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Abstract

This study investigated quality characteristics and functionality of rose sparkling wine that were manufactured by secondary
fermentation after inoculation of yeast strains. The pH of the samples ranged from 3.96 to 4.05 and total acidity ranged from 0.23
to 0.32%. The alcohol contents of wines ranged from 6.4 to 6.6% and the CO, pressure ranged from 2.0 to 2.6 bar. The brightness
of rose wines ranged from 84.72 to 87.36, the redness from 9.28 to 14.15, and the yellowness from 9.50 to 19.20. The hue value
of wines ranged from 1.137 to 1.513 and color intensity ranged from 0.724 to 0.882. Aroma analysis identified 14 alcohols, 22
esters, 4 ketones, 4 acids, and 17 miscellaneous compounds. The total tannin contents and total polyphenol contents of wines were
11.28~12.43 mg% and 24.79~28.20 mg%, respectively. The DPPH radical scavenging activity of wines ranged 63.33 to 67.89% and
the ABTS radical scavenging activity of wines 82.16~86.06%. The results of this study provide a basis for establishing the brewing
process of rose sparkling wines yeast strains.

Key words: rose sparkling wine, quality characteristics, functionality

M B Fabgol et AgEE g 3L o]FojX L glow, &
w3} Bt 55 otal 4| vl FHIRY 4% B2

9}l EbAlo] Q-Elof uwhe} v] WA 9FRl(still wine)T} 0|1 QIth(Lee YJ 2008; Jung HW 2013).
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o 75 ESjolE 93 vIAT Uk 9l 48 ABol o BT Huach

71

mx O B orr oo n
oZ:

N

' Corresponding author: Hyerim Shin, Associate Researcher, Wine Research Institute, Chungcheongbukdo Agricultural Research
and Extension Services, Yeongdong 29151, Korea. Tel: +82-43-220-5872, Fax: +82-43-220-5879, E-mail: 1imi8903@korea.kr

- 425 -



426 A5 - ol - LA - uoY - AYY - 85 -

A A2 ool B ATRL BE A AA F2
M2 Wols U An2e ole] E4 AT (PuigDeu 5

1999014, = FA| TFES AHESHAE Zgol A1
o gt Hart 7hsglon, o] eRle g AubEd 9l
Az Al YT A 2&AJo] ookl Wt ES
Moscato Giallo ATHET 2FQ19] 3/ £ 24| Higt
ZE 54 (traditional method), AF20} HF2](Charmat method),
ofAE] HFA](Asti method)ol] T2 FF A (Caliari 5 2015)
o HEH M AT AFEnt A0 g7 APibE AvkEd o)
QIO A ofAE WA HT BAT} £ gF7] ARl E3ht o]
Px FYoAM= AukEd Q19 I FAHETo] ofd &
| ’5}%34 TE o7 odgt A7t o] FolA L AU
A, T AFE= A AR 24 19 4 E4
G)ark 5 20172)°4 ¥ A 5U3E ofFALS 8511 =
OIS el ¥ Lo urel olghat gHegol Tt A &
Slon] 24 olele] QHEAloR Beke: E Y2, A
B27A0] €3 YA} Yoldehy yrgow, 2 Ba &
222 /R 24| AnE 99l AdBing 5 201504
HlolA oRRlol RHEA] 9 7|54 EAT} Saccharomyces
cerevisiae Vitilevure Quartz 5 S X 558 HEolo] HaA|7l
AE 2RI9 7|2 E RAFSH: 59 A7 3=
L, AuE 2Rlof gt At o5 wjuet Aol
webA, & Ao ds Ff Al 2eE ol-gsto] By
ShA] ool 9RQl Al T UFE FF 6%%] Hlo|A Q1S
Xﬂ-l—ol'd 0“1 =Ry —T?:‘ E AFALoA Adlel EF gl
Azd 24 2589 sl

1. AENE Y Al

E Ao ARSI LT Muscat Baily AMBA)}
Muscat of Alexandria(MoA)E AME-5}9=1 MBA:= 20214
ofl, MoAs= 20200] 5 2te]u ] E7tolA FUTE 22 o
okt AR HF A AdARE HErSoribE (Institut
oenologque de champagne, Mardeuil, France)2 ©]-8-5}%t}. 2t
QA AR Al ARRH AR Saccharomyces cerevisiae(Fermivin:
mja"l) 7013, DSM Food Specialities, Fermivin®, Lallemand,
Denmark), 2}old4A
ES22, EJI8, HK2E AF2510] 910l #2511 B AJok
2 Sigma-Aldrich Co.(St. Louis, MO, USA), Merck(Miinchen,
Sol4 7 53 9 HPLC 57 AokE A}

KL/ Saccharomyces cerevisiae

Germany) &

At

34 LA EIUISA

2. HIO|A IRl M=

ZA ATEE 9Rlof] ARESE Ho]A 91912 MBAS)
MoA & A7 th7|2 X 9] Fo]&E7]|E AAst 1t
qE TEFEEF, 5, A 5F ZE3Ho] 100 ppme] =] E}
SO ‘%Q A7FotaL 5AI7F & A RE Aot 71
o] 2 EEFof| HuHlg nX| et oA 3087 &
A3tE Al ? RrF AA FAL 0.02%W/W)E 715t
W EE A2} THShin S 2022). BHE 2L 18TE 94

Stgon FTe WE 71X F N 2814 AolFHA Ti
WY BENT BTS Yol YR T Yk G

TRl Aeor &A 97 9 £45 AYPSIAAL dFE

=g 6% A F Ll HER SYsta] ARt

3. ATEE Q21 M=

AL 3bare] ATEH Q1 A|2E fIs) AR WAET
(CJ cheiljedang, Seoul, Korea)2 ©]-&35}o] Costa GP(2010)S]
AFONA 1 atm B Al 4 gL Eo] Fasitt= Y=
Farste] 12 gLz B & Hjo]A flo] v m|Rla}
Saccharomyces cerevisiae ES22, EJ18, HK22Z 2x10* cells/mL
2 st 1% Es 1Y 9 aRasbl e =
T dao] vAls T AFHKim 5 199)°14 ar Bt
52 Fuso] o] 4¥S AT T YA, 8% e=w
21912 3291457 (DAIHAN Scientific Co., Wonju, Korea)
olgstol 200F SASHA 147t YRS Al

EL_E =

1) pH, B4t I S|kt

2}219] pHE= pH meter(Thermo Scientific Orion, Waltham,
MA, USA)E o]&sto] 54519, F4AR2 AR 5 mLo] &

$5 5 mLE Jlste] A ARol HEEEel 8o
23 WS Hoj=EY & (0.1 N NaOHEHO & pH 827} H+&=
NBE FRHOR ol AHE T 4uE Fomy
trtaic acido] AR 714 A olgatel T o
Uty FA4to g2 ghabshith(Park 5 2021).

_ FXVXf
S

ofj

A

pul

> 100

V = AH|SF 0.IN-NaOHS] mL%>

f = 0.IN-NaOH9] Factor (=1)

S = HAF

F = 0.IN NaOH €9 0.1 mLo] Agst=
(0.0075 2441

[0 A%
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SkALL. 91018 ZH3H AE 10 mLoj 0.01 N NaOHE 7}
of 3 4 L5t pH 8271 H= AdS FTFHL
o, An)E Fo Z2HE acetic acido]] AFS

F714E AR SAtete] FHARS ARESHAT

2) g, 232 B2t

91919] P& Brixye T AP A (PAL-1, Atago, Tokyo,
Japan)E AHESFR oY SRS 1 mLE JHS UE & =F
Sttt oRle] LIE FFS FAIFFFEAHNTSTSI
1999)9] SFHoZ Aot &, A5 100 mLE 35t
ZF5 100 mLE TE F SHAA 1 fol 70 mL7}
HAH FFE A6, o7]0 FFFE ]88 100 mLE 7
83 3 27N 257} 10~15C7 HEE YZA7| F
BAE AHEote] 4% o FHE 25 ko] giQdst
of

LTS PFS SNt

3) EIAOL =X

Ash2e ojolo] Wankg F9 AL SA g
= TAIRFFEAHNTSTSI 19992 Farsto] 20 T4 |
W = A|(Shenzhen Xingke Ruicheng Technology Co., Beijing,
China)E §ut7fiof 112kA]7]3 107 Fol Y2 bar
= A

4) M, Hue 2t % color intensity

2}Q19] ML= spectrophotometer CM-5(Konica Minolta,
Tokyo, Japan)S ©]-85}0] Hunter L, a, b g2 =33ttt
Hunter L(Lightness, ), a(redness ZA1T) L b(yellowness
BT 382 Z1ZF zero, white calibrationS 53 HA5FH2
o, oju WiATo] M- [=99.55, a=-0.05, b=-0.33°]%]
t}. Hue 2 E3F LA (Lambda 35 UV, Perkin Elmer,
Waltham, MA, USA)S AF&510] 420 nm/520 nm®] S35 1]
2 YeR O, color intensity:= 420 nnr+520 nn+620 nm S
BEo Fo g Yeith(Park 5 2018).

5) EI|1M¥E

2323 9jle] P7IHLS Londa S0 S U
WGsto] AT, 2oL B3] 915ke] 20 mL headspace
vialof 2491 10 mLE Y1, WEHEEEZAZE 4-methyl-2-
pentanol2 H7}5lA . F714ES] FEL2 direct headspace
trap 7| &2 $Y519 O W, ZAH]= Turbomatrix 40 trap(Perkin
Elmer, Waltham, MA, USAYS AR5}t Vial 1827F ¢4
o] 7t on, 1583 SHEU. AMEEH 25X+ needle
110°C, oven 85C, transfer line 140°C, trap low 45°C, trap high
290C, 4= vial 20 psi, column 40 psi, desorption 30 psi. A]

ol F4 B4 H 7154 427

742 dry purge 105, trap hold time 12, desorb time 104,
thermostatisation 305-0] 1T}, Gas chromatograph/mass spectro-
scopy(Clarus 680GC/Clarus SQ8T MSD, Perkin Elmer)Z2 4]
sl o, AHL Elite-wax(60 mx0.32 mmx0.25 pm, Perkin
Elmen)E ARSI, 2825w 40Co|A 383t FA 1 &
3C/ming 180 C7HA] AF5AIX & 1087 F-AI5HA 20, thA|
5Cmin2  220C7HA] ASAZl %, 3087 SR8+,
equilibration time 2027t F9t}. -F-4-2 1 mL/min, split ratio
= 111, carrier gase= HH(99.9995%)S AR5 7 |AE
9] 542 GC-MSE o]&sto] UL mass spectrum NIST
database® FA5}] FASIH T} Mass H = 45~450 m/z= 5
Aot AL WEEEEZE 4-methyl-2-pentanolS 50 mg/L7}
HES H7IRE & o] £49 WHH|E 7|2 & Aol

21919 & E9 & TFE Folin-Ciocalteu phenol reagent
7t 259 EYvlsd aihEol oo ged Ay EYE
dl Yoz Wst= AL Y2 E45%tHAmerine &
Ough 1980). = Z+Z9] A|& 0.1 mLo]| 2% Na,CO; €4 2 mL
£ 715F & 387 WA A]Z] T2 50% Folin-Ciocalteu reagent
0.1 mLE 7|5}l 30&

g3lo] RETMOR R TSI, me%w LR giet.

2) Bt St

2A A2 24R19] B =2 Duval & Shetty(2001)
o] vrof wet Sttt AlE 1 mLo]l 95% ethanol 1 mL

575 1 mLE 7Foko] Zgotal, 5% NapCOs -89 1 mLet
1 N-Folin-Ciocalteu's reagent 0.5 mLE 37} &, A-20] 4] 60&
7 AR B, 725 nmol A FBEE S0eH, &
ety ke ¥ £ tannic acid(Sigma-Aldrich Co.)E ©]&
shof gFstiot.

3) DPPH HXIB0S

ojolel st UL 2Has il AAToks
(electron donating ability, EDA) Blois MS(1958)2] H'H2
oto] EASIATE. = 0.4 mM 1,1-diphenyl-2-picryl hydrazyl
(DPPH, Sigma-Aldrich Co.) €< 0.8 mLo] A|& 0.2 mLE 3
Jheh 108 RIS 525 o4 SRES 2Felsic
ojmj QFAJtZ++= 100 ppm L-ascorbic acid(Sigma), T 22
L 2RSS ABIINCH HARoES AR A71Te) v
B SHE Aoz ehjock




428 a8l - ole - ey
Clans — Saps
Hectron Donating Ability (%) = % > 100
Abs

C st Absorbance of control

S 1 Absorbance of sample

4) ABTS HXI20S

Z2A A1-Z7 94912] ABTS cation decolorization assay B
H(Dewanto 5 2002)°] 93} =35} =, ABTS(2,2-
azino-bis-3-ethylbenzo-thiazoline-6-sulfonic acid, Slgma-Aldrlch
Co.) 7.4 mM} potassium persulphate 2.6 mM-& o}5 59 ¢
40 BFA|sko] ABTS ol FAHAI & 013@12 =3
& Al(Lambda 35 UV, Perkin Elmer, Waltham, MA, USA)E
o]-gsto] 735 nmofl Al T8 Fhol 1.4~1.57} HE S SR/

2 3|A5tint. 314 E ABTS &9 1 mLo] Al= 50 uLE 7+
sto] FHEO] WIS 602 Fofl SHoton, FdthEL
O & 100 ppm L-ascorbic acidE &% H71ol9 1, AR5
o A2 AATe AR WA ge dEHERD
FAEE WEER ehgich

A
M
£ A9e 38 wEsel 248 Fai BEEAS 4
F393, 2 WL HRA 5AH 5992 Spss 5
X 2 T3 (Statistical Package for the Social Science, Ver. 12.0
SPSS Inc., Chicago, IL, USA)S o]835to] U ufj x| EAHEA
(one-way ANOVA test) & A& ZF #}9] 955 Duncan's
multiple range test® H| 1l 4513 th(p<0.05).

At o
1. Z2H| ARS8 olo] Ut Z& 4
A 22 oRle 22k | & p

ECREE FEREET

34 LA EIUISA

UFL FFE FASE A= Table 13} 2t} pH 24 Ay,
3.96-4.052 ThoFslA UERow wuldlo] 713 =7 ket
Wom, HK2200 A 7H4 okt =pAF Ajk 24 ¢le] &4
E4(Park G 20172)001A] 24| 2+Q19] pHi= 3.27~4.269]
et Bad v glom 2 A3ro] Aurt Mol sigstad
ok 7F8Ad IHER B o 2xF HHof 95 iR iy
FoH R Aot on mu|tlo] 3.8 °Brix® 7 @Skt
FAR2 0.23~0.32%2 EJI8S A Q)gt A Fo)A] 2 of
H] §o]d oz F7totlnt. SFAITE Park 5-(2017b)2] &5
< o] 83t ol a9 FH EAoNA 10T A 48417
| T HBAX S 219 A H 9171 0.53~0.99%21 At
H S o 2 A9 A= -9 Zolt} ol & A+
ol A AFEHE 2RI 6%= A & 1:1 B[ &R EdFsto] A
LEA=g A & MBA 24919] ZAFS 0.36%, MoA 2491
2 0.18%= $=X|7} v Lo} o]2fgt H7Fo] W= et
Y7+l tH(data not shown). $E4E oFd-Z HE X]2|Lof A
Z7 tiy] S7H= 2hRlo] kY] 19 Ul EEEE
2401 Ao, o] o] Erhes A2 Ua e &
Y & zAREA] 93t o Ee] w2 AY 4 ATH(Du Toit
& Lambrechts 2002). 3}A] 4t o] A3 ZAifo A= 22} Wa
A4E COR gl HATE H'E F3HA1717] e S4t
9 A B A] AREE= A]2FR] NaOH -§90] T ALk
Z715t 2102 AZFE th(Nagasaki 5 2021). &5 21} gt
8 5 gL AFY HSkE AT A3 221 5.8%
H| 2| GLo| Al 6.4~6.6%= 1% BT 2 F7H3ch BAREE
2435t A3}, 2.02.60.8 Hu|dlo] 7} Yorony ES227} 7}
7 =9kt o]= EH ¢4EQl 3 baro] U] A Bl S,
HK22E A|Qgh YA Aol Ha 2RI =
233-2.67% EFAIQro] Z75lth 14Q3}ol| A= FAlo|
UERtTH(data not shown). Canonico 5-(2018)9] Torulaspora
delbrueckiiZ )83t AnFEE 919l A Ro|A 24 gLE HG
T gRE 1x10° cellymL FERL o g 8Yo] 3 baro]] =

ol

i)i

4

Table 1. pH, soluble solid, total acidity, volatile acidity, alcohol of rose sparkling wine by yeast strains

Samples pH Soluble solid (°Brix)  Total acidity (%) Volatile acidity (%)  Alcohol (%)  CO, pressure (bar)

Control”  3.96+0.02%" 4.8+0.1° 0.25+0.01° 0.00£0.00° 5.8+0.1° -

Fermivin 4.050.02° 3.8+0.0° 0.32+0.01° 0.02+0.00° 6.5£0.1° 2.0£0.1°
ES22 4.02+0.02° 3.940.0° 0.3120.00° 0.02+0.00° 6.6£0.2° 2.640.1°
EJ18 3.97+0.01° 4.0£0.0° 0.230.02° 0.01+0.00° 6.5£0.2° 2.540.0°
HK22 3.87+0.00° 4.0£0.0° 0.26£0.01° 0.02+0.00" 6.4+0.1° 2.440.1°

! Control means Base wine added sugar.
2 All values are meantS.D. of triple determinations.

3 Different letters in the same items indicate a significant difference (p<0.05).
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(data not shown). 0|23t 215 vl o7 B 50
gt B Sy gEo] IFE = AeE wHE

2. 2N AnjEg! 019 M= Hue gt X color intensity

2} T 2A) 202 sklo] Mz ¥Tsh] 9l
Hunter L, a, b & Hue 4}, color intensityS S50 £4
A= Table 29 At W 84.72~87.360.2 T Z74(84.72)
] e AEtolA F71eton argto|E 2fo] e
Wk A= 9.28~14.152 27 tiH] B A E]FoA
HASHA=T Heredia 5(1998)9] Ao w=H pHO|
1.5~4.0 H 9] oA pH7} S7FE45E QHEAJoPd 9] A7}
sagth: B9k §AIT AL ekt Ea 24 2}
29 9jel Az A] ofgatol Q= AeolAe] eEAlopde)
ofAsk= QtEAJOI] HMEE fX|ot=t a2 St
B 117} Q1O W(Taranenko V 2023), £ Lo A= 2% & a
Al F7HA Q1 Hetsold4bdEe] H7te S S E=
9.50~19.20°2 2 EJ18Z A3t A Fo|A 27 &ta & =7}

X

I} 1.137~1.5130.2 Yegor 23 9t & » % =7)o}

I ES220A4] 7 =4t Lee 5-(2002)9] Aol w2
E0}R19] Hue 342 H]& X371 0.5 Folw, T restA
AFSHE 790l 1.0 o]49] g ZHA Eohal W3 Park
5(20172)9] AAGE] 2 A 23 =4 Al 24| 94919] Hue
2 0.592~1.3172 ThFstA Uepton o]eh 22 ol f+=
AMESHE ZEFHFY FRUH, e AHAY 715 E Wy
gt Ao g2 AZreET grnh 24919 color intensity= o] &

Table 2. Colors of rose sparkling wine by yeast strains

ol F4 B4 H 7154 429

th o] F7HE Uetdl= A2 XE FFolu Uad
7, o574 5ol sl Th=2A UEhd 4= Urh(Lee 5 2002).
Color intensity 4 23}, 0.724~0.882F T} oA YEG O
U o442 glelt) oletrolE of-&sto] A3t 24 <l
oA &dFZ AA A, 9 color intensityE A3+ A,
1.91~1.960. 8 &F-& AA| B W= e HMa T
2022), £ A7 dike dit £E0 R UEgEY ojls Xk
59 Aolet ARl 71 A7t glo] &S ERV|TH
o3t 9fQlo] Yo A F-& FFo 2 Qg M HEo] HgloH
Slo]E FF21 MoASte] Edlldo] o3t Yo s Pzt

3. 2H 2mEE elo| el

el A ofmuk= 7 £33 2% F shuE AARl9] &
At 2R 978 BEAY 4 U BN
o A A ¥ (Riv-Aumatell 5 2014), ZA] 232 2fR19] g
AES B A%t A= Table 37} Zt}. Static-headspace &
2 F 61359 3etEo] dEHeH, dISF 145, o2
HER 2% ALR 45 A5 45, 78 gl 175es
Uit 24 A sjele] RSRE 14F0E R4
Q29I 1-propanol, 2-methyl-1-propanol, 3-methyl-1-butanolz}

HI

1-hexanol, cis-3-hexen-1-ol, 2,3-butanediol, phenethyl alcohol©]
AU A7 TF2 60.34~79.33 mg/Le] H Lo
&35lgom, HAFZFS 66.68mgl, FZHA= 8.58 mygLE
bttt Hulglo g ofkxgt 23 AvtEE oRRloA 71
W S HAoH, ES20lA 7MY w2 #e Bt =
Al 2utEE Rl AHERE & 2FO0T S 2947~
3272 mg/Le] W el &t on, HghE 31.37 mgl, HE
WA= 139 mg/Lo| Tt ES228 9FR3E 9FQlof|A] 7h wre
2 HAom, HK2290 A 7Y &2 2 Bt oAH =
= acylCo A%} ATG Aol A T vl w3 o) F4
Hul, 22 F2 o)A B URe] B TE #A
° o HHE P FL B0l JH ool AASH Gk

Samples L (Lightness) a (Redness) b (Yellowness) Hue values Color intensity

Control" 84.72+0.362% 14.15+0.20° 14.53+0.26" 1.137+0.008° 0.882+0.156

Fermivin 87.36+0.02* 9.28+0.02¢ 15.8240.09° 1.477+0.034° 0.751+0.077
ES22 85.28+0.02° 10.7520.02° 19.2040.01° 1.51320.007* 0.781+0.004
EJI8 86.72+0.07° 9.50:£0.06° 9.50+0.06° 1.507+0.012% 0.8460.027
HK22 87.10+£0.05 9.53+0.03° 16.1120.05° 1.437+0.016° 0.724+0.070

! Control means Base wine added sugar.
2 All values are meantS.D. of triple determinations.

3 Different letters in the same items indicate a significant difference (p<0.05).
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Table 3. Aroma compounds of rose sparkling wine by yeast strains (Unit: mg/L)
Compounds R.T. Fermivin ES22 EJ18 HK22
1-Propanol 9.561 0.61
2-Methyl-1-propanol 11.327 593 6.47 5.95 5.94
1-Butanol 13.308 0.06 0.05
3-Methyl-1-butanol 15.974 52.55 71.07 56.01 55.19
2-Heptanol 19.59 0.67 0.40 0.70 0.58
3-Methyl-1-pentanol 21.066 0.03
1-Hexanol 22.191 0.49 0.32 0.52 0.47
cis-3-Hexen-1-ol 23.442 0.07 0.07
2-Nonanol 29.304 0.16 0.18 0.17
2,3-Butanediol 29.309 0.16 0.03
3-Methyl-2-butanol 12.437 0.01 0.09
2,3-Epoxyhexanol 30.765 0.04
(R)-3,7-Dimethyl-6-octen-1-ol 38.628 0.05 0.06
Phenylethyl alcohol 43.319 0.41 0.30 0.44 0.45
Total alcohols 60.34 79.33 63.85 63.17
Methyl acetate 5.34 0.04
Ethyl Acetate 6.1 17.17 16.87 18.15 19.03
Ethyl propionate 7.446 0.07 0.07 0.08
2-Isopropyl-3-methylcyclohexyl acetate 7.686 0.08
Vinyl acetate 7.841 0.12 0.15
2-Oxopropyl acetate 7.851 0.15
Isobutyl acetate 8.866 0.19 0.14 0.22 0.21
Ethyl butanoate 9.561 0.76 0.78 0.84
Isoamyl acetate 12.598 4.15 4.68 4.63 5.16
Ethyl hexanoate 17.184 237 1.93 2.37 2.89
Allyl acetoacetate 17.529 0.05
Hexyl acetate 18.815 0.08 0.08 0.09
Ethyl lactate 21.606 1.99 0.39 1.76 245
Ethyl (S)-(-)-lactate 21.611 2.12
Ethyl octanoate 25.848 291 2.57 2.44 0.21
Ethyl decanoate 34.111 1.11 0.65 0.89 1.20
Diethyl succinate 35.246 0.16 0.09 0.19 0.19
Methyl salicylate 38.523 0.02
Ethyl dodecanoate 41.689 0.14 0.11 0.16
Phenyl carbamate 46.345 0.02
Ethyl tridecanoate 56.33 0.07
Ethyl hexadecanoate 56.324 0.06
Total esters 31.27 29.47 32.00 32.72
Dihydro-4,4,5,5-tetramethyl-2(3H)-furanone 8.401 0.10 0.10
Methyl isobutyl ketone 8.636 0.73 0.57 0.79 0.82

Diisobutyl ketone 14.668 6.17 5.27 6.49 6.79
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Table 3. Continued
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Compounds R.T. Fermivin ES22 EJ18 HK22
4,6-Dimethyl-2-heptanone 17.529 0.13 0.14 0.14
Total ketones 7.14 5.85 7.52 7.75
Levulinic acid 18.83 0.03
Anthranilic acid 30.374 0.41
Hexanoic acid 41.119 0.03 0.04 0.04
Octanoic acid 48.311 0.05 0.05 0.06
Total acids 0.08 0.44 0.09 0.11
Phenol 4.024 0.65 0.04
2.6-Dimethyl-2,6-octadiene 7.681 0.07
Butane 14.848 0.03
1,2,3-Trimethylbenzene 17.319 0.55 0.54
1,3,5-Trimethylbenzene 17.324 0.51 0.33
(E)-2-Dodecene 17.824 0.05
1-Dodecene 17.83 0.05 0.05
2-Hydroperoxypentane 18.455 0.02
Hexyl Hydroperoxide 21.171 0.06 0.07
3-Butenenitrile 23.452 0.01
Formamide 29.729 0.02
Linalool 30.369 0.79 0.81 0.88
Ocimenol 35.961 0.03
Citronellol 38.642 0.05
(2)-3,7-Dimethyl-2,6-octadien-1-ol 41.449 0.06 0.04 0.08
Biphenyl 45.831 0.09 0.08 0.17
2-Phenylphenol 68.669 0.39
Total miscellaneous 1.57 1.06 1.62 225
Total 100.40 116.15 105.09 105.99
(Riu-Aumatell 5- 2014; Zhang 5 2019). | AH 2 F 5 isoamyl %2 ZoF Fwoert. 7EF S¥HEE & linalool, citronellol,
acetate, ethyl hexanoate 12|11 ethyl octanoate’= ZFz} v}, (2)-3,7-dimethyl-2,6-Octadien-1-ol 5 17&0] AZE|lon, o]

A}, 7 o 52 kT FelA 9Lom(Guh H 1997;
Vera 5 2011), Yoon 5-(20172)9] AFA = oAH 2 3}5H
2o w] uiut, 47 5 3 3 F S ol Y 7
o F Uegt AEF+= £ 4507 TFFE 585~7.75 mg/L
of w9lo] okl on, WFEhe 7.06 mgl, EEHAHE 085
mg/Lo|9Ie}. ES22E SR ofelo] 4] 714 Bekom, HK22
oA 7V BT ARE F 4 0] Bdgon
levulinic acid, anthranilic acid, hexanoic acid, octanoic acidZ
T 0.18 mg/L, EZHAE 0.18 mg/LE Zo]7} ZA yEh
2t} Octanoic acid®} decanoic acid9] §FFo] =2 ALo=
AR &2 o7 ARt EAl(Zhao T 2021)7F U

ARt & AFoAE mif B2 dFer & 9T AA

= 3}1%4 Z S}eFo| 1.06~2.25 mg/Lo|gl o, HulHlS
ST Rl 7 @ar, HK2200 A 7HE =2 32 YErd
Aot B 1.63 mg/Lo| o, FEHA7} 0.49 mg/LO]
%It} Linalool 7|2 & 0 2 floral &9 E42 XYW =F
| 9 Hol 2 o] WolA Z P19 24 o Ze
| stalom o] Qo= &, Ao Y, F4F 5 o] UE
‘;;}E]'(Chlgo Hernandez 5 2022). Linalool2 ES225 A 2|t &L
E HE|FolA YEREoH, citronellol EJ18S F&3t €10l
oAt A= At Hutai-8 E5:(Vitis vinifera x Vitis labrusca)
< o|-8oto] Az 24| 4R19] F7|dE 4 A] 1-hexanol,
linalool and citronellol g}&fo] =9rom T g ¥rgol &2

o &R way 24 okele] 57t A7} L

N i

[©)

X
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5 2022). (2)-3,7-dimethyl-2,6-Octadien-1-0l-> E & 727} |
292, § 50 EFE0IgE RiH2HoR ojele) 2
I B} S U= EFolthZhu 5 2022). & AFolA=
ES222 F23 RIS A Qs BE QRIoA AEE AL H|
2R HAA ol B2 TS ot Aokl FHA A
onj, b2 sheHEe) 9] ZEE 27717 E Qo (Marais
J 1983). Lianlool, (Z)-3,7-dimethyl-2,6-Octadien-1-0l-> &+-&
=8, A% 28 o 5% 4TS ot F E I
Ao A= g AHRELE EZo|th(Pedersen 5 2003).

4. 2N ALIEE Q219 J|SH &

A AuEd oRRIe ©d T F EdvE I 24
A= Fig 13 2ok wd 3F2 11.28~12.43 mg%= =
TH(12.43 mg%) THH] ZHA5H L HK22 Aol A 7Hg 2A
velgth 24 249l A% Al gd &R SO, sulphitation?]
Z4=20] 50~100 mg/L, A& 25 20-22C, IZ 7|7 204]
2k olgolA Eorith= Hal7} Q1O ™ (Muntean & Gheorghita
2008), A|TE]= =AF 2FQ19] B TS 2.45~3.50 mg/mL
?l(Yoon 5 2017b) A3} H| Wt & A A= Ayl a2
olth. & EZjulls TS 24.79-2820 me¥i ES27} 7H
$oton Uz Agate thRt 9@ aR7He] GOl YE
A ekteh. @Rlo]l S0131s= flavonoid phenol 2}HE-2 anthocyanin
2 H|ESlo] tamning FAISH=  catechin, leucoanthocyanidin,
flavonol 5°] F+F= o|FH, & Z= o] At ZHH] &4
gttt $HH, non-flavonoid phenol 3}HE-2 cinnamic acidlt
benzoic acid®] FEA7} 5 o|FH o] Fof EA st
7] gl ZEFTHE LHAIZ] 30| E 2412 non-flavonoid
phenol 3}eHEo] tFEo]xl, AAT XNE A HaAX g
E 9}91-2 non-flavonoid phenol $}3HE-3} flavonoid phenol S}

o
filo
M
et

GV

14

3 ab
12 bc c c
10
6
a
2
o

Control Fermivin ES22 EJ18 HEK22

Tannin contents{mg?)
w0

ES 25 oHA "ok mheba FE el SholE 9}
AETHF H o= ool B vt ofyt Alx w
Hoj| wheba] A&} Ko = flavonoid phenol SFHE9]
% gelAth(Lee & Chae 2010). o3t A AE vf
FOoE HALQl MBALL W0l MoAE 45371
2R A2 ol19] gd i & ETHs Fdol AAH L
2 92 $AE Ued Ao g PZHEH 3L Lee & Kim
(2006)9] Ao WEH FEYHEF TS ZHEE UE
W+= Hue Fto] 29 A4AE Uetdol &=
o] #245 W2 Hue ¢tZ UEPATHL 5130, o] &
Aol ggol 22 21N &4 T AkShrt Eol XggE o]
AUET A Yepdtiy Basiylc. 2 A 23, & &
s ko] 7Y Wkd ES22 A 2|+tollA] Hue gtol 7HY
=oF FARE AFE UEH

5. 2H| ATSY ofolo] aHAEH &M
24 2vhEe okolo] Akt BHS wEsh] 99

DPPH 34130353} ABTS 24130} i5-0] B4 A= Fig 2
9} v} DPPH 2tjz 24 ML qHAkst S4o] Buzoz

L

AR E = o E A AR A 2 g/ ett o] ot
L 3}E A5t AL 2 o] Eth(Lee 5 2004). DPPH AR}
Zols B4 Ad} 63.33~67.89%% Hu¥la} HK227F 713
Eom, & Edde gefol 7Y WH ES22+= DPPH A
AFAdsr 7HF IATHGAHEZTLLE AFHEH L-ascorbic
acid= 78.56%). Phenolic content?} DPPH 2}T]Ztof gt 4 A
T AL o, EuE AdEo] s F4tet 4ol
Yepdth= H 31(Guilford & Pezzuto 2011; Kim 5 2012)2} &
ARRE 33 YEPTE Park 5-(2018)9] Aol w=H =4k
Al 24 919 F EgHE T2 50.55~99.55 mg¥,

= a a a
25 :
20
10
5
]

Control Fermivin ES22 EJ18 HE22

B)

Total polyphenol contents{mg3)
—
&

Fig. 1. Functionality of rose sparkling wine by yeast strains. (A) tannin contents of rose sparkling wine by yeast strains.
(B) Total polyphenol contents of rose sparkling wine by yeast strains.
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Fig. 2. DPPH and ABTS radical scavenging activity of rose sparkling wine by yeast strains. (A) DPPH radical scavenging
activityof rose sparkling wine by yeast strains. (B) ABTS radical scavenging activity of rose sparkling wine by yeast strains.

DPPH HA}F0]5-2 73.75~90.41%F o E AF AL A}
+ olof| Hls W X5 Y=t oA ETF 6% AL
g ol A TGl 2 JFoE At ABTS At
Fols B4 A 82.16~86.06%= HK2200A 7Hd &=ttt
U] A s 2T o] fhchs 4EE UErithY
A ZF 02 AREE L-ascorbic acid= 53.73%). Bing &
(2015)9] Zt Ha] 255 H7Iet 24 2123 9] DPPH
AR}F5L 41.46~54.87%, ABTS HAZ0I5LS 3296~
68.92%= ABTS ZA}-g0]-50] &%=t DPPHY| %% A&
iz, ABTS= Yol git|Zo|EE A|A %= A}o](Wang
S 1999)2 E A+ A% FLs FFo] HERT
Qo 3 #=

£ d7oME 52X THE JF L 24 $EE B9 A4
A0E 9IS A|lxoto] FAEALT 7|548L vkl
ok pH 574 23, 3.964.052 TFsHA Yer e wu]yl
o] 7P =A UEtow, HK2200| A 7 Wekth 7184 1L
FEE & Jre 22 TEe oo g2 tiH] fo¥o =
a5t o mulylo] 3.8 °Brix® 7 Rokth AR 023~
0.32%= Ve on, Sl g2 IE A oA gzt
] S7HAcE AR 221 e § I3E O] HskE &
A%t A3 291 5.8% thH] AP GLoA 6.4~6.6%= 1%
ngto 2 7t on, ekl 4 A}, 202,628 Hu|yl
o] 7P wtow ES227t 7P =9kt MEE EA At
WLl 8472873608 TR thu] RE A2 L4 &7}
stelom g7tk 2ol7h et HME= 9.28-14.15
2 2T ] ZE AEolA Fasiylon, M=
9.50~ 19.200 2 EJI8E A|Q)5F g FLojA 23} &g & =7}
AT} Hue 452 1.137~1.5132.%, color intensity~= 0.724~0.882

2 odstA yer oy 79442 /llth 1w 4
o A3 F 6159 SitEo] AEHUCH, dISF{ 145,
NAHERF 22F, AEF 45, 4HF 45, 7|6 =0l 175
o= yehgth AL R0l B 60.34-79.33 myLE ES22
B FRT oRIA 7MY 34T AAHERE 29473272
mg/LE HK2200A 7H #3ton, 7|etalelE2 = linalool,
citronellol, (Z)-3,7-dimethyl-2,6-Octadien-1-0ol 5 17&0| A&
9tk 2] AshE oh1o] B FHES. 11281243 me%s
o 274(12.43 mg%) ] Fast9oH, & s dFe
24.79~ 28.20 mg%= UEFGTH 24 AuEd 94919 3FAksH
E/9& vlwsty] 9Js DPPH HA3-0-5-3 ABTS A5
59 24 A3, DPPH A8 52 63.33~67.89%% Hu[xl
¥ HK227F 7HE =%o™ ABTS HARZol5-2 8216~
86.06%= HK220]A] 714 &9ttt o83t B4 Avg B
2 A0E9 o9l A|x8& AR ZEM Saccharomyces cerevisiae
HK227} 7} §-<eotthal dghe o

2ALel 2

2 =22 TN ATARIGEIAE: AT X9
o A AR sk A3 e A 4 A8
3}, A HS: RS-2021-RD012438)2] 2| Yof| 9J5t A0 =, o]
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Abstract

To produce an intestinal immunomodulatory beverage containing Centella asiatica extract (CAE), three types of CAE-added
beverage prototypes were prepared, and their immunomodulatory activities and marker compounds were analyzed. As a result of
the cytotoxicity assessment, all the beverages did not show significant toxicity compared to the control group. Next, the
immunomodulatory activities of the beverage prototype were evaluated using the inflammatory model of IL-1{3-induced intestinal
epithelial cell line. All the samples significantly reduced the production of IL-6, IL-8, and MCP-1 in a CAE concentration-dependent
manner. In addition, CAE-added beverages inhibited NO, IL-6, and IL-12 production in LPS-induced RAW 264.7 cells. When the
major triterpenoids, as marker compounds for the production of CAE-added beverages, were analyzed by HPLC-DAD, only
asiaticoside was detected beyond the limit of quantification, while madecassoside, madecassic acid, and asiatic acid were not detected.
The amounts of asiaticoside in CAE-added beverage prototypes were confirmed in No. 1 (19.39 pg/mL), 2 (19.25 pg/mL), and 3
(19.98 pg/mL). In conclusion, the results of this study suggested that CAE-added beverage prototypes induced immunomodulatory
effects in the intestinal inflammatory cell line models and asiaticoside could be used as a marker compound for CAE-added beverage
production.

Key words: Centella asiatica, beverage prototype, intestinal immunomodulatory effect, marker compound

AN B < St= 7/‘1 oz &a{A Qlth(Tlaskalova-Hogenova 5 2005;

Han 5 2008). Z18ju} 32 H7]14 At € YE54 502

AA o] A 43} F4, v 59 718 7lsH A lsf Ak @1 of £4o] dA FEHIL, 1= s &4H Al

9 A 75 9 AN E, SAA e A AT AR 5ol I 7F 2@ AgH(tight junction)?] 7]5-0] *5tE| o] A E3}A]
Z =

S A2
ot o oo REEo], W] 22EY Bul 5ol W o] Z/lHoRA M 5 2013), 94 U A4 @F AohE 2
2=8)5lo] v B WA A9 AAZQl At #oto] FS5A A A&(inflammatory bowel disease, IBD), <

' Corresponding author: Kwang-Won Yu, Professor, Major in Food and Nutrition, Korea National University of Transportation,
Jeungpyeong 27909, Korea. Tel: +82-43-820-5333, Fax: +82-43-820-5850, E-mail: kwyu@ut.ac.kr

- 436 -



Vol. 36, No. 6(2023)

4 g 27), 2ot APEF Sl GEAHE 02 FeiA
UTH(Farhadi -5 2003). 954 4 A2 A28 AFE o
Jhe RS WY 954 VO, AL =5 NF, A
% 42 5 54 R LelA ArkPithadia & Jain
2011). 53], ol A4 F W] WL A5 AT
she wEste] B W, AEdA U A vYE

= ) 3 ete) el Hﬂi}a

Wk 59 chefdt ol %

SREAA Folt o] gleloz A
531 ATHKim 5 2020). Ha 5(2019)°] =9 =4 5
A 7 AR B Sl QAT DA R % 22 %
2 9] 7ok SAl0l0l, 3 A4 Shgelel SuE
o] ZEM BT} O A0 LehAlgl 1 Aol B2} Fol
53 o], AP B ol 2] gl o
SR G ASF UERIT), FRAE ASACE U
Te] wo] 2718 ACR WekElw, o] ol
AN ATt 249 Aol WRE Ao Az,

ARG E T90)E 9| ok olgog Bl
W E(Centella asiatica) 1| U] T Apiaceae)?] ThEA] =
HER, 18 e RolA AEH, 2 ofa), o
&, 5= Y ofAlotet oA = Al 4, FEA
T, 5 57004 AMiEe Ae® A ArK(Chois
2020; Eom 5 2021). &2 o AEE 97taH, 3 5

oAl k&0 & o] gE o] et U o= M= 742
2 g8A YOom(Choi 5 2021), FEHH(Widgerow S
2000), ¥ 2744 AIHChoi & Bae 2013), AIAAE B3 At
(Orhan IE 2012), g+AFs} 2 8} H4J(Shin = 2020) = t}
oFe WA Eiol HTET Uk A HEE F=2 1)

q o
)
a,
oX
i
of

0.L4

l-ﬂ e ol

s

25 A A6 59 5% B 7154 HE 2 oJopg)
AFAol g g F8E 1 Q=Y AHsE 7FFo 2 Q) o

BH o] oo o]&35t1 Q= AlFo|t}h 3HH, 20149 0]
TaE Harof oA Qs HAdE 9 QoFE Az B
b a4y ARE AFOIH 59 A SYHF o B A

[11

FFES] I ol F AFE RIEHE A=doF sk
AF8to]| 0] Qloj(Park WS 2017), L FUlof|A L 714 3A

HEAT a2 AAES

EECEC 437

Zh= M Eo] dgst %JEO w= FIo AEiRE 2 A
=2 ol Ao & JAtH(Shin 5 2020; Eom
021; Kim 5 2023). Eﬁ&, HEO DL §52 1S

T of et theket °:H”L7} o]
HAXAS 53 4548 & A o 4
i Soll thgt At mlH|RE Aol et & At
A= FAHolA A= = HES ARESH] A AAA
B52 7H VA EAAR7SAEY AR 2“9—0}71 9
3 & v HE HE FEE IF o5 AAES A
SkarL A AT A 3 (Caco-2)2t ThAA| LF(RAW 264.7)5 ©]
&3t AW Hdxd avE ASshL, ol WE A REES
AAsFLA}F SFITE. ERE, o] S HIPoE 9 H
2E HAIsH] gt AEaA o] SAksto] ofubA|staL, thef

3 AAES ZAFORN HE 222 B9 222 AYs
7 g%t AxAme oA Sk
VERCEIRET
HE 252 39 S8 AINEY X

1. H
% Ao A AMEE BES T5 5579 AU &
=5 (Chungju, Korea)oﬂ A sk, & FAA 55
(Jmcheon Korea)ol| A &S F&5l1L, ol& 715l &%
£ XA HE FEE2 YR E 60ToA dFdx3t
T Ax" HES & 1 Lo tiste] 0.1, 1.0 E 2.0%2] Hl&
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Table 1. Extraction conditions for preparing CAE-added beverages

No. 1 No. 2 No. 3
CAE-added beverage
Contents (%)  Contents (g) Contents (%)  Contents (g) Contents (%)  Contents (g)
C. asiatica 0.1 1.0 1.0 10.0 2.0 20.0
Extraction Water 99.9 999.0 99.0 990.0 98.0 980.0
conditions
Total 100 1,000 100 1,000 100 1,000
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WFRISITE. T o] AEFE 5% CO:2 $AI5He W]
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Table 2. HPLC conditions for quantitative analysis of
major triterpenoids in CAE-added beverages

Analysis Conditions
Instrument YL-9100 series
(Young Lin Co. Ltd, Anyang, Korea)
Column YMC-Triart C18
(150%4.6 mm, 3 pm, YMC Co., Ltd., Kyoto, Japan)
Time (min) VDV:;;):I(ZOZ(; Acetonitrile (%)
79 21
79 21
12 77 23
20 77 23
) 24 65 35
Mobile phase 30 65 35
32 56 44
34 33 67
42 33 67
45 0 100
50 79 21
65 79 21
Column temp. 30C
Flow rate 0.8 mL/min
Detector Uv at 205 nm
Injection volume 20 pL

Data calculator Clarity system
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O] Mli AJEE0] 80% o]/fo|H YHtHoE NE=4HE gl
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(A) (B)

Fig. 1. Cytotoxic effect of CAE-added beverages against Caco-2 cell (A), and RAW 264.7 macrophage (B). Each beverage
was treated to Caco-2 or RAW 264.7 cells, and IL-13 or LPS were subsequently stimulated for 24 h. Results are expressed
as meantS.D. of three independent tests in triplicate. Means with different letters (lowercase; stock and uppercase; dilution)
above the bars are significantly different between groups at p<0.05 by Duncan’s multiple range test. 1; 0.1% CAE-added
beverage, 2; 1% CAE-added beverage, and 3; 2% CAE-added beverage.

(A) (B)

©

Fig. 2. Anti-inflammatory effect of CAE-added beverage on IL-1B-stimulated Caco-2 cell. Caco-2 cells were treated with
each beverage followed by IL-1[3 treatment for 24 h, and the production of IL-6 (A), IL-8 (B), and MCP-1 (C) was evaluated.
Results are expressed as meantS.D. of three independent tests in triplicate. Means with different letters (lowercase; stock
and uppercase; dilution) above the bars are significantly different between groups at p<0.05 by Duncan’s multiple range test.
1; 0.1% CAE-added beverage, 2; 1% CAE-added beverage, and 3; 2% CAE-added beverage.
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Praengam 5(2021)9] A1) =W HES
20] [L-1BR F=S S]] Caco-2 AL Z0||A]

AR EZFRIQI IL-6, IL-8 X TNF-a9] A4S ZHAA]
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3. CHAIMIZEF(RAW 264.7)0IM2] HS AN &AM
AT} 2 gHAA Hrole} 2-of Fofshe 4]

)

©

AELZL AZ 3 A] Alo] E7IQlS
AN EZ FASIA Z7]9olo] 293t 3t
Aog FHA 9 Oom(Kim 5 2018a), Fjo]] Bxsto] A%
2 o) 9 V)5 25T Ao P RASRE
7efgtek(Kiihl 5 2015). LU}, LPS A& Q18] AL &
TAZ] RAW 264.72 IL-1B, IL-69} Z-& FZA4 Alo]E7}el

o ARste] B4 L NS SEAITHKIm &
Kim 2015). Tehd, 2 o] Ae falnzzo] HE 25

k:

=°] did F=2E ADside W AdEe 45 7L A
of mAlE IS Bt skoAnh. WA, Bt BAk Al &
S FA71= NO9 oA B4 F7F AoE 95
&= WSOl B7IsHAEE, NC Hi2te] 7, NO %2
23 pME ZQIEQIAL LPS AT 1 ng/mlo] 5o
18.8 uM2] NO BAFES HEto] 95 = Ldo] avb4]
o2 J4E AS FUT =+ UATH(Fig. 3A). A=A 2

B)

Fig. 3. Anti-inflammatory effect of CAE-added beverage on LPS-stimulated RAW 264.7 cell. RAW 264.7 cells were treated
with each beverage followed by LPS treatment for 24 h, and production of NO (A), IL-6 (B), and IL-12 (C) was evaluated.
Results are expressed as meantS.D. of three independent tests in triplicate. Means with different letters (lowercase; stock

and uppercase; dilution) above the bars are significantly different between groups at p<0.05 by Duncan’s multiple range test.
1; 0.1% CAE-added beverage, 2; 1% CAE-added beverage, and 3; 2% CAE-added beverage.
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T 19 SR LPS AP tiH] $AZ 22 {25 NO <
A BAE SRIFA) Qigtont, 201 9 39 SR 29 54
2 AMo A LPS AT tiH] 242 15.0 & 13.9 uMe} 12.6
9 122 uME| NO A4S YEt o], LPS A 2|3 A4t ofH]
22.7~29.5%%} 37.2~40.0%2] EAZF o= 595t NO A &
o] tehe o g SlE gt Tz 1169 oA &
/32 Fig. 3Bol| et =t 19 S29] 24 54 9 4
o M LPS Al tiu] zHzk 209.5 L 141.0 pg/mLe] IL-6
BeE UEHlo] SAZ LR {27t oA ZA(LPS Az
Z ol 77.7-85.6% OA)S reheict. g, 281 g9
7ol 2v 314 9 LHolA] LPS A thH] ZH2h 1253
gl 101.3 pg/mLe] 93t IL-6 JA| &4J(87.4~90.2% A
yetyon, 3 23+ LPS A2 iv] 22 126.7 € 60.9
pgmL] A0 2 Qo] T} ARHT} RoH0R B
L6 o] $4(373-948% ©A)S vehich. vhxjuto
IFN-y9] natural killer & T A|Eo|A JAHS §Edlo] 95S
SUE 112 o4 R4S W7 AIRe Fig 309) theRy
o 1M 229 A9, Lps HelE gu] AN o
IL-12 oA 42 SRIEA] Fgtot, 281 9 38 Z=59] 2
W 514 2 QololA Lps A o] 2zt 112 2 101
pg/mLI}t 9.0 H 6.6 pg/mLY| IL-12 A4S YeRiof, LPS A
Y& BT tiy] 35.7-42.8%2} 49.8~65.1%2] A F o2 89
St IL-12 94 A4S YEHT Cho 5(2020)2 LPSE &
%l RAW 2647 A 2504 BE 55 A9 Al DS/ AF
o] E7}21Q1 iNOS(inducible nitric oxide synthase), IL-13, 1L-6
% TNF-09) mRNA WE% FAE B Istgled], & A7
A AZFoA ZHHE 954 I A =24
ol dALAH S S45H 710l FFE mRNA gene expression
= immunoblotting—% =5l FAHHQ I9= oqxﬂzé:ué g 7])&
of tiet A7 BT AR wHHY. 48 i Caco-2
Al 322t RAW264.7 A 329] B A 4L T
E 222 9§ Smt 4 AWK xR} &*liTOM
IL-18 9 LPS A =HE frd dF5HSS Aot &4
2 SIS % QIglon, 25 4 A7 ] 2

Elil
A AZE AR FLIMSAL AAT 4= ATk

4. HE FE20| eRE S22 FL2 triterpenoid &4
HE-2 madecassoside, asiaticoside, madecassic acid 2! asiatic

acid 51} Z2 triterpenoid 3FHES 385111 312 ™ (Eom
5 2021), ]33t triterpenoid SF3HE-S AFA X F(Kil 5 2018),
=il @"J(Seong S 2021), A 2 FASA(Kim F
2018b) 59] 5 7IA T QYuty BT 9tk E ¢TLo]
A BE FEE°] E 58 35°] Caco2 ¥ RAW
2647 HEFOIN F2E oABkE B4 Felsgionz

AR - AP - 5Rex] - AYu] - Hulodl - gl FAFITIA

ot AT} FQ triterpenoid?] A TS FRISHA, HE
222 B8 9 93 14 SRY AU AT ABEL
S HEEATY HE

8

AAIE Yol 459] triterpenocidS
FE2E TF 27 359 triterpenocid 3= HPLCE £
St tHFig. 4). HE 28 I 5 339 F8 triterpenoid
SRS A% 21} 28 35oA= 3520 & madecassoside,
madecassic acid 2 asiatic acid= AZ&EA] &k, asiaticoside
2590 2 4772 AR Kim S 202304
s 2aua s 38 AU AT LAY G52 5
asiaticosideS A HEZZE FH51Y 0, asiaticoside =3
ALt AFHAE —E—’%?l A1}, 247+ 4.99 pg/mlL H 15.12 pg/
mLE SRIE| Y=t & A4 BAT HE 25 TF
L7 3%9] asiaticoside?] L ZHZF 19.39, 19.25 2 19.98
ugmLE ZRIE o], A REHZA &8 7Hsd 2o Hd
% ATHTable 3). %HH, HE i%% i 2= 35
asiaticoside®] g2 BAZH O R [-2J5t Afo|& Ho|A] oIk
=0, o= 0.1% HE FE=0| 74 1H S804 E &
A AT JAEAo] UEhd IR & £k Qo |
£ 959 Jof| W-E asiaticoside®] T 7+ FT/IE o]
X] 271 i”’é”’ﬂﬁ"/}h AREHZAY Qu7t 2

vr
tr1terpen01d —E-—/:ﬂ 7,—3}—} asiaticosider= A EEZZA]9] &-27}
AL AT S YA, U W20l Bolol T4
I A FAZE 7H] AHTA= & O gklo] B85tEE FF
|jo] SAEo wE & BE, dga2ntE I 55
5 02 Fol A @ejzdo] Bolht famY B4

Fig. 4. HPLC chromatogram of tritepenoid standard
mixture, and 2% CAE-added beverage.
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Table 3. Contents of major triterpenoids in CAE-added beverages

Major triterpenoids Madecassoside (11g/mL)

Asiaticoside (ug/mL)

Madecassic acid (ug/mL) Asiatic acid (ug/mL)

1 n.d” 19.39+0.51™? nd nd
CAE-added nd 19.25+0.66 nd nd
beverages

3 nd 19.98+1.05 nd nd

D Not detected.
? Not significant.

All results are expressed as meant+S.D. for three independent experiments. 1; 0.1% CAE-added beverage, 2; 1% CAE-added beverage, and

3; 2% CAE-added beverage.

2ot W HE
W& (Centella asiatica) 2=(CAE)& -5}
48 F85E Ax3P7] 9sto], CAEZL H7Hd
3% A ZstaL o]59] B4 BikE f% ARELS
5H93eh. WA, CAIZ} 71 o] W] 29 AT
Sk7] fIsto] AlZo] digh 54 23 ofd FRE 95 &
o] Hlsh 7oAl 54 UEhAl eSkth dF A"
d B7IOIA, BE FE2E J7F 28 AAE 352 IL-1BE
S28 Caco2 ABTOIA AU G54 Aol =7 1L,
IL-8 2 MCP-19] A4S, LPSE L% RAW 264.7 A ZF
SIAL NO, IL6 I TL-129] B4S §-Jo]ap] TAaA71E
A5 LS ettt B3 HE FEEY HUlel
0E 5% oEde Z4S JeRRoL, Bhgol e &
T AAZ0.1%)N4 = 07t S UEhfo] A2l &
$7K592 IR 4 YLt T, CAZ A7 22 A
Z351E st A HEEZAZ A FQ triterpenoidsE HPLC-DADZE

o L A
Or]

)

pum

O ™, madecassoside, madecassicacid, asiatic acid= AZE X

AR, S8 AAET BAFCE {3t Aol= FRIE A
HAZE GG RCEAY FHS FF /T Z o

T wdEn 28408, CAEZF J7HE 28 AAlIES A

: T 2doA FYE "y 2 a9E AFHoH,

asiaticoside”} CAE7} H71E 28 AARS Qs A FERR

AgE 4 A& AT

ZHAle| =

)

B =80 )n3dr weEol Yo AT O]
A Qg wrot £ ARpA-Hhe G710 A AHA ARl
AU TH2021RIS-001; 4] 7]& 7 EALY).
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Abstract

This study investigated the antioxidant activities of wine made with aronia (4ronia melanocarpa). The ethanol concentration of
the aronia wine was increased up to 7.8+0.1% on the 8th day of fermentation. Compared to other types of wine, the total amount
of organic acids was highest in raspberry wine, followed by grape wine, arona wine, and aronia juice. Because, acetic, oxalic, and
succinic acids were not detected in the aronia juice, but were detected in the aronia wine, it was determined that they were produced
during alcohol fermentation. The polyphenol content in the aronia juice and wine was higher than in the grape wine and raspberry
wine and was twice as much in the aroni wine than in the aronia juice. The flavonoid content in aronia juice and wine was higher
than in commercial grape wine and raspberry wine. The DPPH radical scavenging ability was higher than 50% in the aronia wine
and juice samples. ABTS radical scavenging activity was higher in aronia juice and wine than in raspberry wine and grape wine.
The results of this study suggest that the development of wine with high antioxidant activity is possible if wine is made with aronia.

Key words: aronia, wine, antioxidant activity, ethanol concentration, organic acids

M E TJJr(Rosaceae)Oﬂ &3t= g7 AEEE Ed9s, vlE
9, E2gtH o|t 58 o} $H3-5}1l 10](Tanaka & Tanaka
ITE FYURE F2E QI ZFAE H|ESE 57| 2001) @& F8 E= A80Z o]8HT ilEP(Chung HJ

FARR ol mepAclo] m=elof His) HEHEee] HEE 2014). -2 yztol= 20060 =Y =0} BE AF, HE

o] Wthi= ARHo] HIEHA AAH O R AH|Fo] Sy 2 3 FE O SolA T2 Akl Qo tk(Lee JA 2017)
A TH(Renaud & de Lorgeril 1992). $-2]ueh= 2421 429§ 0] ER9] A5 g0ty Asto 2 gut2 ] W@ gl v

A 7 1990 =28 {34k efelo] F& o=t} S 4xB]7F &SR] Boto] 7hA o] ArjA o g W A7go|

ot - AY ARFFAFA olF SAIL A4t o1 H(Yun 5 2017), =2 7FSAEY 95=E ol8FH1 Ut

gFo] Z7)5lo| wjat AH|EET Av|AE 2% SE 1 9tk (Yoon 5 2014).

(Lee %5 2013). oo wtzt i”ﬂfﬁWE EH2}(Seo 5 2014), o}z o] 71540] Tt A7 oz olo] FoH e
M2 (Kang 5 2009) 5 S4AMEL 0|83t 9919] o] ek Alopdo] ot FFHAHE FAAEII} 00 (Kahkonen 5
ot A= gl 1999), ol A@IHA 9} 487|4 Agho] FHH AIE Ho]

otz 2|7}7} YALR] Q1 ofZ Yok Aronia melanocarpay= 7 L Aoz #old v} 9rk(Sikora S 2012). E3F W=7}
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3} ¢t o#l(Handeland 5 2014; Hwang & Hwang 2015), g5
(Ohgami S 2005) &7} S tiekst 71540] BusT ot

ozvjok Aol stele} BAist B4 Fol Wi
HA offYolE 83 8FEE A (Park 5 2015),
X E(Hwang & Thi 2014), -7]|(Lee & Yoon 2016), &%
(Park 5 2016), 4¥(Yoon 5 2014), 22| (Lee 5 2014),
7)9 (Park EJ 2014)1} 22 Thokst 7FaA|Eo] s 1
t}. ofz Yo} gQlof {5t AR ofRYolet M A ]9
Hl&o] T ofgYote] FHAEAT} Rl £4
"} Qlth(Yoon 5 2017).

2 Q7S olzUole T8 Tt Z1RAE Al
Qeto ofziole] YR YREHE ZAfste] I
u} 910,54 (lang & Choi 2019), 2 Q7oA obz o} vl
2 RIE A xsto] FatetadS gelstqitt.

rﬂ F}OI' 319 W o

mlo

13

FEd

Mz = 2y

0

| METE U A%

Aot maE AHEAA 2004 S8 ofzUols
AA] FFoA Frjste] -70TC=E 35 Y5 ]74 Hyshd
Al ARESERITE @Rl Al &o] AMEE X Saccharomyces
cerevisiae KCCM 11215(0]5} S. cerevisiaeyS ©0|-€-51%911, 1
9] B40] o} 85 AJoke BE EgAlorolgitt

2. Ol2L|0} 22l M=

ol AzE P4l ot2YolE E45te] must FEHI= T
E I fqeSolEEE(K:S:0,)& 100 ppme] HEZF E7}
Sto] 6417 B9t AFLOH AT F 4TS H7F5fo] 20°
Brix2 ZFQith. n|g] W= S cerevisiaeE AA| ot2Y
of & FA19] 0.02%7} HA HF3t T 18ToflA 1047 A=
2 was AgsteA ) 2odukt MBS AFske] BA]
o gsteit B4 Slelst mT sele] A ofzujo} el
7 FUT BUCR Axsjo] 2T ASNAT.

§7](Atago PET-109, Tokyo, Japan)e} JH F4 A
S Fuste] YRE HES 2FAh 184
T—%E(Bﬂx)t AEE AF e DAHE2]7](Hanil, Micro-12,
Korea) 2 3,000 rpm, 1587F AR 2T 5 AEk 2fol
A} B (Atago, PAL-1, Tokyo, Japan)E ©]-&-3 S -

4. 7|0 BE BN

714 BAS S84 otZ Yot Rl A& E 3,000 rpmO]]
A 1587 94 Bt F AFSHLS F5)] 0.45 pym membrane
filter2 o33t T, Sep-pak cartridge Cz(Waters Associates,
Milford, MA, USA)O]l S3}A]7] B48S A7 S92 A
22 ARSI O Sunfire Cy 5 um HAHE A2 HPLC
(Agilent 1260 Series, Agilent Technologies, CA, USA)E o|-&
o EA5F3t. o] 54-2 0.0IN HyS0,, §-4-2 1.0 mL/min,
Alm FAFE 10 uLz sHoH, UV 210 nmof| A HEF
HFEZL acetic, citric, malic, tartaric, succinic, oxalic &
lactic acid (Sigma-Aldrich Co, St Louis, MO, USA)S A FE-4]
of AH&-sHH

rx
ol

l]
i HI

I‘-lE

5. & B2l B 2

Folin-Denis®H (Gutfinger T 1981)2 ¥dsto] 229 A&
A 1.0 mLo] 1.0 N Folin-Ciocalteau A]2F = 20% Na,CO;
8L 7k 10 mLH A2 7he Thg ALLoA 308 FAT
& UV-Vis Spectrophotometer(UV-2450, Shiamdzu, Kyoto,
Japan)E- ©]-&-5F0] 765 nmoJ A FFEE S5 Gallic
acid(Sigma Chemical Co., St. Louis, MO, USA)E 0~200 pg/

mLO] FEE A5t A|me} FUT Yo T BASto] o
L HZE AFLAOREE AR 2EE9] £ H= IFS A
51993, gallic acid equivalents(mg GAE/100 mL)Z e Q1L

F

6. & E2t20|E &2 £F
& STt ot 0“‘%% a 5(1999)9] HHZ st
S5ttt &, A& DY 250 pLefl 5% NaNO, 75 uLg 37}
olo] AF20A 5B H]’——-/\] 71 Tof 10% AIClL; 150 uLE &
7¥stiet. o] &9o] 1 M NaOH 0.5 mLe} 575 275 uLs
A7kt H UV-Vis Spectrophotometer(Optizen 3220UV, Mecasys
Co., Korea)Z 510 nmof| A SF =& =45} 01, cateching
REEEEE 519 0~1 mgmLo] 5k HP oA dofil #FE 4
FHORRE 2559 F ST ol TS Absllth

HOph

7. DPPH radical &7 &M &3

of= o} 2}Q19] DPPH Aftt]Zo] tigh &2} Blois
MS(1958)9] ol whet Sttt olgtEo] =21 02 mM
DPPH(1,1-diphenyl-2-picryl hydrazyl) 82 0.8 mLo]] Al& LN
02 mLE E3%oto] 15827 W& &, UV-Vis Spectrophotometer
2 520 oA FFEE SHSIAT FAHETL o2 A
S}AQl butylated hydroxyanisole(BHA)(Sigma, St. Louis, MO,
USAE ARESIIHH. 2k 3559 DPPH =tz &A8A
(EDAYE TF3h o] LeRgic
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(Blank O.D.—Sample O.D.)
Blank O.D.

EDA (%) = x 100

8. ABTSE 0|28t & shitsls =3
ABTS][2,2 -azinobis-(3-ethylbenzothiazoline-6-sulfonic acid)] 2t
HzZ 0|83t FAketE 9] 42 Erkan 5(2008)9] W<
WEg5}o] ALg3I9ITE 7 mM ABTS 23} 245 mM potassium

persulfateS Ao A 12~16A]7F 5SF ¥F-SA| 7t o] & 734
nmmof| A SGET) 1571 HEE SReE 2% & 200 uLe

2eba, AR 9 20 yLE 75kol LolA 1087F 93 A
7 UV-Vis Spectrophotometers ©]-85}0] 734 nmoj|A] S4
e

9. EAIX2|
DE A 33 ol §HE SHoto] Hdt XFEHAR
Uehfglom, 2 71 52/ A5 IBM SPSS Statistics 20

(IBM Corp., Armonk, NY, USA)& ©]-§-5}°] one-way ANOVA
ARE AFste] f940] Uehd 49, f94 HlEe
Duncan's TH5H 9] 3789 (p<0.05)Z °]-&st3itt.

20 o oa
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4.8+0.1%= JUiglom sdA et 10440 2+ 7.8+0.1%2}
79+0.1%= 22 Zo]7} glof 8AAof| IRV} FEE= A
O & sttt o] = Bt Ao ARE HIAA EIFZ
I8 E AARH 27 68U A= A & a7t FEE
on, Y59 FEIFo] =2 A TRV 9 AEEHU=
Lee 5(2016)9] HIle} {ARL ZA¥o|tt. Maisonnave &
(2013)2 E ¥ 53} QEEA|obd o] o Thi-d EFH <
LIS U A RELET etk BUsiG=t 2 A+
oAl of=Yote] AL dF-E WFA 9 o= TEE A
Aol dget AP = Ao R WHE QT Lee 52014y
o2 olE H7toto] wHAeE Axg A} ofEH o} 20%
H7HA EFE IR7F JAER o, A Holkel Uil
S 1E5t] 12%F H7Veh= Aol 7MY Svhal Balgk v
ot 2 AFATo|A FHE: LIS FET 7.9%E 222t

Lol Fof HIsH & o] F= 0|2} FARY Ao HolH
o2 date] SRS B3 e IS Uao
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Fig. 1. Changes in the ethanol content and total acidity
of aronia wine for the fermentation time (days). @-@,
ethanol; O-O, total acidity. ““Different superscripts indicate
significant difference at p<0.05 by Duncan’s multiple range
test. Values are meanststandard deviations of triplicate
determinations.

o, Wask AP A A F7kste] Wi 8UA 025+
0.01%= gRl=Act. & Ateo] JFE vX = &2t

& 7R art A uet {14t A ot
7¥et Ao 2 oArEr). Lee 52014y o2 o} 7} ubA
O] A=7} 0.67~037%2] WS HEto] & A7-dvet
AVSt 23S 213 b Qlch
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2. |7IAH 812 H|T

o zuol 2ol slele] 714 WS BAe A
Table 10] ebH vEQ} 2ot §-7]AF acetic, citric, malic,
oxalic, succinic, tartaric 2! lactic acid 5 7Z&0] BA =] 9ch &
7149] FFe B2} 9F9lo] 710.2+13.0 mgh® 7 =9
on], L& 94ol(661.4+5.8mg%), oL U ol 9491(298.6423.7
mg%) oF= Yo} 2F5M(111.4£10.1 mg%) &0 2 =4 el
t}. Acetic acid, oxalic acid & succinic acid= o}z Yo} 25l
olA= AEEA Eokoyt of2Yo} eRRloA = HEE 0]
SIS YR NA BAEE= ZAoE Al of2Yy
o} 9}919] malic acid®] $Ho] 92.2424.2 mg%= 71 =4
UEMY malo-lactic fermentation 5= A]# lactic acid=2 Z13F
Al & Qs Hiete] nidol B Q9 Ao g AR E QI of
F FEEE RIS AXRT T {714 RS ERIg A
(Bom 5 2016)°f| 4] malic acide= a7} AsgEof u=t 44
o= A3 B Y, citric, lactic 2 succinic acide= &7}ol=

BAEFS B2 Eg v 9lom, Ha 12949 Cltﬂcﬂr

-
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Table 1. The contents of organic acid in aronia juice, aronia wine, red grape wine and bokbunja wine (mg%, w.b.)
Organic acid Al AW RW BW
Acetic ND 29.7+4.8° 118.145.3° 68.5+2.3"
Citric 7.540.1¢ 12.1+4.6° 28.1+0.7° 556.0+£13.2°
Malic 42.1+10.4° 92.2424.2° 39.442.4° 36.443.0°
Oxalic ND 28.0+0.8° 24.3+0.2° 22.0+0.1°
Succinic ND 15.4+0.9° 49.3+0.5% 27.345.3°
Tartaric 45.0£1.9° 57.120.6° 143.9£0.8" ND
Lactic 16.8+0.2° 64.1+1.7° 258.344.2° ND
Total 111.4+10.1¢ 298.6+23.7° 661.4+5.8° 710.2+13.0°

*dDifferent superscripts indicate significant difference at p<0.05 by Duncan’s multiple range test.

Values are meanststandard deviations of triplicate determinations.

AlJ, aronia juice; AW, aronia wine; RW, red grape wine; BW, bokbunja wine.

succinic acid &L ofZUo} e}olHch Wo] = Ht
malic, lactic @ tartaric acid= §F&o] Y& o7 HIFH H}
QI}. 42 SRIAA citrc acidi= 22l S0l ALTHS
7110 malic acid= Q19| 73 AlUbE = 202 &
Slo] T WAl T $71AE Feke] wsjo]
7h 483 Ao waEich ofzYolof 3hiE {7]4E
89} BEL okEAlokd A0 o Ao Hojs, 1 %
Felito] M4 1 FHOE GANYIE Ao B
5o} 9lch(Hwang & Ki 2013). 2 Q17-45} o2 Lo} jele]
FAAE FFL 7.540.1 mg%E R BEAQRIF T
oRRIE T W7 Ueht 5 of2 Yo} 9119] A% F QFEA]
ohde] Qv s} MEs} S0 Bt AT} 2712 W)
ofot & o= et

3. 3 polyphenol &2k} flavonoid &t2F H|x

ofzuo} 2tE N} ofQlo] Ed|¥En St ol o

= 5747t 2= Table 20 HERA QU o= Yo} 2k5
¥} 9}Rl19] EHls oS 47 54.940.2 mg GAE/100 mL¥}t
95.4£1.3 mg GAE/100 mLO. & e} 2312 AFEEH Lk
9}91(38.240.1 mg GAE/100 mL)z} E-EX} 2}91(37.5£0.4 mg

GAE/100 mb)MTH & F5e ehfii 202 Shels|gl.
E3t, of2fo} HFurh slelol A 20 71 F71stge
ol g Wa A Wik oo okzvlol AU B 5
TPES BE AASH 3 TEAZ] Bze] P2 9
L EonE 240 wa 3o §250] ¥ vey
(Park 5 20147} W54 829 YA whido] gL of
Eujoke] WRAPo) A Lol o) HES HPHE 2L
BAF| R Bejge] tet 3718 o ArHgl
t}. Yoon 5Q017& EE} A% Heey Bho] FH
B ABE A& o] 8ste] Aaks AFo|7l s 7
%9] 37} AA EAloR 2 PBY Fo] ofzo}
o ]Sk 27 TR o] QIEkR Basgl] £ o]
A= GARE 23S bt Selile 84 442 o1y
ahste FABES 7 AE) EAsHE SFgEold 9
3 ABAe Esk BAE 7154 A5 AER B8
gt gros ¥ d7aw olzuo} ghole X gfelzt &
£} ofelat vl ¥O FA BAL 7T 4+ AL
AOR ARHL Lee JAQITNE ofZUo} g 7}l
IFE Azste] F Beldls FHS T 2 ofzifol
B 10% B7FolA T vie) .18 71 Fvheiekn

Table 2. The content of polyphenols and flavonoids in aronia juice, aronia wine, red grape wine and bokbunja wine

Organic acid Al AW RW BW
Total polyphenol b a c d
4.9+0.2 41, 2+0.1 5404

fmg GAE/100 L, (wb)] 54.9+0 95.4+1.3 38.240 37.50
Total flavonoid 20.4+0.3° 28.5+0.2° 15.9+0.1° 12.9+0.4¢

[mg/CE/100 mL (w.b.)]

*dDifferent superscripts indicate significant difference at p<0.05 by Duncan’s multiple range test.

Values are means+standard deviations of triplicate determinations.

GAE, gallic acid equivalents; CE, catechin equivalents; AJ, aronia juice; AW, aronia wine; RW, red grape wine; BW, bokbunja wine.
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Hgk 8 Qi

ofZYo} 5} oo} FethlolE YRS S
2ite Eus AT AR A% UERES Eld 5
UL &, otz ot A5} eQ19] ETtH ol o
Z+7}+ 20.4+0.3 mg CE/100 mL} 28.5+0.2 mg CE/100 mLO &
el 232 AFRE % 2191(15.9+0.1 mg CE/100 mL)
T} B23} 9}91(12.940.4 mg CE/100 mL)R T} =2 FHks 1}
Btli= Zlez S]lHglon, ofzlo} 5K 9l
A L5 71 A UEb=T o= Yot 2hEdlofA 4
Ta7t A&Ee B¢ ESHE ot o] §EFHW] o
w9 Aoz wotdEnh

ofz Yol Fdol= E¥E, ETtEolE, FEAJoR
o 22 F4bet JEEo] EA| 5k (Hakkinen 5 1999) ©]

A2 otz Yoot 75 AlES] kel 7lofsh=
A= E T Kim 5(2004)2 A=A 4bsl Z4d 3
s &% ¢ AHEATE AL F SR E0lE ¢
& E9¥=9 o] Fatst @/ B JFE Tl
2 H3gh vt Qi
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4. DPPH radical 2715

ot2 o} &3} 94919] DPPH radical 4752 =33t
A= Fig. 20 Yepd vk} o] oo} fQlofA] 58.3+
13%2 71 &4 Ut on, off ol 25H(57.241.2%),
Zx 9RI(56.5£1.5%) H EEA}F 921(38.5+1.2%)9] <£Oo&
e of=Z 4ot 2}Rle] DPPH radical 4:7]5°] 2k <}
AW £A 42 22 AT 2 23 9Rl] DPPH gt
4 £7150] otzYol F7kge] vlFsty S71etths B
oF A, dulEEts £24(0h WK 2029 FES
(Hwang & Thi 2014)0]] Z+Z+ o}2Yol= 3713t 5to] DPPH
2t d 2753 2RIet A3 ofz Yo 2% H7hgol ot
Holl w2} &750] S7HttE Bil 52 S8 = 1 of
ZUoe] H7hs vt AF9] et Sl 544
d FF= vE Ao dedH.

5. ABTS radical 27{&tA
ofZ Yo} 2kEH T} 9Q19] ABTS radical 2AA S &
= Fig. 30| Yehd ve} o] of2 Yo} 2k5ol v} of

A

=

247} 56.4+£1.2%2F 57.1:1.7%2 7FE =4 YElgon ol
ZES] oA Q1 Apol= Il 1L thZo® X 9fRI(52.7+

1.5%)3F B-E2} 2191(42.4+1.4%)9] <=2 2 LEFITE. Park &
Kim(2018)2 of24o}o] 52 A% =559 DPPH ¥ ABTS
radical &7A50] GTAXFEEET FH0 R w2 2
& HSEHE Q1o Lim 5(2015)2 opAtelH| 2], &1,
AR 9 ot 5of v]g] ofZYofe] ABTS &40 532

Qlo] kst 449

DPPH radical scavenging (%)

AJ AW RW BW BHA

Fig. 2. DPPH radical scaventing effects of aronia juice,
aronia wine, red grape wine and bokbunja wine. ““Different
superscripts indicate significant difference at p<0.05 by
Duncan’s multiple range test. Values are means+standard
deviations of triplicate determinations. AJ, aronia juice;
AW, aronia wine;, RW, red grape wine; BW, bokbunja
wine; BHA, butylated hydroxyanisole (1,000 ppm).
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Fig. 3. ABTS radical scaventing effects of aronia juice,
aronia wine, red grape wine and bokbunja wine. ““Different
superscripts indicate significant difference at p<0.05 by
Duncan’s multiple range test. Values are means+standard
deviations of triplicate determinations. AJ, aronia juice;
AW, aronia wine; RW, red grape wine; BW, bokbunja
wine; BHA, butylated hydroxyanisole (1,000 ppm).
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The Effect of Angiotensin II on the Hypertension Immune Mechanism in Salt-Sensitive Rats

*Mi—Hyang Hwangbo

Assistant Professor, Dept. of Food Nutrition and Cookery, Keimyung College University, Daegu 42601, Korea

Abstract

Hypertension caused by high-fat and high-salt diets is is a well-known significant risk factor for cardiovascular and cerebrovascular
diseases. In this study, to confirm the relationship between hypertension and immune cells, angiotensin (Ang) II was administered
to Dahl salt-sensitive (SS) rats and Dahl salt-resistant (SR) rats. Then the expression of immune cells and the proinflammatory
cytokines were compared between the SS and SR rats. It was observed that after administration of Ang II (50ng/kg/min) for three
weeks, blood pressure was increased in the SS rats, but there was no significant change in the SR rats. In addition, the expression
of T helper (Th) cells and Th 17 cells in the spleen and the expression of Th cell Roryt and regulatory T regulatory (Treg) cells
in the peripheral blood mononuclear cells did not show a significant difference between the two experimental groups even after the
administration of Ang ILIL-1[3 expression was significantly increased in the kidney tissue of the SS rats, while there was no significant
difference in the IL-6 expression in all the experimental groups. The results of this study suggest that Ang II induces hypertension

by stimulating IL-1[3 secretion from renal macrophage in SS rats.

Key words: hypertension, angiotensin, immune system, Dahl salt-sensitive rats, cytokines

o] 3 A4S JT = U= i?ﬂoﬂ 1;17%] lngﬂﬂ %
ow, A g =7to|A FetrALE AR A HE
52 WY AFHoH =Y W AFS TTHIA S-S
ASA 7= EAS 4o 4 Quuh(Pak 5 2015; Yun & Kim
2021). E35] Ao Wzst

AF2h(Salt-sensitive; SS)0] 11$HF
O HEES A&Ho® HIoHA =W Aol =orzld o
2t o] W 7hs/do] mle- obxit). Wil gk
o] HEF9| A&H 02 H3foHA =zt 4 U2 FAlo
= A% A4 (Saltresistant; SR)Q1 AR ZEA||SHH(Weinberger
S 2001; Dahl LK 2005).

G Ad-A LEA-F A E A AR A A} &9

—

ol
ook

S FASk=E 2542 AlA"oeltt #d ] EHe Al
o) A% 7|2 % A9 Aeie] FuAEAH o]Zo] 2
o, Zhof|A FEfgt FA] ElA] Al (angiotensinogen) 2] EJ:]E]-
o|=8 Weralol SHEAl 1 (Ang 1) BT 2o

A QB4 -2 soflA BE A Q&4 Zgt _S_J_(Anglotensm-
converting enzyme; ACE)O] 2Js}o] HElo]=7} A& o] oF
A QHAl M(Angll) 7} A= th(Lastra 5 2010; Schweda F
2015). ;LG A]0]7} A-go] EH, o] A 'Al A a4rt
C] SgstEA A edAl & H @ol A4gstA o
(Gonsalez 5 2018). o]Z A AJAE AR LHAl [&= oHAQ
Al =84 7% I (Angiotensin I receptor type I; ATIR)
o Sh4slE 5o B9 BUON APHOR Wwo| 538
of7|5lo] Ee9] ASS ST SH(Lastra 5 2010; Schweda
F 2015). o] A5 9Jstd nEY 183 HARRSE
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2022). AEIRZ1-172 B4, A4, FAY BN 2FA 5]

%9 9%-E s5}H(Li 5 2010; Ogata & Tanaka 2012), Q€]
2-1BE A G54 AolE7R10) $HNEL 4 283l
184 APE A3 4= UT}(Krishnan 5 2019; Veiras
= 2002).

A LHAl 1T E3F HYAE B3 A Y-S &
& %= SlchZhang 5 2021). QA QEAL 0] Ofsjol A2l @
o] WHAES} BEAELE X H2 B nterecllar
adhesion molecule; ICAM)2} E-selectin 52 &SI A HY
AES) £ o & R2td & JES SEgoy w o
o] £ ¢ 73tdthJia 5 2018; Piqueras & Sanz 2020). L]
T HSHA T AR B35 9 BAGE AL
o] A LEIAl TTE FA Q' =84 735 19 &4t
£ 53 WS4 ANER M A EARE AT
T lom, Rt QHIAl 1= Ml AN L] FF/] ARolE
AAolat Amrielel Wae HAstel o B A%

A3HA ®th(Zhang 5 2021).

ojof & AtollA= Y LAY HAAZO] TAYS

gelstr] flste] & 4g WA At 2 o7 A el

1

T
o
(]

o
QA 18 Folsta, T FolH AAAE L A 43
g Aol E7lele] WES 4T vluFons 1Y LA

714e ghelskuzt AAIstAL,

A%t A E AF WA F(DIS/EisSle; Dahl-Iwai
S)?} &3 A3 F(DIR/EisSle; Dahl-Iwai R)E Y& SLC
(Hamamatsu, Shizoka, Japan)°l| 4] FL0i3t¥HtHn = 6/1F). F
S 15 B9 Aol ASA17]11, tail-cuff A 02 HoS
S5t ol 125 A8A1A EYo] B @Y QMY
3} =S uf, QFA] QEIAL 11(A9525, Sigma Aldrich, St. Louis,
USA) 50 ng/kg/ming 35+ 59 22 AEQt 1 I (Alzet Model
2002, Durrect Co., CA, USA)S F o] 5 HEo] o]aslo] &=
o} 3F o BE THL 50 mgke?] AFTERIEHE
S 57 U AR Fofoto] QHEhAlel & 9 @3 2

4 AES -80ColA BEstch Ago] g BE IF
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o =4S W HEH WPHOR 20| 7Rs Tailcuff
HH O g2 = THCODA system, Kent Scientific Corporation,
Torrington, USA). &2 EYE o] €ol 35C=2 43 4
$AEE 2 oA 102 Bt 4847 F, WS 24
Bk 24 0] B 527 WAL Ha OA W A4 258
oz Aslstoint.

3. FMIE 24

H A= FE IJBAIA F2 BlA= 40 im o772
Ao} A, Yx N A A E(peripheral blood
mononuclear cells, PBMCs)y= F 9] £t oA N 4
ZI3t 3, Ficoll-Paque Plus® gradient A|2FFIE 21 WS 17-
1440-02; GE Healthcare, Chicago, IL, USA)Qjof &3 4o}
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271 S NBP2-24451; Novus Biologicals, Centennial, CO,
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Z 13 (BD Biosciences) ©]-835}o] EA519th

4. MAIZF SERISAAMNES

Bk 414 ZACF 100 mp 2 287} 2471S 5o 2t
Al 3, QIAzol® Lysis Reagent(QIAGEN Science, Germantown,
MD, USA)S AHE310] A2AS] AL AT AS Tk RNAZ
Z2319th =ZFRNAE RevertAid™ First-Strand cDNA 3}
AJ kit(Thermo Fisher ScientificyS ©]-&3] cDNAS AJAJ5}%
ch. 1 % 2 pl9 &, 2 uL9 cDNA, 5 uL29] SYBR Green
Master Mix(New England Biolabs, Ipswich, MA, USA), 12|31
200 nmolL9] Zetol S 1 uL e UAIKE S A4
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105, 12831 95 Cof|A] 15%, 60TCof|A] 1& 5 40 Alo]E&
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Table 1. Primer sequences for RT-qPCR

Genes
Pri o 3 T

(Accession No.) rimer sequences (5° to 3°) m
RT-qPCR (for rat)
IL-174 F: GAAGGTCAACCTGAAAGTCC
(NM_001106897.1) R: GGATATCTATCAGGGTCCTC
IL-17RA F: TCTTAGTGCCTGGCTGCGAG
(NM_001107883.2) R: CACAGGGTGAAGTCCACTCG
IL-23R F: CCAGTAGGCAGACAACCCTA
(NM_0037539104) R: AGCTGTGAGAGTTCCTGTAG
RORyt F: ACTCAGCTGAAGACGCTGAG
(NM 0062329263) R: GCACACCTTACTGAGAGACC
IL-10 F: GCATCTACTGGACTGCAGGA
(NM 0087694262) R: GGAGAGAGGTACAAACGAGG
CD25 F: CACAGTCTGTGTACCAGG o
(NM 013163.1) R: CCACGAAGTGGTAGATTC

TGF-f8 F: TGGACCGCAACAACGCAATC
(NM _021578.2) R: TTCTGGCACTGCTTCCCGAA
FOXP3 F: ACAAGGATCCTACCCACTGC
(NM_ 006256731.3) R: ATGCAGTTTAGCCCTTTGCT
1L-18 F: AGCAACGACAAAATCCCTGT
(NM 031512.2) R: GAAGACAAACCGCTTTTCCA 60
1L-6 F: GCCTATTGAAAATCTGCTCTGG
(NM 012589.2) R: GGAAGTTGGGGTAGGAAGGA 60
GAPDH F: ATGACTCTACCCACGGCAAG
(NM 001394060.2) R: CTGGAAGATGGTGATGGGTT 0
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Fig. 1. The effect of angiotensin I (Ang II) on systolic blood pressure (SBP), body weight, food intake and water intake
in Dahl salt-sensitive (SS) and salt-resistant (SR) rats. SS and SR rats were infused with Ang I 50 ng/kg/min for 3 weeks.
(A) SBP and (B) body weights were measured weekly in SS and SR rats. Ang I induced hypertension in SS but not in
SR rats. (C) Food intake and (D) water intake were assessed. Multiple analyses of variance (MANOVA) with Tukey’s
post-hoc multiple comparisons test (n=4, error bars of the result expressed the mean+SEM). “p<0.01 vs. SS rats in the Sham

group.
WSS 1T 5= UASNTH(Fig. 5B).
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Fig. 2. The effect of angiotensin I on T cell profiles of spleen in SS and SR rats. (A and B) The representative flow
cytometry of T helper 17 (Th17; CD4'RORyt") and regulatory T (Treg; CD4" FoxP3") cells in spleen.

Fig. 3. The effect of angiotensin II on the expression of genes related to Th17 and Treg cells in the spleen of SS and
SR rats. (A and B) The mRNA expressions of Th17 cell-related genes (/l-17a, II-17ra, 1I-23r, and Roryt) or Treg cell-related
genes (II-10, Foxp3, Cd25, and Tgf-) were measured in the spleen of SS and SR rats.
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Fig. 4. The effect of angiotensin II on the expression of genes related to Th17 and Treg cells in the kidney of SS and
SR rats. (A and B) The mRNA expressions of Th17 cell-related genes (/l-17a, II-17ra, 1I-23r, and Roryt) or Treg cell-related
genes (II-10, Foxp3, Cd25, and Tgf-B) were measured in the kidney of SS and SR rats. MANOVA with Tukey’s post-hoc
multiple comparisons test (n=6, error bars of the result expressed the meantSEM). ‘p<0.05 and ~p<0.01 vs. SS rats in the

Sham group.
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Fig. 5. The effect of angiotensin I on T cell profiles of peripheral blood mononuclear cells (PBMCs) in SS and SR
rats. (A and B) The representative flow cytometry of T helper 17 (Th17; CD4'RORyt) and regulatory T (Treg; CD4" FoxP3")
cells in PBMCs.
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AP I5IAZA 4= 1t (Krishnan 5 2019; Veiras 5 2022).
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Fig. 6. The effect of angiotensin I on the expression of genes related to macrophages in the spleen of SS and SR rats.
(A) The mRNA expressions of macrophages-related genes (//-15 and I/-6) were measured in the spleen of SS and SR rats.
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Fig. 7. The effect of angiotensin I on the expression of genes related to macrophages in the kidney of SS and SR rats.
(A) The mRNA expressions of macrophages-related genes (//l-15 and Ii-6) were measured in the kidney of SS and SR rats.

p<0.05 vs. SS rats in the Sham group.
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Fig. 8. Summary of the current study. Low-dose of
angiotensin Il infusion for three weeks induced an increase
in interleukin-13 in Dahl salt-sensitive rats, leading to the
maintenance of high blood pressure.
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Flth(Kawarazaki & Fujita 2021).

kx| o]t o|FE 7Rto g2, A WA TEYL
ARl QQIEE oy} T4 Al Q2o FFE v
AUtk 1BBE Ag T TEUS A5 HsiAde @
B 42T ATSIT L HAS Z8elol vlge Hafor o}
, AT Al FAISt] 454 HAAQ 245 FA
%2 wEtoR AW AL e o] FRal

r

ENEE



460 R o

ot

of gl A=

g

JAGAT T HA 02 QIFE WHYPL A - [T
o] 8 99 8<dojze A2 & <A Utk
AAE 5 Bld-AtA HA-LEAHE AIARS
of Q3 AA} A& FAY 2H] 4FH ol
o] AJAHIY] &2 HAA 9] &43} TlEo] ¥
Stz A0 A AL Qlt}. o]0 & A
At HAA| 29| T3S ERlst] Ystod
FAt G g AFAY Foll A" 15
Az Ty} A HF5A Ae|EZIRIY &
sro = et Y 71AE gRlstaA AT
At A QEAl T1(50 ng/kg/min)yS 337t A3
ShlE W, & A UASS) FNAAE Bl S5k
ou, g aa AR FodAA= EHE ¥l gl 1
gy Al Alm AFHF 2 S92 7 AWT el /9
gk Zpol= QIleh. 18 v Ty T Al EQ} T =3 17
Azol Hd 9 IR A A EAY 5 T Al
Rort AT} 24 T A Z9) YA A €Al 9] Foio
oM F AP 7Hol |t Aol YA 2okt
ESTER 1742 9 23 TAHAE 3 A2 BE
ATl A F-o3E Aol 7} QISITh AOA T 3 17 Al
9] A}l Q1&} 5 SHQl Roryt] Wdo] tfz=to] H|sl 52
sHA F7et o, 24 T A|29t dE A dd2 1
= AETONA FgE Zpol7t folet T, X HAl I
Fojof 9t v A oA AN E T AS AP EFL
QAQI [I-169} 11-69] FAA} W2 F AP 7Holl F-23t 2}
ol Stk Iy @ &g WA F9Y AT A=
IL-1B7} f-9foHA| S7FHeHAL, IL-6= HE A ¥
2t 2ol 7k YQlet. ol et A AME Hof Ang 171 &
A 134 Y A%

I IS FES ZoE AZ4HEY 99 A d=Z
S & o, &5 140 Aol 18 A ¢ A

a4E A8 2AE A2 AF7 28E AAR.

el
o ml i

Ho |2 do BN mx

gl ek
S is i)
zl
o Rl H ook I om@ fUON ol

Sy
)

b
ol Rom

¢

1

R T
Mo 8.
ot
L
= W oy

ool

=2

W o o
il
4 ot

o
N

=
=
o
Jo
1o

References

Basile DP, Abais-Battad JM, Mattson DL. 2021. Contribution of
Th17 cells to tissue injury in hypertension. Curr Opin
Nephrol Hypertens 30:151-158

Chen W, Jin W, Hardegen N, Lei KJ, Li L, Marinos N,
McGrady G, Wahl SM. 2003. Conversion of peripheral
CD4'CD25™ naive T cells to CD4'CD25" regulatory T cells
by TGF-B induction of transcription factor Foxp3. J Exp

Med 198:1875-1886

Dahl LK. 2005. Possible role of salt intake in the development
of essential hypertension. Int J Epidemiol 34:967-972

Della Penna SL, Rosén MI, Toblli JE, Fernandez BE. 2015. Role
of angiotensin II and oxidative stress in renal inflammation
by hypernatremia: Benefits of atrial natriuretic peptide,
losartan, and tempol. Free Radic Res 49:383-396

Emmerson A, Trevelin SC, Mongue-Din H, Becker PD, Ortiz C,
Smyth LA, Peng Q, Elgueta R, Sawyer G, Ivetic A, Lechler
RI, Lombardi G, Shah AM. 2018. Nox2 in regulatory T
cells promotes angiotensin II -induced cardiovascular
remodeling. J Clin Invest 128:3088-3101

Gonsalez SR, Ferrdo FM, Souza AM, Lowe J, Morcillo LSL.
2018. Inappropriate activity of local renin-angiotensin-
aldosterone system during high salt intake: Impact on the
cardio-renal axis. J Bras Nefrol 40:170-178

Jia G, Aroor AR, Hill MA, Sowers JR. 2018. Role of
renin-angiotensin-aldosterone system activation in promoting
cardiovascular fibrosis and stiffness. Hypertension 72:537-548

Kawarazaki W, Fujita T. 2021. Kidney and epigenetic mechanisms
of salt-sensitive hypertension. Nat Rev Nephrol 17:350-363

Krishnan SM, Ling YH, Huuskes BM, Ferens DM, Saini N,
Chan CT, Diep H, Kett MM, Samuel CS, Kemp-Harper BK,
Robertson AAB, Cooper MA, Peter K, Latz E, Mansell AS,
Sobey CG, Drummond GR, Vinh A. 2019. Pharmacological
inhibition of the NLRP3 inflammasome reduces blood
pressure, renal damage, and dysfunction in salt-sensitive
hypertension. Cardiovasc Res 115:776-787

Langley RG, Elewski BE, Lebwohl M, Reich K, Griffiths CEM,
Papp K, Puig L, Nakagawa H, Spelman L, Sigurgeirsson B,
Rivas E, Tsai TF, Wasel N, Tyring S, Salko T, Hampele
I, Notter M, Karpov A, Helou S, Papavassilis C ERASURE
and FIXTURE Study Groups. 2014. Secukinumab in plaque
psoriasis - Results of two phase 3 trials. N Engl J Med
371:326-338

Lastra G, Dhuper S, Johnson MS, Sowers JR. 2010. Salt,
aldosterone, and insulin resistance: Impact on the cardiovascular
system. Nat Rev Cardiol 7:577-584

Lerman LO, Kurtz TW, Touyz RM, Ellison DH, Chade AR,
Crowley SD, Mattson DL, Mullins JJ, Osborn J, Eirin A,
Reckelhoff JF, ladecola C, Coffman TM. 2019. Animal
models of hypertension: A scientific statement from the
American Heart Association. Hypertension 73:e87-¢120

Li K, Guo D, Zhu H, Hering-Smith KS, Lee Hamm L, Ouyang



Vol. 36, No. 6(2023) F RIS FolA EAeEAl I7F 19t WY 7)Ao vX= FF 461

J, Dong Y. 2010. Interleukin-6 stimulates epithelial sodium
channels in mouse cortical collecting duct cells. Am J
Physiol Regul Integr Comp Physiol 299:R590-R595

Ogata A, Tanaka T. 2012. Tocilizumab for the treatment of
rheumatoid arthritis and other systemic autoimmune diseases:
Current perspectives and future directions. Int J Rheumatol
2012:946048

Pak HO, Sohn CY, Park JH. 2015. Dietary life related to sodium
of participants in hypertension and diabetes preventive
education at the Public Health Center. Korean J Food Nutr
28:219-227

Park JP, Kang SA. 2020. Antioxidant effect and blood pressure
control ability of Lactobacillus fermented Gastrodia elata
BLl. in hypertension model rats (SHR). Korean J Food Nutr
33:493-504

Piqueras L, Sanz MJ. 2020. Angiotensin II and leukocyte
trafficking: New insights for an old vascular mediator. Role
of redox-signaling pathways. Free Radic Biol Med 157:
38-54

Schweda F. 2015. Salt feedback on the renin-angiotensin-
aldosterone system. Pflugers Arch 467:565-576

Shevach EM, Thornton AM. 2014. tTregs, pTregs, and iTregs:
Similarities and differences. Immunol Rev 259:88-102

Sylvester MA, Pollow DP Jr, Moffett C, Nunez W, Uhrlaub JL,
Nikolich-Zugich J, Brooks HL. 2022. Splenocyte transfer
from hypertensive donors eliminates premenopausal female
protection from ANG II-induced hypertension. 4m J Physiol
Renal Physiol 322:F245-F257

Veiras LC, Bernstein EA, Cao DY, Okwan-Duodu D, Khan Z,
Gibb DR, Roach A, Skelton R, Williams RM, Bernstein KE,
Giani JF. 2022. Tubular IL-18 induces salt sensitivity in

diabetes by activating renal macrophages. Circ Res 131:
59-73

Wade B, Petrova G, Mattson DL. 2018. Role of immune factors
in angiotensin II-induced hypertension and renal damage in
Dahl salt-sensitive rats. Am J Physiol Regul Integr Comp
Physiol 314:R323-R333

Weinberger MH, Fineberg NS, Edwin Fineberg S, Weinberger
M. 2001. Salt sensitivity, pulse pressure, and death in
normal and hypertensive humans. Hypertension 37:429-432

Wu C, Yosef N, Thalhamer T, Zhu C, Xiao S, Kishi Y, Regev
A, Kuchroo VK. 2013. Induction of pathogenic TH17 cells
by inducible salt-sensing kinase SGK1. Nature 496:513-517

Wu Y, Takahashi H, Suzuki E, Kruzliak P, Soucek M, Uehara
Y. 2016. Impaired response of regulator of Gaq signaling-2
mRNA to angiotensin II and hypertensive renal injury in
Dahl salt-sensitive rats. Hypertens Res 39:210-216

Xu C, Yu J. 2022. Pathophysiological mechanisms of hypertension
development induced by fructose consumption. Food Funct
13:1702-1717

Yun MJ, Kim YM. 2021. The relationship between subjects with
metabolic syndrome diagnosed with disease and sodium
intake for Korean adults. Culin Sci Hosp Res 27:194-209

Zhang RM, McNemey KP, Riek AE, Bernal-Mizrachi C. 2021.
Immunity and hypertension. Acta Physiol 231:¢13487

Zhang Z, Zhao L, Zhou X, Meng X, Zhou X. 2022. Role of
inflammation, immunity, and oxidative stress in hypertension:
New insights and potential therapeutic targets. Front
Immunol 13:1098725

Received 13 September, 2023
Revised 24 October, 2023
Accepted 06 November, 2023



pISSN 1225-4339  eISSN 2287-4992 THE KOREAN JOURNAL OF
Korean J. Food Nutr. Vol. 36. No. 6, 462~470 (2023)
PRSI

https://doi.org/10.9799/ksfan.2023.36.6.462 FOOD AND NUTRITION

= =) S [= L Ir =] — =
Aol MF DL EFe 2 H 2€ T X &0 D|X|= P&t
3= %gjal* . ’é,"oﬂ._** . -?_-I%IOI_I*** . *_E_ul_|;\|_.|****
(17")0]% ’\gtgﬂﬁ—!'ﬁ:rL% %LT_L‘?":]_’ *(z—,—)O]% O]h—_;_q-i ;g_’ **(_'_)O]%- thgﬂé_‘]-ﬁq_% %LI_L-/J\—;Q'
CedetE 4EQYS B4, RIS AEdstaTd 9%
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Abstract

The aim of this study was to investigate the hypoglycemic effects of saengshik in Sprague-Dawley (SD) rats and to explore the
potential of three commercially available saengshik products (BS, LS, WS) as an alternative diabetic meal. Blood glucose levels were
measured at 30, 60, 90, 120, and 150 minutes after the ingestion of experimental materials. In experiment 1, the amount of
experimental materials remained the same. We measured blood glucose-related biomarkers as the area under the blood glucose
response curve (AUC), glycemic index (GI), maximum concentration (Cmax), and time to reach maximum concentration (Tmax).
AUC and Cmax of the experimental group showed significant differences compared to the control group, while GI and Tmax did
not show significant differences among the groups but were lower in the experimental group compared to the control group. In
experiment 2, carbohydrates were adjusted to the same amount. We measured blood glucose-related biomarkers in the same manner
as Experiment 1 and obtained similar results. These hypoglycemic effects appear to be attributed to phytochemicals and dietary fiber
found in whole, unrefined grains. These results suggest that saengshik exerts hypoglycemic effects by modulation of glucose-related
biomarkers.

Key words: saengshik, blood glucose, phytochemical, dietary fiber, glycemic index
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2 Ao AME AIFEEZ AR Q= AEQ] BS,
LS, WSE & 3%(Erom, Seoul, Korea)S o]-&3}9j o, z+ A
£ 24 9 JLEY B4 Z = Table 1 E Table 29}
2ot 228 AMEE ZEg-2 Al1rF YE X (Sigma-
Aldrich Co., St. Louis, MO, USA)9] A< A5t}

2. MESEC M=

A5 4737 9] Sprague Dawley(SD)Z EF](Joongang Experimental
Animal Co., Seoul, Korea)S F+¢3}9ct AdZAL 2% 22T,
FE 50%E FAISH AL, AMSBZHSPF zone)Q] HE 7=
S EE 8 T71E ARSIl on, 242 3o A
wAsto] ok ARRAY] HE 9 A5 AR A
71#og2 AASHEY. &3 Uyl 17% A= (Teklad global
14% protein, Raon Bio Co., Yongin, Korea)S A|3tglo] HolH
A dFATE g0 A3AFT A37IX F, AFol wE
dyHor 7} 3 sukEy & 45 (02, BS, LS, WS
AFTHeE Uitk

A 2810 AHA AgPstlon, A 1oM= Algs
LT F(2.0 gkgbody weigh) 0= S35t} AHS
R 349 FAZIE 7H F, AR ©rdE TEBS:
2.805 gkg, LS: 3.110 ghkg, WS: 2.509 g/kg)o] 50 o] H|E 2
B A3 25 25U TH(Table 3).

2 A9 St S24TedNNs 4o 5

et} FEAYE T, FYSAGAAD: H2023-1),
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Table 1. Raw materials of saengshik (BS, LS, WS)

Classification

Materials

Brwon rice, Soy protein, Barley, Oat, Palatinose, Oat fiber, Wild grass, Erythritol, Roasted brown rice, Kale, Citrus fiber,
Sorghum, Pumpkin, Cabbage, Broccoli, Tomato, Calcuim, Soybean, Black bean, Monkfruit, Roasted salt, Brwon rice

BS

glutinous rice, Purple rice, Glutinous foxtail millet, Proso millet, Adlay, Red bean, Black sesame, Rice, Radish leaves,

Red yeast rice, Fermented turmeric, Jerusalem artichoke, Balsam pear, Guava leaves, Herb extract, Spirulina, Mushroom,
Lactic acid extract, Yeast, Apple, Pear, Yuzu, Angelica keiskei, Carrot, Burdock, Deodeok, Chives, Radish, laver, Sea
mustard, Kelp, Green laver, Dropwort, Young barley leaf, Korean wormwood

Oat, Soybean protein, Brown rice, Purple rice, Oat fiber, Fructooligosaccharide, Wild grass, Xylitol, Pumpkin, Jujube,

LS

Citrus fiber, Sea weed, Lactic acid extract, Broccoli, Cabbage, Tomato, Black bean, Dong quai, Apple, Pear, Wild ginseng,

Roasted salt, Herb mix, Chives, Fermented turmeric, Red yeast rice, Ginger, Mistletoe extract, Fucoidan, Spirulina,
Angelica keiskei, Carrot, Deodeok, Burdock, Fermented rice bran

Brown rice, Purple rice, Oligosaccharide, Barley, Potato, Wild grass, Agave, Carrot, Soybean protein, Wild ginseng,
Fermented rice bran, Glutinous foxtail millet, Sorghum, Proso millet, Brwon rice glutinous rice, Adlay, Soybean, Black

WS

bean, Red bean, Broccoli, Cabbage, Spinach, Kale, Angelica keiskei, Radish leaves, Chives, Leaf beet, Crown Daisy,

Curled mallow, Young barley leaf, Dropwort, Pak Choi, Bell pepper, Pumpkin, Yuzu, Tomato, Apple, Pear, Black sesame,
Perilla, Sweet potato, Burdock, Lotus root, Deodeok, Radish, Mushroom, Vege protein, Red yeast rice, Lactic acid extract,
Yeast extract, Green tea extract, Herb, Korean wormwood, Monk fruit, Vitamin B, Magnesium

Table 2. Nutrient composition of saengshik

Nutrient Control BS LS WS
Energy (kcal/100 g) 400.0 393.8 3973 388.5
Carbohydrate (%) 100.0 713 64.3 79.7
Protein (%) 0 20.4 23.4 114
Fat (%) 0 3.0 52 2.7
Crude fiber (%) 0 6.3 16.9 1.9

Table 3. Served quantity of saengshik containing 50 g
carbohydrate

Saengshik carboh;(()itr?:te (%) con‘?alliqrfiniu?(;]z jirszﬁzigj (2)
Control 100.0 50
BS 70.15 71.3
LS 59.66 83.8
WS 80.16 62.4
% AYTe REF o8 thrmn AR 44
e Y AERoE FASIoN, 2 PR RS A
Z3te] | mLA AT Felstgrh. A¢ 3 HE 3% @
9g vle] 2459, 7 ARELS AlA Arsel @
9 308, 605, 905, 1205, 15050 Z+z} Fo] mme]ofA
Bl P 2SI B 2L A9 melolH 3
de BY AEY] FHAA BY

g =77] Caresens I1(I-SENS,
Anyang, Korea)Z 23] HHE5lo] Z3519ch E3t H1 4
T 3 97 =g

& =(Cmax)oh 45 A (Tmax)y AEE

2 7 A9 AR £HX

&

2 X|=(glycemic index) T}
G R 5(GDY] AAFS incremental area under the curve

(IAUC) < /\Plﬁ At IAUC 2 Hhg=54le] 71&A
9 S ol 8vtke WHOR GO #FHA gho] 7MY %
of &2 A& 7HA AL e, 029 B-rAE 7€

Koz 7|24 9lo] HARe Axkslo] FAFsl ATk Wolever
5 1991), PR BEEHI AFEAFA)] B ST
N Z17+9] 1AUCE Atsto] u]malgict

Glycemic index (GI)=
Blood glucose area after ingestion of sample (saengshik) »
Blood glucose area after ingestion of the glucose

100

5. SAIEN
2E A3¥ AdE= SPSS 18(Statistical Package for Social
Science, SPSS Inc., Chicago, IL, USA)Z 2 132 o|-&5}o] &
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0411} A = 2}o]= Student’s t-testS /\]-%—0}01 oz
1] oS AL, 79482 p<0.05, p<0.01, p<0.001
2 YERy et

OSL

9] AL, q1 Z7LS 113.8+11.8 mg/dL, BSTS
7 mg/dL, LFZ- 116.5£9.9 mg/dL, WST- 116.5+9.5
mg/dLi HE 64_044011*1 vt S HEY 23
Zol7k AU (Fig. 1). dHH oz A= 35 F 3027t
A] %‘*01 Fostetl, & AFolMe AldEE 3 30

S v walth RS 262.2438.6 mg/dLO| UL, Al
.cq 7% BSTo| 186.3+11.7 mg/dL, LSTO] 175.8+6.8
mg/dL, WS0] 192.5+19.9 mg/dLE ThRFof H|SHA HE

n& —1olr

AN MR HobHThp<0.001)(Fig. 1).
A% B2 BF T, R 308 Fo), AL 14

%'_

< @9 J5= UEHleH, o]% AA35]
37t HH 38 @9 fARE 32 YERH

A9 19 @9 ¥ A E ZQ1 A= Table 49 Zth. &

T o4 A xe FIEHS HA(AUC), EFAIS(QD), B9

a %E(Cmax), 499 I 5k T AN (Tmax) 28 F 47}

go15kqith AUCY] A%, thFT-S 477.4461.1 hr -

mg/dL, BST-2 420.6+17.9 hr - mg/dL, LSS 407.5£17.0 hr -

mg/dL, WS —8— 436.5+44.8 hr - mg/dL7} Ugkon, thxa}

H|wsto] HE AgFoA RolRl= Aol Ao, LS+
M= & o}7ﬂ Aashe AL Gl (p<0.05), GI2| 7

2, WS 93.2+18.6 > BST 89.4+13.0 > LS 86.4+10.6 42

mm&

A2 ARl e 7o g1 Hst 465

Fig. 1. Change in blood glucose tolerance of the SD rats
fed saengshik. The results were expressed as the mean+S.D
Different letters statistically significant differences between
groups by student’s t-test of “p<0.001.

2 PolR= AL gRIskIr. Cmax9] 7§, tRTE2 264.6+
39.4 mg/dL, BSZ+2 208.1+17.9 mg/dL(p<0.05), LS 197.8+
11.9 mg/dL(p<0.01), WSS 214.4+26.3 mg/dL(p<0.05)7} L+
o, ti 2} H|Wsto] BE APFoA fHor &
ol F th(Table 4). Tmax%® ThRF¥} H|w5to] RE AJF o]
A A== A2 FRASFATH(Table 4). AUCE AEF2 A5
e o Yehs 89 BR8-S HlEl4S o]&-oto] ALket 5
A2 T8 @92 WGoHA &L AF AF Al S/ €9
HATS Atel] AlRo] AAHQ G A4S A5 Fel
F e A;OIL, Gl AEEZ HHAYS W Usit= &

TSt e HHRE o IVHSS vl AR =X
2 7 AEdE 99 A= ¥ EEste FAolH
(Jenkins 5 1981). Cmax:= A& A% ¥ 21 gL ou|s}
£ 202 Y &3} S Bt fatt AEZ
AREE T 1o, Tmaxs A& AF & 21 9ol =29

oft ok

A

=

Table 4. Pharmacodynamic (PD) parameters in control and after administration of saengshik"?

PD parameters

Cmax (mg/dL)” Tmax (hr)? AUC (hr - mg/dL)” Gl (%)

Control 264.6+39.4 0.7+0.3 477.4+61.1 100.0
BS 208.1+17.9" 0.7+0.3 420.6+17.9 89.4+13.0
LS 197.8+11.9” 1.0£0.2 407.5+17.0° 86.4+10.6
WS 214.4426.3" 1.0+0.3" 436.5+44.8 93.2+18.6

D Values are meantS.D. (n=5).

? Values with different letters statistically significant differences between groups by student’s t-test of p<0.05, “"p<0.01,

) Maximum blood glucose levels.
Y Time when glucose peak.

% Area under the curve.

% Glymcemic index.

Hxk

'<0.001.
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€ AE Guste Aow F4 % HiEe] tiE AR
AL G 1 A}ﬂﬂoﬁ Q1 QItK(Tothfalusi & Endrenyi

i

g H 1H°ﬂ*1 S|ASL ok dFe 25,
; %X1é5=59}7‘° ohgRt 8]lo] YT
12 FolA Alo] agle] Bl 71 & FFL mXE
2 g FH(Russell 5 2016).

.
WL 2
lo & O rr

AL AAEA] g 22 P4 U HAZ 29} 7+
< YRS HIFA T AFCoE sho|EAnZ T} Ao]
9o} e Jgad] Yo Y 28| HT} UL A
o2 oeT, A8L B A9 EFRAL 9| Tsg
gt} 3ttt E AT oM E g2 EEo
Hls) ARl 4] Rtol B, BREVH, dehut

3 Al
S WA BE G, olHd ik Ao BF 29

[e] AN
(Musa-Veloso 5 2018). £3| mto|EA|u|A 1} 40|57} Tt
T ARE e BAEA g2 TR Ao, BAF, E
F7F @3] &3] aygolaty LA Uck(Brasnyd &
2011; Higgins JA 2012; Fuller 5 2016).

AAEA e 37 F Wl Pz 94, B Aol &
T} 5o] B EHYL, Lee 5(2014)2 Streptozotocin(STZ)Z T
S S FE e R Auleial, Wi AS5T

2 o HANZALS 1 dujguto] ¥, ot =713,
BRSO A8 ZFAAZIThT SFIT}. Takahashi 5:2012)S 2
654 ol Tt BAE tFoE HAE sHFofl 150 ¢
A QFT A2, HbAle $A7F Rl AT 319
oF B3] 24 Hae] HH7F Z7HEE HbALSH A
S} AT S, ol A4e] 78 F4R4
=4 Ao Aol et 154 HolFE ATek AR
"ok & A AHoAE 2Rl 2ol HISA AFA]

EFI-EOﬂ

i)

HATol BF 2o B8-S FE A0 FAT 4 U
30, olefat 2ok AAlo] Foulo] Ut eleizb UzolA

o o B

AlS 2 ELE1S SIS BASH A|29| &

gk
gk

9 2004 FEEFS A, RS 112.6£11.9 mg/dL
2 110.7+10.9 mg/dL, LS 115.0+10.7 mg/dL, WS

110.5+5.4 mg/dLE A3 19] A9} GASH RE Z9 x}
o7t gl (Fig. 2). AIFEE I3 302 &, H=xw9 G

Fig. 2. Change in blood glucose tolerance of the SD rats
fed saengshik containing 50 g of carbohydrate. The results
were expressed as the mean+S.D. Different letters statistically
significant differences between groups by student’s #-test of
p<0.001.

£ 268.9+4.5 mg/dLo] ¥, BSTLS 211.9420.9 mg/dL, LS
T2 2009484 mg/dL, WSTL 218.5+14.3 mg/dLE T F+L1}
H|wsto] = AlgTto] Foj3 o= HWlth(p<0.001)(Fig. 2).
fzolM= A 13 FASHA AlEE A3 3087H4
T4 ET 5ol Lo, AldFolA= AldEE A
IAZI7HA] @io] A5tttz A 45| Aot 9 ¥
|HE 94 AY 13 551 AUC, GI, Cmax, Tmax& 47}
A& &5 tH(Table 5).

AUCY] 7%, thRTH(4653+14.4 hr - mg/dL)T} H] 1 5}o]
LSTT WSTS 747} 436.4+22.4 hr - mg/dL} 438.1415.8 hr -
mg/dLE §ojF 07 robF om(p<0.05), BSTL 4474+
13.9 hr - mg/dLE §-2]24Ql Zpo]= YUIAUAT 23} Bl
sto] Wolx|= 3ol AU G| B, AF 13 FARRE
5 O 2 BST 96.2+4.8 > WS 94.3£5.6 > LST 93.945.8 &=
O & o= AZ FRlst3ith. Cmax2] A9, 2=
268.9+4.5 mg/dL7} Wk, BST-S 229.8+14.7mg/dL(p<0.001),
LSTE 213.5422.5 mg/dL(p<0.01), WST-Z 226.24+8.7 mg/dL
(p<0.00)= R} H|Wsto] {0 T YolX|= AL
SISk Tmax®] 3¢, A 13 FASHA 23 ¥
sto] HE AlgTto] oAl A7t YERETL

T A5 IR A2y T, 1S 2 T
el Ao FHEL EoMX1L Uil(Lee 5 2018; Lim 5
2018), FZoll= o]t Al AEe] HRlo] 1A 4]
AZF obd ErSkE AAPE H 2 JE e AlE
O]HC’*T%(Song 5 2012; Sun 5 2014). E35] ZAEH 79

T BAEA 42 TRl HIshA o e &= v
01;1 AiH=o] 9o H(Fung 5 2002; Sun 5 2010; Kyre 5
2018), ©2b=0] A FFERE oy et fpdlEo] A2l &

N

o

J&?J_l
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Table 5. Pharmacodynamic (PD) parameters
carbohydrate"?

A 300 me

in control

9 I Wt 467

and after administration Saengshik containing 50 g of

PD parameters

Cmax (mg/dL)” Tmax (hr)? AUC (hr - mg/dL)” Gl (%)

Control 268.9+4.5 0.5£0.0 465.3+14.4 100.0
BS 229.8+14.7" 0.8+0.3 447.4+13.9 96.2+4.8
LS 213.54¢22.5™ 0.8+0.3 436.4+22.4" 93.9+5.8
WS 226.248.7" 0.7+0.3 438.1+15.8° 94.345.6

Y Values are mean+S.D. (n=5).

? Values with different letters statistically significant differences between groups by student’s t-test of ‘p<0.05, ~“p<0.01,

3 Maximum blood glucose levels.
9 Time when glucose peak.

% Area under the curve.

8 Glymcemic index.
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02 7Ro| Hid) 2t BstE FUEE W] vjAE
o] th=t. Luo 5(2021)2 HEHA A, ¥y, AL
o 7]*‘6—"3% 7HA| 3L £ ARgsto] @
4 A7 At Pl 7T o H%
S A 200 mg AFAZE W S5 9, As
Fashs AL FI5HAAL, Kim 5(2012)2 G
£ fucoidane AEF 10 mg HHAIZZ o,
7/'4\—,% SRQ15} A t}. Garcia 520072 A
o £ 15 g AF MRS b 29
£ W B% 2R Mo0] Aashe AL It A
7 ANES FuH] ¥, BFR U Aoluest ¥
D 9 W ARESS MASHE AS ER0E 5 3
Ahmed EQ011)2 ZET T2 2 2|A
= B4 XA R|4(glucose dialysis retardation index)Z BFy
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B AYe 922 o 4o 43 5, 29 ux
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A A ISPl ojyrks SAHI Lurksl
A9 gFot T2 w3l Eolzur BRItk BAES 7t

AL Ak SHAIEE 2 A9 ool [P AR Aol A

™"p<0.001.

o B W T Al A g
Az 320 ol A n| At A A 2 IR L2 &
o= wdo] AR 959 @9 viAl= = g
SFaLA} Skt F230f APd AFolM= dFE o=
Ao REEHFHE AP S5l A= ¥ g
I3t B2 E IFsE A4 (HbAlc), a-glucosidase, a-amylase,
TE % CHEL, AE 9 23 Jded =, glucose-
Gphosphatased} 22 Blol Q7 242 §3) 714 472
R8st AAlo] AZFA 02 dtof n|x= gk o 7}
St 715/= ERlske Bol Had Aor AlrEn £2
2 A 992 M S do R QIAIFGAIES X1
o kel M3 ZANAE Bt 75} 75 AL s
Zol og Aoz AgHr}

SD rat]] tHRQl E=Fat AE Q] 4] 35(BS, LS, WS)
S AH At HFH 3 1508 Bt 30= HEo2 A Fsto
IS SA5tATE A2 2o A AP, AY 1
2 DE Ag59 ¢S FU5H HHA AFEE AP,
A9 2= 7t A= ©pdtE TS BASH] Al = £
At § A9 Aottt 7 Aol E wskel gt
& HA(AUC), EFAIGGD, 21 E 5= (Cmax), 2|11 &E
7] Z2EAZHTmax)9F 22 d 3 A EZ KJ4o] &
Foll A= JFS I AF 19 @9 T A#e
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the3} 2l AUCS] A9, RS 477.4461.1 hr - mg/dL,
BSTE 420.6+17.9 hr - mg/dL, LST-& 407.5+17.0 hr - mg/dL
(»<0.05), WST-2 436.5+44.8 hr - mg/dL7} Y2k, Cmax2]
AL, RS 264.6£39.4 mg/dL, BST-S 208.1+17.9 mg/dL
(p<0.05), LST-2 197.8+11.9 mg/dL(p<0.01), WST-E 214.4+26.3
mg/dL(p<0.05)7} U1, GI®} Tmax: o) F 3} B w5ko] 2
= APFoNA Rotx= Aol AUt YT Fo = AxH
22 A8 APFS o BA9] 97 B 75482 &l
g AUt ol A9 7154 Aol EREo] A
ﬁJrO]Eﬂlﬂl"‘ﬂ] 7105 202 AtmETh A 29 €7

#H A RE o2y 2o AUCY] S, RS 465.3+14.4
hr - mg/dL, BST-L 44744139 hr - mg/dL, LST-E 436.4+22.4
hr - mg/dL(p<0.05), WS- 438.1+15.8 hr - mg/dL(p<0.05)7}
Wtal, Cmax®] 79, R0l A= 268.9+4.5 mg/dL7F Lk
1, BSTE 229.8+14.7 mg/dL(p<0.001), LST-E 213.5+22.5
mg/dL(p<0.01), WST-L 226.248.7 mg/dL(p<0.001)7} Lk,
GI9} Tmaxi= &t thB] 92191 Atol= fIUATE HobAl
ot AE 13 fARH] BE @9 T AHOA R tiH|
A& oA ERI5H3 AL, o] et A= 419 d
3FE0f 7]1g Ao R At drt. A2 Ao]dF
F3t AR g2 FFE AdEE AHEEET, AlolA

= T F5E AAAA EF Aot et 71548
7RI k. wEbA A= ©pdhE e BT AE
20| A= A4 o] o] Higt 75 1T 4= AN 9
o] AFAx A9 mho|EA N AR} HAEA]
22 ©@oE o] g5l gt 71540l %
SE SPATE &3] HFet Al AL
ofy7]o] AAARl @F st 71 s8= &2
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Quality Characteristics and Antioxidant Activity of Salad Dressing
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Abstract

This study investigated the quality characteristics and antioxidant activities of salad dressing prepared with Jerusalem artichoke
powder (0%, 4%, 8%, and 12%). The pH, soluble solid content, and viscosity increased as the content of Jerusalem artichoke powder
increased. The titratable acidity showed no significant differences between samples. The lightness values decreased, while the redness
and yellowness values increased with increasing amounts of Jerusalem artichoke powder. The total polyphenol content ranged from
52.00-69.64 ng GAE/g, and increased with the increase in Jerusalem artichoke powder levels. The antioxidant activities measured
via DPPH and ABTS radical scavenging activity and reducing power also increased with increasing Jerusalem artichoke powder,
at a higher rate than in the control. These results suggest that it is beneficial to add Jerusalem artichoke powder when in salad
dressing.

Key words: Jerusalem artichoke (Helianthus tuberosus L.) powder, salad dressing, quality characteristics, antioxidant activity

7}0}0# g RS U EH4S AYE

ATotE AR Qe ©pdkE, G 92 A 59 A 2]
FH7t S7rotaA Blgt 18 9 Gyt 22 ot 4 9] BZ 4ot ¥ FHE Xﬂ%ﬂﬂl Aol g oy
ghe] A Eo] FolA| AL Qo] IS AT 4= A S5 AP =of Frishd 11 s SAA7IAL &3 =9
StalAt A7stAA THHSHA B2 4= Q= 't 7] AAMRE 80 ofy=t A7l ante Xﬂiﬂl?’é# U (Kim &
MY E AZ9] Q177 Eolx|1 QI tjEo] M= A 2002; Choi & Chung 2009; Lee 5 2010). H AH|AELS &
9] AH|E Z7)5Fal Yth(Kim 5 2003; Choi & Chung 2009; A9 11 EAL 7R QO HA KB A EAo] =2 A=

Park 5 2015). S0l Ao RS 44 Welel F A Wrlelel 754 sE Ed4e Assn Atk
MO GNHHOR SHAYL AVE FAS] SAE Kol OlFi WY APTe) YFOR A T olold
FE oy Ao 8y He As P°H’% A eof AR 4= F7otaA}L ke AFEo] AlREIAL loH, HE £
St= 2AF FHAAE 44, vFoA= 4ol st o, ofAtoH|E] £, O}E‘/] ok, RUE, HEARS, EFHIE
o, LU= AEY FEof wEt &4 T B4 & EUHA 52 7Rt st A7 EaEa 9
2 HED AEZAHALE AAR R By, AE9 X ThJung & Kim 2011; Lee & Lee 2012; Park 5 2013a; Park
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KB 2014; Bing 5 2015; Park 5 2015; Choi & Chung 2017).
S, SR AN (Helianthus tuberosus L.; Jerusalem artichoke)
= Eu|eie) S35k sfuletr]&9] ofZsiddo] AlER,
8~94of sfutetr] HeFe] ol il 109 THof ol AH
A F&o] AR o] HE|duizt A7]=H olE AR
2HiL Feh(Kim 5 2014). SHAGA = LA R Sy}
FUEAS] 55 o) AREEC] goH, HHAA, & &
@ o, 97 2A2HE B2, 25 A4 U GF A9 U
qulekast 5 clre 42 S0l i Aow wd
Qlth(Park HS 2010; Kim -5 2015a; Yang 5 2015; Sawicka 5
2020). HHAAAS] F/d72 o= (inuling} T FAREER]
o], AA Y] oF 15%F F4d5kaL Qlof A4 7HE ols™l
= @o] ZstL = AEF stelth(Park 5 2013b). E
ok, AR ol md2 QI7HY] QoA ESliEA] 2
W wgEo] ofsto] TraEo] v 75 SXsh, &3
oj HTGAE FASH FSAI7IA il o] ol ]
o avtel A off SAHAEY A &7 o] HarH HE 9l
THRumessen 5 1990; Choi & Shin 2006). ©] B & =R A}
= A&, vlvles 22 F7144E 2 HERL C, B, By, o]
of4l 59 o 7}A] HlERIEo] FHoto] JFeE 747}
2 AFCE AFAAEN SRS THIE 7HAAL Sl
o|e}zo] HAARTL FUEHH AR 7F EZole ESt
I, A A A S 22 579 WAIR st Aog
wAL 4o} Hlojr grol Trkx] $4] eros), A4k 717}
5ol 1, Moz 4787l olggol ek ufe 5
AR o84S FUSTA HALA Heg W A
HA|Ao]A(Kim 5 2014), 7| E(Park HS 2010; Shin &
Chung 2019), S+7|(Park 5 2013a), A 2](Kim & Hwang 2022a),
HH7L2(Kim S 2013), E(Kim 5 2015b), BU|Z(Kim &
Hwang 2022b) ¥ X772 529 FH7Iet 4|(Kim &
Hwang 2021) 9] A& 7 2 &4 A7 X3P v ek
2 oA olEd 22 17 7164 ARl v &
frEo] o] FFTHL
Stof QY= 7|20 R of= MYt S ARTOEH
Hyked v AH T £ e ARAFE AL Aot
T SR

1. ME=E

A AR TS 22 RAENA 100% =4k A A
(PATAR)yS TSI, B4 Q=2 ARG ke =
(Ottogi, Anyang, Korea), =& 11 (Chungjungone, Seoul, Korea),
Zd 91 QA E(lldong, Seoul, Korea), |5 (Youngnam Co.,

174 A FITEA]

Seoul, Korea), &3}, A+ (Fine salt, Busan, Korea)}> T 7A] d}
EolA FAsto] ARGSHRAT 1Al B4 o] ARERE AleF
2,2-diphenyl-1-picrylhydrazyl(DPPH), gallic acid, ascorbic acid,
folin-Ciocalteu reagent, 2,2’-azino-bis(3-ethylenebenzothiozoline-
6-sulfonic acid)(ABTS), trichloroacetic acid(TCA), potassium
persulfate, phosphate buffer saline(PBS, pH 7.4), sodium phosphate
buffer(pH 6.8), potassium ferricyanide(FeCls), iron(ll) chloride
52 Sigma-Aldrich Chemical Co.(St Louis, MD, USA)of| A
Ishaie

2. Ma=eyAl Jl=

HARAEDS J7Iet 249 AxE dEAddEE A
7l & Table 13} 22 H| &R YRES E7oto] A|xstAt
(Fig. 1). HAZAEZ O] M7 AAZF] 4%, 8%, 12% &
FOo & H7lola, ntay|=2E ALt YA AEes &Y
gt Fo g Hristo] AeEed Y HAAHE sUstes
SHAE mFR Y| 2= B A FAHEE Wol ARREL Q1o
U Agteo] =& S4S 7HA AL itk A AR e
EE e AxstaA npey| =9 M7t o], HAF
AT H7FERE STHECH, A9 1f B0 97
< 7AA &S gRlotaA syl A =EegA] Az

o 713
He WA FEgol HAGARES Y 23T & Aok
= wRkeE o5 vfay=, EEI8AE, EHAY, &5 H
o7l Futs Hrieto] 3Rzt wulkello olg WA Byt
(5+1C)shHA BEAA g2 ARS-5I T}

3. pH, BAIE 3 712N TEE s =X

pHE A2 10 goll Z82 90 mLE 7F5he] 3083+ 215
3, oy}sto] AL oAS pH meter(Thermo Electron Corp.,
MA, USA)Z &45IAth F4e+= pH ST 5L AR
o 10 mLof| 1% phenolphthaleing 2~3%& 217 0.1 N NaOH
2 pHrt 830] 2 7kA] AgstEch o] A61E NaOH
= A4 At 1714 AE o8] FAte E gt
SHATH(Eom 5 2022). 7H&/4d 1 E oFE FE=AINI hand
refractometer, ATAGO Co., Kyoto, Japan)Z2 Z=35}%10.H, 1
oS Brixg VR IL.

4. Mz 3 HE =X

A=A M= EFAR}A (Chroma meter CR 400,
Minolta, Tokyo, Japan)& AR&5}0] Lzk(lightness, ), agt
(redness, 201, bk(yellowness, A1) O & FA|5}F O,
247} 38] ol 2% F BEGO.Z Lyl ol 4§
3 & WATo] ZhS 1=92.75, a=0.83, b=2.78°]3}T}.

e AT 40 g2 H|F o Algstal 25+02C9]
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Table 1. Formula for salad dressing added Jerusalem
artichoke powder

Ingredients Jerusalem artichoke powder (%)

&) 0 4 8 12
Mayonnaise 30 25 20 15

Yogurt 60 60 60 60
Oligosaccharide 15 15 15 15
Lemon juice 16 16 16 16

Onion 5 5 5 5

Salt 2.5 2.5 2.5 2.5

Jerusalem artichoke powder 0 5 10 15

Jerusalem artichoke powder(%)

b _/". =S e

Fig. 1. Appearance characteristics of salad dressing added
with Jerusalem artichoke powder.

T2 FEXA 1A 5 PP & 314 H A (Model
LVP Brookfield, MA, USA)Z spindle No. 45 ©]-8&3}9 60
pm 240X SA5FATt

=2

4] 100 gofl 54 900 mLE 718t & 50°C water bathof|A]
FE30] 2,258xgoll A 2027t AR
2] (Combi-514R, Hanil Science Co., LTD., Daejeon, Korea)$t T
= S AMgsIAT & EvE 2 Al 200 uL
o]l 1N folin-ciocalteu phenol reagent(FCR) 1,000 uLE 7}5}o]
A4 38 Bk A5kt ¥H-3Ao] 10% NayCO; 800
ULE ERbokal BhA] Aol A 1AIZE JAIRE B2 765 nmof]
A &3F I (Infinite M200, Tecan Austria, Grodig, Austria)s &
g 3F % th(Singleton 5 1999). & & vs AT EE=ES
gallic acid(Sigma Chemical Co.)& AME-5}%itt.

@
>
~
o
oft
=
=

ol
<L
-lOlt

N

N
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1) DPPH BiC|Z A%s

DPPH 2}tz A7 5(Blois MS 1958y A& 500 uLoj 0.2
mM DPPH -& 2,000 uLE 71Rt thZ Aol A 3027t ¥H-&-
ot oh 517 nmof| A F3TE S7s5to] o= Al 22 W
O & DPPH #HZ 2752 AAbolth 4 iz =
ascorbic acid(vitamin C, Sigma, St. Louis, MO, USA)E AF&-5]
Rt

DPPH radical scavenging activity (%) = [1 —(A/B)] x 100
A AR BT FBE
B: AlR9 RH7b1o FHE

2) ABTS ZiC|Zt 25

ABTS ]zt &752 ABTSS} potassium persulfate(Sigma
Chemical Co., St. Louis, MO, USA)S &g5}0] ofo]L29] A
AL FET oS, BAE Folo] FAISE E4o] e Al
F5o] 9l FEMo] GAE =1 ol FFE & St
of it B4 SAL 7+ AHRe 5 1999). &, 7.5 mM
ABTS®} 2.6 mM potassium persulfateS &3}5}0] 24A]17F 59t
Aol A WHEAIA TS FAPAH T ARG Ao 2
tjzo] A€ ABTS €4 734 nmo| A F5=7F 0.700+
0.020] T =E PBSOZE 3|45t} 3]4%t ABTS &9
2,000 pLofl A= 200 uLE FH7lsto] FaxofA 58T ¥
Sk 734 nmo| A FFEE SA5H o, o o] A4HA] o
osto] ABTS 2tz &A5S AArsHH

ABTS radical scavenging activity (%) = [1 —(A/B)] x 100
A A= AT RE
B A=l RHvlTel S

3) sigls =8

39 & (reducing power)> Wong & Chye(2009)2] HHH-g ¥
st SAsIAT. =, A=Y 500 uLof 200 mM sodium
phosphate buffer(pH 6.6) 500 uL2} 10% potassium ferricyanide
500 uLE 247+ A7ksto] 50 oA 2027t BES-3F th, 10%
trichloroacetic acid 500 uLg F7}sto] ¥h-g-2 Fot3itt. wh
SHZ 2,258xgol| A 1087 A E2sto] FFH 500 ILE
FskaL of7]o] SF<4= 500 uLe} 1% FeCly 100 uLE 75}k
Z3oto] 700 nmof| A S33F ST = FHE reducing power®
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SPSS 27.0(IBM Corporation, Armonk, NY, USA)Z ©]-8-5}o]
ANOVA®} Duncan's multiple range testS A A5l HE51%
Th(p<0.05).

Zu o o
1. pH, ST U 712N THE 3 =W
AAAARE A7 =2l pH, FAE E 7184 1
B oolek 24 AT Table 29F 2k 270l A AR
< HA7}slA] ke Te|Alo] 3452 71RF Uoka wjA|ApE
o Frlepol Z7F4E 747t 369, 3.81, 3.99% oJH o

S71ot . AlaE A EE 4] (Jung 5 2011)2 7 A
T A (Jung 5 2013)9] A-FollA= H7HeE FA RS ol
5715 pH7}F S7hotletal Barste] 2 A-Eet RAlst
P oLy, ofatold]a] B H7} M ==4)(Choi & Chung
2017) EEARS 54 (Park 5 20132)2] Atoll A= pH7L
obHthal B skeith. ol& EEﬂ”Oﬂ Aot R R
et 1 B4 nE o2 Aoz yepdS ERlsttt.
FATE gRT 225%, 4% A7 2.25%, 8% A7 1.95%,
12% 7HE 2.10%2 A= 7l 281 Zpol= §l3ltt. pH
ot At = A4S Ueill= AXE 39 stz nj3Ee] A

Table 2. pH, titratable acidity and soluble solid content

7170 iR Blseizolpd
ol P v, HAF Z& H 7} pH 6.8~7.201 Ao

3

= v} Qlth(Bing 5 2015). A AAEL H7leko] Z7}
2 By g4 o pHE 345-3.998 n|PE9] XA A
Z pH ¥ 9] oto]] :=3}E]7] okoro m g g 7FRpE e
7t =849 kol E Y HIAIA ¢
ok 7R AL
o] Jrtgo] St r=
= 57kt A

o] ol 45 7184

} O

A =G Ao A e
NP E FFo| =orE BIIsHY
ThJung & Kim 2011). ¥Hdof|, of2 Yol&3} EF4]
A7kt =AY AtolAE FARS HA7Fgol
7He] 1R FeFol Woldlth . Hshlth(lee & Lee
2012; Park 5 2015).

Nz

AHCZ
- [— et

2. A
PARAET H7t =S HES
(Table 3), FA 72 ARESE HRAZAELO] M= LE) 86.56,

aZl 0.54, b7} 9.772 3Ho1E Qi BEE el LS o

S
(=]

na
.II)I-

277} 87.86, B7F7} 72.34~82.730.2 LFERL} W R| AL

Hhgo] 37145 ol Wobilrh. HMEghe et
U agre AAUARL S A e TETE ~3962.

of salad dressing added with Jerusalem artichoke powder

Jerusalem artichoke

Jerusalem artichoke powder (%)

powder 0 4 8 12 F-value
pH 4.77+0.01Y 3.45+0.049 3.69+0.02° 3.81+0.04° 3.99+0.01° 254.718""

Titratable acidity (%) 1.65+0.21 2.2340.16 2.24£0.15 1.9520.15 2.10£0.10 3911
Soluble solid content (Bx%) 9.07+0.06 32.0£1.00° 33.0£1.00° 36.0£1.00° 38.00+1.73° 15.167"

" Each values represent mean=standard deviation (n=3).

2 *dMeans with different letters within a row are significantly different from each other by Duncan’s multiple range test (p<0.05).

“"Significant at p<0.001.

Table 3. Hunter's color value of salad dressing added with Jerusalem artichoke powder

Jerusalem artichoke

Jerusalem artichoke powder (%)

powder 0 4 8 12 F-value
L 86.56£0.04" 87.86+0.40° 82.73+0.42° 77.96+0.05° 72.34+0.04° 1,550.125™
Color” a 0.54+0.02 -3.96+0.08° -1.16£0.04° 0.25+0.04° 0.94+0.06° 1,752.018™
b 9.77+0.06 10.66+0.24* 11.4240.38° 12.6140.05° 13.37+0.11° 83.282""
Viscosity (cP) - 980.00+44.40°  1,030.33£87.46° 1,323.00+£198.50° 1,603.67+91.54° 17.319™

Y Each values represent meantstandard deviation (n=3).

2 *d\Means with different letters within a row are significantly different from each other by Duncan’s multiple range test (p<0.05).

9 Colors are L: lightness, a: redness, b: yellowness.
“"Significant at p<0.001.

A7t
%Z A0 R wetd
FEO| FHFE )27} 32.0 °Brix, A TAE
33.0~38.00 °Brix® BLo]&& 0
A= H7t

pzye)
\na

NS

7%t 23
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2 Uehgal fAAR T 7ol SRS fofdos
=obA 12% A7E 0947 71 22 gk vehfglch &
A YERE bk HR2T7E 106622 7P Wk, 4%
7R F2AA Aozt QIR o, 8% H7HEE 12% 3
7We Z2F 1261, 13372 FEoERFog FUletgth

HAFAEDE 71ot] Az HH ==y HEs
SHAFAELE H7FokA] o2 279 HEE 980.00 cpol
Ao, HAZAELS 4% F7IeE AFFolAE 1,030.33
cpl 2 HRFHETE tha Ehou o3l Aole /1%
o "ol 8%, 12%9] HAAARL S H7IE AgFolAe
7}2} 1,323.00 cp, 1,603.67 cpo 2 =7} &A= Ao 1
ERtth. ol SAAARE Y H7hgol YgHIE ol Y o
A2 Jro FFE Eoe AL € S ATk o] A=
LH T H7Ig AR7IZto] SRRt meE AREEe
A9l Hrrt Z71ethal Haigh Lee 5(2010)9] Aol A
T AFS 2tk

3. de=cgael & EQ|uE E B4
H5/4d stE2 Aol de 2250 e 24 diA

AFEE phenolic hydroxyl”7] & 7}A] 1 Qo] Tl = G4,
718k AdEAEY ddst= 4ol AL
Eﬂ o]—?:} ———‘,] /\ﬂﬂ%/ﬂ KR ]— _Q_ %_]’1‘:'1
2017; Bels¢ak-Cvitanovi¢ 5 2018), 41&9] gAtsl
= g ujo %Qot QlatE 2837 9THChoi & Chung
2017). SHAAAED 17 =AY & EYHls T2
2T 2602 1g GAE/gO.& 7} LIFT 4% A7 52,00 ug
GAE/g, 8% H7}7E 64.69 ug GAF/g, 12% H7F7E 69.64
ug GAE/gC &2 HR| A} 54t d7lefo] S71das & &7
HE ool 76t A2 E YETh(Fig. 2). AR 3
} == ATAAL B Selds Aol Aept
F H71Fo] 371 0.087~0.123 mg/g,c_’_i Z=7)59ick
Histo] 2 A A7et fAREITH(Yim & 2012). Kim &
Hwang(2022by2 A A2} £ X71jt ﬂ“]?ol A7}¥sHA
e 7ol U} & Felds BT & Fehuiols @
o] 77} 1.36H), 1.518) 2718107 549101, Kim S(2013)
o AAPARLS BATSE RANRE F SelrE @
o] Z7Kithn Bwskn ol RARe] H7ol gol
Wes AzE AE) 5 BINE Bl Frlee] HE
o SAGALY A2l  Felae Ul A=y
o] ETH=9] qFol FFE FUS Ao E wekHn

mlo
i,
2L
o)

2 o T

1o
it £

4. Maj=cgjAle

alo| ehast
DPPH A2t &784
T SAOl B2 g9 40l 7

I

A

ik
ox 0Z

olr _|1>1'

o Bl ZhestA
Sl B}¥ © & DPPH= ofjgt

ro

KL A Selye] B 54 9 At By 475

100

80 |

—tt

——
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o
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-t [l

1] 4 8 12

Total polyphenol contents (GAE pg/g)
-

Jerusalem artichoke powder(%)

Fig. 2. Total polyphenol contents of salad dressing added
with Jerusalem artichoke powder. Different letters above the
bars are significantly different by Duncan’s multiple range
test (p<0.05).

& goAoHE MTY AT i Hemoz Y,
FARE BAS 2= RS T Mo| AAEHA gAY
© 97t o]@athlung S 2004, Gillein S 2005). E3,
ABTS tjZt £75-2 potassium persulfate®}2] ¥H-g-of 25
A ABTS - + free radicalo] A|24:0] 415 40 9
-aH xﬂﬂﬂoﬁ a]-q;'P = 04 }\Ho] x—]ixﬂo] EHHQL 7-1 o /g-
Ao g2 ZH3}+= "wHo|th(Jo & Park 2008). B A A ET
Wheo] w2 AeEsaye) BAs Ang 24e A3t
+ Table 4] Y ATH HHAAAED H71Fo] S7HES
E A} @4 Y= DPPH 2 4453} ABTS 2t
gz &7%0] 1307 F7Iot= A0 E YEHTHp<0.05).
= DPPH 2ht)d 2AS S AARARTL ArhoA o
L tjZ39] DPPH &0 E AASL 2.56%= 7Y 2¥oral A
7Hte 837~32.64%% HAIGAHED F7bgo] SIS E
FoH oz FrletATh E5], 12% H7H= ERFHET F
28] =2 AA5S Hoh T3, ABTS 2z &7 504
T AR LS J7FeHA] &2 dER= 447%%] RHHo
HRZAAEDTS H7FeE A EE g Ao A 9.85%, 24. 13%,
36.82%= LERLEY, T2 tiH] 2.24), 5441, 82 2 =& 4

%2 Uehpgith |9t 2 Ak BARAEE )
DPPH ) &A% 46.84%2} ABTS St AAS 82.32%=
o9 =Qt7] wizell vt Ao T Yuan 520125 =
A A= =R A} 3-O-caffeoylquinic acid, 1,5-dicaffeoylquinic
acide} 22 HlE4d 2450 A S aA 50 7]
o shelon 2 AYoAE AR T EA5t= o]
=74 248 Aste] HAHARET J7F A2ere A 2
O A7 50] =olx Ao &Z HQIth Kim 5(2013)2 X
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Table 4. Antioxidant activities of salad dressing added with Jerusalem artichoke powder

Jerusalem artichoke

Jerusalem artichoke powder (%o)

powder 0 4 8 12 F-value
DPPH radical scavenging 46.84:6.04" 257£1.26%  11.70£1.44°  17.874391°  32.64+2.80" 71.707"
activity(%)
ABTS radical scavenging 8232093 4.4740.60° 652£186°  24.13:076°  36.82:083" 556794
activity(%)
R i kK
educing power 0.52+0.02 0.16+0.04° 0.2120.01° 0.26+0.03°  0.32+001° 20.878

(Absorbance 700 nm)

D Each values represent meantstandard deviation (n=3).

2 *\eans with different letters within a row are significantly different from each other by Duncan’s multiple range test (p<0.05).

"Significant at p<0.001.

AT Hrfgo] HoldAT HAIRE BENE
2t B Eo] DPPH g &7 50] 718tk Rs)
™, Kim & Hwang(2022b)2 X AAELS A7l &
o] A5} gl Tl HISto] EYThT HiLsto] 2

=3
W o wt

-9,

T} vt 23S UEhigich e B2 AE 25
ol EAsts EevE 53 22 TS 4o o5f Fe™
7t FER BUEE 5YS %o RN FAS B4S 5
Aol vpdHolth A2 3ty o] 42 A5 =2 0]
Al =] 700 nmofl A HHe] ZFEE JHAA S Y H=

7t 2255 22 SYYS Uehdda & 4 AtK(Gilgin |
2006). A FAEES H7IRE A EEH Ao Sdd e &
g3t A3K(Table 4), R 0.16 AbsO.2 7H WOFI1, 4%
H7H= 021 Abs, 8% H7HE2 0.26 Abs, 12% H7HE2
0.32 AbsE UEHHo] HAFAREE F7Hgo] S7Hda5
ooz Zrbete Ao Ut ok HAURELS
H7rete] Azt dulEo] HAFARES H7IHA] &2
i 2to] HIste] ghEEo] Eobgthal gk Aot FAL
ST

ook Ol A
ey | =

T

—”Ml/ﬂh EHXV‘Z}-‘%‘%IQ_

1% FAE, 7H8 1B E T
% %Elﬂl%:— ﬁu%ﬁ DPPHJJr ABTS &tjz 475 4
2 ZASHAT pH, 7H 1R o E A=
7P BA vehga, AR kgl SIS E 5
7Fohe AFE Bk FAEE BE AR 7] §93<
Z it FEE Ueie Lge AT 7T
Fo| 37HE FYH R Wobglal ARl aghy} A
T2 b3t S7FHT HARARE TS F7RE AR
49 & E9¥s FFS HET 26.02 ug GAE/go] H]5to]

A7rge 2d 8}01 A Eﬂ

o
- 2
Hl

g A5
BN
Al e

o
1_
o

52.00~69.64 ng GAE/gO.2 Fo|F 07 &3k 0o m(p<0.05), T
Avs} gum Uetii= DPPH ttjZ &A%, ABTS iz

A%, B9 54 2% d277E MY AT AAAE
) @7}%01 5% f9808 781 S et

Wol 12% H7HA7F 718 A Uebdthp<0.05). o149 A
I}, AR ELS AsseAol M rgoa2n FAkst
o] STHEJLER 7548 TN AFLEN &8
o] 7Fsd Aoz wetdrt
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Quality Characteristics of Rapeseed Oils according to Different Roasting Temperatures
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Abstract

In this study, quality properties of rapeseed oil by different roasting temperatures (140, 160, 180, and 200°C) were investigated.
Roasted-pressed oil (RPO) showed a decrease in lightness and an increase in redness and yellowness with an increase in temperature
compared to cold-pressed oil (CPO). In addition, the [B-carotene and tocopherol content also increased in RPO as the roasting
temperature increased. The tocopherol content increased by 18~20% in RPO at 200°C compared to CPO. This increase in bioactive
components led to improved radical scavenging activity dependent on roasting temperature, and RPO at 200°C showed a 2.7-fold
improvement compared to CPO. Finally, it was observed that higher roasting temperatures resulted in an extended oxidation induction
period, increasing by up to 3.3 times. In conclusion, roasting is an effective method for enhancing the oil functionality of domestic
rapeseed varieties. This study provides basic data for producing high-quality oil.

Key words: rapeseed, roasting, pressed oil, quality properties, functionality

M E Chew SC 2020).

=HolA S44E A 5 § FTLT00I2 Fo] 27] o
A Brassica napus L.y= AARN0 &ot= fAZER 20 4EE&o= AgsiH, 4t o] 65~69%= Eot
T&ET ofY 2} 48, Bl Sor d &-8H A& A&z gol A=l thKim 5 2014). E
alu}agm S 2007; Lee 5 2017). A AlAAoR 94 718 3 fEs FHI00IETH ALo] tha oy, g4k
%}WQ} 9 thgo R we A Holm, EQO o] T3~75%2 ‘FHT001 2Tt oF 4~10% o &t} Iy =
T et 7]”* Hzol A=A 74 7152 271 HollA A 8F=A 74 28 A+e vinlsts, F52 7%
==X %7]—0]——: ZAo]THFAO 2017; McDowell 5 2017; Xu o] ZHEA ] g3t FHE RET A o[t}

FlO = oﬂ,
0

5 200). §4) /15 EopAuplo] A, BESAFAA  ASR A% A YEF Hoasting AT 715 F
e tiinoiic aid, CIE2)S P (noenic aid 2|9} 7} G 5& S| AT Bk Agolet

C18:3)0] 24u)7k oF 212 FRHo|chWu 5 2019). BB §A BAE Bol 33 /Bl Thbumy L TAT
of, 282 W Bejuls 59 §-84%0] TRl Yol A (nuty) Ft AL 7} At FH(furane), A E(ketone) 4| 2] 3]
Aol golstrta B e 9tkAzadmard-Damirchi 5 2010; 24 BglEo] Z7HIAL, EXHE U AHE 59 4B
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3leFo] Z718AtHLim 5 2011; Yu 5 2021; Tan 5 2022).
MO AE, BadERolA dA ik 249 g
(lignan)o] F7F5t3l o n, FFo A= B2t Eordas
A5 (squalene)°] S718FATHXu 5 2019; Zhang 5 2020).
e Bl SHE A EES o183 $2UHE B
g dAE RS, 7s4dol 4" 4 7159 B

A3 B2xAE ZHEA o] Qs

1.

2 AFoME 2T FHA TS o] QoH A
AEAFANA FHE FET001T R FFS 20221
Yikstel A & AAHT & ArE ARESHITHKIm 5
2014). 22 A5 E-2<(Dongbang Machinery Co., Daegu,
Korea)S o]-®3}o] Wi 2= 140, 160, 180, 12|11 200C
& AAsto] 1.5 kg FAE 1027 F2 & 42004 102
ol4 WrdstAtt. 2 2R B2 TAE U4 2y
7](DB-500, Dongbang Machinery Co.)2] 2H3-H L2 60T
2 A5HT 600 bard] YO 158 Fstol 2a e
ol Qo] By ATl E AYAZ THAT ThE 158 %
o] ARW 718 F/1H0R S ¥ A8
TR BEAHG o) 2 FAE 2929 719 2ol &
Utk YRR 2Hq3Io] AHGATHAI LY, Coldpressed
oll CPO). %6 0] W 2E 8L FUT T4 5%
ol 29 180 FHo2 ket

2. RSO FAIR ME A
2749 B 4R MES 25| 91 B2
(CM-5, Konica Minolta, Tokyo, Japan)yE& ARZS} 1, HE
(L-value), ZA I (a-value), 1231 A (b-value)Z LEFLY
Sick. TEF o] 2 2708 H2RLAG-0] AR ARaby of
Bt Ze Aoz Aikeolrt.

ABab= /(L= Ly +(a—ay)* + (b—b,)?

3. RBRHE RAURC LA TN HY
AAE BAS Lee 5 (0140 F15te] stk 2

E2S 2o 8A9E 100 uL £I5}o] methyl alcohol 15 mL¥}

sodium methoxide 30 wt% solution 1 mLS 7}5t & 24X
80°ColA 2A17F ¥HE-AIA HE 3}kl HEg-Ea A=A
WZHAZ] & n-hexane 15 mL& 7}olo] JAE fatty acid
methyl esters (FAMEs)S &5}, A% %S 0.2 ym PTFE
syringe filter2. of34gt 5 o] ol &Lk, APAL 24 2
23-2 flame ionization detector (FID; Agilent Technologies, Santa
Clara, CA USA)7} 2+ gas chromatography (7890A, Agilent
Technologies)E ©|-8519ct. 48 AHL HP-INNOWAX
(30 m x 0.32 mm x 0.25 pm, Agilent Technologies)& AH&-5}
I, FYRe} HE719] 2h= 7 200TeF 250 CE A5k
o 28 2= 140CoA 187 fAIskL 29 6 TH 250TC
TR 5235t & 5EZE SRS ). Carrier gass= He©S. 2 0.8
mL/ming -FX|5}F 1, split ratio= 10:12 A5t} 2+ A
WA MBS AZHS ERI5H] 913t #EEEE AOCS low
erucic rapeseed oil (Sigma-Aldrich Co., St. Louis, USA)S A&
S19Lonl, 7F peake] WS ArjHQ) M-SR vehiglct.

4. B2 KR JISHE Bat 24

ReeEd S48 frl2 gae vna] A o
Ze) Wirsiilo 22 9 2AslgicHivang 5 2019). A
2 10 3% H22E o2 89 10 mL3} 60% KOH £
1 mLE 7}5le] 70°C 428 Abof| A 308.7F Nefshy v]i-5}3}
Ak ¥ F QA7 FE 3ol 2.25% NaCl -89 10 mL}
n-hexane : ethyl acetate (9:1, v/v) 28N 15 mLE 7}5}]
Ak, ol Al ¥ HrEslel et HEe 220
o 259 8912 YYEET F ALE olgslel 43

F7HA] 5]A481al 0.2 um PTFE syringe filter2 o] T}sF A

= 45 45t 51t 7 FE22E A 01 g
5] A=Folo] n-hexane 1 mLofl 853t T2, 0.2 um PTFE
syringe filter= ojZ}et & HAE A|5E ARESIITH

FA39] 715735 SlEF2 high performance liquid chromatography
(HPLC; Agilent 1200, Agilent Technologies)S ©]-&3}0] HA4]
stgom, Z+ 2L Table 13 ZATh

5. F2eta ATl radical 27{EN U ASIOHNE BN

F2A 20 e AT radical £2AE/42 Gomas 5
(2014)1} Rabiej-Koziot 5 (2021)9] S A& HFPsIo| =
A5}9i Tt DPPH (1,1-diphenyl-2-picrylhydrazyl, Sigma-Aldrich)
radical £2AS/E S75H7] 9ok, 2t FI2EEE g
3t G-A-9-= n-Hexane : 2-propanol (8:2. v/v) Z3H o7 3|4
S}, o} B4 A2 AH§SIich DPPH A2FS 525 nm
oA FHE 1L5:0.10] HES 5 SO AT,
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Table 1. The analytical conditions of HPLC for B-carotene and tocopherol in rapeseed oils

Bioactive compounds Parameters Conditions
Mobile phase Acetonitrile-Methanol-Dichloromethane (6:1:3, v/v)
Flow rate 0.6 ml/min
Column Capcell Pak C18 UC120 (4.6 x 150 mm, 5 pm)
[B-carotene Oven temp. 40C
Injection vol. 20 pL
Detector UV detector
Wavelength 450 nm
Mobile phase n-Hexane-Isopropanol (99.85:0.15, v/v)
Flow rate 2 mL/min
Column p-Porasil (3.9 x 300 mm, 10 pm)
Tocopherol Oven temp. 40C
Injection vol. 20 uL

Detector
Wavelength

Flouorescence detector

Excitation 290 nm, Emission 330 nm

o] DPPH -9 0.8 mLo| A& 0.2 mL<& F7}sto] 3087 |t
SA & FFE FAaXE S745H3AH. ABTS (2,2-azino-
bis-3-ethylbenzo-thiazoline-6-sulfonic acid, Sigma-Aldrich) radical
AALAL 7.4 mM ABTS €81} 2.6 mM potassium persulfate
BHS 5 oo} AaolA F 24X17F BESAIA A-F- 2t
-2 A A1Z] & methanolZ 735 nmol| Al 4% 1.540.1
o] =% 31 45to] ZoHAch. Methanolz M 7+ £L
2= §AF AR 50 uLE ABTS &N 1 mL¥} £3}s}o]
AL20A 3027 WA & FHEL FaXE S5
t}. o] o}, FFEAZ Trolox (Sigma-AldrichyS AR5} 1L,
A& g mg trolox equivalent antioxidant capacity (TE, dry
basis)= LEF T}

F224E fAR9 AP E 742 f1s Rancimat
(893 biodiesel, Metrohm, Switzerlandy& ©]-8-5}4 T A4 Al
F2E 1.5 g A5}9] reaction vesselo]] Bl 100T 714 9 20
L/he 37] FY 2A0=Z A ASFAIZ] & measuring vessel
o AEE WSE 2gsto] Y SEAE AL

6. EAEN

B o] A3t= Restudio ver. 1. 3. 1093S AR&sfo] B4
stlom, 7 AL =] Hato] gk ANOVA 24 =

Duncan THEH AL SASHAL.

Jo =
i
ofi
e
8
o
4o
e
A
fu
N
rlo
H
)
>
4
rlo

o

Fet 715 &2 Fig 13 Zoh 84 g2 <5 =7001°
2 FA9 2HF &2 7 30.9%2} 30.8%= 7HE Rk
©7001" YEILE 140, 160 L 180°Col|l A E-& X5}
5o 7} 331, 341 9 354%E, B L7t £S5
St A%E Bt ‘FEE Ho2E0
& 3707 mmlstRlar, 9 2% B SAA 79
1A ettt A &2 SA= £8E A= o
A A (Protein body)7t APfiE|o] U3l o]F AAA|(Oil
body)7} S84 FHIE Hol= B, F3 A2t S = Al
zdo] g 8t ofye} A A7 S| 7159 A2
9] &&0| &olefA|7] Hzol 2 =& A SR B
1% HF Qlth(Shahidi F 2005; Xu 5 2019).

170019 B0 = T T (L-value), Z M I (a-value)
2 S (b-value)= ZHZF 79.9~922, -2.0~12.0 2 104.5~
109.09] HAZ Ueton, A2U2qo] g, AMe 9
T (Z 952, -3.8 9 54.7)9} H]WSto] [F-OJ3F Ao & K
ATHTable 2). E3F, “9-5°0] ROokrO L 717} 863-94.1,
-42-2.8 9 69.2~84.89] HE ERGT 24287t
97.3, -3.0 4 28.1)9} H| WIS W BAHCE {7t A
o Yt T BE BF 3 L5/} Holusg 4
7180 B Woln 3 PAES} AUELE ST A%
< H3th o]E Qls) A2UEF div] ¥ MZHIKTCD
parameter, JEab) JA] S7Fok= A Ik ol= B
27} oA 4E ufolof2 ¥k-S(Maillard reaction)o]] 2]k
ZAs7E EX1Eo] opy|d AR woHEHTH(Lund & Ray
2017).
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Fig. 1. Oil yield of rapeseed oils at different roasting temperatures. The seeds of varieties ‘Jungmo7001° (A) and ‘Yuryeo’
(B) were roasted and pressed, and the oil yields were compared with each CPO. Data were statistically analyzed using
Duncan’s test (p<0.05). n.s.: not significant; CPO: cold-pressed oil.

Table 2. The color values of rapeseed oil according to roasting temperature

Varieties Roasting temp. (C) Oil L a b TCD parameter”

CPO 95.2° -38¢ 54.7° -

140 | 92.2° -2.0° 104.5° 499

Jungmo7001 160 i 91.1° -1.3° 106.7° 52.2

180 - 84.8° 6.4° 109.0° 56.3

200 - 79.94 12.0° 107.4* 57.1
CPO 97.3* -3.0° 28.1° -

140 94.1° -4.20° 69.2° 413

Yuryeo 160 93.7° -4.0° 66.9 39.0

180 89.2¢ -03° 79.4° 52.0

200 - 86.3° 2.8 84.8" 58.0

Different lowercase letters indicate significant difference at p<0.05 by Duncan’s multiple range test.
Y TCD parameter (total color difference parameter, AEab).

2 YET RI2TY FHFY XM XY wa} FRI0UT G oA 7 6%t 3% BEZE HolR
FOOm RAR] APA S BHT A Table BT S F BF BF ALUHR9 $LUEA 71
32T R4 718 AA AMAL F SAVCISD, 2EA RUT AL 24 Folk HolA] YA, $E L&Y

AHC18:2), BSAAKCISS), BUEAF (C160). AHOF2AL  Z7jo w2 WS} AA] THEER] POk} Rekas S(2015)004
(C18:0)9) 208 Lo S WY B3], 2u4r 240] L A FAZ 80~140To]H B X2 P ), 2 Ao}
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Table 3. Changes of fatty acid composition of rapeseed oil by roasting temperature

Roasting temp.

Fatty acid composition (%)

Varieties o
(0 C16:0 C18:0 C18:1 C18:2 C18:3 20:1 etc
CPO 3 2.0n 64.7" 201 7.6 L1 0.9
140 35 2.1 64.7 20.1 75 1.1 1.0

J‘;'(l)gol?" 160 3.8 2.0 64.7 20.1 7.6 1.0 0.7
180 38 2.0 64.8 20.0 75 1.1 0.8
200 38 2.0 64.8 19.1 7.4 1.1 0.9
CPO 3.6° 2.2m 73.1% 1117 7.2 1.2 1.7
140 3.6° 23 735 10.8 6.9 1.2 1.6

Yuryeo 160 3.5 23 734 10.9 7.0 1.2 1.6
180 3.5 22 733 10.9 7.0 1.3 1.8
200 3.5 23 735 10.9 6.9 1.3 1.7

Different lowercase letters indicate significant difference at p<0.05 by Duncan’s multiple range test. n.s.:

U7 & A4 2400] Aol & KolA] kgt By F
A 2209 AL-20A] 2087 H2 7| FolAE BES} A
wake] AbstE Ed4tat glsdldbe] A tHTan 5
2022). oJof] £ AoflA ATt FF L= AWAF 2400
AATE FFE XA GF= HLQl o= wekEh

3. RE=2EY RAROl 7ISHE & Hln
%‘%‘%%LE ?—Lﬂﬂi‘ﬂ‘%—li H g2 o HolE vl

86 0 ALYARS prRA st
27001 o] 0.13 mg/lOO gO & “8.8(0.05 mg/100 g) T
H] =it} ‘“E 70012 B2 160°CoA 0.7 mg/100 g2
A2F2H o] 23% S7H 7P w2 dEe EAL 1
ojde] ZkolMe A4aste RA &2 A2UATe vl
skl £994 Aol AT ¥HAO| ‘o= FIARRol
Al 9F 0.06 mg/100 g 2 ThA F7FeI o, A F94d2
o)A Ith(Fig. 2A). 7FEE| ko] Bl JRANS} gt Al
o s AHF Z9] YT 5S 72H= —["T%/‘é—‘:r‘- = s}
g2, BeAgL 7|89 712E ko]t kS ol T
T} AT BF H S FolA Eare v Ith(Kulezyhski
S 2017; Mazaheri -5 2019; Elouafy -5 2022; Zhang 5 2022).
2 AFoA FET001Z 160 TC7HA] p7F=™o] F7F6k3d
<, ole A GiA 7F2 E|lo| = Abo] o] Hgto] I
2ol Q8|4 Zolxn] 7|80z prlaEle §3o] 27
Zo 7 AlgEtH(Kaseke 5 2021). TE©0] 160T o429 2%
oA FE ul, thAl B7IEERS FHgo] HAadt A2 A
Hog %2 eRoN sl2Ewo|Ee] Hajr} Fl&s}Elo]
Uehd A3t shhE chDurmaz & Gokmen 2011; Sampaio S5
2013). FF p7IRE 99 & 7IRE k0|29 HolE &

not significant.

Zoto] S A8 E&0] B8 Zo g H7tdn

Fig. 2B= B-&evd =170’y G890 & EFHS
TFe etk A2GRRolA § ERHEL <FET001°
o] 61.5 mg/100 g& “§-2]°(55.8 mg/100 g) t} @o] THaE|o]
WS RIS F+ £5 BF 53250 9oz F
EFHE o] F7iote AFE EEd, SH7001S
160C, S8’ 140 CHE 27169 200 Tl A 22+ 74.0
4 66.1 mg/100 gg A-2-9k2kg tjv] 1.24) Z7Fskqich A
f9 EFHEL pEFHEO] 31.9-44 mg/100 gO.Z 7}
ook, oS a-Eiuﬂ%ol 18.3~23.9 mg/100 g, SEIHE
0] 5.3~5.4 mg/100 gO & 77 WQkth(Fig. 2C, 2D). A-24=H
99| REFEE0] ‘7001 S8 EZo|A 247 377
2 31.9 mg/100 gQl ZOZ Ho}, QoA Tt & EF7H9]
% EFHE &F Aole FrEX ﬁﬂi Zfolof| A 71Q1%t At
AL FRI5HAT £, S-EZHES Aoty B LE &
7t w2t Z42te] EFHE JA] & Eiuﬂi# FYsHA &
Zo| F7hote Ao 2 Uetdth EXEES 7|50 RE
239 AA FASHAZA A S AASH 71%
o] A}E= S WAIZTHAzadmard-Damirchi 5 2010;
Alasalvar & Bolling 2015). o]o] -3 = 2130 A& 5
< B0l AEA 7189 EFHE THE SXA1717] ft A
& ArLEo] ths Y= 9 ch(Potonik 5 2018; Mohamed
Ahmed 5 2020). & AFA FA A9 FIL2=7F =ot
Aes 7159 B E e S7he AS gRlskld
o= &0 s Al o] whi] e 1 FAtoA Tl
= XA EFHEZRS] Aol WStEHA] 7]E Aol E
FHES &&o] F7Ie AoR wWkErh(Vaidya & Eun
2013).

ol
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Fig. 2. The content of bioactive compounds from rapeseed oil according to roasting temperature. (A) Comparison of the
B-carotene content among oils at different roasting temperatures. (B) Total tocopherol content of rapeseed oil by roasting
temperatures. (C, D) The tocopherol composition (a-, y-, and 6-) of oils of varieties ‘Jungmo7001° (A) and ‘Yuryeo’ (B),

respectively.
temperatures. CPO: cold-pressed oil.

4. 55Az2l0| =
HE H|m

DPPH®} ABTS radical &7]5 EAHL2 AgAo] =11 @
F Aloj7h golste] AEA U] FAsHsS FAFEH| I
Z 8ot in-vitro B o|th (Rubalya Valantina & Neelamegam
2015). Y5 HE25E A9 radical 2AAEYS 5F
3 A3 Fig 33 2o] LE7} olULE AATH oA
95t F71sk= Ao vrERytTth DPPH radical /\ﬂﬁug
& A4S thH] FHT7001°9A 160CHE Z7}sl=
9, oM s 140CHE F718An. “F 570019 2ooc
B OAO L radical 47 &4]0] 95.1 mg TE/g oil &2, A2
21..35.7 mg THg oil)ol ¥]3ked 270 Z71stoict. <% ]
3L, ALAZG-9] radical A7 &AJ0] 34.1 mg TE/g oilQl A
of B]5te], 200C H-S U2+ 91.5 mg TE/g oil2 OF 2.74)
Z7151900h. DPPH radical 2784014 5 E% 7to] AR
3l Xjol= FAE|R] kol (Fig. 3A).

ABTS radical 2AAEAZL T TX I % 140TCHE Z716+

FA7el radical AEM U ASIOH

Data were statistically analyzed using Duncan’s test (p<0.05) to compare differences among roasting

O, {2 180T odollA o o4 F7FskAl &t
217001° 2 “5§2°9] 200C E-2U2-9-E= ABTS radical &
AZA o] ZF 267.5 W 231.1 mg TE/g oilZ, A-2A2-9-(Z
18.1 2 9.3 mg TE/g oil)°]] H|5}lo] Z+ 14.8 & 24.98 Z7}51%
t}. DPPH radical 274 &A 1= 22| ABTS radical A7 &4
ANAE FE7001°0] “FE Het =4 L}E}kiE}(Fig 3B). =
ZHg E= 7HEEY 59 B AEA 78S AR o
o|d Ao M = FZA o e} radical 27-50] F7ok=
Ae GRlstaL, o] AE a3 F3A = 7159 4t
Shs2 SAAIZIE Hol W adEdE & & o
(Rozafiska 5 2019). HFS3A g 84S & 53 2
4 FHolA FEE FHE HMSAA 7E2E EE57
A gt oS F-83E 5] FARY T4teks %ﬂ
71013 A0 AlREH, & AFolA EAT EXHE
I8 oK) WA fole o) A ek
78 1} QltkLee S 2015; Lyu S 2021). &1} o]
o poend tet WAs Z7IE FAsRse 9B
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Fig. 3. The antioxidant activity of rapeseed oil according to roasting temperatures. (A) DPPH radical scavenging activity.
(B) ABTS radical scavenging activity. Each value is the meantS.D. of three independent measurements. Data were statistically
analyzed using Duncan’s test (p<0.05) to compare among roasting conditions for each variety. CPO: cold-pressed oil.
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oA E=A Yebgth E3-2%of met ‘S H70012 20~464]
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Fig. 4. The oxidative stability activity of each rapeseed
oil through an accelerated oxidation test using Rancimat.
The oxidative stability was expressed as induction period.
The induction periods of samples means the point at which
the water conductivity sudden increases in the measuring
vessel. Each value is the meantS.D. of three independent
measurements. Data were statistically analyzed using Duncan’s
test (p<0.05) to compare differences among roasting temperatures.
CPO, cold-pressed oil.

ol ) W AP 5 HEALT A BAHE SAH
et} (Durmaz - 2010; Bry$ 5 2019; Arab 5 2022). 28
A= 715 W F84879 a2 S3AZ 85t ofyzt,
dofl Tzt JE2 Eafeta WA RS A4t At
3IHg/d F7toll 71918 AL & AbRE KL 5 2023). 7t
LZIEEY EXHES FF2 AR FHT0010]A]
=4 Yet= Aol vlsf AR A2 FaE oA o =Sk
t}. o] & Bl AALLSE 24 5ho] AR S -8R E
o} XA 2/49] ko] B & Ao = wtEtH(Sabolova &
2017).
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ok
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k0

e =

£ AT £eH o] 1 SR B WakE 7
Yok FEI00IT fE BEL ol 8ste] AR TE 2

SolH FAE %S ¥ 718 AGIAAL, 4 LENE F
FE AT, A 2, FEHE B, radical 27T
U Ao vlTstTh. ALUHRe vwste] Hg
AL 2g4go] B/ AL Bom, LB &
oI5 750 WEL PAsE ANt FHTI} 57}
ST F B 1 APAE £49] Aol 2 BH Ldiko] F
270017 S olq 7 65%9t U ST H B
U, BeAeo] e Ak 240 Wol F EE uE B

A ottt BT prtRE Y] FFS FoA Yl w5
7bote AFE B, FR70000] Kot oF 264 &
Ut F EFNE T2 F FF BT 2t w2
5 @Fol S71ete] 200Co M= A2 tiH] 18~20%

=7 Uebeth o213t -84 &Y S7H= 7152 radical
A2AGE A F2kot oEF 0 & F7tsll=Tl, DPPH
radical £2AZAE 7|02 AL thy] 200C E-29t

= 0= ==
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Abstract

This study evaluated the effects of heat treatment on gastrodin and gastrodigenin content, and antioxidant activities, in Gastrodia
elata Blume. Gastrodin and gastrodigenin content was analyzed post-method validation, and antioxidant activity evaluation, including
assessing total polyphenol content, DPPH, and ABTS radical scavenging activities, was done. The validation of the analysis method
demonstrated excellent linearity. The limits of quantification of gastrodin and gastrodigenin were 2.89 and 3.47 pg/mL, respectively.
Moreover, the results of intra- and inter-day precision analysis demonstrated relative standard deviation values, within 5%. The
recovery rates for gastrodin and gastrodigenin were 97.22~98.85 and 97.99~99.91%, respectively, indicating good accuracy. Under
different heat treatment conditions, gastrodin and gastrodigenin content significantly increased (p<0.05), ranging from 91.15 to 310.27
and 559.66 to 830.02 mg/100 g DW, respectively. Additionally, the total polyphenol content exhibited a significant (»p<0.05) increasing
trend, ranging from 1,444 to 1,798 mg/100 g DW, as the temperature and time of heat treatment increased. The DPPH and ABTS
radical scavenging abilities demonstrated an increasing trend at 120C during heat treatment. These research findings are expected
to enhance our understanding of the changes in gastrodin and gastrodigenin content, and antioxidant effects in Gastrodia elata Blume
during heat treatment.

Key words: Gastrodia elata Blume, heat treatment, gastrodin, gastrodigenin
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A, 7, 2EFHA sa, HA, olk, F7]57FN 52 7N
A 23t e Ae® &dBA AtHKim 5 2018). FHT A
FoHE AAME HE(Kwon 5 2022), FHTHKim 5
2022), FABKKIim 5 2014; Doh < 2015) % (Lee
S 2013) 59 &5 g7l wet At AFEH A

AlZ o] A g 7}.6_3 Ho Az _,] A A& ZZ Lo
A 8 59 AR AR, ol 1Rt JFEE, A
34 229 shaigt e FRe] o5 WAk o1
] o7 ols AAT AA T ZANAQ FEAE I =9
sttt F(Lee & 2009), B9, T=2X|(Hwang 5 2011a), of
F(Hwang 5 2013), ZEAE Q(Park 5 2019) 59] %Ak
=0 SAF 7HEAE Al FAtst R FAbst a7t St
Sttt A7t RalEo] 9lo™, Hwang 5(2007)2 €47
2 2E APEA APEE A EZZ thiacremonone
AES Ha . =43} v} itk

Aok ATRE A0, 8, 3, 229 o2 sheEo]
5L 9tk 59, AvkE B SR, 5H, AR 5
o 9T ATAE NS A 24E ALE g
M Qo AgEE Aok I5FEE Az B
FE BEY Agoln Beby £ ATl 358 xh
AANAM A 7heet QAR 2=oF A 2701 Hdute]
HE 7154 BZQ gastrodin} gastrodigenin ¥ FFAE
o w3} WolE WAste] 228 Az 7|xARE Y8S
T4} sigict

Mz o

=>'.=
oot HI

% Alof

ol AFEH Hup= 2022 109 AgEE

Fmse ulste] A8t Mol Ame 7 g

A AIE 5 Adste] 60CAA 24 h AEAZSY. 2

H Avk= #45k0] 30 meshA S ﬂr/\lﬁ A o
-20TCoA HystHA AE2 ARESHYTE Gastrodin,

gastrodigenin, Folin-Ciocalteu reagent, gallic acid, 1,1-diphenyl-

1
=2
A

OH‘ i)

D)

mo PN AN P

2-picrylhydrazyl(DPPH), 2,2-azino-bis-(3-ethylbenzothiazoline-
6-sulfonic acid)(ABTS), potassium persulfat < Sigma-Aldrich
(St. Louis, MO, USA)olA FUstPaL, 1 €19 A|F2
analytical @ HPLC 552 AHEolct

2. Yx|2| didy

gH 2 2AL Hul A& 2.00 gof] EF4 50 mLE 715H
TS 100£2°C, 110£2T E 120+£2°Col Al ZH2F 30, 60, 120
min A5t 24249 2702 GAT thg dAHE
2(1,750xg, 15 min) & 5] SHFE A7t HF

50 mL& AJ-8-3}o] gastrodind} gastrodigenin 24, & &)
HE g 9 SO 275 B7HE AR ARSI o
& A2 A Z"FE(200 rpm, 2 h)7E tZ AHEE
(1,750xg, 15 min) & J5HS 2F 50 mLE 4-&5to] 4
Y8 AR ASSUL RE AL 33 wEa,

3. Gastrodin2} gastrodigenin =44

Gastrodin@} gastrodigenin $=FE-4-2 Kang 5(2017)2]
RS WSt UPLCE £A45H3H &, A= 2.00 gof
50% methanol 25 mLE 7}5F1 30 minZt 23 &3 o
& RERI(1750g, 10 minyslo] A5 Fselsion, 9
T 23] HhEsto] 33t 45 HS 2F 50 mLE F-E5H3
t}. 2£52 0.2 um nylon syringe filter2 oJ1}5}o] UPLC &
AL AFE ARSI UPLCE Waters ACQUITY™ Ultra
Performance LCE A8l TH ColumnE CORTECS® C18
column(2.1x150 mm, 2.7 um, Waters)<
2= 30CHY. oA AET(0.1% formic acid in
water)?} B-21(0.1% formic acid in acetonitrile)S gradient
A0z SHFUA, 27] 2% BEW oA 8 min7tX] 20% B
2, 12 min7FA] 90% B84, 16 min7}4] 90% B-2uj= §-X]
o}, 19 minZFA] 2% B-&H), 25 min7FA] 2% B—Q-UHE A5}
ol A5 842 0.3 mL/min® 2 5}FY, A7 1 LS
FYsto] UV detectors ARE-5F0] 220 nm°ﬂ/\1 EA51t.

ARE-5F31 1L, column

4. Gastrodin} gastrodigenin &M AZS
Aut9] gastrodind} gastrodigenin©f T3t EAH HZL
Lee 5(2018)9] AFE 12 Eo|X(specificity), A4
(linearity), ZHZSHA|(limit of detection, LOD), A%FSHA
(limit of quantitation, LOQ), AL A (precision) L &4
(accuracy) B7IE 53] #HEol9th Eo]AL gastrodind}
gastrodigenin FF-8N03} Ao} 2558 UPLCE £43l0] 3
Z2ulE T#:ALO] HELE A|7Hretention time)I} UV spectrum=
vy alo] gQl 0}93\1:]— A AL gastrodin} gastrodigenin I
F894S 1.5~200.0 ng/mLe) = HY=E A Z5lo] UPLCE
63)(13)/19) 2 Rusto] B2EAY W WAL B
2 Wz B4 AP SBARRLE ol8dto] ¥
A Q15T ESH gastrodin®} gastrodigenin©f gt
AESH = 3.3%x0/s5(0: 139 BEFWAL, s: FEHTFA9] 7]
Z7), AFRMAE 10x0/s A& o]-&sto] AAbstlet. A
4L AW A (intra-day test)Tr L7HA| S (inter-day test) O 2
Urol Brlelsc. YHABS Bl et 6510 23 2 2
g vk 275 Asoln, YT 62 FF 319 3
5o 23 U £HE wEste] QL 2ol ArnEns
(relative standard deviation, RSD)E &7%5to] BH7}5I T

¢

|



Vol. 36, No. 6(2023)

e SleE(recovery) A TS E9f &ol5} 1L, gastrodin
3} gastrodigenin FF-8H2 0.5, 1.0 © 2.0 mgmLe] 52
ZH|sto] ARESIAY. Z4-29] gastrodind} gastrodigenin E5-8
o | mLE 22 A Alzo] A7y, 23 B Y} 2
33 o UPLC BAS 59 98 279 50| v ol §

sto] 3eag AtstE

=
A= 24 % Folin-Denis®] ®'H-Z o]-&-sfo] Z45}
= 2019). A& 100 pLo]| 2% sodium carbonate
£92 mig A7KE % 3 mind 42N HENR,
9. 50% Folin-Ciocalteu’s phenol reagent 100 nLE &35l
30 minZt ¥FA|Zl & UV spectrophotometer(SpectraMax
M3 microplate reader, Molecular Devices LLC, San Jose,
CA, USAYE ARg3tel 750 nmol ] EH=S 23ohec
HFZEAR gallic acidE AFE3lo] BE AFAES A &
s FF2 ok
6. 2iCIZ AJis S
DPPH(2,2-diphenyl-1-picrylhydrazyl) Tz A7
Hwang 5(2019)2] o] wtzh éxé’é}‘ﬂ‘:}. 100% ™=
o DPPHE €3l ¥ 2 h AL 71 & FF= 4ol 1.0
o 7H== 3]Asto] Ao AR }Oﬂ‘:} F5& 50 Lot
DPPH €M | mLE Y1 &35t & 9H2lo) A 30 minZt g
SAZT) o] HFSMS UV spectrophotometerS ARE-5}0]
517 nmoJAl SFEE =75t ABTS[2,2’-azino-bis
(3-ethylbenzothiazoline-6-sulfonate)] tt]Z & 752 Hwang
5(2019)9] Hol wat =785ttt 7 mM ABTSS} 2.4
mM potassium persulfate -8-8-2 2g5}0] 24 higQt GAo]
A WkgAA ABTS 228 GAS19T 1 5 BB gl

FA2]7F Aut9] Gastrodin?} Gastrodigenin W 2] A7 50l O|x]&= I 491

Loo] S5 8)43 F Ao A8 ehth $E% 50 Lt
ST ABTS 89 1 LS ETh AR 30 mind
FSAIZl 3 735 nmo|l A BB =S 250 EREAR
L-ascorblc acid(AA)E A7I5H9T, £ HAtsELe
(L-ascorbic acid equivalent antioxidant capacity, mg AA

eq/100 g)= YER AT

7. SAHXNzZ

HE A 33 S AAJstglon, SAEA2 SPSS
SA| 2 73 (Statistical Package for the Social Science, Ver.
12.0, SPSS Inc., Chicag, IL, USA)& o]&35}3itt. 2+ 4+
o] W REWUAES AESHY, A 719 Aol FEE
one-way ANOVA (analysis of variation)2 EX4%F ¥ t}=7
¥ 9](Duncan’s multiple range test)E AR&-5}0] p<0.05 4=
ZolH fol4e AESAT

7E=!jl_|. al =}

Iz

1. GastrodinZ} gastrodigenin &2
Autke] gastrodin} gastrodigenin #4H9] §-8S 7
Zap7] 918 o), A, WA, FYA, J04
A2 Hrlotdth BEEN Hup 2504 gastrodin
3} gastrodigenin®] HESA| 7 242} 2. 4653} 3,532 072
YASHRIL 4 v]=9] ZHA Qo] & ¥AE HEHIUL
™, UV spectrum A max7} 5UE SRIgto 24 Folid<
7AZ5}99tH(date not shown). Gastrodind} gastrodigenin®] 7
%}ﬁ% 25t Aub 27 y=7,246.2x+2,385.99} y=11,360x+
1.32 YR AFA 4 (correlation coefficient, R*)ZE-S
E—,— 1.00002 -3t X414 HYPtH(Table 1). Gastrodin
3} gastrodigenin AFAY 712719} yHRG o] g3lo] WE

J

o4

Table 1. Validation parameters of the developed UPLC analysis for gastrodin and gastrodigenin

Gastrodin Gastrodigenin
Regression equation y=7,246.2x+2,385.9 y=11,360x+3,791.3
Correlation coefficient (R?) 1.0000 1.0000
LOD" (ug/mL) 0.95 1.14
LOQ? (ug/mL) 2.89 347
Mean+S.D. (mg/100 g, DW) 57.07+0.91 420.92+8.06
Intra-day (n=6) 5
RSD? (%) 1.60 1.92
MeantSD (mg/100 g, DW) 55.30+1.32 414.53+10.39
Inter-day (n=6)
RSD (%) 2.38 2.51

D Limit of detection.
2 Limit of quantification.
% Relative standard deviation.
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At FHRAE AR ik FEA= 095, 1.24 pg/ml,
oA = 2.89, 3.47 pg/mLE YEFETHTable 1). FHA
EQIst 23} gastrodini} gastrodigenin®] YUE4 A1}
Z¥Z} 55.21~57.61, 410.46~428.85 mg/100 g DWE UE}
RO A EZHAHRSD) Fol 5% o] S35+ 4
39S YEFtH(Table 1). A2 AES 95l gastrodin &
298 0.5, 1.0 9 2.0 mg, gastrodigenin FF8H 2, 4 4 8
meg Alzd] BN T R4 A% 358 27
97.22~98.85% 2 97.99~99.65% HYH O™, RSDE= 5% O]
St Jogt FE4Z UETtH(Table 2).

= 7l o ot ot

X,
[o

2. AXz2|0l [}E gastrodinD} gastrodigenin EH2F His}

Auto] g E 7| 5AH4EC 2= gastrodind} gastrodigenin
AECE dEA glon, & &= Huh A% F48e
AEozL AAE]o] 9It}. Gastroding 3FANEF T4, 7|
F, FA5, St 59 A5, gastrodigening 7€
FAeE g7t 91-8o] B EQith(Park & Kang 2020). &
2 29} AJ7to] wE AHul9] gastrodin} gastrodigenin

DU e )

SheF Hols BASH A9t Fig 13 2ok A8 Hukg
gastrodin®} gastrodigenin o= Z}ZF 56.17 % 500.78
mg/100 g DWOoE EAEQlrt. dA 2] 29} Al7to] F7}
2 gastrodin FFFS 91.15~310.27 mg/100 g DWOE &
918 0.2 (p<0.05) F7Vot= A EJ o). E3L gastrodigenin
AHFE AT 27 W} 559.66~830.02 mg/100 g DWW
2 90]H 0 2(p<0.05) Z7}5FAT}. Choi & Jang(2021)2
gastrodinT} gastrodin®] aglycon?] gastrodigenin> & ]| <}
a2 o3 M=, 0, 30, 60 R 90T 2L=ofA
2Z5E AR A gastrodin $HFS 2& 2LV 5258 F
7Fsl % AL, gastrodigenin T2 303} 60CL] &7 2IofA
S7Fehe Aoz BIstitt. Choi 5(2011) Hop Ad 9
SAAE fet A2 (EE, 48, 9494 dx)ol =
2} gastrodini} gastrodigenin 3= X}oj= & A o7 W5}
fict. 53, det AvkE SAAY F 2% U gHold A%

51912 W gastrodin $FFS F7FS1AL gastrodigenin FHFL

Table 2. Recovery of gastrodin and gastrodigenin for the validation of analytical method

Compound Original (11g/g, DW) Spiked amount (11g) Recovery rate (%) RSD" (%)
500 97.43+3.48 3.57
Gastrodin 572.51+14.68 1,000 97.22+2.40 247
2,000 98.85+2.27 2.29
2,000 99.65+2.05 2.06
Gastrodigenin 4,293.33+117.23 4,000 99.91+3.24 3.24
8,000 97.99+2.43 2.48

D Relative standard deviation.

Fig. 1. Effect of heat treatment on the gastrodin (A) and gastrodigenin (B) contents in Gastrodia elata Blume. " Raw
material. 2 The different letters in the same bar are significantly different (p<0.05).
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2 QIgt Ao 7 AZE | gastrodigenin THEF
gastrodin®]] ZgE Fo] FA o] o3t £
Ft}h. 3% parishin, parishin 3T 3], gastrodigenin ¥5&%-2
o83 &S| EA4 A7t 28T ACoE wuEHTh

3. gA2|oll 2 & Z2iul= g U Sikst 2 Bt
Aol o Hnte] & —“L—ﬂﬂﬂ THE BT
Fig. 29} &t} T8 Hupo] & E¥s IS
mg/100 g DWO] AL, AP 2L} A7to]
Zd) s S 1,444~1,798 mg/100 g D 29
O 2(p<0.05) F7Foh= BEFE EAh ol& EX 9
299 H=4EY Y3 AL, 1EA HeHdE
A4t HlEdworo] 2ofjet 5 &0 PR AT
Az AZFEtH(Lee 5 2009; Hwang 5 2013). Hwang &
(2011b)9] A+to] st A 2et Het =AY & &
o= S FA2F(0.60 I 0.59 mg GA eq/g)°ll H]3]
7}7} 0.92~6.31 2 0.99~7.34 mg GA eq/g W& 271519

ohal B35} 3, EIIHAl(Choi 5 2006), oFF(Hwang &
2013), IAF(Kim 5 2008) & S4AHEE FA ol wet F
Ed¥E ol S7RIHAL Hiuste] & A A fA
e B3 YEHH

Fxjgo] wE Huke] DPPHEF ABTS &tz &27A5S
5743 4= Fig. 33 Zo] UEgth 100TColA Huts
A A DPPHS} ABTS ZHHZ &752 FA 2o H]
8 F2]4 22 (p<0.05) ZHASHRIL, 110T BAY Alofle &
ARl oH, 120 Col A= 7t S UErdnh 100T
o] RLoA A Al FAkR B0l AT AL A
of oJsf Y= FAISE ol Blsf HlEtwl CoF 2> &
o RISt 3H4ate} AJwe] magfo] iAo g wol vt
Ao g A7 3 120T9 &2 =04 ikt 24

r=

FHE]7} At9] Gastrodind} Gastrodigenin % 2Hc]Z 4A7%0] ]|
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Fig. 2. Effect of heat treatment on the total polyphenol
contents in Gastrodia elata Blume. " Raw material. 2 The
different letters in the same bar are significantly different
(»<0.05).

o] F7F5h= olf= EAlF ol 2t H=4 &}
Yzt abst 22 Uetlie o2 s =4
o] AHEA7] e Aor FZErti(Jeong T 2004
Hwang 5 2011b).

of Z7har of
O 7]

20t w zE
E A= Ao wkE Mot gastrodind} gastrodigenin
9 grikst &4 #gE ATE7] 915k 100~120 ToA]
7 G4 25F9 ). Gastrodind} gastrodigenin $F

A= ASZ AA Tt 42 953l
FARE 4 Brte & EYds oY DPPH 9 ABTS
G Ed 245 AHETE B4 HES 53] gastrodin

3’4— gastrodigenin®] T 37} 24 1 39] 7Hglo] Y 13
2 posol $4u Juge nat AL 242

Fig. 3. Effect of heat treatment on the DPPH (A) and ABTS radical scavenging activity in Gastrodia elata Blume. " Raw
material. 2 The different letters in the same bar are significantly different (p<0.05).
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0.95, 0.14 pg/mL, FFSHA= 2+ZF 2.8, 3.47 pg/mL=E LtE}
Wk Bt AU H At AEA 24 A3 AdEEEAt g
o] 5% Oy, gastrodin®} gastrodigenin®] 3|42 Z4Z+
97.22~98.85% % 97.99~99.91% HAZ F53 S 1
BRIt EA8 270 wet gastrodind} gastrodigenin &t
0. 7}7} 91.15~310.27 2 559.66~830.02 mg/100 g DWL.
2 §elH02(p<005) S/t & Beblls UL o
Ag] LEe} Aj7to] ZT1S4E 1,444~1,798 mg/100 g DW
o7 99olA 0 7(p<0.05) Z7}5t= A3FS YEH 1, DPPH
2 ABTS 2HHZ &7 120 ColA EA2] Al S716k= 7
S Btk 2 AT A= AutY] gastrodin, gastrodigenin
T FASE At S EeFEE Ax H aAEE
AT 71xARR 8] 7FeE Ae= didEn

ZAe| =2
E AFE 2023UE 5E2EATY T5ITFAE AR
3:RS-2022-RD009980)2] Aol ]3| o]F oA AJYrh
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Drying Characteristics of Mango Powder according to Foam-Mat Drying Conditions
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Abstract

This study explored a method to enhance the drying process usability of local mangoes by producing foam-mat dried powder
under varying drying temperatures (50, 60, 70°C) and foam thicknesses (3, 6, 9 mm). The drying process period ranged from 60
to 390 minutes based on the set conditions, with higher temperatures and thinner foams accelerating drying. Powder chromaticity
(L*, a*, and b*) demonstrated a declining trend with increasing drying temperature and foam thickness, exhibiting notable variance
in chroma values. The water absorption index varied significantly, between 3.08 to 4.24, under different drying conditions, although
the water solubility index remained consistent across foam-dried samples. Powder moisture content ranged from 2.53% to 3.83%,
with hygroscopicity escalating with temperature and foam thickness. Vitamin C structure was compromised during the hot air drying
process, especially at temperatures above 60°C. Electronic nose analysis distinguished foam-dried powder from freeze-dried powder;
however, a thicker foam yielded a scent profile closer to that of freeze-dried powder. The findings provide fundamental data on
mango foam drying, which is expected to improve processing and storage tech for local mangoes.

Key words: drying kinetics, e-nose, foam mat drying, mango, powder

M B2 File FEFEe] Eot Bso] EAY] 4191, o

AT tpoket Ao LEE Bt 9 230 o5t &

Wil (Mangifera indica L)'= 2UF0] &35 thdAy Ao g 9lgf 4=o| ZolXti(Tefera 5 2007). Watanawan

o] AR, 1=t YAbR]o]w ofAJo} A HoflA] = Y T (2014)2 10~18CollA] F1E HHS 39 A7|h

Hj == ofF ot Wil wybo] ZFstal 7| 5/do] £ 25 Azo|w 11 o|F 2= FA% FE Ashrt gt
P

2 FE B/ Qo] AAAFCE ASEHI 92w 100 Bk vk Qlet. ol 4 AsHE WA gt 7o
o7 =F7tollA] 5,5009F Eo] Aui=E 1L 1t (Maldonado-Celis 24 1o Ax 9 Pd5 A7t IP= AoH(Akther 5

= 2019). E3F HEHIC, 7FRE| ko]t H 3RIE 59 3 2020; Mugodo & Workneh 2021; Zongo 5 2022). SHHO &2
Aol 239tEo] glom, 11 & mangiferin Filo] & 7H71Ee E8ste] 1o AR #0171 #8 H(Basu
o= EYHeRY 4FOoE I3k, FIBF 7Y A & Shivhare 2010), A2|(Oh 5 2022) 5 ©hIJet FH S T
Aol TR F= A2E AHA AUthMei T 2021). I 7FEEo] AU
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ool 7 EA 2L FIAE EFelo] g
il Il EFo]of eFAl BA 40~80T2] dFo=
g4A]7]= W o|tk(Varhan 5 2019). AEC=Z Qg 4
H o4 27t 80 =24 7]}- EHHZ S7MAA 2
W Sy o) BES PAAYIL A% AT Y oA 4B
£ A2A7IH, Aeskgo] $1 %ﬁoﬂ ot ¥
e £9 & 11:]-1— X]-?g S 72l Yth(Brar 5 2020).
gofl 23t A

L=
oA, Bl THL S % U 2T R )

H
=)
AL
BN
rlr

CEUAz 2d0) mE A% 73 S4E B
AzBo| FY WIS Aokl A% 582

=o]7] st A7 S FHHQadri 5 2020).

webA] 2 AFoAls XUAZ Al A% L% 9 HEA
FAE t2A sho] Azt FaL L B4 Aol 8
3lo] TTAZO 582 o] BEuto] ZA AE 7HAaA]
At wete s st

M=

AToIH ALgT WA = MePdEolA 20224
YT EFC) W A8 Footo] A8t
AAE AAStAL A5t pulpE AN, 7HE
olgsto] 3027t thafstol FAE At FA}
Tl FE 9] SESHFS 82.59+1.37%, B 17.8+0.38
Brix3tf. Methylcellulose(Dyne materials, Gyeonggi-do,

fe =

ol ¥
oo R
e rsL
mlru

rsL e

Korea), Sodium chloride(Daejung chemicals, Gyeonggi-do,
Korea), tris(2-carboxyethyl) phosphine hydrochloride(TCEP),
metaphosphoric acid(MPA)E Fufj5}o] AR5t}

o] £4 97

2. WEA| M=

T FE= 25CoA dEgt & 300 g& FH|okTh &
DAZXE st FxZAE TH=7] 5 Sangamithra 5(2015)
of wyo] wet 7| mAZA LUER0AS o §oHeL.
25300 gof] HIHAZZ QA 9 (3 tiH] 3%, ww)S
S0°C hot plateol Al WS EHFAL, o] % A EAR B
2517 o FF 2t 112 &gttt 28
(HM680, DeLonghi, Treviso, Italy)S ©]-&3] 504 15&
7t whippingdto] AEZLE7} 0.41£0.1 g/mL, ASZSYAEO|
160:5%2] 7ES FSTAT, HEE AE 9o TAZ 7}
Z} 3 mm, 6 mm, 9 mm7} HEE AES PEolA AL
7H4 5(203.2 mm»2032 mm)E APsto] LA e
o HRAE Azt

[©)

° .
+ hand mixer

w

=
AZE 3.5 mis9) B50= T7] £8to] dojyt

= AE 8 IEAZX7|(LOD-S600B, L'equip, Hwaseong,
EAZ 25= 50T, 60T, 70°CofA

9t A Z 9] AFA|SE operating A2 Table
ot 2 L2A T2 FH A 3% HEAEER

25 A7 & ASE WA 3 22T 2EEE Al

£4e 2] gistel AzPE
B oug W A AWK AR F2 U8

Sehrawat 5(2018)9] ¥Ho] et 308 A0 A%

Table 1. Sample description and drying conditions

Drying conditions

Samples - -
Thickness (mm) Temperature (C)
F) - -
A50 3 50
A60 3 60
AT0 3 70
B50 6 50
B60 6 60
B70 6 70
C50 9 50
C60 9 60
C70 9 70

D F=Freeze-dried powder of mango puree with 3% methylcellulose
(W/w).
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A A=E AW F HIAACIE A 1087t Wt FAE
243 7 ARPIAAZNE o183 2 Faksiol olgel
2o 42 Agste] TosirkEq. 1). BF AL olat
Ao FA W37 0.1 g vREC 2 YEd o] AXE F=ES
11, flakeE blenderS o]-85fc] 30x7F E4)5}1 100 mesh
AE SAA 2R £842 55310

M,
Moisture ratio (MR, %) = ﬁx 100 (1)
M,— M,

Drying rate (DR) = ; (2)

te AZARE MOk 27] $83%, Mik izt A% 5 5

St WA 9] 8 g LBIFAA| S (effective moisture
diffusivity, D)= Li 5202114 AAITE o] whet, 4
£9 50 4E JFo| m¢ k= 7HYst] Ficko] F+
AR H2of o3 FE¥E A(Eq. 3)° wEhA A4LEAoH,
o|F A4 o ® TE<alslo](Eq. 4) tof] gt n(MR)S] 7]
7182 Bl Drs AAISHATHEG. 5).

[ WZD,,)jtj
8 4r®

MR = —— 3
TgMoe (3)
2
8 WDeff)
In(MR) = In|— | +|———=|t 4
( ) (71'2) 4L* @
41>

Degp=——=F )

oJ7]ofl A, LS AE9] Bt F7|(Half-thickness), ki= tof] gt
In(MR) A@4]9] 7]&7]o]ct.

6. M
BahS B petri dish(©35x10 mm)o]] &8 gof} 11
YESE & AMX}A (Ultrascan pro, Hunterlab, VA, USAYS Ab

oo
ol
-
_& -
—

*

), P GAND), @RS 2459
t}. Mo] v WS $J5t0] Akther 5(2020)9] ¥'S wet AE
%k, Hue ¥ ChromaZ Z}Z Eq. 6, Eq. 7 ¥ Eq. 89 uwj&t
Astetsict,

= * — J* 2 * —a* 2 K — p¥* 2
AE = \/(L sample L xmmlurd) +(a sample ~ @ .\r/,amlur(l> + (b sample b ﬂ/ruuimrl)

(6)

o
Hue (°) = arctan (b*/a*) (7)
Chroma = V (a*? +v*?) )]

O]]IH L*samplea a*samplea b*sample‘% }\]E ]-Z‘I]-'O’I }_\HE%}:O]U%’
L*standarda a*standardy b*standardl:_: %éﬁ—z‘— /\]E'o’] }‘\HE%I]:O]q-

N

7. &5t 84

ROl 4B ZAH] §iste] A vater
Absorption Index, WAI), $3E-83[R|4(water Solubility
Index, WSI) H o]-a]: tﬂ o/_\_/H.Q_ 524 o]_Oﬂr,]. BT /\_;q
S 9 SEE5A]5 72 Hossain 5(2021)9] ¥Ho] o}

24319 5, AR 05 o] 20 mL FHFE W7}
stod 3 OOOXgoﬂfﬂ 201—1} AHE s
5o 2RESASE AT ABAL vle) 2AE
gt &7 £ O}Oq 105 ColA 4rZE 5 AZRAIZ] J_dé—]vﬂ—
B2 FREHASE AUSAT. FRIFS AACC
method(2009)°]] w} S5t 105C AY7HEHTHS
o1gstel ALEIGIT FH4L Bhusari 520199 P
0]83}o], Al&E 1 g& petri disho] T 24 HA| &1 Sodium
chloride XoFgMO 2 A4 75%=E Z%SE chambero]
AU WAlsto] A2 7] ] o] ojgt A Histe
skt

—V}i—l

T AR B 7ﬂ_e_'

AN

8. HIEI2I C 24

IAZR 2ol HEHIC 4L Kim 5(2023)9] W

o wet 5Tk =, B AR 0.5 ¢ FJFslo] 50 mL
centrifuge tubeo] Eof 5 mM TCEP7} Z3HE 5% MPA &
ol 25mLE 7}5to] vortexingdtH . 2,000xgo Al 1027 A
AR J50e HF Ru7} 25 mL HEE F85H9
21 0.2 pm syringe filter(nylon, Whatman, Clifton, NJ, USA)
Z o3sto] HPLC £4& Alg2 AMESHRIT HPLC #4
2 Photodiode array detector(PDA)7} ZZHE  Simazdu
HPLC system(Shimadzu Corporation, Tokyo, Japan)& ©]-&
ol¥ ). ColumnO Z Mightsil RP-18 GP column (4.6x250
mm, 5 pm, Kanto Chemical, Tokyo, Japan)S AR5l A
Hd B9 ke 25T fABIAH ol 0.1%
Trifluoroacetic acid in water & 0.6 mL/min £ 2 &TF
A AlEE 10 iLE FYso] 254 nmojlA EA451 T}

9. MXIT 2M
&Y EEO FHIE LotH7| {5t Lee &
(2021)9] WS HYPsto] HAF A|AE(HERACLES Neo,
Alpha Mos, Toulouse, France)E AR&oto] EAottt. Z¢
27 Asto] A2 fEFL B 2 g= AUsHA @
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10. EH Hal of Lehtoltt. 158 ZA0E SBUSS 24T AT 3
A%l A= SPSS(IBM SPSS Statistics version 22.0, mm, 6 mm, 9 mm FA°] wet AZX &7 A7 4 S50
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Fig. 1. Drying characteristics versus time graphs of foam-mat dried mango powder.
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g Agro] ek ol2fRt AFE YEA Y FHL
o] t wWl2A Fsto] TRA ol F7IYoel HEA
Sto] FHOE io| WEA] SHitE]7]

(Salahi 5 2015). 3ulok(Kandasamy &
$A1 A% B40] BuE o Uk BW AR SEE T
of Belo] BE AN HFHA FEAZTH] I
7t eptow, ol thiiel 4

=
Ztol wi¢- &AL A& Ax 3ol A= 71 difEe &

257 YroZ SJAETHDelfiya S 2022)

2. RETEsHIs

RFEFEAAFD)E 459 AR BFANA ZAT
a4, AAIgsts 55, ZHAA 9 B HE 5 8 4
o] theFet Qo150 tidt AT AeS HAT= A HO|th
D= 378 2%, &2 %, 74, 4, 338, A% A%
Ato]9] A5 gl JFE wron, AF9] Ax 59, &
d A 44 9 HHslo Fa3 9T rhKamali &

2022). T AR A|F9 D= Table 29} 2T} D= AR
== 9 x| FA tgt S7FHAAL, Drs EESH] 9
3t A A)(Eq. 4)9] RgHS 0.9526~0.98792] 9IS 2 9rt.
Az 2% F7to| WE D] $7h= HEA R 3571
& F7I2 QIS B ShAF £ 0] Wty F&Ho) gk
ZA FAC ©e}t Dt S7Foks A2 YEA HRY &
o]5o] Fdstth= 7HYsto] A0l H|H st =& o5
o] Wol| WAsty] fEoR FAHEM o|q A= ¢
(Azizpour 5 2014), W& F+S(Salahi 5 2015), OFZ FA
(Franco 5 2015) 53} SAGHS L.

Table 3. Color values of foam-mat dried mango powder

Table 2. Effective moisture diffusivity of foam-mat dried
mango powder

Samples” Degr (m’/s) R’
A50 8.83x1071° 0.9590
A60 1.34x10°° 0.9526
A70 1.53x10°° 0.9670
B50 1.68x10°° 0.9787
B60 1.98x10~° 0.9652
B70 2.44x107° 0.9769
C50 2.02x107° 0.9879
C60 2.24x107° 0.9806
C70 2.94x107° 0.9798

Y Samples defined in Table 1.

EUAZRY] A= FJof ot £4o] 4 ¥ikE 7
44 AT 5 U AEO|. mAZ Bue] Mrt
Table 37} Zrom 92 Fig. 20| Ueh Qlth. Ya=® AR
2] EFo] AT L*Zo] 56.92, a*Zko] 20.23, b*Zto|
42.09% e} O ™ (data not shown), TELA| AR A] 7|3
TAgof wheh Lgto]l S7FskaL agho] Faste Ad= HA
ok 2t AR E9U3 vwste] Tz BUe Lr,
a*, b*gte xR FA| wet Fachs A BN, Ax
25of wet a* 9 b*gte] AT SASHA UE T Ak
T FE 2EoA AR FA wt gAstA Frtoks
B Bk 6 mm, 9 mm FAY = 220 ot St
Sl A 2ol Wb, 3 mm FA0AE 2% wE A3
& HolA gt=dl ol gF2 FAlNA AHideE Az

Sample” L a b AE Chroma Hue angle
F 82.65+0.06" 11.35+0.01° 41.79+0.13* - 74.8140.04° 43.30+0.13"
A50 80.65+0.09° 11.89+0.03" 38.79+0.02° 3.64+0.068 72.96+0.058 40.57+0.01°¢
A60 78.55+0.21° 10.90+0.09° 38.39+0.31¢ 5.3440.37° 74.16+0.01° 39.91+0.32¢
A70 77.01£0.13" 11.95+0.08° 38.25+0.08¢ 6.69+0.10¢ 72.65+0.09" 40.07+0.10¢
B50 81.110.00° 10.41+0.03¢ 39.83:+0.04° 2.66+0.04' 75.35+0.02° 41.17+0.04°
B60 79.96+0.00¢ 9.94+0.01° 37.66+0.02° 5.12+0.02" 75.210.01° 38.95+0.02°
B70 78.44+0.01° 9.88+0.01" 36.37+0.02° 7.02+0.02° 74.80:£0.00° 37.69+0.02°
C50 80.55+0.02° 10.74+0.02¢ 39.76+0.03° 2.98+0.02" 74.88+0.03¢ 41.19+0.04°
C60 79.63+0.01° 9.06+0.03" 36.20+0.02° 6.75+0.03¢ 75.95+0.03" 37.31+0.03¢
C70 77.97+0.028 9.49+0.018 36.310.06" 7.4440.06° 75.35+0.02° 37.53+0.06"

Y Samples defined in Table 1.

2 *Values with the same superscripts within a column are not significantly different.
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F o0

Fig. 2. Photographs of foam-mat dried mango powder.

A|Zke] Zpol7h A7) R o2 S|4 Erh Hue 32 72.96~
75.959] 912 Hoow AR %o wg Z7lets AT
< Bon, o] “orange”o| SFErct. 3HH Chroma gh
Az 2% 9 S0 wet dacte S el 2
< #o] dizoll v @A Yebgth Guiamba 5(2015)
4 Chen 5(2004)2] A5+ Ao|A] Kol il 759 A
L all-trans-B-carotene 5-9] 72 E]Lo|E ALY Miof 7]ut
ol=t|, Demiray & Tulek(2017)2 ZZAZO] XA w2t
B-carotene®] 747} dojyror o]y st Ayt Ax Bt
o Aol S = & S Aoz Hustarh B A7
ol A b*9] 74 D Chroma ko] ¥} ESE o]o] YL
o Zog d&Hr

T o] 54 501

c60 0

z27e] wet & HIE HolA| Skt ol &=t Ax
FARTE H7HE 71249 9T A 7] gEOE 5
Aech £ 54 2EE(Susanti 5 2021)9A % §ARGH
AFE HQl v vk Ax &5 AF9 FEEFS 2.53~
3.83%2] WS B HxA 9 FA wetA AZ FT7t
SHe A4S HYoy, AR 2% gekAe dashe 3
FE B ol& AR 2% ZUt0] 2 SR Hy o #st
o 93t Aoz Haolxn Q] FA(Dehghannya S 2019),
3}o|E R Z(Izadi 5 2020)9] Aol FASHAH. S5
2 FE 00N £do] FES Aty F5oleAE 9
ujohs AER 2E] o34 ¥ FAHY +xet TR0l 9l
Th(Ng & Sulaiman 2018). E5/3-Z 14.09~21.03%2] W=
Holow BE XIUAR AROJA AR BEo| Hlsf &
A et Ax 227 S7HEEE F540] S
AFE B¥o™ 6 mm, 9 mm FAO] H|5] 3 mm FAY
8% &5790] "M% A YT Schuck 5(2012)0] 9
SHH F5790] 15.1~20.0%2] oA = W 5480l =
2 Zo8 Wrte s, ZUAR Al EFEE 7|24 9 Qt
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Table 4. Hydration properties of foam-mat dried mango powder

Sample" Water absorption index Water solubility index Moisture content (%) Hygroscopicity (%)
F 4.5440.08° 0.87+0.01° 3.1740.16° 24.56+0.74°
A50 3.08+0.11° 0.7120.01¢ 3.50+0.10° 14.09:0.88°
A60 3.87+0.09% 0.69+0.02% 2.56+0.04° 18.38+0.75°
A70 4.00+0.11% 0.68+0.01° 2.53+0.12¢ 16.74£0.98°
B50 3.82+0.10% 0.74+0.01° 3.71+0.21% 16.75+0.70°
B60 3.66+0.11% 0.71£0.00>¢ 2.62+0.10° 16.31+0.89*
B70 4.24+0.14° 0.70:£0.01°% 3.110.15° 21.03£0.75°
C50 3.53+0.30° 0.72+0.02% 3.83+0.27° 14.18+0.86°
C60 3.77+0.06° 0.70:£0.01°% 3.61+0.12 17.00+£1.08%
C70 4.010.09* 0.68+0.02° 2.73+0.05° 20.81+0.90°
Y Samples defined in Table 1.
2 *Nalyes with the same superscripts within a column are not significantly different.
A FPoR B AZ BUolA vk WY F o4 ZLAZAAYS Tt v B vk cof &4 B
49 E"JE}(Hossam 5 2021; Li & 2021). Ak ZT o] ThE wEl Cof FhE o A A
(Kandasamy 5 2014; Kumar 5 2022)o|4 Eo]&x dA4fo]
5. Vitamin C o, TUAZ BEko] HelC £48 Zo]7] YaAt 60T
AFHRY] 7HEolA BIE CY W3l JgeHE ®gt o|sto X9 X7}t BFEAGE AR e

9] 7|EA 9] metne]2 ZL3HH(Hernandez 5 2006). XL
LAz 2 Hjgtyl € £4 A3H= Fig. 33 2t Liv 5
(2013)0] H 113t 39| HEHHIC $(23.80 mg/100 g)}
Hwste] 2 AolA du=2 ARSH ] vlEtyICce] g
2 21.39 mg/100 g2 GARSH vt =AAZ B 0l
ZUAX £89 HEIC 2 AAHGoE T FH9
HIEtY] C ol Hls @A Yetytsd], W2 HEyl ¢ &

2 7| %A H7te] Qg Ax T A4S 9 F99 A7t
Y= Hilol| o5t Z0& HoWrHZhang S 2018). 3HH =

d

A7z g3} vlaoto] WRA FA TA Gl 60T o4

180 a

= 160 I

S 120

EJJ.C b

; 10.0 . c

£ a0 =

5 d

S 60 E :

= N ==

E 40 f f

s N 9 @ 9 9

F AS0 B50 C50 ABD B&0 Ce0 ATD B70 C70

Samples

Fig. 3. Vitamin C content of foam-mat dried mango
powder. Samples defined in Table 1.

6. TXIE 24
SF7) A4 Eof st T EA(Discriminant function analysis)
AIL= Fig. 49 2ty B4 A3 A 552 DFI 64.01%, DF2
20.38%2] F Ao = ol Fith DF1 7|Eo = 52
A% AN=F) @ 2EAZ AE7F At B =AUt o]
= TR Al 3ol o Fare] F8 Fr144ES delta-
59 g E4o] GA FLEHW HEeRE F
Z9th(Lebrun 5 2008). DF2 7|&02 L TR A8 &
Oﬂfﬂ A% L7t ZolASE o o s ExEglon,

3-calene

Fig. 4. Discriminant function analysis of foam-mat dried
mango powder. Samples defined in Table 1.
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o= @F 2o WE FrIE wke}t wHol A= AL
2 HoAth ZEAXR AR Fo|A= DF1 7[&2.& C500]
HxA| FA7E S7FESE SEAR AR © TPHRIRL
o ol HxA A tiy] AHHo g2 IFo B= W0
22| 7] wiZoll 718l dHAeE d AdEE AL

2 2290

ek gl AHE

2 AF= St 919 7H &84S AP AR
Aol Aslo g AR 25:(50, 60, 70TC) U XA FA (3,
6, 9 mm)E th24 sto] LA BL-E AR5k, AR
Z7o] o] E4o] F= IdFS At LEA 9
Az ABAIZEE AR 270 wet 60~3902714] 9] H9E
Holom Ax 257t w1 FAV AS4E Az HES
A5t BLo MEE UeYE L a*, b*gh Ax
2= 9 HxA FA wet fgachs A% B9 A
£ YEtH+= chroma ZtoAl & AolE EIth $EFFA]
= Ax 2 o} 3.08~4.249] HRolA oAl At
oF HYoy FEENAFE TEAX AR §9F
Ql Zfo]E Ho|A| oFttt. BHo] SRR 2.53~3.83%2]
HOE BT 542 Ax 2% 9 HxA T o met
& 7271 33 = of
s

ZAle| =

B A7E 521034 /B4 ATAYEAES
PJ01593002)9] Q] Ao w Sag FA o]o] Ak
=gyt
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Identification and Quantification of Phenolic Acid Derivatives from Three Korean White and
Brown Rice Samples Based on High-Resolution Mass Spectrometry
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Abstract

Reported positive ion fragmentation of phenolic acid derivatives in rice (Oryza sativa L.) were summarized based on the literature.
A total of eight phenolic acids (4 derivatives of ferulic acid, 3 derivatives of sinapic acid and p-coumaric acid) were isolated and
identified from rice (raw and steamed) using UPLC-DAD-QToF/MS. Results revealed that 6-O-feruloylsurose was the major
component with 3'-O-sinapoylsucorse being tentatively identified in Oryza sativa L. for the first time as a new hydroxycinnamoyl
derivative in rice grains. In our study, raw brown rice had the highest phenolic acid contents with Samkwang showing higher phenolic
acid content than Saeilmi and Sindongjin (12.41 vs. 7.89 and 3.10 mg/100 g dry weight, respectively). Of all varieties, brown rice
had higher phenolic acid contents than white rice. These contents decreased considerably when rice was steamed whereas, p-coumaric
acid and ferulic acid contents were increased. Additionally, contents of rice (raw and steamed) can be used as a fundamental report
for new rice varieties.

Key words: white rice, brown rice, phenolic acid, UPLC-DAD-QToF/MS

M E TE & 4 AU%Xu S 2001; Anderson JW 2003;
Panlasigui & Thompson 2006; Kim & 2020). £35], H&At

B(Oryza sativa L) AAAZOR AH|EE 8 35 2 tiRE AEol ZgH 24 A AREEA A7 SO
% StU=EA T offof wet 34 din] 4 dujz BERH it TAlo] F7etol wht HisAk AE A olA Z2agt
o} #u)= B, op|iAl, midj", ARE 59 FY8E AEoE QIAEI gt
= ZI5t 712 AY HAel 22 € & UthLiv T A HEARY] 7]E Ao EH, oA QlE, Bt
2019). ¥tHo], dvl= B2 A2HA FARE Qs A9 A4H]| A9 dEo 55 9 = A & Heite 24 €
A eFgkoLy, win]o] JFgE o|Qofe AL ETtE ot BW7F A47F =2, vanillic acid, ferulic acid,
olE W Zlulo A= 59 75 AES 8511 o] A sinapoic acid, p-coumaric acid 5-9] A&o] H1 =t &
o] HHe= o, T, AETESI T2 AZRAHE ] Ao 5], p-coumaric acid ¥ ferulic acid-Z 8 J}=E Q15

' Corresponding author: Heon-Woong Kim, Associate Researcher, Dept. of Agro-Food Resources, NIAS, RDA, Wanju 55365,
Korea. Tel: +82-63-238-3570, Fax: +82-63-238-3842, E-mail: ksharrier@korea.kr
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fov, ol Jrg mge wu L Ao F WA 4
(mg/100 g, AZZ)S 217 0.13~51.20 mgT} 2.6~65.9 mg
FE YEFHtK(Tian 5 2005; de Mira 5 2009; Setyaningsih
S 2016a). F7}A 02 o]5 &9 HiFA| 7} ERlE]loH
£75], St 7} o]A}Y] ferulic acid ¥ sinapic acid”} sucrose]]
ZA%te &0l HaEh sHX|u 7|&9 & HEAt ot
W} A7e F2 BAUE A48T ¥ HEdE 9 0
p-coumaric acid & ferulic acid 59| F8 A& g=fdlo] X
1 E 1O ™H(Huang & Ng 2012; Setyaningsih 5 2016b),
sinapoyl-sucrose & freuloyl-sucrose®] A}A|SH AA L A
AEE= FRIEA] sl

ARtA o g AL AYE AX L 9, 7 A AE 3
B= AnlEo B2 FEH 29| 4 FHE, A2 Ae 1
oA Hl=3etEe] o2 A tiH| 2 Hj HAasielon
(Chmiel S 2018; Liu S 2020), @] uhso] wha} zpo|7}
Ao, ARHARl L7 H=3dE FY dart ERIE
Th(Ragaee 5 2014). SPA|TF 7|&9] J7 A= & H=dt
e A AE] HgtEo] QL 3
Aujo] 7 HmAt 24 H o] itk A7 dest A
Aol

2 A= SHsgTstEA 2018 EZHeE RDA 7]
/3% DB 2.0 Hs4bE Suje] A £ A
of Tie HEito ARE 5o (Kim 5
£ 7|99 2 UPLC-DAD-QToF/MS £49] 112 534S A
A, S & B2 3% ot wwio} @ule] A
4 9 He Wil Mlaelgon, 3y EE AvE &
As7] o A% AR BEFuA ST

EREIETY

1 AlE HE Y Al

2 Ao AFEE B2 Al F52E AR, Aldn], AsA
359 Hujet Au|E FUolA AulE & AR D S 5
AAZ & BT} 510 test sieve(mesh 600 pg, Chunggye
sieve, Gunpo, Korea) #2|5to] 2AA|RE AMESIATH Ak
&3 & 5 A5 W] 9 Aol {715 F (Daegu, Korea),
Adn] @] gl Aul= 242} 275 F(Uiryeong, Korea) 3
S}H L A (Hwacheon, Korea), .o #iu] 2 &du|&= GFo|F+
£ (Namyangju, Korea) & & ¥1]Z(Cheorwong, Korea)o]l A
20219 &%t AlES sttt i AR Rde SV EE

Al EERE B Ren 5(2016)2 Farsto] 3W Al & 302
A8k 1 kgo] o] 1,500 mLe] S/ Y2 F 402

P

7+ ¥&(CR-1713R, CUCKOO, Siheung, Korea)S AR&-5}o]
Zesieh M 2Rt A4 1S A3t ferulic acid

Sl Al s, @r)e] whsit g 507

9 p-coumaric acid+= Extrasynthese(Cenay cedex, France)of 4]
Fofstg o WEEEYFHS ol AHEH 2.4,5-trimetho-
xycinnamic acid(¥H=At WHEEFE)2 Sigma-Aldrich Co.
AlE= ARSIt 5 4 o] 8= ARG acetonitrile,
methanol, water= Fisher Scientifico]|A], formic acid= Junsei
Chemical Co.2XE Y3}t

2. =4t F&

HEAb 222 Kim 5(2019)9] B Fysigon, &
AA A ko] AZEW A7 1 g2 =4k (methanol:water:
formic acid=80:15:5, v/v/v) &1 10 mLZ} $74 50 mL
2 conical tubed]] Il AF20]4 30& B3 M&F &5}
9ot F2HS AR (2,898%g, 10T, 15 min)gt & 0.2
pm syringe filter(Whatman International, Maidstone, Kent,
UK)E oj7siion Alg U EeaS AASH. Hesidas
gexog By Y8 HyperSep C18(Thermo Scientific,
Bellefonte, PA, USAYE AFE-3}3thHLee 5 2018a). 3|
SPE Zr o] methanol 3 mL, water 6 mL <02 Z&F0]
3t A F A7) oY 0.5 mLI} water 6.5 mL< 4]0}
loading ottt WREFEZ &H(2,4,5-trimethoxycinnamic
acid, 25 ppm) 0.5 mL2} water 6.5 mLS 42 & loading
ol¥ o water 6 mLE &3 A& oYt 1 T 1% formic
acid in methanol 5 mLE &8 T2tE 3=AF AARS 4
% 8si9lo0], 8BS Aastaz o8l Baes.
53018 025 mLo| A 2% S A83hstol 0.2 um
syringe filter2 ©J1}5lo] UPLC-DAD-QToF/MS&E H-A5}
et

3. UPLC-DAD-QToF/MS &4

AEEE 7 HEzikE 54 2 F%0H7] Y CORTECS
UPLC T3(2.1x150 mm LD., 1.6 um; Waters, Wexford,
Irelang) ZF¥ 2 CORTECS UPLC T3 VanGuard™(2.1x50
mm 1LD., 1.6 pm; Waters) B35 Zd3} tjEo] AX| 3 =20}t
E 718} 3(ExionLCTM AD, AB SCIEX)?} 2% Q-ToF &
ZFEA7](X500R QTOF, AB SCIEX, Framingham, MA,
USA)Z o]&3}o] BA51ATHLee 5 2018a; Kim 5 2019).
AE T2 210~600 nm(HEIF: F=At 320 nm)of| A &
FEglon], 4¥ QBL L 30T, $42 0.35 mL/min ©]
At} olsAoZEE HiEAl BEAHS 9] 81 A(water:
formic acid=99.5:0.5, v/v)Q} &1 B(acetonitrile:formic acid=
99.5:0.5, v/ivy& AR&SEITE. Bl FHR7o] 1o BE 5%
2 ANZoto] 5E7A] 7%, 10872 10%, 18E7HA] 15%,
328THA] 20%, 4087HA] T5%E S7HAIFH AL 28 % 74
5}9ith. o]oA] 458 7] 50%= FATH| 7M7) 1 28
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o fAT F 607 ThA] 2% A2A7T 5B
Aokt eArhE 608). 53] Hs4t A o)
Z5%4(2,4,5-trimethoxycinnamic acid, 50 ppm)9] H
7} 7} 4Eo] MAS 112 vLe A ke A8 AR
, 0]&= mg/100 g, AZRFOE 7|51}, E3F ATFEA
71 o83 H=3RtE dEHE4-2 positive ion mode
2 APt AFEXZRAOCR, spray voltage 5,500 V,
declustering potential<> 80 V, collision energy+= 15 V& Z}
7} 47519t} Ton source gas ¥ desolvation 2= 50T
2 500CE AAstgon, g A7 Hele HeihS mi
100~1,0000.2 AAstet. Hsslels 7iE 42 o
£} o] 7]5/d& data baseS FaLsto], ZF &9
Agtdol 2 e 4479} Hlwste] 2 FHEH U

FIO ol

=y i)

Jl:a%ﬂir&o}n
5,

4. SH w2
Agie 33 shesiel ANstow, AR o] B X
ZuAE AEekT A 7he] §oHel olg AZFH] I
3} One-way ANOVAZ EA435}9th. Duncan’s
2 suclAf Al 719] Holg R4

o

multiple
St

range test® oS

ejlel - st - 9 -

(p=0.05), SAEA4-2 SPSSEA| I & 13 (Statistical Packagefor
the Social Science, Ver. 27.0 SPSS Inc., Chicago, IL, USA)
2 Mgt

Aot o s

1. ILH THHHE Si0] & wHo|o| HiZAt REA 22|
=3

oA AufE win] D Ao 3FF(AEH, A,
Qu))o] A|EEXE UPLC-DAD-QToF/MSE ©o]83F 1
A= A B4 At 54t data base H o] H 9] 710
Al AA= 29 _uﬂl-‘—/R]- A o] 49 UV AHEY HX|=F
9 82 A7t 58 v|w5ke] & hydroxycinnamic acid A 8
Z(ferulic acid -] 4, sinapic acid =] 3%, p-coumaric
acid)9] HsAF AES F X 5A5FH(Table 1, Fig. 1). %
olg WEZ 24 A, i} gelo] £go] = A7} ol
H'(1 Da), Na'(23 Da) @ K'(39 Da)’} Eols|glor 1 %
Na7} 37 #EEAcH(Lee 5 2018b). ofZF]Eo] s
& ferulic acid @ sinapic acid= Z}Z} 177[Fer+H -H,0]',

Ha

=

O

==

Table 1. Characterization of eight phenolic acids from Korean rice samples (white and brown) using UPLC-DAD-QToF/MS

ESI(+)-QToF/MS (experimental ions, m/z)

Peak .. . . RT  Molecular
Individual phenolic acids . ) .
No. (min)  formaula [M-+H]" ( ) [M+Na]” Fragmentation of [M+H]
. 369[M+H - Fruc ~H,O]", 207[Sin+H - H,0]',
1) >
1 3’-O-Sinapoylsucrose ~ 16.19  CpH3Oi5 549 0.2 571 175[SintH - FhO - CHOH]', 147[Sin+H ~ FO ~ CH;OH - COJ'
2 p-Coumaric acid 1821  CsHgO; 165 -0.1. 187 147M+H-H,0J", 119[M+H -H,0-CO]
357[M+H - Fruc]”, 339[M+H -Fruc -H,0]", 195[Fruc+H]",
3 6-O-Feruloylsucrose 19.16 CpH3004 519 0.7 541  177[FructH -H,0]", 145[Fer+H - H,0 - CH;OH]',
117[Fer+H - H,0 - CH;OH - COJ"
. 387[M+H - Fruc]”, 369[M+H -Fruc -H,0]", 207[Sin+H -H,0]",
4 -O- 1 20. H. 4 -1. 1 . N . .
6-O-Sinapoylsucrose  20.36 - G5 549 > L 15[Sin+H - FbO - CHOH]', 147[Sin+H - HO - CHYOH - CO]
L 177[Fruc+H - H,0]", 145[Fer+H - H,0 - CH;OH]",
2)
5 Ferulic acid 272 CuHuOs 195 01 217 e S Ol - cor
3 6.DLO 387[M+H - Sin - Fruc or Glu]", 387[M+H - Sin - Fruc or
6 Siramelsucrose 3725 CuHpOw 755 16 777  Glu-H0[, 207[SintH - B0, 175[Sin+H - H,0 - CH;OHJ,
poy 147[Sin+H -~ H,0 ~ CH;OH - CO]*
3’-0-Sinapoyl-6-O- 369[M+H — Fer - Fruc]’, 207[Sin+H -~ H,0]", 177[Fruc+H - H,0[',
7 Feruloylsucrose 3786 CutloOis 725 05 747 175[Sin+H - H,O - CH;OHJ", 145[Fer+H - H,O - CH;OH]"
3 6-DiO 357IMH ~Fruc], 339[M+H ~ Frue ~H,0]', 195[Fruc+H,
8 ’ 3843 CyHz017 695 1.9 717 177[FructH - H,0]", 145[Fer+H - H,0 - CH;OH]",
Feruloylsucrose

117[Fer+H - H,0 - CH:OH - COJ"

All samples analyzed in positive ESI-ionization mode (m/z, [M+H]") using UPLC-DAD-QToF/MS; [M+Na]" and [M+K]" adducts presented.
Each peak determined by comparing elution order, UV spectra, and mass fragmentation.

Y New compound tentatively identified in rice samples.
2 Further confirmed in comparison with authentic standards.
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Fig. 1. UPLC chromatogram of 8 hydroxycinnamoyl derivatives (wavelength at 320 nm) from brown rices. 1:
3'-O-Sinapoylsucrose, 2: p-Coumaric acid, 3: 6-O-Feruloylsucrose, 4: 6-O-Sinapoylsucrose, 5: Ferulic acid, 6: 3',6-Di-O-
sinapoylsucrose, 7: 3'-O-Sinapoyl-6-O-feruloylsucrose, 8: 3',6-Di-O-Feruloylsucrose, ISTD (internal standard): 2,4,5-Trimethoxycinnamic
acid 50 ppm.
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145[Fer+H -~ H,O -~ CH;0HJ', 117[Fer+H - H,0 - CH;OH - COJ"
1 207[SinH ~H,0]", 175[SinH ~H,0 ~CH;0H]", 147[Sin+H -
H,0 -CH;0H -COJ"9] £44Ql ol A wjedS e}
W}, ESL Verardo 5(2016) 2 Nakano 5(2019)9] A
A BAQ du)9] 9 H&wAl 6-O-feruloylsurose 2 6-O-
sinapoylsucrose?} 0] AE-E2] FEA 9] 3',6-di-O-feruloylsurose,
3',6-di-O-sinapoylsucrose %! 3'-O-sinapoyl-6-O-feruloylsucrose
59 mono- and di-hydrxoycinnamoyl glycoside”} X 1% 31t

Mono-hydroxycinnamoylsucrose -EA|(peak 1, 3 & 4)
= 9k AFTE ferulic acid?} sinapic acido]] sucrose’} Ag}
H o 4 o2 Higlo] HEEHUH o =& MS
o]Z m§lZ} NMRZ H|w5}o] ERI%|ITh. Peak 32 o
A E2E FQ2 HEAto g REZ} o2 m/z 519[M+H]” ¥
ferulic acid FEAS] EAZ Q] o]2o] 3F9E o] feruloyl
glycosideZ FA = Qith. ESE fructose”’} A A 357[M+H
-Fruc]” ¥ H,O(18 Da)o] && 7t 339[M+H -Fruc -
H,0]", 321[M+H - Fruc -2H,0]" 9] ©# A o]L mje o]
AEEAOH Tian 5(2004)9] AFZAT} FAFSHA ferulic
acid(peak 5)ET} 9tA4 S&E At whebA, glucose?] 6-OH
QA9 ferulic acid?} AE3t 6-O-feruloylsucrose® 745}
9tk Peak 1 @ 41 REZ} 0] m/z 549[M+H] 0] Eol=
o JAA|E, peak 33} FAFGE ©H A o] Fjglo] HEE
Ao HEA}F o] 204 30 Da Ao]E EHRIFTHFig. 2). ©]
of wa}, ferulic acid®] 5-OH 2]A]9] methoxyl group(30 Da)
o] Z3H sinapic acid ¥ 5% ©H o]o] QI
Peak 3(19.16 min) > peak 4(20.36 min) > peak 5(21.72
min) =08 {EF I, o] ol Ao Eeld &=
£X9}F FAFSEY] peak 4+ 6-O-sinapoylsucrose® 4Tt
(Tian 5 2004). BFHO Peak 12 F9| Z YJA7} p=
peak 49] o]AAAZ, 3',6-di-O-sinapoylsucroseo]| 4] S T2
Ak ES, ol EF WEolA peak 12 HEA:
(549[M+H]")ol| A glucose”} AAE m/z 369[M+H - Glu -

H,0] 7} A HE= 3101 peak 49] - o221 29l sinapic
acid®} TAE ©H o]2o] FA I Urk(Fig. 2). TeHA]
old ¥} ole WAL HTSAE W 3-O-sinapoyl-
sucrose(siniriose A6)Z FAHE|ROon] Hoi AL FQlH
Al SRFEE 5= 21 Renshen-Yangronng pill2}
Polygala tenuifolia®] B-2]o)| A BE11HEH} QIth(Xu 5 2018;
Jiang 5 2023).

Di-hydroxycinnamoylsucrose acid -FEA|(peak 6-8)=
peak 1, 3 & 40]A4 IH SFEZ 212 m/z 755[M+H],
725[M+H]" & 695[M+H]' 0.2 HEZ} o]Lo] FQlg] gt}
(Table 1). 7 4% @ A% ole Weg selslol
sucrose®]] T 7H9] ferulic acid Z12]3/%+= sinapic acid”} 2
dE AEoR FAHeH, 7|E AT &SAT
NMRI} H]) W5} tH(Nakano 5 2019). TEhA], Peak 6-8-2
3',6-di-O-sinapoylsucrose, 3-O-sinapoyl-6-O-feruloylsucrose,
3',6-di-O-feruloylsucrose2 +% A3t}

2. L XHuHE S0 2 w0jQ| H=At REAM =M Y
2 Hlw

TU4E oA EeH HlEihk2 F= ferulic acid 2
sinapic acid 7|%t9] SIER ERIE YL, F H=4H(mg/100
g, Ax5)9 B85 F5GH, Mg 9 Aol w2t A
A 7102 du| 9 wWlujofA Z+Z}F 12.41, 7.89, 3.10 2 0,
0.48, 0.859] =& YEHTH(Table 2). A& W 7fE S =
Aol tiet A Sl == AAY Al A yRES
E74 2,4,5-trimethoxycinnamic acidE ©]-&35}F o™, SF
AAL Al relative response factorg 1LZ A LUHIu &
2018).

A S ARFEN], BA)oNA 1241 mgo = TH
=otom, tiF-Eo] WujoA= Ao FAEEA LU EJE
5 4 7REe] UE {221 2|7t QlItk(Table 2).
A4t aAS 7 9 EphE] EEOlA ERlE 8 48

Fig. 2. Postive fragmentation of the 2 hydroxycinnamoyl derivatives identified from rice samples (white and brown). A.

3'-O-sinapoylsucrose (new), B. 6-O-sinapoylsucrose. Glu: glucose, Fruc: fructose, Sin: sinapic acid.
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Table 2. Contents of phenolic acids in Korean rice samples (white and brown) of three cultivars (mg/100 g, dry weight)

Phenolic acids (mg/100 g dry weight)

Peak Brown Rice White Rice
No. Samkwang Saeilmi Sindongjin Samkwang Saeilmi Sindongjin
Raw Steamed Raw Steamed Raw Steamed Raw Steamed Raw Steamed Raw Steamed
1Y 0.36+0.01 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
2 0.69+0.02¢ 1.75+0.02°  nde  2.61+0.01° n.d. 1.18+0.06° n.d. n.d. n.d. n.d. n.d. n.d.
32 5.00£0.10° 0.74+0.02% 3.47+0.20° 0.76:0.01° 1.83+0.07° 0.72+0.01° n.d. n.d. n.d. n.d. 0.61+0.06°  n.d.
4 0.96+0.03° n.d. 0.77+0.08° n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
5 1.63:0.04 1.08+0.02° 0.82+0.03° 1.13£0.01° 0.63+0.03° 0.96+0.01°  nd. n.d. 0.48+0.02%° 0.47+0.01° 0.45+0.01°  nd.
6 0.79+0.06" n.d. 0.65+0.06° n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
7 2.37+0.12°  nd. 1.7740.15° n.d. 0.64+0.03° n.d. n.d. n.d. n.d. n.d. n.d. n.d.
8 0.61+0.02° n.d. 0.410.02° n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Total 12.41+0.41 3.5740.05 7.89+0.54 4.50+0.03 3.10£0.13 2.86+0.09 0.00 0.00 0.48£0.02 0.47+0.01 1.07+0.06  0.00

Each value calculated as meanstS.D. (n=3) using internal standard (2,4,5-trimethoxycinnamic acid).

Y New compound tentatively identified in rice samples.
? Further confirmed in comparison with authentic standards.

Different small letters in the same row with mean values (n=3) indicate a significant difference at p<0.05 by Duncan’s multiple range test.
*f]: 3°.O-Sinapoylsucrose, 2: p-Coumaric acid, 3: 6-O-Feruloylsucrose, 4: 6-O-Sinapoylsucrose, 5: Ferulic acid, 6: 3’,6-Di-O-Sinapoylsucrose, 7: 3’-O-

Sinapoyl-6-O-feruloylsucrose, 8: 3°,6-Di-O-Feruloylsucrose, n.d.: not detected.

6-O-feruloylsucrose 3 3'-O-sinapoyl-6-O-feruloylsucrose=
B o3 Aot §AsH oY, 3',6-di-O-feruloylsucrose 2
3',6-di-O-sinapoylsucrose?} 72 n|FAJE 9] SaFo] il A
= B EA] &tH(Nakano 5 2019). T3S sucrose©f 23
St hydroxycinammic acid®] $=o]] @2} mono- E}¢](peaks 1,
3% 4] die EFRl(peaks 6-8)1T} Fero] &7 vehde.

2 Qo)A @eliz Wulo] wls) oF 10] ol4F Heko] &
kom Ak wWojo A E2]H HsARZ 0.13~0.15 mg/100
g(AZF) o2 BHuEQth(Park 5 2012). T3t p-coumaric
acid @ ferulic acid= ZF2zF @u|(0~1.18 L 0), #91](0.63~
1.63 2 0~0.48)0] 4] Vichapong 5(2010)0] RA|3+ ek
(mg/ 100g, AZZ)1} F-AFSFHA tH(p-coumaric acid 2 ferulic
acid, ¥iu]: 27+ 0.22 @ 1.18; du]: 2+ 0.86 9 3.53). Hb
H, EtojhollA AfuliE Ao] w4t FF(mg/100 g gallic
acid equivalents, AZZ)S wWu] 9 Fu|ojA] ZkZ 6~22 mg
% 24~45 mg(Huang & Ng 2012)0]1, F=-4t Wu|of A=
34.31~51.20 mg/100 g(AXZ)0z B A3 ZA3le} xjo]7}
UTH(Yu 5 2016). Alves 5(2016)°] 25t H=AE KA
= UFE Aol 2%E FHolH =& & € 2ol osf
ol dFE +

AR A ferulic acid 71¥F SFFE2 AA| oA 70%
oA} A}R|5tal Q1o E3], 6-O-feruloylsucrose (peak 3)
3'-0-Sinapoyl-6-O-feruloylsucrose(peak 7= @U|S] 9 T
BALO R Z47F 40%, 20%9] H]S o2 SRIE ;. Ao A
golEl w|FFA Rl 3',6-di-O-sinapoylsucrose(peak 6) X

3',6-di-O-feruloylsucrose(peak 8)= 7N THFHS A2 AA|
519ttt ESE 3'-O-sinapoylsucrose(peak 1) ZofA 2
T£ 578E SRMEE ARFHEH], FZ)oNA 0.36 mg Z21E]
RoH g FFoA= FRAA Attt

7HsA o mE B9 718w e EAL 10+
oj4fo] HH 7|9 #l=ZAr Tl Hlsf Artoz &£9loH
1 o|3g FH Attt B yEHlr Qltk(Setyaningsih 5
2016b). FAFSHAl 4P 9 el ZH2 1241 mgollA
3.57 mgE, 7.89 mgollA] 4.50 mg= Ayl o]A} &4lo] 919
O} A5AL 3.10 mgolA] 2.86 mgE  FHeF WIS YEt
WA Qksket. £9] drlje W Ale W F p-coumaric acid
(peak 2)¢} ferulic acid (peak 5)9] $t&Fo] Z7lslom 1
Qo] tE FEASS ol 345 Aot o= 4
d]of|A] ferulic acid, p-coumaric acid @ free glucose:= 57}
StRoU F HsAt 2 St Zeng 5(2019)9] A3t
o QAL oAY BEH HEAl ferulic acid @
p-coumaric acid7} 7+ 22| 5 AlxH o] Aupy] 2 Qlsf
A5 = AR FwaEth(Lou 5 2014).

o2 WS A= F ferulic acid(peak 5)9] $HF2 =7}
E+= FAENOY sucrose?t 2EH F8 3HEQ] 6-0-
feruloylsucrose(peak 3)2] e F243] A on njzkA
.91 3'-0-Sinapoyl-6-O-feruloylsucrose(peak 7) & 3',6-di-O-
feruloylsucrose(peak 8= HEE X L3ttt o]} FAFSHA
sinapoyl-sucrose -FEA|Q] 6-O-sinapoylsucrose(peak 4) 2
3',6-di-O-sinapoylsucrose(peak 6) HEZER] L3Itt o=
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AEAcHKim 5 2004).

A2 A AA Q1G] drto] FA 07 HI st AH|E=
A2 9 1/5 o Al FstezE 4H| WE 9 HFFo] 4
FoltH(Vlachos & Arvanitoryannis 2008). W2hA], B4
ghgo] nFol: 5 2 7FeA o] e LAARL F
AEE= mS S5t Hesihe 5 Rt Tt FHbolH
2, 99, T BAslol AGERRE B BUL wob
groo N2 7154 A% Wl FoEl Yok 2 A7
o| A= ferulic acid & sinapic acid S E=A7} F2 &91E 3]
o siA o) S|F5l= feruloyl-sucrose L sinapoyl-sucrose
FEAE Z36te] T 8719 w4t SdES B4 2 A%
ot 1 % 6-O-feruloylsurosex= AA| 589l ¢F 40%E
AR e F8 JEORE 7|E AT AT} fAEHA AL
#5t= T8 HFALC =A HIAEITK(Tian 5 2004). &
tl= @ulolA =7 F u|7to] AAg wet Hsito] &
A= oA AAH pFE Hsit 1F AR
SPgE H AEE E8d 5 Ut 35 B4 E2E HE
AF REAE SHCE FEAY], A B, A - 75 R
7H 270 wE ®igt A7 UHE e s Faskd, Sy
S450IAY EEEI Sl A5 deRE HeAt ohg
AHRE AL QoA s 4 F5 Hlart 2
93}t

Q0w 7=

wolM BuE HEie] od BAT VR HEk
data baseE HIFFOZ ToF/MSE B3l A&d Fol2 &
ole Welg Halol A WAl EAS] 24 % o
ARE ABHLA St AL 2 SEEE, Aol
A5 7)ol Al hydrociannamic acid 852 #2| - 545}
N8 FEA= oF=Z82Q ferulic acid, sinapic acid 12|11
p-coumaric acid®} sucrose?] 3'-OH} 6-OH A9 ferulic
acid 2 sinapic acid’} Z2%H 3I}gE0|H. ol & 6-0-
feruloylsucrose@} 3'-O-Sinapoyl-6-O-feruloylsucrose+ %2+9]
F9 mAtoln oju] BiHE Hlwil A o]l 3'-0-
sinapoylsucrose(siniriose A6)7} E1E| 1 o]= Ao A A
& H1E A= sRtEe|th. & w4t Td(mg/100 g, A
Z2F)2 35T, ALl E AsR)o] w=t FA 7EL
2 |u| 9 Wajoq Z+2F 12.41, 7.89, 3.10 2 0, 0.48, 1.07
9] S YEHlth 3 2 A= Y T Uve] He

A FEAEY SRS AT O p-coumaric acid H ferulic
acid®] FeE Bolgon GAgAY Z7I5 ). v
9] 3'6-di-O-sinapoylsucrose 2 3',6-di-O-feruloylsucrose2]
ZoA ERlE= E e AZeE AT ¥Wv|=
Au| =74 F v)ito] EAEHA tFEES HsAto] AA
oAt waka] el A AAE sl 1Ehe 2Rl v]7
= E, 5EY AR 528 &8 & ok A9 4t
T

SEA ABE 5 4% 72 54 © 9 9E B
ol 7154 2249 BE FsEEe £Y 4 U2 A

o2 moHct

2 d7e sE3U8H S8 HetdY sdHeu]
< ATARIIAHE: PI016718012023) HEATLY oL
o - ARSI A DAl oJsf et Aol dFolH,
Aol HAEHU .
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Abstract

This research aimed to examine the effects of grapefruit seed extract (GSE) at various concentrations on the microbial safety and
physicochemical characteristics of onion puree (0.01~0.1%). The onion puree was kept at 4°C for 14 days. The results of the study
indicated that the addition of GSE did not cause any significant changes in the sample’s brix degree and viscosity in onion puree
(p<0.05). However, as the concentration of GSE increased, the pH level decreased. On the other hand, as GSE was added, the lightness
of the onion puree increased, while the redness and yellowness decreased. Compared to pure onion puree, the GSE-incorporated onion
puree had higher levels of total flavonoid and total polyphenol content, indicating that it helps to maintain antioxidant activities.
Based on the microbial safety test, acrobic bacteria, yeast, and mold were absent until day 14 of storage. In conclusion, the study
suggests that the addition of GSE to onion puree increases its antioxidant activity and shelf-life.

Key words: onion, puree, grapefruit seed extract, physicochemical characteristic, microbial safety

N = 14.8%), TR (1.52.6%), AHH04-0.7%) L % THEQ23~

47%)2 39517 9o (Lee S 2021), A4 ZSK(fresh weight,

Sk dllum cepa L.)= et T}(Lilliaceae)o]] &3}= thd Ay FW) 100 g& 7|22 H]EHT C(5.7~6.5 mg), Ca(25.7~46.9
AE2 A AA A7 9k 6,6009HE0] AJALE T, 21 AYALF mg), P(30.3~50.6 mg) I K(129.0~140.0 mg) 5°] $-7-5 o] 3
< 2021 1,576 -E0|Hh(Kim 5 2022). Yt AT CH(Bhattacharjee -5 2013). uto]] T8 thet B2 #
5 4 g2 Y B4l E E5 FotUE HY A o] 3l= flavonoid#] SFEHEO]l&= quercetin 4’-glucoside, quercetin
AHel A9 71A5I 0 2 7| E 1 Qlo] AT =271 Yo 4’ 7-diglycoside, quercetin 3,7-diglycoside, quercetin 3,4’-digly-

O:

of

g 4 e E X &5 Wt o] I 95t A& ot (Jeong coside, quercetin, isorhamnetin monoglycoside, kaemferol mono-
5 2023). Ohﬂﬂ* E00] §7|9} Hro g Qls) Al&E9 X7 U glycoside 5°] 21 O™ (Lee 5 2016), 0] quercetin®] 25 9
7HE £ 9% AEAAEA 9P| o]8E UtHlee S o HidAIQF 1 aglycone?l quercetin®] 80%Z Z}FA|gHCh

2022). nuel o omeld ololols BoslE(41~  (Leighton 5 1992). E3F, G4kl FudY, FEAE 59
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A S5 AA, 5SALEE A4, AU o,
g 27] WA 5 oFefEgo] gl wt AnRE
9] #Ao] Z71E]11 Qlth(Lee 5 2008; Park 5 2009; Choi &
Surh 2014). 184 = AR D Zojg oz &7}
ChFokal aH|Ego] S7Fstal =t whs A7gdo] "o
= TS 7R AL Qlo] g3t o] EHAE FHiAl7] AL, I
A5 FIA717] fote] adwt 7HeAEl Agste A+
7} 5] AYPE T thJeong 5 2023).

AZ S HE Ho} oL Ag Az, HLeAd,
sfet W7k W7t 58 HEstel 2% A 242 Hﬂwm
L upgo] o] T G, 53] 7HEAIEY) Aol
25 H7loh= Wil Ee AR EIL ek A *}%510121
Il OU: HEGLE q]‘ﬂ H _*5,:]-‘81—7(—1 ‘5‘1—/\-11"- o7 7 ?l—;ﬂ/ké]oﬂ tH

A 2 7 A7 Sl Aol whEhA F
*éol =2 A HERE Fofigls A7 83| A=
Ut HA HERE fEE 7heAo] e AR T
Ali BRAE, 1A etE, AEY F5F 50l dRF
ojt}. A5 FA| F=E-E(grapefruit seed extract, DF-100)2 T
FAQ AA HEEE IdyA 9gou, Z+E A2 sl g
3 5 WIS o) Hol . S el 44 o
stol 4B AHE 2 R/ QAT ABER
EZE20 AHY AX E—-—Xﬂiiﬂ LDZ}o] 2,900 mgkgZE =43
o] 719] g, H4]40] gloml, ol u9 gyt Hel 97
TIEREA ﬂ%ﬂ% o] EA] = HFe HA FtAolth
(Park 5 2006). &59 AX % ascorbic acid, ascorbyl
palmitate, naringin ¥ EFHE 50| 0|AYEQ] A2 gl A
o] 7 FSIA|7|1L A4 AL A DNA,
RNAO| A H|ZE= AE F4] 7|42 AAIste] & o
3t At &3F 3oky B E 3 QTh(Cho 5 1990; Chin 5
2005).

Fe(Purceys THol} A AF Dotd AEF BE 5
522 Dol grjHoz na /7o) A HY @ A4k
of A4H WL THsA BehPark 5 2021). F B
Fo]AE 52 7Hs FXt iZHE HdE ke J7HEE |
2otA o] &=L Jlon HiEE oA FUHIL A=
A= At o I 7S AIES v EE VS 5
7+ 2419 Aol et AAHA A7F 2FEI U= A
ojt}.

Fup7hsol #et AFtEE ARG BE FHE J7t
3t @7] A4 (Kim & Chun 2001), FotE2E-S H71SE 7|54 &
ZZ] Ao|ZA(Chun SS 2003), FuEL H71 A¥H(Bae 5
2003), Fot F& AZE AT 7154 42 F= 2/23KHou
& Go 2004), EAAZ JutELS HUKE FH(Kang 5
2007), Fut52] FAteHs 3t gt 2H-E-(Jung & Park 2013), &

52

SFREE A7 H4Kim 5 2016), FIELE WIS o}
BYZ(Lee 5 2022) 59 AFEo] $HHL Yok
gebd 2 ATolAE Ao BEAR T ABEAE

22 Aol B GRS © 494 Pl
A S AR EA HSH J12AR AN L Gl B
1 Siet 2 ot 2] o] ofubx st Sk

WE U b

1. MEME 2 Al
B Ao ARLE ofnti AANGE o)A 202340
Al L 53 FEE ESOR AUV FuhdT

Z~(Changnyeong, Korea)ol|A] A|z5ol Ao A}-Q-B]-Sal;]-
A 5-E 252 S (grapefruit seed extract, DF-100)2 ES A&
H(esfood Co., Ltd., Gunpo, Korea)ol| 4] A|Z2H AL F+ 0}0%
Aol AHgSHoH, 225 $84/H BYolr, ¥=
2 A ASTAFEE 100%ZEEA-Y 50%, YA
0.48%)°]t}. Folin-Ciocalteu’s phenol reagent, gallic acid,
1,1-diphenyl-2-picrylhydrazyl(DPPH), 2,2’-azino-bis(3-ethylbenz
thiazoline-6-sulfonic acid)(ABTS), potassium persulfate, acetic
acid, 2,4,6-tripyridiyl-1,3,5-triazine(TPTZ), FeCl;, 6-hydroxy-
2,5,7,8-tetramethylchroman-2-carboxylic acid(Trolox), ascorbic
acid, methaol Sigma-Aldrich(Sigma-Aldrich Co., St. Louis,
Mo, USA)AOA Ql3te] g ARE-SFIH

2. NSBXFE= "é17} knbEa| M=

Rlan Sl 7@*‘ AASIL A & EHo] 75 AAT T,
§EH 07 Hrisla] wlA 7](HMF 630WG, Hanil, Electric, Wonju,
Korea)o]| 100 g¥ #3531l 6027t E41& AP5tAt. e
A2E5L 247 0%(HZT), 0.03%, 0.05%, 0.1% H7}5}k0]
245t7] Ao H7lsto] £41E JPsteh. 24 A5 2z
Z+9] A|EE 0.07 mm Ny/PE IE(15 x 20 cm)o]| UE5}o]
4£1°Co A 14959 A Ae ofulEao] ZAEA W u|A)

BEEXNS zA}sHYTH

3. EI'E I:ll pH
ABEAZEE A0l U o FA I W

Abbe refractometer(501-DS, ATAGO Co, Tokyo, Japan)E A&
slo] 2435191, pHEA-2 pH Meter(pH-200L, Istek, Seoul,
Korea)E o]-&sto S5t

4. I-ll:

AEFTAFEE F7to U2 g1t {49 =g SHo}
7] Y5ta] £7]9) A& 30 mLE ¥, Brookfield viscometer
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(DV 11+, Brookfield engineering labs, MA, USAYS Al&-5}0]
235ttt 2HZ AL 25ToA] Probe= LV-4 spindle,
spindle speed= 10 rpm, spindle increment= 10 rpmC.& 3}c]
HOEES 25

5. Mz gl ZiHE

AEEAREE Wl B2 PrEA Sl UE WS %
K317 Slalo] AAA|(CR-400, Minolta, JapanyS: AME-3190.
o, EFWMATHL-93.6, a=0.31, b=0.32) 0. & HA3}r}. 2zt
ARE 33 92 273 ® BIGOR Yotk ARER
FEE J7Ml UE g F99 4HE S-S AR 2 gl
25220 mLE 718kl 10% trichloroacetic acid 10 mLE 7}
T T L2004 2A17F Bt FAIRE F ofTsto] BgF A
(UV-1800, Shimadzu Corporation, Kyoto, Japan)E ©]-8-5}0]
420 oA BLEE =AY rHKim S 2015).

6. A|IZ &8 M=

Z+7k0] A& 20 gofl 5LSt O] 80% HHES ¥ +3
7](Wiggen Hauser, D-50, Berlin, Germany)E AR&-5}] 15,000
pmof| A 187+ #ZSHA|Zt}. o|E Shaker(n-Biotech, NB-303,
Inchen, Korea)E ©]-83}9] 250 ipmO.& 4Toj|A] 247t &<t
&% & Y4E27](FLETA 5, Hanil, Korea)S ©]-§5}o
1,026xgol| A 2027 A& 5t 3]t A5HS oA
(Whatman No. 2, GE healthcare, Chicago, IL, USA)Z o3}t
T 2H8 AT AFEIAL,

7. g2 0|E g2 ¥ & Eflu= &
ABEA2EE Hoo] B2 ot FAo B Beprieol
E SRS BA4517] 95ha] o 2kH 100 pnLe}F 99% diethylene
glycol 900 pLE £33 & 1 N NaOH 20 pLg #7}slo] 37C
FeLzolA] 208 B WA olF BAFEAS of
8310 420 nmolA] FHES SHI00, B Beueo]
L mg rutin equivalent(RE)kg DW= LFEFU A th(Lee
2019a).
& ETHs dEY A 4B 1 mLet SRS 9 mLE
3}51o] 1 mL2] Folin & Ciocalteu’s phenol reagentS 2715t
Ale o] oFAlofax] 5E7ZF ¥FSSIch O 3 7% sodium
carbonate 10 Z22 4 mLE AU 252 25 mLE
Sttt o] A2 dAoA 2417 Ft AR v #3878
l:,_;q]E_ o‘| o]-o:] 760 nmoﬂ/ﬂ EEJ-EE_ zx-lé].o:l (¢} u:‘[ 2_ =z
& T2 mg gallic acid equivalent(GAE)kg DW= L}E}
W 21tk(Singleton & Rossi 1965).

0})|-
Y ruln

olr{ lrl

-loll f }011

I F9 olgled W nlgEeHA B4 2AL 517

8. &ttst &ty

ABEAZEE A7) 12 I Fae) PusEe
DPPH &t & 47 &4, ABTS =& 47 &4 9 FRAP
A& &£4519 . DPPH(2,2-diphenyl-1-picrylhydrazyl) 2+t
A &7 ZAL Blois MS(1958)2] H'H-S 4=745lo] ofz}ok
100 L= DPPH &%(0D:1.000) 900 nLe} &3}s}o] A2 ¢
Aof A 3027t ¥H-S & BFFE=AE ©]85ke] 517 nmof| A
THEE =519 o™, o]& mg butylated hydroxyanisole
equivalent(BHAEYkg= UEF 1T},

2-2’-azino-bis(3-ethylbenzthiazoline-6-sulfonic acid)(ABTS) ﬂ-
Uz 4752 Biglari 5:(2008)9] HHS 75t A¥S A
B o 20,05 AT $1 90118 £T % 4
2 AANA 65 B2 BESE & EFFEAE o]-&sto] 73
nmof| A T35 SASHIT ABTS #HZd 4752 mg
ascorbic acid equivalent(AAE)kg DW= LEFJ AT

FRAP(ferric ion reducing antioxidant power) =72 Benzie
9} Strain(1996)2] WS 5kl AdS APk o7
o 50 uLo} FRAP €9 1.5 mLS &% ? A2 A 30&
AT T BAREAG o] 83i0] 593 nmol M FHEES
27599t} FRAP 3932 mg Fe(ll)kg DW= YERY Q1T

H

AG71700] e AHeSAEEE H7 o3 99 gt
A, 52 0 Fgo] 1)1, qA2E S8 24a1Ah
WA= stomacher bagol] A|EE YL T 0.85% AT AYG
S22 108 A5t Asw2 7] (Stomacher LS-1250A, BNF
Korea, Gimpo, Korea)& ©]-&35}] 12027t #2353t} o]
T 10008 SA B4jstel ARE FuskEom JHT A
F 1 mLE YYHA|HF Petrifilm™ aerobic count plate(3M Co.,
St. Paul, MN, USA)°] H&3}9itt. 8iR| S 35Tl A viF T
Hets Alpsto] s, dE2d VS S AR 1 g
F log colony forming unit(log CFU/g)2. 2 UEHYIt &%
42 Fgols A719] Wt FYoHA AAIgE & Petrifilm™
yeast and mold count plate(3M Co., St. Paul, MN, USA)E o|&
Sko] 120417 9F 25 CoflA HiF & HehZ Alesto] &2l
stlth. tidatat2 4719 WT FGsHA AAR &
Petrifilm™ coliform count plate(3M Co., St. Paul, MN, USA)Z

o-g ko] 24412t B9k 35CAA WjF F WS ASsto] o
QIstsiet.

d

0. SAHAzZ
7t AP AT 39 HhEAg] B + BEEAE LEh)
1, EA A2+ Windows& SAS 9.4 version(SAS Institute
Inc., Cary, NC, USAYE ©]-835}0] p<0.05 =F0|A] EAHLA
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R
e
o
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)

AAIEE &, Duncan?] o5 9
H(Duncan’s multiple range test) 0.2 3942 HZE3IH

O_u

(analysis of variance)<

A%
=5

1. 95, pH ¥ HE
AEEASEE A/1S ST Fukale] 447170
w2 g% 9 pH #Wske 243k Zuks Table 10] GERQ
o BE A9, AFEAEEE W7t PR Az A%
2 FE= 6900130 0H, AFFAFEES 0.03%,
0.05%, 0.1% A7}st A 3= ZHZE 6.90, 6.92, 6.900.2 8-9]
o g Afol7}h g A0 LEthp<005). E3F A47|7H
UARTA) A GES 24T Al s FojHow
Aol7k Qi A0 ehthp<0.05). 4FEAFEE B/t
PHEA ] A% A 27 AB pHE S680]70, 2
BEAZEZES 0.03%, 0.05%, 0.1% H715 AdF= zhzt
496, 492, 4822 Ueh} AEEAEEE Hotego] S7He4
2 p7h §OH R Yok HoR Ueidthp<005). &
BEAREE WIS I RS A B pHE 2
A A3 ARTIZe] BAESE gasks %S BT
0~149] x11P7]7P0ﬂ T2 pHE 2T A 5.68~5.20, AHE-E
A2ZE 0.03%, 0.05%, 0.1% A7FEoA 2+ 4.96~4.85,
4.92~4.76 9 4.82~4.68% LEFFT) Park & Chang(2003)2 A}
BEAREE RIS A AX A HBEAREE
BUAA Artgol K84 pHt Pachs A% et
RIek RISt EE, Kang S013)2 ABEA +5

2 A7PF 9&olg £4 Aol vA= JFE AR A3
oA AgFAF S5 7ol o8 pH7F FAastl o A%
/1210] F7AaHol Wzt phv} ROl 2 20k L 1
ehpgithn BBk,

HeEA5EE HA7HFS 2 S AR 7|2ko]

2 HEg 249 47, 004 2 TYAINE J2T o
ABENFEE WAT BF ROHO Ao} gl Ao
2 UEtHp<0.05). AX712E 1442t A= BE A=A
Hush gashs A0 Uebdth R el fuod
E A (rheological behaviour)o]] 9GS w|x]&= thoFst Q219
L eR BRI, SRUE, 5 718 TRRAT 5
1 €EA ol B 11519 1 (Balestra 5 2011), o] 2|5t 79
L5843 HE B0 U Ry TR 00 BYY 4
280l Aug HRE fAAE Al Hiskld

[©)

=

' N
_l)'

=)

o N
|

2 A7 7 Al QA7) dAaR sk
ArA0lo] HZo] LolFIRHA 27 WSt FAro g A
e W FEL Bk H 8% 27 59 sheltt
(Choi 5 2022). AFEENZEE H7lFS <3t ofufid
o Ag717toll ;e A= 2 AW S SASHHAL T1 die
Table 201 YR It} 022l A 871& YE= Lgk2 o
ZT7F 80.28, AHGEAFEES 0.03%, 0.05%, 0.1% H71et
Ao A 22 83.13, 84.37, 88.102 & LJERGTE AHgEA}
FEE WKl IS WU RelHeR Sk

Table 1. Brix degree, pH and viscosity according to storage time of onion puree added with grapefruit seed extract (GSE)

at different concentrations

Concentration of GSE (%) Storage time (day) °Brix pH Viscosity (cps)
0 6.900.00*) 5.68+0.00 5,656.79+50.00°

0 7 6.900.06" 5.34+0.06° 5,656.79+60.00°
14 6.900.00 5.20+0.10° 4,159.00::200.00°

6.900.00° 4.96+0.01¢ 5,493.00+20.00°

0.03 7 6.900.04° 4.94+0.01¢ 5,493.0020.00°
14 6.900.05 4.85+0.01° 4,200.00:£521.00°

6.92+0.04° 4.92+0.00° 5,317.00+20.00°

0.05 7 6.91+0.05 4.82+0.01° 5,317.00+20.00°
14 6.90+0.05° 4.76+0.01° 4,108.00+561.00°

6.900.04° 4.82+0.01° 5,192.00+20.00°

0.1 7 6.900.00° 4.76+0.00 5,192.00+20.00°
14 6.900.00° 4.68+0.01¢ 3,983.00:666.00°

D Means£S.D. (n=5) in a column followed by same letter are not significantly different by Duncan’s multiple rage test (p<0.05).
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Table 2. Color value and Browning degree according to storage time of onion puree added with grapefruit seed extract

(GSE) at different concentrations

Concentration of GSE Storage time

Color value Browning index

(%) (day) L* a* b* (420 nm)
0 80.28+0.01°" 1.88+0.04° 21.93+0.02° 0.25+0.02°

0 7 76.88+0.03" 2.43+0.02° 23.80+0.01° 0.31+0.01°
14 76.08+0.06' 3.79+0.05° 24.50+0.02° 0.40+0.02°

0 83.13+0.028 0.63+0.01" 20.47+0.00° 0.14+0.01°

0.03 7 83.08+0.01" 1.02+0.05° 21.27+0.02¢ 0.17+0.01¢
14 80.31+0.011 1.3240.01¢ 21.64+0.01¢ 0.18+0.02¢

0 84.37+0.01¢ 0.40+0.02! 18.43+0.011 0.09+0.018

0.05 7 83.27+0.01° 0.040.04" 18.80+0.01" 0.10:£0.008
14 84.24+0.02" 0.55+0.03¢ 18.94+0.01¢ 0.1240.00"

0 88.10+0.02° -1.89+0.01' 12.03+0.01" 0.03+0.00’

0.1 7 86.84+0.01° - 1.36+0.02" 13.87+0.01* 0.05+0.01'
14 85.78+0.01° -0.90+0.02' 13.98+0.01° 0.07+0.01"

Y Means+S.D. (n=5) in a column followed by same letter (*') are not significantly different by Duncan’s multiple rage test (p<0.05).

Ao g YeRdth(p<0.05). AMEE Yet= aghe] 420
= 2TV} 1.88, AHgEAFEES 0.03%, 0.05%, 0.1% 3
7¥st Ao A 2z} 0.63, 0.40, -1.898 FojH o= ZhA
St A3e HAHE<0.05). FHEE ou|shH= bgt tiE
T 219302 YERGY, AEEAEZEZS 0.03%, 0.05%,
0.1% A7Fs A QLo A 2z} 2047, 18.43, 12,0308 §-9] %]
O % Fadhs AFoE YERTH (p<0.05). AAX oz A5
TAFEE F7Ho] S7Fel wet ¥r17F S7kskal A A
= U.l _o}/lﬂ l:,_7} 71—/\6].}_—_ Aoz L]-lﬂ-‘/"r/]- 7\{ 11-7] 7}01] E]__g
A WA E AFFFTAFEEE FAZF (RN

717} 744 wo| Z+asto] A& 14U} A 76.08% LFERG T
A BZAZEES 0.03%, 0.05%, 0.1% F715t A Lo A=
Z}7} 80.31, 84.24, 85.78=% UEFT} aghe A 14U3} Tz
TolA 3792 7P =%, te 2 A TR ti2t
24308 A ERTh A 1403 ABEAREES 0.03%,
0.05%, 0.1% A7F3F A Lo A= zk2zF 1.32, 0.55, —0.900.2
YEFTE bl A A 1493 t 27171 24.500.2 71
=0k, A 79271 238002 T o2 H2 FMEE L}
Uit AR 1493 AEEAEZES 0.03%, 0.05%,
0.1% 715t AP Tl zHzE 21.64, 18.94, 13982 LERE
o AR717e] g FuE 9] MroA AsSAEEE
A7¥go] S7FE4E agld) bgte] S7HE Alske 2=
YEPTH dRtd o s *4%94 A F BEE el L3k
I AMEE Jeh s aghe ZHEo] A B2 o] 85d L3}
o] 49} agtel ~7}_ 73*%’1.05.”— Of ]t tH(Erenturk 5

2005).

AesATEE A71ES g S A7 7kl
0E ZAHEE ST A3, 0gAolA R 025 Ae
AZZES 0.03%, 0.05%, 0.1% F7Fst A gdLoAs zkzt
0.14, 0.09, 0.032.2 Yeldtt AEEAFE2E H71go] &
7V E AHETt foHog Fasks AoE UET
(p<0.05). A%717ke] e FuFd Y dHEE £ A
ME A% 14UA; P27} 04002 7MY =2 ZARE
YEH L, thEo 2 A% 78R 247t 0312 w2
HEE YeEP It BHHo, A5FAFEE H7Hgel 57t
s o AL E e Ao7 Uiyttt AR7|7H
0~14L X} A AFF-EAFEEE-S 0.03%, 0.05%, 0.1% 713t
ofmlad o] Z T 7Hz} 0.14~0.18, 0.09~0.12, 0.03~0.07=
e A8 A452E HA7FEF 0.1%004 7P B2 2He
E YRyt Park 5(1998)2 A& & At gujo] Zun
E AR Aol fojH o Frbstithal H sk,
Son 5-(1996y2 A7He S/l wE Iuts5H Y FEMNg}
BIE RARE ATo|lA djR2FoA AF7|Tte] F7HEH
wet FubsSdo) AVETF S7h= ATE Eota B
Skt o8 AFEo| oot Fubo] AW WA|5k] 9]
A& citric acid®} 22 H7HEE H7ISHAW(Son 5 1996;
Park 5 1998, Kee & Park 2000), A4 2] & ¢]|x]7] ZAof| 2
st 84 BEEASE B9l 29 A 9 vAYE JAE B9
A F0) 9t Ao =g & 4 ATkl B a5k tH(Choi
= 2022).

i



520 ojlxA - YA -

3. & E2E0|=E ¥ & E2H =g
AsSATEE 7S Gt S A7kl
0E F EE ol g 9 F EduE T 4 Fg
1 & Fig. 20 Yetigich. & St ol 3HFo] -, 0
Atof| A 27} 928.28 mg REkg, AHESAFEEE2 0.03%,
0.05%, 0.1% F7}st A g Fo A= zHzF 1,491.41, 1,800.00,
2,072.73 mg REkgO & UEIHTE AHe-5455 J7Hgol &
7VE fojF o g F EetH ol EgtEo| FUleke A2
2 U (p<0.05). A77|7t) 0~14Y3} B9t AH5-SA S
EE A7MEE 2 dudlY & EetE kol S
ARG A3, A7 7ko] S7FE S g2 9 0.03% H7t
TolME FEAH TAdcts AFS Hole Ao eyt
o} i 27-9] 9ol 928.28~300.00 mg REkgO 2 #1737
kol 7V E T ETfH ol 30| 3UA} o|FRH
daste] sUARE FASH Fasches AoE UEHt
(p<0.05). EZL, AZ7|7tol| 0~14LAoN A AEEAFEE
0.03% HA7HE= 1,491.41~622.00 mg REkgO 2 YERFOH,
%27 & ESH Lol EFFE R TEY Ledl =9ty A
Z 3YAEE FHoHA Hachs iES Ho A% 14U3t
ofl= 2.4 ZAastlet A717re] 0~1442F 53 AHeSAF
225 0.05% D 0.1% F77= 22 1,800.00~1,585.00 mg
RE/kg, 2,072.73~1,994.00 mg RE/kgO = EFFT Lachman
5(2003)> AA717F 9 Ao wE A3 A oFut
ol Al #7F717ko] S7Fedel whet AME Fgol st &
ZtH ol & $tfo] A4St B 15T Shin 5(2014)
= gutd o R b= i FolA 7MY w2 F EE 0]
T S 7Y, FAAE 2= F|E A € (quercetin 2 &
HA Qlota Baskict ko] EEtE ol B9 A2
714 22, Al D A7 22 ookt Al 240
ol YF= o STt ot P F EYH T
of A<l FF vHT FA UAHFYTHLu 5 2011).
AesAFEE A7HES 2Eg S A7kl
£ T s ST 2 04 oA xRt
1.08 mg GARkg, AEZAEEE-S 0.03%, 0.05%, 0.1% F7}t
3 Ao A zhz} 1.55, 1.85, 2.33 mg GAR/kgO 2 A7}t
Fo| T7HEEE T ETuEgEe] S0k AR ey
o} AA7|7F 0~14L 2}l A TR 1.08~0.24 mg GAE/kgO.
2 AA717k0] F7Fgol wtet G4 5HA F4sto] 144At
4581 FASHAT ASFAFEEE 0.03% F7HOlAE
1.55~0.46 mg GAEkgO 2 AA7|7k 392} o] ZHE 7F4s}
o] 14gatol| = 344 A= A0 R YEbgTh AHeEAE
EE A7 005% 9 0.1%= Z4Z 1.85~1.35 mg GAFE/Kkg,
2.33~2.17 mg GAE/kgC. 2 UEFT}. A&0] &Asl= &

HE 9EE0] EA|5}H= aromatic phenolic ring®] free

222 - 2444 ARG FESIF|
3
a a a a
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Fig. 1. Total flavonoid content (according to storage time
of onion puree added with grapefruit seed extract (GSE) at
different concentrations. Different letters indicate significant
differences by Duncan’s multiple range test (p<0.05).
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Fig. 2. Total phenolic content according to storage time
of onion puree added with grapefruit seed extract (GSE) at
different concentrations. Different letters indicate significant
differences by Duncan’s multiple range test (p<0.05).

radicat SPYBHAA ST BB JHIcka el o)
ChLee 5 2022). Hl=/d EE S hydroxyl(-OH)7|E 7HA
WY EL Ve A BAET 2Pk, 53] Guds
A SHL VYR Axet A8ste] AAANE S8
AA FAE), F 5 o AgAgol doldita &
UTH(Lee 5 2019b). Prakash 5-(2007)2 Fto] 8 E2|H=
EZ-E ferulic acid, gallic acid, protocatechuic acid, kaempferol,
quercetin®|2}a! H 175}t

|

o ©

=2
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4. Shibstaty

AeSAFEE HA7FFS 2eieh dubdel A3 717t
-2 4K DPPH 2t 2 475, ABTS 2o 2 47
5 % FRAPS H415191 01, A= Fig. 30 Yetiglth |
A, DPPH 2t d AA5& 5743 23, 04Ato)A thx+
+ 0.39 mg TEkg, AHeEAFEES 0.03%, 0.05%, 0.1% 3
7¥st A @ 7oA 242 0.53, 0.89, 1.17 mg TEkgO & e}
Wt AeEAFEE F7FFol $71d45 DPPH 2o E 4
AZol FoF o ® F7l5ke AR YEHHT (p<0.05). A
B717F 0~14G 30| A T RTEE 0.38~0.04 mg TEkgE A%
3UARY FAsto] A% 1493 o= 9.58) At Ao=
Uebgth AEEAEEE 0.03% F7HolME 0.53~0.30
mg TEkgO = UBHOom, A% 5U2} o] SHE ZHAsto]
A% 14430 = 1768 A5HAT AHSEAEEE 0.05%
HA7HE 9 0.1% A7H= ZH2F 0.89~0.73 mg TEkg 2 1.17~
1.09 mg TE/kgO & Vet RHEEAEEE 0.05% A7HE
o= AR7IZE 5YA; o] FHY TAdh=s A= EHIUAL,
0.1% 7t A= A 717E 1093} o] 7 o7t 746}
= ZA0E YeTth

ABTS #©HEd AAGS 0gAA Hi24E= 077 mg
AAF/kg, AHEZEAFEZE2 0.03%, 0.05%, 0.1% A7}5t A3
TFoALe Z47E 1.09, 1.72, 233 mg AAEkgO 2 AE-ER 2%
 H7Fgo| S7Fd45 ABTS 22 &AZ/o] 930
2 F7hte A2 & YEHHTH (p<0.05). A74717F 0~144 2}
A R TE 0.77-0.35 mg AAE/KgE 2.28) A5t A&
EAZEE 0.03% F7HEOAE 1.09~0.65 mg AAEKgO.2
Le7H} Fastnh AT ASFEE 0.05% D 0.1%= 22t
1.72~1.30 mg AAE/kg ¥ 233~2.25 mg AAE/kgO & LEME
oh ASEAFEE 0.1% H7H] A5 A% 0~1092714] &
‘gol FAET7E 1483}0]| 0.08 mg AAR/kg 45k

FRAPZ 0YX}o| A 2= 0.45 mg Fe(Il)kg, AHe-5AF
FZE2 0.03% 0.05%, 0.1% F7I3t AFFoAEe 24zt
0.70, 1.44, 1.99 mg Fe(Il)/kgC &2 F&& F7}5Fo] Z71d<
& foHog g4o] F7et= A2E YERT (p<0.05).
A7 7E 0~14L 2o A] T R 0.45~0.00 mg Fe(Ilykg Q.=
A7&717E 10927 E 8/go] glojAl= A= Yehydth &
BEREZE 0.03% H7FEAE 0.70~0.25 mg Fe(Ilykg 2.
2 A7) S7VESE fAache AdFE A A5
AZEZE 0.05% D 0.1%) 4= 242} 1.44~1.06 mg Fe(Il)/kg,
1.99~1.80 mg Fe(Ilkgl & LFEETE. Stratil 5(2006)2 T}
Fe AT B BESs 9 4E) 3RkE Y] Wty
2 v F83% Amoln, of 7HA] 4ke A
&oto] Akt B SHATCEN FEtt HolHE €&
T o oE Aot v A aitE o e F85t
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Fig. 3. Antioxidant activity according to storage time of
onion puree added with grapefruit seed extract (GSE) at
different concentrations. Different letters indicate significant
differences by Duncan’s multiple range test (p<0.05). (A),
DPPH radical scavenging activity, (B) ABTS radical
scavenging activity, (C) FRAP (ferric reducing antioxidant
power) assay.
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tha B 5Tt Scott G(1997)2 371 YL & H g

Y= GH o] en, ols HEe F FRoA
hydroxy “13&-9] =4 @RS Fool|lA] 7]QlRtttal Harsh

P
Tt. Bahorun 5(2004)= Futo]l EAsk= AAE wigAl= o
€ deA S22l vidl 2HEd &A24d0] AR & 24
o] JdiHer Yrty HI5kYIr.

5. OJME =+

A2 A7FEE 2Ee dua e A%
o2 AutA, e, A2 2 Fgolo] HElE 4
A= Fig 49 2o w2 HE AlRoA EHEE
I, ARkAIFY] A AR71ZE 0 A oA B 2= 3.31 log
CFU/g 2011, AFS-EAFEES 0.03%, 0.05%, 0.1% 3
7R AlglTtE EAECI 29 A9 A 7Tte] A
ol what 3.31~4.50 log CFU/gQ] HYZ FolF oz F7fst
= 20 & YEHT (p<0.05). Bt AHsSASEE A7
oA A7t 0~1483F Bt YHtAlTo] BF BHEE
Aot 529 A9, A7 0GApol| A 2 E S A
FEE A7HOIA EFEEHAY. 18y, g2 s A7
Zro] Angof met F7boke AFE AN A% 1430l =
4.00 log CFU/g =74 HEE At AHeSAFEE 27t
TFolAs AR7IZE 01493 59 B BEFEEAY. 55
o]9] A% A7t 0dAe A BF EHEOIUHY. A7t
10YA7A] 2 D AESAFEE F7HolA B5 &4
SE QAT 22, A7 1483 oA B2 Eofl ARt 2.00
log CFU/g s=320llA] &=t} Kang 5(2013)& HFolg
4 g3y 2% A AAFEEQ AeSAFEEC] BE
QFg ol WA= BT thste] AFSE Ao FEE H
THEol A A 3043 7HR] StrE Ak S Eelst
Aot Huskelh AAeSAFEES Fuid 9 HeA T
Aol gk At A7 7 e A0E dEA o o
o] EXHES Rote] FFH} BHHE Qlol= ol &
43 =42 & dHA Ath(Park & Kim 2006). AHE-FAS
<& g4 naringin 52 flavonoid JH-2 B]EEL] AL
9 9 Azute] 75 FA7aL B4 BE Aok
DNA/RNAOA H]ZRE= A EFA]7|2-Z AA5taL, vE
of gt A=tayrt A A 500 ppm FEO| W2 SAulER
I Salmonella A Aol E7} QUekal A2A o™, HiA <,
AL/t St 59 ASE ol BF FHAUEY
S /I3 Yutn BuEa ot ®3l 24 A o|Est
(chelation) 81}, F=Ao] G a1}, J-8|7|(free radical)
54 a7, FdF 2, FotEHE P/ (antiatherogenic) B},
Aok 2] It streptococeus mutans /372 AA| o= &
T 5 TRt 715482 7HAAL Qltk(Yang 5 2011).
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Fig. 4. The number of aerobic bacteria, mold and yeast
according to storage time of onion puree added with
grapefruit seed extract (GSE) at different concentrations.
Different letters indicate significant differences by Duncan’s
multiple range test (p<0.05). (A), Aerobic bacteria (log
CFU/g), (B) Mold (log CFU/g), (C) Yeast (log CFU/g).
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Qo W A=

AesATEE AHEe 2Este] Az dutsrd e
ojsisty ¥l mdEetd 545 AR AesATE
= A7Fgol wE dutsrel el 9] A9 fel A Aol
0]7] QF3kOH(p<0.05), pHi= 7o) S7HE= 571t
RAL AG7|7k0] S7FEE fAashe A B H=
= A7kl e fo4 Aol glglow, A7z 14d%
oM HE AlROfA Hadhs A0 R YERdTh Mms A4
HOoB AgEAFE= UMl Skl wet Lgkol S7F
3k gt 9 bgto] Faske A0R uehgth 49771

£ ouhtd|e] ArolH AgEAEE 7] 271
5% agt7t bzke] S/t dAEE Ao vehi ZE
AANE H7tgol Z71e4s AHEs} Gogozgast
AL BYThp<005). & St =R, F BHEg
% 9 FAIe} SH(OPPH 2] F 27%, ABTS 2ht]7 47
T 9 FRAP)2 ABEA5EE W7Hgol 57125 571
She A2 Ak B ASTAFEE 0-0.05% H7HE
A= AF7IZEe] S7rete] wet daste A2 ZAL
W, 0.1% 7oA A7 108A4714] 11 870l FA15 94
I AR 14470l RzE ke B Bt AedAE
52 R ALY duAH, 2R 9 #%ole A%
713 4R BE EAEEHAT ols ABTAFEE
o] Holt Futadt 540z <3 e avte doEn
2 A2 HE 9 gkl AesAEEE A7k ol
SFeHH 50 92 FA oM A T vidE A
AR 27 7157 B 7P H7HAEA g
o] FAEA 3484 TS F= o= weH
A7FEE 0.1%7t 7P AEE e wdEh

2 =52 5335H A9ES} #AE7|e M AFANY
o] el osff 3= A A (PI016168012022)0]™, 73
e fPoz AT AT 712 ATAFY (NRF-
2021R1A6A3A01086896)2] A Y-S Hrot =35 ALo|ct. T
gh wSHO] HPo R Jhat 72 ASA LAY A7FAT
A7 8] 1 ZATE] (2022R1A6C101B724)2] A5 Hrot 3]
H AFZATAY olo) AAtEH YT

s}
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Changes in Physicochemical and Antioxidant Properties of by
Enzyme-Treated Super Sweet Corn Extracts
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Abstract

To improve usability of super sweet corn, extracts were prepared with hydrolytic enzyme and changes in physicochemical and
antioxidant properties were analyzed. Soluble solids and reducing sugars contents were higher in all enzyme treatment groups than
in the control. When enzyme treatment time increased, contents of soluble solids and reducing sugars were also increased. There
was no significant difference in lightness between treatment groups, with redness showing the highest value in the control and
yellowness showing the highest value in the invertase treatment group. Free sugar content in the control was the lowest. However
free sugar content in the enzyme combination treatment group was increased by more than four times compared to that in the control.
Contents of ascorbic acid, flavonoids and polyphenols were higher in the enzyme treatment group than in the control. In particular,
the enzyme combination treatment group showed the highest content. DPPH and ABTS radical scavenging abilities were significantly
higher in all enzyme treatment groups than in the control. Radical scavenging abilities of cellulase treatment group and enzyme
combination treatment group showed high activity. The activity increased when enzyme treatment time increased. The combined
enzyme treatment method for super sweet corn was suitable for food processing.

Key words: super sweet corn, enzyme treatment, physicochemical property, antioxidant activity

M = ol R ol Ut (Park 5 2019).
ZFL2-%(Super sweet corn, Zea mays saccharata Sturt.)=
St (Zea mays Ly 0, 83 97 A 30 A BB ©e4a0] 9B il Sarct BRI} Ron, U
24 20004 7% 74 wol AAIE T Qi B 22 AL o] AMo] Yol Ke u Tz L ofdd AR &
28, ZvEg, A8 5 ookt 858 AHEIT . (Pak 5 2022). 54 dubogz AR YIH(starch
(FAO 2022). &5 72%7F ZEoln] 1 9 thild, 2%, biosynthesis)S & A& 2 A% F TS AEO=Z s}
Aoldf 5o& FAE o] AL, BRI FEdilol =4 o]u] ADP-glucose pyrophosphorylase F42] Z+-gof 9]
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3 A= H(Ballicora 5 2003). 12U 254 A
ABetd 24 8491 ADP-glucose pyrophosphorylase®] 24

A5z shrunken-2(sh2) EHHO| F-HAE AR5
o] Ao r WFHE AL A5t w2 AT A=
THAbe & Adelegan 2019).
ojlggt E42 2FE&a ol =2 Tty dut S50
= UE 579 A3 FoistH Back 520202 AAHS
oA HEIE BAE S FF 4ulAg0] WA
o7 7 A0 ' A= o] oty JY 1HE A EAY
A Aol wreka steick

T, 2SSAE BTl £1 0jB e ¥L x
oA $EtE= &0 qlof MdHY] 4% AEE AY 5
AFLEst EOW 2F0%% U F o] HEOZ w2
Al W3t A = {5 T AP HEA HoiA]
T, Bhle) AEL Foletel Kt A T UEA B0
AgterA Bk B e B gFo s Ws v
& % B3l wofoll Fsty] ol AH]7|gto] ARt S
Hc T BUL /AT ek (Yang S 2007). WA of
9 2e 2P0sre] BHS BATY S Ut T 127
& 9 A= AT B840 HFHU

AE7H7E T AlEANEOA BAAE Zled A
£ ASA7IAY Ao Hal, &8 2 237 24
o] £A 0 g thFstA AREEIL QltH(Lee 5 2021). ©]2F
o BaAE 71ee 2PSw0] BEES HAT & UL
o2 7ldEw &35 a4AHE Soto] Ar=E SHAIA
HEAAZAL e A4S Y & %S A0z 42
ok =y, A7 = SHelA s 2S5l B4aA T
N2 488 A7 ABS ol 4 girk

meLA, B ATOIAE 28sne] B8 58 ZAA
717] Ysto] &=of| cellulase, pectinase, amylase, invertase 2
ol EAEC] YR 2Ye4s F2BS AT
o2 ol W WASH WY WS BAHAT

%

E

Koo
0,
AN 9 o e

rCoofl 192

W i ot

aaAEd] ot 2FEes FEE

olsetd @ ksl S4o) ws) 527

R

1. A=

2 Ao AR 2SS 2023 = 7HofA 8HO
FAEE YL EAE s7HlA FAste] g SHiE
£Hote] It AlRE ARSIt 2FEeo] aa
& Qoto] ARESE G4 & cellulase, pectinase, amylase,

4
invertaseS AF8-5}

N
n

ST 2AXE| AlZ M=

2G84 T2AY AR AZE Lee 52021 PHS
Fxstel 2Ye4e AR ArBe st BOW,
distilled water)& 7}5}0] Table 19] ZAJo] whet A| &35kt
ojmfo] FAAFLE FA Y R, cellulase A
(Cellucast 1.5 L(700 EGU/g), Novozymes, Bagsvaerd, Denmark),
pectinase A 2] (Pectinex Ultra SP-L(3,000 PGNU/g), Novozymes,
Bagsvaerd, Denmark), amylase #]2]<-(AMG 300L BrewQ(300
AGUY/g), Daejongzymes, Korea), invertase*] 2] -(Inverlyve P(400
IGIU/g), Daejongzymes, Korea) & cellulase, amylase?} invertase
14 YEARTELR St & vhRt 2GS 4=
ZFrasladet 52 d7heko] 1AIZE, 3417 A7 B9t 2
7+ 55Ol A 80 rpme] 202 wylshEA EAAHE A
YSFATE 1L 5 3,041xgol| A 30827 YA E RISk oIS 3
3] HHESke] A&silon ad S8ASE fste] 90T
A 3027 AFsto] AEA7|3 AHEE S J5AS Al
22 Agaiqt

3. 7124 18R ¥
o4t Ao Z47ke] AAS AZPER Helstn
FEE9 7HA 13E I 382 =E 9d=A
2, ATAGO, Tokyo, Japan)& ol 85to] Z43tg.00] 3
SR dinitrosalicylic acid(DNS)Of| 2]t H] A} (Chae 5

e
<

&

P

rj‘gf\
of

Table 1. Formula for preparation of the super sweet corn enzyme-treated sample

Cellulase+amylase+

Sample Control Cellulase Pectinase Amylase Invertase invertase
Super sweet corn (g) 100 100 100 100 100 100
Cellulase (mL) 24 24

Pectinase (mL) 24

Amylase (mL) 24 24
Invertase (g) 1.2 1.2
Water (mL) 300 276 276 276 298.8 250.8
Total 400 400 400 400 400 400
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2000/ ol-g3to] Zster.

29253 O30 470 g4E AER st
gt 2EE9 AT MAA|(Model CR-300, Minolta Co.,
Tokyo, Japan)g AF&-5Fo] Hunter Llightness), a(redness),
b(yellowness) g2 83t 00 2} A= 39] S45to] 3
w3ES HEFH AT S0 AHEE HE WA LY, a¥, b
e ZFzF 95.02, 0.04, 0.260]91t}

20s @uo| 2A7te] 48 A7HER Hejsn =
S SHFL 045 pm membrane filterS -3}
Al713L Yu 5(2020)9] =50 whe} HPLC(Waters, Millipore
Co-Operative, Milford, MA, USA)Z =75}9 2™ columne
SupelcosilTM LC-NH2(5 pum, 25 cmx4.6 mm), Detector—= RI
detector(waters 410), O] 5A acetonitrile : water(75:25, v/v),
column 5= 40C=E sl =AYt}

29854 ARo] 2470] TAS AZMEE st F
St FEE9] A4S AEQ ascorbic acid, flavonoid 3F3HE
9 polyphenol SHHES] T 24 SAstol TF3 T} 20| &
A3} TE. Ascorbic acid?] TR ZF §4AAE] A|E 0.2 mLo]
10% trichloroacetic acid(TCA) 0.8 mLE 7}5F11 QA1 EE] 7o
Al 3,000 rpmO 2 557F AHEAIX] & oSkl oA 0.5
mLOf| 2% metaphosphoric acid®} 10% phenol regentS &£%}5}0]
Aol A 10827F HF*] & UV-Vis spectrophotometer (Uvikon
XL 70, Sacoman, Ales, France)S ©]-835}9] 760 nmoj| A &%

£ ZA519thPark 5 2008). Flavonoid 3F3HE-0] FHge
7} @472 A2 0.1 mLoj| 80% ethanol 0.9 mLE 7}3ko] o]
3t 0.5 mLo| 10% aluminium nitrate 0.1 mL, 1 M
potassium acetate 0.1 mL 2 80% ethanol 4.3 mLE Z}Z} 7}5}
T AFLOA] 4087 WA F 415 nmo| A S4E FHS =45
Fom HEEZHZE quercetin(Sigma-Aldrich)y& AHE-5FATH
(Moreno 5 2000). Polyphenol 3}3t&2 ZF G4 A& 1
mLO] phenol regent 0.5 mL2} 10% Na,CO; 1 mL, 75> 7.5
mLE A= Egsto] 3087 WA 3 760 nmoJ A S =
£ &350 HEFEEAE = tannic acid(Sigma-Aldrich, St.
Louis, MO, USA)Z A28+ THAOACH 1995).

£Fe5s AT BARY ARS JAT BYL 57

=
7] ¥5}o] DPPH radical 4753} ABTS radical AA5<

I ok

o2y
E‘:ﬁl‘
)
i
of
OO
1ok
o
>

459t

DPPH radical 2752 7z G4%g] A &E 124] 3|45}
A& 2 mLo| 0.2 mM DPPH 2 mL 7} & &3t 3 AFLof|A]
3027t ¥Eg ko] 517 ol FYEE 2H3LATIBlois MS
1958). ABTS radical &75< ABTS A]2K(2,2’-azinobis(3-ethyl-
benzothiazoline-6-sulfonic acid) 7.4 mM3} Potassium persulfate
2.6 mMZ A|X3E & SFF FF Aol AR Ak T
% glo] Ls 0|57} FEE R4 543 3 545 ABTS
AlF 1 mLoj 3uf] S]A43t G4AF] Al 0.05 mLE 75kl
2o A 9087t BHEAIZ] & 734 nmo] A FFEE S5t
AH(Re 5 1999).

8. SAHXz=
= Ao B4 tfo]g& SPSS 26.00BM Corporation,
Amonk, NY, USAYS o] §5to] W@t EZwa2 vehyg]
o, AYF 7t ZolE oneway ANOVAZR HATH F
Duncan’s multiple range test2 A& 7+ F-94S A5}

247

2470} @ pE

—_——

1. ZHS$ §AXE| AR 712M THE U SRlE
st&t &3

2FEg 430l aaAeste] Axg 2t A8 7HE
4 1P E Y AT T S Table 29 Zt} 7HEAS
TPEL T2l hRFEL 2.00-230 °brixE BE A
A2 5 HwotgE W oA oR 7P B e Y
BRI BAA Y AFHE F7HAF 0] et 7HE A L R
o] ol F7koh= A2 & 4= AT 53] AaAEE F
HE AL 1A17E AT Al 7.40 °brix®E RE Ao A
9o o g 7HAF wokd 3A]7F A2 A] 8.90 °brixE HAA

HAH ez 3AZE Wl 7t
ARES0] 3AIZE Wol7HA] &

P2 HeE HAd ol &

53] Qofiba 1 o] FREE A48 olut Aoz ey
%At
%

AT TFFY A iz AZPEE 27 1.86%,
195% 9 2.85%2] §Heke LERfjo] Azto] Skl whet 3
Ao FFo] Tkt AFS Btk AaA o AE
cellulase A 2] to] HRFH T} £2 FFS BAAT 2 &
A o] vel AAzE W 22 FRES YE it vt
d amylase HTFEL 1AZF HE] Al 12.95%2 27 i
oF 148} ol Z71ES & 4 Uitk 53] Ah PEHT
& amylase HE|FHT 1 FFo] AaAE AgbEw 247t
14.73%, 19.52% 2 17.34%5 T2 X 2] o] u]5lo] G020
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Table 2. Changes in soluble solid, reducing sugar content of enzyme-treated super sweet corn extracts

529

Treatment time

Treatment
1 hr 3 hr Shr
Control 2.13+0.15™" 2.00+0.00™ 2.30+0.00%
Cellulase 6.00£0.00" 6.07+0.06°® 6.40+0.00°*
Soluble solid Pectinase 5.300.00° 5.63+0.06® 5.73+0.06™
(°brix) Amylase 3.80+0.00° 4.50+0.00° 4.90+0.00"
Invertase 2.50+0.00° 2.70+0.00° 2.70+0.00°
Cellulase+tamylase+invertase 7.40+0.00° 8.90+0.00° 8.90+0.00°
Control 1.86+0.02° 1.95+0.15™ 2.85+0.03%
Cellulase 1.95+0.01° 3.28+0.02°® 3.66+0.05%
Reducing sugar Pectinase 5.63+0.07% 7.30+£0.29% 7.6240.09°
(%) Amylase 12.95+0.23™ 15.26+0.24™ 16.26+0.30"
Invertase 7.61£0.03* 7.64+0.06** 7.33+0.04%
Cellulase-+amylase-+invertase 14.73+0.15* 19.5240.23* 17.34£0.06™

Y Values with different superscripts within a column (*f) and a row (*“) were significantly different (p<0.05).

2 7P w2 TS Ul Ao Rl o= &
AAFR Qlste] A& 59| #lg LT Fgol St}
of 7H84 1FE %
A= 53] o]52
“-}0} O &4 YeES 74 :

52006)°] 7}Tﬂaﬁizioﬂ w2 550 B4 Hshs
ZSA} AolA 748 LBE S &
gl aaxe A o] & 43 Ut a2
ot fAbetu, ddas Aok a4 ¥EAL 719 & A
o|7} glo] AA0] TRl WE AFARLtE ThE AHE B
Rom o|gt To Ail= 2G84 55 119 FAHEE
£9] Apolot a4 FF 9 aLAF 24 Tl A7t Sl
7] f&Ql Aog AtrEI

L
UO"
° o
flo
o
P
NI
—\Ir‘
ot
)
i
2
ACH
M4
s
o

;9

2855 AFo] AL AXT 2 AR A
£ 3743 2= Table 334 Zth

T8 I (lightness) 2] 73-¢- T2} H]L5}o] cellulase 2] 2]<,
pectinase A 2|, invertase A 2]gto] @B A0 F UENGT
amylase 2|27t} B4 W-8A o] 273 vt 32
Hoor aax Azt g g2 Aole A 2= A
o2 et ANE eyl A BT Hltol
aaAeo] o) gadhs %S Uehsion B4R
Al E Fol AFE ¢ Aow Hyn PAw
(yellowness)2] 7%, tiF <, amylase A, A4 H-EA T
o] 2 E WAL invertase A 2ol 7H) w2 2

UEH e aax]2] A7l uhE WMok a4 A7l
71l met qiAldes dashe 43 HEAH-
Lee 52015y T AT 40} BG4S 0] 83 13 25
A Az Al P, AL gl FALE HE FZ o] HolX]
W2 AdS HEHHA 2T, Kim 5201552 &4 A S ©
&oto] i FE2 Ax Al B4 AY A HETt Sk
Age et AN} FAE0] F9 A aiof w2t
SHths S Uil e 235 Kol A eg Hot
A=t A7 i ot AolE Hole Aoz ArFHUH.

=13

Eo |

aAAEsto] A2t ZF AR FE
A AT Table 494 2} 20 BF 24

9. glucose, fructose, sucrose, maltose”} AEE oW, & &
40 w2t dE e 57 & oFol AolE HA
o 2] H¢ 1/\171} A2 Al glucose, sucroseTt HEE| Y
Ak, 3A17F 9 SAIZE 22 Al fructose”} 72 HEE AT
2] FEF 2 AHAIE Ul AEHe /29 &
ghgol B Ao v W AFE YEH A A=
aho] w2 feg T2 54 ¥8A o] 7P woka

S0 2= cellulase * 2]+, amylase A |-, invertase L
pectinase 29| -0 & YElTh a4 W84+ 4
92 glucose, fructose & maltose”} AEZE o A|7HER &

S TFFL 7.37%, 7.93% E 6.99%2] THFS LEM Q1T
2 Ado] AHEEAE 71dT Z-ERL|(Kang 5 2015)=
cellulase®] 7%, celluose?] B-1,4 B2 7I4E3fslE =24
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Table 3. Hunter’s color value of enzyme-treated super sweet corn extracts

Treatment time

Treatment
1 hr 3 hr 5 hr
Control 45.13+0.02°8Y 45.73+0.05% 45.71+0.02%
Cellulase 42.09+0.02°¢ 42.29+0.06" 42.5140.09%
) Pectinase 43.07+0.06" 44,770,044 44.67+0.05
L (lightness) 2AB B aA
Amylase 45.99+0.02 45.97+0.04° 46.04+0.03
Invertase 40.50+0.04 41.18+0.02°® 42.05+0.07°4
Cellulase-+amylase-+invertase 45.87+0.09"8 46.0120.03** 45.7120.03"
Control 1.04+0.03® 1.07+0.01* 0.94+0.02°¢
Cellulase 0.69+0.01%® 0.79+0.024 0.80+0.01%
Pectinase 0.91+0.03% 0.91+0.01° 0.86:+0.02°8
a (redness) bA B bC
Amylase 0.99+0.02 0.87+0.01° 0.840.02
Invertase -0.24+0.01°¢ 0.17+0.038 0.49+0.01°*
Cellulase-+amylase+invertase 0.9120.02° 0.93+0.02°* 0.76+0.02%
Control - 1.03£0.02%* - 1.52+0.02 - 1.41+0.01®
Cellulase 0.95+0.01°* 0.69+0.02°8 0.58+0.01°¢
Pectinase 0.16+0.03* -0.53+0.01® -0.57+0.02°C
b (yellowness) © B N
Amylase - 1.3120.02 - 1.110.01 - 1.08+0.01°
Invertase 2.94+0.02** 1.85+0.04°8 0.86+0.03
Cellulase-+amylase-+invertase -0.94+0.01% - 1.18+0.02°° -0.75£0.024

D Values with different superscripts within a column (*) and a row (*) were significantly different (p<0.03).

glucose®] =Fo] =OoF4 O™ pectinase= pectin =2 9] a-1,4
A3 7t EstA g Aol AFL3E 22421 pectin
E409] o] AL Ao WAE ]I amylaser HE9] a-1,4
YL RGO maliose?] Yol 27 A0
UERFT) Invertase?] 7%, sucroseS 715E-3}5}] sucrose
= §loj A 2L thAl glucose®} fructose”}t S715t= AL 2wt
553t

Lee 5(2008)9] =2} ol HaAe 2] e =2}

FEE DAl TS AFoA =3 APl Edaa AP A
A 2atoll Hlsl glucose®} fructose®] o] F7Foh= Axt
£ Hob FARE AFS HEPH O, sucrose?] FHFE A
F7hotel QRS chi T AAE ek oY T
Aelo] e elgel 74 9 9 Aol ARl FR. A4
o) 55 2 Re|2210] vt} ol UE A0 W

o T =
gS44 B4R AR
S ﬂﬁ\-ﬂﬂo}‘ﬂ Az
acid, flavonoid S}3}-E,, polyphenol 3}3}
I}+= Table 59+ Ztt.

Ascorbic acid?] ko] A9

ol

N
F>|-

alg M 53

St A|&9] ascorbic

£o| BFS ZHT 2

22 1ARE FEA] 7.18

mg%, SA|7k

A
L.H}\L./\

ZZ A% 7.18 mg%E FZA|7t0] T2 2 ¥
O & Yebgth I8y A4aAEEE S04 &
A HEAZTES A7 A Al 9.96 me%E 7P £ T
UEM A TE. Invertase A 8|71 G4 HE*] o] 84
A2 Al7ko] F7IRte] et fojA o g ohgro] FobAaLl
£ AT AL, Algto] whE hgsto] gt 39 7
F= HolAl= gt
Flavonoid 3}¢-&9] T tix
mg%PoH FEA|7to] ZNERE S
ofl= 14230 mg%2] orgE Hrh a4 ZM;LA 7é , iz
I H RS 1 BE G ATl Fe] foA o
2 371 & & AU E9] cellulase A2y a4 HE
A 272 300 mg% o9 dFFo® tiFto] Hlste] 7H
22 SIS Yeldo] E4X o] 28] flavonoid 3H3HE9)
ol 7S & & SISt
Polyphenol 3}3HE9] HS tlE2w-2 1AZF FEA] 19.12
mg%% oW FEA|7to] 7ol what 27.13 mg%oH K
< 3aAY AdTolA 2L} Hste] foHoR w2
e Ut 202 SRI=qltt E9] cellulase A 2|2}
4> B8] 2]5Eo] flavonoid 3HRHE 9] gFFof| A €} w714

&

to E

f
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Table 4. Changes in free sugar contents of enzyme-treated super sweet corn extracts
) Free sugar (%)
Time Treatment
Glucose Fructose Sucrose Maltose Total
Control 0.34+0.00" - 1.37+0.00° - 1.710.00°
Cellulase 3.65+0.03° - 1.37£0.01° - 5.02:0.04°
D Pectinase 1.09+0.01° 0.50£0.00*) - - 1.59+0.02"
Amylase 0.82+0.00° - 1.47+0.01° 1.0120.00 3.29+0.01°
Invertase 1.04+0.01¢ 0.77+0.03* - - 1.810.05¢
Cellulase+Amylase+Invertase 5.53+0.03" 0.74+0.02" - 1.10+0.01 7.37+0.05"
Control 0.410.00° 0.18+0.13° 1.22+0.01° - 1.81£0.17
Cellulase 3.38+0.01° 0.08+0.12° 1.37£0.01° - 4.83£0.16°
Pectinase 1.26+0.01° 0.58+0.01° - - 1.84+0.02¢
3 hr Amylase 0.89+0.01° - 1.45+0.01° 1.13+0.01 3.47+0.03°
Invertase 1.07+0.00° 0.77+0.02* - - 1.83+0.03¢
Cellulase+Amylase+Invertase 5.97+0.08" 0.75+0.01* - 1.21+0.07 7.93+0.18*
Control 0.45+0.01° 0.300.04° 1.13+0.00° - 1.87+0.05°
Cellulase 3.75£0.01° 0.24+0.01° 1.25+0.03° - 5.24+0.05°
Pectinase 1.39+0.01° 0.62:£0.00° - - 2.01+0.00°
5 hr Amylase 0.99+0.01° 0.08+0.11¢ 1.35+0.01° 1.26+0.01 3.68+0.13°
Invertase 1.17+0.00¢ 0.80+0.00° - - 1.97+0.00%
Cellulase+Amylase-+Invertase 4.86+0.05" 0.76+£0.01* - 1.3740.01 6.99+0.04*

" Values with different superscripts within a column (**) were significantly different (p<0.05).

2 2ZHT =0 SRS B0 Shahidi & Yeo(2016)=
23, o, i/l‘%], FE 5 AE 7 EAl S0l AlxE iE

20|A WEE 4 Tkl sto] 2 A3E SHHs| Feth

I:(2013)-4 an ﬂﬂ 75o] B9 Ak}t 24 ®st
S U]X]L GgFol H3t AFoA= G4 #2] A] F flavonoid
3E A & polyphenol sRtE ol F7tohes 23
£ Hol fARE A3 UEUTh Lee (2021)1_ gEol
B A A] FAEE A7 FFol ST1eHa A4S B84
gJ5to] AR Al 7 =2 A4S = ‘\):]l'%;e— Holotar o
A A= Qlste] AEAU 2Ao] dAdlE|o] &Y F B
& A9 FE50] TV AR waE

W2 ZF7F 41.59%, 44.30% D 50.75%8 F2ZA|7HS] STt
wet AASE Z7bske Aol AAAHEL o
I Hlste] HE APl FOHOR £ &

58 YeERF o, 1A17F A8 A] cellulase ] 2]70] 59.38%=
W e AL Yedoy fgo® a4 WEAeE,

invertase A/ 2] 2] 0= UERGT:. B4 A2 A7) wE
sl M= H2Ld mRZIA = A2 A|7to] F7tetel whek

BB AALE oA Aol
fol ¥2 BHE B
ABTS & AASL TR 0] 39.47-47.31%H 2
B2 AREAA GEE Bl BAol Z7RHE 4
e 9o cellulase EAX 80| 63.57~67.74%% 7}

=
- 8
_Q_

AL AP A WY ZaA

=)

F w2 B4 YR B, 54 A7 AlRte] Skl
et /o] S71she 432 UEllt ol a4 2
3]l flovonoid o}gtEE WIS ket 2SS dFel 7t
5}71 HEQd A= ARREIT

m 5(2023)9] E4X ] % 9 A|7to] T2 H2RA
°l FEE 540 #3E AFolA DPPH iz
ABTS 2ttjzh £750] 84 A A F7lol=

A7 3}
A1E vt

vol A2t fA1E oS et Eat a A
2|5t J2H o] =ZE0°] DPPH U ABTS ]z £A%0]
f80) 557} okolnet feow woie Ave
Uehde] wet 740 BEo] W WikE I 5

_EL
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Table 5. Ascorbic acid, flavonoids and polyphenols contents of enzyme-treated super sweet corn extracts

Treatment time

Sample
1 hr 3 hr 5 hr
Control 7.180.79°) 7.70£0.30° 7.18+0.79°
Cellulase 7.70£1.31% 7.36+1.67° 7.36+1.50°
Ascorbic acid Pectinase 5.11+0.29%® 8.57+1.04° 7.53+0.90"*
(mg %) Amylase 7.18+1.67 4.76+0.59® 7.36£1.08"*
Invertase 9.43+0.79"8 13.94+1.08* 12.90+1.59*
Cellulase-+amylase-+invertase 9.96+0.30°® 8.92+1.08® 12.38+0.79**
Control 51.1845.13 74.89+4.45% 142.30£10.96™
Cellulase 397.85+8.98* 301.56£22.55" 308.22+15.40°®
Flavonoid Pectinase 115.63+7.15%® 174.89+34.50* 103.04+14.28°®
(mg %) Amylase 87.48+7.15 134.89+13.52® 171.92+19.42%4
Invertase 166.00-+4.44C 299.33+18.19* 243.04+22.37
Cellulase-+amylase-+invertase 300.074+20.04°C 308.22+£26.948 392.67+30.55*
Control 19.1240.29 20.50+0.90° 27.1340.52°A
Cellulase 57.60+£1.16"P 53.51+3.33% 59.77+1.67"
Polyphenol Pectinase 46.40:£3.42° 48.71+1.21° 50.43+1.94°
(mg %) Amylase 40.38+1.49% 51.77+0.85>4 54.10+4.144
Invertase 31.83+0.32°C 36.07+0.35% 34.90+0.41%
Cellulase+amylase+invertase 52.05+0.92 65.73+2.37% 70.77£1.91%4
D Values with different superscripts within a column (*°) and a row (*) were significantly different (p<0.05).
Table 6. Antioxidant activities of enzyme-treated super sweet corn extracts
Treatment time
Sample
1 hr 3 hr 5 hr
Control 41.59+0.01°°Y 44.30+0.30°" 50.75+0.49°
Cellulase 59.38+1.40° 70.49+0.86 71.46£1.32%
DPPH radical Pectinase 46.54+0.913 65.23+0.10° 66.32+0.54%
scavenging activity B dA A
%) Amylase 48.23+0.48 61.68+0.63 62.46+0.37
Invertase 55.26+1.86° 60.96+1.53% 61.55+1.14%
Cellulase-+amylase-+invertase 56.02:0.54°C 83.63+0.45* 75.63£0.08°"
Control 42.08+0.42 39.47+0.70% 4731£2.17%
Cellulase 63.57+0.83% 64.12+0.95" 67.74+1.93*
ABTS radical Pectinase 5429+41.16° 54.4141.43° 55.69::0.89°
scavenging activity & B A
%) Amylase 43.72+0.53 51.09+0.41 53.51+1.05
Invertase 48.79+2.02® 52.58+2. 57048 54.02+0.84°*

Cellulasetamylase+invertase

48.95+1.01°®

62.9141.16**

60.88+1.11%

D Values with different superscripts within a column (*°) and a row (*) were significantly different (p<0.05).

29 50] AT Z2te] FasE HRET YAt

'li’
st A E] Higt A4 (Table 7)°141% polyphenol S+

£ DPPH Stz 275319 rgto] 07522 7MY &2

2 UEhon] polyphenol SHEHETH ABTS 2tz 4
o e ABBA0716F Hol= Ao eyt
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Table 7. Correlation coefficients among antioxidant compounds and antioxidant activity in enzyme-treated super sweet corn

extracts
Ascorbic acid Flavonoids Polyphenols Dif;lje;?;cgal Ai:i;g?;;al

Ascorbic acid 1.000

Flavonoids 0.386 1.000

Polyphenols 0.023 0.356 1.000
DPPH radical scavenging 0.279 0.526 0.752 1.000
ABTS radical scavenging 0.054 0.542 0.716 0.665 1.000

olgol ABE Hol 2FL55Y BEE UL N Y A AYL wol HHH et B 4GB

o ZheEs] a4E AYsar 1 AW, 7HA AFE,  ARIQO021RIS-001)T 2021 FR(AEF)O] AP T
+H9, et A 5 AEA Vs e 4T S AFAE A ds ol +PH T|Z2AFAIAYHNo.
o gz 2AGE SV = Ao H 2L 4 2021R1IAGA1A03046418).
o9 HAXYA BEHCH WEAYSHE o] HHAAY

2Resso] FEE 52 ZAN7Y 9IS
cellulase, pectinase, amylase, invertase 2! 0] &4
AR 2FE5S FEES AL o|3tehy
4 W3 E EA5HT 7 18R 2
Ztof Hlo| BE SAA LS| w2
A2l Alzto] 71ato] et 7hed TR o
o] F7kelSiT). B9 Ha WeAzol A
Ryt xS A%, YR A2T7 2 Aol2
Aok HM L fxFo] e Zhe, FHEE invertase A
elo] 7 &2 gt vehalch Sel9 ke tzzol
e WS HAT Ba WEAA Selgel Hatol
zzol u]3f oF 49 o) F7holelc. Fatst e ek
of| ] += ascorbic acid, flavonoid S3}3}1&., polyphenol S}3HE =
= gzl vetol BAHT] £L FFS HYow &
o B4 WEAZo) 1 £ FFE ehct. DPPH
SOz 275 W ABTS 202 27450 E gago] v
sol RE B4R ZIN fOHOR Re Bz 475
& Uehte ] cellulase 4223} B8R 20| BE 2
He UERAT Bade) Azl F1Ees BAE 571
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Abstract

We investigated the anti-inflammatory effects of shiitake mushroom and kelp (SMK) mixture extracts in lipopolysaccharide
(LPS)-stimulated murine RAW 264.7 cells. Treatment of RAW 264.7 cells with LPS significantly increased NO (nitric oxide)
production, pro-inflammatory cytokines (tumor necrosis factor (TNF)-a, interferon (IFN)-y, interleukin (IL)-6, and IL-18), and
inflammation-related genes (COX-2 and inducible nitric oxide synthase (iNOS)). In cytotoxicity testing using RAW 264.7 cells, SMK
mixture extracts in the range of 1-16 pg/mL did not inhibit cell proliferation. However, SMK mixture extracts significantly inhibited
NO production in a dose-dependent manner (p<0.05). SMK treatment significantly decreased TNF-a, IL-6, IFN-y, and IL-183 levels
compared to the LPS group, and similarly, pro-inflammatory cytokine mRNA levels also decreased. SMK mixture extracts reduced
the mRNA expression of COX-2 and iNOS in RAW 264.7 cells compared to LPS (p<0.05). The above results show that SMK mixture
extracts suppressed the inflammatory response induced by LPS. In particular, the extracts were shown to regulate the inflammatory
response by suppressing the expression of inflammatory cytokines and inflammation-related enzymes.

Key words: anti-inflammatory effect, shiitake mushroom and kelp mixture, RAW 264.7 cells

N =2 Algt Ag]Ao]o] NO A3S JAoHH & dFA Alo|E7}

LS gacts FU5 A3 AFH(Kim & Kang 2019),

A5 A Bol7|zroz Iy glof oJsto] 7Y & ZHE == A FE2EY IF /L AIEARKI

2 AARES Aol Lojuh= ‘E&-SE(Wang 2002), tHoFgt g2 24 FiH(Jang & Kang 2022), E5.219]

7180l ¥ Fo=H BT T, AB WAL, M4, A JK 2013), mjute] Ihof] k= 32

w18 P o 1o
o N, )

o ™

o

fols

X

)

O
V= N 1 A

o, ¢ 5-& §E5= Q9lo| Eth(Hotamisligil GS 2017). I} FAE|ol = &9 é} Z a3KYang 5 2014) 59| thoF
T BAE = A5 i 22 ?}OP Eﬁoﬂﬂ%% PO 7| HA A AF7F AP Qe

TS ASA7A HER T #d FAAEY] 8482 HAS ARt o g ghedhE, A, T, Blel 2 7
AAHE A5 Wi 2459 A= AASHHA A 7143 2 gLV E0F %HTEM nom, ot} kS
AAE 4= At ol ‘:‘r Fob AEad 52 8= 4 ng Agox olgHoigtt FTol= A YR
T T JAE AAE £ A= B A7F AP Qo 9 oFgAEo] FAE WA ESE, Tuld gl ofu|lflo] F5
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SHA efE ol oA Bl B2 AF Y=o|th(Hong 5
1989). £35|, 3111 Al(Shiitake Mushroom: Lentinus edodes)<-
HUR B2 T So] /e 559 3 uAl ol
ZFSHHOh 5 2015). s[RI THAIRN(Laminaria japonica;
kelp, sea tangle)= =E35t 9t} &2 71X|11 Qlal, HulAE
o] FHsto] Rt 5 ES U= 21| AlRE Eol &8&
st 9tk thAjul= defo] > v vjelyly}t 25, vkl
vig, 25 9 4t 5 7714, Holdfart S5 8.2
o] o] e e Rel Histel ot A75H AF 4

A2 wWo] LA JAtk(Shin 5 2011).
AIE A9l BUHA] 71 5AL Jaket avt d 49t &
5(Qi 5 2013), &+ ATHKim 5 2002; Han 5 2015), €93

5k &3 2 ¥t dHFa I (Cho & Bang 2004) 59 A+
A3k B} ATl TR SRS 584 4ol
’é% 45 S LHE 9 €5 AT Ast adt, A w

«] ot 5 A 21}, a5 5 YA 2 8E 2
7} T (Kang HJ 1994; Kim 5 2000) T 0]t AEo] %Pr
sto] aol 28 W FYNSTHE = rhoket TALS
Q1 th(Nakashima 5 1987; Haroun-Bouhedja 5 2000; Kim
01). Yo $%o) A2 ALgIE CHAtlY B
HAg BE el Wiolel AZT EA2
o] FEE/4(Oh 5 2015), HAIE}, WAL, 2k 471t 4
FAFSE A7K(Ha & Kang 2018), ThAak 7} vl =212 9] |
o 53 9 ALASAE oA Ku 5 2007) Fo| Utk =
FE S, opAln), v, A% 5L 80, g, YA
o] EX3111, gHislE o] 75k AR dHA JtHCho S
1993). olo] £ AT AL EH AT ThAlu} BEBolL
B A9 BUS 4TS U 12ATARE B85
7] i5tol E1H AT} chAlu} EEEEe] RAW2CAT o]
Aol A 9] FAFSRIE AFoto] FAF 71584 7H
dhof| =95 F A5 E3t Tt 8542 AR A IS
71574 2z F8AHS =ol2A AT

>{\1

Lﬂlﬂolr{lﬂ

=

|

_?1!‘
=
ot

p
N T

=1 =5

M=z = 2y

1. MZ FH|

¥ Ago] AT chAlolel EIMALS 20239 3% o
AE FeH=E HFSAEAHoNA Fufsto] TERINE E4)
Sto] 60 meshE B3 B2 ARESHR L A A7HA] -20T
of Bttt thAuket EIMA B FEHLS chA|upR T
50 gt AL B 50 gofl 2 L] 33 SRTE WAL A2
of| Al 24A|17F &9t T Whatman No. 2 ©]1}X](Whatman,
Tokyo Roshi Kaisha, Ltd, Tokyo, Japan)Z o]3}3t & 65°Cof| A
% 574 A2HHS Foko] RUAALTHKim ST 2012

Park 5 2018). HA|Ulet RIHA & 252 52710F 29
£ =T¥=E DPBS(Dulbecco’s Phosphate buffered saline,
Sigma-Aldrich Co., St. Louis, MO, USA)°] 3]45}o] o 7}3t
. Aol AHgstach

2. RAW 264.7 M= H{Q}

AN 32 RAW 264.7+= American Type Culture Collection
(ATCC, Rockville, MD, USA)o| A Hofdto} AL&5}9ct A&
HFS Y3t ¥iA]+= Dulbecco’s Modified Eagle Medium
(DMEM, Sigma-Aldrich Co., St. Louis, MO, USA) &8 10%
fetal bovine serum(FBS, Sigma-Aldrich Co., St. Louis, MO,
USA)T} 100 U/mL5-=9] penicillin-streptomycin(PS, Welgene
Inc., Gyeongsan, Korea)2 &350 AR&3}ith. vl F7] ol A
HgRA2 37C, 5% COONA AAISHATHAmrouche &
2006; Lee 5 2014).

3. NESMEN
A RAW 264.75 well & 3x10° cells/mLE 96 well
plateo]] BiYFSFAIL 2} well T A]Eg 20 uL # H7}ska 37C,
5% CO, incubatorof| 4] 24A]7F vjFA] Tl vk Sof= MTT
(3-[4,5- dimethylthiazol 2-yll)-2,5diphenyl tertrazolium bromide)
LAlS 50 uLA A7}5)al 4A17F incubationdt & MTT 8H-&
A At T2 dimethyl sulfoxide(DMSO)E 150 uLA E3F3F &
Wallac Victor3 1420 Multilabel Counter(Perkin-Elmer, Wellesley,
MA, USA)Z 540 ol EYEE Skt

4. Nitric oxide(NO) MM sE =

RAW 264.7 H|EZ9 NO AJAZF &AL Griess reagent
(Sigma-Aldrich Co., St. Louis, MO, USA)E AF8-5}%] Luna
automated cell counter(Logos Biosystems, Anyang, Korea)Z Al
ZO) £Z =439tk 96-well plate?] Z+7+9] welld 3x10°
cells/mL 5E2 E33F & 24A]17F vj9F & lipopolysaccharide
(LPS, Sigma—Aldrich Co., St. Louis, MO, USA)E- 2 ng/mL %
EoJst & 0.2 ym HE(GVS Filteration Inc., Bloomer, WI,
USA)Z 9#3t A|ZE 0.1 mgmL 52 48/\]71- IR )
t}. Griess S99 vjF AEHof| 2+ A3t &, Wallac
Victor3 1420 Multilabel Counter(Perkin-Elmer, Wellesley, MA,
USA)Z 550 nmoj|A ST Z(0OD)YE 453 tHLivak &
Schmittgen 2001).

s

5. MPEH AO|EFIQ! 2HIE ZH

AlzEfgd Wol A A5/ Al E7IRl EH|F= S5t
7] 95} enzyme-linked immunosorbent assay kit(BioLegend,
San Diego, CA, USA)Q] microplate©] anti-mouse TNF-a, IFN-
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Y, IL-6, IL-1B mAbS 53 & 24417 LS A3 &

ML 0.05% Tween 20 T3-St phosphate buffered saline-
Tween(PBST) -8H 0 2 A|A35}1 10% FBSE E3|7] A|7Ith.
PBST 8902 A 5 24]ko] |\t % ThA] PBST §9l0.
2 QAT 5 ARAIA AZG D] 2J5tod Optica
density= Wallac Victor3 1420 Multilabel Counter (Perkin-
Elmer, Wellesley, MA, USA)E ©]-8&5}9] 450 nmof| 4] =75}
th(Livak & Schmittgen 2001).

6. YSEH AIO[E7I2l mRNA 28 &8
RAW 264.72 well B 3x10° cel/mL2] %2 96 well plate
vl F5H9iar 37°C, CO, incubatoro]| A B S-& 24/\]7P Z13Y
T A= AASHL dF FEJARI 1 ng/ml LPSE Foigt
T 02 um ZEE oIt AgE BAIZF 5 @7}0}%’1‘4
(Livak & Schmittgen 2001; Song 5 2017). Real Time-
Quantitative Polymerase Chain Reaction(RT-qPCR) B1'H-2 Hl %]
A4 F Trizol(Invitrogen, Carlsbad, CA, USA) €92 &-8-5}0]
RNA 2373 & NanoDrop ND-1000(NanoDrop Technologies
Inc., Wilmington, DE, USA) 1|3F B33 AE &-85}0] A
olE7}Ql& AT NanoDrop ND-10002 v|Fo] 34t
3l TS W Aol S4ehs 0l B
AZA 119 BES THUES AAHUA 24T % 3
o5, 220750 nm9] A AWETL ARG HaElold
RNA+= Superscript I reverse transcriptase(Invitrogen, Carlsbad,
CA, USA)Z IHANES-S A4 cDNAZS $H4d35F3t) cDNA
9} AlolEFIQl Z+7b9 prlmer SYBR green(Solis biodyne,
Tartu, Estonia) A|2F-& &3} & thermal cycler BioRad CFX-96
real time system(BioRad, Hercules, CA, USA) 7|7|& &-85}9]
ApolE7el §A WS EAsIsich

7. SHAzZ

HE A3o] tjst A1}= 3 of4standard deviation(SD)= I
Al5}91 11, RT-gPCR A}ES i F+standard error(SE)Z2 HA|
sttt e Ao tigt SAA 2= SPSS vi8 statistical
software package(SPSS Inc., Westlands, Hong Kong)S ©]-&5
of #719] EAFEAL one-way analysis of variance(ANOVA)

2 31991 Con 3} LPS 9] $-94 A=< Student t-test=
A5 LPS 3 A& A 27t7He] S-S Duncan's T
AR R p valueZ} <0.05¢ o] F-o]4dS wEstH

2 9 nE
1. NE MEg &3
Raw 2647 PIAEONA chajsle} ExoiA B8 328

EI A ERREE0) Yas 1l 537

(SMK)YZ 05, 1, 2, 4, 8, 16 ngmL s =HE 7}z A3t &
AE B2 =4 43} 93~100% = e SMKe] =&
7} 1 ug/mLo Al 99.47+0.80%, 4 ng/mLoflA] 97.54+1.25%, 16
ug/mLof A 93.27+4.53%% BEES HO|HA Al FAZ
FEsHth WekA] o] Z& oA = Aol 5445 YE
WA o HA M AFA AR AA|Z-Eo] A A
o2 HYrhFig 1A). B LPSS} SMK £&ES S A9 A
25t 739, LPSUt A 2]5HH 72.10+2.80%2] FEES HolX|
7 SMK &5 5= HE AHot3lS of LPS A zjof <Jgt
Al 25/d< SMKe] 9Jsto] Aotz Ao & SRl E Jlth(Fig.
1B). LPS A |0 o|sto] &3t TLR4= NF-kBE =5}
o] TNF-q, IL-6, IL-18 & COX-29] HALS gty B
EATHLu 5 2008). WEhA Al FEE A9 ATE HEge
2 1, 4, 16 pgmLo] SMK 5= HYE F9F 53 439
T2 AAornt.
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Fig. 1. Effect of shiitake mushroom and kelp mixture
extracts (SMK) on RAW 264.7 cell viability (A) and SMK
on LPS-induced RAW 264.7 cell (B). LPS: treated with
LPS (1 pg/mL). shiitake mushroom and kelp mixture extracts
(SMK): treated with various concentrations (1, 4, and 16 pg/mL)
of with LPS (1 ug/mL). ““Means with the different letters
on the bars are significantly different (»<0.05) by Duncun’s
multiple range tests.
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Fig. 2. Effect of shiitake mushroom and kelp mixture
extracts (SMK) on NO production in LPS-induced RAW
264.7 cell. LPS: treated with LPS (1 pg/mL). shiitake
mushroom and kelp mixture extracts (SMK): treated with
various concentrations (1, 4, and 16 ng/mL) of with LPS
(1 pg/mL). “*Means with the different letters on the bars are
significantly different (»<0.05) by Duncun's multiple range
tests.
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Fig. 3. Effect of shiitake mushroom and kelp mixture extracts (SMK) on pro-inflammatory cytokines TNF-a, IFN-y, IL-6
and IL-18 expression level in LPS-induced RAW 264.7 cell. LPS: treated with LPS (1 pg/mL). shiitake mushroom and
kelp mixture extracts (SMK): treated with various concentrations (1, 4, and 16 pg/mL) of with LPS (1 pg/mL). **Means
with the different letters on the bars are significantly different (p<0.05) by Duncun’s multiple range tests.
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Fig. 4. Effect of shiitake mushroom and kelp mixture extracts (SMK) on mRNA expression of TNF-a, IL-6, iNOS and
COX-2 in LPS-induced RAW 264.7 cell. LPS: treated with LPS (1 pg/mL). shiitake mushroom and kelp mixture extracts
(SMK): treated with various concentrations (1, 4, and 16 pg/mL) of with LPS (1 pg/mL). The mRNA expression levels
were calculated based on 18S rRNA, which was used as a control(no treatment fold ratio=1). **Means with the different
letters on the bars are significantly different (p<0.05) by Duncun’s multiple range tests.
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Analysis of Anthocyanin Glycosides in Korean Mulberry Fruit Cultivars
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Abstract

Mulberry fruit is a superior source of polyphenols, especially anthocyanin, and has a long history of use as an edible fruit and
traditional medicine. The anthocyanin composition of mulberry fruit from 15 Korean cultivars was analyzed by ultra-performance
liquid chromatography diode array detector with quadrupole time of flight/mass spectrometry (UPLC-DAD-QToF/MS) based on a
cyanin internal standard. The four glycosides were identified by comparison with authentic standards and published reports. The major
anthocyanin was cyanidin 3-O-glucoside (71.7%), followed by cyanidin 3-O-rutinoside (26.6%). The minor components (total of 1.7%)
were pelargonidin 3-O-glucoside and pelargonidin 3-O-rutinoside. The total anthocyanin content (mg/100 g, dry weight) of mulberry
fruit varied by cultivar and ranged from 471.5+4.0 (Su Hong) to 4,700.2+54.0 (Gwa Sang2). Among the 15 cultivars examined, Gwa
Sang2 showed the highest level of cyanidin 3-O-glucoside (3,133.4+32.6), which was 9-fold higher than that of Su Hong (351.543.4).
In conclusion, anthocyanin profiles, including pelargonidin 3-O-glucoside and pelargonidin 3-O-rutinoside, were reported for the first
time from 15 Korean mulberry fruit cultivars. The results will contribute valuable information on pharmaceutical properties, breeding
superior mulberry cultivars, and food industries.

Key words: mulberry, fruit, anthocyanin, Morus alba L., UPLC-DAD-QToF/MS
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(Khoo 5 2017). 2t& HHZQ] QFEAJOPIS] 9 A=,
oA F2 QuE= HZ R T S24 9 B2
of v} FEAJoRT o] WO, S|P, EFH|E
9 S|P Eo ZE2F oF 134, 248 2 68l &2 ol T
(Bae 5 2015; Yang & Choi 2017). T3t 440 2= cyanidin
3-O-glucoside®} cyanidin 3-O-rutinoside”} 7:3 H|- &2 H3ILd}
11 Q] © ™ (Pawlowska 5 2008; Qin 5 2010), cyanidin 3-O-
g1u0051d64 g E& 9] 218, ZH]9] 3ul} o] 4ol gttt
9+ A ch(Kim HB 2003; Jeong 5 2017). ©]&{3t QtEA|o}F
14 24 © ko] 2A3ko] SFAFSKChen S 2021), T
(Yan = 2016), 2175 5 (Bhuiyan = 2011) & ZFAHE A
SH(Yuan & Zhao 2017) 52| B¥7F 4 A Qltt. &I+ T 7
Z J= gl ObA|E Z4] oJFo] B3 §0] H1H H 9o
™ (Hassimotto 5 2013; Cho 5 2017), o] Hof| &= FulH Al o}
oA Yo ez RE E&St cyanidin 3-O-glucosideS
718 st A3k, JukiAr 7hA 9 A A g3 9
o] WA tHLee 5 2014).
=7t - F5E T (mg/100 g, FAF) Bl =l F
=, g 9 ojgE|opil o= QEEAJopd F&Fo] glof Z+
7+ 19.0~193.0, 13.7~206.6 & 24.7~289.29] =2 3=k L}EF

O ™(Liang 5 2012; Chen 5 2016; Negro 5 2019), U A],
015 2 E]7)ARS 1.4~10.1, 12.1~19.4 L 0.3~83.00.2 AFc)Z]
oz o %O] =] A th(Ozgen S 2009; Aljane & Sdiri

2016; Krishna 5 2020). o] 4 ¥ £59 & QtEAold e
23Tt AolE Helow, AR A FFY A A,
SULAr, YL ZHE 206.6, 159.9, 574 £02 & SIeFo]
UEFGTHBae & Suh 2007; Choi 5 2012).

AA AFEA 27t /i AEAlMd FHZ 2
cyanidin AFo] FF o2 glovl, vFon EAshs
pelargonidin A Gof| thet ] A= ofZ] B3t Ao
Pawlowska 5-(2008) 2 Kim & Lee(2020)2] Aol A, MS ]
WO 2 pelargonidin A|E L] FEAlOP] 24 9 3F B 4o
ololgou, 7129 Y AT REL LC £F02 3
o] H7}E 2 09 H(Kim 5 2010; Lee & Choi 2013; Choi &
2015a; Kim 5 2019a; Jang 5 2022), T}oFgt =51 QrE A|of
W4 skl SRS washedole VB Seolt,

olo] & g1t TajAHE AR (UPLC-DAD-QToF/MS)

20 1580 tigt FEAoPd Hﬁﬂiﬂ £4
la EfZ2 ef9] 524 Adr 1 &
%z A2 &gtz o}@E}

1. A8 2 & Al

£ Ao AHgE o+ 2039 w2AEH AdsdT
stelol A Al 1555 @H2e, WA, o4, |4,
FE Y, T, 8 A AS IR, A A B
Tx2)Z st ARSI 4 AlRs a2 F 54 52
A% 9 2gelete] -70 Tl Hsie] 24 A2E AR
Sttt W QIEAloPd ReA] 2Hel& 918) ARS8 cyanidin

3-O-glucoside, cyanidin 3-O-rutinoside, pelargonidin 3-O-glucoside,
pelargonidin 3-O-rutinoside & FFEA o] AL YWEEEE
A cyanidin 3,5-di-O-glucoside(cyanin)+= Extrasynthese(Genay
Cedex, France)2 7] Y43ttt & 9 o|s4 &2 A
€% acetonitrile, methanol, water(Thermo Fisher Scientific, Fair
Lawn, NJ, USA)= X% MS 55 A8 o™, formic
acid= Junsei Chemical(Tokyo, Japan)ollA] F-45}%itt.

2. SIEAIOIH F&29| NX=

otEAjopd %%% Kim 5(2012) @ Kim 5(2019)0.82 1
B AAE S astglon, #AstE AR 02 g2
2 -gufj(water:formic acid=95:5, v/v) 10 mLe} &3}5}0] 408
FF UL, 4] 2L 2016014 1587 BalE:
2](Gyrozen Co., Dagjeon, Korea)3t &, 2] F A=H-2- 045 um
syringe filter(PVDF, 25 mm, Whatman International, Maidstone,
Kent, UK o830} ojistsict. ehmAlopde] Azl
BE AHAE Y5 HyperSep Retain-PEP 7}E 2| X](Thermo
Scientific, Bellefonte, PA, USA)©]| methanol 3 mL, water 6 mL
£ SAYE ZEFo @43 AlFeH, 45 0.5 mL I
WEHZE4 (cyanin, 125 ppm) 1 mLE Z+Z} loading S}t
ZIEYA] Y ELE AAE H5to] water 6 mLE S washing
O]— 17, methanol 12 mLZ 21 QFEAobd HES F st
Foisich §391L N A2 905 55 THE 05 L
-4 FE8ujg A235te], 0.2 um syringe filter(PVDF, 13
mm)Z oJ1}3t & UPLC-DAD-QToF/MSZ EA4513t}. ZF A
2 YR EEEE (cyanin)? Bl w5to] YA gh2 YEr
Wlal, F5EE 33] vHE AJg¥sto] dojdl AdE Bk

4 BZFHEAE FASHYC

3. UPLC-DAD-QToF/MS &4
erzRE HE AEACtd FEAE &5 sk
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diode array detector(DAD)7} &+El UPLC(Waters, ACQUITY
UPLC™ system, Waters Co., Milford, MA, USA)E ©]|-83}o]
BEA59th. A¥L CORTECS UPLC T3(2.1x150 mm LD,
1.6 ym; Waters, Wexford, Ireland)E AFg3}% 1, ES AHLS
CORTECS UPLC T3 VanGuard™(2.1x50 mm LD., 1.6 pm;
Waters)E AH&SHITH. A& o2 250~500 nm(Th Eo}7
515 nm) HYZ AAsion, Ay 0B 25 = 30T, Alw
FFL | uLE 3T} o] B5AC 2 A(5% formic acid in
water)2} B(5% formic acid in water/acetonitrile, 1:1, v/v)E A}
&l om, f4-2 0.3 mL/min o]Qlch. o] &4 FHiRA-S
BE 10%5 A|&F5t0] 28B717] 50%, 33E717] 90%= Z7}1A]
71 5 38871A] SE7E GASHY OB, 4387HA] A 1%
A2A713 SORTH) QHTIATHE 0B, TE EHS
25to] QToF-MS(Xevo, G2-S QToF, Waters MS Technologies,
Manchester, UK)& positive ion modeo]| 4] A= E4-& 4345}
Tt o]of thst F &S ZACZ capillary, sampling cone X
extraction cone?] AL 7z 3,500 V, 40 V € 40 VE AF
519911, ion source ¥ desolvation 2% = 120C 2 500C=
S} tt. 14819] desolvation gas+= 1,050 L/hr, cone gass= 50
LhrZ Zeglom, A7k A7 M= mz 50~1,20002
sttt HEE ME HRY 5432 7€ A2 He A
e AEE Farsto] AP, o] Td(mg/100 g,
dry weighty> A A 2] IHgofA FAH HFEIEFEEZ (cyanin)
o WA 7+ JEE WAS LR Bluste] AEshelth

4. SHAEZ

2 Age 33 W Axlslo] 7+ 24 7e] BT BEE
A5 AFESIY o H, BAEA-S SPSS(Statistical Package for
the Social Science, Ver. 20.0 SPSS Inc., Chicago, IL, USA)
softwareE ©|-8StAtt. A7 719 Ao] {HFE One-way
ANOVAR BA3511, F94F 5%O)A Duncan’s multiple
range test= Al &7+2] §-214dS A5 TH(p<0.05).

Hot 9 oy

1. 834 2r0| W StEA|0H B4

2t peake] We o2 % T W, HRE Al U HEE
WA o 52 Bkl erRiE & 459 HEACN
7N ES ISk ITH(Table 1, Fig. 1). £ % AFEAoR
L cyanidin @ pelargoniding 7| & X2 5}to], 2}t ofF
22 29 glucose(Glu, m/z 162)%} rutinose(Rut, m/z 308)7}
3-OH Jx|oflA] Aoz siglo] gl glom, ol= 7]&
BE A4}t FAFSHA glucose > rutinose] A= 8-& 5]
Sit}(Pawlowska 5 2008; Zhang 5 2011).

Zk peak’d UV 4 MS spectrume 218 A3}, peak 1 I
2= Hdl F5 5 Ame)Cl 515 nm= WEHG O™, mz 287
[Ci1sH1106] 9] fragment ion©] 73Z&E]|0] cyanidin(CsH;106) #|
FoJ RtEAJoPd 0 & SRIE| It} Peak 1941 m/z 449[MT,
287M -Glu]", peak 20041= m/z 595[M], 449[M - Rham]’,

Fig. 1. HPLC chromatograms (wavelength at 515 nm) of
individual anthocyanins extracted from Korean mulberry
fruit (Gwa Sang2). Compound names are presented
according to peak number in Table 1. Internal standard
(ISTD): cyanidin 3,5-di-O-glucoside (cyanin) 250 ppm.

Table 1. Identified four anthocyanins and their mass and UV spectrometric data from mulberry fruits

Peak No.”  RT (min) Identification UV spectrum (nm) MW? Fragment ions pattern (m/z)
1 8.43 Cyanidin 3-O-glucoside 280, 515 449 449[M]", 287[M - Glu]
2 9.51 Cyanidin 3-O-rutinoside 280, 517 595 595[MJ’, 449[M - Rham]’, 287[M - Rut]
3 10.31 Pelargonidin 3-O-glucoside 276, 502 433 433[M]", 271[M - Glu]
4 11.48 Pelargonidin 3-O-rutinoside 277, 502 579 579[M]", 433[M -Rham]’, 271[M —Rut]"

All samples analyzed in positive ESI-ionization mode (m/z, [M]") using UPLC-DAD-QToF/MS.

D The elution order of anthocyanins from HPLC chromatogram.
2 MW: molecular weight.
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287[M - Rut] 9] sj&lo] HEE| O H, Veberic 5(2015)0] A
AlgE A7 S EYE peak 12 cyanidin 3-O-glucoside
(CoH2101)E, peak 2= ©]o]| rhamnose(CsH;00s)7F AT
cyanidin 3-O-rutinoside(Cy;H3,015)2 5745} t}. Peak 3 4 4
= mz 271[CisHpOs] oA o2 8 & o]20] HEE U
500 nmof| A |t F=a-S YR o pelargonidin(CisH, Os)
AGo] FEAlOPd 0 & FAEQITHQin F 2010). E3F o]&
SRS Z47F BEA} o]-20] m/z 433[M]" E m/z 579[M]' 2.
2 3Q1x9l o peak 1 & 29} SASHA & BEXP7) &t
7H= "ol gigo] HEE| o] pelargonidin 3-O-glucoside
(C21H21040)2} pelargonidin 3-O-rutinoside(Cy7H31010) 2 3 &
QIT}. B 7oA TEE HEAOPIL J|E Ao Azteh
FAFER S H(Jin 5 2015; Li 5 2023), 55 44| ofF &
Qe o) 25 ckFig 2)

2. 2C| E30 WE Y tEAloF &2k H|
oA AuiE Y 1585 s, A, A,
4, d=, oY, 2 8, A AE A, A B
Y, Tx) Y TEAoR] FEFmg/100 g, dry weight)S
Table 2] AAISFATE B Q1 AHFREAS fiote] A
Al vl A Qg Aol Alm W AJ=9] peake} FAA| g U]

> o= El

FHFZEZ cyaning ©0]-8-5to] 8513, relative response
factorS TSR] L2 AE| = SRS Frlstich oY ¢
¥ & QtEAoMd RS 471.5-4,700.29] WS YER T
]4(3,840.5+31.1)2} IAF25.(4,700.2£54.0)001 4 7HE & 5
=5 BRoH, 7P 2 8 (471.5+4.0)°] HI3f oF 8~108)
2 gFo R {942l AolE H T} o] Choi 5(2015b)
o] 15k A9 U Q1)(562.0~7,580.0) L Z2o|A] A
St 9 T](0~4,840.0)2] & QrEAJod FHeF H Q| W $220]9
o, ojghg|o} EZ(247.0~2,061.0)2tF =4 YEFHTHBao
% 2016; Negro 5 2019). TS T4, ol & IA425 9} Zo]
A9l A717F & FE52 FEAoRd o] A UEhd Bt
9, B 7171 A2 8 E AL LIl 7 WA
Uehdtty BaE v glow, o] i Ao Auet fA}
519 tHKim 5 2010; Lee & Choi 2013).

2 4 FEACRIZ cyanidin AFo] HA IF F
98.3%2] M- =2 B|SZ AA[St= AR UEEoH, 7]
£ AT ZFoME 2T E ok F8 ZJEOR HilE
Ack(Stefanug 5 2011). 7HH FEA|OPA cyanidin 3-O-glucoside
2 cyanidin 3-O-rutinoside’= 351.5~3,133.4 & 101.5~1,497.19]
5 XS BHYon, & AdEAoRd g9 66.7~74.7%(
T+ 71.7%) D 21.5~31.9%(BT 26.6%)= 215+ th(Kamiloglu

it

Fig. 2. Positive mass fragmentation (m/z, [M]") from Korean mulberry fruit(Gwa Sang2). A) Cyanidin 3-O-glucoside (m/z
449); B) cyanidin 3-O-rutinoside (m/z 595); C) pelargonidin 3-O-glucoside (m/z 433); D) pelargonidin 3-O-rutinoside (m/z 579).
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Table 2. Contents of anthocyanins (mg/100 g, dry weight) according to Korean mulberry fruit cultivars

Anthocyanin glycosides

Peak D:
No. Gwa D:ne Dae Dae Sang Su Su
Sang2 San;j Sung Shim Chon Won Hyang

Su Shim Shim Zﬁzng 1k Cheong Cheong Hong
on
Hong Gang Heung Sang Su Su 11 Jo

3,133.4432.6" 1,208.8+13.2' 2271.510.9° 1,847.9422.0F 1,219.749.2" 1,811.918.7" 1,142.9+11.9°  351.5+3.4™ 2,114.116.5° 2,067.7+17.4° 1,178.1+4.6 2,760.6£20.7° 2,063.4+15.2° 1,110.129.7" 1,934.6+11.0°

1
2 LA9TIHTA 508365 86242215 83514921 4018834 575.7+68" 3897457
3

51443.6°  268:04°  260:04° 174027 14108  31.8:0.1°  142:04¢
4 184208 73+0.1% 7405 50205 25402 62402"  34+02"

101506 864.4+10.0° 673.7447 397332 1,0462:94° 747.6+47 3795445  819.9:0.8
185:02"  64.8£1.0°  30.5£04¢ 206207  263220°  525:19°  28.1+15%  285:1.9%
ND." 19.6+1.0° 61405 71x03°  73x08°  123x0.1° 704016 8.0:0.1°

Total 4,700.2+54.0" 1,751.2+19.7' 3,167.313.4° 2,705.4431.5¢ 1,638.111.7 2,425.5425.5" 1,550.1+17.3°  471.5+4.0' 3,062.8£27.7° 2,778.0421.8" 1,612.140.7 3,840.5+31.1° 2,875.9+18.0° 1,524.7+12.1% 2,791.0+11.2°

All data are calculated as means+S.D. (n=3) using internal standard (cyanin).

“"Different small letters in the same row with mean values (n=3) indicate a significant difference at p<0.05 by Duncan’s multiple range test.

D N.D.: not detected.

S 2013). ESE 24 37 cyanidin 3-O-glucoside ¥ cyanidin
3-O-rutinoside(640.2 X 197.8)= 2F2H2|(11.9 ¥ 106.0)2} &
FH]2](193.3 9 35.3)0] HIS #A HERY H2RF FolAE
e 24 a7t 95T Ao® wHE It Lee 5 2015).
1 9] EL pelargonidin(1.7%) A|Y = u|zF £A51F o
pelargonidin 3-O-glucoside(1.4%) T2 14.1~64.89] Y=
A, A, d2E o= WA UERHTE 3L pelargonidin
3-O-rutinoside(0.3%)= A7 A 19.6£1.002 7} =2 3}
Fe Hlon, aFolM= A9 FEHA Skt ot
A= FUolA BAtEE QU ERE QHEAOR w4
ol et g EFEE A2 AR Aol Veberic &
2015)0] W2 G704 Qret FUR AF QtEAOMI
(cyanidin ¥ pelargonidin)o] 2F21% H} Qlt}. E35| pelargonidin
3-O-glucoside= 8719 98 AJEO 2 XA AEAJoPd Th&F
(153~652)9] 85.5%F AHAIStH, Q] tfr] oF 9Hfj o]0 =
UEGTH(Cerezo 5 2010; Bae 5 2015). TS B7| 25 E £
2] & pelargonidin 3-O-glucoside & pelargonidin 3-O-rutinoside
L Aks AEAAE oA, A% DTS MG 9B
a-glucosidase JA| a3}o] s E ¥ H JAthXu 5 2018;
Xu £ 2019).

UEAJo] 2 FFE FES EFsto] AuiA g 2
I (Jiang & Nie 2015; Jin -5 2015; Kim 5 2015), 534 7]
(Yang 5 2017)8qt ofy 2} A4 (Lee & Hwang 2017), 58]
T ZAKim 5 2020), U (Kim & Lee 2017) 5of w2t
Hjol7h tehh Ao BT ol W, 71, E% 59
344 8Rlo| oAt AR §/doll Tofste] T Q] QtE
Alobd o] FFS mIHE Zolgal AlRETHSun 5
2023). WA FE2F HESE B E fsiAE FF o9 7t
A 845 1Esto] oo it F7F A7 /Y Ao=
Bt dxf oY W u]gFAFEQl pelargonidin 3-O-glucoside
@} pelargonidin 3-O-rutinoside®] $HF AHE E T3t OLEA]
oid gkgiolof thet A7t BES Aoz, oA A

I rlo

W) 2 SEEE o 26E Bobsher ofzigol itk
olo] ujet Qrlz¥ e njepyRe] Hat e T 5 %
3 WL ATEY, 2% R 5] B v 97
7 AAHOR Sqslolor & O Bl EF ol
cyanidin PHAIS ThF BR3HT Gl HEAOPD TG &

22 34 9 4F 2H 9 009 B HEAo}
SH(mg/100 g, dry weighty2 2,459.60. 2 UE}OH, &
ol w2t A AolE HAth 53] 942(3,840.5431.1) H
IH235.(4,700.2+54.0)001 4 7HF A UEFE O™, 284715
+4.0) 9 FY(1,524.7£12.1)0) A 7 F& Ao 7 ol Q)
ot 209 F9 AHEL cyanidin 3-O-glucoside ¥ cyanidin
3-O-rutinoside =2, cyanidin 3-O-glucoside®] 732~ 70% ©]4+9]
M w2 ©F v UEHT 78 A2 "t F5
H SRS 351.5~3,133.4 2 101.5~1,497.1 YIS EHOoH,
IP2w, o, tiA, A ¢o2 w2 FFS B B9
pelargonidin 3-O-glucoside(1.4%) & pelargonidin 3-O-rutinoside
(0.3%)9] B+t FF 242 307 & 788 HEHH. & A
+ 249 At A o F570E S8% ARE AlS
< B ol s of &v[FEE SVME 5 e AR
2k 82 7ksAol vl ddE
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Abstract

This study was performed to investigate antioxidant and anti-inflammatory activities of perilla(Perilla frutescens L.) seed, flower and
leaf according to extraction condition. Perilla seed extracts(PSE), perilla flower extracts(PFE), perilla leaf extracts(PLE) was extracted
by stirring extraction (STE, 25°C), shaking extraction (SHE, 80°C), and sonication assisted extraction(SAE, , 25°C) with 94% ethanol,
60% ethanol and distilled water, followed by analysis of total polyphenol and flavonoid and testing radical scavenging activities. The
highest total polyphenol content (5.47, 9.36, 38.58 mg gallic acid equivalent/g), total flavonoid content(5.77, 8.62, 46.44 mg catechin
equivalent/g), ABTS(10.68, 19.46, 63.56 mg trolox equivalent/g) and DPPH(6.51, 7.69, 79.73 mg trolox equivalent/g) radical scavenging
activity of PSE, PFE and PLE was observed in the HWE with 60% ethanol,. Among the three extraction method, SHE provided the
best results for yield, polyphenol, flavonoid content of perilla seed, flower, leaf in comparison to STE or SAE. SHE with 60% ethanol
of perilla seed, flower, leaf more effectively inhibited secretion of nitric oxide(NO) and pro-inflammatory cytokine in RAW 264.7
macrophage exposed to LPS compared to other extraction solvent and method. Therefore, these extracts obtained from perilla seed,
flower, leaf could be used antioxidant and anti-inflammatory ingredients in the food industry.

Key words: perilla seed, perilla leaf, perilla flower, standardization, functional ingredient

ISR e WL e AAste] FAesHdT(Nam & Park

2019). A=oll s EFx2A 0] &4l UL W, LI,

BS2 AlA TheFet REA=o] sl 714 HIE f S AT, SARE, SN 5O A|EQ} IL-1B, TNF-q, IL-6, IL-8
o= S0l AEsHelS o o]of ti-gs5t7] AAgt ARl Y HSA cytokineo] HEASA, wUho] FYE I 550 &
wo] Z-go|A|et, 1 Hrt HrskAY A7)3EE A, St = 5 2A0] 3lEE= Yo R it 3, inducible
A4, v Ad 9 9 By 5o 4= AFS 6 nitric oxide synthase(iNOS), cyclo-oxygenase-2(COX-2)Z2 a4
HrkKim 5 2016). ¥tz o2 = vk A] AN 2L o} U}, nitric oxide(NO), prostagladin E2(PGE2) 5-9] HA#H &
I A5 U TS Hlste] &4 229 2711 S Ao (eong 5 2014). 12t o3 JS5H-SOl
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HQlo] AA=A] kot RH3StEH HmALt B A
I cytokined} N]EA WHBT cytokineC &E FQ HHS

g9 &

il 24

o] &Aoo g WAE 4= Qlrh(Feghali & Wright 1997). & A
5 Al

=

TolA AR A= B AR, 24, Al 5 A
ol EAsh= ol 248 S50kl 43 A A A= 4
A|3E ZHE-S o= WE 9] Y=0]tH(Ovchinnikov DA 2008).
YAIA|EE interferon gamma(IFN-y), LPS 5o A}=% o]
iNOS 72 E-2 3} TNF-q, IL-1B, IL-6 52] ¥ZA cytokine©]
LAsH] wZoll, ol et dF MAIAES BEA A
= AERE Y FAF oA AL Fa% 247 o
AZtkMills C 2012).

SM(Perilla frutescens L.)= ‘&OFA|oto] AAF = E&}
of &£3H= WA & A5 2 (Ahmed & Tavaszi-Sarosi 2019)
B Ao ujet 45 YAsHe SAE S7he AL ks
= 4=z FEEHH, S o, T4 3 9 E7]0=
phenolic compounds, flavonoids, essential oils, carotenoids 2
fatty acids 5 TR 7154 BHEFE-S TR Ak L
A QIEkKim 5 2022). ¥ Aol4 23} YR A8 o
§ EHS FYATANA ALt B4 B EFoE

715 &0l ot Aol gen, dut AHS S/
Aol 1 AP E A FFo= AEEHo A B

FHI Y= EEESOIT 4 A= F2 A& 75 ¢
= | o]-&=H, EXIATA Fo= a-linoleic
acids ohg -5t lo] AltollA HE dehE oS
A A7 SANARTE 7HAAL kAL A AH(Asif M
2011). M= AL A D Ed Sofl Z-8=™ apigenin,
luteolin, anthocyanin 5-2] E&tRwo|= AL} A caffeic
acid, rosmarinic acid, ferulic acid 52| H&AF} perillaadehyde,
perillaketone 59] W33 SFFES thF TRokar lof it
3h, FAF, FLEE7] D Ao a st vkl EaE Q]
ThHKim 5 2022; Ahn 5 2023). 71 Hrofl E74 -2 =9
Al d=5EE T3, ARk 72 59 340 ' HFH6e 715
(Sung & Seo 2016)°] Qlo] AlFUwE &go| 7HsotAITt,
ol thgt 71548 A= AHH R BES Aol wet
A E Ao E FES 2MEA 7HIEAE S49] A
2 o]g/d T 95 EE2E A5 fote] 5L &
T T4, 3, o= st U 9 8o oE
AtSh /3t o LPSE REdt AN 2R A9 FAF
aE 245

-

Hidg
S H

H FEE HE

= E
Fol A ARRE EE 202190 AAPEE DG AA

HEREL LR

o =g ATto) A A ThRev. D) EHS S

t e RERIE LT
= 242 Y] 913t
of 4, 3hy, o AlRO] FF the] 109)259) 94% ok
(V). 60% O EHE(vv), ZRA(E H7Heko] 212 maks

2, GrAYEE, 29 22 28] WEste] APstert.

mg/mLe] 5=E& dimethyl sulfoxide
(DMSO)°] &3figt & SF 4 HjZX|(DMEM, Gibco Co.)2
selo] ALY 2HE AR A8ster

=
% 29 9E T2 Dewanto 5(2002)9] Bl wet Folin-
Ciocalteu reagent’t %520 Eelw)s4 shpEo] ofs) &9l
H A3 EejHd ZAHo R TMsH= A Y= SHok3
ot =, 10 mg/mLsE9] ZF &5 100 pLof| 2% Na,CO; &
N 2 mLE 7}t & 38 "Fx|5}l9] 50% Folin-Ciocalteu reagent
(Sigma-Aldrich Co., St. Louis, MO, USA) 100 uLE 7}5}ith.
2o A 3022 F WA O] FFE S 750 nmof A &
Aottt FFEA R gallic acid(Sigma-Aldrich Co.)E 5, 10,
25 9l 508 &2 3]Asto] ARgStlom, AFd A F F &
gl FS AR 1 g $Y mg gallic acid2 HYERH I

)]l

£ EolR0|E sk =3

ZelH ot §FS Zhishen 5(1999)9) RS W
sto] EA5t9lrt. EEtE o= E4S 93t 10 mgmL 5=
9] 228 250 pLol] 2574 1 mLe} 5% NaNO, 75 uLE 75t
T} 58 3 10% AICL - 6H,0 150 uLE 7}sbo] 65-7F vz
3tal 1 M $ARPE E(NaOH) 500 nLE 7}ske] 1187k 1
A5 7, SESA9] FYEE 510 nmo| A S5 BEE
Z & (+)-catechin hydrate(Sigma-Aldrich Co.)S ARE-5to] AT

He Yot

4. ABTS 2iC|E 27 s &3

ABTS &tz 4752 ABTS cation decolorization assay
1 (Choi 5 2006)°l| &Joto] Z7g5H3ATE. 7.4 mM 2,2’-azino-
bis(3-ethylbenzothiazoline-6-sulfonic acid)(ABTS, Sigma- Aldrich
Co.)2} 2.6 mM potassium persulphateE 5} 5QF FA0f A
125ko] ABTS ol FAAIX F 0] &HZ 735 nmoj| A
BBT Zro] 147} HE 8 B T33A 4 (e=3.6x10' M 'em ™)
2 ol gste] £54w s|4steitt. 54 ABTS 89 | mL
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o 10 mgmLis 2] F59 50 1LE 7ele] FE WolS
25| 608 Foll 2450, EEZ LA trolox(Sigma-
Aldrich Co)& AM83tgiet. AZH/1 79} 087179 B
Aol mg t eqgO2 EATAL

5. DPPH 2lC|Z 2Hs &3

DPPH T}z 4AA5-LS Hwang 5(2011)9] BI'HS ¥y s}
o] 2743l94ck &, 10 mgmlL =9 &5 02 mLo] 0.2
mM DPPH(Sigma-Aldrich Co.) €% 0.8 mLE 7}5lo] 420
Al 6027 AFE & 520 nmel| A FBEE S oA AR
Fol5-2 A5 7Het BIE7HY] 8% Ao]E mg trolox
eqiuvalent(TE)/extract g© 2 I & o}t

6. M= & =M =H

2 AolA AME vheA {E HiAAIEZRAW 2647
Macrophage cell)= A Z 3280 4] EFrol AR5
t}. Z}Z+9] AN|EE= 10% fetal bovine serum(FBS, Hyclone,
Loga, UT, USA)2} 100 units/mL penicillinstreptomycing- AF-&-
sto] 37°C, 5% COZAGA HFalsl o, AEHE T o}
e AgFE AN 22 208 B S, S,
A FEE9 M54 Ishiyama 5(1996)2] o] wz=t
MTT(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide) assayS ©]-85}] Z75FTH =, RAW 264.7 A&
£ 96-well plateo]] 1x10° cellwell BE2 96 well plateo]] 100
uLA B3 & 37T, 5% CO, HiF 71004 24417t vl sl
th AlEE 94 &7t HES DMSOR 3]45to] ARE-5H3l
o, wigo] AMEE HIRIE AASHL HiAlo] 47 TR
SIAE A BE FH7Foto] ThA] 24A17F B SR vl &=
T 2 mgmL 52| MIT A2k welld 10 pLA] 715t ohx
37°C, 5% CO, HIF7|oNA] 4A]ZF & MTT A|2Fo] ETHE HljA|
£ AASHL, DMSO 100 uLE 7Fet & 4204 A7 1,
ELISA microplate reader(ELx 808, Bio-Tek Inc., Winooski, VT,
USA)E o|-&5}o] 540 nmoj|A 355 S75H3inh. 229
NEZHL2 NZYEESE HAIGH AL, RAW264.7 THAA|
oA Alz=/de UetA] ghe w=He WolA Atshda
W 54 AolEslel SAETE BAsl] FAFLAL
EHEEE
7. &FEtE A (nitric oxide) 3 ZE M AIO|EF|2l(cytokine)
A
23 20 9 271 34, 3, o 32380 FAF BHLS
LPSZ &43lel RAW 264.7 A A £ o) A 9] AFSHA A (nitric
oxide) X HFA AFC|E7IRI(cytokine) EH] AAl 5=
Atk =, HiYT RAW 2647 HAAEE AEE 2x10°

S 7RRenE

o 9 P93 2 553

cell/well 5= 96 well plateo]] 100 pLA 335} 37C, 5%
CO, ¥ F7]001 A 24417t B2t v Fstleth. A vjgo] AHEH
iR & A|ASIAL 1 pg/mL LPS(Lipopolysaccharide; E. coli
serotype 0111:B4)5 7t wiz|o] 27 =2 S84 #=
28 100 L A7Fsto] ohA] 24412 doFELE V) A
o AEZEE HEu|5 AMSH A(nitric oxide)?} TNF-q, IL-6
9 1-1B 59 954 Ate]E7Rl(cytokiney& ELSIA kitE ©]
835lo] 245ty AMSHE A(nitric oxid)= Griess reagent
system(Promega)S ©]-835}o] AFst O™, TNF-q, IL-6 L
[-132 mouse enzyme-linked immunosorbent assay(ELISA)
kit(R&D System Inc.)& ©|-&35}o] A=FslAtt.

8. SAIEA

SAEAL SPSS 5A| & 713 (Statistical Package for the
Social Science, Ver. 12.0, SPSS Inc., Chicago, IL, USA)< ©|-&
stof ZF SHH9] W EEHAE AFEShl 7R A Y 9
E2719] 2}o] FHEE one-way ANOVA(analysis of variance)
X%t 5 Duncan's multiple range testS ©]-835}0] -3-9] 44
< AEFALH(p<0.05), 5 2479 FIHL A
THA R RO AEAR HI|otYTh BE AEHEA
L Metabolanalyst T2 13- 0]835}0] & Zdu|E, ZdH
-o|=, ABTS % DPPH #fHZ &A%, 4AF8Hd A Bl Alo|&E
71l EH|F 7H9] S olvF ATATE ol-&ste] Al
277 p<0.01014 ZA3FATt.
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Table 1. Total polyphenol contents of perilla seed, flower, leaf (cv. Dayu) depending on extraction method and solvents

Extraction Extraction Extraction TPC (mg GAE/g)”
method temperature solvent Perilla seed Perilla flower Perilla leaf
o 94% EtOH 3374027 2.16+0.02° 24.89+0.30%
Stirring 25C 60% EtOH 5.5040.16 5.84+0.13% 18.35:0.19"
extraction
Water 2.71+0.10™ 3.08+0.04™ 12.04+0.48"
. 94% EtOH 2.64+0.06™ 4.48+0.08™ 26.94+0.66™
Shaking 80°C 60% EtOH 5.7040.16 9.58+0.09* 38.59:£0,74
extraction
Water 2.89+0.04 6.27+0.13™ 28.83+0.63
o . 94% EtOH 2.76+0.11% 4.17+0.03% 27.28+0.14™
Sonication assisted 25C 60% FtOH 5.74+0.61°¢ 7.8740.12% 31.62+0,32%
extraction
Water 4.11+0.03"% 7.4140.44°° 17.51+0.04%

Values are meantS.D. of three replicates.

Different capital letters (*') in the same items indicate a significant difference (p<0.05) among extraction methods and solvents.
Different small letters (*°) in the same items indicate a significant difference (p<0.05) among edible parts of perilla.

Y Total polyphenol content (mg gallic acid equivalent/g sample).

Table 2. Total flavonoid contents of perilla seed, flower, leaf (cv. Dayu) depending on extraction method and solvents

Extraction Extraction Extraction TFC (mg CE/g)”

method temperature solvent Perilla seed Perilla flower perilla leaf

o 94% EtOH 1.09+0.15™ 2.02+0.16" 31.39+1.00™

Stirring 25C 60% EtOH 6.37£0.10% 4.78+0.03™ 12.05£0.09%
extraction

Water 1.28+0.04" 2.49+0.07™ 3.01+0.05%

94% EtOH 2.62+0.33% 4.17+0.127 34.79+0.79%

Shaki . . .

18 80°C 60% EtOH 5.7740.01% 862032/ 46.44+0,31%
extraction

Water 2.554+0.07™ 3.3540.09%° 37.14+0.585

o _ 94% EtOH 2.56+0.09™ 4.23+0.11% 34.47+0.82%

Sonication assisted 25C 60% EtOH 7.75£0.20% 6.510.11< 34.45+0.58%
extraction

Water 1.71+0.05% 7.7440.455 4.77+0.10™

Values are meantS.D. of three replicates.

Different capital letters (*') in the same items indicate a significant difference (p<0.05) among extraction methods and solvents.
Different small letters (*°) in the same items indicate a significant difference (p<0.05) among edible parts of perilla.

Y Total flavonoid content(mg catechin equivalent/g sample).

2011). & AFolA = AF AH 287548 #0171 5.50~38.59 mg GAF/g @ 5.77~46.44 mg CE/gC. & Z7}519]
3 olets 55 tEA Sto] FEEME ARESI=Tl. 7 th Kwon 52016y H[HE ofehe 5829 St ol
=:]
=

=)

SNE 94% olEE, 60% oeE & S/T-=E 52 gFo] FFESEET AL HASHRAL, Kim & Kim(2020)

ot & EfHs ¥ S o|E b R4S A, 714 < MERY & St ot S ofEE T EmEY
F-9]of gglo] %*e] S A Ql B 949% oebE3} S £ oehES et Mol o wthal Huskqlth ®
Z=o] 4|5 60% OEt2o|A 71} =2 AL Bt =, 3}, Middleton & Kandaswamin(1992)2] 1LofA] E&tX 0]
94% S FE& HE AMESHls W & EdHs 2 & oA 24L& Spet xR et B3 ofghEof| s &3ix=

E}Eh—_OI_ gHFo] 2.64~27.28 mg GAE/g ¥ 1.09~3479 mg  AHE7} 2ok Histel, 87 4, s € 9 59 A=
CEg H9IZ Yt AIT, 60% g2 F58UE AR Al o g =2 ot FE8ol Hsl SaiEs S
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o &, 87 4, 3T 9 IS 60%oleh2E wHEstgl
=1 & EHs ¥ EE}ELEO]E oPEgo] 5.50~18.35 mg
GAE/g ¥ 4.78~12.05 mg CE/go| 11!, 22T &39S o

5.74~31.62 mg GAE/g 2 6.51~34.45 mg CE/go]o%x] =B
%% A] 5.70~38.59 mg GAE/g Y 5.77~46.44 mg CE/g 7477}
A S7Vte AFE BAh ol & $89 2= A
o] Q= Ao g woigd), £ Zgus 9 ZalH ol
Aol wUH SN AP AEE, G4FE 23T
229] $80] 727} 10.93~17.62%, 12.62~23.17% L 11.60~
16.12% H Y& F$=2 4] 2=go| 7H 243519t} o]|#HsH
Aie oEE 55 9 F2250 wE EFH Y] Atst
GRS B3 Jun 5(2019)9] AFolA] F58vfoll TA YL
o] 2&L=7t Z715t] whet 0 CHA & EelvlE 9 St
Hizo|E o] ST AT 2t FARSI o, of

© 484 249 o] 28 Z:i‘% s g

2o] 7hgo] a4 fe)

Az

555

A% A
of whet 328

{EEL 580] Z7H A0 ;&L 2] Th(Xu & Chang 2009).
FgHoz 57 F4, 3 9 I 60%o] oS 80T
BHEEANG W 5 Fels FYE 370,958

L oA

9l 3859 mg GAE/go|lal, &

8.62 U 46.44 mg CE/gC & 7} =7 A=t} AEA
TFoHA BEoh= 23 tAMEES] HiE StEd SetE e

o= sigHE

PERE AH

A8

0
I

ol
—~
>
-

|

w 1 N
>
)

oN o
ofy

ha}

rlo o 12 & rlo

ABTS

T}= Table 3 2 Table 49+ Z-

2] "o

_Il)l'

N

Y
E 2 o
g
olo A
i)
o,
tlo
)
oL
ol
o,
rr
19
udh
o

F ol 23} ol efriz

o anAel Fast 4

BoRA Afetiel

2 FAEE 9L ot AlE Yo S448F
< AAste] Akt &3} A o, T 2 Y
BE{ote Ao2 LA o](Naeimi & Alizadeh
2017), ABTS ¥ DPPF 2}t|Zt &~A 53 22 g4t &/4dat
A A 2o A o] ARSI ANO) B APIEZRR] A mafe}
22 F95 240 IFE & A= wuHo

DPPH @}t zh

2227} 2194

Table 3. ABTS radical scavenging activities of perilla seed, flower, leaf (cv. Dayu) depending on extraction method and

solvents
Extraction Extraction Extraction ABTS (mg TE/g SamPle)l)
method temperature solvent Perilla seed Perilla flower perilla leaf
94% EtOH 1.64+0.59™ 3.58+0.54™ 47.86+0.90%
tirri o
Stirring 25°C 60% EtOH 9.33£0.64 11.27+0.58 33.91::0.97"
extraction
Water 6.66+0.54™ 8.15+0.43" 17.52+0.06™
94% EtOH 4.43+0.72% 8.28+0.35™ 53.10+1.14™
haki .
S 18 80C 60% EtOH 10.68+0.58"° 19.46+0.29"° 63.56+0.14"
extraction
Water 6.48+0.27™ 13.91+0.33% 58.91+1.20%
94% EtOH 3.84+0.44% 6.59+0.40%° 55.37+2.23%
o < ]
Sonication assisted 25C 60% EtOH 8.50:£0.32C¢ 13.87:1.00% 59.78+1.09%
extraction
Water 10.14+0.24"° 13.73+0.33% 24.26+0.47%

Values are meantS.D. of three replicates.
Different capital letters (**

) in the same items indicate a significant difference (p<0.05) among extraction methods and solvents.

Different small letters (*°) in the same items indicate a significant difference (p<0.05) among edible parts of perilla.
Y ABTS radical scavenging activity (mg trolox equivalent/g sample).
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Table 4. DPPH radical scavenging activities of perilla seed, flower, leaf (cv. Dayu) depending on extraction method and

solvents
. Extraction Extraction DPPH (mg TE/g sample)”
Extraction method ) . .
temperature solvent Perilla seed Perilla flower perilla leaf
94% EtOH 1.04+0.07 2.9240.05% 39.01+0.49%
Stirri .
g 25C 60% EtOH 6.28+0.13% 6.80+0.15% 26.30:£0.65"
extraction
Water 1.69+0.062° 1.1740.07'® 5.5540.61'
94% EtOH 2.81+0.07° 5.5240.14% 42.11+0.71%®
haki .
Shaking 80C 60% EtOH 6.51£0.15% 7.69:£0.024° 79.73+1.314
extraction
Water 2.63+0.04™ 6.07+0.11™ 57.56+1.17%
94% EtOH 2.84+0.07° 5.16+0.11™ 44.67+0.84%
icati ist o
Sonication assisted 25°C 60% EtOH 6.22+0.15% 7.54+0.02% 57.72+1.67%
extraction
Water 2.82+0.03° 2.86+0.05% 11.38+0.90%

Values are meantS.D. of three replicates.
Different capital letters (*™

) in the same items indicate a significant difference (p<0.05) among extraction methods and solvents.

Different small letters (*°) in the same items indicate a significant difference (p<0.05) among edible parts of perilla.
Y DPPH radical scavenging activity (mg trolox equivalent/g sample).
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Fig. 1. Effect of perilla seed (A), flower (B), leaf (C) extracts on Nitric oxide concentration in LPS-stimulated RAW 264.7
macrophages. Values are meanS.D. of three replicates. Different capital letters in the same items indicate a significant

difference (p<0.05) among extraction methods Different small letters in the same items indicate a significant difference

(»<0.05) among extraction solvents.
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Fig. 2. Effect of Perilla seed, flower, leaf extacts with 60% ethanol according to extraction method on (A) TNF-a, (B)
IL-6, (C) IL-18 concentration in LPS-stimulated RAW 264.7 macrophages. Values are mean+S.D. of three replicates. Different
capital letters in the same items indicate a significant difference (p<0.05) among edible parts. Different small letters in the

same items indicate a significant difference (p<0.05) among extraction method.
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Fig. 3. Correlation

coefficients among total polyphenol (TPC), flavonoid contents (TFC), ABTS

and DPPH radical

scavenging activity, nitric oxide (NO) concentration of perilla depending on edible parts and extraction condition.
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Quality Characteristics of Bread with Cuttlefish Ink Added
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Abstract

The aim of this study was to determine the quality characteristics of bread with 2%, 4%, 6%, and 8% cuttlefish ink added. The
pH of the dough decreased as the addition percentage increased, and the addition of 8% was the lowest. The pH of the bread and
the fermentation expansion power of the dough decreased as the addition percentage increased. Moisture and ash content were
positively correlated with the addition percentage, and the crude protein and crude ash content were negatively correlated. As the
addition percentage increased, the color of the bread became darker, and the bread volume decreased. The inside and outside color
of the bread also decreased as the addition percentage increased. The volume and specific volume of bread decreased as the addition
percentage increased. The amino acid analysis indicated glutamic acid was the largest, free amino acid analysis pointed out aspartic
acid the highest. The springiness, cohesiveness, gumminess, brittleness, and hardness of the bread were positively correlated with
the addition percentage. Overall, it seems possible to develop bakery items using cuttlefish ink as a functional ingredient.

Key words: cuttlefish, bread, texture, color, amino acids

M E 5 1Y S A4S AR I, H 2E, Vs Bt =4

E4 AAG A &8 2ot £ AW EF =

LAolE AAEES F55, ALl SotH, @A Ee SHE FAE W3FEH, AT s 58 A7
o] &HIL e FAAE LR ofglFFo] H2 Yhes dEo] o TRt 7152 7L e A o= IR Qlth(Pak 5

o vletg, 2714 Fapo] L 0o] MBS EAH /1@ 199 Lim 5 1999; Nam MK 2007). E3 990} 2] £
9 FgelA] Bulge], 71 3 3w vAg
=]

5 JFEOER 494 oo 29 Fo AF A7 mid 02 mg
O A 20%5 AATTE M dEONA Foh Tt 5 A FYT AT} 65%7F Aobgol dAEQ] FFS AT
o a7t £ 208 IHAHA 27o] HEo] H7he 4 SURR 7 e
50l /MEEAL ATkSim JH 2002). AA7HA] Bargl o] HES dubAel APATE=
£5] oo 452 ERS 7| HE oA BujEEe A OE oo HE R F4 E/4(Park 5 2006),
AL HAR HEHQ] AJE  E-7(2-aminothanesul-fonic QAo HE Uil e HEY9] 7|ak 4 £ 54
acid} gou|icAle] dF o8 Qo] 7 5 AAlEE  (Lim 5 1999), 240 H& 77 Az A olgfety £45
of EAst, Eofl &=L ofetgo] 82l EA4S 7ML A(Park EJ 2007), A[FAIFL, BIEFA, 0] HES H7}
Uth(Lee T 1992). 7|54 B4 2= A5FYS 24, 99 7] g A mAERe] FAEAC] et AH(Sim JH 2002), 24

' Corresponding author: Young-Mo Kim, Assistant Professor, Dept. of Eat Out Culinary and Start Up, Mokpo Science University,
Mokpo 58644, Korea. Tel: +82-61-270-2566, Fax: +82-61-270-2566, E-mail: bliss0816(@hanmail.net
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o] HES 7135t yellow layer cake 7HEo] 3 AF(Kim 5 Table 1. Formula of bread with different with cuttlefish

2007), 22101 E Hrlggo)| w2 Fro] 23 EA ul A&} ink addition amounts

A (Park & Park 2006), 2 0] 7R ET @ Ho] I ‘ Cuttlefish ink (%)

A7k 94o] AR EAEA] v]AE JRP(ang 5 2019),  Ingredients ()~ ———

2740l 7he Bl o] WSt 3 7k H A3 Bhedl Wheat floor 1,000 1,000 1,000 1000 1,000

A(Cho 5 2000), B H7F A R B olsters 5 Sugar 150 150 150 150 150

“8(Yim SB 2004) 5] HIL=giTh. Salt 20 20 20 20 20
FHT AEG R A5 AT AR Heislal floH, Butter 250 250 250 250 250

940} HMEF T2 7154 BARES Aol Hrlstol Az Yeast 40 40 40 40 40

& FATRES o182 Al 54 A7 (Hwang 5 2001), & Egg 240 240 240 240 240

S A71eE Ae] EAEA(Kim & Lee 2013), HAES M7t Cuttlefish ink 0 20 4 60 80

7157 Al 4 54 (Han S 2004), A¢e] FH5A Water 300 300 300 300 300

o m)2)= FZ9] JFHKim YS 2002), BEA} FSZHS A7}

St Alako] =4 EA(Kwon 5 2004), =A% Bk A7} At

o] =8 E49] dZ(Jeon 5 2015), ST H= H7}5k At ’ Weighting ingredients ‘

o] EAEA ] 3 A(Lee T 2005), Z2HE F7I%E | ixi ingredi : \

Mixing dry ingredients and add water (except butter)

A]Bﬂ—A mE/ﬂ(]eong 2006) :LF_;(]%ﬂ_cﬂ Eul—_g 7\3_]]7]'6]‘ Al
Bﬂ-_q 3 EX J(Kim & Ju 2016), 3| ALTEFE 3l 7].@- /g'ug;,]
Z3 EX(Lee & Bae 2015), TET $9aulo] ZAEXL !

(Kim & Joo 2019), A% Bukd7} Aluro] 22 EX(Im & ’ Addition of butter and mixing ‘

l

o

Mixing ‘

Kim 2003), &vks 7Heg A7kt AW 28 S40u 5 Putting dough into fermentation cabinet
2010), StHs FEHS KR A £4 E4(Yang 5 (26°C, 76% RH for 60 min)
2010) AEE0] B Yok . L
wabA B dTlo] A ThoFst 7]54] 2AL 71X 9k ’ Punching and scale dollgh into pieces (160 g) ‘
Q7o HES o]-&sto] H7IRE A% pH, IRHE, F, ’ Rounding dough pieces (rest for 10~15 min) ‘
WX, B AE, M, 247, ofuliAt o) B 54 ]
g ATsto] Aol 7| 2AEE AZsaAt st | Moulding and panning |
al HEd Secondary putting dough into fermentation cabinet
M= 2 g (36C, 86% RH for 30 min)
l
1. Az = ] Baking (200C / 160°C for 30 min) \
Ao HE M7t AW Ame A& (Samyang, Asan, . .
’ Cooling (30 min) ‘
Korea), 48} (Samyang, Ulsan, Korea), Zx4~++(Namdo, Damyang,
Korea), WE|(Elle&vire, Conde sur Vire, France), AJo|AE Fig. 1. Process of straight dough baking.
(Jenico, Pyeongtaek, Korea), &ZF(Gwangseong, Gwangju, Korea),
97 0] HE(Cebesa, SpainyZ TU3to] ARg3HITt EE i HIHAZMA Risstglnt. BAjo] 2 w2 At
S4 a4 (Aeromat 1.08, Wachtel, Hilden, Germany)ollA 1A}
2. AW RE i 2AAY 260, 59 76%90.2 6087 Uashel o,
Alelk vt} A 22 H LS Table 1 D Fig. 13} 2t} 24 160 g0 & Halslo] EZa]7| 3t & Z7PFEE 10~1587F
o] HE2 AAFE = ARSI T, R, 2%, 4%, 6%, Stelth. FdE § 9SS AYsto] AHl(215 mmx95
1=

8% H7I2 H]&S Z1ZF o2 A sho] 2 Hr<EH (optimized mmx95 mm)of] ¥ 22} Ta AL 36T, 59 86%) 2
straight-dough method) 0.2 A Z5}%4 th(Finny KF 1984). 3] 2308 YREE ST HaEV Y F $E 200C, oF=A
¥ HF=27](YSM-12, Young Song, Seoul, Korea)o]] HE|E A< & 160C2% FE QE(THE PICCOLO II-3, Wachtel,
3 RE QRS 97 L0 7 Tolsto] ZeEdThAoA B Hilden, Germany)oll 4] 30&27F 9] 4204 JZ43t & A
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to
o,
9
£
s
i

Az= ARSI

5 a9sta
100 M —°—°L5P°4 W7o 2087k
RAUAE % o AL oo 0 T
A Ik 35 meter(F-71G, Horiba, Tokyo, Japan)Z 7%
3, BE AUE 39 8 ST ARRE P

AgurEo] A= 1 —g— dry oven(FO- 600M, JEIO TECH,
Dagjeon, Korea)o]l @I 105Cof|A 24A7F AZFAIZ] & FF
= 7ot FAE S745te] A5k 23182 600T 2]
- Soxhlet F+EFA| 2 FE0t0] 75}
Ao, Xﬁhﬁéle Auto-Kjeldah'§ © & 2751t} 2E
AR 33 GHE A% & FFghE Foklth
5, Altto| Q|z}
L2740 HES J7IRE A] Qe TS AE AHY
EolE 45k Ofﬂ Aztdjoll 71| 2H(HDR-PJ50, Sony,
JapanyE THAIZ] F LG A

g
27} HXH QA sl Aol @ik FOJsHL.

>
%
Y
)
=
Lo

)

6

970l BB Yat Aue] Mt AR Hstol A%}
#|(CR-300, Minolta, Tokyo, Japan)S ©0]-8-5}o] A]#}o] jHA4
(crumb)} QR M(crustyE 247 SASIAY Vv Lt
(lightness), ZA8 L= agf(redness), FA = bgk(yellowness)S
38 2% 5 HARe Fool hehilck

7. ¥HEO| 2|, Almo| 2|, 21|, HIRE, 2IIANE
9ol B22 WK %] A, Aue] RA% K, 1)
84, F71£ 48 2SI Fulk SR Campbell

5 19792 ol83to] 33 ZHT & Bk TAA v
A8 #AE WA Lnold Aldon) Blele
o 371 Mo Bt 7L 3] 5% Aol BEe T3
e

8
o740l BB P/ Aol 2YEL ALdA YR
SHA(6x6<3 cm) 7]

e

rO

Aol $3 54 563

2 A&s}A AE F rheo meter(Sun Rheometer Compac-100
I, Sun Sci. Co., Tokyo, Japan)y& ©]-835}9] prove size LYEF

no.14 ®50, table speed 120 mm/min, load cell 2 kg, deformation

50%9] 232 A0 R A (springiness)} -3-7] 4 (cohesiveness),

7/ (gumminess), 417 /d (brittleness)& SFSFATH. H=
AEe 33 w2 249 T WERS P

-
M

9. Altrol ofo|at

=]
T'_'A

A
240l HES 7Kg Aro] Jr/dotu] Al B2 Cohen
& Michaud(1993)2] N%lﬂc}@ o7 A& 05 g2 A¥ 1011 e

I 6N-HCI 10 mLE 2 th2 110ToA 2447t 7153
AlA D2 HE 045 pm membrane filter2 oj}s}lo] EA45})
Hom, fejotu]| At £48-2 Ohara & Ariyosh(1979)9] A9
HHO 2 of 9l 10 mLo] sulfosalicylic acid 25 mg2 Z3}5}9]
4To|A 447 FF FAAI F AR (50,000 rpm, 30
min)o}o] Tl 58 A A SE A5 0.45 ym membrane filter
2 ool BA5HIch $HFS integratorol] OJFt QR EE
Hog A4tstlow, £A%7 Table 29 At}

10. SAHXzZ

EA A 2]= SPSS(Statistics Package for the Social Science,
Ver. 19.0, IBM., Chicago, IL, USA) S-A| =& 133 0o]-&5}c]
AJuR] BEAFE A (One way-ANOVA)S $F & Duncan’s
st

multiple range testE

Table 2. HPLC condition for the analysis of amino acids

Item Condition

1,200 Series
(Agilent Technologies, Palo Alto, CA, USA)

1,200 Series FLD

Instrument

D .
ctector (Agilent Technologies, Palo Alto, CA, USA)
AccQ-Tag™
|
Column (Waters Co, 3.9 mm L.D. x 150 mm L.)
Buffer A: AccQ-Tag Eluent A (Acetate-phosphate buffer)
. B: AccQ-Tag Eluent B (100% Acetonitrile)
solution
C: Water
Flow rate 1.0 mL/min
Iniecti
njection 5 L
volume
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A= Table 37} Zth. 9] & ¥h50] pHE AAH o= @
ol ME Hrko] 37HE4E facte TR Uey
o, 8% H7ollAl 7 WA dEhytth 12 3a $ gk
pHE T 2T77} 5.38%.0H, 2%, 4%, 6%, 8% 230} HE A
7HA] 5.34, 5.28, 5.26, 5.030.8 Ul o, Hrlero] 2718
F5 pH A UEhth 24 ¥a F= 2271 5072
R, 2%, 4%, 6% B 8% H7}F A= 7+ 5,01, 4.96, 4.85
9 4788 H7FFo] S7Fd4E pH 2ol L, 8% 7oAl
4785 7P WA vehgth 13} 2E, 23F Fa A 9SO
pH= 240 BE 71 S7F Al pH RoAl= ZAo® U
BT B8 H7IRE Al#o] HFH(Kim & Lee 2013)0 41 &=
AT A} o] HrlFo] S/IEE v} 12 HE &
9] pHi= WolAl = Ao R Uehgon, 4942l Aol
UetiE 42 vttt B9 279 pHF 7HE w2 7
Foz et on, wh5o] pHoll JF2 & Ae ddT &
ASATE AFEFES 7R A1) AH(Oh 5 2007)0 41 &= 3
7Fgol whet phs Z7kohs 22 Uehdon, Z2E9] &4
2 pH 5.0~6.0 Aol A Loty H 116} THGélinas 5
1999). wj Al 55N M7kt A (Park 5 2008)00| 4 = 7}
o] wet pHE Wolxs A2 Yehgon, au9 &7 ¢
e, S, AF, W9 pH SOl whet Bhs] i) g3
21 51910 H(Lee & Shin 2001), SHHs &S 37}
ATH(Yang 5 2010)°] 4] &= T2l o] FheFo] w2 HAw
AV AL 59 AL E AAHG Ytk 23 o]
== A7IRE d5-(Nam MK 2007)°4 &= 5F=9] pHE &

ok o

12

Table 3. pH of dough with cuttlefish ink

A3} o] H7hEol wet WA e oH, 2740

ok HE B B g 275 E3ote] H7HlA H7t
Fo| Z7HEE a4 Wokdle AFE & & AT 17
TR AL 2T, 2% H7E 4% H7F 6% F7telA= /2
A Q1 Aol 7F EA] Q%0 (p<0.05), AA| A o2 F Z}o]
£ UEA ottt EoE A7FeE A5H(Shin 5 2007)°]]
A= Bhso] dra BAFe o] 39 Hriee] St s B
g2 A yEgton, & A5 Zxke} ol {olFQl o]
7F UEbA] ekttt ERE ti 2 M7 ROl A A
o] Zpol7h Gle AL W5 E4S £4 ot A FA
TS 0] 7IAREE JAlok= TS FUTAL SFL

3. AWO| pH

Q24o] HES M7t A/%9] pHE Table 59 ). iz
7 6.08, 2% A7} 6.10, 4% A7} 5.97, 6% A7t 5.96, 8% H7}
5952 UElon, H7eFo] Z71e5 pHe fAshHs 2
2 UERITE 4%, 6%, 8% A7 AL f2Z Q1 &ol7t LrEt
YA EATHp<0.05). AHRHES H7HeE AF(Im & Cha
2019914 H7tElE AR EF0| et pHe JFS
H=thy Bkt Suks RS AHUKSE AF(u 5 201000

Cuttlefish ink (%)

Component
Control 4 6 8
Mixing 5.52+0.05*"2 5.36+0.01° 5.30+0.01° 5.210.02¢ 5.16£0.01°
pH First proofing 5.38+0.01° 5.3440.01° 5.284+0.01° 5.2620.01° 5.03+0.02¢
Second proofing 5.07+0.01° 5.0120.00° 4.96+0.01° 4.85+0.01¢ 4.78+0.02°

Y Each value represents the meantS.D. of three determinations (n=3).

? Mean with different superscripts in the same row (*°) are significantly different at p<0.05 by Duncan’s multiple range test.

Table 4. Fermentation power of dough expansion of bread with cuttlefish ink

Cuttlefish ink (%)

Component

Control 2 4 6 8
First proofing (mL) 14.00+0.02° 13.99+0.01* 13.97+0.02* 13.9740.02* 13.00+0.01°
Second proofing (mL) 21.00+0.00° 20.00+0.01° 18.99+0.01° 17.32+0.55¢ 15.00+0.01°

Y Each value represents the meantS.D. of three determinations (n=3).

2 Mean with different superscripts in the same row (*°) are significantly different at p<0.05 by Duncan’s multiple range test.
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Table 5. pH of white bread with cuttlefish ink

Aol $3 54 565

Cuttlefish ink (%)

Component
Control 2

4 6 8

pH 6.08+0.02*1? 6.10+0.02*

5.97+0.02° 5.96+0.00° 5.95+0.00°

" Each value represents the meantS.D. of three determinations (n=3).

2 Mean with different superscripts in the same row (*°) are significantly different at p<0.05 by Duncan’s multiple range test.

A& ¥t=3t Alwho] pHE H7leko] whet fgAsts A2 U
Ehgom), & oA Aweh o] AR 2 §4H2 o)zt
o]L. 7—1§ 14-1;]-14-1;]. aieﬂg} _p_/u— g_x]oi cg o 5&17]—

rol,

% AFNam MK 2007)0 4 S2 ek, S4wct 2. go] o
29| pH7} &7 et} 9go] Wzl A9 Hri
weh pHE WA e 4 & 4 9ot

4. Alt QM S

=
ol BB RS 22
P FFS Table 6% ok SEFFY A9 dET
31.95%, 2% A7} 31.59%, 4% A7} 31.70%, 6% A7} 32.26%,
8% A7} 32.56%= UEFTE 3]ESHFS iR 0.80%, 2%
A7} 0.98%, 4% A7} 1.16%, 6% A7} 1.25%, 8% A7} 1.52%
2 Uehelth, S8 S8 A9 Hobeo] Soldss
Z7hehe A Uehgou}, Ao 2 Aolg UehpA
gk, 8% HlolA A ekdth 24 Fe o
ZT 12.88%, 2% A7} 12.48%, 4% A7t 12.42%, 6% H7}
11.61%, 8% H7}F 11.17%= UEG oW, 7150 Z71erE
Wold: AR Uehih U RS AT 1159%
2% A7} 12.49%, 4% A7} 12.42%, 6% A7} 12.03%, 8% A7}
10.74% ehgon], 278 mgste] AAHOE
29l Zfo]7k LrehhA] Qhgkeh(p<005). AAH 02 23 3]
S W7pgo] we B30 Az shdor, 2Aat £
WAL 234 Folok 47 Ushis A2 ¥ 4 U9
o 2Ede - $4 - 940l BB H7KE A7 Nam MK
007 E H7bgoel neh S8, 2o 2 Xjolg Uet

L o

p

WA oo, siRgte B oy Azl go| Wi
7ol whet FojEt A% Uekyth £3 940} Ao &
A=A AT (ang 5 2019014 B8] A$ E7HeHs 2
Yepiet.

f

Sglom, Ae] Hst 234 Aok AP0 Wske
AAH o Aol Fult gzt
V3 O} 2 0|2 LA gsiek AT, 2% 3
7h, 4% A7, 6% A7k, 8% A7} 208 WA ek, H7}
Eoko] ?6‘_7].‘6‘1‘/\§ $ME X}O]—Z]Eﬂ/q A]Bﬂ—A H]_Q_XJE 14—0]—
Ar AR vebdt SA1EE o83 A(Hwng 5
2000914 B7Hgel ket Ape] 2317} v ueht 2
o 4 QIgich 9ol BB HIKE Aol2e] AT(Kim 5
2007914 H7HF F710] ket Ao]29] Eolsk WA et
gom, 229 4 940 9B /R AFMNam
MK 2007014 = A7 @67 B 23 9 4o] Bge] 4
Wrh2e] A2 A stel Aol FFS Zeh 59l
.

6. AltO| AHEZ

o4o] BEo] Arte 47 2 AxE 4B A
£ Table 73 Zt}. AElo] WHAHO] HE = T2 77.242
Vg A dgom, Aol F7184E gast 42 1

Table 6. The proximate compositions of bread with cuttlefish ink

Cuttlefish ink (%)

Component
Control 2 4 6 8
Moisture 31.95+0.10M2 31.59+0.05° 31.70+0.12° 32.26+0.40° 32.56+0.31°
Crude ash 0.80+0.07° 0.98+0.08% 1.16£0.11" 1.25+0.20° 1.52+0.12°
Crude fat 12.88+0.88" 12.48+0.50™ 12.42+0.25® 11.61+0.25™ 11.17+0.59°
Crude protein 11.59+0.35° 12.49+2.59° 12.4242.25° 12.03+0.69° 10.74+1.14°

Y Each value represents the meantS.D. of three determinations (n=3).

? Mean with different superscripts in the same row (*“) are significantly different at p<0.05 by Duncan’s multiple range test.
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Fig. 2. Photographs of bread with cuttlefish ink concentrations.

Epgteh. AAEE 8% B7llA 0.22 WA treRgow, 3
Fepo] whet WA et A @ 4 loitk BHEE o
It 23.18, 2% A7} 3.00, 4% A7} 1.39, 6% A7} 0.39, 8% A7}
0.1 hehon], g7kl whet W vebgtek. Aol
S8 Fig, 2041 Bivhe} go] AR OE Mo] 2FH
of A A & 5 AT Aol 5] P fhET
60.69, 2% A7} 35.94, 4% A7} 29.98, 6% A7} 27.95, 8% A
7} 27612 Uertor], Frkeo] 571848 st A=
et A= iR 15.87, 2% A7) 2.66, 4% 7T
0.99, 6% A7} 0.39, 8% A7} 036202 H7|gFo] Z71erE
Fashe Az dehgch FAEE g7t A B4 vet

om, Hrlero] Z7etaE Uolx|e A e} Al
of 22dz} - 34 2o HEZ H7IEE AH(Nam MK

2007014 Aol hFAe] B, FAEL Hobeo] F7H
Y48 gastt A2 Yehton], qRael Y, AN,
FAEE Fashs A2 ekt 443 BRH7E AFm

& Kim 2003)9| A& Q¥ A0 By ANy FAT= 7HAa
L Az yehgor, 37t Qa7 /A Je ARE B
o) M Y910.E Mo G Fi AOE BIsoH,
£ ATFAE 94o] HZo] 7T Y A JFoz
o] 9 & Ao Hzuo] Ak I 0Fo] U2

o= 1

A7¥et Wo] A L(Park EJ 2007)0 4% H7}eko] Z71842

ot
S

rUE

it vobH o, A ThAE AFHSim JH 2002014 %
So} FHEE Fasty ATt Sk AR ek,
7. Almo| 2, 21, HIZN, F7| 248
940} YEg Wy vk B, Alure] 57, i, v g
), #7] £AFL Table 83} 2 ¥H%0] BAL Hhxo]
A 47900 golml, H7FTAAE FoHQ Zfol7h LhehbA]

ATHp<0.05). Ao FAOIA = 2T 451.00 g 2%
7} 453.00 g, 4% 7} 453.67 g, 6% A7} 455.67 g, 8% A7}
45833 gO & eyttt Auko] Bul tj 227} 2,187.16 mL



Vol. 36, No. 6(2023) Qo] HES VIt AWo] 4 £4 567
Table 7. Hunter’s color value of bread with cuttlefish ink
Cuttlefish ink (%)
Control 2 4 6 8
L 77.24+0.97"7% 32.25+10.08 26.3520.60° 22.32+0.82¢ 21.86+1.58°
Crumb a 0.21+0.08° 0.70+0.05" 0.41£0.03° 0.19+0.03° 0.12+0.02°
b 23.18+0.09° 3.00£0.17° 1.39:0.08° 0.39+0.10° 0.110.22°
L 60.69+1.04° 35.94x1.35 29.98+0.29° 27.95+0.24° 27.6120.62°
Crust a 15.87+0.59" 2.66+0.19° 0.99+0.10° 0.39:0.04° 0.36+0.10°
b 34.62+0.78" 8.1020.60" 2.87+0.23¢ 1.16+0.22¢ 0.95+0.23¢
Y Each value represents the meantS.D. of three determinations (n=3).
D Mean with different superscripts in the same row (*°) are significantly different at p<0.05 by Duncan’s multiple range test.
Table 8. Specific volume and baking loss of bread with cuttlefish ink
Dough weight (g) Bread weight (g) Bread volume (mL)  Specific volume(mL/g) Baking loss (%)
Control 479.00+0.00°" 451.00£0.00° 2,187.16+9.73" 4.84+0.02° 5.85+0.00"
2% 481.67+0.58" 453.00+0.00° 2,181.53+9.73% 4.81+0.03% 5.82+0.11*
4% 480.67+0.58" 453.67+0.58° 2,164.66+9.73° 4.77+0.02° 5.62+0.01°
6% 481.33%1.15° 455.67+0.58° 2,136.55+9.73¢ 4.69+0.03° 5.33+0.10°
8% 481.00+1.00" 458.33+0.58" 2,063.46+9.73¢ 4.50:£0.03¢ 4.7140.31°
" Each value represents the meantS.D. of three determinations (n=3)
? Mean with different superscripts in the same row (*°) are significantly different at p<0.05 by Duncan’s multiple range test.
2 7P A Yepgon, @7lge] UK 2@ wob Ak AR Uyt 223 34 94o] HEL Wl

e A2 vEyh 2T 4.84, 2% H7} 481,
4% 7} 4.77, 6% 7t 4.69, 8% H7}F 4500 % LEFGOH,
H7hgol 715E Yol 42 Ueit. 37) 48
£ W7 A ergon, H7lge] mat oAl A
Uebgdth QubE o g BAw d7to] uel vl Ho] 7has)
L A LT Aro] Z71e4E w8 o] ol
dolA A2 Ueht H8A0] 9 FE AL B2E o]
Ack. E3L, Wkl Sojglt thul RS W WSS
Aoty Qo] ARAT B o] wkEo] uhe FAgsteY &
23 AT ek AT HoAEE RARe] gebd 229

o] ol astA =H, FFE ] o] Hojde= Zsiiﬂzﬂﬂ

H| 832

O 71+

O

2 tjz7o] Hlsto] WEo] WYL Goix7] H H7he
£ BARs} 7T Qi 2o geto] njet 2Rdo] 9y
o] OFEA= 0|97t H7] % T}, ool WhEls HAjRo) uf

gt Ago Rort 234 FaAsEE 22 Bt amr o
B8 H718F AF-(Han 5 2015914 & Auko] Rujo} vlg
Zo] ZFagt o]z SFHY] WY Aste}t whE0o] kA B
g g4 o= AndEudl st AExFE VR A

(Lee & Bac 201501 4= 2 A7 A}e} o] Auo] oAl
Z7hsI9a R, W8, B7] LA Wil et o}

o 1>, Y

AA=

A Nam MK 2007)0]A41= &7] &£489] 39 Sadar}t
Eorow, 9of ¥Eo| A9 £ A Aue} o] Hrlwol
275 F7] £ABL W Uehts 2 B aEel.

8. Aluwko| ofo|=At

AEo] ofu|lARe: F 15F0] AEE ™, 3= Table
9 9 Table 102} Zth. oA H 2o A& glutamic
acid7} 1,245.60 mg%=2 71 =7 Hegoy, FHAZ =
leucine 397.67 mg%, serine 312.45 mg%, phenylalanine 311.92
mg% %02 LERG O ™, methionine 73.44 mg%o] 7173 A
Uette 2 4 4 A%dHh 2% F7tolAE glutamic acid
816.30 mg%, leucine 257.59 mg%, serine 211.19 mg% <O 2
L} © ™, methionine©] 65.57 mg%= 7H 2A UER T
4% 7o A& glutamic acid 1,004.42 mg%, leucine 315.01
mg%, serine 266.15 mg%, phenylalanine 235.61 mg% <O &
LEE O™, methionine 71.19 mg%% 7H A YERGTh
6% H71o| A= glutamic acid 1,185.97 mg%, leucine 382.52
mg%, serine 319.32 mg%, phenylalanine 287.55 mg%& LEFE
o, 2%, 4% 719k Zro] methionine©] 7H WA YERE
t}. 8% 710l A+ glutamic acid 1,280.51 mg%, leucine 432.66
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Table 9. The total amino acids content of bread with cuttlefish ink concentrations

Content (mg%o)

Amino acid Cuttlefish ink (%)
Control 2 4 6 8
Aspartic acid 217.16+7.29° 107.48+6.47° 119.3748.31° 182.15+15.67° 212.86+10.89°
Glutamic acid 1,245.60£69.01% 816.30+20.82¢ 1,004.42+13.78° 1,185.97+5.03° 1,280.51+39.79
Serine 312.45+45.06° 211.19+7.18¢ 266.15+6.36° 319.32+2.90° 345.06+4.18"
Histidine 192.76+4.57° 140.47+3.71° 151.43+4.29° 208.57+8.21° 209.7549.32°
Glycine 275.76£6.37° 179.77+6.92° 217.90+3.22¢ 255.63+4.87° 318.53+7.28"
Threonine 189.74+8.82° 129.2343.11¢ 155.25+5.02° 185.66+4.77° 209.93+8.92°
Arginine 248.04+7.30° 188.42+7.40° 190.58+6.10° 249.68+13.87° 271.78+4.55"
Alanine 221.4049.10° 125.04+4.17° 139.15+4.08" 186.53+4.16° 207.21£0.93°
Tyrosine 117.69+6.49° 76.10+4.95° 88.48+2.55° 103.85+4.32° 121.4545.03"
Valine 287.18+41.46° 177.10£11.05° 229.74+9.01° 269.07+11.19* 304.24+8.51°
Methionine 73.4445.53¢ 65.57+2.65° 71.19+2.01% 87.10+2.86° 97.10+0.82°
Phenylalanine 311.9246.07° 196.97+3.20° 235.616.14¢ 287.55+2.85° 323.05+6.31°
Isoleucine 241.66+3.61° 146.40+5.57° 195.40+£5.06° 224.25+4.32° 257.2144.05°
Leucine 397.67+15.99° 257.59+9.71¢ 315.01+12.84° 382.52+12.54° 432.66+5.40°
Lysine 169.1149.65 91.99+3.06° 122214447 162.00+6.68" 181.78+6.21°
TAA" 4,501.58 2,909.62 3,501.89 4,289.85 4,773.12
EAA? 1,863.48 1,205.32 1,475.84 1,806.72 2,015.72
EAA/TAA (%) 41.40 4143 42.14 42.12 4223

D TAA, total amino acid.

2 EAA, essential amino acid (Thr+Val+Met+so+Leu+His+Lys+Phe).

9 EAA/TAA (%), essential amino acid/total amino acid.

Mean with different superscripts in the same row (*°) are significantly different at p<0.05 by Duncan’s multiple range test.

mg%, serine 345.06 mg% <O & LEFGE O ™, methionine 97.10
mg%= 7P WA UEbHth J7HEE glutamic acidZt 7HE
A "o, 8% H76% H74% H72% 7 2o %
et QutEo s H7gel Z71EAE ofulieAle] @
e Z7j5e A2 Uehith 3 P40k kAT Bt
AL T2 2% AL 4% F7Y, 6% H7Y, 8% H7F £o=
A7Vgol S7FEFE A Yehon, J7H 5ol 8% A
717F A e & FAHES 8% HtolA =4 UE
Wk AAF g 2FE BEste] ArEE AR
I glutamic acid7} A WO o] il shof 4
o] Ru7t EA UEUAE 23kt A= opn| At S
Hohs A7Hee FARe] ol wet Ao Fujof J3ks
F= ZoE Hodg. Z2dE H7RRE A+(Jeong &
2006)°| A &= glutamic acid o] 71 =4 Ut {2
ot L AR T ZTLof| A= aspartic acid”} 10.02 mg%= 714+
=4 el o, & HAZE valine 6.72 mg%, glutamic acid
4.85 mg%, arginine 3.42 mg% <O 2 UENG O™, lysined}

histidineo] 0.47 mg%= 7 WA Ueh= 4 & & A3k
2% A7}l A= aspartic acid 12.48 mg%, glutamic acid 6.52
mg%, valine 6.37 mg%, alanine 4.98 mg% 4O 2 UEFFOo o,
histidine©] 0.61 mg%= 713 @A UEFT). 4% F7Fo A=
aspartic acid 13.26 mg%, valine 10.21 mg%, glutamic acid 6.76
mg%, alanine 5.14 mg% 02 WEFO ™, histidine 0.62
mg%Z 7Y A UERdTE 6% H71o| A= aspartic acid
14.45 mg%, valine 14.10 mg%, glutamic acid 7.66 mg%, alanine
5.75 mg%, arginine 4.77 mg%, tryosine 4.15 mg%= LEFO.
o, histidine 0.62 mg%= 7F 2A| Uepdth 8% A7l A=
aspartic acid 16.89 mg%, valine 16.01 mg%, glutamic acid 8.39
mg%, alanine 6.10 mg% <O & UEFG O™, histidineo] 0.72
mg%= 71 A YERGTE histidine®] 9 2%, 4%, 6%,
8% H7HFoA = R 2ol 7t ERA] ek Th(p<0.05).
QA0 2 ikl FVekS: ofuliAte] HaRE S71e)
= A2 UeRdt. 3 Selobuliodt Sk T, 2% 4%
6% 8%z H7lego] F7FE4E A ehdeh, Eat Weo}
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Table 10. The free amino acids content of bread with cuttlefish ink concentrations
Content (mg%o)
Amino acid Cuttlefish ink (%)
Control 2 4 6 8
Aspartic acid 10.02:£0.02° 12.48+0.05 13.2620.11° 14.45+0.06° 16.89+0.01°
Glutamic acid 4.85+0.06° 6.52+0.09° 6.760.09° 7.66+0.10° 8.39+0.12°
Serine 0.8120.01¢ 1.23+0.08° 1.300.07" 1.39+0.08° 1.510.06"
Histidine 0.47+0.05° 0.610.06° 0.62+0.05° 0.62+0.05° 0.7240.08°
Glycine 1.06+0.05° 1.22+0.05° 1.32+0.05% 1.39+0.07° 1.53+0.08°
Threonine 2.37+0.03¢ 3.19+0.08° 3.3140.06° 3.50£0.07° 3.74+0.07°
Arginine 3.42+0.06° 4.51£0.06° 4.69+0.10° 4.77+0.06° 5.200.09*
Alanine 3.38+0.03° 4.98+0.01¢ 5.14+0.08° 5.75+0.12° 6.10+0.92°
Tyrosine 2.93+0.05° 3.79+0.02° 3.78+0.07° 4.15£0.11° 4.23+0.08"
Valine 6.72+0.06° 6.3740.16° 10.210.11¢ 14.10£0.13° 16.01£0.06
Methionine N.D. N.D. N.D. N.D. N.D.
Phenylalanine 0.95+0.03° 1.46+0.07° 1.60£0.02° 1.62+0.11° 1.64+0.03°
Isoleucine 1.24+0.07° 1.47+0.06 1.64+0.07" 1.70+0.07* 1.800.14°
Leucine 0.990.02¢ 1.4520.04° 1.6240.04° 1.70+0.07° 1.8120.10°
Lysine 0.47+0.02° 0.72+0.06° 0.75+0.07° 0.83+0.08 0.90+0.03*
TAA" 39.68 50 56 63.63 70.47
EAA? 13.21 15.27 19.75 24.07 26.62
EAA/TAA (%) 33.29 30.54 35.27 37.83 37.77
D TAA, total amino acid.
2 EAA, essential amino acid (Thr+Val+Met+so+Leu+His+Lys+Phe).
9 EAA/TAA (%), essential amino acid/total amino acid.
Mean with different superscripts in the same row (*°) are significantly different at p<0.05 by Duncan’s multiple range test.
Uit R TR, 2%, 4%, 6%, 8% 7t o8 MUV 2 AAH o= Frketgl o, 55 55 U XA S £

o] F74E4E ¥ Uehgow, 8% A A BA Y o)A Tkl o Fbstel wat Fulrtk pgE Axst st
gt 5 74 M1 ool A UerEom, 2% Brte] ok stgon, oulindt & W thaTRC HoolA
A U dehte 2 uehgth o4o] Ade 454 o 7 uehah

QA7 (Jang 5 2019014 £ AT Ao} Zo] ffotu]iAt

Table 11. Textural characteristics of bread with cuttlefish ink

Cuttlefish Ink (%)

Items

Control 2 4 6 8
Springiness (%) 86.15+1.39°% 87.92+0.21° 88.30+0.53" 88.75+0.79" 89.14+0.72°
Cohesiveness (%) 63.79+1.66" 63.8142.27° 64.43+2.42° 64.77+1.47* 65.40+2.78"
Gummines (g) 484.30462.82° 538.51+76.08" 576.45+84.99° 604.97+124.41° 626.34+160.54°
Brittleness (g) 417.71£59.52° 473.42466.15" 511.17£70.74* 534.48+111.85" 558.19:143.02°
Hardness (g/cm?) 8.05£1.15° 3.2443.65° 3.15+3.49° 5.68+4.08° 6.19+4.48"

Y Each value represents the meantS.D. of three determinations (n=3).
2 Mean with different superscripts in the same row (*°) are significantly different at p<0.05 by Duncan’s multiple range test.
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Abstract

Hypertension is characterized by excessive renin-angiotensin system activity, leading to blood vessel constriction. Several synthetic
compounds have been developed to inhibit renin and angiotensin-converting enzyme (ACE). These drugs often have adverse side
effects, driving the exploration of plant protein-derived peptides as alternative or supplementary treatments. This study assessed the
phenolic compound and amino acid content and the antioxidant and antihypertensive activity of 5 South Korean staple crops. Sorghum
had the highest phenolic compound content and exhibited the highest antioxidant activity. Millet grains, particularly finger millet
(38.86%), showed higher antihypertensive activity than red beans (14.42%) and sorghum (17.16%). Finger millet was found to contain
a large proportion of branched-chain, aromatic, and sulfur-containing amino acids, which are associated with ACE inhibition. In
particular, cysteine content was positively correlated with ACE inhibition in the crops tested (#=0.696, p<0.01). This study confirmed
that the amino acid composition was more correlated with the antihypertensive activity of grains than the phenolic compound content.
Finger millet mainly contained amino acids, which have higher ACE inhibitory activity, resulting in the strongest antihypertensive
activity. These findings underscore the antihypertensive potential of select crops as plant-based food ingredients, offering insight into
their biological functions.

Key words: angiotensin-converting enzyme, biological activity, finger millet, hypertension, phenolic compounds, sorghum

Introduction

Grains (including barley, sorghum, millet, and beans) are
considered staple foods and sources of nutraceutical nutrients.
The essential components of grains are proteins, starch, dietary
fiber, non-starch polysaccharides, and phytochemicals (Girard &
Awika 2018; Kim et al. 2018). In vitro and in vivo studies have
shown that phytochemicals from grains, such as phenolic acids,
flavonoids, carotenoids, amino acids, phytic acids, and lignin,
have therapeutic effects against metabolic disorders such as
diabetes, hypertension, cancer, and cardiovascular diseases

(Masisi et al. 2016). Concerns about metabolic diseases have

influenced the demand for low-calorie foods, thereby increasing
human consumption of grains (Queiroz et al. 2018).

Millet is a major source of protein and energy, and finger,
Italian, and proso millet are common millet species (Chandra et
al. 2016). Millets are gluten-free, have a low glycemic index,
and contain numerous phytochemicals, particularly polyphenols
(e.g., hydroxybenzoic acid, hydroxycinnamic acid, and flavonoids),
that provide nutritional benefits (Singh & Adedeji 2017; Bangar
et al. 2021). Sorghum is ranked as the world’s 5" largest grain
crop for human food, animal feed, and biomass production
(Dahlberg J 2019). Functional compounds in sorghum, including

phenolic acids, flavonoids, policosanols, phytosterols, stilbenes,

' Corresponding author: Hyun-Joo Kim, Researcher, Dept. of Central Area Crop Science, National Institute of Crop Science, Rural
Development Administration, Suwon 16613, Korea. Tel: +82-31-698-0614, Fax: +82-31-695-0609, E-mail: tlrtod@Korea.kr
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and tannins, may reduce the incidence of inflammation, cancer,
obesity, and chronic diseases (Khalid et al. 2022). Red beans are
cultivated internationally as food and for medicines (Wang et al.
2022), and red bean-derived polyphenols exhibit antihypertensive,
anti-obesity, antioxidant, and immune-regulatory effects (Kitano-
Okada et al. 2012; Shi et al. 2017).

Hypertension is a chronic disease caused by several factors,
including systemic diseases, diabetes, obesity, and kidney disease
(Gharibzahedi & Smith 2021). Systemic hypertension involves
excessive activity of the renin-angiotensin system, which leads to
blood vessel contraction. Under normal conditions, angiotensinogen
is converted to angiotensin I by renin, and angiotensin I is
continuously transformed into angiotensin II by angiotensin-
converting enzyme (ACE). However, in metabolic disorders,
excessive activities of renin and ACE cause high blood pressure,
leading to hypertension (Aluko RE 2015). In this respect,
negatively modulating renin and ACE activity results in the
maintenance of homeostatic angiotensin II levels, which is the
primary approach for controlling hypertension and normalizing
blood pressure. Several synthetic compounds have been used as
renin- and ACE-inhibitory drugs (Chen et al. 2013); however,
these drugs are often accompanied by adverse side effects
(Abassi et al. 2009). Therefore, recent research has focused on
producing plant protein-derived peptides to replace or
complement synthetic medicines. Previous studies have reported
that seed proteins, such as lentil, pea, and soybean hydrolysates,
have ACE inhibitory activity, which is predominantly influenced
by the structural properties of the peptide (Aluko RE 2015;
Rezvankhah et al. 2022; Mirzaee et al. 2022). Generally, ACE
inhibition is attributed to the presence of specific peptides such
as proline and hydrophobic, aromatic, and branched-chain amino
acids (Aluko RE 2015; Das et al. 2022). Therefore, determining
the amino acid composition of various crops is crucial for
estimating their antihypertensive activity.

In this study, the bioactive compound contents and biological
activities of five crops grown in South Korea were evaluated. In
addition, we hypothesized that ACE inhibition would be affected by
the amino acid composition; therefore, the inhibitory effect of major

individual amino acids detected in the crops on ACE was confirmed.

Material and Methods

1. Plant materials and reagents
Whole grains finger millet (Eleusine coronana L. cv. Finger
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1 ho), Italian millet (Panicum italicum L. cv. Samdachal), proso
millet (P. meliaceous L. cv. Geumsilchal), sorghum (Sorghum
bicolor L. var. Sodamchal), and red beans (Vigna angularis L.
cv. Arari) were obtained from the National Institute of Crop
Science, Rural Development Administration (Miryang, Korea).
The cultivars selected were those commonly grown in Korea.
The grains were finely ground using a blender and sieved through
100 mesh to obtain uniform-sized particles. The lyophilized
samples were stored at —20C before experimentation.

All the chemicals used in this study were purchased from
Sigma-Aldrich (St. Louis, MO, USA). Distilled water was
obtained using a Milli-Q Advantage A10 purification system
(Merck Millipore, Billerica, MA, USA). Other reagents were of
analytical grade and purchased from J.T. Baker Inc. (Phillipsburg,
NJ, USA).

2. Extraction method

Samples were extracted as previously described by Han et al.
(2022a). The ground sample was mixed with 80% ethanol (1:10
w/v) and stirred for 24 h at 25°C. The extract was centrifuged
(CR22N, Eppendorf Himac Technologies Co., Ltd., Ibaraki,
Japan) at 10,000xg for 20 min, and the supernatant was collected
and evaporated using a rotary evaporator (SB-1200, EYELA Co.,
Ltd., Tokyo, Japan). For further experiments, the concentrated
extract was re-dissolved in dimethyl sulfoxide (DMSO) (1:100,

w/V).

3. Determination of total phenolic compound and
flavonoid contents

A modified Folin-Ciocalteu and aluminum chloride method
was used for total phenolic and flavonoid content analysis,
according to Han et al. (2022a). For this purpose, the extract was
diluted in DMSO to 1 mg/mL, and the analysis was performed
in triplicate.

For the total phenolic compound content analysis, the diluted
extracts (10 uL) were mixed with 2% sodium carbonate (200 pL)
and 50% Folin-Ciocalteu reagent (10 pL), and incubated at 25°C
for 30 min. Absorbance was measured at 750 nm using a UV
spectrophotometer (Elx 808; Bio-Tec Inc., Winooski, VT, USA).
Gallic acid was used as a reference standard, and the content was
expressed as mg gallic acid equivalent (GAE) per g of extract
(y=1.450x - 0.013, =0.999).

For the total flavonoid content analysis, the diluted extracts
(75 puL) were mixed with deionized water (300 puL), 5% sodium



574 Narae Han, Koan Sik Woo, Jin Young Lee, Jiho Chu, Mihyang Kim, Yu-Young Lee, Moon Seok Kang and Hyun-Joo Kim Sl-AlZAjoks15] %]

nitrite (22.5 pL), 10% aluminum chloride (45 pL), and 1 M sodium
hydroxide (150 pL) and incubated at 25°C for 20 min. Absorbance
was measured at 510 nm using a UV spectrophotometer. Catechin
was used as a reference standard, and the content was expressed
as mg of catechin equivalent (CE) per g of extract (y=2.063x
-0.002, ”=0.998).

4. Amino acid analysis

Amino acid composition was determined as described by Kim
et al. (2022). Briefly, the samples were hydrolyzed using 6 M
hydrochloric acid at 110°C for 12 h, digested, and filtered
through a 0.22 pm polytetrafluoroethylene filter. The amino acid
concentration was analyzed with ninhydrin reagent using an
LA8900 amino acid automatic analyzer (Hitachi High-Tech Co.,
Tokyo, Japan). The ion-exchange column (Hitachi HPLC Packed
column, 4.6 mm i.d., 60 mm length, 3 um particle size) was
used, and the analytical visible detector (Hitachi High-Tech Co.)
set a 570 and 440 nm for proline. The analytical condition was
followed as previously described by Shim et al. (2013). A
standard solution comprising 17 amino acids was used as an

external standard.

5. Determination of antioxidant capacity

The radical scavenging activity of 1,1-diphenyl-2-picrylhydrazyl
(DPPH) and 2,2’-azino-bis (3-ethylbenzothiazolin-6-sulfonic acid)
(ABTS) and ferric-reducing antioxidant power (FRAP) were
analyzed as described in our previous study with slight
modifications (Han et al. 2022b). The extract was diluted in
DMSO to 1 mg/mL and analyzed in triplicate under low light.

For the DPPH assay, the diluted extracts (20 pL) were mixed
with 0.2 mM DPPH solution (200 pL) and incubated at 25C
for 30 min. Absorbance was measured at 520 nm using a UV
spectrophotometer. Trolox was used as the reference standard,
and the activity was expressed as mg of trolox equivalent (TE)
per g of extract (y=-5.580x+1.155, #=0.999).

For the ABTS assay, the diluted extract (20 pL) was mixed
with 7.4 mM ABTS solution (200 pL) and incubated at 25C
for 30 min. Absorbance was measured at 734 nm using a UV
spectrophotometer. Trolox was used as a reference standard, and
the activity was expressed as mg TE per g of extract (y=
-6.801x+1.365, 17=0.999).

For the FRAP assay, the diluted extract (6 pL) was mixed
with FRAP reagent (180 puL) and deionized water (18 pL) and

incubated at 25°C for 10 min. Absorbance was measured at 593

nm using a UV spectrophotometer. Iron sulfate was used as the
reference standard, and the activity was expressed in mmol per
g of extract (y=0.422x+0.0637, *=0.999).

6. ACE inhibition assay

ACE inhibitory activity was analyzed according to the
enzymatic methods of Kancabas & Karakaya (2013) and Kim et
al. (2019) to evaluate antihypertensive potential. The grain
extracts and amino acid standards were prepared at concentrations
of 10 and 5 mg/mL, respectively.

The test sample (10 pL) was mixed with 8.3 mM N-Hippuryl-
His-Leu hydrate (substrate) dissolved in 0.1 M sodium borate
buffer (pH 8.3; 30 pL) and incubated at 37°C for 10 min. Next,
1 unit/mL. ACE from rabbit lung dissolved in 0.01 M potassium
phosphate buffer (pH 7.3) containing 0.5 M NaCl (10 pL) was
added to the mixture. After 30 min of incubation at 37°C, the
reaction was terminated by adding 1 N HCI (50 pL). The
mixture was combined with 300 pL of ethyl acetate and
centrifuged at 1,000xg for 5 min. The supernatant (250 pL) was
completely evaporated at 80°C and re-dissolved in deionized
water (300 pL). Absorbance was measured at 228 nm using a
UV spectrophotometer. Enalapril maleate salt (0.04 mg/mL) was
the positive control. The inhibitory effects were calculated as

follows:

A
A

A
A

sample ~— “Lsample blank

Ihibition rate (%)= |1— % 100,

control — “Lcontrol blank

where Agmple i the absorbance of a mixture consisting of a
sample, enzyme, and substrate; Agmple blank 1S the absorbance of
a mixture without the enzyme; Aconro 1S the absorbance of a
mixture without the sample; and Aol blank 1S the absorbance of
a mixture without the sample and enzyme. Furthermore, the
concentration of amino acid standards that inhibited 50% of ACE
activity (ICsp) was determined using standard concentrations of
0.02 -5 mg/mL.

7. Statistical analysis

All values are presented as the mean and standard deviation
of triplicate measurements, calculated using SigmaPlot (version
14.0; Systat Software, San Jose, CA, USA). Samples were
compared using Tukey’s multiple range test at p<0.05 using
SPSS statistical software version 18 (SPSS, Inc., Chicago, IL,

USA). A heatmap and correlation analysis was applied using
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MetaboAnalyst 5.0 (https://www.metaboanalyst.ca, accessed on
23 Jul 2023) to the normalized and log-transformed mean values
of the relative content of the metabolites to clarify differences

between the crops (Pang et al. 2021).

Result and Discussion

1. Functional compounds and antioxidant activities in
grains

A representative image of five grains mainly grown in South
Korea is shown in Fig. 1. Total phenolic compound and
flavonoid contents ranged from 3.04 to 290.18 mg GAE/g and
0.19 to 110.55 mg CE/g, respectively (Table 1). The highest total
phenolic and flavonoid contents were detected in sorghum,
whereas Italian millet and proso millet contained significantly
lower (p < 0.05) total phenolic and flavonoid contents than that
in the other tested crops. Among the millet varieties, finger
millet had, by far, the highest total phenolic (21.52 mg GAE/g)
and flavonoid (14.76 mg CE/g) contents. Choi et al. (2007)
reported that the total phenolic compound contents in sorghum,
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foxtail millet (Italian millet), and proso millet were the
equivalent of 138.30, 6.91, and 6.44 mg GAE/g, respectively.
This is consistent with our results. In a previous study, the total
phenolic compound content of red beans ranged from 2.61 to
15.53 mg GAE/g extract depending on the cultivars (Han et al.
2022b), which is less than that observed in this study. These
differences may be due to the genotype, extraction methods,
ecological region, cultivation environment, and climatic conditions
(Ofosu et al. 2020; Ghimire et al. 2021). Ofosu et al. (2020)
found that finger millet had the highest total phenolic compound
and flavonoid contents among four varieties of millet grains
(1.36 mg ferulic acid equivalent/g and 1.16 mg CE/g,
respectively). This agrees with our finding that finger millet had
a relatively higher phenolic compound content than Italian and
proso millet. Biological activities are associated with antioxidant
compounds such as phenolic compounds (Han et al. 2022a).
These results indicate that grains that have abundant polyphenols
can be used as rich sources of natural antioxidants.

Phenolic compounds present in various grains are secondary

metabolites directly associated with antioxidant activity (Ofosu et

Italian millet

Finger millet
cv. Finger 1 ho

cv. Samdachal

Proso millet
cv. Geumsilchal

Red bean
cv. Arari

Sorghum
cv. Sodamchal

Fig. 1. Typical phenotypic characteristic of ‘Finger 1 ho’, ‘Samdachal’, ‘Geumsilchal’, ‘Arari’, and ‘Sodamchal’.

Table 1. Bioactive compounds contents and antioxidant activities of grains

Total phenolic Total flavonoids

Crops compounds (mg GAEY/g) (mg CE/g) DPPH (mg TE/g) ABTS (mg TE/g) FRAP (mM)
Finger millet 21.52+0.31%) 14.76+0.15° 14.06+0.55° 37.68+0.73° 117.28+5.48>
Italian millet 5.05+0.07° 0.430.12° 0.4320.12¢ 4.33+0.12° 30.28+1.97°
Proso millet 3.04£0.14° 0.15£0.11° 0.97+0.02° 2.3340.03° 34.72+3.98°

Red bean 28.74+1.43° 16.16+0.33 19.21+0.28° 36.19+0.34° 202.47+4.08"
Sorghum 290.18+17.95" 110.55+5.41° 110.55+5.41° 407.99+10.95° 1,404.25+90.90°

Y All data are presented as the meantstandard deviation of three replicates. Data marked with different letters in the same column indicate

significant differences at p<0.05.

? GAE, gallic acid equivalent; CE: catechin equivalent; DPPH, 1,1-diphenyl-2-picrylhydrazyl; ABTS, 2,2’-azino-bis (3-ethylbenzothiazolin-
6-sulfonic acid); FRAP, ferric-reducing antioxidant power; TE, trolox equivalent.
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al. 2020). DPPH and ABTS radical scavenging activity and ferric
reducing ability assay are a wide range of spectrophotometric
assay to measure antioxidant capacity of food. In detail, DPPH
and ABTS assay is based on the reduction of purple DPPH and
blue/green ABTS " by antioxidants, respectively. In contrast,
FRAP assay is monitored the reduction of Fe** to Fe?" with no
free radical involved (Floegel et al. 2011). The antioxidant
activity measurements of the grains may be different in
accordance with the assay used. Thus, free radical scavenging
activity (DPPH and ABTS) and reductive potential (FRAP)
assays were performed to compare the antioxidant activity of the
grains (Table 1). As with the functional compound content assay,
sorghum exhibited the highest DPPH and ABTS radical
scavenging activities (162.74 and 407.99 mg TE/g, respectively).
In addition, the free radical scavenging activities of Italian and
proso millet were significantly lower than that of finger millet
(p<0.05). Consistent with the free-radical scavenging activity,
sorghum had the highest FRAP (1,404.25 mM), followed by red
bean (202.47 mM), finger millet (117.28 mM), proso millet
(34.72 mM), and Italian millet (30.28 mM). Our results are
consistent with those of a previous study describing phenolic
compounds that significantly contributed to antioxidant activity
(Ghimire et al. 2021).

2. Amino acid composition and antihypertensive property
of grains

The distribution of amino acids in the grains is shown in Fig.
2 and Table 2. Red beans contained a relatively high proportion
of positively charged amino acids, including lysine (1,286.62
mg/100 g dw), histidine (519.81 mg/100 g dw), and arginine
(1,019.50 m/100 g dw). Branched-chain amino acids including
valine (401.03 mg/100 g dw) and isoleucine (267.99 mg/100 g
dw) were more prevalent in finger millet than aromatic amino
acids such as phenylalanine (377.54 mg/100 g dw) and tyrosine
(134.37 mg/100 g dw). Methionine and cysteine, which are
sulfur-containing amino acids, were also detected as major
constituents of finger millet. Proso millet, Italian millet and
sorghum showed relatively higher proportions of alanine, proline,
and leucine and lower proportions of valine, isoleucine, aspartic
acid, lysine, histidine, and arginine than those in red bean and
finger millet.

Previous studies have indicated that grains may reduce
oxidative damage and chronic diseases, including obesity,
diabetes, and hypertension (Masisi et al. 2016). Our study focused

Fig. 2. Hierarchical clustering and heatmap of the
normalized response of the amino acids in grains. The
levels of amino acid contents correspond to the color scale.
A color gradient from red to blue represents a high level
(1.901) to a low level (-1.747) of normalized response.
BCAA, branched-chain amino acid.

on the antihypertensive potential of grains by investigating the
inhibition of ACE by grain extracts (Fig. 3). Antihypertensive
activity varied significantly between the crops assessed (p<0.05),
which ranked as follows (strongest to weakest): finger millet
(38.86%), proso millet (31.39%), Italian millet (28.89%),
sorghum (17.16%), and red beans (14.42%). Therefore, millet
grains, especially finger millet, had a higher ACE inhibitory
activity than sorghum and red beans. Aluko RE (2015) reported
that branched chain, aromatic, and hydrophobic amino acids may
potentiate ACE inhibition with antihypertensive effects. In our
study, we assumed that the improved antihypertensive effect of
finger millet resulted from a higher ratio of branched-chain and

aromatic amino acids.

3. Antihypertensive property of amino acid standard
compounds

Pearson’s correlation was used to determine the relative
contribution of the tested constituents to biological activity. As
shown in Fig. 4, the levels of functional compounds were
positively correlated with antioxidant activity (p<0.001) and
negatively correlated with antihypertensive activity (p<0.05). The
ACE inhibitory effect was positively correlated with most
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Table 2. Amino acid contents in grains
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Crops Finger millet Italian millet Proso millet Red bean Sorghum
Asp 379.42+7.88% 561.72410.53¢ 668.40+16.20° 1,900.02+4.44° 518.23+17.74°
Thr 278.7346.31° 318.3146.13" 332.78+10.20' 604.23+4.19° 251.5849.10'
Ser 339.82+48.52° 382.78+10.158 713.26+25.63° 863.07+4.33° 358.08+9.66°
Glu 1,396.30£31.68° 1,670.75+30.64° 2,612.67+58.10° 2,960.04+4.21° 1,805.09+66.02°
Gly 230.74+4.85° 245.26+4.94 239.16+6.44! 638.66+4.17% 224.56+7.011
Ala 412.24+7.99° 685.01+13.25° 1,215.84+30.22° 710.86+4.29" 751.14424.39°
Cys 165.55+1.10' 179.83+9.95' 178.504+2.35 192.03+4.06 165.91+0.16
Val 401.03+7.30° 416.07+9.19" 553.1246.918 837.34+3.90° 382.50:£18.308
Met 194.71+7.60" 225.96+5.27¢ 222.72+14.66 183.60+2.71) 98.16+6.59
Tle 267.99+3 42 306.3249.36" 426.37+4.63" 650.10+4.13" 303.56+14.09"
Leu 615.50+14.60° 980.32+19.38° 1,430.30:£35.24° 1,269.62+4.53° 1,105.31+42.12°
Tyr 134.37+7.29 147.36+2.74™ 210.62+18.81% 276.59+5.52' 161.3245.05
Phe 377.54+21.30° 463.91+4.87° 671.04+12.78" 956.3443.78" 449.72+17.21°
Lys 187.060.76" 182.22+1.98' 173.33+2.20¢ 1,286.62:3.069° 154.62+6.76
His 160.07+01.63' 179.45£5.77 249.39+3.39 519.81+3.40" 172.46+12.52
Arg 242.10:4.36° 277.36+7.49' 333.38+10.53' 1,019.50+4.71¢ 242.77+14.511
Pro 405.72+3.36° 552.13+0.28" 756.21£26.53¢ 672.04+4.79 632.96+13.12¢

D All data are presented as the meantstandard deviation of three replicates. Data marked with different letters in the same column indicate

significant differences at p<0.05.
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Fig. 3. Angiotensin-converting enzyme (ACE) inhibitory
activity (%) in grains. Extracts were tested at 10 mg/mL,
and the values are presented as the mean + standard
deviation of three replicates. The data marked with different
letters are significantly different at p<0.05.

individual amino acids, except for aspartic acid, lysine, histidine,
arginine, and glycine. In particular, the methionine (+=0.916, p
<0.001), cysteine (=0.696, p<0.01), and glutamic acid (+=0.637,

p<0.05) levels were highly correlated with ACE inhibition.
Based on previous findings, we hypothesized that the amino
acid type would influence the antihypertensive activity. Thus, the
inhibition of ACE was evaluated using amino acid standard
chemicals (Fig. 5). Among the 17 amino acids detected in the
grains, phenylalanine (99.83%), aspartic acid (99.35%), and
cysteine (99.67%) exhibited the highest ACE inhibitory activity
(p<0.05), followed by glutamic acid (87.91%) and histidine
(72.87%). The least inhibitory were glycine (1.47%), proline
(2.221%), methionine (1.18%), isoleucine (2.49%), leucine
(0.00%), and serine (0.69%) (Fig. 5A). As illustrated in Fig. 5B,
the ICsy values for phenylalanine, glutamic acid, aspartic acid,
histidine, and cysteine were 0.72, 2.09, 2.41, 3.43, and 0.07
mg/mL, respectively. In fact, the ICsy value for cysteine did not
significantly differ from that of the positive control (p>0.05). To
our knowledge, no study has extensively investigated the
antihypertensive effects of isolated or purified peptides from
millet grains with strong ACE inhibitory activity. Further studies
are required to investigate the antihypertensive effects of
plant-derived protein hydrolysates and peptides isolated from

millet grains.
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Fig. 4. Pearson’s correlation coefficient matrices from
functional compounds contents and biological activities in
grains. Red and blue colors indicate positive and negative
correlations, respectively. > ** and *" indicate significant
correlations between ACE and individual parameters at

p<0.05, p<0.01, and p<0.001, respectively.

Conclusion

This study provides a new perspective on the amino acid
composition and antihypertensive activity of grains. Finger millet
contains a higher ratio of branched-chain, aromatic, and sulfur-
containing amino acids than the other crops, resulting in the
strongest antihypertensive activity. Furthermore, sorghum shows
potent antioxidant activity with abundant total phenolic
compounds. To the best of our knowledge, this is the first study
to attempt an antihypertensive activity analysis of amino acid
standards, although several studies are available on extracted
peptides and protein hydrolysates. Among the 17 amino acids
detected in the cereal grains and beans, cysteine, phenylalanine,
glutamic acid, aspartic acid, and histidine showed the strongest
inhibitory activity against ACE. Our findings provide information
on the biological activities of grains grown in South Korea and
highlight their potential as plant-based food ingredients with

antihypertensive activity.
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Optimization of Sous-Vide Brown Rice and Its Retrogradation Properties
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Abstract

Brown rice has various health benefits; however, it is more difficult to cook and has a harder texture as compared to milled rice.
In this study, the effect of the sous-vide cooking method on starch retrogradation and textural properties of brown rice was investigated
by comparative analysis with conventionally cooked brown rice based on moisture content assay, evaluation of the textural property
analysis, and differential scanning calorimetry (DSC). The results of the study are as follows: First, the moisture content of sous-vide
cooked brown rice was higher than in the conventionally cooked brown rice. Second, the sous-vide cooked brown rice has lower
hardness, higher adhesiveness, and lower retrogradation enthalpy during storage than conventionally cooked brown rice. Finally, the
retrogradation properties of cooked brown rice during storage were analyzed by DSC. The enthalpy increased more rapidly in the
case of conventional cooked brown rice, reaching 1.58 J/g after 3 days of storage. This indicated that sous-vide cooking is effective
in preventing retrogradation of rice during storage.

Key words: brown rice, sous-vide, retrogradation, adhesiveness, differential scanning calorimetry

M = 2011), ArE{#(Oh JE 2013), =1 E|(Andrés-Bello 5 2009),
o] & E‘4'0]/\(Gonzalez-Fandos 2005) 5 92 I QYA S

E ZEHLe o otHAE 7HR AZ oA of L2} @} GX(Tansey 5 2010), Y53 (Iborra-Bernad 5 2014) 5-&
Alzto] 24 H 275t AR T HhRE A]E0] IA o]-&3t A7} Qlrth. HIE AFY e TE AHEY
g 3}= AL D3rck(Schellekens M 1996). $H|E R =2 ¥zl i3l e (Espinosa 5 2015: Gonnella 5 2018:
U5 JF oA o AFo] A2 Adt E 34 18 S 20197} glow, HF F4 24E I3t A-H(Choung
ol= Aoy dutr o 2= ZA|7to]| AA 65~95C2] H| A & Joo 2018)7} Sith.
oFet = o]&sto] 7t 22 o] 14T e A A2 QA YRS BIESH] A AlA 1o Ant
oAl A7 #eE]stA Hok(Nyati H 2000). H|E 22| 7H5 ojifo] A0 & sh= ARl AlFo|2t & 4= QTH(Dhital
A2 B FAS TP A71AR] A% A T 2015). vt 1909 A& AH|E2 20123 69.8 kgoll 4]

ZH=r}e 7o) Zola} 3 4= 9IkJang & Lee 2005; Baldwin 20174 61.8 kg, 20224 56.7 kg@ & ajulc 748t gl
DE 2012). 0|2 @ Q1S $85to] Tioket Awg ol&3t & whwl, 2u|xe] Ao et Pilo] kol AlES] 1
o 2ol @EE 2 Kin KM 2009), S8Ccong JH 3 ok 2A10] wiel AZAE, A4 B 507} 2
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JFhEA ole] MEIekd BT 1sH 4R BEE A
o 2o AuFe oslE FAE Aom venit
(Korean Statistical Information Service 2023).

A= 39, NZE 9 IFE, Aot 2 Weligez +4
wo] glow, winjo] vis| dwd, x5}, H54, 37, v
9 9 2718 59 F¥ALE ©ol skl 12 (Srisook
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S 2014). o] 3t Au|o] o= ESt =Y H A&
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EAo] %E}(Chen 2015; Moon 5 2022). H19] AEH
(salting), 2 220 w3He W] RS F7HAIT 42
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Egu|2 Hstsio] Anlikel A0l T AHan 5
2012)7} lek. ERE, Kim 51996y & S Hol =3t
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Aut A7ERET dEEE FEHA] 2 D3 E YEY
SUckPark 5 1997), L2} 2 ol BT u= xee] A
F2= Z&E 0|83t Kim HJ(2013)9] A7} 91O oAl
2 o] Rope] AL RIT Aol T 4 Atk 72
19 ol 5] 4ol fele) et 3 shiz guy
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E9] AAo] A 7}l Yth(Food Information Statistics
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LH A& (Seoul, Korea)ol| A +QJ5F0] 2F 20TC9] ArLof B
Batgict. Wojo] w5 @l Sjuh BAT ApesEst
o 4ol HolnE U= Hojite] HHTES o) Bt
2] u18g t27] sjof % 3312 ofu] ABE AH Aul:2

o] H]g-L 42:58% BTt

2. H|= siojge| x2|

do] 100 g& $EEZ 33] AlFskaL 20T *Hlow 600
mL9] §°ﬂ 6AI7J A Gt AE ol&ste] £ AASH
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B7F 90T 9] 4Z(JSWB-11T, IS Research Inc., Korea)o| 4] &
goelch et 2 hdd dnE E2tAE 8710 &
A 3027 YAAZ & Ao ARESHITHEIg. 1A).

(A) Sous-vide

(B) Conventional

Fig. 1. Picture of sous-vide and conventional cooked
brown rice.
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Fig. 2. Relative moisture content of cooked brown rice
during storage at 4°C for 21 days.
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Table 1. Hardness and adhesiveness of cooked brown rice during storage at 4°C for 21 days

0 1 3 5 7 14 21 F-value
Hardness Sous-vide 460.68+31.25*  507.17+7.13%  525.16£9.13%*  568.87+37.26* 590.21+31.15¢ 738.37+26.34°  776.62+56.23°  40.56""
Control ~ 533.33£33.63"  677.75+4.93°  738.19£29.82° 821.42+4.97°  876.10+18.49° 965.56+11.00 1,012.86£22.14 19541
Adhesivencss Sous-vide 181.47+11.24° 168.75£5.32°  134.00+4.68°  121.94+12.45" 109.59+15.44° 105.86+5.20° 87.41£2.58°  40.84™
Control  157.52+11.31°  123.3842.67°  81.211537°  44.42+11.48'  15.07+3.90° 5.1542.74° 0.54£0.30°  151.62""
Meanztstandard deviation.
‘:Different letters indicate significant differences (p<0.05) by Duncan’s test.
p<0.001.
Table 2. Retrogradation characteristics of cooked brown rice during storage at 4C for 21 days
Sous_vide Control
Days - - : - : -
To (C) Tp (C) Te (C) AHr (J/g) To (C) Tp (C) Te (C) AHr (J/g)
1 55244265  55.93+229°  56.76+3.48 0.03+0.01° 4521+1.18"  45.65+4.52°  54.08£0.77°  0.33£0.07°
3 4326£040°  4821x020°  55.05£1.09  0.54%0.04° 4.66£1.14*  49.10£0.86™  55.50+0.68  1.58+0.27°
5 4391£1.21°  49.60+1.17°  55.17x0.56  0.59+0.06° 41.224091° 4821020  56.44+£1.43%  2.16+0.02"
7 42.94+0.89°  48.32+0.19°  54.62+0.18 0.88+0.06° 41.6140.52"  4821+0.19®  54.89+022%  2.24+0.22°
14 42.50+1.39"  48.83£0.98°  54.24+0.86 1.3120.12¢ 4134+1.18"  47.99+0.19®  5437+029°  2.89+0.34°
21 42.67+2.10°  48.99+1.54°  55.33+1.88 1.63+0.20° 4276+027°  50.38+0.68"  58.16£1.84°  3.7240.65°
F-value 2847 13.74™ 0.80 92.44"™ 767" 2.00 6.29” 35.73"

Meanzstandard deviation.

To: onset temperature, Tp: peak temperature, Tc: conclusion temperature.
““Different letters indicate significant difference (p<0.05) by Duncan’s test.

ok

“p<0.01, "p<0.001.
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Fig. 3. Retrogradation enthalpy of cooked brown rice
during storage at 4°C for 21 days.

Fig. 4. Retrogradation thermograms of sous-vide cooked
brown rice and conventional cooked brown rice during
storage at 4C for 21 days.
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Abstract

This study was conducted to investigate whether there were differences in eco-friendly food, home meal replacement (HMR)
purchases, and eating-out behavior according to the level of agri-food consumer competence. The data for the study were extracted
from main food consumers (n=3,321) in the 2022 Food Consumption Behavior Survey. The competence index was divided into
awareness-attitude-practice items, and three groups were classified by competence level. The results showed an agri-food consumer
competency score of 70.62, with the highest score for awareness (73.96), followed by practice (69.28) and attitude (66.18). The
frequency of purchasing eco-friendly food was higher in the excellent group compared to other groups, and quality and price
satisfaction was higher with higher competency (p<0.001). Regarding HMR, the results showed that the shortage group had the lowest
HMR consumption rate, and satisfaction decreased as competence decreased (p<0.001). The main reason for eating-out was to enjoy
food in all groups (59.0%), followed by a lack of cooking time in the excellent group (15.7%) and hassle with food preparation
in the moderate and shortage groups (17.3%, 16.6%) (p<0.001). In short, agri-food consumption competency showed differences by
contents and components, and differences in food purchases and eating-out behavior by competency level were found.

Key words: agri-food consumption competency index, eco-friendly food, home meal replacement(HMR), eating-out,

consumer behavior survey for food in 2022
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3 22 2ulegolet & 4 9lon] of AglA Al
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(Kim 5 2012).

olgt ge AvAjelEe AF HofolE Hesw |
s A AL HEA ¥}t
A AP|AEo] st AU e AUT
FeF WAL, AAY SES FABLNRAZOR Yo
5}a1 Qlth(Korea Rural Economic Institute 2022). £3] =
AuAAFS BE Q AR 7o, S4HS A
LAg AR, AES £E5to] AFshs A" 9A 9
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2014), F SAFARBAGFA S Sl e ASHE,
2 3
[e] (o)

AETAE, 94, vig 9 glo]F ok o] 4 (Kim
T 2021), SAE AHIEF F dRGFo] AFEPH ol
olAlx} Al A& 7ke] WA mekKim 5 2022), WA AlE
TFiol] T F= FARAAEF FE 390 B4 (Lee Y
2023), A9 5AF H|2UA ST AT 4219 s4EA

=

5
H| A FA| 4= HIHE EA3E A (Yang HS 2023) 5°] )
AALE]o A= AH[AHe] A 7 FHskaL
o] Lee 5(2016)2 AEEFFS, FAFTHAE A
FAARFA AFAHPHE Hol= Ao THE 7HH &
5] 2020 & AT COVID-192 <Isf 4lA|9] hd=t A7
Sk 4ol gt 877} oA A7dskal QPARE HA 2
87 =1 o] & QI8 A U A A FARE o]-80]
S7HE AThKim G 2022). ¥HH 5L A7) 3 AHEE A
F7182 Qg FAA, AAA, BAY A2EHAE 1T o
A%, A, 7S AIE 089 57t & HFEAlHA] Rt
AP FASH|E SHYTHKIm & Yeon 2021; Yoon E
2023). AS A ARF7] Al & 2JF 50| T A HA
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A, HE24] o85S A7 ET WolAA] ¢kl I (Yoon
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1, HMR 75 9 oajagel 2.4 589

© 2utE AES Adst AL 9ISt WS Fa
3 4

E 9 A4 Al

7 S Z74A]7] 7 9LOm(Kim & Lee 2021),
Aeits avle AR felsh bAgE AFolt
7ol gt TAlo] w2t gebklth(Tandon 5
A7} obAo] digt 8 F 9 A& 4|49
AZE AAE £0]1A of= g2 7oA 22} A
7} 7} HMR 4H| F7Fof| A & YERdth(Baker 5 2020).
T3 914)9] 9 COVIDZ Qla] Azst et AS 42 A+
o7 QA9 T2 AtjFor AnAEY] AlFan| T
A2} 5o FF2 T=THKim & Lee 2021). ©]of & <
TolA= COVID A% o|-§ W37} B2 e AE, HMR
AlE Tl 2 Q4] oA BAFARAEF J o] whet
2o¥| 5] o]t YA AT IA Pk
Gl 44 AFE AT WS AT Hg] 74
QazA AN BE, 4F 4 2EE SR R
QITHOh & Bae 2018; Hong & Bok 2021). & LFs}H AH|RISH
e THTHE WS @l Aol 4AT e T4
= A2 EE, AHoA Y] Aol ARAAHIAPEE UERd
= 171 miiZolth(Hong & Bok 2021). & AH[AFH T2 2|4,
B, AH9 #3o] QFEHA AA AHAEANAA = F
T 7984 7S] AP} @Agsto] Ao Bls| AH 4ol
3 FE U AT AHQlo] HE A $Fo] ¥
4 & Qlth= Zo|tHOh & Bae 2018; Hong & Bok 2021). o]
SAELHAGFE AA-H - 5 AR F2E Yo
slotgt Bao] 9g AR AREL B A7
SABLUAATASE AEe] Ao} ALGE AT VRE
o A% P22 o] BT oF FHELUALY 02
2w Gehe] Holoh YA BAstA Pk FIH0R B
A7) AT RO ABAAALFAS A 54
£ 7ot 44T B 2ERES Lolv] I ALY
3 BRPPe] N 2ARE ATHIA B,

et

oI CHAF B b

1. 91T THAL U A} i
B d7E G2 AAATdold v Ax s AE
SlEERA QAR F 20229 BAT0IE S Tl
LR AT olget A= ZheH| ool g-TsA Hlgt
4E F TS Ao & ARUS 25510 331
o 9ESTE AgBHATh 2AIZHE 20229 5L13U-T
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5 Aol HEWE5 &8sto] HA AR o] F

o 2= 8ol wet 14, ", A 8908 o
S %135 TH(Table 1). ERZof AH[AFAF 57 A7

Ae A9 F842A A4, "= 4301%) 998 Wr

o] A5} 2L & 4= 9] O (Kim & Cho 2014; Oh & Bace
2018; Hong & Bok 2021) A EAH| A AFA| = FHL2 4H]
Ao XA ArE A|Hor & 4 Q= £ flor &
A F9 A tisf o] Fx IA|ekaL YEA O] gt &
0k kst 5= QA = of 9t olof ThE AH|RAFF A
olA F85HA of7]= FHFaAQl A4 AF 4l 2 A

Table 1. Composition of the study questions from the agri-food consumer competency index question

Original question

Key questions contents

Questions about perception of agri-food labeling, information, and purchase

Awareness (7)

Use of agri-food labeling

environment
m11135/11.12135/11131%

Purchasing &
restaurant choice
competency related
agri-food

Utilizing agri-food
information
Agri-food purchase

Attitude (3)

Questions related to nutrient-oriented attitude when choosing agri-food, and
attitudes toward individual and national roles in the purchasing environment
Im11711323

environment (18)

Practice (8)

Questions related to purchase decision and action when purchasing
agri-food, and selective behavior through information utilization

11112468 /1112246

Questions about food and dietary requirements for healthy living, and

Awareness (6)

. . Healthy food habit
Cooking & eating calthy food habi

recognizing the importance of maintaining and inheriting traditional food
life
1121159/112213 11233

Safe food habit
Traditional food habit

(18)

competency related to

agri-food Attitude (4)

Questions about attitudes toward family meals and nutrient balance efforts
11213711222 11231

Questions about balanced nutrient intake, healthy eating behavior, traditional

Practice (8)

food consumption behavior

1121246810 /11224 /112324

Questions related to consumer rights, diet education, and promotion of

Awareness (7)

dietary improvement awareness

1131157/1132135/11333

Consumer rights
Civic competency Consumer responsibility
related to agri-food ~ Consumer problem
solving (20)

Attitude (9)

Questions about healthy agri-food consumption and educational intentions
and willingness to participate,

Questions related to efforts to reduce food waste and adherence to dietary
etiquette, Willingness to remedy damage related to agri-food
113123468 11327/11331,24

Questions about practicing food waste reduction, actively purchasing

Practice (4)

agricultural products, and practicing proper dining etiquette

11322468

Y (): number of questions.

2 for detailed questions, please refer to the 2022 Food Consumption Behavior Survey Results Report.
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Wtk (Table 2). FALQQUEZ A AH]|RFQ1I4](73.96) &

7F 7P =k, T th32 AR H(69.28), AH|RHE
L(66.18) =0 & YEFITH(p<0.001). TAFAHAA TS
AEE Yol BoEE wf, AHRQIA BEL Stuf 9 Ak
e AFo] gt Q14(78.65)0] BF K& Ago] Hl] §-24]
O & &0 Ao YeEPYTHp<0.001). Bl BELS Ajgloek
Fio] e} F& ko] vls FAIs] F2 F(6143)y B
O (p<0.001), A FE-2 o 9 A de A=K(74.71),
AR5 (69.67), 28] D HF HH63.60)] O &E AL
ATHEP<0.001). EFF HAAHo 2= Fuf d AFde] A7F
(75.24), 28] 9 A3 JH69.18), A|F1H(67.46)2] &0 &
UEFTHp<0.001).

7 A HEEEE AR B ) 9 A A9 g
9] A9 012)(78.65), A (74.71), B % (72.37)Q] =0 & e}
HOH(p<0.001), 28] H HF A7 FES HE(72.23), A4
(71.63), A FT(63.66) 0.2 RAFEQTHp<0.001). 4]
F o AN FZ 1A (71.27)°] 7 =%l A F(69.67),
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Table 2. General tendency of agri-food consumer competency (n=3,321)
Components Competency
Awareness Attitude Practice F-value"
Contents total average
Purchasing & restaurant choice 5 g 74n9 78.65+10.75* 72.37410.97° 74.7111.79" 273.015™
competency related agri-food
Cooking & cating competency g 1o/ ¢ 54 71.63£9.09°8 72.23+9.96 63.66+8.51° 895.852"
related to agri-food
Civie competency related to 67.46+8.113¢ 712748.72°® 61.434+8.99°® 69.67+10.00" 1,082.857"
agri-food
F-value? 728.838"" 629.220™" 1307.983"™ 999.939"" -
Component total average 70.62+7.80 73.96+8.17° 66.18+8.31° 69.28+8.30° 687.914™

) Results of ANOVA analysis of agri-food consumer competency index by contents.

? Results of ANOVA analysis of agri-food consumer competency index by component.
3 Converted to 100 million points by adding up the scores obtained for each category.
ACDifferent superscripts in the same column are significantly different by Duncan’s multiple range test.
““Different superscripts in the same row are significantly different by Duncan’s multiple range test.
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Table 3. Verification of differences in characteristic variables by cluster
Cluster 1 Cluster 2 Cluster 3
Cluster _Total Excellent Moderate Shortage
(@=3,321) (n=798) (n=1,683) (n=840) Frvalue

Components M+S.D.

Awareness 73.96+8.17 86.39+5.76 75.38+5.60° 64.38+6.68° 2,820.1817
Attitude 66.18+8.31 78.5144.68° 69.58+4.32° 59.51+5.81° 3,192.197"
Practice 69.28+8.30 77.16+4.76° 67.48+4.07° 58.19+5.51¢ 3,424.302"

Component total average  70.62:7.80 79.96+3 .26 71.5242.12° 56.60+3.70° 7,151.178"

““Different superscripts in the same row are significantly different by Duncan’s multiple range test.

ok

p<0.001.
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Table 49} 2t} 7}; % 20191 A7} 36.6%=E 7HF &
gror, Ly £5L2 2007 H(20.8%), 300THATH(18.0%)
9] Hl&o] &3 *‘Eﬁ T 71 F2-33] o33 (41.8%),
F13] o] (41.6%)0] HFEE=S AASHL AT, A=mEFS
FE FYsks Ahe ST 35.5%), HBPHE(31.4%),
719 543 FHuA(15.7%) ol U2H HEAFS 14.0%
A& o] &Stz AoE YET
AFIFEE: IFEIHATEY 4+ 1017HL°J 35
(36.1%)7} THE Atol] v FolF 0w &2 HEZ Y
AHp<0.001). A EFFUYF719] A4S dFeHddo] 5 23
3] ool 523%=2 FETH26.2%)0l Hls] FAG Zol&
B oHp<0.001).

—

(Table 5)9} 2. ifjé&% FuulE B4 Azk Ao oy
= oAH(50.2%) AA|He F o=
ehiteh, ol Aot 3 gl 13 o} oA 7
7t 24.5%, 190 B ¥ H=7} 18.7%, 154 19] o]/
AL 6.5%2 BEAE QT A £ AL L) UL E B
A 2§97 Aols AT S ANUTH=149.621,
p<0.001). S-FHES] AL 15 13], 12 13] o4 AgtF 4=
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AF Al AR AE T HE e E Aol o
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7ol Frheh Ql4ol@3. %] ST Q14(36.6%)R
o SAEo] ARG G2 o4 HolS B
Thp<0.001). HHh & 3H3 A1ZS 7951A] gre o] 5o o
AL QUAFTY Hol S 71X Rarhe o] 44.7%
2 7P ¥9kon, Zhdo] uaehs Q14(23.8%)0] L the

A%, HMR 7o) 9 jaje) 24 593

HE fol &= F 714 ol
= XS4 ES FAHA Y= 7P & ol E UEHTE 11
AU F olfE ALt ST B AEFE(14.45%),

TA7FsT A F50.9%), Rededt FEUE] 49
EA1(12.3%, 14.8%), AEA(8.1, 6.0)9] £0 & Yeh} v| o)

o]fofl F2lAQl AolE YERHAT (p<0.001).

FeFAFY] FET 7HA ] gt AAH TS EE 5
M vy 712 27t 3.62, 3428 HES $EHT ot &2
Ao g Yepytth JFAHER WEL 20 g 2ol &
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A}t A FALHAA T 255 XSG AE o8] gt
AR £t okl & 5 QUoh

&G AE e 8 & =
o] FolAH FgHgAFo] et 4ol ForR|aL
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K(2005), Kim SS(2007)9] @Fol|lAE §7]5AME = 2%
AR gt A4 o] #25E fU1sAEDS S8 E 54t
9 7t F7koke A0 2 YER L, g sAEl o
o AR L PE 542 £41%F Ahn PR(2005)9] A9
A= B[R] QIAFEA AT 5L E o R 7H)0] &
=55 AeFsAE 7 SX0ES SR Pak & You
(2007)] Aol A= ol gt Iilo] =2 AHATL &
BRI AE, f715AE00 ts) 3784 s 7RItk
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AEibE0] AEo] oMt sHeiH. FAFAHAI
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% SAE BA, 5AE JRYE, £6% Aol So) ¢
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Table 4. Respondents’ demographic characteristics and food purchasing features
. Cluster 1 Cluster 2 Cluster 3
Variable Category NCo) Excellent (=798) Moderate (n=1,683) Shortage (n—840)
Men 368(11.1) 70(8.8) 170(10.1) 128(15.2)
Gender Women 2,953(88.9) 728(91.2) 1,513(89.9) 712(84.8)
X*=20.691""
20’s 82(2.5) 21(2.6) 35(2.1) 26(3.1)
30’s 347(10.4) 95(11.9) 159(9.4) 93(11.1)
40’s 743(22.4) 205(25.7) 380(22.6) 158(18.8)
Age 50’s 1,072(32.3) 297(37.2) 556(33.0) 219(26.1)
60’s 789(23.8) 141(17.7) 412(24.5) 236(28.1)
=70’ 288(8.7) 39(4.9) 141(8.4) 108(12.9)
X*=80.866""
<Middle school 448(13.5) 61(7.6) 224(13.3) 163(19.4)
Sehool High school 1,505(45.3) 334(41.9) 775(46.0) 396(47.1)
>College 1,368(41.2) 403(50.5) 684(40.6) 281(33.5)
X°=74.096""
1 922(27.8) 175(21.9) 444(26.4) 303(36.1)
2 1,215(36.6) 289(36.2) 616(36.6) 310(36.9)
Number of household 3 690(20.8) 202(25.3) 367(21.8) 121(14.4)
members 4 447(13.5) 121(15.2) 231(13.7) 95(11.3)
>5 47(1.4) 11(1.4) 25(1.5) 11(1.3)
X’=42.828""
<200 579(17.4) 100(12.5) 277(16.5) 202(24.0)
200<~<300 691(20.8) 135(16.9) 351(20.9) 205(24.4)
Average monthly 300<~ <400 599(18.0) 142(17.8) 296(17.6) 161(19.2)
household income 400 <~ <500 510(15.4) 137(17.2) 252(15.0) 121(14.4)
(unit: W 10,000) 500 <~<600 505(15.2) 158(19.8) 268(15.9) 79(9.4)
>600 437(13.2) 126(15.8) 239(14.2) 72(8.6)
X°=96.448""
>2-3/w 1,389(41.8) 417(52.3) 752(44.7) 220(26.2)
1w 1,380(41.6) 284(35.6) 715(42.5) 381(45.4)
Food purchase cycle 12w 442(13.3) 90(11.3) 192(11.4) 160(19.0)
<1l/m 110(3.3) 7(0.9) 24(1.4) 79(9.4)
X=237.567""
<3 844(25.4) 180(22.6) 501(29.8) 163(19.4)
3<~<5 1,119(33.7) 280(25.0) 577(34.3) 262(31.2)
expglzei?f: /folo‘iime 5<e<7 433(13.3) 90(11.3) 223(13.3) 120(14.3)
(unit: ¥ 10,000) 7<~<10 590(17.8) 151(18.9) 240(14.3) 199(23.7)
' ’ >11 335(10.1) 97(12.2) 142(8.4) 96(11.4)
X>=70.471""
Local supermarket 1,179(35.5) 305(38.2) 591(35.1) 283(33.7)
Large supermarket 1,043(31.4) 226(28.3) 531(31.6) 286(34.0)
Branded small or
mediumesized supermarket 521(15.7) 147(18.4) 263(15.6) 111(21.3)
Traditional market 464(14.0) 76(9.5) 250(14.9) 138(16.4)
Main place for Online shopping mall 73(2.2) 32(4.0) 26(1.5) 15(1.8)
food purchasing Local food market 16(0.5) 8(1.0) 8(0.5) 0(0.0)
Convenience store 10(0.3) 0(0.0) 4(0.2) 6(0.7)
TV home shopping mall 7(0.2) 3(0.4) 3(0.2) 0.D)1
Department store 5(0.2) 0(0.0) 5(0.3) 0(0.0)
Organic food store 3(0.1) 1(0.1) 2(0.1) 0(0.0)
X=68.854""

e

<0.001.
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Table S. Respondents’ eco-friendly food purchasing features by competency level
. Cluster Excellent Moderate Shortage
Variable (n=798) (n=1,683) (n=840) X*/F-value
Total N(%0)
Frequency of purchasing
>1/w 217(6.5) 86(10.8) 111(6.6) 20(2.4)
>1/m 815(24.5) 283(35.5) 383(22.8) 149(17.7) 149,621
A few times/yr 621(18.7) 115(14.4) 301(17.9) 205(24.4)
Very little 1,668(50.2) 314(39.3) 888(53.2) 466(55.5)
Total 3,321(100.0) 798(24.0) 1,683(50.7) 840(25.3)
Change in the frequency of purchasing eco-friendly food compared to the previous year
Decreased 104(6.3) 23(4.8) 33(4.2) 43(12.8)
Unwavering 1,073(64.9) 282(58.3) 558(70.2) 233(62.3)  56.145
Increased 476(28.8) 179(37.0) 204(25.7) 93(24.9)
Total” 1,653(100.0) 484(29.3) 374(22.6) 795(48.1)
Eco-friendly food potions among purchased foods
Always buy eco-friendly food 51(3.1) 19(3.9) 24(3.0) 8(2.1)
Always buy eco-friendly food for certain foods 237(14.3) 75(15.5) 117(14.7) 45(12.0)
Most of the food is sometimes purchased as -
eco-friendly food P 950(57.5) 266(55.0) 429(54.0) 255(68.2) 39.020
Only certain foods are sometimes purchased as
eco-yfrien dly foods P 415(25.1) 124(25.6) 225(28.3) 66(17.6)
Total 1,653(100.0) 484(29.3) 795(48.1) 374(22.6)
Reason for purchasing
Recognized as safe 780(47.2) 245(50.6) 398(50.1) 137(36.6)
Environmental protection 154(9.3) 31(6.4) 66(8.3) 57(15.2) 39.020°
Good taste 101(6.1) 32(6.6) 53(6.7) 16(4.3)
Good for health 618(37.4) 176(36.4) 278(35.0) 164(43.9)
Total 1,653(100.0) 484(29.3) 795(48.1) 374(22.6)
Reason for non-purchasing
No difference from regular products 745(44.7) 121(38.5) 432(48.6) 192(41.2)
Poor quality 144(8.6) 44(14.4) 72(8.1) 28(6.0)
Hygiene concerns 68(4.1) 6(1.9) 38(4.3) 24(5.2)
Absence of store 77(4.6) 31(9.9) 35(3.9) 11(2.4) 68247
An expensive price 397(23.8) 82(26.1) 184(20.7) 131(28.1)
Don't know where to buy it 36(2.2) 7(2.2) 18(2.0) 112.4)
Product distrust 201(12.1) 23(7.3) 109(12.3) 69(14.8)
Total 1,668(100.0) 314(18.8) 888(35.9) 466(36.4)
Quality and price satisfaction
Quality 3.6240.53? 3.80+0.44° 3.63+0.54° 3.36+0.53° 78.808™"
Price 3.42+0.64 3.63+0.58" 3.4120.65 3.17x0.61° 58371

" The total sum is different as a result of the first-priority response.

9 MeantS.D. for 5 point scale (1:very unsatisfied~5:very satisfied) responses.
““different superscripts are significantly different by Duncan’s multiple range test.

seokok

'p<0.001.
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Table 6. Respondents’ HMR purchasing features by competency level
Excellent Moderate Shortage
Variable Cluster (n=798) (n=1.683) (n=840) X/F-value
Total N (%)
Frequency of purchasing HMR
(Ready-to-cook)
>1/w 484(14.6) 112(14.0) 254(15.1) 118((14.0)
>1/m 1,176(35.4) 305(38.2) 628(37.3) 243(28.9) 27 406"
Rarely 661(19.9) 148(18.5) 333(19.8) 180(21.4)
Don’t purchase 1,000(30.1) 233(29.2) 468(27.8) 299(35.6)
(Ready-to-cat)
>1/w 546(16.4) 120(15.0) 288((17.1) 138(16.4)
>1/m 1,155(34.8) 326(40.9) 622(37.0) 207(24.6) 65700
Rarely (662(19.9) 141(17.7) 335(19.9) 186(22.1)
Don’t purchase 958(28.8) 211(26.4) 438(26.0) 309(36.8)
(Meal kit)
>1/w 248(7.5) 46(5.8) 126(7.5) 76(9.0)
>1/m 1,133(34.1) 328(41.1) 586(34.8) 219(26.1) -
Rarely 731(22.0) 174(21.8) 384(22.8) 173(20.6)
Don’t purchase 1,209(36.4) 250(31.3) 587(34.9) 372(30.8)
(Fresh convenience food)
>1/w 327(9.8) 91(11.4) 164(9.7) 72(8.6)
>1/m 931(28.0) 282(35.3) 475(28.2) 174(20.7) 59.800°
Rarely 779(23.5) 150(18.8) 419(24.9) 210(25.0)
Don’t purchase 1,284(38.7) 275(34.5) 625(37.1) 384(45.7)
Total 3,321(100.0) 798(24.0) 1,683(50.7) 840(25.3)

Change in the frequency of purchasing HMR compared to the previous year
(Ready-to-cook)

Decrease 113(4.9) 27(4.8) 47(3.9) 39(7.2)

Unwavering 1,531(66.0) 362(64.1) 829(68.2) 340(62.8) 12.184"
Increase 677(29.2) 176(31.2) 339(27.9) 162(29.9)

Total 2,321(100.0)" 565(24.3) 1,215(52.3) 541(23.3)

(Ready-to-cat)

Decrease 132(5.6) 39(6.6) 58(4.7) 35(6.6)

Unwavering 1,491(63.1) 338(57.6) 831(66.7) 322(60.6) 17.050”
Increase 740(31.3) 210(35.8) 356(28.6) 174(32.8)

Total 2,363(100.0) 587(24.8) 1,245(52.7) 531(22.5)

(Meal kit)

Decrease 142(6.7) 50(9.1) 66(6.0) 26(5.6)

Unwavering 1,164(55.1) 283(51.6) 620(56.6) 261(55.8) 8.465
Increase 806(38.2) 215(39.2) 410(37.4) 181(38.7)

Total 2,112(100.0) 548(25.9) 1,096(51.9) 468(22.2)
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Table 6. Continued
Excellent Moderate Shortage
Variable Cluster (1=798) (n=1,683) (1=840) ¥/ F-value
Total N (%)
(Fresh convenience food)
Decrease 143(7.0) 51(9.8) 55(5.2) 37(8.1)
Unwavering 1,386(68.0) 330(63.1) 752(71.1) 304(66.7) 16.442"
Increase 508(24.9) 142(27.2) 251(23.7) 115(25.2)
Total 2,037(100.0) 523(25.7) 1,058(51.9) 456(22.4)
Reason for purchasing
Reducing cooking cost 751(28.8) 203(31.8) 352(25.6) 196(33.0)
Good taste 470(18.8) 142(22.3) 241(17.6) 87(14.6)
Don’t know how to cook 259((9.9) 66(10.3) 135(9.8) 58(9.8)
Lack of cooking time 392(15.0) 78(12.2) 246(17.9) 68(11.4)
Cooking is a hassle 479(18.4) 106(16.6) 281(20.5) 92(15.5) 84.497"
Tasting various foods 147(5.6) 26(4.1) 74(5.4) 47(7.9)
Reducing food waste 52(2.0) 11(1.7) 21(1.5) 20(3.4)
Good storage period 49(1.9) 6(0.9) 20(1.5) 23(3.9)
Other reason” 6(0.3) 0(0.0) 3(0.2) 3(0.5)
Total 2,605(100.0) 638(24.5) 1,373(52.7) 594(22.8)
Reason for non-purchasing
Expensive 175(24.4) 42(26.3) 82(26.5) 51(20.7)
Prefer to cook 162(22.6) 39(24.4) 62(20.0) 61(24.8)
Bad taste 126(17.6) 35(21.9) 50(16.1) 41(16.7)
Quality doubts 105(14.7) 19(11.9) 52(16.8) 34(13.8) 17519
Imbalance of nutrition 48(6.7) 11(6.9) 23(7.4) 14(5.7)
Safety doubts 39(5.4) 7(4.4) 16(5.2) 16(6.5)
Additives 30(4.2) 5(3.1) 13(4.2) 12(4.9)
Other reason” 31(4.3) 2(1.3) 12(3.9) 17(6.9)
Total 716(100.0) 160 310(43.3) 246(34.4)
Satisfaction & concerns
Quality satisfaction 3.53£0.53% 3.68+0.52° 3.54+0.52° 3.37+0.52° 55.489™
Price satisfaction 3.48+0.56" 3.63+0.56" 3.48+0.56° 3.3440.54° 41.621™"
Safety concerns” 3.35+0.91° 3.35+1.00 3.32+0.90 3.43+0.84 3.324
Additive concerns” 3.25+0.877 3.24+0.91° 3.21+0.85° 3.35+0.88" 5.399™

Y The total sum is different as a result of the first-priority response.
D Other reason Includes balanced nutrient intake.

3 Other reason Includes lack of product and place of purchase information, and product non-diversity.

9 Descriptor: 1: very dissatisfied~5: very satisfied.

% Descriptor: 1: not concerned at all~5:very concerned.
““Different superscripts in the same row are significantly different by Duncan’s multiple range test.

“p<0.01,""p<0.001.
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Table 7. Respondents’ restaurant usage features by competency level
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Cluster Excellent Moderate Shortage
Variable (n=798) (n=1,683) (n=840) °
Total N(%)
Frequency of eating-out
> 2~3days/ w 220(8.9) 53(7.8) 102(8.1) 65(12.6)
1day/w 571(23.2) 156(22.8) 298(23.7) 117(22.6) 1L670™
1day/2w 882(35.9) 255(37.3) 457(36.3) 170(32.9)
<lday/m 786(32.0) 219(32.1) 402(31.9) 165(31.9)
Preference for restaurant category
Korean 1,105(44.9) 334(48.9) 538(42.7) 233(45.1)
Korean BBQ 1,063(43.2) 297(43.5) 573(45.5) 193(37.3)
Chicken 55(2.2) 15(2.2) 28(2.2) 12(2.3)
Pizza, Hambuger 40(1.6) 9(1.3) 19(1.5) 12(2.3)
Korean snack (kimbab) 59(2.4) 6(0.9) 33(2.6) 20(3.9) 49.119™
Japanese 55(2.2) 12(1.8) 28(2.2) 15(2.9)
Chinese 34(1.4) 1(0.1) 17(1.4) 16(3.1)
Western 39(1.6) 8(1.2) 19(1.5) 12(2.3)
Others" 9(0.4) 1(0.1) 4(0.3) 4(0.8)
Criteria for restaurant choice
Cleanliness 370(15.0) 128(18.7) 173(13.7) 69(13.3)
Price 352(14.3) 100(14.6) 151(12.0) 101(19.5)
Service 93(3.8) 26(3.8) 38(3.0) 29(5.6)
Atmosphere 203(8.3) 49(7.2) 115(9.1) 39(7.5)
Healthy menu 48(2.0) 16(2.3) 21(1.7) 11(2.1) 83.806™"
Taste 1,155(47.0) 329(48.2) 626(49.7) 200(38.7)
Amount 49(2.0) 13(1.9) 21(1.7) 15(2.9)
Menu variety 126(5.1) 17(2.5) 83(6.6) 26(5.0)
Others? 63(2.6) 5(0.7) 31(2.5) 27(5.2)
Total 2,459(100.0) 683(27.8) 517(21.0) 1,259(51.2) -
Reason for eating-out
Enjoy eating-out 1,134(59.0) 326(59.5) 603(60.3) 205(54.8)
No time for cooking 259(13.5) 86(15.7) 131(13.1) 42(11.2)
Cooking is a hassle 303(15.8) 68(12.4) 173(17.3) 62(16.6) 28.481"
Using for special day 209(10.9) 60(10.9) 88(8.8) 61(16.3)
Reducing cooking cost 17(0.9) 8(1.5) 5(0.5) 4(1.1)
Total 1,922(100.0)” 548(28.5) 1,000(52.0) 374(19.5)
Reason for non eating-out
Expensive 261(26.9) 38(28.6) 126(25.8) 97(27.6)
Bad taste 95(9.8) 22(16.5) 38(7.8) 35(10.0)
Concerning health 86(8.8) 8(6.0) 48(9.8) 30(8.5)
No time for eating-out 100(10.3) 12(9.0) 36(7.4) 52(14.8) 46.793"
Dislike for going out 301(31.0) 37(27.8) 150(30.7) 114(32.5)
Restrictions on the number by COVID 113(11.6) 16(12.0) 77(15.8) 20(5.7)
Other reason 16(1.6) 0(0.0) 13(2.7) 3(0.9)
Total 972(100) 133(13.7) 488(50.2) 351(36.1)

Y Others include bakery, ethnic, bar.
D Others include accessibility, reservation, parking, subsidiary facilities, distance.
3 The total sum is different as a result of the first-priority response.

sokok

p<0.001.
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Korean Society of Food and Nutrition

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

Chapter 1 General Provisions

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

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

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

truth in academic research and fairly verify misconducts.

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

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

Chapter 2 Ethics Regulations on Research Conduction

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

scholars

Article 5: Data Management

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

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

by publicly presenting the findings.

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

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

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

Article 8: Order of Authors and Affiliation

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

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

accordance with custom.

Article 9: Responsibility of the Corresponding Author or Senior Author

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

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

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

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

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

integrity of the research

Article 10: Citation Principles of References

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

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

references.

Chapter 3 Ethics Regulations on Misconduct

Article 11: Definition of Research Misconduct

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

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

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

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

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

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

Article 13: Prohibition of Distortion in References

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

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

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

Article 14: Practices to Avoid

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

process.

Article 14-2 : Bioethics

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

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

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

Chapter 4 Ethics Regulations for Dissertation Review

Article 15: Responsibilities and Obligations of Dissertation Examiner

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

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

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:/ksfiokr).

Society's website

For information of Manuscript submission please
contact the editor.

E-mail: foodnutrl@naver.com

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

The corresponding author must be a member of the
Korean Society of Food and Nutrition, and the
publication of papers by non-members is subject to
the resolution of the editorial board.

Online submission is the primary method. Authors

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

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

should complete the Submission Form and submit
the paper along with the Research Ethics Pledge and
the  Authors' of Ethics Policy &

Copyright Transfer. For research involving human

Agreement

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

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

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

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

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

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

review guidelines.
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Guidelines for Submitting Manuscripts

The language in the manuscript should be Korean or
English
computer with font size of 10~12 points and the line
spacing should be set at 200%.

in Ad-size paper setting, typed using a

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

affiliation on the first page of the manuscript.

author’s (or authors’) name(s), and
The
running title should be provided at the upper part
of the title page. If the number of authors is two or
should be
corresponding author. If affiliations of authors are
should be put
at the end of authors name in order.
should be

affiliation. The corresponding authors should provide

more, | mark indicated in front of

sokok

different, superscriptions of "
The same

marks put in front of respective

author’s name affiliation, affiliation

and e-mail. The authors’
in between the

in  English,

address, telephone, fax,

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

affiliated with

permissible to

If an author is two or more

institutions, it is specify multiple
affiliations.

All their
positions when registering with ORCID or a similar
This
documentation for identity verification if needed in
the future.

authors must register affiliations and

identifier. information can be utilized as

The English abstract should be provided in case of
the of the

manuscript. The abstract must not exceed more than

Korean manuscript on second page
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
Materials and Methods
Methods), Results
Conclusions, Conflict of Interest, Acknowledgments,

order: Introduction,
Study Subjects

and Discussion,

sections  in
(or and
Summary and

and References. The text should be continuously
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connected without page breaks.

. Research Notes are brief reports of limited scope

13.

14.

15.

1

~

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. I, and etc. and in clear and
they
without referring to the text. The title of table should
be given at the top of the table and the title of

precise manner So could be understandable

figure should be given at the bottom of the figure.
Tables and figures should be stated as Table 1, Fig.
1 and etc. when they are quoted from the text
body.

Footnotes should be expressed as Arabic numerals of
D23 at the bottom of tables, and no sign should
be used. Moreover, * marks must be used to
present significance probability of p<0.05 or p<0.0l1 in
statistical analysis. In multiple range test, alphabets
of » b & & ad e hould 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 amrangement 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 HJ. 2002.
permeabilities  and

Mechanical
properties, water  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 should be
accordance with Chemical Abstracts. Academic terms,

abbreviations presented in

if possible, should be provided in Korean.

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

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.

updated guidelines when submitting papers for Volume 36, Issue 6, and subsequent issues.

% The submission regulations for the journal have been partially revised as of November 10, 2023. Please refer to the
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