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Quality Characteristics of Campbell Early added Korean Traditional Wines (Yakju) with
Different Yeast and Pretreatment
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" Senior Researcher, Chungcheongbukdo Agricultural Research and Extension Services, Cheongju 28130, Korea

Abstract

The objective of this study was to investigate the quality characteristics of Campbell Early grape-added traditional Korean wines
(vakju) prepared with different yeasts and pretreatments. The first pretreatment (A) was prepared by crushing the grapes, the second
method (B) was prepared by heating the grapes at 60~70C for 30 minutes, and the third method (C) was prepared by
freeze-concentrating grape juice. The pH of the fermented wines ranged from 3.77 to 4.10, and the total acidity of the samples ranged
from 0.32 to 0.62%. The a value (redness) ranged from -0.40 to 17.89, which was higher in Campbell Early-added samples than
in the controls (grapes not added). Total polyphenol content was the highest in samples prepared by crushing or heating Campbell
Early grapes with ES22, and the total flavonoid contents were the highest in samples prepared by crushing Campbell Early grapes
with ES22. The anthocyanin contents were also the highest in the samples fermented by heating Campbell Early grapes. ABTS and
DPPH radical scavenging activities were also the highest (84.08 and 77.56%, respectively) in samples fermented by heating Campbell
Early grapes.

Key words: yeast, Campbell Early, Korean fermentation wine, fermentation, quality characteristics
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Fok, A BO) AR o] FRE URS AL o5 S omom O3, S AR E WA
U5g wao] olgal] AL ARAS Bolske mh BB IYol Hohe BES WK 20 Hol UL, L
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Aelol Phof AAET 15l oie A7 B AW 2004a), B3] YR AGE FAR] FAF o] Y
393 B8] 7154 7H Aol el AlmElx glo.  AEYlsA B4o] ofF wawy Fo AYEAL 855
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L Aoz geiA Qo] olg B3 el AI5H P
714t 4= QUth(Lee & Kim 2011). E3F oA Y] 7 &
ML AN O R e RAQY W, AEF A% FRi
AZ0 7 AASEA ) © W (National Tax Service 2020), |
FH2TE= THOE AEFo et Aol F7kskaL o
Gt 442 8T S5 U oFF 5o AEF Juo] B
a3}t

St ZT= AAF R FLSH AHiE= A 5 St
UEHA fElugtolMe Lx Bikgo] 90%7F B 48| H
11 QlOm(Park & Kim 2000), Z = 0]&= anthocyanin, catechin,
quercetin Y resveratrol 5-29] Z8| &g T $He-51 Tk
(Tacopini 5 2008). =HjollA= U¥tH o= 28 FHAG
9] Vitis vinifera®2] A A 8|7} o F 7] W&ol Vitis labrusca
E2S olgelo] ojlg Fxoi glon, 2 WY
(Campbell Early), MBA(Muscat Bailey A) 5-& o]-&5fo] 212l
(Lee S 2004b) 5 o] ol G371 ek Eah FuAe]
Wigtdol st gt=o] B} 7190 Zetstal, eherol &
H Gt A5 UEiH, v S59 Iml7t Qlol &
2 AREOoEA AMREHE FF2E dHAUHKIm MA
2015). spA|RF 2] X = oA Wol P4kl 9]

9k ofyzt 2 91 5 F=E M=ol Eol ol-8=HL 3l
o 559 ©utat Algto] S-Eube} AR|AEOA AR
=
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il [o o

A 9] wgo] ThoFe W FRe AqEAel AE
T3 @ @sit

(Kim 5 2013a)0f| 4] 7]%]2]
g uae] o] Ao el FES A
7¥sto} A 23 2 2(Kim 5 2007) ¥ 21]|&}FS(Cho &
2012) Az 9 FAEAG0 B A+, FASS F7ksto A
Z39bde|9 I8 7|7t F olgtetd 54 ¢ Alxd 4
2]9] 52 EAX(Yang & Eun 2011) @ ®dx By 7| E
=29 1gS A7ReE g9 Alx 9 FAEA(Park 5 2011)
5ol AUth ALY T E o|&3 FRATEE LT
o|-&sto] IFUjofA] AlEel= 1259 ARE o]gdto] T
E4T 2 F40] tfg A (Roh 5 2008), FHH L =]
-85t ThE EEF9] A ZhAof A3F A t(Lee &
Kim 2006) ¥ 52 5% Adde] 1k 3F9 Frid Fx
T 98 S4(Hwang & Park 2009) 5 F=2 2491 A= &
g A7 RECR g5 W okFo] TIF A7} wH|s)
o ESF IR Al 47 Ao Qlo] uje £33t IS
st mEo] W Wase 4o Wt AR /L
o0 2 24 S AT oY an 9 £ 9 E4 E40
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1. AlEXl=

2 Ao A Am=E AR e S5 J5olA
2022 0] AEigt AE A S ARESEA o A2 202140
AAFSE A QG H2(Cheongwon  Saeng-myeong Cooperative
Rice Center, Cheongju, Korea)& %5l AREsI3ct F=x
o] AF83l 22 A8 (Songhakgokja Co., Ltd., Gwangju,
Koreay2 ARE3I LT, A= Al #F2= HU|H(yeswine,
Yeongdong, Korea)i} 2H}2] & (yeswine, Yeongdong, Korea)S
ARESERAAL, R AR #FEE SHEEEA7Ied o
AAFA0NA et =] Aeff 2= FEHA E7t o
T 2 dFZ Hgo] e Fx AAo] 953t 4o
U ohol AALG L 53173 ESR(A| 10-22045845)5
Agaioich Uut B B4 B4 Aok 9 7154 4%
SFAFSE &4 BAo] AR8E  gallic acid, Folin-Ciocalteu
reagent, sodium carbonate, Rutin, diethylene glycol, ABTS(2,2’-
azino-3-ethlybenzothiazoline-6- sulfonic acid), potassium persulfate,
DPPH(1,1-diphenyl-2-picrylhydrazyl) A]2F2 Sigma Chemical
Co.(St. Louis, MO, USA) 5ollA #+43%t EF 9 HPLC 5%
Aoke AFESISTY.

2. AWda| MA2|0| [WE ofF MI=X g

250 AAE W] ©E 2& H7} FFE A x|
Stof Yoon 5(2020)9] AE L ¥HFsto] FFE A x5}
Aot T3 2O HA P Wl wet 7)sd 9 A
o Zpol& vlmwsty] fof AEAY Ex= 3714 o R
AAeste] ek Ao H7lstAt. &, AXE = ZEE
£02 o7l & 7} sielon, BAE = 2 E oA &
I 60~70°CoA] 3087 Ao} 7k A E stof H7skith
CA g 2+27|(Hurom, Gimhae, Korea)S ©0]-85t0o] &<
Y1 5850 5435 & XL 30| gko] 50%7F F w7t
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o] 5255 thaol FH7skltt. e A7t HEsot
SRS 0.01% AE5le] -70TY AL W53 (DuoFreez
U500, Wonju, Korea)ol| Al s}l QF AR A] 20 E& o
AolA Am= AME-SHIH

208 A2 52 &9 o|EdE AAsHY ARt &
o] U2 wj7hA] 2~33] 7jZEo] A|ATE th3ofl 1A7F 52t &
of AL HAIRE & 1XZF Bt AAT thz, B7100A
A7 B9t SAFsto] /e 12 WA mA A3 & &F
Z& A=mE ARSI A7t §& Alme WA 19 9a
A ABO BAE 7|EOE 282 10%S J7FHYA, &
o 15 Bolsleich mRE AR 2ae] Wolu st
g%, §5] #521 ESRE Hrtelelon 2h s HUbeHA &
< 2ol Al Q1 HuRlE ARESHITE R 7|
O F 1%wwE d7F Ao EA4stste] Hrtstith g3
2 &0l AESE 15 L ¥ a-87](yeswine, Yeongdong, Korea)
o I8 2= 20CE FAIst] R 77 3947 T RSt
R, 16 Ta F R 7|7 3Y o] o] 21t Ha= AAIst
Aok 29 gE2 19 HE 9% G &
2 AAI 2= E B Z2 &
2 AL 7|&E0 2 1.5H1E o] F3loH
3 ok 5YUshl sho] Wrlelel wng shelc Ex A
7} kS WA 25 20Tof|A 129 Bt ¥
Qe] W7} o4EE Az Aol wavk B ohe Aag
oitsto] 51 FF WAAA B Hsto] AzetT
Q9 770 Aol Hool AlRe] B W /)54 B
4 Ago] Agsioic
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3. ZE &4

1) pH, &, =

X 37} ofe] it BASHE BAIs] 919 WA pi
meter(Sartorius AG, Goettingen, Germany)S 0]-&3}0] pHE =
AolRal, A4 T2 AlFE 10 mLof| 1% phenolphthalein 2~3
W 93 0.1 N NaOHE 7}5t0] pH 827} &= AlS 9
MO A3 theol 01 N NaOHE| £8]g] QRO 25| Z4t0
2 Bsjo] A0 FECBIE A HEAPALL
Atago, Tokyo, Japan)S ©]-85}0] =435} chPark 5 2018).

A8 ¢FE TFF2 FAIHFFEAHNTSTSI 1999)2]
SHHEE 7|02 Yot WA, 2% 100 mLE F st
of 7)o SF 100 mLE E3st & SR3e o3 SFH
o] 70 mL7} 59 S7E SASHAT 1E3L YA B2 SR

2 ]
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[e)

a9 9 AAeE Yelsle] Axe UL At oo B4 54 59

ST} 10-15C7 HRS Y27 T FHAE A8 sto] &
Booich. 12T WA 242 L5 SRS olgsiol g

ol NRo ¥RE PFS tehysic

3) M

Almo] Mg BASE7] 9o AR 15 mLE Foto] Ak
ABZ}A|(CM-3500d, Minolta, Tokyo, Japan)S ©]-8&5}c] =435}
et AR MEL 24219 33 243 %o BEGOE
UeR gt o] uhe] T2 ATo] AEL L0689, a - 0.0,
b=-0.180]9)0 1 A|29] Hxi Lzk(lightness), JMTLE a
Zk(redness), M= bFk(yellowness)© 2 UEF] ) th(Park
= 2022).

DNS A|9F 400 ILE 21 #+= E°4 587t 3% & 1 mLY
ZH42 TUSHT YN Belstel 4SS H3lo] BYY
L=A|(Carry UV-Vis spectrophotometer, Agilent Technologies,
Santa Clara, CA, USAYE ©] &3 ZZLE ZA35ATK550
nm). oY A AFS HFO] A glucose(Sigma-
Aldrich Co., St. Louis, MO, USA)S EZEZZ 9]0 vl )
U Agstel A4 BUY FY EEZHoZNE
SRE TS

4. 7SN NE U B BN B

1) & EdlHl= =&

B A7} o] 14 43 ) A HL R4
ol WA, & Ze| & T Folin-Ciocalteu phenol reagent
£ olgsto] FMOR WAL el ol 3o LAY,
Z, A& 50 uLol 2% NaCO; 1 mLE &9ksto] 323t WAt

<]

a1, 50% Folin-Ciocalteu’s phenol reagent(Sigma-Aldrich Co., St.
Louis, MO, USA) 50 uLE E¥sto] 147t 9HSAIZ] o &
BHEAZ o183 750 il FHE S Stk of
o, gallic acidE H#F=H 2 ARSI L5 AEs) AT
e Astgon] AR & B T ter ot
(Amerine & Ough 1980).
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=
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o

2) & 2220
Z ETH o)== colorimetric?] WY % Zhuang 5
(1992)% ®igsto] AFsttt &, A= &9 200 uL E+=
Rutin& 4 mL9| diethylene glycol ¥ 600 uL2] 1 N NaOH®}
E3dsto] A APstnt. ¥H-EHS 37CoflA 60 min ¥t

flo



60 R - A - AR - AR 45 - o

el SFS 24317] 93] Duval & Shetty(2001)9] B
of wat WA, AEE ojatste] 108 34T AJE 1 mLo|
95% ethanol 1 mL®} 284 | mLE 7lsto] Agstal, 5%
Na,CO; 89 1 mLe} 1 N Folin-Ciocalteu’s re-agent(Sigma-Aldrich
Co., St. Louis, MO, USA) 0.5 mLE H7}3t 3 2204 605
A g EYYEAE o8 725 nmo| A 5%
£ &5t A59] ©d =S tannic acid EFE-E 0]
23] 5UsHA AT EEFAHCZ ¥ eI

ME

Z ot

E

Hn

—_—

AlOR Btk 5
Jobd EA2 Cheng & Breen(1991)9] WIH-& d&
HEsto] A5t =, A& 500 pLofl 4,500 uLe] 0.025
M potassium chloride buffer(pH 1.0)2} 0.4 M sodium acetate
buffer(pH 4.5)2 Z+ZF 315t & 520 nm@} 700 nmoj| 4] &3

£ SAseH & AEAlOPI 9] f(mg/L) cyanidin-
3-glucoside®] &5 A|42(e=26,900 M~ 'cm ™ yZ o]-8&35}q] o}

#ol Aof 2sf &St

L o B
>

i

o
S

1
ot

AX MW DF>< 1000
ex1

Anthocyanin content (mg/L) =

(A=(As20 ~ A700)pH1.0 ~ (As20-A700)pHa s
MW=449.2, DF=dilution factor, £=26,900)

5) ABTS ZIC|Z A7is 24

Aze] PAist B Hesp] A% AT 2A5E &
A5keith. WA], ABTS 2tz 4752 ABTS(2,2’-azino-3-
ethlybenzothiazoline-6-sulfonic acid) 7.4 mM ABTS(Sigma-
Aldrich Co., St. Louis, MO, USA)?} 2.6 mM potassium
persulfateS 315 59k Qo] WX|3he] ABTS %ol 22 4
AR % o] &AF 735 nmol A FFET} 14-1.57F HEE
R4 54510 Ustass) 0|27 545 ABTS 49
1 mLof| A& 50 uLE S5k 302 &< WA & &3

£ £45}9]th(735 nm). ABTS ]z AASL A& H
A MBS A S ETY FYEE HEL)
E HEATHRe 5 1999).

6) DPPH 2IC|Z s 24
Al®9] DPPH oz A7A%2 DPPH(],l-diphenyl-2-

r

= SFAEIUIBA

picrylhydrazyl) 0.4 mM DPPH(Sigma-Aldrich Co., St. Louis,
MO, USA) SN2 525 nmoj|A] 4= Zfol 1.3~147F HE=
s4g ohg B4 59t Z, AR 02 mLo] 5143 DPPH
89 08 mLE 71e & ALoA 302 B v A o
525 ol Al FAEE ZH3I9ch DPPH 2} 2752
AR A77e MAARHETS FRE AolS WY
(%)% LFERNQITHChoi 5 2003).
5. 8HEA

= A2 3% RHE SRl o HHgiT EEHAE
ARESHATE B3 AY ARO] FAA Fo44E Eelst] 9
3] SPSS EA =z 7]3Y(Statistical Package for the Social
Science, Ver 12.0 SPSS Inc., Chicago, State of Illinois, USA)<
0]-85}9] p<0.05 == 2.2 Duncan's multiple range test® 732
S AR SR 9 2L HA 2o i Ay Aijo] of
8 247 U vl R EAFE A (one-way ANOVA test)2 AA|5FY
1!, Duncan multiple range test2 -3-9]44< ASSIA

1. 882 3 MA2IE E2|6I0] MZEH AHAD| HI}
Fo| odt 3 8N

AR g 2L AA2E gesto] At AL H7F oF
Fo dut B4 B4 9 NS 43 A= Table 1 Y
Table 29} Zt}. Uvk 24 EAJOZE pH, B, 9T, &
A 9GS g Mg BASKIY WA pHe
3.77~4.10, ZARE 0.32~0.62%= EX %] o] E3] F32 ES22
2 Ax3 AlgoA] pHE R FARS 2 Hog ey

T

THp<0.05). €& FaIg F pHe 4 D A% 5 A+
o] Qg0 PTG Fi(Park 5 2004), WAL o) N 9] FAH
g 7] AET T 9] o, dAeE A s
o] 9o, HEAAE JFS Frtal LA Uthlee &
2002). Lee & Kim(1995)0] Qk2E 145271 A& 6l= SQt oF
9] pH7F 4.0 F-ZollA Y AEE SRSl B alshe]
ounj, AF YEFO H§ pH 3.4 FLo} oF 0.54%2] A= &
Holt A0 HIFACHKIm 5 1996). £ AFoAE oF
F AR Al AL E FloldS BF dRFHET o9
ZAbo] QAR F7Fols Ao YEG E5] ES2 AHE
Rt AlgoA 7H EROH(p<0.05) = HAA | TE
Aoz A 2 AR UEhyith

w7 A2E A5 AFE FFL 11.6~13.60%F F-4]
How FE(7HEAG 1P E T = 7.90-9.37 °BrixZ U
b, S99 TR 0.33~1.26%% BEAE o] BE Xt
oA Iart Aud AR Uehget g AR 5 37
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Table 1. Chemical characteristics of Korean traditional wines (yakju) with different yeast and pretreatment’?

Samol pH Total acidity (%, w/v) Soluble solid (°Brix) Reducing sugar contents (%) Alcohol contents (%)
ample

P A B C A B C A B C A B C A B C
Control 3.95+£0.01° 0.34+0.00° 8.87+0.05° 0.55+0.01¢ 12.80

ES22  3.77+0.03%3.84+0,00 3.78£0.03%" 0.60:£0.01*0.58+0.00"°0.62+0.00" 8.70:£0,08*°8.50:0.00% 9.20:0.00* 0.51+0.01%°0.43£0.01%0.79£0.01™ 11.80 12.00 12.40
La Parisienne 4.10+0.01**4.08£0.00"*4.07£0.02* 0.32+0.00 0.32£0.00 0.320.00“* 7.97+0.05"*7.87+0.057.90:0.00°® 0.35£0.01<0.39£0.01°0.33£0.01° 13.00 12.80 13.60

Fermivin

3.89+0.01%°3,93+0,01%3.87+0.02% 0.39£0.00%0.39£0.00%0.42:£0.00% 8.60:0.00% 8.70:£0.00*°9.37£0.05* 0.70:£0.01°°0.78+0.02*°1.26x0.02** 11.90 11.60 12.10

D All values are mean+S.D. of triple determinations.

? Different capital letters in the same items indicate a significant difference (p<0.05) among different yeast. Different small letters in the same items indicate

a significant difference (p<0.05) among different pretreatment.
The name of the yeast used: ES22, La Parisienne, Fermivin.

Control (not added grapes); A, crushing grapes; B, heating grapes at 60~70°C for 30 min; C, freeze concentrating grape juice.

Table 2. Colorimetric characteristic of Korean traditional wines (yakju) with different yeast and pretreatment’”

L (Lightness)

a (Redness) b (Yellowness)

Sample
A B C A

B C A B C

Control 97.54+0.01°

-0.40+0.01¢ 4.11+0.02°

ES22 81.31+0.01° 89.124+0.01 80.76+0.02% 17.89+0.01"% 10.33+0.00*° 17.10+0.02° 19.16+0.03%" 4.86+0.01"° 22.12:+0.02
La Parisienne  86.37+0.00%° 92.74+0.01%* 86.98+0.05*® 12.07+0.01* 7.15+0.01% 8.29+0.00<° 21.94+0.02%° 3.3420.025% 27.55:+0.024%

Fermivin

85.94+0.00% 91.21+0.00%° 85.87+0.025° 12.13+0.02% 9.67+0.01% 10.24+0.01% 18.89+0.01<° 3.10+0.02%¢ 26.55+0.025°

D All values are meantS.D. of triple determinations.

2 Different capital letters in the same items indicate a significant difference (p<0.05) among different yeast. Different small letters in the
same items indicate a significant difference (p<0.05) among different pretreatment.

The name of the yeast used: ES22, La Parisienne, Fermivin.

Control (not added grapes); A, crushing grapes; B, heating grapes at 60~70°C for 30 min; C, freeze concentrating grape juice.
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G Hato] Wt ApoA FFI ST gl 21
A S HE F2435] gAsittal 21519 0 H(Kim
CJ 1963), Y¥td oz wrhe|o] I FEE U 279
et FEAIL HF 12~15%0]9 o7]o] &2 H7Isto]
6~8%2] ¥FE FEE XI5k Jltkal el A AchKwon
5 2011).
a9 AXE A M7t oo MEE H| s}
913 Hunter L, a, b5 S5 tH(Table 2). WA &=l Lgt
= 80.76~97.54% FA o] tiE2FoA 7MY w2 S UE
WAL, HAERl aghS -040~17.892 e} e
A7V AlgollA izttt 2 ANMEE YEtgl=
(p<0.05), o]AZ FHHELT] 2= ZHHO] FEAoPH 479
o et a3 F §EH0] oo AT} ol
AC = WP Choi 5(1995)9] AToAME YEIFL 5
3] Qu|zo] QtEAJobIA MAQ] 8&= 9l THIILe}
O] A= oF AApgho] Apo7} AA Yebdthal SHYith. 2k
A A= nE groi g oA H75h oF
FoA w2 AR YEYl A% SRER HwsH aglS
BE AFo)A B3] ARl ES2E A AR §9

.E!L 7_(_]':?'5_0] 3Q] &

Ho g & e e Y=t (p<0.05), Lee 5(2013)2] A
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webd ZE2 O7)A F71Sha ES2 AR e wrashd A
L7} =2 ok A zUt 75T Aoz moiEc ST
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36.16~53.08 mg/100 mL= YEt(Fig. 1) A2 & Z2v=

FFE = HA oA E5] ARl ESR2E R A=
d FoH o R 7Y =2 s R Lo (p<0.05), HA 2
| = 3eFo ES22 ARE WadH oA A
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62 S - A - U -

@A BB Oc

ml

00

( 1
&
K

&

ontents (Mg

Total polyphenol ¢

Control ES22 La Parisienne Fermivin

Fig. 1. Total polyphenol contents of Korean traditional
wines (yakju) with different yeast and pretreatment. " All
values are meantS.D. of triple determinations. ? Different
capital letters in the same items indicate a significant
difference (p<0.05) among different yeast. Different small
letters in the same items indicate a significant difference
(»<0.05) among different pretreatment. The name of the
yeast used: ES22, La Parisienne, Fermivin. Control (not
added grapes); A, crushing grapes; B, heating grapes at
60~70°C for 30 min; C, freeze concentrating grape juice.
AS 91591 Roli= iglor] Helyl AR YA oFF

ofMe AEL=E 7HEA 25t 7&7}5P BA| 2] FLoll A -2
Hog M &2 F 2H¥eE 9% 1%‘5}‘41‘21‘:}%0-05)-

O]%& peanut hullsE 11204 & X%Eq St FAE Al
Zto] S71dSE & Eevls Il S7Ioks At (Llee 5
2006), &8 A Zx o70]9] AT &% 50C, 60T, 70T
£ RIS AZRES W, A 257t S71dl wek & &
2 ol S7etHte Aot A5t (Chang 5
2010). & ZetH ol F=FL 10.59~20.25 mg/100 mLE E
Eg WjelA) e faTRc Audele ke A2l
AN w2 IS UEHI A (Fig. 2). o= Park 5(2022)2

4ot S5 b v HaFo F EtEo|E T
£ 23} 10.63~18.44 mg/100 mLe} F-AFSH gHgfo]l o &
= QAR mE & EFtEkolE AF2 He EEOW g
WA 2F oA H7IRE AXE|FOIM 2 AoE Y
ERgon] gy xjol= ES22 X2 Wrash oFFoA £
7S JER A chp<0.05). EetH o]t HE 3gHE]
FOE in vitro Aol A FASH FAS ‘3-1 FAAIE Ho|
Ao ® AA AthAhn 5 2007). & F EAEH=
Fig. 37 ZrO ™ 24.52~39.39 mg%l. & H—E]'L]' TE Ao
A ES22 R 2 W3 ARoA 7P w2 Ao2 BAEQ
Thp<0.05). AL 2= AAE 9] wd FF
ES229] 4% X8 7FEAES B o7A H7ket A=

oA 7HE w9kl shekeld o Hudl aR e Tast ofF
L Aagels AR G Amols fodow
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Fig. 2. Total flavonoid contents of Korean traditional
wines (yakju) with different yeast and pretreatment. " All
values are meantS.D. of triple determinations. ? Different
capital letters in the same items indicate a significant
difference (p<0.05) among different yeast. Different small
letters in the same items indicate a significant difference
(p<0.05) among different pretreatment. The name of the
yeast used: ES22, La Parisienne, Fermivin. Control (not
added grapes); A, crushing grapes; B, heating grapes at
60~70C for 30 min; C, freeze concentrating grape juice.
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Fig. 3. Tannin contents of Korean traditional Korean
traditional wines (yakju) with different yeast and pretreatment.
D All values are mean£S.D. of triple determinations. 2 Different
capital letters in the same items indicate a significant
difference (p<0.05) among different yeast. Different small
letters in the same items indicate a significant difference
(»<0.05) among different pretreatment. The name of the
yeast used: ES22, La Parisienne, Fermivin. Control (not
added grapes); A, crushing grapes; B, heating grapes at
60~70C for 30 min; C, freeze concentrating grape juice.

oA 8&o] golsiA7] W Ao v E A %
= o7fjo]o] dxe] &7t At mel gl o] gegol 5
7bele Ao B E HE Qlom(Chang 5 2010), L& 25
o QojAE ZTEZ 80-90TA 6087 FA st 7401
ZEEO A5 A, F, Rl oA 95T ZEFS
A 4 9tk BI(Kim 5 1999)7F 9lo] T P e
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Fig. 4. Anthocyanin contents of Korean traditional
Korean traditional wines (yakju) with different yeast and
pretreatment. " All values are meantS.D. of triple
determinations. ? Different capital letters in the same items
indicate a significant difference (p<0.05) among different
yeast. Different small letters in the same items indicate a
significant difference (p<0.05) among different pretreatment.
The name of the yeast used: ES22, La Parisienne, Fermivin.
Control (not added grapes); A, crushing grapes; B, heating grapes
at 60~70C for 30 min; C, freeze concentrating grape juice.
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Fig. 5. ABTS free scavenging activity of Korean
traditional Korean traditional wines (yakju) with different
yeast and pretreatment. " All values are mean+S.D. of triple
determinations. 2 Different capital letters in the same items
indicate a significant difference (p<0.05) among different
yeast. Different small letters in the same items indicate a
significant difference (p<0.05) among different pretreatment.
The name of the yeast used: ES22, La Parisienne, Fermivin.
Control (not added grapes); A, crushing grapes; B, heating grapes
at 60~70TC for 30 min; C, freeze concentrating grape juice.

@A OB ac

Ab ) [ Ba

Ac Bb

activity (

60 Cb

avenging

d

[

Control ES22

DPPH radical sca

La Parisienne Femivin

Fig. 6. DPPH free scavenging activity of Korean
traditional Korean traditional wines (yakju) with different
yeast and pretreatment. " All values are meantS.D. of triple
determinations. ? Different capital letters in the same items
indicate a significant difference (p<0.05) among different
yeast. Different small letters in the same items indicate a
significant difference (p<0.05) among different pretreatment. The
name of the yeast used: ES22, La Parisienne, Fermivin. Control
(not added grapes); A, crushing grapes; B, heating grapes at
60~70°C for 30 min; C, freeze concentrating grape juice.
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52 A7KeE C Ao A e 5] a%Ql ES2E A|x3l oF
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Production Process and Physiochemical Characterization of Low-sugar Yuzu Syrup

sk sk ok ok ekl ok

Yunha Bak, Bo-Bae Lee’, Ae Eun Im™, Jeong-Yong Cho ~ and *Seung—Hee Nam
Master’s Student, Dept. of Integrative Food, Bioscience and Biotechnology, Chonnam National University, Gwangju 61186, Korea
“Researcher, Fruit Research Institute of Jeollanamdo Agricultural Research and Extension Services, Haenam 59021, Korea
“Master’s Degree Researcher, Dept. of Integrative Food, Bioscience and Biotechnology, Chonnam National University, Gwangju 61186, Korea
“"Professor, Dept. of Integrative Food, Bioscience and Biotechnology, Chonnam National University, Gwangju 61186, Korea
™" Research Professor, Dept. of Integrative Food, Bioscience and Biotechnology, Chonnam National University, Gwangju 61186, Korea

ok

Senior Researcher, Institute of Agricultural Life Science Technology, Chonnam National University, Gwangju 61186, Korea

Abstract

Yuzu (Citrus junos) undergoes traditional processing to create preserved yuzu with a sugar content of 50% This study aimed to produce
low-sugar yuzu syrup using artificial or natural sweeteners instead of sugar. Among artificial sweeteners, maltitol showed minimal browning
and lack of deposition at high temperatures. The addition of xanthan gum (0.2%) and carboxymethyl cellulose (0.2%) resolved the issue of
layer separation and viscosity decrease of yuzu syrup. Alternatively, grain syrup, a natural sweetener, improved viscosity and homogeneity without
the additives. Yuzu syrups were developed using yuzu juice and preserved yuzu, with maltitol (20~40%) or grain syrup (50~70%) as the sweetener.
Yuzu syrups containing 35% maltitol (M35) or 55% grain syrup (G55) had less than 5% and 10% free sugar, respectively. These syrups exhibited
taste patterns similar to commercial yuzu syrup in analysis using an electronic tongue. Furthermore, M35 and G55 contained yuzu flavonoids
at concentrations of 19.82 mg/g and 24.09 mg/g, respectively. Antioxidant activity (DPPH, ABTS radical scavenging) of M35 and G55 was
equivalent to 10.55, 17.59 mg/100 g of Vitamin C and 97.39, 33.92 mg/100 g of Vitamin C, respectively. Consequently, M35 and G55 offer
promising alternatives to preserved yuzu, providing low-sugar yuzu syrups enriched with functional ingredients.

Key words: low-sugar, yuzu, maltitol, grain syrup, carboxymethyl cellulose, xanthan gum

M B2 2004a; Jeong S 2023). 1L} 9AF= #ZAJo] £4] go} F

4 FHY TR F2 7R E(Lee T 2023), 0] 20

K Citrus junosy= Fra72] YF O 2, vitamin C, limonoid T 2A AY, A A, Ay o4 9 Az S} 7o

7} F5-51H, tannic acid, caffeic acid 59] H=A SHEHE} TFet AlEE0l A7 H ol $TH(Yoo 5 2004b; Fukutome N
naringin, hesperidin 53} 72 Z&tH Lot 3}gEo| T 2020).

Fawlol UrkShin Y 2012). E SR ol HRES] X2 Amue Y 94 gAY A0 gt 4%
7Ql5te] & Aot BHS HET FEF, PP 1T AL Folshr] 915 40% 042 Aol Fhwlol ek 34|
o BAY 2o AP ool YFHUKYoo F W UF et AL BFE HEshA Folw, 3,
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68 Bt ol e - Qofe - 2748 - W59 HER L D

9k G 22 of g A9l ¥Qlo] Hrth(Rubio-Arraez &
2017). o]of wet A 4l thA] A eE ¥ A=7t Ql
715 @1 oH, AZ 71 2=, A, ofo]ATH, AR}
22 g AF Aol A=Al Utk(Dunford 5 2022).
A ZrlEe A= et 1Av s, AArEE 8
Ho}. 17v| 5ol aFr A, ofATNgE AH|H|o} o] I
Stelw, Ao G TE(LHE, ALY, &HlE, v
yE), =919, 71548 FEEEL, ALEA, EYTEL)
5ol &3hKim 5 2016). o]FoAE &H]ES glucosed]
A5 Hrlete] e & G, A9 70%0] sigot= 7
UL AU ot T E2 EH|E9] o] AR, A=
40~50%°] sfFetet. Eek, Xy SH|ERE o]Fof%l o]
F G EZF TEES A5 90%°] Pl ArEE 7t
A, g D A|4(glycemic index, GD= B2} HHlo]
S Ftc}(Park 5 2016). HE| &2 AL 5LT 79
A ot a7t e Ao BiuE 7154 B A
RALL YEREAE QT AS5E JAlotH, Eo] 422
L A A4 9= 7FRthMaguire 5 2000; Kim
2016). M Gl 22 & A 59 HEd JR/E 9
&oto] Az AFoR, & EYus Fgo] FHSITH(Wee
T 2016). 53], 2 A xR A A== TESHITS ©F
FU olgRol Hls| H=E S7HIA AF9 E4% a4
o2 JPAAXITI dEA QUTh(Seog 5 2002).
7HEAES 713/30] F8ctER, RAY AlE2 499

oj

e A SR B4, AR 59 7H B4 W B
% E42 Holg 4 glolof YeHKim 5 2016). olo] wheh
24 9 B5H ZUL AT 5 Ak AE G A48
o] A7 AYe] B A ] GRS A A HE
7} Grobaithe whgo] glol, SHAIR A% A7HA7t ALg

11 )th(Sikora 5 2003; Krystyjan 5 2012; Lambert-Meretei
S 2021). A1F H7HlE fEHA, PEA|, SA 2 A 5
oF AL EE VAR, JE X O Z carboxymethyl cellulose
(CMO)%} #hetg &-8-2 Hk 9 S FAA 542
FAAIXIY. 11 F 7Fepd, 5ok A[go] AF F7HAI7E A
| A7 JAE, A A aet AFHTHAIE o83t A
% $4 AEe AT ouE AAoltSikon 5 2005
Krystyjan 5 2012; Fukutome N 2020).

mEta] B AFoMe Aoz A | 3R fi4l, A
AU REEE, HHE, SHE AdEL, FE2L) B A
A el 24 ol 8elol A §7F VS ALALA 513
ok E3L 0|59 AlY A, olssty B4, T .
W 9T B A B4, 154 AR 39 2 345

g9 2ABIA St

ME U

1. M= Y Al

Z3H(Goheung, Korea)oll A A| 28 F-AH T FAE-S AHE-SH
Aok A A 60%2F HES 40%E T 4 F 2
Eoto] AzxEYoH, FAFS H7HE §lo] 4%t f4F ut

t5et Al ARSSHRTE B3 YRR FAAlolA A

B2 AES 8o BE 35 Aok B4 5
2 1,1-diphenyl-2-picrylhydrazyl(DPPH)}~= Sigma-Aldrich(St.
Louis, MO, USA)ll 4] +Jst3ict. Aglol AR&H 2,2-diphenyl-
1-picrylhydrazyl, Folin-denies reagent, gallic acid, quercetin,
ascorbic acid= W5 Sigma-Aldrichof| 4], 18]l 2,2'-azino-bis
(3-ethylbenzothiazoline-6-sulfonic acid)(ABTS)= BIO BASIC
Inc.(Ontario, Canada)o] 4 75te] AF83}5ich Lol %] 549
Aok 90% &% ool BLS 2% AL HeEstol A48
Stk W, IS, $6|E, AUBL, FREAL ES 4

Y= (Gunpo, Korea)ZH-E 145}l AR5t

Dy

ol 2> o
lo

2. A8 OiA| 20|z Mgt

FA Aol A'S dAS ArgE Adstr] 96, &
24, RAE, VRS 3:3:4 ¥R A XS0 dY g
MRS A 0%} A% U 2|28 40 FHeeto] AZH
AR 243 D7|9F GUTEE 6535HEE A xR
Park MK(2007)©] 3PS 2 3keich. Tt A% A] ALGEl
FAES =2 AER83%)E 7| SEE HAAI|EE, AY
Az A %o S AT Az 97 A
2o 2 EA EAS ZAFSH] Y3, water bath(Heating
Bath BS-31, Jeio tech., Daejeon, Korea)o| 4] 60°C, 80C, 100°C
2 120 rpm, 3087 7F5to] 4COIA 5UZH B T AY ¥
3= 519} o]F, ZH T = microplate spectrophotometer
(Biotek Epoch, Winooski, USA)Z 420 nmOf| 4] &7J5}o] H|1L
S THLee 5 2008).

3. Al FE A 2IE AF N MY & SM ZA}

FAHT FAS BT A LS
NS A3l carboxymethyl cellulose(CMC), hydroxymenthyl
cellulose(HPMO), ZHet4, FFobd, HEl, Aghy 9l ofzjH]o}
A 22 AEE JA7HA 75 AEsto] HIbekl Alm
o Z+ A7HAIE 0.5% H]&E F<USFI Tissue Ruptor(TR
12520423, QIAGEN Co., Hombrechtikon, Switzerland)E AM&-
sto] #2335, 3Y o)A} 4To A WA A F L o]F M
= A XA (Brookfield DV-1I+Pro, AMTEK, Berwyn, PA, USA)
& 0]-&3}9] spindle no.52 100 rppmo|A] 1&-7F =753t}

oZ
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TAEe= AHE 2,540 A 1027 L2 (Combi S14R,

Hanil Scientific Co., Incheon, Korea) &, microplate spectro-
photometer £ 0] 85te] 500 nmol A 4ot S50 3

T Z}o]2 =73} tH(Mirhosseini 5 2008).

4. A AIEY M=

A A2 AR § AREH EEES 088 /A
H(yuzu maltitol syrup)¥t H7HA| glol B4 SXAIZ

it

Bt S Ay 2

ANE 2= 018 A Al-(yuzu grain syrup) 2714
2t AxstAh TEE 74 AEe BF, AR =
Farste] AT S-S A 60% oA, 2T
A HEES Hl 40% TR & e vEeE 245
(Table 1). TE|ES o83t 7AF AlH2 A, A5, 2H
€ 9 SHAIE EFsto] Alxsiit. Alde A2 o=
WA TEE o] CMCeF RS F7Fsto] Tissue
RuptorE ARg-5to] ARt &, ojof] AR 745 % =
= A7ksto] 80ColA 302 &t 7HEsAT. 7HE Fol=

= 2 TN

20C7HA] Y2stel ALolx Bpsteth 24 94 4G
AL, GAEE o 0% T 4UE FHT A2 AP

oXx

24e Fust] AzFloH, &y g @ BAL F
ANZ17] F3fl 249 ¥ Z2Esto] wigu|E HoAot

(Table 1). §AH3 % 8, 24 I 9, SA4E2 EFoto]
S0CANA] 302 59t 7bEat F 2007k WZsle] Azste
o H3H 02 A2 94 AFL o F Aol B

5. 2, pH, At 3 M

G gAY G A (Pocket refractometer PAL-1, ATAGO
Co., Ltd, Tokyo, Japan)Z =743} t}. pH= pH meter(lon
$220, METTLER TOLEDO, Columbus, OH, USA)E o]-85}0]
7] %04 pH 49} pH 7 buffer® ¥ 3t $of] Z4519]

A G4 AF Az 8 715 24}

69

=z=2 X

o A== AR 1 g& S/ 25 mLof &3fisto] ARgstAe
o, A& &4 10 mLo] 1% phenolphthalein 50 uLE 7}k,
0.1 N NaOHE 71t o Z|Ao] 3027t F-A == AlH7HA]
5] NaOH Fmye FAAHS 71502 Biksto] wg
2 FAEYE ME = A2 1 mLE F3 9 1#=9629, a*=
-0.44, b*=1.322 WATt Colorimeter(Hunter color, Spectro-
photometer NS-800, 3nh, Guangzhou, China)E- ©]-85}o] Lgk
(BE), agt(AAE), bgt(FH s SH5HAH

6. wElg ¥ LESZ| DY

o2t RS HPLC(Agilent 1260 infinityll LC series
system, Agilent Technologies, Palo Alto, CA, USAYE AR&5}o]
H X5}t ZORBAX Carbohydrate(4.6x250mm, 5-Micron,
Agilent Technologies) column©] ARE-E|RloH, Suf AL
80% acetonitrileZ 2087} isocraticC. 2 A7 sto] BTt
g9 58 £EE 1.0 mL/minZ 393, column®] 2E&
30CE AAEACH Al 10 uL Y90, refractive
index detector(RID, Aglient Technologies)Z <35} tH(Won

5 2016). 5 =29 rhamnose, arabinose, xylose, fructose,

24

galactose, glucose, sucrose, lactose, maltose(Sigma-Aldrich)E
47t 2 W A|xste] peak WAL 25K 2G4
2 Bo) AL Al P

W2 2] Tk AVES 108 514519 thin layer chromatography
(TLC Silica gel 60 F254, Sigma-AldrichyS 53l 245}t
AlZE 1 plA F&star, A7) -8l nitromethane: 1-propanol:
water=2:5:1.5 (v/vv)Z2 23] AT &, SHAFEAL(0.3%
N-(1-Naphthyl) ethylenediamine dihydrochloride, 5% H,SO, in
methanol)Z BFAFIT 1 & 120T QEA] 58 SoF &1
spot= ERISFATH(Wang 5 2004). TE=2]1F9] £E=E
2= glucose(degree of polymerization 1; DP1), maltose(DP2),

Table 1. Recipes of low-sugar yuzu syrup with maltitol or grain syrup

Yuzu maltitol syrup

Yuzu grain syrup

Ingredients (%)

M20 M30 M35 M40 G50 G55 G60 G70
Maltitol 20 30 35 40 - - - -
Grain syrup - - - - 50 55 60 70
Preserved yuzu 30 20 15 10 40 35 30 20
Yuzu juice 30 30 30 30 10 10 10 10
cMmc” 0.2 0.2 0.2 0.2 - - - -
Xanthan gum 0.2 0.2 0.2 0.2 - - - -
Water 19.6 19.6 19.6 19.6 - - - -
Total 100 100 100 100 100 100 100 100

D CMC: carboxymethyl cellulose.



70 g} - ofuu - Yofe - 2 - g5 FFAEGIHLA

maltotriose(DP3), maltotetraose(DP4), maltopentaose(DP5), maltohexaose
(DP6), maltoheptaose(DP7), maltooctaose(DPS), maltonanaose
(DP9), maltododecaose(DP10)& Carboexpert (Daejeon, Korea)ol|
A FUstol AH83tec

7. X 5 24

AzE FAF AE 38 Al 7H ot "l AV
g7ksl7] Yol AR} & (Astreez, Alpha MOS, Toulouse, France)
AFg-5to] A" E| 3 (Centumtech Co., Seoul, Korea)of| 2]=]
fo] sasheict. At o] RaE 77h1 AAE 22t AHS
(sourness), ANS(bitterness), PKS(sweetness), NMS(umami),
CTS(saltiness), CPS(E.% Q17}), SCS(EZ Qlzho|d, o] %
CPS®} SCSE A9t 5712] AA Z-G=F 0914 1040] 2]
HIZ BHSHAT. ZF ARE 10%2 3143 &, 100 mL9]
A& GAZ 1202 5 39 WMol S48 9l o1& 5
s A% 719 5t B4 © Aol S AFA 0% BAsleTHKim
= 2019).

L

[¢]

P

=
<]
3

EoHE, & E2ET0IE ¥ T7ISY E2E L0l
=

OI*' 01 OO
e L O
ol
o

of 6% &%t FAoNA HHEAFTE o] EFAo] 125 Lo
7% sodium carbonate®} 250 LS| ZF4E HUI5kA, ©o|& 60
B7F Ao A HESAIZ] & 760 nmof|A4] microplate spectro-
photometer2 SFTE =759} Gallic acids & &3
2 sto] HAFAE 235k, ol &5 § EdHE 39t
E SRS AAKSlo] mg gallic acid equivalent(GAE)100 g2
LER T

Z ETtR ol gF2 Asokkumar 5(2010)2] HHS &
23olo] =43t A]&E 20 pLo] diethylene glycol 200 n
2N NaOH 20 uLE #7}slal, o]& 37CoA 3087t vh-g-A
Ztt. 0]% 420 nmOJ|A] microplate spectrophotometer® S-33-
£ S #EEE quercetins ©|-8-5t0] 2HJe AT
e &9 & ot dRktE FFE 7oL, m
quercetin equivalent(QE)/100 g© & LERYILY.

7164 EetE o= =Fe HPLCE ARE-5}0], ZORBAX
eclipse plus C18(4.6x250mm, 5-Micron, Agilent Technologies)
AYE ARSI TE |1 2L A: 0.1% formic acid in DW,
B: acetonitrileZ A E] At} |1 L& A:80, B:200fA] A]
Z5ha] 15-2580]% A:65, B:35, 25.1~3080]= A:55, B:45,
30.1~318-0f= A:20, B:80%2 245l BA51 T |uje] ©
E&£T = 1.0 mU/minZE AA5FE T, couimn®] &= 35T

ko

Ho

aQ

o

IAEJL. ARE 10 tL FYEHC ™, diode array
detectors(DAD, Agilent Technologies)Z 280 nmof| A HE&3F%
of. ¥5E29l naringin, narirutin, hesperidin, neohesperidin
(ChromaDex, Irvine, CA, USA)S Z+Z} 5 ¥R A ZX5}o]
peck BAE 2T AABRAL Bo AFHE el

of sttt

9. DPPH % ABTS z2iC|Zt AH &M

DPPH 2}t]Zh 2752 Blois MS(1958)9] HIS 4=
Ystol WASKALE. 2} 552] A2 50 Lol | mM DPPH &
4 250 uLE H7IE &, o] TdES 10827 HHEAA 517
nmO| 4] microplate spectrophotometerZ S FEE S 5T
ABTS o]zt AA5L Re 5(1999)9] WS HPsto] Z4H
o} A& 50 uLe} ABTS reagent 250 LS £3}5l0] G404 30
2 591 ¥3-A17] &, 735 nmof| 4] microplate spectrophotometer =
S5 =751t ABTS reagents= 7 mM ABTS 950 mL
@} 2.5 mM potassium persulfate 50 mLE £3olo] 4Cof A
12A]17F o]} Bt & ARE-SIQItE. DPPH 9 ABTS |z &
A & EHo £F EZE ascorbic acidE AH-SHR o 7+
Ekof gt A A/dsto] ALtsigith Algo] 424 &
3-8 mg ascorbic acid equivalent(AAE)/100 g@ & UEJ I th.

10. SHEN

£ A% Fahs 33 o4 wEEglon, §4 Bae
SPSS & I & 13 (Statistical Package for the Social Science,
Ver. 26.0, SPHH Inc., Chicago, IL, USA)S o|-&3d}o] Z A&7
9| Bt REHAE ARESIIT A= 7] R A2l A
o2 BI5k] 9I5] AY H1F EAFEA One-way ANOVA)
A A3t &, Duncan’s multiple range testS &3f p<0.059]
ool A A5 A

4o o
e}

2o o na
1. M8 OH 2012 88 ¥ 2 SY =L

]
- Jm

0l

o] Aol ehrE FAEE dAE AlEE AxsH]
sl AEH7HEO & AR EE S7HA] AR E ARESho]
AF A AlES Azsoh AlHS Az Iy 5 2 A=
o] &t 9 At {8 & A7 BAgo] Aol shA|Rt
A= ascorbic acid 2 furfural, 5-hydroxymethyl furfural 5-2
2% 430] ghpElol 9ol 71 Lol ujet st 54
o] QIthLi 5 1990; Lee 5 2023). T3t A A= A] Zv|=
S50l et AFtEdel ddF= PRI EE(Yoon & Kim
2003), A AmlE SFol W& A AlHe 71 220
o AP Walel AHEE ZAFSEITH(Fig. 1)
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Fig. 1. (A) Comparison of yuzu syrups with different
alternative sweeteners in preserved yuzu and yuzu juice. (B)
Variations in browning of yuzu syrup at different heating
temperature with various alternative sweeteners.

Az 5d —ﬁr Ag e 2ARE 23} 71d 220 A
AEEAE T 28 2 AE0] YeA] &%
1) 1:]— H:_o]— u]-l,]i‘,,]_ ;(]_01
BEAE HEFHoH, E9] &2 B Hig &oi=rt
18%(w/v)2 Zol(Soetaert 5 1999), Th&FO 2 H7le THUE
o] M&E o] Algo] FA} EEH|Al= d4ol UrEH&E}(Fig-
1A). o]of w2} 7+ AHE= HYES AlQst
of ZAFSHITH
7t 2o e ZHEE AR 23, TEHES
RE ArEs 2571 worlof wet
100CoflA] 718 AT A9 2ol
2 A(0.422), £HE(0.261), DEIE(0.023) &02 =4 et
S thFig. 1B). Ol = YEEAL} AYEAE W2t ¥hg o
2 Qlsf 257 e E 2 %\ﬂgﬁ_uh 219} g5}
= FFS HtH(Lee 5 2020; Nakamura 5 2021). H|n &
T2 AU E Uetd SH|E2 A% 50%°] &5t= 7]
TE AUH, TEES A9 90%9] #Ar=E YeErdt
(Kim 5 2016). 27}4 0 g Hega} GARE 7w s 713 @
HEZ o83t /A Aldo] o Hu|sET APt dol
=Rom, e ESF 12 % 7MY RA YErEH

2= g

o Aol
Zwwst Sk,
FER2(0505), A

TS 2Ist AF HIMI AT ¥ BT AL
) on

RS HVRE A9 Ff dBE gRT AEE

o
oY 0z

2,
o

2

I

B2 A Az

% 715 24} 7

o} Hx7} ZolAth(Lambert-Meretei 5 2021). 0|23t TS
SESILAL 2k, FLobd, A 59 AF HA7HAIE A
/571 Qlrk(Sikora 5 2003; Krystyjan 5 2012). whebA] &
Aol A= ol et AF H7H 752 TEECl IRE At
Aol 0.5% H7Isto] Al A= A=E A

H] Y I (non-homogeneity )= A&} 3} 5=H 9] EFE (500
nm) Zto] 2 FSton, HlddErt FE4E #4=7 &
oL weskioh AF17H 7E F FAZ(CONYol H] 5]
HPMC, 99, Aty 9 ofgfH|opbd2 Q3|8 Hk Zo|7}
0.11~0.29 © A Uetgon, 5 Z27F & H Uth(Table
2, Fig. 2A). E3}, ZEH(AOD 0.14), FoFA(AOD 0.19),
CMC(AOD 0.29) =0 2 ElL Xjo|7} USlth AT S A}
St A3}, HPMC, F-obdd, Aghd, ofztrlobg o] {71 Al|
< A=7F Yol &40 E7F om, HE(950 cP), ZEH
(642 cP), CMC(150 cP) =02 Al AL 7} =9ktH(Table 2).
SHATE 2t S A7 Al Alg o] S0l A& AAfol At
R=T(Fig. 24), o= A 219 §AF A[FolA Zerz o]
ot S ST SR ETE S7HSE AoA Z11E e
(Sriprablom 5 2019).

ojZ|et AE Bl AFUMHAZ CMC & FHA = %+
SALS 247 0.10.3%, 0.1~0.4% B2 H7lste] s =4
St HEg RARE A3 CMCF e 9] oFgo] =
2 Jrt 7kt I FoA4E 0.2% CMCe} 0.2% ZHgk
e 5 JA7HE b, A7t 924 P2 A =
866 cPet 7H FAFSHAl U o™ gojEjA= dAE U
EfLpA] etth(Fig. 2B). o= T 440 CMCoF JHeEH <
E3tsto] & EEo Ak ASHE et o] ™ At Axet
A SFRA T (Nilar & Myint 2012). THEbA T ARG Al HT &
AR Al AJo] QHY & o] H A eﬂﬂ 4o == A
2015}9] 0. M (Hayati 5 2016), 25 A 84 AJH A%
0.2% CMC2} 0.2% FHa-S H7boto] A5kt

> mlo o o

3. ®AF Aol EE §4

A FA A9 EHEH O Xk, pH, A, M,

£ Sotlon, g2 448 A" A A8 4
FAEE ARE-SHITH(Table 3).

TEES o83t §-4F Al-E(M20, M30, M35, M40)2] %
= 4533~49.33 °Brix® AFY-& T §&F A|Hof H]F) oF
20 °Brix W2QITHTable 3). S4F Al Ul TE|E9] ghko] 27}

of Wt FE7F =2 F-AHE(65.33 °Brix)2] H|&0] WolA A|
ol F=rt A o= Y 4l AL ES ARG
ol g7l 32 ZA] AXFHEE AR Choi 5(2021)2] A

9} 17v|EQl sodium cyclamate 2! sodium saccharin
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Fig. 2. (A) Comparison of yuzu syrups with different food additives (0.5%, w/v) for mixing preserved yuzu and yuzu
juice, (B) viscosity changes with different amounts of CMC and xanthan gum addition. CON: normal control. CMC:
carboxymethyl cellulose. XG: xanthan gum. HPMC: hydroxymethyl cellulose.

Table 2. Viscosity and non-homogeneity by types of food additive

Preserved Food addictive (0.5% w/v)
Control
yuzu cMe? HPMC?  Xanthan gum Guar gum Pectin Gellan gum Arabic gum
Non-homogeneity ND 0.74£0.00°  0.29+0.00°  1.03+0.10°  0.14£0.00°  0.1940.02"  0.85£0.00° 0.95+0.01"  1.00+0.02*
Viscosity (cP) 866+2.00° ND 150+0.00° ND 642+2.00° ND 950+2.00" ND ND

) CMC: carboxymethyl cellulose.
2 HPMC: hydroxymethyl cellulose.
*Means+S.D. within a row with different letters are significantly different (p<0.05).
ND: not detected.
stevioside® AHg3te] FErb e Foph Me AR pHI} AFZO| Fol7 fojHolA] ket FS ek uf, pH
Comrea 5(2011)9] A7 FASITE 2HL o183 44 A 9 AEE DB BT fA4FS FTFS WL AR
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o} 23 o] =25 A Gk STk S E
A=, E3] G503} G55%= 27} 63.67, 64.67 °Brix2 AFd-&
A8 82 AR GE7} 3.5, 2.5 °Brix WK Table 3).
pH7} 2.46, AH 7} 8.83%21 GAIE0] 30% A7tEE &
E QA AF 9] pHE 2.61-2.67, A= 3.79-4.76%% AFU-S
AG A AEES pHE 1 A Wi, A=
TH(Table 3). Lee & Kim(2004)2] S1Lo] wp=w

1~1.7% =Sk
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Table 3. Quality characteristics of low-sugar yuzu syrup products with maltitol or grain syrup
Sugar content Acidity Color Viscosity
(“Brix) pit %) L a b (cP)
Commercial” 67.17+0.29° 3.69+0.00° 2.98+0.03f 12.04+0.03"  -2.20+0.08" 4.53+0.30° 1,018+2.00°
Preserved yuzu 65.33+0.29° 3.35+0.03¢ 1.39+0.03' 13.02£0.01°  -2.18+0.01" 4.85+0.06 866+2.00'
Yuzu juice 10.50:£0.00" 2.46+0.01 8.83+0.03" 3478+0.01°  -3.94+0.032 12.2+0.06" ND
Grain syrup 78.33£0.29° 5.14+0.00° 0.3320.03' 8.14£0.15" 2.9240.19° -3.5£0.59" 1,31842.00°
M20  49.33+0.58° 2.67+0.01¢ 3.79+0.29° 12.9240.01°  -2.1440.02° 2.07+0.03¢ 938+2.00¢
Yuzu M30  47.330.58" 2.65£0.00" 4.10£0.29° 12.78+0.018  -2.14+0.02 1.99+0.01° 873+2.31"
n;ilifl M35 47.00£0.00" 2.62+0.00' 4.49+0.00° 12.70£0.01¢  -1.93£0.01° 1.04+0.01¢ 833+6.11
M40 4533+0.58¢ 2.610.00' 4.76£0.29° 12.62+0.02°  —1.91+0.02° 0.78+0.01¢ 786+2.00F
G50  63.67+0.58° 3.10£0.01° 2.4310.58¢ 6.70£0.05°  -0.37£0.11¢ 0.330.12° 973+2.31°
Yuzu G55 64.67+0.58° 3.23+0.01° 2.00+0.58" 6.65£0.03' 0.26£0.15°  —0.09+0.06° 1,073+2.31¢
Sg;il; G60  65.000.00° 3.68+0.00° 1.910.01* 6.0520.02 0.23+0.17°  -0.56£0.06"  1,422+6.11°
G70  67.33£0.58" 3.7940.02° 1.49+0.58' 4.33+0.04 1.1120.12°  -227+0.15%  2281+2.31°

" Commercial: commercial sugar-free yuzu syrup.
“"Means+S.D. within a column with different letters are significantly different (p<0.05).
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Table 4. Free sugars content in low-sugar yuzu syrup products with added maltitol or grain syrup

Free sugar (mg/g)

Total free sugar

Fructose Glucose Sucrose Maltose (%)

Commercial” 72.90+1.46° 100.00+1.00° 167.50+3.35° ND 34.08+0.68°

Preserved yuzu 87.80+1.76" 132.00+2.64° 266.50+2.67* ND 48.69+1.46°

Grain syrup ND 44.30+0.89° ND 215.84+6.48" 26.01+0.52¢

M20 26.20+0.52¢ 44.10+1.32¢ 7.03+0.35 ND 7.7440.39"

Yi’?zll M30 18.300.55¢ 33.00+0.66° 3.48+0.03° ND 5.49+0.05°
maltito

syrup M35 13.90+0.28" 26.30+0.53" 2.21+0.04° ND 4.25+0.04"

M40 9.83+0.39" 20.70+0.83" 1.55+0.03° ND 3.2240.06'

G50 18.00+0.18¢ 30.70+0.61° 12.39+0.37¢ 40.20+1.21° 10.18+0.07¢

Y“?“ G55 17.50+0.18% 29.90+0.60° 12.71+0.38° 39.08+2.74° 9.93+0.30"
aim

fyrm p G60 16.50+0.16° 28.90+0.58° 10.76+0.11¢ 42.21£1.27° 9.84+0.30"

G70 11.40+0.348 23.00+0.468 6.08+0.18" 46.79+1.40° 8.74+0.26°

Y Commercial: commercial sugar-free yuzu syrup

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

ND: not detected.
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Fig. 3. HPLC chromatogram of free sugar content in
low-sugar yuzu syrup.
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Fig. 5. Analysis of electronic tongue characteristics in
low-sugar yuzu syrup.
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Table S. Functional characteristics of low-sugar yuzu

BRgs} - olmf - Qofe - £ - 5] FFAEGIHLA

syrup products with maltitol or grain syrup

DPPH radical ABTS radical

Total Total - ) )
o o Flavonoides (mg/g) scavenging  scavenging
polyphenol flavonoid activi activi
(mg GAE"  (mg QE? " e
/100 g) /100 g) Narirutin Naringin Hesperidin Neo- (e (mg
& P hesperidin /100 g) /100 g)
Commercial?  15.0040.28° 122.44+7.08° 14.58+0.58°  437+0.17°  12.15+024°  5.87+0.06°  31.62+0.11°7  41.49+0.03°
Preserved yuzu 32.54+0.96° 130.6442.21° 24.89+025"  7.84+0.16°  17.29+0.35"  6.92+0.07°  33.54+0.45"  46.28+0.51°
Grain syrup 6.26:0.66"  23.15+0.63¢ ND ND ND ND 37.9846.56"  32.67+0.08°
M20  10.23+045°  88.93+2.79° 12.56+0.25°  4.20+0.13° 9.48+0.28°  4.0240.08°  15.11+0.41¢  20.72+0.28"
Y;l?“] M30  8.30+0.22%  71.74+3.93% 10.83+043°  3.28+0.07° 7.6740.15°  3.33+0.077  11.87+0.52¢  17.59+0.062
maltito
syrup 5 7.13+033%  59.17+41.81°  8.00+0.24%  2.36+0.05%  5.88+0.18%  2.68+0.05"  10.55+0.32%8  16.37+0.17"
M40  637+0.09"  52.624238F  7.72+0.15%8  2.26+0.05% 54640055  2.55+0.05" 9.63+1.168  14.78+0.22'
G50  12.60+0.33°  73.18+3.33%  11.80+0.24%  3.60+0.04° 836+0.67°  3.59+0.14°  75.01£5.15%  34.05+0.32°
Y“?u G55 11.47+0.09%  58.3043.46° 10.40+0.21°  3.12+0.12° 734+0.15°  3.2320.10°  97.39+548°  33.9240.08°
am .
Sg;mp G60  9.93+0.77%  57.78+4.53°  9.37+0.14"  2.51+0.08" 6.67+0.13"  3.01+0.12¢  99.88+1.05°  32.71+0.14¢
G70 8731377  48.81+4.09"  5.88+0.12"  1.72+0.02" 491+0.10"  2.4040.10' 103.6143.16°  31.25+0.20°

Y GAE: gallic acid equivalent.

P QE: quercetin equivalent.

% AAE: ascorbic acid equivalent.

9 Commercial: commercial sugar-free yuzu syrup.
*“Means+S.D. within a column with different letters are significantly different (p<0.05).

ND: not detected.
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5 UElEE. DPPH 20i2 2752 M3s, GssolAl 742t
10.55, 97.39 mg ascorbic acid equivalent/100 g© & L EFFO
o, 53] G552] DPPH &tz &7 A& 749 +4
Aol B8l oF 3uj7hg 2 E4dol ATt ABTS &HtZd &
As2 M35, G55°14 Z+ZF 10.55, 33.92 mg ascorbic acid
equivalent/100 gO & UElGTH ZAitHoz EA3 7|54
E4o] 7iAE TEE 9 23 §4F AES A dAARE
A AT FA AEoE AREE 5 U AARRETE TR 0]
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Abstract

This study examined the quality characteristics of 10 different lines of native peppers collected from organic farms in Chungbuk
province. The study found a strong correlation between the redness (a*) and ASTA values, which both contribute to the perceived
quality of peppers. The highest values were observed in the Iyugsa line. The content of capsaicinoid and beta-carotene also showed
a positive correlation, with Chilsungcho having the highest statistically significant value. While the total polyphenol content did not
correlate with the other indicators, Chilsungcho again had the highest levels. The Yuwolcho line exhibited the highest ABTS radical
scavenging ability, while the Eumseongcho line showed the highest DPPH radical scavenging ability. Taking into account the overall
bioactivity quality, Chilsungcho had the highest values in terms of total polyphenol, beta-carotene, capsaicinoid, and redness. It also
had the second highest total flavonoid content, ABTS, and DPPH radical scavenging activity, all statistically significant. Therefore,
Chilsungcho can be considered an excellent choice when considering physiological activity. Furthermore, this study provides valuable
information about the unique characteristics of these 10 native pepper lines, which can assist in selecting the appropriate pepper
for food manufacturing and serve as a helpful resource for future research.

Key words: native pepper, Chilsungcho, capsaicinoid, ASTA values

M = A (Lee 5 1995), AL (Kwon 5 2005), HAZ7} a7t
(Park 5 2010) 5-2] Tt 754 7HIth 125=9] w5t

21 3(Capsicum annuum L)= 7HA|Zof| &ot= ohE Ay 2 = F& capsaicin¥} dihydrocapsaicin /320l 7]<15HH, 15=
=2, EuztolA 7 Eol XHHHELE U AEolH, A Hieot Ao wet AF AARY Z8=7F Hdeitt
%—‘?:_.ﬁ.%” o] 1Ayt 71x] o] = YaF 22| &gk §lo] (Kawada 5 1985; Chiang GH 1986; Nam 5 2020). 3t 7|5
M= kgl A4 7 o] th(Hwang 2014) T27F 7RI Q= d EEEAY capsaicinZ 115-9] tj LTt AJEo|HA FAlo]
A oFatA] 7]—1] 2L vjghyl ¢, 7712 Byt ofyeg} carotenoid, A, 5543 53} 485 A (Park 5 1999), @5 A&
quercetin, luteolin & capsaicinoids®} 22 H=4 SIHES th 7HH 4 et aE Yedl= Ao g dEA Ark(Surh
% RSEIL Qlo(Byun 5 2016), O] AEER QI A 5 1998; Jung 5 2011). EFF 3159] M= carotenoidF &
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7¥otA] Et o = v A ot 139 FAWP L F=
o 94 F AN40] WAAHES 1 Aa R B
ZQ93t 94 £ Slyo|th(Hwang 5 2014).

TEE A SRR APt Aok HEES
S 717Foixdol Qs Aol EEbA]7] wieol i E= Wi
A FFol Bol ML= Ao} ot v, EFT
= AARE Syt 4 A oA AulE o] grout o
ojuf ghA ] FeFstal A4 ol Atk o= FSAHY
oA viA| =o] rh(Hwang & Chung 1998). SHAIEE, ZZoll=
T g, FUA 80 584 9 7E 2500 A
3t 59 olfE EFIF FA| Hitt #Ale] F7kskal o
th EZSIF 5 FF 55°] Holl, 7 A7t gol |

of] ot o= Qs AHAFA AL} =Y o= A
T7F 153 APE]o] ghon, olQox HES F4oE o
5 A7 A= o] gt vt EZAS= 59 A
gt g 22 ookttt M gk 59| 4 EA4S 1EItH
B} o 7|#@o|Ao] A7l HQslth(Hwang & Chung
1998; Jung 5 2011).

webA B A4s S5 4 A QoA §752 2 A=
= EZIF 10350 et M=, FHE, HertEd 9 A
i8S Brtelelon ol Z3E E8olo] gor S5
o] 2L EARE ORI 7ML FRIsiE 1At gich

FEd

M= 3 g

0

1. A" Mz Y A2

2 Ao ARH EF 15 5 AY f71s 1F
s7tolA At AL =, 2023\ of 2kt A 9]
374 2(S1-7082, Shin Heung Industry Co., Cheongju, Korea)
£ 45ColA 2A1ZF AZ AL, BAE AATT F 24715
o]-gsto] 12 mesh Fr= FA AUth EHT IFA =9
g BALS Bdk 10 g2 60% oS 90 mLE 24|17
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of. HEIEE 240 ARESE HEFIREE BEE(=95%
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(normal-grade)& AM8-6F] O™, FeFS gt 7|7 24 o)A A}
2= n-hexane, ethyl acetate, chloroform, acetonitrile, methanol->

EAzA} 81

EFAIHHPLC gradeyS ARE-5}Ath. Capsaicinoids 70|
o]-&% HEFEZI capsaicin?} dihydrocapsaicin Sigma-Aldrich
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HPLC 53& 7eIsto] AHgataich

A2 A AMX}A| (CM-3500d, Tokyo, Japan)S o]-&
S35tk 10 g9 R4H A|RE petri-dishol] Fo} 33]
ST o BS FIoto] Aitellod, o= ¥k L 4
(lightness), 2 &= aZf(redness) 1211 FA = bgk(vellowness)
o2 YeRfQict &M Amol 7k 1-96.89, a=-0.07, b=
-0.180] 34}

3. ASTA ¢t &3

ES30] H2 2 ASTA(American Spice Trade Association)
color value®= 73ttt ZF 15 &4 A& 0.15 g2 200
mL flasko]] 237 100 mL acetoneS A7}ste] 16A17F &<t oF
a0 FAT & F5HS EYstitt. FEE-2 Whatman
No. 2(Whatman, Maidstone, UK)E ©]-&35}o] ofI}st & 100
mLE -85} 460 nmol| A SFEE S75kIch ASTA gk

o the BAS Fasto] AESIYOH (Hwang 5 2011), &
£ AR 33 U Ay,

ASTA color value=Ax16.4/W
A: absorbance at 460 nm, W: sample weight(g)

oot 0

ZF2 Amerine & Ough(1980) B
Aot EFASF 58 50 uLef 2%
Na,CO; 1 mLE &gtsto] 38 52t A3 &, 1 N Folin-
Ciocalteu’s phenol reagent(Sigma-Aldrich Co.) 50 pLg &3s}
of 302 &t BFEAIZ . HHg-19] S35 FH2 750 nmof| A
SHoty, APAHL EFEZ gallic acid(Sigma-Aldrich
Co.)5 AM&3sto] ZHd5H3Tt F2 mg gallic acid equivalent
(GAE)/g(dry basis)= IA|5} Tt

2t H 10| E 32 Chung HI(2014)9] HIH-E ¥ F]
FstTh EE 1% =25 200 plo]l 1 N NaOH 600
diethylene glycol 4 mLZ 7}5Fa] 37°CoA 1417 St
AlZLF, 420 nmoflA] BESA 9] 8= gh2 SA5HAUT
2H2 0] = FHE rutin(Sigma-Aldrich Co.) 2 AF&-5H0]
TS A5 &, mg rutin equivalent(RE)/g(dry basis)Z I
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6. Shisl M X

EZ 330 g8t &4 7o) Y8l ABTS 2 DPPH
g AASE S0ttt ABTS#HUZ AAGRe &

19992 7.4 mM ABTS(2,2’-azino-bis(3-ethylbenzthiazoline-6-
sulfonic acid, Sigma-Aldrich Co.)?} 2.6 mM potassium
persulfateS: 24417t 59 4]l WA|Ske] ABTS Fol22 3
A7l & o] §AE 735 nmoJl A 1.3~1.59] SF= Ffo] Yo
£% F5R52 545940k 345 ABTS 89 | mLo} £5
A AR 50 uLE EFsto] 3027 HHSAIl & FREE
735 nmoj| A S73FAAL, ABTS #h2 A= 712t A& H
F7HY R3S WEEE YESIth DPPH HZ 47
5(Choi 5 2003) 0.4 mM DPPH(2,2-diphenyl-1-picrylhydrazyl,
Sigma-Aldrich Co.) €9< 1.5~1.79] F4% Fpo] o=
5|43t & 3|4 € 5+ 02 mLo]| DPPH &4 0.8 mLE 7}
Sto] A2ofA 30 £7F AR & 525 nmof| A FEEE S
319t ABTS 2A 3} ubx7}2| & DPPH 3 F3t Al& A7}t
Toh HAITY FHE HolB MEL(HR LTt

7. HEPIZE 3

EZNFo HEZIEY A2 AsPHos =& &
HPLCE ©]-§sto] 45U THEom 5 2019). ALF71 A&
£ 9F 1.5 g 3} 6% pyrogallol ethanol 20 mLE 7|5t H
3027t Aavtag A% = 21 A
t}. 60% KOHE 8 mL 37 & A4 37 & &7]°] ¥4
2 & shaking water bath(BS-21, Lab Companion, Jeiotech,
Daejeon, Korea)ol| A Z&slH 5027t 70°Co| A ASIA AT
A3 F 1AZF B9t FE5] YAt =53] 2% NaCl &9,
0.01% butylated hydroxytoluene(BHT)0] E3+H F&-20f
(n-hexane: ethyl acetate=85:15, v/v)& Z} 30 mL, 20 mLE 7}
sto] Zeet ¥ FEe7E B o 3191, )2
33] Whastol AFle Fsto] WElRE e 3351
o 33T ABAS T4 MSOF EHE NS B4

SES AAT T 50 mLE HEAAt FET 59 10
L Aol Aaskrz BUE AR T Aeed)
(acetonitrile:chloroform=6:4, v/v) 1 mLE 7}5}o] A|-&3fAct.
0.45 um PTEF syringe filter(Whatman, Clifton, NJ, USA)Z =}
ST #2902 olsistol HPLC B4 AR ARgSHTt
HPLCE AL E-E337Z7](1290 Infinity, Agilent Technologies,
Santa Clara, CA, USA)7} 91+ HPLC(Agilent 1200 series) A]2
g2 ol&stlon, A9 35T 2L & FA513rh A2
F53HE719 o2 excitation T 473 nmE 0]-8-51% 2

, o]FAFO 2= acetonitrile:ethanol(7:3, v/v), 52 1.0

sonicationg

Ab=0j O
o 1=

el
T

=
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= o] .0
&S
=Xe}1]

o
-

o)
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oot
fuj

o
rl
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mUmin @ A8 5L 20 yLek

= st
|

213

o

Eo.l:
Hol| we} EFI1F0] capsaicindt
4o PR EFE A% A
= 1 g@} methanol 40 mLE £%5}9] homogenizer(HG-15D,
WiseMix™, Daihan SCI, Wonju, Korea)S A}8-5j 287+ wyt
sto] FEshict. w23F & Whatman No. 25 ©]-8-519] 100
mL volumetric flasko]] o]3}SF ¥ methanol2 -85}t of
= 738313t &4 1 mLE F5to] 0.20 um nylon syringe
filter(Whatman)2 SHH ¢ o5}ttt H4-2 HPLC(Agilent
1200 series)E ©0]-8-513ith 42 ZORBAX Eclipse XDB-C18
column(5 pm, 4.6x150 mm, Agilent)& ARE5l O™, VWD
(variable wavelength detector) detector(Ex A 280 nm)& ©]-&5
o] A&35}9tE HPLC AL 0]5A0 2= acetonitrile:water:
glacial acetic acid(60:39:1, v/v/v) 279 &HS A5},
flow rate= 1.0 mL/min°| Y, A|29] FUFL 20 uLFHch

T H O

M

8. ZHAIOIA| O]
Hwang 5(2014)9]

dihydrocapsaicin g -

H A
==

9. SHNzZ

HE AP ke Agsilon dite Hu+EEuat
(standard deviation, SD)Z UERH & A 54].2. SPSS(Statistical
Package for the Social Science, Ver 12.0 SPSS INC. Chicago,

IL, USAYE ol&otT, SAAS visty] 9l deujx]
HAEA(ANOVAYS AAE & 247F 7ho] Qojie
ANz

Duncan’s multiple range test® p<0.05 $=Zof| A AZ35} ).

2 o

M

a

1. M= 31 ASTA 2t £3

S5 FAatollA A= Q= ESTSE 1050 High M
4 ASTA g A3= Table 19] YEFYQITH EZ 13 A%
7 ML Fhe 48.03~52.24 3HO] MR e, M E(a
ZH9 AL+= 16.22~20.43, (b FH= 11.50~15.89%2 L}
Ebdth BEo B9 QolauF(s2247 7MY w2 we U
EFRAL, R 248.15), SR dZ248.03)7F 7MY ofEA
vebgow, 2450 tigt §-94el Apol= gt Lo
ol EHd /M F8% 84 HNEO] AHe, AAY
(20.43), ©]%AK20.42), FHLFZ=Z(19.77)7}F 7V =2

iE_]

2P Lo

S YERT, B0 @i SR (18.56), ALE(19.02), O
Hjo] T3(18.68)2 UERYTH 71 AR B AL Qo]

13(16.22), FEZ2(1646) D 25%2(16.75)2 UEhch &
M| A9, AMES] Fe g YW, Q0| 1R(1589)7t

Hi

o oz vebrthp<005)
ASTA= American Spice Trade Association®] 9Fo|=, 113
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Table 1. Comparison of color and ASTA value among 10 lines of native pepper grown in Chungbuk province

&3

Sample L* a* b* ASTA value
Eumseongcho 48.76+0.05°) 18.56+0.195¢ 12.27+0.12° 111.13+£0.47°
Yuwolcho 48.15+0.27° 18.09+0.35¢ 11.5+0.37° 65.40+2.15°
Cheonglyongcho 49.21+0.40°" 16.46+0.44° 11.64+0.48° 89.36+2.26°
Chilsungcho 49.3620.12° 20.43+0.24* 13.97+0.16° 98.11+2.33P
Oigochu 52.24+0.54" 16.22+0.23° 15.89+0.35% 22.88+0.50°
Sageuncho 49.81+0.205%¢ 19.02+0.39® 13.63+0.36%¢ 96.89+3.44P
Ulleungcho 50.20+0.41° 16.75+0.67° 14.03+0.65° 35.35+1.55F
Geumpachwangyanggagcho 48.03+0.16° 19.7740.11% 12.10+0.26° 96.12+3.91P
Anjeunbaengl 49.07+0.09° 18.68+0.16% 13.110.16° 102.80+£11.09¢
Tyugsa 49.43+0.29° 20.42+0.36" 13.7240.40%¢ 148.91+7.95%

D Each values meantS.D.

AGvalues with different capital letters within a column are significantly different by Duncan’s multiple range test (p<0.05).

o} 22 gilRe] MArE 24t BETS] Hgt A X0l
3}, Wpo) 7o} AES UERRE Zholth, ASTA e 72
T30 olgy BAL AUsHE © AGE D, 0~160714]9]
HYE 71X 911, o|& natural, extra light, light, medium,
dark 5 5~67119] A= FEET, ASTA glo] 255 H2
A40] ol W2 A2 2uldtth(Lee 5 2007; Hwang 5
2011; Hwang 5 2014). ZjAto|A AejE]1 Q= EET13 10
29| YAl ASTA #H2 86.709] = 7HAH, 7MY &2
2 o]LAME 14891 FHE BN, 11 tEoE A%
(111.13), Qo] 732(102.80) <=0 & LrobA 1, 7P we
P2 Lo|AFZ 22.88 g2 UE, 74157} & Aol7k A
29 o % It} ASTA S AEAR 243 AMTet v
S19e u, M TS Aol o %A, 71 e g 2ol
2 et A 598 A7EIR Kol Ao, 4Awo}
ASTA 7k] 4TS Lrehdl Table 29} 2] ATHAS®)
7} 0.7472 A7} 0 ASTA & &Thy —g 4> Qlth
Hwang 5(2011)9] -0 wh=td, ASf 115:9] ASTA g
A A o] whet 76.54~139.579] GFFt MHE HERHTAL
SI9LTL, BAL TE7150] ASTA Fro] 15 BE7 A
2| o] wte} 60.5~183.47HA] AFolS VEPATIY B 15 o7
(Choi 5 2000)2} &2 AL} FARE ATE YR

2lmlE, & Saksic0|S Bz alCiz A% 3y
% Aol A 71502 AHET e ESTE 105
o oj 2 Zdg s, & Sk o|lE g g —G‘PA}_—Q]- ShA
A Table 3o Uehisic WA, & el U
1,874.33~2,500.32 mg% ¥FS eI 7}?]*3_7}_(2,500.32

mg%)9t FeHio] 113(2,486.63 mg%)7t X H o2 71

r°1' L 0})I'
1- L de

olfém

&2 FHFS UEPI, o] SA} 1,874.33 me%E 7MY RS
FFe Uedloy SAHoR foldt Aol= glttal YEr
Wtk o202 F Eethleo|E RS 321.72~640.06 mg%
i 3, Sz (640.06 mg%), LHjo] 13

(628.15 mg%), S 2(608.79 mg%)7} G-oHo T 7 =o
TFS UErlon, o3 o2 A4zt 55887 mghZ w2

< UERT iR g o g Qo]
< & YEd, 7
T2 Ul Suigd 2ot Tl Aol
o &35t HEIEH T
HEE ABASFR)7F 0.882(p<0.01)

o=z 7

LolEg

7R =0 54*

313(321.72 mg%)7t 7214
Zaly Lo|T ot

Hr ESE

AR (Table 3)8 41
SEolA el BA

A=A}, o]9lol & & Betw ol FFS AL I 7
Aol Aol E BF, ASTA Fats FO] BAVE Bt &

o] FANAN w2 ABATE R H(Table 3). Lee 5(1995)
o] Ao W= FF, Aol mE E2dls 42

o_'q
of TSt W Aol 4L 4

1059] ABTS 27 A71%-2

il
=
o

ot B35t EEOL
L LEL

FARE

60% EtOHO]| 108] 3]4]5t0] 243t Au}, SUZLE 90.98%=

7V $3t ABTS 2HHZE 27 /445 YeEi o2
2 AE2(83.95%), AAZ(81.66%), 24 %(78.83%)7} =
< 4= HA, Al ASE FoARl Aol ISl AR
Z(72.50%), 222(71.07), 2Ho] 113(72.85%), O|SA}
(67.98%), 20]113(68.74%)= 71 R E4do] UEhT
DPPH 2}tz A7 59 AL E3F 113 A EE 60% EtOHO]
108] 345t AMgatlch Aats 3A%(82.60%)7F 713
A Ui, YA A 07J°11~ oAl Zpol= @l
Yi 5(2019)0f] W= 150] 541719 FFO whet A
3} &do] 211, ABTS 574y} DPPH 44 719] &5
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Table 2. Correlation analysis of experimental results

ABTS DPPH
ASTA Total Total radical radical

= a* b capsaicinoid [B-carotene value  polyphenol flavonoid scavenging scavenging
activity activity

L* 1
a* -0.4461"" 1
b* 0.899"  -0.068 1

Capsaicinoid ~ —0.544" 0.792" -0.184 1

B-carotene -0.383" 0.772"  -0.066 0.536" 1
ASTA value  —0.546" 0.747" -0.368" 0.386 0.670" 1
Total polyphenol -0.154 0.136  —0.140 0.038 0216 0.149 1
Total flavonoid —0.596" 0.708"  -0.321 05157 08827 06457 0396 1
Sca‘:fn Tgisngraiiiity ~0583  -0045  -0687° 0223  -0242 -0006 0290 0010 1
DPPH radical o003 —0000  -0096  -0090 -0053 0049 -0049  -0.044 0262 1

scavenging activity

Y The number of asterisks indicates the level of significance: one () signifies a significant correlation, while two (") indicates a highly
significant correlation.

Table 3. Comparison of antioxidant activity (ABTS, DPPH), total polyphenol and total flavonoid content among 10 lines
of native pepper grown in Chungbuk province

Sample ABTS ra@igal DRPH ra(?ic.al Total polyphenol Total flavonoid
scavenging activity (%)  scavenging activity (%) (mg%) (mg%)
Eumseongcho 78.83+1.115Y 82.60+10.25" 2,404.50+273.87*8 608.79+£10.39*
Yuwolcho 90.98+0.37* 70.41+4.328 2,114.74+211.77°8¢ 415.51£23.60°
Cheonglyongcho 83.95+1.67° 71.84+6.018 2,310.68+263.428¢ 406.10+£12.42°
Chilsungcho 81.66+7.39° 71.44+2.388 2,500.32+411.60* 558.87+35.45"
Oigochu 68.74+4.23F 71.50£1.008 2,059.55+199.28"8¢ 321.72+16.18°
Sageuncho 72.5020.66"" 67.87+3.715¢ 2,334.08£193.89AEC 516.95+3.73¢
Ulleungcho 71.07+1.20°" 65.35+7.655¢ 1,936.69£130.69%¢ 411.25+43.95°
Geumpachwangyanggagcho 75.75+1.09P 68.242.985¢ 2,107.68+161.97°5¢ 640.06+20.24*
Anj-eunbaengl gochu 72.85+0.96" 60.00+1.14° 2,486.63+394.80* 628.15+17.85%
Tyugsa 67.98+2.57° 67.67+2.425¢ 1,874.33+53.07° 493.14+19.96°

" Each values meantS.D.
AEValues with different capital letters within a column are significantly different by Duncan’s multiple range test (p<0.05).

2 Aol A9lom ABTS SHHOR SHA 22 F4 ol V|l A0 FHEG
SF 29€ dehdeha R olw dike 3% BF
T2 A ABoAE SHelEgith Yoon —0—(2010)4 AT 3. HIEIZIZE &M

o] WEwW x|, H]7}e S9] Auj| ¥FA] 7ho= 1139] 3FAF H e 2Rl 7ot Hatsl avtiiat ofuz) gkt 9 &
3} Aol A R4 2ol rEhtA] ektAIeE, H5 1kl 13} 5] &4— 7P QIEAL R (Kim 5 2009). 215
Zpo]7} QUekal HustQinh whA] 2 AFtoA e EF 1L
1059] 4SBT Aol BB MILY BAS T oF chede] Duct weblEse] SRl ek &

[¢)

o

¢

4NI fr
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QltH(Marin 5 2004; Matsufuji 5 2007; Ornelas-Paz 5 2013).
EZE 1050 et HetEE g2 Fig. 19] UEhf 3l
o} Hel72 8 9] Y9 6.03~18.80 mg/100 g & 7} =&
oFE UEd S8 2s 7P B2 X9 37t
T AolE YElth s R o= 100 g F A4
% 1720 mg, QF2Hfo] 1= 1588 mg W S % 15.55 mgS
e, 471 57 Atolole R4 <l Afol= gtk 7H
W2 g et R8T ofyEt HF % 7.30 mg/100 g,
Q0]11% 7.50 mg/100 g, SE% 7.70 mg/100 g&= FojH o g
7P @2 3 e Bt o] 15TkRe] A Iy
t]o]E(RDA 2016)2 A E ™, 100 gof 13.94 mgO. 2 HE 1l
skl et 2%, AAAZE, SRS Ax, 2ol € o]
FAbE 71&9 BaHYg oA w4 AEEHJAL, YHA| 55
2 232 g2 Usy 159 HepptEde vehE, 23
ot AE el oH, 595 4 5 5= HEFIER
Stefo] &2 Hoj &35ttty B 15 thHEom 5 2019). H|E}
7FE” I M e, JALo|A| o] E, ASTA g, & ETtH 0]
T oFg O] A A|(Table 2)5 A EH AFHASR)7E 2+
7} 0.772, 0.536, 0.670 2 0.882(p<0.0)E k2] A7} L=
of Hlg7tE2d o]l EoW HMIL, FALoJA|o|E,
ASTA 3t 9 FESH ol ggo] =t T 5= Ut

4. ZHAIOIA|0|= EtEk

A M9 g AAoIA Ol F Aol Al
clstol =2 AAto]4lo] 71 QIgHEaL Bnsl 3 9L, v ekl
R Bl e R0 neh 4ELAR0] BEEIF T

18.80 A
2 17.20 %8 1588 °

15558 ‘ 14.88 C

1275 ¢

7.70 ©

o

w
o
=l

6.03

B-carotene content (mg/100g)

Eumseongcho

Yuwolcho

Cheonglyongcho
Chilsungcho

Oigochu

Sageuncho

Ulleungcho
Geumpaehwangyanggagcho
Anjeunbaengi gochu

lyugsa

Fig. 1. Analysis of B-carotene content among 10 lines of
native pepper grown in Chungbuk province. “"Values with
different capital letters within a column are significantly
different by Duncan’s multiple range test (p<0.05).
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A 4= QJth(Shin & Lee 1991; Jung 5 2010). WetA EET13
1050] gt YALoJA| o] & F FYAto] Al Tfsto] 2 FYAL
14 s EASITHFig. 2). WA FiAte]4le] W=
0-890.97 ppm©.2 7V 2 Feke e W zoRs v
2 Fgxe QojuF= A AEHA It E3 H5t
ol=gZ7Ato|Al9] T2 0-450.68 ppmO.Z FiAto] AT} ZF
o] 7FF &2 TFS el E5L XYL, HE2S
Q0|uFE HEEHA FUth F PYAoJA kol B X
7} 1,341.65 ppmO.2 7MY 2 £AE UEL, TR
SHGFAZ7E 1,064.89 ppmS UEITH SEHSAMER
9] 7|&0 & mj2uts 5FS AFEY 150 ppm o]ot= &

%,

O

[©)

v
Stk 150~300 ppm EE w29 300~500 ppm g Uj-&Y
500~1,000 ppm -5k 2 1,000 ppm ©]/F2 w3 w25k
2 Ut 1o m(Ahn 5 2022), o]¥ 7|l & F4ofA
e ESISF 1052 EFolEd, 4z} S
Zrx= vl Wit SR, R, AR, 255, g2
o] % ol R AFE Thee] S3tvl, iAoz HBESt 9ol
oA B 2 A e
28 8517, et

B2 2ot AR
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S ARgatE 2 Aol Aol A o] =9} oF
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STA Zte o FuA 7T debgen, B9
JHEA7E 7 UeRdTh(Table 2). wh2bA 243

BAE S3A 150 FEEY F AR, T2

fe i 1o e X g o K
(o]
O
Pl
)
HT s

ille
o)
o)

)

>,
bl
1o
o
r

1,500

1-341I~55 A H Capsaicin ® Dihydrocapsacin

Y
o
S

1,064.89
994.00 B¢ I
893.76 ¢

©
=3
=3
W

619.65 0637.86 ©
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Fig. 2. Analysis of capsaicinoid content among 10 lines
of native pepper grown in Chungbuk province. “"Values
with different capital letters within a column are significantly
different by Duncan’s multiple range test (p<0.05).
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ehatcol=, WelRE %
A%t Aee & 5 At

HAPA| o] EE =2 ARy

T O vV

2 ATE % B9 A% STH ANG EFF
o2 ANl B, AT B, ASTA 7 5
& BAste] £33 A% o) §Y S48 2

E(a*)2k ASTA %k% *J%%ﬁl = —thﬁH =2 TGS SIS
Pl F 3 BE s 1 ol sArt AL =
A2 et BeINols 95, METEd Ui
o oFe] JRPAES e, Y427t BAHCR 7}
e Bolth & 2euli U B O A ES 4T
2 Holdl o} n/NE AHETt MY B TR
Btk ABTS 2t]d AA45L G927t /M 22 BA
Boon] DPPH 2t 2752 4 g
Hoh Z3HF oz gy & =
27t & &9, WiEhRE, ZAfol Aol E,
oM SAHCE 7H 2 #E UEUL 1 99 F
Holt 3F, ABTS @ DPPH &tZ 4A7A5 &4 E3H
AXoR FHAR %2 A5 HEl] W2of] =gy
oA et EF TS E.iog goEn & A7 EF
TF 1055 1/e B4 JEE ATTCEN AF Az
A AR 15 BES A
ot Aol =gol 2 A2
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Changes in Sodium Content by Type of Jangajji and Length of Storage Period
-By Applying an Analysis Technique to Differentiate Solid Ingredients from Seasoning Liquid-
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Abstract

This study aimed to provide an accurate estimate of sodium intake from jangajji by examining the changes in sodium content
according to the type of jangajji and the length of storage period, specifically differentiating between the solid ingredients and the
seasoning liquid. It focused on six types of jangajji: chili pepper, perilla leaf, onion, radish, garlic scape, and cucumber. The sodium
content in the solid ingredients and the seasoning was measured using a salinometer and ICP-AES. The results indicated that across
all types of jangajji, the seasoning liquid consistently contained significantly higher levels of sodium than the solid ingredients. When
comparing the sodium content measured by ICP-AES with that from a salinometer, the salinometer readings were significantly lower
for both the solid ingredients and the seasoning liquid in all types of jangajji. Additionally, when comparing the sodium content
of the solid ingredients with that listed in the nation’s representative nutritional databases, a substantial discrepancy was noted, with
some cases potentially overstating the actual sodium intake from jangajji. Overall, this study suggests that an urgent review should
be conducted to identify and resolve the causes of such discrepancies and accurately estimate the actual sodium intake from jangajji.

Key words: jangajji, sodium content, sodium intake, salted vegetables
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%OJi% B3 5 Qi) 2021 FUFYFEA Ao
H Aot 7 T T, AAOH, QolA], aFAot
ForHA = TRt fafk 9 oj¥iF 59 sAHE Aw Z‘L FutgorR 7F A ARFSolM HFTol & Tl 4
E gAY 220 Fol= S AR XY= 3 T E0 7 ZAE QI tH(Korea Health Industry Development Institute
A & AUl o s45ke A% TR AlFo|tH(Oh CH 2021).
H]

2017). AEFE BT GolAL s, VIS FAY U0 oAt AXMAo] g o] ol
o Froti WaSH £4IYS AN 4% 1S 4Y AYPopist Y 52 WA xRS ARE 240
AlA AW F4st A E EEStck(Jeong 5 2006a; Jung A2 B25k 5= 9o o] & FYAolH L thA] A Y]
52011, e 92 RHES 2% YoM S WEol A RO we 1Y, 9, 1R, A%, Fu Popy SOz

2“(— 2 1
SFATH " QS wjulth Aol ¥ dukg oz &85l E55F 4= Qlok(Yun SJ 1997; Kim & Cho 2009; Oh CH 2017).
om, ol& Fl AU 53] 5] 4 AaF HAH 0 AoHe AXTACNA LIRS LgEe] B EAIA
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Az 0] BS oA 7F Fof ThA] &, 1M, 1 59
Fo] Yol a7 o] Lt 5.09.0%% o], o=
AA(BE 9F 2.0%)9] 9F 2.5~4.58]0] Dol= 4=320]th(Jeong
5 2006a; Jeong 5 2006b; Shim KH 2012).

A2 AA 9 AYFAE At 5 A&, AE9] A
AR FUE FIA= ZUEE A e AE0 o
E 17 thKo & Kang 2014; Kim & Jeong 2016). 184 1Y
= 4% It JE TIGR o} HEF, HEY,
WgaRd 5o Jun 4% 9 Brhes, Mg e o
OFe WAL RSO A M4 AP F St
2 Hago] gt} (Yeon 5 2017; Jiang 5 2018; Kim &5
2020). ool wtet A7do]l TAlo] w2 AH|RE AloloflA] &
oo} T2 I AFY HAFHE 7|¥shs FAo] e
I em I +e® ZJAF HASHL Qe FAoIthLee &
1995; Jeong 5 2006a; Jeong -5 2006b; Kim & Cho 2009; Choi
& Cho 2012).

ojgfgl FAIE wtgsto] Fotx o EPHZ THEoA
Az 9 FHEAHY ¥ ¥ud AF(ung 5
2011; Choi & Cho 2012; Shim KH 2012; Park YR 2013; Lee
& Kang 2015; Kim & Lee 2019; Shin ‘5 2020; Jeong & Jegal
2021; Cho & Yoon 2022) 50| &4ts| o]Fojx|11 9t} E3]
oA Az Al Q=g FFH FAHRY AFRAolU 7
o|7} ¥hgsto] ot E Eshe 5 AEAY wAI7E AI71E
of met AN 24 s HEKIm & Lee 2019) 51A
U &g dRE g2 2EE gAste] HEE dEE A4
Al71E B (Kim 5 2019) 5ol tiet T4 = =obx] L At}

53] &7 F UEF A2 AF U Aoz EAck=
A AAE A5 71y, 28] ® AAF Ao &g, I 2
Fd 5= F7FotAA AFIsHA "ot Seuete] B8 AE
o] 7h5, 28 9 Al Al H7MEE HEF ARl 2
HOo = 3t of 73~80%°] E3t A: I ATHSon 5 2005). =491
A7FFFERA] AHAE =219 19 YEF HFT2
2007~ 2010 Ato]of| 4,464 mgol| Al 4,831 mgZtA] S7HAIE
UERH QI o]l UHEF A3t &85 2AsH] A%t 7
o] AT A Mol A&Z o= FZH o w2t 2020
| =219 1Y YEE AHFF2 3,255 mgQ & 30% ©]/d<]
HAAE Bl ¥F O WHKCDC 2022), 9 413] AJA XA
(World Health Organization)] QI 2,000 mgE A3]sh=
FEO|EHWHO 2012).

JEE 4% FUAES] Faket @ge nots
A= AFY RS AAHA F7F &2 EHEHE
EF ol tigt AAA FEZl B85 (Terabe -5 1980; Itoh
5 1984; Yoshita 5 2005). ]2} B &Eo] UEF HAFFS A
3] BAY 4 Yk ABAPHE doleuol Ao gut

Fon SR A7l WE HEF AT Mt 89

[
of
oS

YOI} (Lee 5 2003). 10l Ffo] AL 4
B dolgHlol A5 YES 4T WA 2ol
~ 5o] 043 oiBe nes g1 glol AR 1
HAIE ol Anghe HolE F540] Arkp
2020). Y FobAY FFEAHH o HEE T
Aol 9| AL|9h FHGE) U UES FFe B
SR A/ F2 U A4 A 43 1T o)
oPZHE o UES HHFL BRBT F5Hol Ak

ole] & Aol HE Foln S FFe AH7IZE Av]
o () TRl HEF I WS BATIY
Shoich. 3k, ICP-AESSH EAE o] 83 Hobd &
471708 A07|9k @) UES UL ¥ 25
1 3712 7129 4EGPHE doleHo|AS 08T B
obf FRE UES YFS L AT AN} vw BHFoR
W A gob GES M3 2740 9ol BARE Tefst
14 Sgiet. £ QAT Jobre] R} 47471708 ot
EF Y3Fo| WSS Aul7|9t FEERS TEIIo] BT
oA Fod e A YES HHF 5 AU}
313 T AFIFHE Holelulo| AT Fulstr] 8
N2ARE ATY Ao JYet.

BEERT
o 3 (o ot ot b

¢

e POTT

1A T Y RalY M

2 AT flste] A77] FRAFILEAH2016~2018)
oA AFele THIE A& Pobrgel Auszne 2
gE= FAEE) 575 1E6t 6579 FotH (s
Ko, UL, Skupgol, B, TheEd
oH, Qo1& BAFo R AFSHA

ARE Fotn SRE 22y E High = 54% 384
HA]AE](National Institute of Agricultural Sciences 2017)3} 3%
# A& AZ(Chun & Jung 2009; NFTRI 2015; Super Recipe
2018) 5ol &7 AE XYHE BT 2R StE & A9
AYES AR SHstol i

2. BMAIZ M=

A ARl AotR Alm Alzo]| ARSE ARl 1L
Table 13} 2} SFE oA = 0, 1, 2, 3, 4, 8FA= A%
717t Wil ZF FARE 3704 9H-87](LOCK & LOCK,
Korea)o] @ot gt 3719 HES ¥st=eS s3It ot
TaIES B43A717] fIste] ohF 59t 2o Eugt
T o R H 4T o] A stEA A 7|7e] mhE
AE HE5IA TH(Jeong 5 2009; Kim 5 2012; Lee 5 2014;
Park 5 2015; Sim & Choi 2015).
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Table 1. List of food used to prepare jangajji

Classification Food ingredients Weight (g) Ratio (%) Classification Food ingredients Weight (g) Ratio (%)
Green pepper 1,000.0 (44.6) Sesame leaf 1,000.0 (51.2)
Soy sauce 233.0 (10.4) Water (25.6)
Fish sauce 243.0 (10.8) Korean soy sauce (3.8)
[liquid] Vinegar 400.0 (17.8) Soy sauce (7.5)
Sugar 165.0 (7.4) Leek (1.9)
Pep[(izzcjlj;)g A Soju 200.0 8.9) Pe;{l};g:;g;y]l [liquid] Anchovies (1.0)
Kelp 0.3)
Sugar (1.6)
Red pepper (3.8)
Garlic 3.2
Total 2,241 (100.0) Total 1,953  (100.0)
Onion 1,000.0 (62.5) Korean radish 1,000.0 (60.5)
Vinegar 200.0 (12.5) Salt water
[liquid] Soy sauce 116.5 (7.3) Radish jangajji Soy sauce 279.6 (16.9)
Onion jangajji Sugar 82.5 (5.2) (mur) Korean soy sauce  191.2 (11.6)
(vangpa) Kelp stock 200.0 (12.5) [liquid] Vinegar 80.0 (4.8)
Sugar 66.0 (4.0
Soju 36.0 2.2)
Salted water for pickling (salt:water=1:5)
Total 1,599 (100.0) Total 1,653  (100.0)
Cucumbers 1,000.0 (53.2) Garlic species 1,000.0 (42.3)
Salt 129.6 (6.9) o Salt 200.0
[Salt [First liquid]
water] Water 740.7 (39.4) Water 1,000.0
Red pepper seeds 83 04 Garlic stem Red pepper paste 7650  (32.4)
orean Jangdjji Soy sauce 2330 (9.9
.Cucumbef. (maneuljjong) [Second
pickle (oiji) i Sugar 165.0 (7.0)
seasoning]
Cheongju 100.0 4.2)
Water 100.0 4.2
Salted water for pickling (salt:water=1:8)
Total 1,879 (100.0) Total 2,363 (100.0)
3. Zotw SR MEV|1ZHE ACT|t 2dE(FE)Q| L Spectrometer) 242 913t AAE AP F UEF &
EE ste w3l (ppm)y2 38] ¥HE A3kl Zgstet o|gA ZHE
AF7120E FotH AlmE Ao EA AY7| FE= F sLE v R gotH FRet AG7IE AY7Iet &
)22 FEst] 449 FFI g SA & gAY d&GE)el e HEE TFS F45Hch
(HMF-595, Hanil Electric Mini Blender, Korea)2 -4}|5}11 o]
A (Whatman No DNE AE FF o]l BAof] ARSI 4. ICP-AES?} HEAHIE 0|=sH E& st Zotw SF A
ot gotA FFet A7 F83E Al oF 1 g2 A5t A7(Zhd A7t FE(=E)Q LIEE &&F Hlw

o] ICP-AES(Inductively Coupled Plasma Atomic Emission
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4 A7 FIEE)Y HEF TS A=A S8%
3} ¥)m B4 Sfstel SAT AT A2 ot A
2E A7 Fd(=FE)CZE 4 AAH Y5t o|F &
=7 (Pal-Salt, Atago Co., Ltd., Tokyo, Japan)S A&5}o] Zro}
A AR HES BES 24a9t AEE 5514 245
o HRUE AL UL IS Folo] A% AECHE
SHikslRaL, o] 2R E AobA] 1 gof]l thiet AFH (= ARESH
Gtk Ao % o] AFH@ES 2542 LT 1002 B
o HES YFmp A,

5. AlZYYHE HIOIEHOIAE 0|Set Ho SFE
LIEE 22 Hlw

2 AFEHE =5 FotH 639 UES IFT U
o] HEAR] AHFIFAE dlolEHo]lA DB I FEX
T4 I7IESAFAARE AN071%, DB I 2|52 oFE<t
A AFEFAE tlolE o] 2020, DB I k=g Fst
3] CAN-Pro 5.0)0 HAH YEF T2 ¥l T4t

T2 AFoA AHEE FobH 652 AA AT E g
oF

AR 4FAONA 857} Aolo] B UEF UFS TS

6. SAHXzZ

HolA o) 7 A% FUED) 7 B UES T
Fo] Aol rest, AY7|7HE Bt YEF @] Kol
APEAH one way ANOVAYS AH§3to] 42 A%
sttt o] 5 oA gl G AL WA B
H Q] 77 (Duncan's multiple range test) 0.2 AFS AR AA|
Sloich. BE EAE Ao SPSS I & 1 (version 27, IBM
SPSS Statistical Package for Social Science, SPSS Inc, Chicago
IL, USA)Z AMESIRl o, foldd 5%= A5kl

=}

Z7} 9l ns

K

1.
EE

0

0 SRt ME7|ZH AT dE(=E)2l L
12k HiS

obr] E58 A% FAGE) Z2] 4971708
EF FFo] Wshe Table 29 2} Aoby 748 At 7|9}
FAFHE) AA B UEF FH(mg/g)2] Aol & v et
A}, 727 0bR|(14.42 vs 28.84, p<0.001), ZAAUAO}A (16,32
vs 23.46, p<0.001), Fuo}H(5.95 vs 7.72, p<0.001), F-A o}
#)(14.77 vs 22.08, p<0.001), 2.0]%](30.51 vs 45.68, p<0.001),

ok
il

I
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THs-E40bK|(12.52 vs 19.74, p<0.001)2 BT+ AT]7|Hc} gk
H&EE)NAY YEE gl FHo&E =4 Yehkrh
ol FEZAY AE FdEHEY AF7 HEF HAE
FYHog FI7HA 5 &S Bug APA+] das
Z S35 EohKwon & Han 2016). E3F 9-2]19] 44F A3
7t FAEE)S AT A7) AFE olFo it AL
1T o ojjgt A= AY7|e FEEE)S ot
A %= 7129 AFYFZE vlolEuo] A 4] Fobx] Lt
EF I ARV 99 HEE HF%HES oA Lo
T+ A AR

W, 46719 FE(=E) 449 AR7IbE YEE ¢
ol ¥isks A 23, Fig. 194X " Aotn S74E 1
Apol7t UaS AT 4= Ak 94, nFFobH|, FAot
A, iheFotH 9] A%, AT 7= A% 0724 152347}
2 Z+ZF 1.574), 1.048), 1.268] JEF gtefo] Z7stg ot
252 o] SR H = 1 S ERtE e S Bl vt
d, Fd(FHE) HEF TFHF2 AF7Ito] dojd4E
Aole AFE Bt

E3h AAGOIR Y] AY 7| 0FA A 1521714 UYE
F Aol L14d) F7stglom A% 234} o]% uu|sHA|
Aot FAEE AFS AT dubgorn o A, A
g7l A% 0320 A 15:2A7HA] YEE o] LI1TH) 5
7¥etom A% 332k o] & AY7|et Fd(FHE)Y UEFE
o 9] Aol 7k AA YEtA] EATE Q0]A 9] B, &
TEE #0943l 0 2718 23] v & 204 AXS
= 23R AE7] HEE TF2 =k 2.028] S7151
ow WHNAT)NA MAsh= 352 o] 3] UEF F
v FgotA fAEE A ok v, QoA &
HEE)Y HEF T2 07304 2527 A] = 0.878) 2
AT PRI TC)NA Aot 3FRFEE 452} Alo]
o= 1.088 F7Fotttrt 8 ol thA] 2323k9] UEE e
I FARRE £E0 2 Frashs AFE Bt olet d1E
= obH AR Al AAY S84 HANRZ R A
F7F F45H o]FolA= ARY @] A% 9 &4 27
A F7tetet7t ol B AHRSF HE o] o] Fo7l o=
A IPAIE AR 7120 A9 Jddats & s
Ast= Ao & HQItkShim 5 2003; Jin S 2008; Nakayama
& Hasegawa 2010; Jeong 5 2011; Shim KH 2012; Park &
2015; Oh CH 2017).

2. ICP-AES2t HE=HE 0|26l SHE Ao S7FLA A
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Table 2. Changes in sodium content of solid ingredients and seasoning liquid by

type and storage period of jangajji

Pepper jangajji (gochu)

Storage  Sodium content Perilla jangajji (kkaennip)
period and ratio Solid Liquid Whole t-value? Solid Liquid Whole t-value
Content (mg/g)  0.29+0.14*  31.44+1.60® 31.73x1.74° -33.556""  0.33£0.16° 30.19+2.82° 30.52+2.72° -18.292"
Raw Content ratio (%) 0.90 99.10 100.00 1.09 98.91 100.00
Content (mg/g) 10.85t1.67° 34.42+5.13° 4527+5.09° -7.566" 17.42+4.16° 24.48+4.15° 41.90+7.90° -2.081
Week Content ratio (%)  23.97 76.03 100.00 41.58 58.42 100.00
Content (mg/g) 16.99+2.72°  26.57+3.84* 43.57x1.72° -3.525"  19.90+0.46° 20.80+1.50° 40.70+1.06° —0.996
Weelcd Content ratio (%)  39.01 60.99 100.00 48.90 51.10 100.00
Content (mg/g)  15.75£1.36° 2747+5.52° 4322+6.15° -3.574  19.38+0.13° 20.74+2.09" 40.12+2.17° -1.121
Weel 2 Content ratio (%)  36.43 63.57 100.00 4831 51.69 100.00
Content (mg/g) 18.55£1.42° 30.19+0.50 48.74+£1.92" —13.388"™" 18.99+0.19" 21.53+2.19" 40.52+2.21° -2.005
Weel 3 Content ratio (%)  38.06 61.94 100.00 46.86 53.14 100.00
Content (mg/g) 18.49+1.19%  26.68+4.82° 45.174543° -2.856"  18.90+0.18" 25.84+5.67° 44744576 -2.117
Weekcd Content ratio (%)  40.93 59.07 100.00 4.25 57.75 100.00
Content (mg/g) 19.98+0.62° 25.114£2.56° 45.10£3.18° -3375"  19.33£0.16° 20.64+1.01° 39.97+0.87° -2.218
Week ® Content ratio (%)  44.31 55.69 100.00 4837 51.63 100.00
Total 14424031  28.84+1.72  4326+6.12 -14.329"" 1632+0.63 23.46+1.39 39.78+537 -8.091™"
F-value® 62.966" 2.195 5396 59.803" 3,923 3.555"
Onion jangajji (yangpa) Radish jangajji (mu)
Solid Liquid Whole t-value? Solid Liquid Whole t-value
Content (mg/g)  0.11£0.08"  10.67+0.19° 10.78+0.11° -88.572™"  0.32+0.04" 40.23£0.56° 40.55+0.52° -123.065™"
Raw Content ratio (%) 1.04 98.96 100.00 0.78 99.22 100.00
Content (mg/g)  5.95£0.30°  7.14£1.68* 13.09£1.90° -1212  16.03£0.05° 19.78+0.37° 35.81+0.36" -17.206™"
Weekc 0 Content ratio (%)  45.45 54.55 100.00 44.76 55.24 100.00
Content (mg/g)  6.94+0.01°  7.1240.15*  14.06+0.15° -1970  16.60+0.38° 19.73+0.78" 36.32+0.80° -6.251"
Weekc 1 Content ratio (%)  49.37 50.63 100.00 45.69 54.31 100.00
Content (mg/g)  7.06£0.16°  7.29+0.08* 14.35+0.14° -2229  17.57+0.46° 18.78+0.22" 36.35+0.35" -4.118"
Week 2 Content ratio (%)  49.18 50.82 100.00 48.34 51.66 100.00
Content (mg/g)  7.34+0.11°  7.20+0.12°  14.55£0.23° 1518  17.550.14° 18.29+0.17° 35.84+0.03° —5.940"
Weel 3 Content ratio (%)  50.48 49.52 100.00 48.97 51.03 100.00
Content (mg/g)  7.00£024°  7.48+1.45" 14.48+1.61° -0.568  17.65:0.24° 18.90+1.18" 36.64+123" -1.929
Weelc 4 Content ratio (%)  48.33 51.67 100.00 48.17 51.83 100.00
Content (mg/g)  7.22+0.89°  7.17+0.71*  14.39+£1.46°  0.072  17.64£0.33% 18.75+041® 36.39+0.32° —3.630
Week ® Content ratio (%)  50.16 49.84 100.00 48.48 51.52 100.00
Total 595£0.16  7.7240.19  13.67£1.59 -12.326" 14.7740.15 22.08+0.15 36.84+1.66 -69.611""
F-value” 144.626™ 6.476" 4.677" 1582.549™"  501.289™"  20.830™"
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Table 2. Continued

Storage  Sodium content Korean cucumber pickle (oiji) Garlic stem jangajji (maneuljjong)
period and ratio Solid Liquid Whole t-value® Solid Liquid Whole t-value
Raw Content (mg/g)  0.2240.09° 59.39+0.59° 59.62+0.54" —171.646™"  0.3240.05" 26.41+0.03% 26.73+0.08" -772.081""

Content ratio (%)  0.37 99.63 100.00 121 98.79 100.00

Week 0 Content (mg/g) 20.50+£3.00° 48.64+£1.71° 69.14+4.72° -14.100™" 10.36£0.42° 21.21+047° 31.56£0.86° -29.657""
Content ratio (%)  29.65 70.35 100.00 32.81 67.19 100.00

Week 1 Content (mg/g) 34.90+4.44° 39.10£1.47° 74.00£5.91*  -1555  13.0320.50° 19.51+0.36° 32.54+0.73* -18277""
Content ratio (%)  47.16 52.84 100.00 40.04 59.96 100.00

Week 2 Content (mg/g) 41.47£1.57° 42.47+345® 83.94+4.10° -0.456  14.39+0.56" 18.13+0.61* 32.53+1.08* -7.781""
cc

Content ratio (%) 49.41 50.59 100.00 44.24 55.76 100.00

Week 3 Content (mg/g) 37.88+1.35% 42.94+4.80 80.83+6.14°  —1.758  15.28+0.16° 17.49+0.24* 32.77+0.11* -13.223""
cc

Content ratio (%) 46.87 53.13 100.00 46.64 53.36 100.00

Weak 4 Comtent (mgg 40.08+1.75% 46.00+7.61° 86.0849.28°  —1315  16.03£040° 17.67+0.53° 33.70£0.92° —4.242"
cc

Content ratio (%) 46.56 53.44 100.00 47.58 5242 100.00

Wea g Comtent (mgg) 385242139 4121+1.86" 79.7343.97% - 1.648  18.20+033% 17.80+026° 35.99+0.51¢  1.694
(SS

Content ratio (%) 4831 51.69 100.00 50.57 49.43 100.00
Total 30.51£1.52  45.68+2.65 76194998  -8.594" 12.52+0.14 19.74+0.06 32.26+2.73 -79.891""
F-value® 117.715™ 9.566"" 8.527" 702.586" 1921777 46.636™
) Mean+S.D.

? Student’s t-test between solid and liquid.
3 Values with different superscripts in the same column are significantly different (p<0.05) by Duncan's multiple range test.

sk

"p<0.05, “p<0.01, "p<0.001.
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Fig. 1. Changes in the sodium content of solid ingredients and seasoning liquid of jangajji according to the storage period.
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Table 3. Comparison of sodium content of solid ingredients and seasoning liquid by type and storage period of Jangajji
using ICP-AES and salinometer

Pepper jangajji (gochu) Perilla jangajji (kkaennip) Onion jangajji (vangpa)
ICP-AES" Salinity meter t-value?  ICP-AES Salinity meter ¢-value ICP-AES Salinity meter t-value
Solid  0.29+0.14  0.98+0.00 -8360"  0.33+0.16 1.8140.07 —14.542™" 0.11£0.08  026+0.11 -1.912
Raw Liquid 31.44+£1.60 23.42+1.39 6.539" 30.19+2.82  17.35£0.30  7.834" 10.67+0.19 10.81+0.32  —0.690
Whole 31.73+1.74  24.40+1.39 5684 30524272 19.1640.25  7216° 10.78+0.11 11.080.43 -—1.166
Solid 10.85+1.67  8.93x1.11 1.667 17.42+4.16  14.59+0.23 1.178  5.95+030  5.64+0.12 1.647
Week 0 Liquid 34.42+5.13  21.71+0.81 4239" 2448+4.15  1528+024  3.834  7.14t1.68  6.21+0.09  0.958
Whole 45.27+5.09  30.63+0.81 4922°  41.90£7.90  29.874+041  2.636  13.08+1.90 11.85+0.11 1.121
Solid  16.99+2.72  13.36+1.42 2053  19.89+0.46  14.75+0.10  19.069™" 6.94+0.02  5.64+0.08  26.598""
Week 1 Liquid 26.57+3.84  15.09+0.17 5171 20.80+1.50  15.12+0.21 6.520"  7.1240.16  5.94+0.12  10.587""
Whole 43.57+1.72 2845126 12295 40.70£1.06  29.87+022  17.324™" 14.07+0.15 11.59+0.13  21.845™
Solid  15.75+1.35  12.19+0.88 3.815"  19.38+0.13  14.0340.12  52.550™" 7.06£0.17  6.04+0.11 8.870""
Week 2 Liquid 27.47+5.52  20.28+0.71 2241 20.73+2.09  14.16+0.02 5447 7.29+0.08  6.30+0.12  11.920"
Whole 43.2246.15  32.47+1.09 2.980° 40.12+2.17  28.19+0.14  9.524" 14.35+0.14 12.34+0.16 16253
Solid 18.55+1.42  14.28+1.10 4121 18.99+0.19  13.70£024  29.594™" 7.34+0.11  5.99+0.09  16.072"™"
Week 3 Liquid 30.19+0.50 14.54+0.48  39.152"™" 21.53£2.19  14.60£0.05  5492°  7.20+0.12  621+0.09 1147
Whole 48.74+1.92 28.8240.87  16376"" 40.524221 28304028  9.515™ 14.55+023 12.20+0.00  17.922"
Solid 18.49+1.19  14.37+0.52 54727 18.90+0.17  13.52+0.08  48.850"" 7.00+024  6.21+0.10 5.359"
Week 4 Liquid 28.68+4.82  13.96+0.36 4559" 25844567  14.0740.18  3.593  7.48+145  5.81+0.02 1.990
Whole 45.17+5.43  28.33+0.88 5303 44744576  27.58+0.14  5.155° 14.48+1.61 12.0240.09  2.653
Solid 19.98+0.62 15344035 112517 19.33+0.16  13.83+0.13  46.502"" 7.2240.89  6.37+0.80 1.231
Week 8 Liquid 25.11£2.56  13.52+0.39 7757 20.64+1.01 14914005  9.828™ 7.17+0.71  5.90+0.41 2.675
Whole 45.1043.18  28.86+0.67 8.657" 39.97+0.88  28.74+0.12  21.968" 14.39+1.46 12.27+1.20 1.944
Radish jangajji (mu) Korean cucumber pickle (oiji) Garlic stem jangajji (maneuljjong)
ICP-AES Salinity meter ¢-value®  ICP-AES Salinity meter r-value ICP-AES Salinity meter t-value
Solid  0.3240.05 1574020 -10.874™" 0.22+0.09 0.59+0.00 -7.269" 0324005  0.72+0.12 -5.518"
Raw  Liquid 40.23+0.56 38.49+0.15 52017 59.39+0.59  46.46+1.58  13.320" 2641£0.04 17.55+0.13 114.959™
Whole 40.55+0.52  40.07+0.08 1590  59.62+0.54  47.05£1.58  13.077"" 26.73+0.09 1827+0.11 107.969™
Solid 16.03+0.05 16.78+0.14  -8.692" 20.50+3.01  14.88+1.27 2985 10364042  8.86+0.40  4.497
Week 0 Liquid 19.78+0.37  18.57+0.19 50557 48.64+1.71 36514248 69707 21.21+0.48 14.58+0.42  18.039""
Whole 35.81+0.36  35.35+0.20 1.934  69.14+4.72  51.39+2.88 55637 31.5740.86 23.44+0.74  12.361™
Solid  16.60+0.38  16.28+0.38 1.104 34904445 2725150  2.824° 13.0320.50  9.36£0.06  12.683"
Week 1 Liquid 19.73:0.78  17.20+0.04 5.588" 39.10+£1.47  33.5241.72  4272° 19.524035  12.47+0.02 343517
Whole 36.3240.81  33.48+0.35 5598  74.00£5.92  60.76+3.00 3455 32.55+0.73 21.82+0.08 25342
Solid 17.57+046  16.80+0.06 2914° 41474157 31024228 6528 14.39+0.56  10.30+0.97 6.328"
Week 2 Liquid 18.78+0.22  17.67+0.51 34497 42474345  3638+227 2554 18.14+0.61 12204028 15344
Whole 36.35£0.35  34.46+0.56 4949 83.94+4.10  67.40£4.50 4706 32.53+1.07 22.51+1.12 112077
Solid 17.55+0.14  17.06+0.38 2,083  37.89+1.35 31444263  3.774" 1528+0.15 11.70£0.13  30.885""
Week 3 Liquid 18.29+0.17  17.68+0.14 4798 42.94+480  35.8242.17 2341 17494025 12.08+0.13  33.820""
Whole 35.84+0.03  34.74+0.48 3.997°  80.83+6.14  67.26+4.79  3.018° 32.7740.11 23.78+024  58.944™
Solid  17.65+024  17.31+0.33 1454 40.08£1.75  3034£1.66  7.000" 1604040 12.24+0.18  14.976™"
Week 4 Liquid 18.99+1.18  16.83+0.25 3.104  46.01+7.61 35594239 2262 17.67+0.53  12.05+028  16.265™
Whole 36.64+1.23  34.14+0.58 3.196"  86.0849.28  65.93+4.04 3448 33.70£091 24.29+042 16232
Solid 17.64+0.33  16.97+0.37 2354 38524213 32224218  3.589° 18204033 14.96+0.97  5.483"
Week 8 Liquid 18.75+0.41  17.03+0.39 52237 41214186  37.3242.04 2439 17.794026  10.06+0.3  28.880""
Whole  36.39+0.32  34.000.65 5.733" 79744397  69.54+4.21 3.053"  35.99+0.51 25.03+128  13.791"

Storage period

" Mean+S.D.

2 Student’s #-test between ICP-AES and salinity meter.
3 Student’s #-test.

"p<0.05, “p<0.01, "p<0.001.
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Table 4. Nutritional databases comparison of sodium content by type of jangajji

Sodium content (mg/g)

Comparing ratio

Solid DB I DB I DB I DB IV Ratio” Ratio” Ratio” Ratio”

Pepper jangajji (gochu) — 19.24 20.26 2525 25.78 25.93 1.05 131 134 137

Perilla jangajji 19.12 18.09 15.90 18.22 1327 0.95 0.83 0.95 0.69
(kkaennip)

Onion jangajji 711 14.42 10.70 ND 6.05 2.03 1.50 - 0.85
(vangpa)

Radls? m’;;”ga” ! 17.65 10.73 29.30 29.33 2832 0.61 1.66 1.66 1.60

Korean Clzz;gber Pickle 59 3 16.47 20.50 14.44 4352 0.42 0.52 037 111

Garlic Stem jangajji
g 17.12 14.10 14.14 18.09 31.62 0.82 0.83 1.06 1.85
(maneuljjong)

DB I: Rural Development Administration. National Rural Resources Development Institute (KR). 10th Revision standard food composition
table. http://koreanfood.rda.go.kr/kfi/fct/fctFoodSrch/list?menuld=PS03564
DB II: Ministry of Food and Drug Safety. Food nutrients database. https://various.foodsafetykorea.go.kr/nutrient/detail/search/list.do

DB IlI: CAN-Pro 5.0 NDB.

DB IV: Calculated using CAN-Pro 5.0 NDB.

" Sodium content of DB I / sodium analyzed values.
? Sodium content of DB Il / sodium analyzed values.
% Sodium content of DB Il / sodium analyzed values.
9 Sodium content of DB IV / sodium analyzed values.
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Abstract

This study examined the quality characteristics and antioxidant properties of sword bean tea available in domestic markets. Each
product of sword bean tea had distinct appearance characteristics. The color, pH, brownness, and turbidity of the tea varied
significantly across different products, with tea bags showing higher levels of brownness and turbidity. The total polyphenol content
of hot water extraction ranged from 165.13 to 517.69 mg gallic acid equivalents (GAE)/100 g sample for pod tea, 999.36 to 2,054.74
mg GAE/100 g sample for tea bag tea, and 74.62 to 275.00 mg GAE/100 g sample for grain tea, respectively. Similarly, the total
flavonoid content, measured in terms of catechin equivalents (CE), ranged from 39.51 to 65.00 mg CE/100 g sample for pod tea,
86.57 to 253.63 mg CE/100 g sample for tea bag tea, and 32.94 to 38.63 mg CE/100 g sample for grain tea, for hot water extraction.
The DPPH and ABTS radical scavenging activities of pod tea were 95.68 to 276.19 mg TE/100 g sample and 270.87 to 804.21
mg trolox equivalents/100 g sample, respectively, for hot water extraction. These results suggest the need to establish quality standards
to ensure consistent quality of sword bean tea.

Key words: sword bean tea, Canavalia gladiate, quality characteristics, phenolic compound, antioxidant activity
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to}e/d(Bae & 202020} £ FEE2] TS Ao o
H =31t (Bae 5 2020b). AFF-2] A50] T AF=
324 (Cho 5 2000; Ekanayake 5 2007; Chung &5
2014)0f et H17t glom, Bl o|slst & 9 F4Akst
A9 #HE A3H(Cho 5 1999; Kim 5 2012; Kim 5
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sfstol 4T WATO] ARSHEA B4 AR AHESHALE
SR B TS SEFFZ7](MA-100, Sartorius,

Sartorius Lab Instruments GmbH & Co., Goettingen, Germany)

FASH W PAslEA 101

= BAstth(Hwang 5 2023). M=, pH, 24 3 g5
24517] 9o S8 2212 0T FRo] ARE Y73
57 225te] RS MEL MEACMS, Konica
Minolta, Tokyo, Japan)E ©]-8&35}0] TIL(L-value), ZAT
(a-value) ¥ A = (b-value) S =43} O ™(An 5 2023), I
ZulAuko]l MEl 7FzF 9923, -0.05 9 -0.260]91t}. pH=
pH meter(CH/S210, Mettler Toledo GmbH, Greifensee, Switzerland)
£ o] g5ty on, ZME 9} B = UV/VIS spectrophotometer
(Thermo Fisher Scientific, Waltham, MA, USA)E- o]-85}o] Z}
7} 420 & 600 nmo| A FHEE S5 thH(Lee 5 2017).
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L BASH] sl @ FE2 28 2290, 37)°A
FE0to] oifsto] B£AE Alm=E ARESHRloH, oS 5
£ UATFO B A|Fof 80% ofgh-2(Daejung Chemical &
Metals, Siheung, Korea)S ¥ homogenizer(HG-15A, Daihan
Scientific Co., Ltd., Wonju, Korea)= &3 7] &, AFL-0] A
24A17F 59t A EFE=Z(Wise-Cube WIS-RLO010, Daihan Scientific
Co., Ltd)3F TF 47T, 1,500xgo| A 20871 LA1E](Sorvall
ST-40R, Thermo Fisher Scientific)o}1l 43582 FHoto] -20TC
Yol BRSHEA B4 A2 ARt 2EEo
ot & Sejss 9 Sehuiols FL Kim $2018)2)
WYz wAaslet & BuE e 222 50 Lol
2% sodium carbonate(Na,COs; Sigma-Aldrich) -89 1 mLE 7}
st & 3EZF B 5ke] 50% Folin-Ciocalteu reagent(Sigma-
Aldrich) 50 uLE 7}st9icth. 308 &, Whgolo] S ZHS
735 nmojA =45, EEEZQ garlic acid(Sigma-
Aldrich) S ARg-sto] HFAS 2Hdstlon, A= 100 g &
9] mg gallic acid equivalents(GAE, dry basis)& WEFH AT
& Eohuols P 22E 250 1o SRS | mLo}
5% sodium nitrite(NaNO,; Sigma-Aldrich) 75 uLE 7}5t t}2, 5
£ & 10% aluminum chloride hexahydrate(AlCl; - 6H,O; Sigma-
Aldrich) 150 pL& 7}}o] 65 WFA]5}al, 1 N sodium hydroxide
(NaOH; Sigma-Aldrich) 500 uLE 715 11 & ¥H-3ol9] &
B 2 510 nmolA S5 EEEERL catechin
(Sigma-Aldrichy& AH&-5to] AFAE 2ot om, A= 100
g 32 mg catechin equivalents(CE, dry basis)Z WEFH AT}

4. Radical 2H{&M =3

U AlF 16 AFTA FEEY radical 2ABGL
DPPH(1,1-diphenyl-2-picrylhydrazyl, Sigma-Aldrich) 2 ABTS(2,2-
azino-bis-3-ethylbenzo-thiazoline-6-sulfonic acid, Sigma-Aldrich) radical
AALAHL =45YthKim 5 2018). DPPH radical A%
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232 0.2 mM DPPH -8-9(99.9% of|&-&o]| £3) 0.8 mLo] A]
7 02 mLE F7IRE & 520 nmo]l Al 30 ol SFE HAA
£ 2451901, trolox(Sigma-Aldrich)2 A4S 245}
A& 100 gid mg trolox equivalent antioxidant capacity(TE, dry
basis)Z HEH3}H Tt ABTS radical A4S ABTS 7.4 mM
1} potassium persulphate(Sigma-Aldrich) 2.6 mME 5}% St
Faof A5k} ABTS ol2S FHAIX F o] &HS 735
ol FHE ol 141571 H2% olhe R l8sto] A
&5kt 3145 ABTS 89 1 mLo] &% 50 uLE 715t
S WslE s 308 Fol 2H3ALH, wolox
(Sigma-Aldrich)2 =4S 2Hdsto] A& 100 gd mg trolox
equivalent antioxidant capacity(TE, dry basis)Z &5}t

5. SAEN
= tlolE+= 33] ¥HE SA5llon, Pu+EFHAR
Aokt ESE Aol A= BAZEIH(Statistical
Analysis System; version 9.4, SAS Institute, Cary, NC, USA)=
0]-85}o] one-way ANOVA(analysis of variance)& £A4]3F &
AlZ]7L7F p<0.059] 4] Duncan’s multiple range testS ©]-&5}o]
fol4e Ageigon, 2 BATE 79 AuuAE 24

3FtHWoo S 2021).

21} TE

4

1. I AE 7E T34 MEFQ e §M

Y Algol 78 59 5T AEHR} 9%, EHA} 63,
TLA 45 5 1952 A5t EEALS HARY A Fig
13t AZEE Jolgh AoZ Yetyith AR FETFS
wEeR}, gzt ° 2RO ZH2F 0.70-437, 0.90-4.75
9 0.07~0.30 g/100 g0 & ZA}E| R TH(data not show). Z+ A|=
HE 9 FHEAS E43 243} Table 1~Table 33} 20|
AEEE {2 Aol& HYTh. 1T 29| 79 Table
13} Zo] 9juj 9] 712 23t dot Zol= 72t 353~47.6 E
3.8~10.8 mmE YEoH, CAE9 W&E 27|71 94
o7 7Pt &2 ZAog XA o] Y&E F TU
=Aet dol= 2+ 29~11.8 © 13.9~25.5 mm= YEFG T F
& H[EL 1.0~51.5% HAR & HAE Bt E5] A, B
2 FA|Zo A 229] H|-&0] 33.9~51.5% WY Z =9k, CA|
F TYO| 1% ostE AY ZF=E|o] YA Ut Ew 2p
9] 7% Table 29} Zo] YAFQ] A7|7} gt A0 R AL
At EEZAE o]8ote] YAE A7EE ERokL A A
718 H]EL SQlst A7}, 20~30 mesh(600~850 um) ©]5}-2]
WA= ALY UEHA] %A 10 mesh(2 mm) ©]42] YAk

Fig. 1. Appearance of sword bean tea distributed in domestic markets. A~I: pod tea, J~O: tea bag tea, P~S: grain tea.
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Table 1. Raw materials characteristics of sword bean pod tea distributed in domestic markets

Products Width of pod Cutting length of Length of sword bean Thickness of Ratio of sword bean
(mm) pod (mm) (mm) sword bean (mm) (%)
A 42.33+5.47° 9.52+1.39" 25.53+1.33° 11.81+0.81° 51.49+2.30°
B 41.84+4.97° 6.10+1.28° 22.55+4.89™ 8.51+4.88° 33.89+0.20*
C 35.26+5.90¢ 3.83+0.90" 14.1642.94¢ 2.9340.63¢ 0.91+0.67°
D 35.71+3.87¢ 9.30+4.84 17.1742.57% 5.60£1.47%¢ 3.44+0.07°
E 37.1043.43% 9.37+1.10 14.25+1.44° 4.45+0.76% 1.57+0.13¢
F 40.04+6.44% 9.55+1.66" 19.89+3.24% 7.39+1.43% 40.3248.51®
G 47.35+9.81° 10.75+1.75° 13.88+4.24¢ 6.36+1.58% 13.74+0.23%
H 37.6543.90% 10.05+1.98™ 15.47+2.24¢ 5.7241.01% 6.73+0.07%
I 47.63+8.99° 9.59+1.25 22.70+3.69° 5.85+1.28%¢ 7.89+4.75%
Range 35.26~47.63 3.83~10.75 13.88~25.53 2.93~11.81 0.91~51.49
Mean=S.D. 40.55+4.65 8.67+2.22 18.40+4.39 6.5142.55 17.77+19.02
6% 11.47 25.62 23.89 39.07 106.99

Y All values are expressed as the meantS.D. of triplicate determinations. Means with different letters within a column are significantly
different at p<0.05 by a Duncan’s multiple range test.

Table 2. Raw materials characteristics of sword bean tea bag tea distributed in domestic markets

Products >10 mesh 10~20 mesh 20~30 mesh <30 mesh
J 37.4% 462" 9.8 6.6
K 17.6° 66.8° 8.6™ 7.0®
L 65.6° 24.0° 3.6° 6.8%
M 65.8° 29.2% 4.4° 0.6°
N 64.0° 30.8™ 4.8 0.4°
e} 21.8° 55.2% 12.6* 10.4*
Range 17.6~65.8 24.0~66.8 3.6~12.6 0.4~10.4
Mean+S.D. 45.4422.6 42.0£16.9 7.343.6 5.3+4.0
cv 499 40.1 49.1 75.0

D All values are expressed as the meantS.D. of triplicate determinations. Means with different letters within a column are significantly
different at p<0.05 by a Duncan’s multiple range test.

Table 3. Raw materials characteristics of sword bean grain tea distributed in domestic markets

Products Length of sword bean (mm) Thickness of sword bean (mm)
P 27.05+1.29* 12.23+1.13*
Q 21.57+2.60° 5.94+1.67%
R 19.3842.36° 6.22+1.06"
S 19.23+2.79° 5.14+1.27°
Range 19.23~27.05 5.14~12.23
Mean+S.D. 21.81£3.65 7.3843.26
Ccv 16.76 4421

D All values are expressed as the meantS.D. of triplicate determinations. Means with different letters within a column are significantly different
at p<0.05 by a Duncan’s multiple range test.
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B0l ZPg & Ao Uitk L M R NAEAA 10
mesh ©]4F9] AA7}F 64~65.8%= 7HF HHIL KAES 10
mesh o142] YA TPE A RO AT FLAE
Table 37} 0] $% TR £ A3} Bafste] H R0
2 TEse] W7 AR PAEL BLE T Fob
D7t Mg AT, B B2 A9l A9 FL] A 2
olof) & Aol7k YUT SAEL Bol Sl W3t 2L T

QUstsiet.

2. [ AIE 7E EAF3RC SEEM
2 AlFel 75 U B+ %ﬂ%— 5

3E)olA FE5t] M, pH.
Table 49} ZHo] ZFA}=Qich l—,—ﬂx} ]ﬂH 2} @ Zokjo] o
T (L-value)= 247} 93.25~97.91, 65.60~87.32 L 98.66~99.73 2.
2 YePG I AT (b-valuey= Z+ZF 9.88~30.33, 49.60~84.74
2 L12~7212 Yy FEA7F P w1 A= B2
O 2 FAME| QI HHAl= Pk 78.86+7.812 7MY Wk
I, ANl AT 7h7k ZEO 10.43+7.86 L 65.55+12.44
2 7P =A 2AFEQIS R, HEA 9 FUAe] pH
L 247} 5.15~5.62, 5.19~5.33 U 5.84~622= JER} HA|H O
2 FLWt =2 AEFE Eloh 2N aRYA, gy
A g FEAR 1 Z¥7} 0.135~0.475, 0.870~2.764 L 0.016~
0.0982 Uehtor, et 7k 0.010~0.031, 0.062~0.236
g 0,002~0.0062.8 JER} E|Mx}7} 259l gy} =0
ATFE Bl ol ARIFo|A EHE sl Aol T
8 Aol mEAY FLAt| g &F0] &olste] o]
A3 237 U2 A& JZET 7|0 S5 (lee T
2017) a<o 2012), TSong S 2013) 5-9] Ao 9l&}
79 e ewol A|7to] Z71S4eE g 7H4ast
E}EQ} AT AT 27151 Ao g Hysigey, 2+
F3A AFY AR oA FZ 2L Algto] AlErteh
gt 49 Aol7t Hol= Ao g AZHH. AFol 45
A AFTA 38 2 589 AL, pH, 24, H
5 aﬂEHﬂ«l ** é% AEI 23 Table 59 20| &2

3B dg 22) 2227 0% ofehg 2220 ojg
uls B 2 A Fig 29 2ol A 2] &

2l Zfolg Hol AOR Uekrlrh(p<0.05). mEeF}e
s PFe G5 222 ofHe 2B 72
165.13~517.69 2 1,009.47~1,621.73 mg GAE/100 g samplei
ot 22204 £ AL AT, Hulxe] 49 7}

LEOW'

) OI'N 2o

Z}+ 999.36~2,054.74 L 770.80~1,170.00 mg GAE/100 g sample
2 9% 23E04 ¥4 Uty SUHE 242 M6
275.00 ¥ 471.87~771.07 mg GAE/100 g sampleZ WEF} A
AH o2 guztoA F ETHE o] ot AFE=
L WERE A2 220 CAE(517.6942827 mg GAE/100
g sample)°] 3, e &2 14]E(1,621.73£5.86 mg
GAE/100 g sample)o] 9-9]&F 0 & =2 FI=FS et
Euae] 49 IAEo] 9% 227 ojehe 3304 217t
2,054.74+97.48 & 1,170.00+23.46 mg GAE/100 g sample= =7
et 3O @r 2Ee RAECTS 021,37 me
GAF/100 g sample)©] =9t of[ERS 2&2 SA|Z(771.07+6.35
mg GAE/100 g sample)°] -2A 02 &2 TS YEfigleh
U A5l 75 U AFTAE E FE= 80%
9 2220 tE % Behiiols ke 24 23
Fig. 3} 20| A% kol %9142 Aol S Kol Ao 1}
eRATHpe0.05), B 220) A DR, g U FL
Z}19] & ETtHolt SR ZHZF 39.51~65.00, 86.57~
253.63 2 32.94~38.63 mg CE/100 g sample® WEFE O, of
B &2 ZH7F 148.43~370.98, 112.67~261.41 & 7631~
175.49 mg CE/100 g samplei el AlEEE & ZE
ol= Pefo] £ ABL TEAR A A% 22
A Z(65.00+£1.93 mg CE/100 g sample)o] =3k, et &
2 1A4|&(370.98+8.57 mg CE/100 g sample)°o] F-9)&F o0& =
A Uebstth Eeate] 4§ OAlEe] @5 F&53 oleE F
Eo| A Z+Z} 253.63+8.12 & 261.4143.20 mg CE/100 g sample
Z ENon, TLA= SAIEC] 242 38.63+1.03 B 17549+
1.83 mg CE/100 g sampleZ 32|40 & =2 3FS YEHY
Aok Aol 5 S AFTAe 58 21 FEEY F
A} USRI AL AES AT Table 59
2o] & ABAE=000)S Hol A2 ZAE 3 A
et Sl A F5F AT 65C1H Ao
Z s 9 ZgH Lol TS EASH A7) 47.6404 mg
gall c acid equivalents/g & 3.8£0.2 mg rutin equivalents/gO 2
75k (Shin EH 2019), Kim 5(012)2 Z=20] % Zg|
= 2 SgtEolE 3ol 1,152.0 & 493.2 mg/100 gO 2
BISAE, AR T Aol A, A
NASHE), 2380 9 94, 3342 Sof ojg Holz

T
(@)

H

m

_\=\_l,

Azt E} AR HRE Hed SRHES TS
o] &2 Aoz AFHA 2lo|(Woo 5 2021) ZHEF A0 o5
= A 4 9}?}5 S ARSI S 7R B R o]9] &84

Sie 9o f-84% FHol BRY AoE Holh

4. 2L} A= 7E EF2XIQ| radical A7{EA

= AlEol -5 S AF3A2] DPPH radical 27183
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Table 4. Quality characteristics of sword bean tea distributed in domestic markets
Products” L-value a-value b-value pH Brownness Turbidity
A 97.64+0.002 - 1.15+0.01% 10.62+0.00' 5.59:+0.04¢ 0.149+0.002' 0.0110.001*
B 94.67+0.02 -1.36+0.01° 22.71+0.02" 5.4540.13¢ 0.337+0.002¢ 0.025+0.002"
C 93.25+0.01 -1.30£0.01" 30.33+0.01¢ 5.15+0.02¢ 0.475+0.001° 0.031+0.002¢
D 97.72+0.02" -1.07+0.00 9.88+0.01° 5.62+0.03¢ 0.135+0.001° 0.0110.001*
E 97.71+0.03" -1.25+0.00™ 10.57+0.01™ 5.62+0.07° 0.146+0.001' 0.0100.000
Pod fea F 95.62:£0.03' - 1.49+0.01 18.55+0.02! 5.28+0.08" 0.272+0.003%" o.ozzio.oozf
G 96.24+0.02" -1.38+0.019 16.450.02 5.30+0.03" 0.236=0.002" 0.018+0.002
H 97.91+0.01° -1.3120.01° 10.24+0.01" 5.50+0.02° 0.143+0.002' 0.0110.002
I 95.17+0.01’ - 1.49+0.00° 20.57+0.01! 5.30+0.021 0.305+0.001¢ 0.023+0.000'
Range 93.25~97.91 -1.49~-1.07 9.88~30.33 5.15~5.62 0.135~0.475 0.010~0.031
Mean+S.D.  96.21+1.66 -1.31+0.14 16.66+7.10 5.42+0.17 0.244+0.116 0.0180.008
cv 1.73 -10.76 42.63 3.16 47.44 07
J 65.600.01" 24.35+0.00° 84.7440.05° 5.19+0.058 2.764+0.001° 0.2360.000°
K 81.7440.02° 7.86+0.01° 63.93+0.00° 5.3240.02" 1.318+0.002° 0.103+0.001°
L 82.65+0.01" 5.71£0.01° 57.1240.01° 5.3240.07" 1.238+0.167¢ 0.1010.001¢
M 87.32+0.01™ 2.70+0.01° 49.60+0.02" 5.32+0.04" 0.870+0.002° 0.062+0.001°
Tei'e:ag N 81.98+0.03° 7.3620.014 63.71£0.02¢ 5.3320.02" 1.316£0.003° 0.097:£0.002°
0 73.85+0.02¢ 14.59+0.01° 74.17+0.02° 5.20+0.048 1.916+0.002° 0.1710.001°
Range 65.60~87.32 2.70~24.35 49.60~84.74 5.19~5.33 0.870~2.764 0.062~0.236
Mean=+S.D. 78.86+7.81 10.43+7.86 65.55+12.44 5.28+0.07 1.570+0.674 0.128+0.064
(Y 9.90 75.38 18.98 1.29 42.94 49.44
p 99.73+0.02* -0.18+0.008 1.12+0.01° 6.22+0.01° 0.016:0.002" 0.003+0.001™
Q 99.67+0.01° -0.37+0.00" 1.74+0.00" 6.04+0.02° 0.024+0.001" 0.002+0.001™
R 99.40+0.01° -0.71£0.01! 3.56+0.007 5.84+0.04° 0.048+0.001% 0.003+0.001™
Grain tea S 98.66:+0.01° -1.21£0.00' 7.21+0.01° 5.88+0.01° 0.098+0.001" 0.0060.001'
Range 98.66~99.73 -1.21~-0.18 1.12~7.21 5.84~6.22 0.016~0.098 0.002~0.006
MeantS.D.  99.37+0.49 -0.62+0.45 3.4142.74 6.00+0.17 0.0460.037 0.004£0.002
Ccv 0.50 -73.22 80.34 291 79.28 42.95

D A~I: pod tea, J~O: tea bag tea, P~S: grain tea.

2 All values are expressed as the mean+S.D. of triplicate determinations. Means with different letters within a column are significantly different

at p<0.05 by a Duncan’s multiple range test.
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Table 5. Correlation coefficients among quality and antioxidant characteristics of sword bean tea
Factor a-value b-value pH Brownness  Turbidity =~ Polyphenol  Flavonoid DPPH ABTS
L-value -0.956™  -0977™ 0.616™  -0997™"  -0992™  -0942"™" -0961"" -0901"" -0.979""
a-value 1.000 08777  -0421™ 0.970™" 0.980™" 0.878"" 0.931™" 0.751™" 0.900""
b-value 1.000 -0.689"™ 0.962" 0.944™ 0.957"" 0.922" 0.970™ 0.994™"
pH 1.000 -0.588™  -05677" -0577  -057177 -0724™ -0.647
Brownness 1.000 0.996"™" 0.936™ 0.956™" 0.875™ 0.969""
Turbidity 1.000 0911 0.968" 0.843™ 0.951""
Polyphenol 1.000 0.840™ 0.932" 0.973""
Flavonoid 1.000 0.827 0.913"
DPPH 1.000 0.960""

Significant at ~ p<0.001.

O Hot water extraction
B Ethanol extraction

Total polyphenol contents
(mg gallic acid equivalents/100 g sample)

A B CDETF G H I
Products of sword bean tea distributed in the domestic markets’

Fig. 2. Total polyphenol contents of sword bean tea
distributed in domestic markets according to different
products and extracting solvents. " A~I: pod tea, J~O: tea
bag tea, P~S: grain tea. 2 All values are expressed as the
mean+S.D. of triplicate determinations. Means with different
letters within a column are significantly different at p<0.05
by a Duncan’s multiple range test.

22, et 9l FdAo] tigt A4 559 ABTS radical
AAGAL 27} 270.87~804.21, 1,302.06~2,414.13 L 96.60~
265.40 mg TE/100 g sampleZ UYEFGO W, ofghe =52 7t
Z+ 1,070.67~1,553.24, 907.68~1,264.64 L 288.94~453.47 mg
TE/100 g sample® AP0l HAA| Ao Euizte] ABTS
radical 2A&ZAJ0] A YeEch AEEHE ABTS radical &

Aol =2 AlE2 BRI A 95 &2 CAlE

sample® £7] Uehith 2R 9% 23
(265.40£6.33 mg TE/100 g sample)o] =3tal, of

3T AKX

SA| & (453.47+16.34 mg TE/100 g sample)o] 5-2] 2

e
S
S
o

O Hot water extraction
W Ethanol extraction

S o
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P I T I
o o o
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S

Total flavonoid contents
(mg catechin equivalents/100 g sample)
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o
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Products of sword bean tea distributed in the domestic markets®

Fig. 3. Total flavonoid contents of sword bean tea
distributed in domestic markets according to different
products and extracting solvents. " A~I: pod tea, J~O: tea
bag tea, P~S: grain tea. 2 All values are expressed as the
mean+S.D. of triplicate determinations. Means with different
letters within a column are significantly different at p<0.05
by a Duncan’s multiple range test.

Aoz YeRHTh Shin EH(2019x2 A3 ZHA 9] DPPH
radical 2A&4d0] 2.5, 5.0, 10 mg/mLe] FIEof| A 22 29.43,
38.06 @ 57.56%, ABTS radical A2AE4L 27} 540, 6.76 L
16.23%% Hi5tHh ESH Kim 52012} A+39] DPPH
radical A7 AL 273 AT} SCso(50% scavenging concentration)
o] 13.1 pyg/mLefal HAIsIgl o, 250 =8 IR
methyl 3,4,5-trihydroxybenzoate(methyl gallate), 3,4,5-trihydroxy-
benzoic acid(gallic acid), 1,6-di-O-galloyl 3-D-glucopyranoside,
1,4,6-tri-O-galloyl B-D-glucopyranoside® 2 115} THKim 5
2013a). A0l -8 52U AFFAY] 58§ 24 FE2EY F
A5 AR W FUEAT] JTES A
A3} Table 59} 20] T2 ATHI(p<0.001)S Kol Ao
2AFE gk ol g9 e FU B ) AFo] 45

39 AEEAe] B4 U FAsHEAHo] Aolst Aoz 24
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Fig. 4. DPPH radical scavenging activity of sword bean
tea distributed in domestic markets according to different
products and extracting solvents. ) A~I: pod tea, J~O: tea
bag tea, P~S: grain tea. 2 All values are expressed as the
mean+S.D. of triplicate determinations. Means with different
letters within a column are significantly different at p<0.05
by a Duncan’s multiple range test.

Hof A& #FA3E A%t FE VI Aol ag Jlew
g7t
Qo A=

U AlFolA 85 = AF3A 1952 st
A&l gt FAEALY dHled= o, radical 2ALA 5
o] Fitst 4 AT A
£, Y 5 ¥ F4o| AFEE Aol Ao RAES]
o & 20 ® FE519 AR A3 M, pH,
2%, 8E 59 4 B3t AFHE 5944< Alolg B
Ko, gzl ZMEel §7t B4 UEEth 38 £
I FE2ET 80% TS FEE HE T EgHs
StFe mELRFS] FL ZFZF 165.13~517.69 D 1,009.47~
1,621.73 mg GAE/100 g sample, EJ¥X}= Z}zF 99936~
2,054.74 2 770.80~1,170.00 mg GAE/100 g sample, T L X}+=
217} 74.62~275.00 4 471.87~771.07 mg GAE/100 g sampleZ
Yeht Ao euiRjol 4 Bkt mEelA, gy U
BUAe] 3 Behunols YL Bh 339 B9 47
39.51~65.00, 86.57~253.63 T 32.94-3863 mg CE/100 g
sample, O|eF-2 &2 27 148.43~370.98, 112.67~261.41 2
76.31~175.49 mg CE/100 g sample® UEFGT ZHgx}o]
radical 271832 AE 710 §9)29] Aol S Hol: Ao
2 Uit @4 233 mEA Ui 9 SR
DPPH radical 2A&A-L Z+ZF 95.68~276.19, 403.96~459.78
] 12.99~84.43 mg TE/100 g sample=Z UEFGT oehS &
2 Z+7F 642.49~898.86, 582.92~766.90 H 301.55~560.47 mg

TE/100 g sample UFERgTh. REA, Bz @ Fokato]

)
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Fig. 5. ABTS radical scavenging activity of sword bean
tea distributed in domestic markets according to different
products and extracting solvents. " A~I: pod tea, J~O: tea
bag tea, P~S: grain tea. 2 All values are expressed as the
mean£S.D. of triplicate determinations. Means with different
letters within a column are significantly different at p<0.05
by a Duncan’s multiple range test.

A4 2EE9] gt ABTS radical 2AZA]L 747} 270.87~
804.21, 1,302.06~2,414.13 = 96.60~265.40 mg TE/100 g
sampleZ WEPET ek &2 27 1,070.67~1,553.24,
907.68~1,264.64 2 288.94~453.47 mg TE/100 g sampleZ LE}
U AAH O radical AAGAYL WAL 2 AOE Y
Eptth o]l Aol A AFFAe] F4 #EokE %t #
4 44 d7ol 28T A= A7

A ATALL (FHAH S PI01726
7042023)2] Z|do] Q&) o]Foiz AY.
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Analysis of Major Constituents of an Ethanol Extract of Platycodon Grandiflorum Leaves and
Protective Effects on Inflammation in Murine Macrophage and Human Lung Carcinoma Cells
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Abstract

This study investigated major constituents and anti-inflammatory effects of an ethanol extract of Platycodon grandiflorum leaves.
Through HPLC analysis, chlorogenic acid and luteolin-7-O-glucoside were identified as predominant constituents in the ethanol extract.
Their anti-inflammatory effects were evaluated using murine macrophage (RAW 264.7 cells) and human lung carcinoma cells
(NCI-H292 & AS549). The ethanol extract significantly (p<0.01) inhibited the production of nitrite, interleukin-6 (IL-6), and
prostaglandin E2 (PGE2) induced by lipopolysaccharide (LPS) in RAW 264.7 cells. Furthermore, the ethanol extract suppressed the
expression of cyclooxygenase-2 (COX-2) and inducible NO synthase (iNOS) proteins in RAW 264.7 cells stimulated with LPS. In
NCI-H292 and A549 cells, treatment with the ethanol extract significantly (p<0.05) decreased levels of pro-inflammatory cytokines
IL-6 and IL-8 induced by IL-183. The phosphorylation of ERK rather than JNK in the mitogen-activated protein kinase signaling
pathway was observed to be a more important mediator in the down-regulation of pro-inflammatory cytokines in NCI-H292 cells.
These findings suggest that the ethanol extract of Platycodon grandiflorum leaves containing luteolin-7-O-glucoside exhibits promising
anti-inflammatory properties.

Key words: Platycodon grandiflorum leaves, anti-inflammatory effect, RAW 264.7 cells, NCI-H292 cells, A549 cells,
luteolin-7-O-glucoside
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B, Wel57, WaAY Boket hrst Ak, g, ]
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2002; Ahn 5 2005; Wu 5 2012; Li 5 2014; Li 5 2015;
Bailly & Vergoten 2020; Jung 5 2022; Shen 5 2023).

He] Qof= ApgAEe] Fod 47 4 a5 BHol &
OFA|HA] Z|T bR A& AR £71), & 19
I Ao gt AEEA 9 Bl WeE A7 B EHlow
AlE0] 7 & Ao wEt o] thE Ao = wohEnh
Inada 5(1992)= HoJA EetH ot HE-S FEAl5to] 45
Z  (2R3R)-taxifolin, quercetin-7-O-glucoside, quercetin-7-O-
rutinoside, luteolin-7-O-glucosideS A| A5} 12, Kim 5(2020)2
UPLC-DAD-QTOF/MSE AF85to] o] Z2&EoA Zatk
Lo]l= AE9] kaempferol-3-O-galactoside®} 1-O-caffeoylquinic
acidg 4519t 9] 2F= Al %} (Daegu Herbal market)o|
A ol £20] 2719 9 3 AN BSloIAE 1 B
o] A&% HAEAO] tetrahydroxy flavone EFHZ 5,7,2°,5'-
229 hydroxy 28715 7}A]= E2 3} apigenol= &H91=] Q)
TH(Lee 5 2015). Jeong 5(2010y2 A Fof| A £F3t LA
AR O] BEre B39 B39l apigenin-7-O-glucoside
2} luteolin-7-O-glucosideS FAJH- O 2 B 115} t}. Wang 5
2017y Y49 biomarkerZ 7%59] E2& AABIF L 15 35

o] Z2}H o]EF grosvenorine, 7-hydroxy-1-methoxy- 2-metho-
xyxanthone, 4’,7-dimethyltectorigenin® T}, Mazol 5-(2004)2
EU melAo] ARE To| WS ) A5t B4}
Il luteolin-7-O-glucosideE: FAEO =, 1 2] apigenin
AES HIs1g0oH, 34-
dimethoxycinnamic, caffeic, chlorogenic, ferulic& 323Fs}o] 12
9] EH= *é—‘:lol Eo] A= AT =T
9] m5of I A= ARHE oW Jeong 5-(2010)0] A4
5919 Fekg 299] et gYehE A55kAL, Kim
5(2020) A9 ok FEEof FAtSta sl EHsHH

SehuicolE gekn BElo] 8 HIsion, RAW
264.7 |2 A LPse] o3 Fed HS Y ARIEZRIE
2 N3 A, A 23R P2 222014 NO 97
A} B9k, RSt AR 22BAH L6 oA i T
BEigon, A 22EH TNFa o] &37} o fo%]
o xe oz Bl

QEUSL 1, &4, 0G| =3 5] oo} A
Kol ARA of7|El Ao Wrgow HAY Bl
A7F LAY E4H AZES AASHHEA A= AY
Z4 AL EF}QIE(IL-6, IL-8, TNF-q, INF-y 5)o] mjj7jj5}o]
’[;}-Oo]:‘é‘l- X]_‘?p‘_]. .Z_ E—'U}]ﬂ/\ :ﬂ}?ﬂcﬂ ;—(4/(1 A]’g_ﬂ]— ol }q’gj‘q—
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=

7-O-glucoside, luteolin, apigenin

1:0

A%, Yo, WTL & 5 S WA, GFS A4S
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59 Mg A A E B AE AEEREH I
&2 U= AEE9 Aol S8R i 1
Z 2] 5= (polyphenol) £+ Z2H 10| = (flavonoid)E°] E.IL
= th(Biesalski HK 2007; Mueller 5 2010; Leyva-Lopez
2016).

Se g ARE A RS 8o SJstol
of2] siE Aulists Eetoll Aets A 29 Be 42 A
| 5 AolA =R o] Bgo] 5L o= 99 4
3 835 B A e A7 D agt Aol A
AAT(Lee JY 2019004 Z2bA] Q] F:580] F E2HE 0|
=9} & #&XHphenolic acid) AJF-0] Ba]X c} 208l o)A} I
< A& SRIsHA AL vk t A A] nitrite 4873 A &
7t Be 2250 FARH #EE0] 2 AGE S5t F
SR B4 AR ASTeEN Yo ditt EE=
W BIIAE Folua St Eak, AT wolAg B
57] A%, AR 27 U TFske] FAR Qi)

o=
.

oiN B

ol

A

3357 A7 T 28R Qo EE Jg=2 /T
2], AN = ¥ B3 7|50 AL3t 2 9L x]E eFAsa
2 Thopet AE, vho-2 DA A ZRAW 264.7)9F B A

Sl WU ENCI-H2929}F A549)S AMg-3le] 2 A1E A
Yatoirt.

-

d
=

0

A A E)olA =]

E(6¥) 7H(109)°]

A5 60°C°1W 8AIZE AR B
JH 1] 80 meshE B3 243 AL

70% ofe-23} 1:10 H]gi A|31 4087 =

435} 21 microfiber glass filter(47 mm, 1.6

um, Chmlab Group, Barcelona, Spain)=2 oj1} & 3| A2 5=
71014 A S-S5k

A]
Al
2

=

go o -|ol

N
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2. X|EME

F2 4Eoz dEEE Befriols
Bo] A% BHS sl HPLC BHZAL Sistar
Inno C18 HH(5.0 ym, 4.6 mmx250 mm, Younglin Biochrom
Co., Ltd., Seongnam, Korea)Z A5l ZE|HOoZE=
0.1% formic acid 3+ 2549} acetonitrileS 90:105-E] 50:50
7 T zhoR 4B EAA: 10
mL/min® 2 5} HE T2 348 nm=Z o} T} Luteolin-
7-O-glucoside(Cat. No. CFN98565)%2} chlorogenic acid(Cat. No.
CFN99116)9] ¥ FA]HEE= ChemFaces(Wuhan, Hube, China)o]|
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o
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s
Ee E2¥es A4
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3. MIZEHHQ¥

oA T A A= RAW 264.7(KCLB No. 40071, Korean
Cell Line Bank, KCLB, Seoul, Korea)2 A5} 10% fetal
bovine serum(FBS, Gibco/Thermo Fisher Scientific, Waltham,
MA, USA)Z} 1% penicillin-streptomycin(Pen/Strep, Welgene
Inc., Gyeongsan, Korea)©| %7} DMEM(Gibco/Thermo Fisher
Scientific) HjQFNH-E A}-85}0] 37T, 5% CO, 2| A] vjF3]
Aot Q1A H LA E= NCI-H292(KCLB No. 21848, KCLB)2}
A549(KCLB No. 10185, KCLB)E AR5} 10% FBSL} 1%
Pen/Strep©] % 7}=l RPMI-1640(Gibco/Thermo Fisher Scientific)
v Falof A st

4. M| MES &3

RAW 264.7 NZ9] JE&L 249 EF0|EE ARE3}o]
2x10° cells/well 2 B33t & 24A)17F vjoF5l 1l oehe =25
<& DMSO(Cat. No. DMS666, BioShop, Burlington, OT, Canada)
of &dfsto] =E(0~0.5 mgmL) BFA 1%(v/v)7F ==
E A st¥9a. 287 & lipopolysaccharide(LPS, Cat. No.
L4516, Sigma-Aldrich, St. Louis, MO, USA)E- 100 ng/mLZ A
25t & 24A]7}o]| WST assay kit(EZ-Cytox, DoGenBio, Seoul,
Korea)& AME-5to] 716kt EZ-Cytox A& A2 27
37CoA 2417t 2™ 450 nmol| A T8 EE S5t Al
S BB NCLH292 AEE 249 Sdjo] o]
1x10° cells/well2 B-238F9 T, A549 A 5x10* cells/well
2 BEalgict. 48412 viekste] A7 80% ol Z4) Fol
10 ng/mL9 IL-13(Cat. No. 201-LB, R&D Systems Inc.,
Minneapolis, MN, USA)E E3$}5}= vjX| 2 WASFHTE 44]
T F553% DMS09] -&-sfisto] Z2stal 12417F o Al

BELE 2459t

B
1

N

5. Nitrite & cytokine X

RAW 264.75 249 ZF0]E0f| 2x10° cells/well2 EF3t
T, 24A17 Hi gL oehE FEEZ AREA0] gl vk
ol 0.125, 0.25, 0.5 mg/mLE A 2|5} o™ 2417+ & LPSE
100 ng/mL2 A2 SSick. 24417k ¥ oyl AR ALgslo]
nitriteE =43}t Wi FN o] Griess reagent(Cat. No. G2930,
Promega, Madison, WI, USA)S H7}5F AL 37 ColA] 158 &
530 nmof| Al FF=E S5kt TR v FH A mouse
IL-6 kit(Cat. No. M6000B, R&D Systems Inc.)2} PGE2 kit(Cat.
No. KGE004B, R&D Systems Inc.)& AR&5}o] IL-62} PGE2
ke 217 2SI NCHH292 A ES} ASH9 A ES 24
4 Zg0|Eo| 1x10° cells/well} 5x10* cells/well 2 ZHz+ B3

b
X,
o
o
of
o,
Eﬁi“
1
o]
of
o. (o]
JO 0
5
X,

SFAT 4841 BlOFRE T IL1BS A2lekn 4N F REE
£ 0.125, 0.25, 0.5 mg/mL 5= 12A]7F X 2|5}t vl ok
& =AY QA IL-6 ELISA kit(Cat. No. K0331194,
Komabiotech, Seoul, Korea)?} Q1A IL-8/CXCL8 ELISA kit
(Cat. No. D8000C, R&D Systems Inc.)& A&} 1L-62} IL-8
2 72t 2T,

6. M7|¥S L western blot 24

RAW 264.7 A|3£of| LPS®} 252 #12] - HiF &, protease
inhibitor(Cat. No. 87785, Thermo Fisher Scientific)S & 7}5t
RIPA buffer(Cat. No. 89900, Thermo Fisher ScientificyS A&
sto] N ZE &3A17]10L A & ASHS ARgSte &
WS AT NCI-H292 AlXEE protease  inhibitor2:
phosphorylase inhibitor(Cat. No. 78420, Thermo Fisher Scientific)
£ #7}3t RIPA buffer2 &3] A|ZT}. 10% SDS-PAGE A&
AFgstel 100 VoI 271953kl Saae Beld 3, 80
VollA 1.5A1%F 5<%t PVDF % H | ?l(Roche, Basel, Swiss)o]|
AT WEF QS 3% non-fat dry milk = 5% BSA7} Z3F
= PBS buffero| A 1A]7F 59 blockings}1l, 12} A=
4COlN WP HESAIZTE 23 YA 1417 WES T Shohr
7 71AE EzWestLumiOne(ATTO, Tokyo, Japan)& *]2]5}al
Chemiluminescence imaging system(LuminoGraph II EM,
ATTO)S ARgSto] ©ld Wes SQlsylon, Image
J(NIH, USAYE Al&5lo] A=Fs5l3itt. RAW 264.7 A| 9]
Sl WS B4 8] ARSI B ani-COX-2
(Cat. No. 12282, 1:2,000, Cell signalling, Danvers, MA, USA),
anti-iINOS(Cat. No. 13120, 1:1,000, Cell signalling)2} anti-B-
actin(Cat. No. sc-47778, 1:1,000, Santa Cruz Biotechnology Inc.,
Santa Cruz, CA, USA)S A}25}191 1 22} 84| Horse radish
peroxidase(HRP)7} A¥E  anti-rabbit-IgG(Cat. No. 7074,
1:1,000, Cell signalling) T+= anti-mouse-IgG(Cat. No. sc525409,
1:1,000, Santa Cruz Biotechnology Inc.)& AR&5}1 Tt NCI-H292
Alze] ghald i B 9jstel ALRS 13} P Santa
Cruz Biotechnology Inc.2] EKR(Cat. No. sc-514302), p-ERK
(Cat. No. sc-7838), JNK(Cat. No. sc-7345), p-JNK(Cat. No.
sc-6254) I B-actin(Cat. No. sc-47778)°] st TA|E 1:1,000
o 43t gL, 24 YAL HRPZH A
anti-mouse IgG(Santa Cruz Biotechnology Inc.)& A&}t

7. SAXZ

SAAYE ¢Ioto] 24 33] REEAIY ATE ARG
HE 2ie Bd% EEHAH(meantS.D)E A|AISHAL
F2E A7) 93t 5994 A3 SPSS(PASW statistics 18)
9] Dunnett #test T+ Graphpad prism?] multiple +testS AR
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Fig. 1. HPLC chromatograms of standard, ethanol extract and standard+ethanol extract at 348 nm in spike tests. (A)

chlorogenic acid and (B) luteolin-7-O-glucoside.

Table 1. Linearity, precision, accuracy and limit of HPLC analysis method for chlorogenic acid and luteolin-7-O-glucoside

standard deviation)S AF&5} 1L chlorogenic acid?} luteolin-7-
O-glucoside &4 .41 9] RSD7} Z+2} 5% oW 2 B71= 3L
ot UL 7 He 522 RAEH FE2ES G £43%
8FE A intra-day)} T2 o] R45ko] e ¥HE A inter-
day)C 2 B7}51lal 2F2] =8 AJ&o] thste] H5F RSD7t
5% ost& ERI= ]}, o]of whEhA] ofjgt

i

& #3%

A 5= Q"Jé R 1 éﬁr—e— Table 1]
ANl sx9 EFEZo] H7td 7449
oA HFEHY 3I4E&E =745t RSD(relative

@ EE 712)0] e ARold Fa AR 250 P

73t Table 201 AXISFGTE ol AF3 =2HA] o

®)

Lueolin-7-o-glucoside

20352

s 1 15 20 28 30 min

Ethanol extract

\

20263

s o W 2 = * min
Lueolin-7-o-glucoside
+

| Ethanol extract

—

20.066

H 10 s 20 25 30 min

. . Intra-day”  Inter-day’  Recovery” LOD LOQ
R b r
Components egression equation (RSD%) (RSD%) (RSD%) (ug/mL) (ug/mL)
Chlorogenic acid y=6.644x+3.141 0.9997 2.94 1.90 2.57 0.18 0.59
Luteolin-7-O-glucoside y=13.147x+2.715 0.9996 3.16 2.07 1.58 1.03 3.42

D'y: peak area, X: amount (1ig/mL).
? Intra-day: intra-day precision in RSD% of peak area (n=5).

% Inter-day: inter-day precision in RSD% of peak area for 3 days.

9 Recovery %: accuracy in three different samples.

r: regression coefficient, RSD: relative standard deviation, LOD: Limit of detection, LOQ: Limit of quantitation.

o A-

_I[N'

o] ==



114 olgul - jE - HX)g - HYA SRR

Table 2. Contents of chlorogenic acid and luteolin-7-O-glucoside in extracts of Platycodon grandiflorum leaves evaluated

from HPLC analysis

Samples (Codes) Chlorogenic acid (mg/g) Luteolin-7-O-glucoside (mg/g) Ratio”
ES-PGL 73.42+1.427 75.74+1.38 1.03
EF-PGL 78.08+2.87 100.93£3.06 1.29

D Ratio of luteolin-7-O-glucoside to chlorogenic acid.
2 Mean£S.D. (n=3).

ES-PGL: ethanol extract of Platycodon grandiflorum leaves (PGL) harvested in spring, EF-PGL: ethanol extract of PGL harvested in fall.

E(ES-PGL)HE Th= 7kl AF et =2HA] 9 5= (EF-PGL)
ol A Iuteolin-7-O-glucoside”} 3.3% F = ¢ o] S+ Ao
2 UBEEHT 2 dAFolA A4 2FY F8 AR F
luteolin-7-O-glucoside:= Mazol 5(2004)0] &g A]
= AAFS] 404 luteolin-7-O-glucosides
1% Anet Aok Ao HIHEIIIL oAM= Az
ZF 9 ¢ 7.06 mgO 2 R 1= QI ESE, Jeong 5(2010)
2 Lk A AFES] BekE HE5] o) A] apigenin-7-O- glucoside
2} luteolin-7-O-glucoside S FAEC 2 EA45IFH 1 HEH-S &
3o Ax FFE 71202 747 199 my/gY} 23.0 mg/gO 2
H 13} T} A(Kim 5 2020)° 412} A (inada 5 1992)0| 4=
luteolin-7-O-glucoside”} &= A Lk Wang 5(2017)9] E
ToAE= JdRTE BeEQ} o)A luteolin-7-O- glucopyranoside
£ WA Aoz Huskrt

2. ORA frel CHAIMIZOIM OEtE FE22)
AZ9 of7|A7]E= Hi7fAE o= cytokines, nitrite@}
PGE2 5°] Sli=H cytokines & IL-6= 2] &4Fo|u HH A
of el S7Hoz g4 BulEe] 9% FUE vfetol
(Tanaka 5 2014), nitritex= HAA = /\}tg/K] 712 @O &
g S WAFS 2l SN 5
o

stz

2 OPEW OH:}(Kang 2000) IL- 6 mtmeg} PGE2:=
ZoA B BHEEE TEix] 9 &5 A3AA a3t
£ &4517] flote] vheA AN ER] RAW 264.7 A ZE
Atgote] A WAAIES H7lorAT

RAW 264.7 A|Zoj|A] o&t-E FEE9] A 58 2%
5t7] §isf ME BEeS TES }ML Fig. 2A°] A A5}t
ES-PGL¥} EF-PGL-Z Z}7} 0.50 mg/mL7HA] A|32o] 22 5}+9]
I BE FEoA o é%a% Az YEgol| JFE F
A Fotct. kA FAAN AFZ 215k 0.50 mgmLE X
P F 5H3 0.125, 0.25, 0.5 mg/mL SEolA FAaNE
S5kt ANz A AT EH]E] &= nitrite, [L-6 Z
PGE2E A% HHOJO”OM =73t Z3+E Fig. 39 AAoFA
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Fig. 2. Effects of the ethanol extracts on the cell
viabilities. (A) RAW 264.7 cells were treated with the
indicated concentrations of the extracts of PGL (Platycodon
grandiflorum leaves) and stimulated with LPS (100 ng/mL),
and (B) NCI-H292 & (C) A549 cells treated with the
extract of PGL and stimulated with IL-18 (10 ng/mL). Cell
viabilities were analyzed by EZ-Cytox and data are
presented as mean+S.D. (n=3). ES-PGL: ethanol extract of
PGL harvested in spring, EF-PGL: ethanol extract of PGL
harvested in fall.



Vol. 37, No. 2(2024)

30.00
WES-PGL  DEF-PGL
25.00
£ 20.00
E
3 15.00 w*ow e
] o
Z 10.00 i o
o H ﬂ
0.00
- - 0.125 0.25 0.5
PGL
LPS + + + + +
Extract concentration {(mg/mL)
20000 mES-PGL D EF-PGL
—
-
E 15000
-3
2
=
© 10000 -
- *k
= *%
5000 **
- e
° = | [S5
PGL - - 0.125 0.25 0.5
LPS - + + +
Extract concentration (mg/mL)

W ES-PGL HEF-PGL

z
) 8600
=]
o 6000
&
& 4000
2000
dwF* Fok ek *k Kk
o |
PGL - - 0.125 0.25 0.5
LPS - + + + +

Extract concentration (mg/mL)

Fig. 3. Effects of ethanol extracts on the levels of nitrite,
IL-6 and PGE2 in LPS-stimulated RAW 264.7 cells. RAW
264.7 cells were treated with the indicated concentrations of
the extracts of PGL (Platycodon grandiflorum leaves) and
stimulated with LPS (100 ng/mL). (A) Nitrite, (B) IL-6 and
(C) PEG2 were analyzed by ELISA kits and data are
presented as mean+SD (n=3). Ethanol extract treatment
groups were compared with LPS-stimulated group without
extract treatment by Dunnet rtest (p<0.05, ~p<0.01).
ES-PGL: ethanol extract of PGL harvested in spring,
EF-PGL: ethanol extract of PGL harvested in fall.

oA BE LPSO] o3 REH nitite B8 FA K4
(p<0.01)2.2 AA5tF o F= oEH0|UthFig. 3A). BT
3 Aol E7RQl IL-69] A3/4d-2 LPS A2 FE=E 0] 12,800~
14300 pgml7tA] S7FSERAL olgE FE& 025, 05
mg/mL FEoA BA FYHp<0.0)oE FAstHoH &
= 9|Z 2 o] 9l th(Fig. 3B). PGE2 4§42 LPSo| 9J5) Z7}3}

we 9l %

of gt 11s

FI HE FEE LE 5EoA B4 FFEp<0.0noz
AR =] A ehFig. 30). B FEET 7MY FEEY Aol
2 BREA 9] o] 4B 4T A7 114 5
S 712202 Aetol FEI Ao vk T A2 A
FHch

PGE2S} nirite RN e 78S SHlsh] Slstol
arachidonic acid(°}2}7] =40 2 ELE] PGE2E AJAJ 5= COX-2
R nitie A4 LAl INOSS] T WAL BohsHa
CHKang 5 2000; Ji 5 2004). A3 &3[H2 AME-5to] 2
H EF0F COX-29} iNOS 849 izl "2 761y
1 1 AIE Fig 4A 28 EE oln|AE AAsHAT
COX-2 &4+ LPSOl| 9Jaff Fdo] frE o] F7I5tE L 9
e &5 9 FAastgern, CoX29 AP EE B-
actin®] ARl HHoZ F£AF6lPS W BY FEE
(p<0.01)°] oJgt HATt 7HEY FEEE0.05ET T4 &
9]4do] =9 thFig. 4B). LPSo]| Q]3] iNOSQ] o] Z7tst
R oferE FEE00 ol FAsI oM (Fig 4A) A TH
E|A] Qo F=A5letA] Agkth bR 9 oEE FEE0
ok PGE2 4349 FAL COX2 WA 28 28] oJF A
o= el nirite $4] ZAE INOS W 740 TE
PELIRE T

3. QA el HIMZO|AM OElE FE=C| SHAE

QA 713A] AFm A E (bronchial epithelial) 32 2] NCI-
H292 A} B3 Abs] A alveolar epithelial) -2}2] 41915
(adenocarcinoma) A549 A|EE ARE-5HETH NCI-H292= g%
L 210] 1F A Aol EFRIST AL HASo]
o 7 U Bl 44 Tl 7o) A8ET 9]
(Hulina-Tomaskovié S 2019), A549= F L] type 1T AT A]
Hdg Qo o3t g5 1L HiolgAo] o3t dF &
292 ALgE 1169 95 AEZH cytokineS 9] A4
< S A= &EA Ath(Boost 5 2008). F Al
| tHet ollehE 222 A 2L vA= TS T
1 A3E Fig 2B, Fig. 2Co] 212} A AISHAH. of gt
52 599 7S FEE BT 0.5 mgml7tA] A 25t
Alz2o] &L = A LAUTH HA A2

TS TEsl] fIste] IL-1BE B5 F=AE A
AL AASA ARIEZIRI IL-69} IL-8Z 753t
NCI-H292 M| Zo) A IL-13%= IL-69} IL-89] AL 27t &=
SN oehE 559 Al FEolA BF IL-6 A0 54
YA (p<0.05 = p<0.01)C.2 ZAstH o 5 o4
¥ HAHFig 5A). I8 FHZ & A 559 05
mg/mLo A FA 92 (p<0.052% A= ArHFig. SB).
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Fig. 4. Effects of ethanol extracts on the protein expressions of COX-2 and iNOS in LPS-stimulated RAW 264.7 cells.
RAW 264.7 cells were treated with the indicated concentrations of the extracts of PGL (Platycodon grandiflorum leaves)
and stimulated with LPS (100 ng/mL). Western blot analysis of cell lysates showed the protein expressions of COX-2 and
iNOS. (A) Representative image of western blot and (B) the relative expression levels of COX-2 protein were normalized
as an internal protein of [B-actin. Data are presented as mean+S.D. (n=3). Ethanol extract treatment groups were compared
with LPS-stimulated group without extract treatment by Dunnet -test (‘p<0.05, “p<0.01). ES-PGL: ethanol extract of PGL
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Fig. 5. Inhibitory effects of ethanol extracts on cytokines productions. NCI-H292 & AS549 cells were treated with the
extracts of PGL (Platycodon grandiflorum leaves) and stimulated with IL-13 (10 ng/mL). The levels of (A) IL-6 & (B) IL-8
in NCI-H292 cells, and (C) IL-6 & (D) IL-8 in A549 cells were evaluated using ELISA kits and data are presented as
mean+S.D. (n=3). Data are Ethanol extract treatment groups were compared with IL-183-stimulated group without extract
treatment by Dunnet r-test ((p<0.05; “p<0.01). ES-PGL: ethanol extract of PGL harvested in spring, EF-PGL: ethanol extract
of PGL harvested in fall.

A549 N ZOJM & IL-1BE IL-69F IL-89] g 242} f=s

-

A e FEE-L 025, 0.5 mg/mL oA IL-6S 2zt
57 /93 (p<0.05 EE p<0.01)O.2 FAAFHOoH B ©
=

Z29l AL vekirkFig 50). IL8 404 FEE 29

259 025, 05 mgmLo A, 7FE FEE9] 0.5 mgmLo
7} A ZY2 BA 991A(p<0.05) 0.2 A QI THFig. 5D).

IL-18+= Al2et 8A|(IL-1R)°] Aesto] AIZH2 412

£ Hsl IKK(I-kappa-B kinase) = MAPKases(mitogen-



Vol. 37, No. 2(2024)

activated protein kinases)E &0 AARIAE ZAHTAIA ¢4
< HAIES A 2 HRS SX5ks Ao HIEQHh
MAPKasest= 3% & ERK, INK, p380] 424 lom z}zt
ks 53 /S th(Behl 5 2021). 2 AFoA = =
2] d FFEEY AESA cytokines A 2H-go] Az
2 A A 9] ERK?} INKO] 14} &g 3} o] Y=A] B7}
S}ith. NCI-H292 Af| 320 4] ERKe} INK T2 9] QlAke&
A28 EX0 8 Hrlsiely 1 Ay, A2d £ Ao
Fig. 6A, Fig. 6C)oll 22} AAIStoH IL-1B0] o] Fr=d
MASHHEE 10028 shof A&l Ql4itet F&E Fig
6B, Fig. 6D ZtZ} A|A|5F3ITh. IL-18+= ERK T2 o] <14k
SHp-ERK/ ERK)E S7HIZ L oehE 552 ERKY 14t
B2 QOJA(p<0.05 EL p<0.01)OE ZAAZTHFie 6B).
INKO] Ql4itsh= L1800 ofsf F=5 AL AfehE F5E0] 9
o Faste AFS Holu BAACE [OlsHA] SkthFig.
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HAL, AFerr 3 75 e dliol 1 54
of et AEo] Eds] Y=L UTh(Caporali 5 2022). ©]
3t Z8}E 1-0]=1= radical oxygen species(ROS)?} radical
nitrogen species(RNS)9| A& AA|oh= F4ts}t &4 Het
W nitric oxide®t A4 AR EZIRISE AASt= A
Aol o] QlojA FEE WAL o w(Leyva-Lopez &
2016) A9l Z2tH 1 o] =& = quercetin, wogonin, catechin,

naringin, daidzine, genistine, cyanidin, luteolin, apigenin 5-°] ]
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Fig. 6. Inhibitory effects of ethanol extracts on the phosphorylation of MAPK signaling proteins. NCI-H292 were treated
with the extracts of PGL (Platycodon grandiflorum leaves) and stimulated with IL-13 (10 ng/mL). Western blot analysis
of cell lysates showed the expression levels of the phosphorylated or unphosphorylated MAPK signaling proteins.
Representative images of western blots of (A) p-ERK & ERK and (C) p-JUK & JNK are presented and phosphorylated signals
of (B) ERK & (D) JNK were normalized to unphosphorylated forms and expressed as a ratio to IL-1B-stimulated group

without extract. Data are presented as meantS.D. (n=3). Ethanol extract treatment groups were compared with IL-103
-stimulated group without extract by Dunnet t-test (‘p<0.05, ~'p<0.01). ES-PGL, ethanol extract of PGL harvested in spring;

EF-PGL, ethanol extract of PGL harvested in fall.
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TH(Chahar 5 2011; Jeon & Kim 2011; Douglas 5 2013;
Koztowska & Szostak-Wegierek 2014; Leo & Woodman 2015;
Panche 5 2016). & AFoA oghE FEE9 FAHES
luteolin-7-O-glucosidet= flavonoids % flavones©] £&5h= &2
EA] luteolin +0| A 79 §X] ] Abasof wiGA|7F AokE
FHz AAF E= A 294 AW vd=Y B-
glucosidase®]| 23} 715 E-3)= o] luteolin(B|HFANCZ &
FEE AoF B tH(Shimoi 5 1998). S44 luteolin
2 AZA| A ThA] gluculonide/sulfate@} Z3}olo] EoH O
2 o|Fot= Aoz IEE Y Ow(Wittemer 5 2005), BE
E=T0] A= uteolin-7-O-glucoside®] HEH] Fela2r X F
255 (Andlauer 5 2000), ¥]9jA|2} A o § L T2
&tial BI15F3 tH(Zubik & Meydani 2003).

Luteolino]] ¥¢F Thft A5-50] HE =t ti#2 <l
252 gda50=2 QA mast cell, AXF mast cell,
macrophage cell, microglial cell, cardiomyocytes, Q1] synovial
sarcoma cell, umbilical vein endothelial cell, retinal pigment
epithelial cell, glioblastoma cell S|4 F& T 7t wi7RA
Eo] JFL F= Aoz HEQrKSeelinger 5 2008;

Nabavi 5 2015; Aziz 5 2018; Caporali 5 2022). 34 = &
A} ICR mice(Li S 2012), COPD mice(Li S 2023), 418 &4}
Balb/cN mice(Domitrovi¢ 5 2013), ¥¢7 /= 7+&A)

C57BL/6 mice(Rafacho 5 2015), AZ+3F & £4F ICR mice
(Xiong S 2017), &=3to]u] TFo-A B (Kou S 2022)0f Al
g avrt HEEJY. 2 E31H luteolin-7-O-glucoside©]]
I3 A5 ATE De Stefano 5(2021)0] Q1A {3 HUVEC
Aol ROSS} B AOIEF IS A Zel2e
29 Stizlel AW 38 BT ArHoE FuA
s9} @] 2HHe Qe FeIStAT STATS 719L
Ao A Yehts S AAIsHIEE Palombo &
2016y AARY A9 TE 3 1 A X (keratinocytes)o]|
A] luteolin-7-O-glucoside”} IL-22/STAT3 714 A5t &
A LA 3 Z(acanthosis)T} Y= AA5H= A0E HIFHY
t}. Jin 5(2011)2 luteolin-7-O-glucoside”} U4 ZF -2
9] mast cellso]| A MAPKases?} phospholipase C y12] Q1AFs}H
£ JAIStA] leukotriene C /41 B HSHE AaA7]= A
< #E5H T Palombo 5(2019)2 luteolin-7-O-glucoside”}
FIA| L Yol A HEK29} AF o A-8-510] o | 7] e Fa
Al71= Ao 7 HI5F9T}. Luteolin-7-O-glucoside®} luteolin
9] v Ao A= RAW 264.7 A|3Zo] AL uf, 45t
HAESa 771 heme oxygenase-1(HO-1)E ti7iA| =2 sl 7]
Ao H15}9 1 (Song & Park 2014), T3 FAaT} 714
(Park & Song 2013)°] 210 A] luteolin AAFQIA}F] NF-xB2}
AP-19] &A& 9Aotal, WHHO luteolin-7-O-gluocoside+=

NF-kB9] &4 JAst= A2 H7}5IAT}. GalN/LPSO]
ol F= 7rAoNA ASHAA A A= luteolino] &
8ol 234 a4 2852 luteolin-7-O-glucoside”} & 7
25l Ao g XI5 th(Park & Song 2019). St Luteoline
40| gl B4R vk 5] Al LDs7F 2,500 mg/mL
Ho} & QA% B4R HIEQI(Aziz 5 2018) S A=A
< oAl §FoH(Czeczot 5 1990) 23] FA=HS
A= EXZ2 FH7lET Qo P2 (Horvithova 5 2005)
luteolin-7-O-glucoside=. -F-AFSH QtAAHS YEd 0= d=
Hr}.

2 2759 $EALTIN Behriols HRo] 24
Ai}o] o= luteolin®} luteolin-7-O-glucoside”} &5-3t A&
g 59, vEd, A 55 Eisli(Kang 5 2021),
Hu & Kitts(2004):= F152]& AE9 ofdotAHolE £5&
EA4% AIto| A luteolin®] 25.2+0.6 mg/g(2.5%)T} luteolin-
7-O-glucoside 83.3+0.2 mg/g(8.3%) 2.2 T3S H 1519
t}. ofdotAE|o]E &9 chlorogenic acid(4.8%)%} caffeic
acidO. U7 B AOR ANAT Z2te] Fa o
3t BEEA| nitric oxide?] FIAIE ZH5HEH|
chlorogenic acid®} caffeic acid= 100 yM 5 7}A] nitric oxide
oA a7 JEEA] LI luteolind} luteolin-7-O-gluco-
side= 10 uMOA] ZH2F 91.8%, 102.4% 1A TT}7} Lrehd
Ao Buslgt B Aol Tk Ao e 25
Eof luteolin-7-O-glucoside”} HHZOE 7.6%(%E ) E=
10%He ) T9E Ao Bt eT, WSS Azo
oRotAElo|E &80 Ha7te §FolBE bR 99
870l o & AR 7|ddr. & AFoAE ZEhA] ¢

£ FZE9] chlorogenic acid?} luteolin-7-O-glucosideS]

I FUT 5o RFEEAE AR HUKE A3t
RAW 264.7 A|Zo]|A] chlorogenic acido] 2]§} nitrite®] AA| &
= R R] 89k Tuteolin-7-O-glucosideo]] 2]t A &1}
7h HEE YO RAW 264.7 A ELof|A = E4& Eoto]
2|5t A5 Wk synergistic effect= T A] GATHET=
AAISHA] 9h).

H oA =kR] Yo FAE O R FolH chlorogenic
acide= ZZHE £ £ #&A4H(henolic acid) 2.2 §HAISHE
7 FPaFo] EHsto] AsHA AEHA B dF50= <l
o AT 1 AghE Adlety A8 ¥ HIWS HIo o=
Zkgo] = ACE Hist. FARI = A5y dHE
Ot 55 2d 9 A5 F Al 2o AFEIN
LPSE F¥ whgA thAA oA iNOS T A of o]t
NO ZAaay} 9 Hio|gA k= 3154 R 4 24
A RS/ Al EFIRIAL-6, IL-1B3, TNFF-a)9] 7HAa7t &
=9t} o]Hst P EIH= kB NF-kBO] Q1AKS} 914 7]
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% Ei= MAPK/ERK/INKO] Q14tSE A7) 7] 1& &off AEF
d AP EZRRIES] AAPEE o] At o] J50] AtE= A
O 7 g5} th(Santana-Galvez 5 2017; Gao 5 2019: Huang
S 2023). 121} chlorogenic acid®= 7-3& 0.2 Q3 AJo] &
of W2 A 4t5tE|n YA |o]-GEL HolA &5t T A
7} =]7] W&o liposome, micelle, nanoparticleS-2 AR-8-5}0]
YAl EES =ole AF=°l HEHIL UAthMortelé 5
2021; Trivedi & Puranik 2023). tHA] A oA LPSof| 9J5f &
=% NO7} chlorogic acidol 9]3f] ZHaE]= ATE QU9
FE FA = AHe BIEIET(Wang & Mazza 2002),
chlorogenic acido] A& &7} tt=27] fjZo= o=}
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-
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Abstract

The fatty acid composition and free amino acid content of domestic soybean cultivars were analyzed to confirm the quality
characteristics of protein and fat contained in soybeans. The saturated fatty acid content of soybeans included palmitic acid at
9.47~11.15%, followed by stearic acid and myristic acid. The total saturated fatty acid content in soybeans was 12.56~14.34%, with
Taekwang having the lowest content, followed by Daewon, Seonyu, Cheonga, and Jinpung. The linoleic acid content, an unsaturated
fatty acid, was 45.69~58.17%, with Tackwang showing the lowest composition and Jinpung showing the highest composition. Next
was oleic acid at 14.69~33.86%. Jinpung had the highest linoleic acid composition, had the lowest and Tackwang which had the
least linoleic acid, had the highest. The unsaturated fatty acid content was in the order of linolenic acid, eicosatrienoic acid,
eicosadienoic acid, and eicosapentaenoic acid. The total free amino acid content was 217.28~456.66 mg%, with Daewon showing
the highest free amino acid content, followed by Seonyu, Tackwang, Cheonga, and Jinpung. The free amino acid content varied
depending on the cultivars, but in general, the free amino acids in the soybeans used in the experiment showed higher aspartic acid,
glutamic acid, and proline contents than other amino acids.

Key words: domestic soybean cultivars, fatty acid, free amino acid, composition
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4e 2757) 915te] AEZHMEDS 2023)2]

H715ko] A4S &35 n-hexane A A A7l & He-2A4]
NaOH 890 2 A g]5lo] &za]9g-S U= & BF; methanol
|NHZ 715ta 7FE Y] o AHI 2SS & gas chromatograph
2 S5t GC B4 2712 Table 13} Zom ojuff AE
5t #EE4L2 &3 fatty acid methyl ester(FAME mixture,
Supelco 37 component, Sigma-Aldrich Co., St. Louis, MO,
USAYE ©]-&5}3lt
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TUAE e EFE0A 9] FEotu] At gkl Zfo] A
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Table 1. Operation condition of GC for the measurement
of fatty acid in soybean

GC (TRACE_1300_1310,

Instrument ThermoScientific, USA)
Detector temp 230C
Column TR-FAME (100 m x 0.25 mm x 0.2 pym)
Carrier gas and flow rate N2, 350 mL/min
Injector temp. 230C
Oven condition 100°C(0.2 min), 2C/min, 240C
Injection volume 1.0 uL

Split ratio 10:1

13,500 ipm/minQ 2 15 59 FASIA FHAES A X6t
#4EES 17,000xgoll Al 15827 dAlEEste] 045 ume]
membrane filterE ©]-&5}0] oj1}5}9 0™ o|& Waters AccQ-
Tag H(Waters AccQ- Tag Amino Acid Analysis System 1993)
08 FEASAY & fFEjotn|ieit Alm=E St HPLCE
233519ty AFE3E column AccQ - Tag™ (3.9x150 mm,
Waters, Milford, MA, USA)°]1™, injection volume< 5 1L,
column &%= 37CE detector= fluorescent detector(Waters™
2475, Millipore Co-operative, Milford, MA, USA)= excitation
wavelength 250 nm, emission wavelength 395 nm% =743}
T}. Mobile phasex= Waters AccQ-Tag eluent A1 A2} 60%
acetonitrile(81) B)E gradientf 0. 2 E-A45}31 0™ ojujjo] B
A ZAL Table 29} 2}

4. SHANZ

SPSS 26.0(IBM Corporation, Armonk, NY, USA)S o|-&35}
of P+ EEUAR YEoH, AT Tt AolE
one-way ANOVAZ £-43%t & Duncan’s multiple range test®
49z 7 fo8e AHSA

SpAL Mol ] WA £AS 23 AT Table 3
5 e

ISR HPALO 2= palmitic acid(16:0)2] FAJ0] 9.47~11.15%
2 Yelgow 1 th29FE stearic acid(18:0), myristic
acid(14:0)9] <=0]3it}. & ESIA|HFALY] AL 12.56~14.34%

Table 2. HPLC gradient conditions for the measurement
of free amino acid in soybean

Time Flow rate Mobile phase
(min) (mL/min) A (%) B (%)
Initial 1.0 100
0.5 1.0 98
15.0 1.0 93
19.0 1.0 90 10
32.0 1.0 67 33
33.0 1.0 67 33
34.0 1.0 0 100
37.0 1.0 0 100
38.0 1.0 100 0
45.0 1.0 100 0
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Table 3. Fatty acid composition of major domestic soybean cultivars (unit: %)
Fatty acid Cultivar

Daewon Seonyu Jinpung Cheonga Tackwang

10:0 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00
12:0 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00
14:0 0.07+0.01% 0.08+0.00° 0.1120.01° 0.080.00° 0.06:£0.00°
16:0 9.65+0.02° 10.700.04° 11.0420.04° 11.2240.09° 9.48+0.01°
16:1 0.07£0.00 0.08+0.01 0.09+0.01 0.09+0.01 0.08+0.00
18:0 3.29:+0.04* 2.84+0.02 3.1240.05° 2.69+0.03¢ 3.02+0.01°
18:1 21.94+0.02° 21.18+0.08° 17.66+0.04° 20.67+0.05¢ 33.89+0.04°
18:2 54.62+0.20° 54.25+0.14° 58.35+0.25° 53.79+0.03° 45.75+0.08"
18:3 0.17+0.00° 0.19+0.00° 0.17+0.00° 0.19+0.00° 0.2620.00°
20:2 0.09+0.00 0.08+0.01 0.09+0.00 0.09+0.01 0.09+0.00
203 0.38+0.02° 0.330.02%° 0.32+0.02° 0.37+0.01° 0.38+0.02°
20:5 0.08£0.00° 0.02+0.00° 0.030.00° 0.02+0.00° 0.06+0.00°
Total 90.37+0.14° 89.75+0.14¢ 90.97+0.08" 89.21+0.17° 93.08+0.10°
SFA 13.01£0.06" 13.62+0.06° 14.27+0.10° 13.99+0.12° 12.56+0.00°
UFA 77.360.20° 76.14+0.20° 76.70+0.18° 75.2240.04° 80.52+0.10"
MUFA 22.01+0.01° 21.2740.08° 17.74£0.05° 20.760.04° 33.97+0.04*
PUFA 55.35+0.18" 54.87+0.12° 58.96+0.23° 54.46+0.01° 46.55+0.06°
UFA/SFA 5.95+0.04° 5.59+0.0° 5.38+0.05¢ 5.38+0.04¢ 6.4120.01°
n-6 54.71+0.20° 54.33+0.13° 58.44+0.25° 53.88+0.02° 45.84+0.08"
n-3 0.63+0.02° 0.54+0.01 0.52+0.03¢ 0.58+0.01° 0.70+0.02°
n-6/n-3 86.28+3.11° 101.1142.77° 112.33+6.28" 92.68+1.95% 65.24+2.09¢

Y Values with different superscripts within a row (*°) were significantly different (p<0.05).
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Table 4. Free amino acid contents of major domestic soybean cultivars

(unit: mg%)

Daewon Seonyu Jinpung Cheonga Taekwang

Alanine 56.62+9.93") 25.55+2.72° 16.86+0.98° 22.59+2.11° 21.76+3.73°
Aspartic acid 77.1149.31° 41.28+4.66™ 26.8026.55 46.63+18.99® 39.08+1.92%
Cystine 36.65+5.78 57.46+10.87 39.60:£9.42 52.3542.92 52.23+14.32
Glutamic acid 65.57+7.98 67.06+0.12° 35.06+2.00° 21.95+31.01° 53.47+1.12%
Glycine 6.9120.95" 5.07+0.11° 2.99+0.76° 3.594+0.55% 3.76+0.06™
Histidine 20.90+4.82° 14.7120.60° 5.03+2.84° 4.65+1.10° 12.97+0.01°
isoleucine 4.35+1.01° 7.23+3,02° 2.63+0.15° 4.04£0.07% 4.7120.08®
Leucine 4.88+1.12% 8.3043.77* 2.92+0.15° 3.65+0.13% 4.54£0.09™
Lysine 12.45+3.45% 15.2146.13° 6.41+0.87° 7.31+0.03% 10.27+0.86™
Methionine 11.68+2.27° 10.56£1.03® 7.84+0.17° 9.10+0.73® 8.88+0.06™
phenylalanine 11.26£2.15° 10.63+4.33® 5.01+0.05° 6.24+0.16™ 7.58+0.24°
Proline 66.60+£10.52° 44.30+1.48° 24.60+0.44° 30.05+1.09¢ 33.92:+1.34%
Serine 55.17+7.05° 38.13+0.08™ 18.09+£14.23% 18.56+9.20™ 12.4320.08°
Tyrosine 15.5543.02° 6.79+3.13° 7.18+1.06° 9.37+0.02° 7.58+0.16°
Valine 10.9742.25° 20.07+0.38" 16.26+1.80° 19.11:0.88™ 21.73+0.62°
Total 456.66+4.48" 372.34+2.65 217.28+3.84° 259.17+4.31° 294.91+1.54%

D Values with different superscripts within a row (*°) were significantly different (p<0.03).
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Research Ethics Rules of the
Korean Society of Food and Nutrition

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

Chapter 1 General Provisions

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

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

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

truth in academic research and fairly verify misconducts.

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

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

Chapter 2 Ethics Regulations on Research Conduction

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

scholars

Article 5: Data Management

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

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

by publicly presenting the findings.

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

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

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

Article 8: Order of Authors and Affiliation

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

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

accordance with custom.

Article 9: Responsibility of the Cormresponding Author or Senior Author

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

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

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

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

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

integrity of the research

Article 10: Citation Principles of References

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

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

references.

Chapter 3 Ethics Regulations on Misconduct

Article 11: Definition of Research Misconduct

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

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

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

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

times without stating the initial research contents that have been already presented to publishers or readers.
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Article 12: Types of Plagiarism

Types of plagiarism is classified as “idea plagiarism”, “text plagiarism”, copying a part from other persons’ text
without citing the source for the ideas of other authors, “mosaic plagiarism”, combining a part of a text with a few
words added, inserted, or replaced with synonyms, and others.

Article 13: Prohibition of Distortion in References

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

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

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

Article 14: Practices to Avoid

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

process.

Article 14-2 : Bioethics

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

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

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

Chapter 4 Ethics Regulations for Dissertation Review

Article 15: Responsibilities and Obligations of Dissertation Examiner

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

15.2. The examiner shall immediately turn in the research paper to the Publishing Committee once the submitted
dissertation is determined to be inadequate for the examiner to review.

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

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

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

the consent of the author.

Article 16: Unethical Acts of Examiner

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

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

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

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

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

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

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

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

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

Society.

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

not corrected.

Article 20 Purpose and Composition of the Ethics Committee

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

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

Publishing Committee.
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Article 21: Rights of the Ethics Committee

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

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

submit materials relevant to the case.

Article 22: Judgment and Sanctions of the Ethics Committee

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

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

reinvestigate, if necessary, upon the reviewing objection.

Article 23: Protection of Informant and Examinee

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

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

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

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

and rights are not infringed upon.

Article 24: Procedures and Contents of Disciplinary Sanctions

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

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

his/her affiliated institution and journals.

Article 25: Revision of the Ethics Regulations

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

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

amended regulations without additional pledge.
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Addendum

Article 1: Date of Enforcement

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

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

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

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

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

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

research papers.

. Submitted manuscripts should not have been published

before in any other journals.

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

(http:/ksfikr).

Society's website

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

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

to the Society.

. The corresponding author must be a member of the

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

Online submission is the primary method. Authors
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should complete the Submission Form and submit
the paper along with the Research Ethics Pledge and
the Authors' of Ethics Policy &
Copyright Transfer. For research involving human

Agreement

subjects and animal experiments, a copy of the
approval from the Institutional Review Board (IRB)
and the Animal Research Ethics Committee (only the
first page with the approval number) should be
attached to the back of the Authors' Agreement of
Ethics Policy & Copyright Transfer.

The review articles and invited papers, excluding
systematic review and meta-analysis, will be
published only when commissioned by the editorial
board. Manuscripts submitted through commission
undergo the same review process as regular
submissions.

The evaluation, acceptance, and order of publication
of papers follow the editorial regulations and review
rules. The paper undergoes a three-stage review
process to determine its publication status, as
outlined below.

Stage 1: The editorial director reviews the paper
briefly and determines the preliminary assessment.
Stage 2: Two reviewers designated by the editorial
director conduct a detailed examination.

Stage 3: If the final decision is not reached in the
second stage, one additional reviewer is appointed to
conduct further evaluation.

- The principle is to keep the reviewers' identities
confidential, and the detailed review procedures
follow the regulations outlined in the journal's

review guidelines.
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The language in the manuscript should be Korean or
English

computer with font size of 10~12 points and the line

in Ad4-size paper setting, typed using a

spacing should be set at 200%.

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

affiliation on the first page of the manuscript.

and
The
part

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

corresponding author. If affiliations of authors are

more, ' mark indicated in front of

sk

different, superscriptions of ~ ™ should be put

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

affiliation. The corresponding authors should provide

marks put in front of respective

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

author’s name in English,

address, telephone, fax,

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

9
b

in between the name.

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

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

documentation for identity verification if needed in
the future.

The English abstract should be provided in case of
Korean manuscript on the second page of the
manuscript. The abstract must not exceed more than
200 words in one paragraph and it should provide a
general view of the manuscript by including the
At the

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

research objectives, methods, and results.
lowercase).

The paper should follow the standard format with

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

Conclusions, Conflict of Interest, Acknowledgments,

and References. The text should be continuously
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13.

14.

15.

16.
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connected without page breaks.

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

and figures are limited up to 3 in any combination.

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

body.

manner so they

Footnotes should be expressed as Arabic numerals of
D23 at the bottom of tables, and no sign should
be used. Moreover, " marks must be used to
present significance probability of p<0.05 or p<0.01 in
statistical analysis. In multiple range test, alphabets
of » b & & ad e ohould be used and the

explanations should be stated at the bottom.

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

directly used as original images.

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

examples of cited references are as follows:

references must be provided in

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

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

Kim HJ (2005) is -

Kim & Lee (2007) is -

Kim et al. (2008) is -

Park (2007a) is -

Citation in the end of a sentence

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

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

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

17. KSFAN actively recommends to cite articles (2 or

more) published in the journal of the Society.

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

interest.

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

cited references are as follows:

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

properties,  water permeabilities  and

Mechanical
vapor
solubilities of highly carboxymethylated
starch-based edible films. J Food Sci 67:218-222

2) Edited Books

Brock TD, Smith DW, Madigan MT. 1984. Biology

of Microorganisms. pp.100-105. Prentice-Hall. Inc.

AOAC. 1980. The Association Official Methods of
Analysis. 13" ed. pp.3508-3515.

3) Bulletin, Dissertations

Hur YH, Lee SG, Suh JS. 1987. Studies on the change
in components of y-irradiated soybean during fer-
mentation. Ann Bull Seoul Health Junior College
7:7-14.

Ciacco CF. 1983. A study on mineral contents in pro-
cessed foods. Ph.D. Thesis, North Dakota State
Univ. Fargo. North Dakota

4) Patents

Bernard S. 1988. Preproofed, frozen and refrigeration
and crusty bread and method of making same. US
Patent 4,788,067

5) Oral Presentation of Manuscript at Symposia

Huhtanen CN. 1988.
dispersable cocoa powder. Abstract 21, 42™ Ann
Meeting Inst Food Technol Atlanta

Preparation of cold water

6) Internet Source
Korean National Statistical Office. 2007. The statistics
of mortality and the Available from

http://www. kostat.go.kr [cited 20 January 2014]

cause.

20. Article abbreviations should be presented in
accordance with Chemical Abstracts. Academic terms,

if possible, should be provided in Korean.

21. The quantity always should be express in Arabic
numerals and units should be express, if possible, in
accordance to the International System of Units (SI).
Units and abbreviations of predicate terms shall abide by
recommendation provided by the Society. However, in
case where there is any unavoidable reason, such
exceptions must be clearly explained in the beginning
of the text.

22. In accepted during the

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

matters, in case of deemed necessary, may be revised

the contents during the revision.
by an editor. The copyright of all published articles

in the journal of KFN shall devolve on the Society.

23. The submitter must pay the specified publication

fees. Additionally, if color photographs are to be
printed or if separate attachments are requested, the

24.

25.

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

the month are corresponding

month.

Any matters not explicitly stated in these regulations
shall be determined by the Publishing Committee.

¥ The submission regulations for the journal have been partially revised as of November 10, 2023. Please refer to the
updated guidelines when submitting papers for Volume 36, Issue 6, and subsequent issues.
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