49l FAWEL B8 Fashthy T 4 Yk & Ao =
ThE B0 2AVAINE BT 1d ojsl 1 AIgko] B
grom ol FA) wae] A%A woto] AA N0 A
siet. whebd TaAel S S B 19 o4k 471
9 #ABF Aot Bastd, P14 FA AY EAE F
A3t7) S Aeke ad Aol

£orir e 3@ hu

5 Az 3EEG
A4, 1183 @S AE(LDL, HDL 5)& &F5 Ut =
24 23} Cohen] 34 7120] TARE w Gl FAZE
138 A835}o] uhe} FEEFH(ES=-0.616, 95% CL: - 1.366,
0.134, p=0.107)2} F3}EA A (ES=-0.442, 95% CI: -0.668,
~0216, p0.002)0] £7F BT7] WFE Hol= HoZ 1
EhgtthTable 6). Zelt}t TR EAHOR §o)xo]4]
OIOIY PEEMAE EAHOE SO dat Aoz
LFERSTH(Table 6).

gergaas 714 o 23719 Bote] WE ¥F BE
BENEG WGt LA 0|9 FX7h 1% F4T )

AT 5 6He AFolA FIEMA FX7F HASHA=HE
A4S B -0.86%C] A THChoi JE 2008; Kim & Chang
2009; Lee & 2011; Jang M 2018; Yeo SJ 2018; Choi & Yeom

. . 95% CI
Dependent variable Hedges” g S.E. Variance — — VA )4
Lower limit  Upper limit
Total™ (RCT+NRCT) 0.398 .040 0.002 0.268 0.425 8.530 0.000
RCT" 0.719 1.153 1.328 -1.540 2,978 0.624 0.050
NRCT™ -0.573 0.291 0.085 -1.144 -0.002 -1.967 0.000

RCT, randomized controled trial; NRCT, non-randomized controled trial.

Hoak

*p<0.05, ""p<0.001.
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Table S. Frest plot

The selected studies

Std diff in means and 95% CI

ES (95%) CI

1 FB 0T - 208~ T1Z)
< nRP 5 J _5B0{-.115~1.276}
] HDOL-C 0501 - 633~ 732}
3 LOL-C 3001 -385~ BBE)
2 SEP - 480 -203~1.180)
3 TC A001 - 280~1.088}
2 TG - £ 7240 .021~1.427)
2 FB * 3 TTTL0T1~1.4630
3 GH —3 1.070(.343~1. 786}
3 FB i - 287 - B05~ 331}
a DEP ¥ _ _580(.036-1.141)
a LDL-C N 0F0{-. 4420 64}
4 SBP = 643( 0660, 188
& GH # 3 T 181-1.311}
5 FB —_— 533(-_121~1.1B88}
5 GH " 1 277(-.369-0.923}
6 FB = o 1.214( 735~1.683}
B GH 2 1.411(.823~1.688)
7 GH N JB54(- 039-1. 347
B FB ] 670l 015~1.374)
B GH - .3601{-.312~1.05)
5 DEP o = ’ 0911~ 5030865
8 SBP _ B3| - 580~0.587)
o TC - 1.006(.375~1.637)
5 FB - 1.647(.857~2.337)
B GH A 1.324(.666~1.976)
10 HOL-C g A02(- 2570106}
10 LOL-C B -0.12 - 515-0.275)
10 TC » -0, 155( - .550~0.24)
10 TG - - 121~ 516~0.274)
10 FB 5 - 248 - B44-0.14B)
11 DEBP » - .235( - . T55~0.284)
1 HDL-C - - 710(-1.245~-0.176}
11 LOL-C A017(-.501~0.535)
11 SBP - - 148 - BET-0.371)
1 TC r 137( 6550 361}
11 TG ™ 0811 - 427 ~0.608)
1 GH - 376(-.147 ~0.6098
12 HDL-C » 207 - 407 ~0.912)
12 LDL-C 243(-.371~0.048)
12 TC * .336( - 558~1.044)
12 TG * 44 - 2440 848)
13 FB 4BB(- 385~1. 181}
12 GH 5 -1 .343(-_378~1.051}
i3 GH B 1580 - 720~0.685)
14 HOL-C # -.138( - 300~0.442)
14 LOL-C . A82{- 518~0.774}
14 TG 063(-.320~0.643)
14 GH 263 - 363D 846}
15 :; - .232(3.262~0.628)
16 E 3.B4B( 100-4.435)
16 GH —— .5B3{ 215~0.925)

0.340( 266~ 425}

1.00 £.50 0.00 0.5 1.00
Conirol Treated

Abbreviation: FB, fasting blood glucose; GH, glycated hemoglobin; SBP, systolic blood pressure; DBP, diastolic blood pressure; TC, total
cholesterol; TG, triglyceride; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol.

2019). 7 B2 SRHAH)E dFoE F717H107] D)ol
AA 9JAL, kS, YYALl 9 GiS-S T Kim
& Chang(2009)9] Ao A BEFE M4 2|7} - 1.47%= 7F

A A HastaoH, o] Aiprt aFtar|o| 7P & 9F
< "R Ao ARET SAYES AuEY, YR
&8 WY, JFuST A7 ¥y, IFusTt A7)
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Table 6. Differences in effect size by dependent variable
. . 95% CI
Dependent variable k Hedges’ g S.E. Variance — — V4 p
Lower limit Upper limit
Fasting blood sugar 10 -0.616 0.383 0.146 -1.366 0.134 -1.610 0.107
Glycated hemoglobin” 13 -0.442 0.115 0.013 -0.668 -0.216 -3.105 0.002
SBP 4 0.229 0.197 0.039 -0.158 0.616 1.159 0.247
DBP 4 0.233 0.209 0.044 -0.177 6.420 1.114 0.265
TC 5 0.250 0.219 0.048 -0.180 0.680 1.139 0.255
TG’ 5 0.094 0.128 0.016 -0.157 0.345 0.212 0.043
LDL-C 6 0.064 0.112 0.013 -0.156 0.284 0.572 0.567
HDL-C 5 -0.110 0.169 0.029 -0.441 0.221 -0.651 0.515

SBP, systolic blood pressure; DBP, diastolic blood pressure; TC, total cholesterol; TG, triglyceride; LDL-C, low-density lipoprotein cholesterol;

HDL-C, high-density lipoprotein cholesterol.

*p<0.05.
T B, YT [P, o|F 8 HE ARER A+
So19 6" A F 5H AolA LSS SAol =3¢

5}al Q1A TH(Choi JE 2008; Kim & Chang 2009; Lee 5 2011;
Yeo SJ 2018; Choi & Yeom 2019). Umpierre 5-(2011)2] HEt
2 A Feae] eFaas 2ao] dolH AHLE
2717k SoleAe ol gorsol Ak ALolT A
B AL YeEg Tt (Umpierre 5 2011). °= Fry FA
o 91014 GFmSol Felat el Haje] HHHe
2 e Zolgkn & % Ak
EIHQ BHE AN B2 o] mKo] 5]
ofof sht, B4 T} AT 5 JoPAto] o5 e Ro]
o]%ol7l g7 38o] ALk Ptk 7 % Kim & Chang
(2009)9] A= FREMA Fa adrt 7P 2L, 59
Lee 50119 A7 Hl7A B717ke] 2A717H6)0] 9]
SO GG A7} REITOZ YL Sun
017)2 et An} JFn Lo He HE Pt A
Soh= SA7E HIFEAE AT SAEY Sl A=
oA & Aol o] HE JFALY A9 A}
APt SRS A 4 PG HEE Heh 2
O g A 4 Q7] wiZol2tal Argstaint. wEbA et
0o s JYEA 4B BES A AW
o] 45429) Yo7t Fast, oIS 9iet W4T £,
AHel eu, 1o Bl dhat e A7 34
RHE B 2 e o0
T, W TG W Z4T =T sUY F YA/
0.094(95% CI: -0.157, 0.345, p=0. 043)i EAAOCZ 995}
A S7HE A2 YERITH(Table 6). & SH2| =& & 492
=iolA 5 TG o] A & Aastioy 7P B2
REF(TIHE WYCE 37199 Gl &S YL Yang

ol

3O P of

9
1

SH(Q015)9] QAol4 Rl Hol AL A F715He AL
o] o]zlo] A A7l FFL & Ao ARt
19 89 (A AES} @Y AR GHAE BAHOR
g WakE HolX) YSrThTable 6). ol Py AT
ol FAY ML A4S 1 ik Arele Aitol
W A anE A%A713 FHA717] A BRpelA
TEY AV WS AES e Ao] FAFL oJnjiet.

Hi
il
i)

4. ST0IH Su137|0] AHEFAR|
EHI%‘ HEolA 7Y 583 A2 FELY, AolaY
58% 5= BYsto] &) AHsh= Aoy o= 7H°1
lci‘u A7|¢2]7h 3t otk E AtoA= 27|
HEE RS A ZE2OH f3o] 3EED| A= &
13715 SHSIG A =7 $ A7|He 23S &
&3 A7 THOE MY B, Tl EE 2520
3HO R o5 AA =79 62%E AAStL AT SA
DZEIHE 5 g et adar|E vugt 23 e
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TI(ES=-0.828, 95% CI: - 1.395, —2.663, p=0.004), A} 7]
2 J(ES=-0.482, 95% CI: -0.703, —0.262, p=0.002)
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Oki’% g2 Alchake] ol AAlES WAt £E:L%‘%
7k olete] A 7|7 o™ SAHORE {ojHo]
UTH(Table 7). AAPE ZEITH )3t =72 1HO|
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Table 7. Differences in effect size on fasting blood glucose by diabetes intervention

95% CI
Dependent variable k Hedges’ g S.E. Variance — — VA )4
Lower limit Upper limit

Self-care” 24 -0.482 0.165 0.027 -0.703 -0.262 -3.040 0.002
Phone consultation” 1 0.904 0.336 0.113 0.245 1.563 2.687 0.007
Exercise 12 -0.354 0.193 0.037 -0.733 0.025 -1.831 0.067
Nutrition education 7 -0.061 0.153 0.023 -0.361 0.239 -0.400 0.689
Cognitive behavioral therapy” 1 -0.828 0.289 0.084 -1.395 -0.261 -2.863 0.004
Consultation & self-care” 2 -3.241 0.271 0.074 -3.773 -2.710 -11.948 0.000
Diet & exercise 6 -0.379 0.311 0.970 -0.989 0.231 -1.217 0.224
*p<0.05.

= AHA AthKim 5 2015). FAZA] AgE 27| 1 o= a3t Qle ALE Yehgth AEA ol whet 7
Holle A7 4 A= AE, Hubd 9 5o] 19tH o 21917 A A A (randomized controlled trials, RCT)} W] 572}
85y Qh B d31A8y |8 T2 133 AgS ¥ quiA A4 A|(non-randomized controlled trials, NRCT)Z L}
B A 27 Aot a7t 7P St AoE UEge o] avAUE RAT A3 47 0.719(p=0.05), -0.573
9, ol AE<= ? A=Y A4 S B Aotasd (p=0.000 0% ety FEHJNER angr]ES 4%
F37F S8 82142 9fulRtt,:. Brown 5(2016)9] HIERE 23 FEIGH Gt ae 242 -0.616(p=0.107), —0.442
Mo A Alo]x qyJr AAEEET Aotasdo] Z & (p=0002)2 YHEHH. EF TG &F9| ada7|= 0.09%4

o] ulekAet 5] QojAl AV Shaet ozl o9
I (Brown 5 2016), TF2 Aol A% o] that 24| Byt
i ALY 218 eSS4 B % 2
o]0 2 R|&A5}al Qlth(Hernandez 5 2016; Lee 5 2016). =+
Fip s 2T T o] 3kx}o] ol s7to] u|x]E ko
TRt A= oFF miH|sitt. L2y Park JH(2018)9] Ao
i Aol o] Gl R SRR 9
9, a4 7o) fofet 29 AHHAE Hol €T
oA Aokt F400] 585 AL SAsHSIe) ek
A Aok 24 950 A7lke xaago] e

W B4 AL AT S0l 4+ UL A0 ARd
T3 o] Fa4o] Aol vt BF B9 A7 A
AIRCT) 7]5te] A7} BEstA g s o] ZpHsls 1 A&
st U89 g A wete] Qs

=ETETE
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= A7 A= 491 28 P SRS A4 A
=233 gt ek o e

FedA A7) AFE wefsta FF A
1A AYE et Sk EloJEHol A F3 20001 1€
20209 497HA] AAE F 13319 =5 F AERES B
8 25 1689 =25 & AolA 245tk 1 23 &
A =] A B BT 03982 s we)
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(p=0.043)E §-o|H 02 thh Z7}5l= AWE BPT 1 9
o Y A ;e FAA R BIT 7= FAZHOE {93
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Effects of Fucoidan, a Sulfur-Containing Polysaccharide, on Cytotoxicity and
Apoptosis in HT-29 Human Colorectal Cancer Cells
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Abstract

The purpose of this study was to investigate the biological activity of fucoidan, a sulfur-containing polysaccharide, on cytotoxicity
and apoptosis in the human HT-29 colorectal cancer cell line using cell viability, Flow cytometry, Western blot, and RT-PCR analyses.
Fucoidan inhibited the proliferation of HT-29 cells by 39.6% at a concentration of 100 pg/mL for 72 h. The inhibition was
dose-dependent and accompanied by apoptosis. Flow cytometric analysis showed that fucoidan increased early apoptosis and late
apoptosis by 65.84% and 72.09% at concentrations of 25 and 100 ng/mL, respectively. Analysis of the mechanism of these events
indicated that fucoidan-treated cells exhibited increases in the activation of caspase-3, caspase-8, and PARP in a dose-dependent
manner. These results suggest that fucoidan may inhibit the growth of human colorectal cancer cells by various apoptosis-promoting
effects, as well as by apoptosis itself.

Key words: fucoidan, sulfur-containing polysaccharide, apoptosis, colorectal cancer, HT-29

M B A Ut A s W 98 AAst

ow, 32 IYQRICEE= L 5B A, GE, T

vt 919 Al oF A = 20159 o] F wid F AF 7 2 Afa, A HERL Qi 3 45 7S
Jbebe ZAjoln, 20199 % Al 2 oFskap 4l 25t 5ol 9J3f ¥rAstth(Jemal 5 2005; Yoon 5 2007). tHAYL2
4718 (d 135t 4,180, o] 129 538%)2.2, 20184124k z7] A 9 A, A 27, 7154 AAeke] HE X
5,87478) ] 8,844 (3.6%)0| 1, FA= 4,356 (3.4%), oA} = 23 Ast 28 fak= Holy 9o}, Atk A] ojm
£ 44888 (3.9%) SISt L, Al of A 191 /A% o] APEo] & WA B/ A7 wot A
(3Rt 6769), 29 H 2Tt 9,.9607), 39 Y%t 9,493%), WA A =E AlEstt a7t $4] gkal 748 E3F got
491 QT 9,03078)01H, 7= (83M)7HA] BESH= U3} ek A E o] EX] ¥5kal QltH(Kronborg 5 1996;
A% ol 298 FEL HHF 37.9%%, FAHB0A )= 39.9%, Winawer 5 1996; Shin & Byun 2004). Th49to] 5}5}a]d} oF
o ZH87A )= 35.8%2] F 'LAYo] Al th(Ministry of Health A 9] oA}zl 2 AL ok outaTio} H]-8o] §84] I oF
and Welfare 2021). & FAolu F&go] §lojof gt ey ol=dt 2

=X
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S50t A glong, E4go] flowA Jutaitrt §-
53t oFA] & 2]o] AJo] o3t thAet slstoll WA A+
(Zhao 5 1991; Torzsas 5 1996; Lee YR 2013; Na 5 2019)
5 Hoh anFo|1 ekHgt SgES Jide] R Al HiL
et

dry =2 JWSE A ZAFE (programmed cell death)Z &
27 A ZA}E AKapoptosis)q= 3291 B A B A 2}
BoA Al 5 SASHA FAIsH7] sl B2 Al 2ZAE
g o)t} 53], o] A 7Y oA Al ZAE 7]
o] E4EE A, BAAET FAZE HMSE T (Hu &
Kavanagh 2003), A3 344 54 B4 8% JS
Sk, AIEAI A8 §3, At SEs A4, o) ch
3} d4 9 apoptotic body F/ 5 AlZ2] Fej4 HIE =
Zot, oot I A YR} QFA o= AlTE
ZA=EHChoi 5 2009; Cho 5 2012). NJZAPE A9 Q9
2191 Bel-2 A|E Q) T, p53, Bax, caspases S4, tumor
necrosis factor(TNF)-related apoptosis-inducing ligand(TRAIL)
7} o] BHS ZA4A7IH, A 7] Az BeE S
UARSE B4y, ERIARSE B4, HAARIAL 9 A2 EHO| &
A, proteosome G2 HEZXOZF dlo] NEZAFES FEIit
(Korsmeyer SJ 1995; Trauzold 5 2001; Baetu & Hiscott 2002;
Jaattelda M 2002; Reed JC 2002; LeBlanc & Ashkenazi 2003;
Debatin KM 2004; Paoluzzi & O'Connor 2010).

Fucoidan 52 $h-oh= ®AKE 207H] thdA =, fucose
(44.1%), sulfate(26.3%), ash(31.1%) L A7FFS] aminoglucose2}
monosaccharidesE 35137 ¢J © ™ (Nishino 5 1994; Bilan 5
2002), ThAJH}S} 1| Q] Eof 28 2R 5}1(Chevolot 5 1999;
Chizhov 5 1999; Chevolot 5 2001), 3-AFSKPiao & 2004;
Ryu & Chung 2016; Bai -5 2020; Fernando 5 2020), Y €19
FEHOo29] H3KLee & Rhee 2014), T, FAEH A, F
dadE A, i, AW ATE, FEWGumer 5
1998; Del Bigio 5 1999; Jiang 5 2010; Kim 5 2010; Xue
S 2018; van Weelden 5 2019; Daub 5 2020; Dimitrova-
Shumkovska 5 2020; Li 5 2020; Fitton 5- 2021; Huang 5 2021;
Mabate 5 2021; Mustafa ‘5~ 2021; Suprunchuk V 2021; Yu &
2021; Zhu 5 2021) 59 Ae|g/do] x| lrt.

2 ATE HAEERE AA HFAAE APES Fest
£ 7154 &4 240 digh A7 (Ryu & Chung 2011; Ryu
S 2013; Ryu & Chung 2015; Guon & Chung 2016)2] 2glo.
2, 270l Fo® EAcks TR thFAIQl fucoidan]
A HYUAA|Z(HT-29) AP E apoptosisol] P|2]= FF=
MTT, Flow cytometry, Western blot & RT-PCR analysisE 4
Psto] selsteict.

Fucoidan®] Q1] tiAQMAZ(HT-29) AFE &7} 205

ME U

A=

Ayof| AR&3E MTT, fucoidan(F8315, <= 95% OJAN)
Sigma-Aldrich(St. Louis, MO, USA), Dulbecco’s modified
Eagle’s medium(DMEM), fetal bovine serum(FBS), streptomycin-
penicillin, Trypsin-EDTA-= Gibco(Carlsbad, CA, USA), caspase-8,
caspase-3, PARP, goat anti-rabbit I[gG-HRP+= Cell Signaling
Technology Inc.(Danvers, MA, USA), Bcl-2, Bax, p53, goat
anti-mouse IgG-HRPZ Santa Cruz Biotechnology Inc.(Dallas,
TX, USA) Al&Z ARESHIAL, =40 ARG BE AloFS &

L Agstoct

1%

o

2. M=F 2 NI HHQF

Old] A A|EZF(Human colorectal epithelial cell)Q]
HT-29 A3+ Korean Cell Line Bank(Seoul, Korea)ol| A 7-<5}
of ARESlYTE B N EZFE 10% heat-inactivated fetal
bovine serum(FBS, Gibco/BRL)T} 1% penicillin-streptomycing-
Z7}3F RPMI1640 B A& AFR-51o] 5% COS 33 37°C Hlf
9F7](Sanyo, Japan)oll 4] BjQFsSiTh. 23 o)At Af Bl gsta
g g5l &3] AR F A=E =7} 70-80% =
ESIEH 0.05% Trypsin-EDTA(Gibco/BRL) -8-H-& AR&-5}o]
A BigstHA Aol ARgstAT

3. MZE =M AMS(MTT assay)

Fucoidan #2] A] HT-29 A& FA]of| w|X= a%E 3-
(3,4-dimethylthiazolyl-2)-2,5-diphenyltetrazolium bromide(MTT)
Bl (Carmichael 5 1987)C.82 243514tk HT-29 Al ZZ 96
well plateo] 1.5x10% cells/well W2 EF35ko] 24A]7F 8o
T A=Y FF 5= 0, 25, 50, 100 pgml7}F H =5 225t
of Z17-2 24, 48, T2AIF WFSIATE. HlOF T MITT A|oke:
20 mginl S 50 1LE 7 wello] H7}5ho] 4417 € HF
3 "R & A A5}l dimethylsulfoxideE 150 pL d7}slo] AJ
AE E849] formazan ZAES 83A|# ELISA reader
(SpectraMax, Molecular Devices, LLC, Sunnyvale, CA, USA)Z
570 nmol| A 4 E=E =% (Agilent Inc., Palo Alto, CA, USA)
StAth AlE FAEL2 fucoidan®] FFEE 279 4%
o tgt MEER Lepsic

4. FMIE 2M(Flow cytometry analysis)

HT-29 M2 0] fucoidan # |t Z0f early-apototic cell &
late-apoptotic cell 4~Z FACSCalibur Flow cytometry ¥ (Ryu
= 2020008 =A3}9Th HT-29 A EE 6 well plateo] 3x10°
cells/well L& EF5t0] 724|7F HiOF 3 A RE S
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A5t 24X17F foket ol wf RS A ASEIL PBSE M
&S HolW T trypsin-EDTAS A 2]sto] Y4525t A]

== A

=& HolFEQI}. o]oj A 1xbinding buffer(Annexin V-FITC
kit, BioBud, Seoul, Korea) 100 uLE Z7}5}a, A3 0] annexin
5 uL, PI 0.7 uL& 37}5F9] suspensiondt ] FACS(Fluorescence-
=

activated cell sorting) 42 E3f| apoptotic cell 5 =743}

At

H

5. EHHZE 251 M3 (Western blott analysis)

AEAE 2 Z47} DY B LEL 15 949
Western blot(Ryu & Chung 2015)2 A A|8} T HT-29 A
£ 10 mm9] dishol] 2x10° cells/well2 EF3511 A BE 55
HE Agsto] 72417F i ¥ PBSE 23] washing?t $-0f
RIPA buffer(pH 7.4, 50 mM Tris-HCI, 150 mM NaCl, 1 mM
EDTA, 1% NP40, 10% glycerol)= 44°CoJ|A4] overnight H1-3-A]
7131, |3 F cell lysatesE 4°C, 12,000 rpmof|A] 1027+ Q4]
£ T AF5HS Hot AR ARESITh o Fg
Bradford (Bio-Rad Laboratories Inc., Hercules, CA, USA) A]9F
S A35191 01, SDS-PAGE gelol] 5559 thaA-S Joading
o] R E-2 B &Sk & nitrocellulose membrane©]] 7t
thii g o] 247 membrane 3% milk/TBST(1.5 M NaCl, 100
mM Tris base, pH 7.4, 1% tween)Z A-2-0] 4] 14|17t blocking
St & 1x} antibody©l cleaved caspase-3, cleaved caspase-8,
cleaved-PARP, Bcl-2, Bax, p53< 4Cof|A] overnight ¥F-3-A|F
t}. o]ojA] TBSTZ A|Z & T}A] goat anti-mouse IgG-HRP,
goat anti-rabbit IgG-HRPZ 1A]7F HRSAIZ] Zof  Gel
Documentation System (Bio-Rad Laboratories Inc., Hercules, CA,
USA)E ©]-&5}lco] high molecular weight marker(Amersham,
England)2 A4S 75k

6. MRNA 3 AIS|(RT-PCR)

1) Total RNA £2]

Fucoidan®] HT-29 A F4] A & A §& &I}
mRNA 20| A= FoFE x| =A] &Rlst7] fI5to] RT-PCR
S 533519k HT-29 A|ZE 6 well plateo] 3x10° cells/well
Pr g2 F50610] fucoidansd wEHE A 2|5}aL 2447 & Hj
A5 A AT & Tri reagent 1 mLE 3 7}5}0] scraper2 A3
£ Ko} 327 A-2of ®WA5H3H. o17]9] chloroform 200 uL
£ A7I5to] FE0] 42 Fo 1023 WA|staL 4C, 14,000
pmo][ A 2087 HHEE st 4SS FEE &4 91
isopropanol 500 ULE 7}sko] Ag=2oll A 1083 WA|skar of
Al 4T, 14,000 rpmo[A] 2027 AHE 5t FF5AES AA
S} th. DEPC water® 38]4 3t 75% ethanol 1 mLE 3 7}5}o]

OF5}HA| vortex3til 4C, 14,000 rpmol|A] 5E7F QAR 5,
FEHS AATL pellets Fw5] ARAHTH 2
RNase-free DEPC water 50 uLE d7}5}0] &1 &of o]|AE&
RNase-free DEPC water -89 0 2 1:1000.%2 3]A35}0] 260 nm
2 280 nmof|A SFE(OD)E =74 (Agilent Inc., Palo Alto,
CA, USA)3}] OD 260/0D 280 ratios RNA2] purity(1.7~2.0)
£ gQIsta OD 260 Lo & RNA 5&& S5t

2) cDNA BHM

Z3FSE RNA sample 9F0] 500 ngo] EL= tubeo] FH|5}
3! 10 mM dNTP mix, Random hexamers(50 ng/uL)S E3}5}0]
F%0] 10 L7t H=5 55 7Iste] 65CoA 581t
B3t & reaction buffer(10xRT buffer 2 pL, 25 mM MgCl,
4 1L, 0.1 M DTT 2 L, RNase OUTTM 1 L) 9 uL 7}5ko]
A1 L0of| A 287} wjok3t 3, superscript™II RT 1 uLE d7}5}
of 42°CollA 504, 70CoflA] 1587t vl F5}F3At. RNase HE
1 uL H7Fskal 37°Co| A 20 BiFet & -20TofA His]
W AgE ARESHIT

3) Polymerase chain reaction2=2 DNA &=

Al& 1 pLoj] PCR mix buffer(10X PCR buffer 5 pL, 25 mM
MgCl, 3 uL, 10 mM dNTP mix 1 pL, Taqg DNA polymerase
0.4 pL) 9.4 pLe} sense, antisense primer 212} 1 pL, B
37.6 uLE Z3}slo] RT-PCR(Bio-Rad Laboratories Inc., Hercules,
CA, USA) cycleS 21843t 30| ethidium bromide= 43t 1%
agarose gelZ 7|95 AA|5t1L, Gel Documentation System
02 bandE TESIFT;. AMEH primersi= B-actin sense
(5'-CCTCTATGCCAACACAGTGC-3") antisense(5'-ATACTCCTG
CTTGCTGATCC-3', BCI-2 sense(5'-CAGCTGCACCTGACG-3")
antisense(5'-ATGCACCTACCCAGC-3'), Bax sense(5-ATGGA
CGGGTCCGGGGAG-3") antisense(5'-TACGCCCATCTTCTTCCA-
3, p53 sense(5-GCTCTGACTGTACCACCATCC-3") antisense(5'-C
TCTCGGAACATCTCGAAGCG-3")°]t}.

7. SHAzE
A9 AIR= SPSS 200 T2 IHO R 7 AP
HEHAZ AASIIL ANOVA 24 % p
Duncan's multiple range testE A A]s}o] A+ 712

< ASsHAH-

=

=

=l

<N =

#a
K

1. HT-29 M| S4] B3]
MTT assay= F|EZEg|ofe] g4d G Aazkgo] oJdf =
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Aol g4 7129l MTT7F B84 HabA formazan©.
2 FYs= Y8E o83t Wi (Carmichael 5 1987)0]H,
MTT formazan®] E34% = 570 nm 1o A X7} =, o]
oA EHE SEEE Aot A FAdgh Alze
g RFGSith QA tHAUAN L] HT-29 Al F-4]0f ]
L ke BHolsly] 93] fucoidand 0, 20, 40, 60, 80 L
100 pg/mL 2 A Z5k0] 24, 48 L 724|7F A& stATh. Al
3 A3}, fucoidan?] ot A A|Zhol| H|#H|Sto] HT-29 A2
Abdol oA o g F7FeF oM (p<0.05), §35] 100 pg/mL
FEOA 2A1ZF A7 Al Al AEE0] 39.6%= FASH]
A5 TH(Fig. 1).

2. HT-29 MIZAIH RE

Fucoidan®] 2]t M| ZAFE O] apoptosise]] 7]15H=A] &<l
517] 9J5te], AR5 0, 25, 50 9 100 pgml F=2 A 25t
T2A1ZF HiQF & HT-29 Al ZAFES ERlstqleh. Ao AR
= Flow cytometry ®'H(Guon & Chung 2017; Ryu 5 2020)2
apoptosis”} = T QXA WHo| ZA5}H phosphatidylserine
(PS)°] AL R E LE=HA] o] affinityE ZH= Annexin
V7t Agehe RS o] &5H= A0, popidium iodide(PT)
2} double stainingS AIA|5}o] apoptosise] SHF AL S A
20 & &7ttt PSol| oA 02 Zglsl= Annexin VO
P19 A9t E7A-S o]85to] AH|E 3 early apoptosis
(Annexin V-FITC positive, PI negative) 2 late apoptosis
(Annexin V-FITC positive, PI positive) H|-8-& 1519t A

103

40

Cell viability (%)

=

Concentration (ug/ml)

Fig. 1. Cytotoxic effects of fucoidan in HT-29 cells in
time and dose dependent manners. After treatment with
fucoidan for 24, 48, and 72 hr, the cell viability was
investigated as described in the Materials and Methods. The
values are meantS.D. of three independent experiments.
Bars with different alphabet letters are significantly different
at p<0.05.

Fucoidan®] Q1] tiAQMAZ(HT-29) AFE &7} .

Y A7}, 2o A= early apoptosis 2 late apoptosis 25
ol A AlzAFEo] HAYSHA] A} O, fucoidan 25 pg/ml &=
of| 4] early apoptosis 65.84%, late apoptosis 6.2%% % 72.04%
O] A|zzApEo] ZFP= ATt o]0 A fucoidan 50 pg/ml 5=
A= early apoptosis 9.55%, late apoptosis 64.4%% & 73.95%
o] AlzApEo] FRIFUA, 100 pg/mL FEOIA = early
apoptosis 12.65%, late apoptosis 72.09%% & 84.74%2] A EA}
o] MP=)Ql o, fucoidan H L7t Z71EE late apoptosis
7} HlE|A o8 Z7151H tH(Table 1, Fig. 2).

3. Caspase-3 U caspase-82| &AM3|
HT-29 A|30] fucoidan 2] A| T= JEH O & A|ZAME

Table 1. The population of early-apoptosis (Annexin
V-FITC positive, PI negative) and late apoptosis (Annexin
V-FITC positive, PI positive) treated with fucoidan in
HT-29 cells for 72 hr

s

% A B C D
Live 99.8 27.26 4.56 223
Early apoptosis 0 65.84 9.55 12.65
Late apoptosis 0 6.2 64.4 72.09
Total 0 72.04 73.95 84.74

*A: 0 pg/mL, B: 25 pg/mlL, C: 50 pg/ml, D: 100 pg/mL of fucoidan.

Amnexin V—FITC

Fig. 2. Effects of fucoidan on apoptosis in HT-29 cells
in a dose dependent manner. The right bottom quadrant
represents Annexin V-stained cells (early-phase apoptotic
cells). The top right quadrant represents PI- and Annexin
V-stained cells (late-phase apoptotic cells). A: 0 ng/mL, B:
25 pg/mL, C: 50 pg/mL, D: 100 pg/mL of fucoidan.
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o] L EOo P apoptosis®] 8 9IZ}QI cleaved-caspases
A cleaved-PARPO] & F/F2 Tl oA WEst] 9
3f] Western blot(Ryu & Chung 2015y A| 335} th. Fucoidans
25,50 9 100 ug/mL 5 =2 HT-29 A|3Eof 72A17F A 2|st &
of cleaved caspases-3 X cleaved caspase-82] ¥& o] fucoidan
Eo Blgste] F7t6t o™, PARPY] U E thd F716t
= Ao] FIth(Fig. 3). Caspases= cell repair G492 B
Sfi2} apoptotic T2 9] ZH/J 3} M3 B3l apoptosisE L2
7] ™ (Nicholson & Thornberry 1997), apoptosis ¥ o]l 4] 593t
g2 5= caspase DAL initiator caspasesQl caspases-2,
-8, -9, -102 death-inducing A5 & ASIEH, ZAsle
initiator caspases+= effector caspasesQl caspsaes-3, -6, -7°|| Zt
25to] AJslEtt BA5lE effector caspases= lamin A,
DNA fragmentation factor, a-fodrin 2! PARP 5 A|3E Q]
2HES 53] apoptosisE: L O7|™ o] w] caspase-8°] 2]5
caspase-37} ZAISHE TH(Chai 5 1999; Kim 5 2005; Selvakumar
& Sharma 2007; Tsang & Kwok 2008). Apoptosis I}7of A]
caspase-3+= apoptosis®] APA}LZ, PARPE ZAHolAL 49
823} DNAZ Hekslo] apoptosisE -3 3HU](Nobili 5
2009; Tan & 2009; Galluzzi -5 2012), cleaved caspase-3+=
PARP 7|do] ZA¥sto] AZEs|7t SXEHEE, cleaved
PARP T o] Z71% 0] apoptosis7} Yolidth. o A3
&9, fucoidano]] 2J5f caspase-8 & caspase-32] &/Jo] F7}5}t
31, B]u]3}A]5 PARPS] B8-S ko] apoptosis7h LolLt
= A& gelselt

o

Fucoidan (pg/mL)
0 25 50 100

PARP mp 4 39 kDa

Cleaved caspase-§ = — : ji ga
4 a

——

19 kDa
Cleaved caspase-3 mp —— —— 17 kDa
p-actin mp . e e S 4m 45KDa

Fig. 3. Effects of fucoidan on the expression of
caspase-related proteins in HT-29 cells in a dose dependent
manner. Cells were treated with 0, 25, 50 and 100 pg/mL
of fucoidan for 72 hr. The cell lysates were electrophoresed
and Western blotting with caspase-8, caspase-3, and PARP
antibodies.

4. Bcl-2, Bax Y p53 g

Fucoidano] ©]3t apoptosis = 7]1H& F93517] 93]
anti-apoptosis proteinQ] Bcl-22} pro-apoptosis protein?] Bax, &
F AAFAR; A= p539] AL HEFR] B-actin}
H) 1 24519t} Fucoidang 25, 50 2 100 pg/mL S == 72
AZE AR A, B2 EES BE RN At
apoptosisE ZX15k= Bax®} p539] @do] thah F7sHT
(Fig. 4). ©]o1A] apoptosis®] A F &2 AMR-E|= Bel-2/Bax Ua
o] fix3} HI Al fucoidan®] BE =S 25, 50 E 100
ugmLof| Al §-oF 0= ZHASHY AL, I 5=l 100 ng/mL
oA 44.2% ZFASHYITHFig. 5).

Fucoidan (pg/mL)

0 25 50 100
Bcl2 mp S — = 25 kDa
Bax mp :m. i 4m 23 kDa
p53 mp 4m 53 kDa
B-actil D o —— — - 45 kDa

Fig. 4. Effects of fucoidan on the expression of Bcl-2
family related proteins in HT-29 cells in a dose dependent
manner. Cells were treated with 0, 25, 50 and 100 pug/mL
of fucoidan for 72 hr.

a b
&0
60 C

d

40
0
o

] 25 s0 100

Concentration (pg/mL)

Bel-2/Bax (%)

Fig. 5. Effects of fucoidan on Bcl-2/Bax ratio(%) in
HT-29 cells. Quantitative analysis of band was estimated by
densitometric analysis. The values are mean+S.D. of three
Bars with different alphabet
letters are significantly different at p<0.05.

independent experiments.
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5. Apoptosis B2 mRNA &

Fucoidang- 25, 50 2 100 pg/mL 5 =2 A 2|5l¥-S o, &
£ FE00A Bel-29] mRNA 2&o] 243} H| 1w 5to] {2
A0 F ZrAst oL, o]eh= Wt R, Bax mRNA &2 tf
Z3} H] 1 A], fucoidan 25, 50 © 100 pg/mL S oA 25
B8.0]A 0 7 =715} thp<0.05)(Fig. 6). ESF p532] mRNA 2t
A= fucoidan 100 pg/ml FEAA Fo|H o=z F7Istitt
(p<0.05)(Fig. 7). Bel-2 family T E-2- n|EZE 2o} Ujdlo]
A8 nlEZ=ote] v £3/d3 cytochrome ¢ W& A
o2 ol MEZAEEL 2PV Antiapoptotic T
Bcl-2%= pro-apoptotic T 21Q] Bax@} hetero-dimerS: & AJ 5}
o] apoptosisE A|5h= W, Bax= WEZEE|oke] o A
9= SHFA]A cytochrome cQ] &S YO 7 apoptosisE &
L= 3lch(Chiarugi 5 1994; Youle & Strasser 2008). Tt p53-2
AE 24 ASHAL apoptosis FHISH £ o4 &
AAoln, Bel-29] EZHIE FERth(Smith 5 2000;
Vogelstein 5 2000; Haupt 5 2003).

Q% W #=

Fucaidarn (pa/mL)

o 25 50 100

c

C
5 b :
100
’? I
;
0
0 25 50

100

]

Bax/f-actin (Ya)

=

-

Concentration (pug/mlL)

Fig. 6. Effects of fucoidan on Bax mRNA expression in
HT-29 cells. Quantitative analysis of band was estimated by
densitometric analysis. The values are mean+SD of three
independent experiments. Bars with different alphabet
letters are significantly different at p<0.05.

Fucoidan®] Q1] tiAQMAZ(HT-29) AFE &7} 209

Fucoidamn (pgsmmL)
L+ ] 25 50 100

<
d
b
100 b
BO
o0
40
40
0
0 23 £ 100

Concentration(ug/mL)

p33/p-actin (%)

Fig. 7. Effects of fucoidan on pS3 mRNA expression in
HT-29 cells. Quantitative analysis of the band was
estimated by densitometric analysis. The values are mean+
SD of three independent experiments. Bars with different
alphabet letters are significantly different at p<0.05.

FZAPE 9 apoptosis A&7 ST HT-29 Ao
fucoidan 0, 20, 40, 60, 80, 100 pg/ml =& J2js}a 242t
S 24, 48, T2A17F HiQFS] MIT assays 33t 23}, ZE
MBI & OEA0 R HT29 AlZANEo] Z7H5HST,
fucoidan 100 pg/mL F O Al 24A17F vjF A] A& AEE0]
90.4%, 48 & 72A|7E0] 7 AE-Eo] A7t 69.1%2} 39.6%=
e o], fucoidan®] 5=} B Al7to] S/ HT-29
HZAPEo] §ojhog 27159t} Fucoidan 0, 25, 50,
100 pgmL FE= A2 5to] Annexin V-PI stainings &-f
apoptosis2 AFEoh= AlLO| s FFHow ST 2
3}, ZEZF 0%, T0.04%, 73.95%, 84.74%= AEA o] 715}
At AlZAFEY TEE Ao IES Western blot
analysisS =3 3H&5aL RT-PCRE ©0]-&35}9] apoptosis I
A= mRNA S 25 23, caspases®] E/dFQ
cleaved caspases-3, caspase-82] W&o| H SE&F o7 =7}
S} L, PARPS] YL th4 F715tH T} ESE apoptosis £
Aol 7 dE: A0 F-AAH] Bel-2 family THH 23} mRNA
o = o]EF 07 7445191, o]9t= W2 Bax &
ps39] HAL s oEH oz FUlstYt oAl Axtz,
fucoidan©] QUA| ThAFF A|ZEFQ1 HT-299] F4]& A5k,
caspase-8} caspase-32] EA43lE YO 7|u, PARPS] At}
Bcl-29] & A, Bax ¥ p532] WA F7HE &l apoptosis
£ Fote A gQlsiaitk
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Abstract

Sprouts have various health benefits. Specifically, wheat sprouts are rich in bioactive compounds, such as vitamins and polyphenols.
Elicitation induces and enhances secondary metabolite biosynthesis in plants. Therefore, in this study, we investigated the effects
of sodium chloride (NaCl) treatments on the growth profile, free amino acid content, and antioxidant activity of germinated wheat
(Triticum aestivum). Wheat seeds were germinated at 20°C for 10 days and treated with 0, 2, 4, 7.5, and 10 mM of NaCl 10 days
before harvesting. Treating the soil bed with NaCl increased the nutritional component amounts, such as free amino acids and Y-
aminobutyric acid. The chlorophyll a and b concentrations were the highest in the hydroponic system treated with 7.5 mM NaCl.
In addition, the polyphenol and flavonoid contents of sprouts treated with 2 and 7.5 mM NaCl were 1.94 and 1.34 times higher
than that of the control sprouts (0 mM NaCl, water only), respectively. These results suggest that 2 to 4 mM NaCl treatments improve
the nutritional and food quality of wheat sprouts more than water only.

Key words: wheat, sprout, NaCl, antioxidant activity, polyphenol, flavonoid, free amino acid
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Al Al AEFHA BREO R PEoA 9 Bl 59 74
A9l ghgo] Yotz §H Fic, M, &y 3HES] 5
7t 59 378 AQ "S-k Aol HYERdth(Shabala 5 2015;
Kim G 2019a).

W(Triticum aestivumy &, S350} gH7A) Q179] Agfof
Aol 7Hg ol At S= F stuolth. HE U I¥E
GeghE H3Y 8 AEE gRRe Ui WtRE
Aol AlE7Hs 9 7R E8EAL ok 1E$ 9o
kst &8 v o] shubQl A4 (wheat sprout or wheat
rass)® FA7} ol W Y83 FgolA el 3 vheih
A7) A ofel AEE BT BE W B 2ot 5 102
A52 Aufet ARG wako] 1 ol o 15 cm )2l
oj QS Tttt YR = f-Eotu|icil, GABA, 2223
So] Jopart Fxetul Hold s B4E 1A T Uk
(Kim 5 2019b; Yang 5 2021). Benincasa 5(2015)2 4 <&
2 7170E A Auiste] Adet A3 Eeulsat FAkE
o] Aul7I7i0] ZAFAAE GO0 Zrlsgrky B
AL3FAL QLo Jeong 5(2010)9] A2}l wh= AR
oA B3t F-&E2 91 sinapic acid= BHTXE T} DPPH &}t
Z ~7A%50] otk HRPT B AR FEEC]
MMP-1 27 9 o] 2} 9 2of wel w3 mju) w3}
7} sty HSET Q1o (You & Moon 2016), HIAH|
3 AG] O3 A15HE AEH|Z (Y S 2011), catalase
2 peroxidase TA g wolH My Fa T} 94
(Singh 5 2010), A} 25 F24 A3 9] o SAHS] FAA
Eojo] djgt 228 7jA a3} (Bar-Sela 5 2007), DNA £4F
B35 {3} (Falcioni 5 2002), HAt &K (Okarter N 2012),
g =40 gt A A3K(Tudek 5 1988) & Th?t &
okz ATHT qck

i, olefet et 714 9 Aele mol g
o] A W A Al NaClzh 22 Ao He
olsfaha] 4 wis % wpAsh B Wisjo] et AT 2
23 oItk wehy & Ao A A A A 57
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L ¥E o
o

Foieil GABA, & Z9HE, & 280l & 22
29 3= 2437 DPPH 9 ABTS 2o AA52 AA5tH
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ﬁ
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Fahel g8 A 2021 w0 AAE AB EES
ARARE AL SR D A A 4T o]
A A Aot A ARESFA T AMEE A|2F2 Gallic acid, Folin-
Ciocalteu reagent, sodium carbonate, trolox, ABTS(2,2-azino-
bis~(3-ethylbenzothiazoline-6-sulphonic acid)), DPPH(1,1-diphenyl-
2-picrylhydrazyl), potassium persulphate, dimethyl sulfoxide
(DMSO), Chlorophyll 52 SigmaA}(Sigma Chemical Co., St.
Louis, MO, USA)Al F45to] ARGSHRoH, 11 8] &
2 24 B9k A|2F2 analytical ! HPLC 552 AMESHR:

2. NaCl X2| Ajaal xHaY

FJE 2 57 Ao s A Al Al NaCl 5=E
& Asto] Auistlon 1 WHe o gk A
FTAE A0l 24A17F JA] & YA EQF FIo A 244
7F oJA} roFstol A 0% o] ot %7 A] A= W 57
A BTHE00 mm300 mmyel] SHESHGATE. T F 32 o] %
e O3 BRI ARSI NaCIE A 23T, Kim 5
2021)9] AT ATE HFEFO 2 0 mM, 2 mM, 4 mM, 7.5 mM
2 10 mMO.= M AAFTH2S mL) £55F3AT. oA AfHj
AR TE T 102 oIF 15 cmol A Sstct S8
S AL Al H & 50°Cof|A] 24417 AR5k A AL &
2]7](NSG-100 2SS, Hanil, Seoul, Korea)7| 2 H-4}5}0] A&
ATk, 2443 AR 1 goll 77 50 mLE sefol Ao 24
AlZE, 3RHE ESIinh 3RHE &8 AUES7I
(N-1000, EYELA, Tokyo, Japan)& ©]-8&3}o] A A5} CoH,
gl AAT FEES AYEE A8sto] DePHS}
ABTS gz a7As, E¥E oF, &9t ol g
=45kt A8 sk

3. walofo|at 3 GABA 24

NaCl SEW Ael Aol gelobliAt 9 GABA
(gamma-Aminobutyric acid) - AccQ - Tag UPLC(Waters,
Milford, MA) 24 A] A8 0]-835}0] Timure 5(2009)2] 4
¥ e8stol BAsieitt. Axsto] Ba AR 1 go] DW
30 mLE H7FeH 5 AFLOIA 24417F FEHEE(130 pmyE A
Yotoich 25 AES 4 Be stgon, e A4S
2 AceQ-Tag kit $E ol 83kl SEA|S Shoick. 7172
4L Waters Acquitys AFE5MHT, ZHL AccQ Tag ultra
amino acid analysis column(3.9 mmx150 mm IL.d., 0.25 ym film
thickness; Waters), 23 2E%= 49T, A|E 5= 20T 2 B4
5lH Tt o]BAE A= 100% AccQ - Tag ultra UPLC amino
acid analysis eluent A, Bx= 10% AccQ - Tag ultra UPLC amino
acid analysis eluent B, C= 100% 3575, D= 100% AccQ -
Tag ultra UPLC amino acid analysis eluent BE 7|27 22|35}



Vol. 35, No. 3(2022)
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MA, USA)S o|&351qlal, Y 5= 20T, HE7]= UV
detecter(agilent, CA, USA)Z T2 430 nmZ EAJT}. o] &
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o Yo,
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o] ABTS®} DPPH Zt|Z &A5= 247 S451th 5=
9] 2,2’-Azino-bis-(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS)
gz 275 £3L Lee YR(2021)9] S Filsto] 2
A5t 7 mM ABTS®} 2.45 mM potassium persulfates DW
o 83 ., dlo] AhekEl Fo| A 48X17F o4 WX|3o] ABTS
Srize F83 G447 F 734 mold FHE ol
14157} ElE2 DW= 35)45}0] o] AL8sIT. A8
5 Lol ABTS AloF 300 LS 7het 3 Aol4 147 YA
e, 734 oA FFEE FHSIH 2.2-diphenyl-2-
picrylhydrazy|(DPPH) 24E]2 7% 2742 4Py-2, DPPH A|
oFg $4.8 ofgh2o] 02 mME A3t Bt FHL ¢
Stof 2417 o)A Aol A aHkste] ARESEITE. Al 50 UL
o] DPPH 89 200 uLE 7}t & A 20 A 3027t v-&-A|7]
F, 520 nmoJ| A FEFEE S75FAtHBlois MS 1958). DPPH
9 ABTS radical 2A&4 B% Troloxs ©0]85ta] B&EILAES
25 & 25E0] PAFSH(Trolox equivalent antioxidant capacity,
TEACYS AAISIR ™, mg TEAC/g sample = LEFAL.

6. & B2z ¥ ZaWL0|S I BN
O % 2 Aol ©e 4y 34 2220 of
% & Zovsat Sehrolt kS Woo 5(2015)9]

RS

=
=
%S BTl BASALE B Beluls FFS AE 1040

GSRIES A2l 9 o] AHLo) ikt R @ Bl mXE 9 215

ofl 2% Na,CO; &% 200 uLE {7} & 387 ¥H-3A17]4,
50% Folin-Ciocalteu reagent(Sigma-Aldrich, St. Louis, MO,
USA) 10 uLE 7Ftint. 302 BHS F, 750 nm 3ol A &
FrE 24519, BFEHQ gallic acid(Sigma-Aldrich, St.
Louis, MO, USAYE ARgsto] HFAde AAdsten, A=
¢%9] mg gallic acid equivalents(GAE, dry basis)& WENHS]
th & EdtE oot o £4 A2 AR 250 uLo) S
4 1 mLo} 5% NaNO, 75 uLE 7Fsh & 5&7F vha3t o,
10% AICL36H,0S 150 uL A7Fet & 627 ®H4] sich. 1 o
€ IM NaOH< 500 pL A7}5t & 1187 925k 510 nmo]|
A SFEE S £9H ST catechin hydrateS
ol-gsto] AgH HAFHCRRH F EtEolE A

7. SHEAM
2t A% dolele 33] ol ¥HE Zgalo] Wy EEH
22 e At} B4 # 2]+ SPSS(Statistics Package for the
Social Science, Ver. 19.0, IBM., Chicago, IL, USA) L& ]3] O
= HHA] FAHEA (One way-ANOVAYS: AA[SHAIAL, AE
T 749 %94 AS2 Duncan®] THEHAAYCZ p<0.05
FEA AAStct TS B4 FE 7] ATTA =
Pearson A}2A|4=(Pearson correlation coefficient)Z 2415} t}
At 3 ;nE
1. NaCl X{2|2 Ajsalo| R2|oHd| At U GABA &t
FrEfotu]| a4k ofu|ieAt7|E] HElo|E AgE SHAY
£ BAEAY] AlojollA dlAE Y 55 SHA %= #E
Aefe] ofu]ieARE QLT B NaCl H2I5to] A
Arelo] gejoful At § HokE BAH ATE Table |
T} Table 20 YebHt. f2lopr| At 16375 w4 23t
NaCl 55 Aj2lo] Weba] 1 ke sk oha T4 et
et AL, A (Table 1FE APEHe] A9 Sejotalie
A RS NaCl A2 A] R Paske Ao Uepto
o, 719} AolstA AJEIA Auiet AT O] 79 NaCl A
A FEE] FEjotn| At FFo] Frtoks AR UE
ot 73 A ulotE A NaCl A 2|3k A o] 739 NaCl %] 2]
Er7t S7FEaE fElotu|inito] FAastlEd £9l, his
(B)1AEIH)2 0 mM A TJA] 199.4 ng/go] R} O, 10 mM NaCl
AP Al 21.0 ng/gC & OF 80% ol AA FAst= AR U
Byttt 714 ofn|i4te] AFQl arg(OFE7|H)®E 0 mM A
2Jskal Auet A o] -9 774.5 ng/g?l HHH 10 mM NaCl
24 2854 1geC 2 500 uge A Qo] Zasteir.
Al ), ile] 254D 2 phe| L)) e 247}
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Table 1. Comparison of free amino acids compositions of wheat sprout affected by different NaCl concentrations at 10

days after transplanting. (hydroponic system) (ug/g)
NaCl His Ser Arg Gly Asp Thr Ala Pro Cys Lys Tyr Met Val Ile Leu Phe
0 mM 199.45 343.55 77455  89.09 274.00 32795 692.60 487.73 317.05 766.64 2,961.08 542.64 493.84 26031 432.86 25523
+23.42 457.86 £101.53  £1.66 +61.87 +40.66 +31.22 42650 +20.82 +40.09 +157.68 +12.83 +21.19 +14.20 =£23.00 =+I11.55
2 mM 197.95 37428 832.18 8536 281.13 34395 673.72 482.14 320.27 695.54 3,917.08 524.07 471.96 259.84 43843 240.18
+10.10 +11.94 +31.94 +6.75 +3.13 4971 £231 130 43.51 £13.72 £1897 4931 #1240 933 +14.84 +16.64
4 mM 46.12  119.54 336.88 5039 131.90 166.00 311.17 466.11 266.83 400.00 2,557.89 410.93 21432 97.16 22599 117.95
+542 +13.99 +£3138 4241 £7.83 £10.10 +12.67 +1748 +1.20 +18.02 465.62 +£10.01 +21.97 =+10.56 =+£19.35 +9.31
75 mM 37.69 10458 32861 3488 7533 99.02 214.06 331.47 266.02 307.88 2,22345 38628 181.58 56.69 16590 105.70
’ +436 £7.79 +£21.01 4333 +£6.13 +558 4934 +10.87 +4.16 +£1.13 £56.17 +7.14 4822 £397 870 +2.50
10 mM 21.01 8852 28544 3575 76.15 86.12 22276 317.53 250.68 287.76 1,989.19 372.54 163.87 4622 149.01 8693
096 £1.15 +423  £1.39 +249 +16.13 4349 +20.80 +£1.63 +448 465.13 4+334 £1.66 +141 £322 4352

692.6 ng/goll Al 222.7 nglg, 2603 ng/goll Al 462 ng/g L 2552
ng/gell Al 869 ng/gC 2 M fadhs FFOR YET:
T, AFEAEIO] A9(Table 2) NaCl J7] 57} 273t
5 fejou|iit o] F7oke HF7F RECI
E5] asp(CFAT2ZEANZ 0 mM A 2] ZEiA] 30.3 pg/gllH]
10 mM NaCl A 2] Auf Aj#Uof A= 118.8 pg/gO.Z 38) o]
g gFol S7totth Egt ala(@Ehd)T 0 mM A A
66.2 1g/goll Al NaCl 4 mM A& A] 399.6 ng/gC.& =713 0

W, o 52 == At 45
), ser(A®) R pro(ZE

300.7 nglg, 590 ng/gol A 1111 ng/g 2

ng/gl 2 K5

2 AggEe] felolleArg

ThA] A4} Arg(el27]
29 ﬂakE ZYZ} 84.9 ug/goiAl

1 138.3 png/gofl A 318.8

Z7}ste Agko 2 YERgTh NaCl H 2o o
A% A3KKim & Kim
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Fejob]iAto]

NeCl A2 57} Z71842 Z715t0] 2 A9} §A6H

LRt ESE Shon

£(2003)2] HTF)AE 50 mM NaCl &

7H Al A eiRR7]<F B2 fr-2lotu| it ol 24 o)A &

Table 2. Comparison of free amino acids compositions
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486 mg/gC & L ol&ZA 0 g glefo] 7}
Al A

Fgof] 0 mMyE X2t ¢ 78.1 mg/g, NaCl 4 mM 3]

2] A] 86.9 mg/g, NaCl 10 mM #]2] A] 81.3 mg/gO.2 AT

5wl AUglol H%T GABA TRS UeRith
473 A Apole] wAIA
w] o] shopolet. wo] tiAfel 48 £H48S
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7t
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59 BIE 7T = S Aoloh. Al W E NaCl A
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of wheat sprout affected by different NaCl concentrations at 10

days after transplanting. (soil bed system) (ng/g)
NaCl  His Ser Arg Gly  Asp Thr Ala Pro Cys Lys Tyr Met  Val Ile Leu  Phe

0 mM 9.89 59.0 847 53.68 3033 17395 66.25 13830 110.94 44955 2,057.12 350.54 203.38 2955 11539  76.37

+0.39 +£3.88 +456 +£142 4239 4266 4+343 948 +£1.23 +£12.14 £69.89 +0.72 4637 £1.79 +425 £1.58

2 mM 21.17 105.63 267.83 3593 120.70 11737 35826 281.15 26044 271.70 1,426.84 392.53 161.81 4579 154.05 94.90

+3.24 £11.25 +17.06 £1.04 +19.55 =£20.97 4293 =£11.77 +0.07 =£31.00 +50.35 =+£10.25 +294 49.62 +20.52 +7.19

4 mM 2437 11862 295.18 3931 119.72 12415 399.61 32335 27748 364.61 1477.69 399.16 16634 56.19 182.56 108.41

+0.06 +0.18 +l.61 +0.12 +121 +025 4323 +6.57 0.63 +4.17 +482 026 +0.11 +0.65 +0.65 043

75 mM 2338 103.66 302.54 42770 105.32 103.86 301.73 299.01 27233 313.48 1,457.29 386.103 140.85 41.65 154.01 114.24

: +242 £11.96 =+19.64 227 4342 +£633 +12.83 +£1.84 238 047 +£1025 =+11.75 £923 +6.87 =£1583 £1.24

10 mM 27.38 111.14 300.77 3951 118.80 120.86 358.08 31881 285.18 337.71 1,441.54 397.80 161.74 52.88 173.86 102.83

031 +0.04 006 +027 030 £1.08 .68 258 £0.13 +0.12 £19.64 438 035 +0.74 £0.08 035
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Fig. 1. GABA(y-aminobutyric acid) content in wheat sprout affected by different NaCl concentrations at 10 days after
transplanting (A: hydroponic system, B: soil bed system). " Vertical bars represent the stand deviation of the mean (n=3).
*IDjifferent letters above bars indicate significant differences by Duncan’s multiple range test at p<0.05.
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(A: hydroponic system, B: soil bed system). " Vertical bars represent the stand deviation of the mean (n=3). *Djfferent

letters above bars indicate significant differences by Duncan’s multiple range test at p<0.05.
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Fig. 3. Contents of ABTS radical scavenging activity of wheat sprout affected by different NaCl concentrations at 10 days
after transplanting (A: hydroponic system, B: soil bed system). " Vertical bars represent the stand deviation of the mean

(n=3). *“Different letters above bars indicate significant differences by Duncan’s multiple range test at p<0.05.
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Fig. 5. Total polyphenol content in wheat sprout affected by different NaCl concentrations at 10 days after transplanting

(A: hydroponic system, B: soil bed system). " Vertical bars represent the stand deviation of the mean (n=3). ““Different

letters above bars indicate significant differences by Duncan’s multiple

range test at p<0.05.
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Table 3. Correlation coefficients among total polyphenolics, ABTS radical scavenging activity, DPPH radical scavenging
activity, total flavonoid, and total chlorophyll of the extracts from the treated wheat sprout

Polyphenol ABTS DPPH Flavonoid Chlorophyll
Polyphenol 1.000 - - - -
ABTS 0.527 1.000 - - -
DPPH 0.592 0.806 1.000 - -
Flavonoid 0.632 0.624 0.749" 1.000 -
Chlorophyll 0.804" 0.606 0.620 0.795" 1.000

*p<0.10.
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Abstract

The purpose of this study was to examine the quality characteristics of cookies made with Angelica gigas Nakai fermented by
Lactobacillus paracasei. As the content of Angelica gigas Nakai fermented by L. paracasei (AFL) powder increased, the pH of the
cookies decreased from 6.3 to 5.2. There was no significant difference in the moisture content depending on AFL powder content.
The content of reducing sugar also increased with increasing AFL powder content. Regarding the surface color of the cookies, the
L- and b-values decreased with increasing AFL powder content, whereas the a-value increased. As the AFL powder content increased,
the total polyphenol content and ABTS and DPPH radical scavenging activities significantly increased. Cookies with 8% AFL powder
(ACS8) had the highest levels of 107.16 mg%, 38.69%, and 65.56%, respectively. The texture, adhesiveness, and cohesiveness of
the cookies with various AFL powder levels were not significantly different, and hardness, springiness, gumminess, and chewiness
showed no tendencies toward changes. Taken together, these results showed that when AFL powder was added to cookies, bioactivities
such as antioxidant activity increased, making AFL powder a good material with high potential for use in commercially baked
products.

Key words: fermentation, Angelica gigas Nakai, cookie, quality characterization

M E % o) E7HKim S 2008), Webd A4 oA ZoHKim S
2014), A-9]A 2t E3HPark S 2009), i g Z(Park S
%7l (ngelica gigas Nakai SlFelio] 4ot Thdl  2011) 5o MR 5 ceret Z14o] BLHT ke

22AEE T A Ee BT, €2 I3, S 2019).
230 =Ig2 LRSI BT F5oA] 2jo|7}t 9tk FAHY FA/JE)= decursin, decusinol angelate, umbelliferone,
(Park 5 2007a). I ZH= AjRo] T7| A BEE AZ5}o] nodakenin peucedanone 5-°] E3tE 0] 3] (Kim 5 2011), &
kg oz olfE W, Z=F HIE ALl v, A4 F o] Baof =4 E2Z53 = decursin?} decursinol angelate

@o] 2ol= A2 AL AoltH(Choi 5 2017). T oF = Pl 5 2015), 8 AE 54 04211(Park
dago gl N7} BESAY Folaslo] 4 ool 2007b) W ZHAA(Kwon 5 2015) 5 1
A &g wf AZAZH ALE AT APHAE 5o] Belat Zo& FEA Qi olH Ysde 7 %?13 %%OP 2
Agto] 9aat Ok E A QOm(Lee 5 2009), L Qo]  EATLE FAELLS A7ISH 7] (Choi SH 2009), o] E(Shin

rlr ol

' Corresponding author: Hyun-Ju Eom, Associate Researcher, Chungcheongbukdo Agricultural Research and Extension Services,
Cheongju 28130, Korea. Tel: +82-43-220-5691, Fax: +82-43-220-5679, E-mail: hyunjueom@korea.kr
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5 2008), A1%(Shin & Kim 2008), TH-2=(Park & An 2012)
ol glom Aol ABY BHS AT AR A% 7]
oIt HEIFAS Zol A AT o] 43| vl ate.
A5 SFo] YHHL 34 U 94 Fo| AN stz
A ek, wnh SRS Gy 5 o7 Aol =
Z59] 213L(Shin 5 2014) o] =2 A8} &BAE2 754
Aol it Tl FoAA HALH ekt &85 §
3 AAE 5 I 7E SOlA 7154 AFENES =
glo] Y=L AtH(Ko HC 2010). Al F 7= F2oF
01 7‘401 U=l W7t 23 A do] Fov TRt St
J& 7HA A &BREoA| IH OE °o]-&= 1 Att(Jang
2010) u]—o] 1:1—_’]7_ }_75}%}—0] ] o%k] 0130] ol
lt‘ﬂ—'%ol ofl &3kl Ao, 5‘430111_ 747}0} e ok
2R Y22 Q18| 7154 2ol M7k 7171 ©el e
Hi Aok AEE AlRlRs 2aWA 7R J7E —7“71(Kim
& Chung 2017), E2d gt B8 F7} 7] (Bang 5 2013), &
"])7}% 37| (Lee & Oh 2006), &-&3 37](Son 5 2017), &7}
2 A7} &357](Choi SH 2012) 5 1 oz t}oFst A&
H7KE 77] A7gol A= ek
£ e AT 5 A2k 7154 248 BAe
EQE = AyE|go] 435t W 71K AXE AASHA
%‘8] GAE AA EotE uPER FaFLS 9 decursin
FEARC] SV Hal(Park 5 2010)7F Rlof, A%

olr

:?:',

In]:x)i

oo

O 7 I Z5H(Bacillus subtilis), 3. (Saccaromyces cerevisiae)
A (Lactobacillus paracasei) 0.2 TSR L, o|Hf
o8 WA F3E0| BelgHol Z/1aAT, I
7 o1 ok A2 9 & U A £ A
P54 57 AEE o1
- Txﬂoﬂ 7} 27020 T S8 QAR 22
2 AR5A 7]

¢4or311

O e 48 > o

1. = el
2 odof AL83l FE A% (Seoul, Korea)o 4] 715}
wojsts A I B Fosiglon g Ak

157] 9ol A7 RARS FH B

QoA 8] 9 E5 5EH Lactobacillus paracasei KB28
(KACCI91506P) S AREolth. BF=E(CJ Cheiljedang, Seoul,
Korea), B7ZF(Danongmart, Cheongju, Korea)} 4771331
(Saeromfood, Gyeonggi, Korea), ¥ E](Seoulmilk, Seoul, Korea)

g AMg3her.

2.

g HEPE%Q %W—Er”* 600 g3 S5~ 900 mL(1:1.5)5
12 ];\1 158 ZoF 443l & /l]-,Q_.oﬂ/q

s%(w/w) HZ Z 4l0] 30°CoflA] 48A]7F

59t vjFstal TAAZX7|(PVTFD 30R, llshin, Dongducheon,

Korea)ol 4 71z:510] AR8519T.

A8l L. paracaseis

3. 77| HIZ=HH

S TEEL AT 7] AR NI R PakE
2005; Lim 5 2009)S 2F15fko] o]2] Ho) afjv] A8 & Table
13} Zro] Hfietstint. 7] A% Al YHtA o g AMESH= A

% (creaming method)E AHE-SHo] MBS AE7|E Eol&
7 47hke 02 Fokelel BUT 7 o7lo] gue 23
Edoiel 2902 el Aol st 524
PEEYARES HolRT A F FA0R AolE ¥ 2
¥} Eotsto] HhES 11%“ﬂxﬂi *é‘éi} T YA 14
ot A3 § ¥HES 10 mm 702 o] Y& 1807,
0CoflA] 128 7]' QE(FDO-7103 Daeyung, Seoul, Korea)
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Table 1. Formula for cookie with different levels of fermented Angelica gigas Nakai powder

Ingredient(g) AC0? AC2 AC4 AC6 AC8
Soft flour 300 294 288 282 276
AFLY 0 6 12 18 24
Egg 65 65 65 65 65
Sugar powder 170 170 170 170 170
Butter 215 215 215 215 215

Y Angelica gigas Nakai fermented by L. paracasei.

2 ACO: control, AC2: cookie with 2% fermented Angelica gigas Nakai powder, AC4: cookie with 4% fermented Angelica gigas Nakai powder,
AC6: cookie with 6% fermented Angelica gigas Nakai powder, AC8: cookie with 8% fermented Angelica gigas Nakai powder.
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A5t} ARSI, FAAXRS & =
Fgoll 0~8%7HA] A7kt Hass YA &2 A
T2 THACD), 2% HEES A7F AL AC2, 4% F7HACK),
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QWAL 279 AR 100 g FRAE 2] He T NG
T} LA1EE U Zto] I (Adventec No.2, Tokyo, Japan)
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4. pH, SEBE U BT 53

pH= 22 A2 20 mLE #|8]A] pH meter(Sartorius, Goettingen,
Germany)&2 F7]2] pHE SH5IU1 FE-2 AOACEAH
(2002001 ket A9k 78 AZWS AHg o] Stk B
A =A2L dinitrosalicylic acid(DNS)H-& -S-85Fo] &3 ot
BEZ HA7IRE #7119 eFE S5 tH(Luchsinger &
Crnesky 1962). DNS 291 400 uLE 3]4gF A|& 200 pLof &
7k 3 vorex 3191t oI Bt} s B Boll
Yok S5 1 mLE A7Aste] Tl AolE 5 gaee]
¥ 550 ol FHES Selsich BUG WHH o
2] =23t glucose(Sigma-Aldrich, St. Louis, MO, USA) ¥&=F
A& o]-gsto] A4lstet

5. Mz 3l F3| 2z zHE

F719] ME £ AL AH21A| (CM-3500d, Minolta, Tokyo,
Japan)E: 0185101 Z3lgct. 7o) LS AR 10 62
petri-disholl 12 A] T3 33] ST 49| HAHLE AAbst
P o, M= LEk(lightness), A M T+ aft(redness) 2 A
T+ bgk(yellowness) O 2 UERHQITH ITFEWTHO] gh
1=96.89, a=-0.07, b=-0.180]3it}. F7|& F-& T A20)A
K7 AR A 99 A Fedslel st
(Galaxy Note 10, Samsung, Suwon, Korea)S AR-&-5tc] &35}

s FFe 255 50 ulof 2% NaCO; 1 mLES

a1, 50% Folin-Ciocalteu’s phenol reagent
(Sigma-Aldrich) 50 pLE 239t5to] 1A]7F ¥H-&-A171 & 750 nm
ol 3= 2 S5 EEEZ gallic acid (Sigma-
Aldrichyg AH&sto] AFAS 2HJ5FaL, mg gallic acid
equivalent(GAE)/g(dry basis)Z WEFH It =75} tH(Amerine
& Ough 1980).

7.
I TRES AN 7719 A{TL £A%2 ABTS
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gtt)zd &7 9 DPPH 2ttjZ &75-& S5kt ABTS
(2,2’-azino-3-ethlybenzothiazoline-6-sulfonic acid) T A7
52 74 mM ABTS(Sigma-Aldrich co0.)2} 2.6 mM potassium
persulfutc 315 3t 920 WHAIglo] ABTS Fol2g B4
AR % o] A& 735 nmol|l A FFE 14~1.57F HES
2542 S4sterh B145 ABTS 89 1 mLo] 253 A
F 50 uLE 7heto] 3087 RESAIXl & FBEE S5k
th. ABTS SHtj29] A7%L Az A7h79t ARE G
A ke A90] FUEES MBS UEHGItHRe 5 1999)
DPPH(1,1-diphenyl-2-picrylhydrazyl) 2tt]Z 47452 0.4 mM
DPPH(Sigma-Aldrich co.) €8S 3% 3to] 1.3~1.47} =&
£ 3|43 & &5 02 mLoj| DPPH 89 0.8 mLE 7}3t
T A-200A 3027 HARE & 525 nmof| A FHE=E S5
R, AAZo 52 Alm A7t HIH7HEY] S8 = Aol
£ WEEZ(%E YEHATHChoi 5 2003).

8. 24 53

719 &AL Texture Analyzer(TMS-Pro, Food Technology
Co., Sterling, VA, USA)E AR5} 0™, 74 & (hardness), F-2}
*J(adhesiveness), -3-3 4] (cohesiveness), B2 4] (springiness),
ZA) (gumminess), %3] Al (chewiness)S =35It e &
A2 103] ¥HE S5t W gt UESlth

9. EAI%

=799 A 103] ¥ SA5IAL, 1 9 AldES 39
HE 2745kl on ATbe meantSD.E HESIGITE B4 A
2]+ SPSS(Statistical Package for the Social Science, Ver. 12.0
SPSS Inc., Chicago, IL, USA)E o]-&5}o] EAHEA(ANOVA)
< AAJ3t & Duncan’s multiple range test® p<0.055>3=0] A
273 7o) folde ARsiar

e
L)

1. F7|9| pH, $EEH U B

B EES AR 719 pH, 2T | 2

3
5202 P ARG ANISE RYH0E Yol 5T
He HYOm(p<005), ol Y FEBY pirt YRR
o} thas 7] wole} WetEch ¥t e 771 A)
2% HYAT F RS ALK 5 2020), o
2o} 2 H7KLee & Yoon 20163 F7]9] A 24|z
o] 7SS pvt KM 0T PasHe TS Hof

ok
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Table 2. pH, moisture content and reducing sugar of cookie with fermented Angelica gigas Nakai powder

ACOY AC2 AC4 AC6 ACS
pH 6.30+0.02% 5.97+0.02° 5.560.01° 5.44+0.02¢ 5.20£0.01°
Moisture content(%) 6.49+1.05" 7.41£3.48" 8.34+1.71* 5.32+0.02* 5.76+0.33"
Reducing sugar(%) 0.37+0.01° 0.510.01¢ 0.54+0.01° 0.58+0.01° 0.64+0.01°

Y ACO: control, AC2: cookie with 2% fermented Angelica gigas Nakai powder, AC4: cookie with 4% fermented Angelica gigas Nakai powder,
AC6: cookie with 6% fermented Angelica gigas Nakai powder, ACS8: cookie with 8% fermented Angelica gigas Nakai powder
? Different small letters(**) values within a row are significantly by Duncan’s multiple range test (p<0.05).

B 7ol $Us 43S etk o]d ik B A
A ptt AL BA R S5E G, 4714 5ol 4
% 7} Sof oJs] pH7k Z2:5Hs Z(Shin 5 2007)0.2 F5
=t

]

0o 3 dase AVt 719 eedEe
4
.
=

B
4 4 W

TOIA 6.50%S FEFHAL S FE=E 4% H7HE 4
oA 834%= 7MY &2 FEUTE Hot 1 9 4
oA 5319~741%F Wt H7HF whe 2]l Atel=
Holx| Fgtet. Em] g A7kt F71(Joo & Choi 2012)°]
Ae FAE 7P el 9T A FAAL of=
Yot e H71et 7](Lee & Yoon 2016) E3F UG5t
Fe HolA A3E Bont Ty oy 2
7kt F7)(Lee WG 201591 A= FARE H7ME=
o] S7kste] A&7 FAHQ ApolE B, o 2%
& 7R F7] B RAR A7Mel SMEs SEEE
o] 7Iettal sigl=tl ole Lu7hRe Eeo
o] FRUAFET Wol7] 2ol Th(Park 5 2008).
T FEES AR 7719 gdge S 2 Hix
T ACOS] 9 037%RANE, T FEES 8% H7IRE
ACRY] 7% 0.64%= S =|o], 2840z g daEY
FFol S7HEE A FF £ {FH o= F7I5)
= AFe HEl ole 379 #EF A= ¥ fructose
7k 71 @71 20l (Lee 5 2009) T TaES] FFOl T

oFL

1o

=}
N
N

7kt gl ol SUIvt Aoz 5% £ 9l &4
S&T H7F F7100A = BAR H7t A EeEo] 45%7H4]
S7hote B2 UeEligled ol %4 589 A4S &
UF gFol 11%= 7] HZo]#(Son 5 2017) 7HA TS
7K FI)N = BAE H7F Al e o] 043%2
7tk A& B ol ZHAImHE el e g
olgti FZ3AtHKim 5 2020).

2. F7|9] Mz Y 2 AR

g7 FEES YUl A2t £7]9] Mot o I
Z3H= Table 3 % Fig. 13} &t} 7] £99 92 F=5
Vel LS ti27L7) 75,5008 7 =9k, 9 U
= A7MFe] Wt RoH o s FASHHT. ATARIONA B
o] 277 71 Al g HaEs VIS S ol Re
A= AL Hol Hie gyt A5k 25 UEHtHFig. 1).
MG (aghre R2T7) 38490, ra &9 H7efo] gol
ArE fFolHog Friste S HAith Ao &
AT (bghe HaEY H7Hdol S/ dashke AT
< HERH

S019] v7dg A71%E F71(Joo & Choi 2012)1 A= -
e A7 F71(Kim 5 2017)2] F%ole & A7 &
Ut HSHE Ko Prot FHE = Hrko] /1S

ol
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Table 3. Color value of cookie with fermented Angelica gigas Nakai powder

Sample L value A value B value
ACOV 75.50+0.82% 3.8440.31° 35.94+0.79*
AC2 72.80+0.64° 4.40+0.30% 32.27+0.91°
AC4 68.58+0.42° 4.90+0.17* 30.63+0.60*
AC6 67.26+0.52¢ 4.81+0.44 27.91+.182¢
AC8 64.35+1.50° 5.25+0.34° 28.8440.54%

D ACO: control, AC2: cookie with 2% fermented Angelica gigas Nakai powder, AC4: cookie with 4% fermented Angelica gigas Nakai powder,
AC6: cookie with 6% fermented Angelica gigas Nakai powder, ACS8: cookie with 8% fermented Angelica gigas Nakai powder.
? Different small letters(*°) values within a column are significantly by Duncan’s multiple range test (p<0.05).
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Fig. 1. Appearance of cookie with fermented Angelica gigas Nakai powder. " ACO: control, AC2: cookie with 2%
fermented Angelica gigas Nakai powder, AC4: cookie with 4% fermented Angelica gigas Nakai powder, AC6: cookie with

6% fermented Angelica gigas Nakai powder, AC8: cookie with 8% fermented Angelica gigas Nakai powder.

A7Ket F719] M2 A 20N F2 F B 2 F
S g gUgo] 93t maillard ¥+, Fof] EQHES G
O] caramelization §F-8-of 2]} ZH3}7} E|of F7]9] Ao o
FS & Ao Holthy H 5t thPark 5 2005).
g, &= B A7t ?L?l(Ju & Hong 2011)= w8
= 37Vt A%
< Hglon, of —Er% 47} F7)(Park 5 2008)= HE=
% = facty A= dYFE7HA] F7st
H G = %‘iﬁ = o%k— Hol 2 A= 4

Z7] wEoltkJu & Hong 2011).

LS HEE AUl F7(9| & EclnlE 2 U St
&M} gz,_m,_w 2N

T HEES HIe 7719 & Eguls E A 24
< Table 4°] Yeth. WA, 34 TFRaES s 27
sto] Azt F719] F ZEvE IF FH HEES HUt

oh

Fr2 F71eto] ti2E7E 58.06 mg% P ou B HaES
8% 3+-8-aF 7] (ACS)= 107.15 mg% 39| H 02 Z7}519)
thp<0.05). B9 LEEL H71e 77]9] ABTS 2Hriz 47

¢

|

S BA5H7] fiste] Z47ke] AR E 4 3]Aste] St
i}, F TEEES 7oA g2 27T 21.46%= 7H
2N, 3 HERES AVHErE fRHoE FUske
AC2 24.61%, AC4 33.33%, AC6 34.07% 2 ACS 38.69%= L+
gttt B3 39 8E F7F 7719 DPPH 22 &A5
T E3 Ut IAugolA SHstelon, 11 A g
R EY ggo] T7HEFE fFYH o= Frtsto] 29
A% 836%F oY FH LEES 8% T3 F7]91 ACSS
65.56%% Z7}5l= Ao &2 et

Y, o

Zu] w7 F7](Joo & Choi 2012), £ F7](Kim 5 2017)
9l 9] F7](Choi & Sim 2021)9] AL A= BAjg 0] Bt
< 710 A7rste] A2ldd S8 A & Eelve ST 4

DPPH Z}-3- 2tt]z /\74—01 HAE 2 A7 vl st
of o] Zrfak A0 SISk ABTS 21§ iz
2T 75’}2‘?1 S|Ag B Mol HlF|sto] &4do]
Z7}ete A0 2 YERAI(Kim 5 2021), 9 ofz 1o} &
T2 A7IE AFolAs A7Fgol vlgsto] S7kstloy
A FAE dol7hd Fhcke 2TE Bl (Lee &
Yoon 2016).

FFFoll+= decursin, decursinol angelate 5 A4 FE&
A(Kim 5 2013 ZF, vt1dls, Zdso] B2 7714 4=

Table 4. Total polyphenol and antioxidant activities of cookie with fermented Angelica gigas Nakai powder

Sample Total polyphenol content (mg%) ABTS radical scavenging activity (%) DPPH radical scavenging activity (%)
ACOY 58.06+1.41? 21.46+0.10 8.36+2.82°
AC2 69.56:3.20" 24.61+0.65° 15.88+1.88¢
AC4 86.01£3.20° 33.33+1.42° 41.47+0.52°
AC6 91.52+3.43° 34.07+1.40° 49.89+0.40°
ACS8 107.1643.24° 38.69+0.32° 65.56:0.63"

D ACO: control, AC2: cookie with 2% fermented Angelica gigas Nakai powder, AC4: cookie with 4% fermented Angelica gigas Nakai powder,
AC6: cookie with 6% fermented Angelica gigas Nakai powder, ACS8: cookie with 8% fermented Angelica gigas Nakai powder.
? Different small letters(*°) values within a column are significantly by Duncan’s multiple range test (p<0.05).
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9 AR, Dpotn|icil, fEjotu|ieAl, Tl d 5 TRkt
AE(Kil 5 2015y TF5kaL Qlo] FAER H7te 49 &
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gz A F s 9 AHEAE 24 2
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o|A] ggltt. SEWES HUIet 7l FARE M7t Al A
E7t 37kohe BEE BRI ol SEHE 7t A] ¥
Y7t FopAn] A7tk $7het Zoletal wastAtho 5
2016). &5 =82 717 F7](Ju & Hong 2011)9) 4= FA]
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F719] 227 F 7 583 AxE B $Eo4
ok, W0 1, A9 A7t 508 T 540 ofy
gt o] 7HA] Bl E4EC] 9fsto] yerdtial B st
3 310J(0 F 2016; Park 5 2022), & A4 Y] HIFE
olg] 7kA] B3l ¥kl o5t Ao R wotEw, 17Huke-
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A 25 TR FAgol d BPEo] BRIt oAl Hast
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Table 5. Correlation coefficients among total polyphenol contents (TPC), ABTS and DPPH free radical scavenging activity

of cookie with fermented Angelica gigas Nakai powder

DPPH ABTS TPC
DPPH 1 0.985™ 0.980™

ABTS 1 0.973
TPC 1

Significant at p<0.01.

Table 6. Textural properties evaluation of cookie with fermented Angelica gigas Nakai powder

Sample  Hardness (g/cm®)  Adhesiveness (g/s) Cohesiveness (%) Springiness (%)  Gumminess (g/cn) Chewiness (g)
ACOY 268.99? 0.16° 0.27° 2.44° 7248 177.52%
AC2 253.57 0.14° 0.29° 2.15° 72.36° 155.72
AC4 380.13* 0.12* 027 2.15° 101.15° 21835
AC6 350.62° 0.16° 0.26° 2.11° 89.30° 188.28%
AC8 244.17¢ 0.19° 0.25° 2.04° 60.75 123.85°

D ACO: control, AC2: cookie with 2% fermented Angelica gigas Nakai powder, AC4: cookie with 4% fermented Angelica gigas Nakai powder,
AC6: cookie with 6% fermented Angelica gigas Nakai powder, ACS8: cookie with 8% fermented Angelica gigas Nakai powder.
? Different small letters(*) values within a column are significantly by Duncan’s multiple range test (p<0.05).
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246 Research Ethics Rules of the Korean Society of Food and Nutrition

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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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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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
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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
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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
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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.)

Article structure should be in order of introduction,
materials and methods (or research methods), results and
discussion, summary and conclusion and references, in
standard. In addition, the manuscript should be in written

in a continuous form regardless of page number.

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

limited up to 3 in any combination.

Titles and descriptions of tables and figures should be
all provided in English. Titles should be provided in
order of Table 1, Fig. 1, and etc. and in clear and precise
manner so they could be understandable without referring
to the text. The title of table should be given at the top
of the table and the title of figure should be given at
the bottom of the figure. Tables and figures should be
stated as Table 1, Fig. 1 and etc. when they are quoted
from the text body.

Footnotes should be expressed as Arabic numerals of "
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
ete.

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

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

images.

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

must be provided in English. The examples of cited

references are as follows:

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

e.g. Citation in the beginning of a sentence
Kim HJ (2005) is -
Kim & Lee (2007) is ---
Kim et al. (2008) is -
Park (2007a) is -
Citation in the end of a sentence
(Kim HJ 2005), (Kim & Lee 2007), (Kim et al. 2008).

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

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

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

published in the journal of the Society.

18. The 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-
national standards for abbreviation. The examples of

cited references are as follows:

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

2) Edited Books
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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.
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