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Abstract

The purpose of this study was to determine the quality characteristics and antioxidant activities of ‘Sulgidduk’ added
with chicory (Cichrium intybus 1..) powder during storage. Chicory powder was added to ‘Sulgidduk’ in concentrations
of 1%, 3%, or 5% of rice powder, and the ‘Sulgidduk’ was stored at 20C for 3 days. Immediately after preparation,
the moisture content of the ‘Sulgidduk’ increased due to the addition of chicory. During storage, the samples in
the 5% additive group showed the least moisture content. Immediately after manufacture and during storage, no
change was observed in the sugar content. The sugar content decreased further with the addition of chicory, but
did not show much difference during storage. The pH immediately after manufacture was the lowest in the 5%
additive group and decreased during storage. The addition of chicory increased the Hunter color system L value,
but decreased the a and b values. Analysis of the texture properties using a texture profile analyzer showed that
the hardness and chewiness were the lowest in the 5% additive group and that the change in these properties during
storage was smallest in the 5% additive group. These properties showed the opposite tendency to the moisture content.
The total phenolic content, DPPH radical scavenging activity, and SOD-like activity, which represent the antioxidant
activity, increased with the amount of chicory added, and showed a small reduction in the 5% chicory additive
group during storage. From these results, the addition of chicory powder in ‘Sulgidduk’ has positive effects on

its storage quality and antioxidant activities.
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A AF2 o] o] g3l ghom, Q12 F2 AR ISttt
(Hong -5, 1998). 2|A 29| /d+of tigh =jaxt 9 A=
Jog= AAHYA 29+ Yt inrerveneo] A3HE X1
Stal deks ZFolsm(Hwang} Park, 2005), 2]7#2jof Al
oL HEHI C, tocopherol®Ht oFUZ} pyrogallol, catechin.
e-vanilic acid, benzoic acid 5-9] #|&A4] E20] o] -85
o] SlojA =2 AR} /32 7HItk(Khalaf -5, 2018; Kim
S, 1999). EZt Aol g7t 538 & 715 M axt ol
(Shin -5, 2014), XA oA} SE|IFOE Q) Gty
M 2 g0 =2 &t StiJeong, 2003).

Ago] Aatslet Als3to] o BIgk=E Qls = & A&
H|gfo] Zadhol weh &9 NE7IHA] Aje s & 7hgAl
= A9l &8} Hijto] wiAE| o). X TVFRE st
1 S S5l 48] ERETT ZEE Q=] A 7R
Fo| 7= 159 ot Ao g B 7H3AlERS] E8ol &
g o= Hold, 1 F AH7F 7P H2 H(19.1%)9]
TRt g8o] 7|tiEtkaT, 2018). 2 IE71FE 4=
2 ot fie= ey AE340R, A go] dEl
7192 A7FeL E2 4lojA] 3 golgE Z gog, 3]
Ao) W d7]of| TRt FAIRE o] RHE7|= Qtth(Hwang
S 2012). 13y 70 B ©1l I8AA A|Rol= H
A% 71710] Aol wet g4 xR 1, 817} EAY st
5ol EHto] Qloj ol ZiAdstarAt g dq-Eo] Bt
(JeonT} Kim, 2016). EF[SFZA 94 7|(Kim¥} Noh, 2008),
=711F WE7](Yoo2} Kim, 2001), BAAE ¥WAH7|(Ko,
1999), 7|EAF ¥47](Chong 5, 2001), ‘YEIE H(Kim 5,
2014a) 5 34 HA7HaS B0l A &4 542 /A
StAL gF A-E0] Ao, T HAFH et A=
7h =oHAH, B0l BHE(Kim 5, 2014b), oF2E A7
(Beak =, 2018), 4|42 A7|"Jeond} Kim, 2016), THAJa}
47]9(Cho2} Hong, 2006), 20]<} 475 (Seok, 2011), H]
EQ7IE H71"(Yood} Ko, 2014) 5 A9 HIS Wt
1k

SIAIE 1A E A7|"o]| M7t =2 §le A7golH
AAYE 7164 AF AA= Artste] Az AE A
A2 Aoldg 7t =5 E3ME(Choi 5, 2015)°] 13
L2 A7} njH|sit). weha] FikE g Aol 2
AAYE A7|9o]| H7Iste] gol 74zl A7 ZAIE 714
stal, 99| 7]5/d= =ola1At sielon, WS AYsHA &
AE] 9 AR AFE stk

oX rlr

ERTET

s
B dtollA B2 FESA0A Fliet 37 A7171(An-

seong, Korea)E ARSI, 71 2]o]l X|# 2] (Happiness farm
products, Chuncheon, Korea), B85} 9 42HCJ Cheiljedang,
Incheon, Korea)g Hfjalo] ARE-5FT).

HWEIIE A=

WS 53] pAISHIL 8AIRE 3I%E TR, 1417 52t Aol
A 2715 AAsI 22 WE2 9A7](HMF-985, Hanil
Electric, Seoul, Korea)= 145}, 20 mesh Ao & ¥ W
o 18 712 ez AgaI

i

[¢]

272] 2 A=

A= 33] $ASE -70T 9] Deep freezer(DF9020,
Ilishin Lab Co., Ltd., Yangju, Korea)o]] 3 &< 523 &,
BSZAZ7](SW-UF-400P, Samwon Freezing Engineering
Co., Busan, Korea)o] 5 59t AZAIZ] A& LA 7|(HMF-
985, Hanil Electric)Z 3024 23] ul4]] 3 20 mesh Aol W
2] ARE-SHTH

272] 471" A= & 4y =A

A A7199] A= wigH]= oH] A9 S5 Table 1
I} Zro] AAsilal, XA BEe] H7MEE BEHAE &
8 Ao A7IE FTF9] 1, 3, 5%= AR XA A7)
92 A7EE, AAT £, &, AaE Boll ¥, 58X &0
2 88 & Ao]A g th3 20 mesh Ao W21, #7] AH
e B & AolE Fofl oAl Aol Wizt A=E 270
£ 7 diuT B7I(R1F 23 em, 0] 4 em)o]] 42 A7IRE
2.5 cm =02 HYESHA 7 &, 2 cmx2 cm =S 9o
B AR = 1.7 LE 91 &0] 29 tiuF A7|E 27
1L 2027 Al EoflA Ao B2 11 527 55 59
o} Al B2 3087 HEE Hol A/ & 7 Alm9| 7H

Table 1. Ingredients of ‘Sulgidduk’ added with different amounts
of Cichrium intybus L.

Ingredient (g)  Control 1%" 3% 5%
Rice powder 600 594 582 570
Chicory powder 0 6 18 30
Water 96 96 96 96
Sugar 60 60 60 60

Salt 6 6 6 6

Total 762 762 762 762

V1%, ‘Sulgidduk® added with 1% Cichorium intybus L. in weight of
rice powder; 3%, ‘Sulgidduk’ added with 3%, Cichorium intybus L.
in weight of rice powder; 5%, ‘Sulgidduk’ added with 5% Cichorium
intybus L. in weight of rice powder.
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Al Aol 7hed] He Az Agsidch 434 A
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Interscience, Woburn, MA, USA)Z w2 3Kspeed 7, 2 min)
5111, sonication(Powersonic 420, HwashinTech, Busan,
Korea) 40C A 202 &<t 23 2 3,000 ipm2] A&
2]7](Combi 514R, Hanil, Hwaseong, Korea)= 15%-7F ¥4
EEjoto] A2 AAS AR g0z 9t Y= T
A(N-1E Brix 0-92%, Atago, Tokyo, Japan)Z =451,
LG A|FE 8BS dinitrosalicylic acid(DNS)f| 23t H]
A o2 Bl e A(UV-1800, Beckman, Fullerton, CA,
USA)Z 550 nmo)|A| T4 =& S%3 T glucose THOZE
e It). EEZAL S5 glucose(Duksan Pure Che-
micals Co., Seoul, Korea)?] T4x ko= YeR|SIct

pH ¥ & 2

A2 Bohe i W gl AgolN Azt AL AL8a)
k. pHE= A& 89S pH meter(420 Benchtop, Orion
Research, Beverly, MA, USA)Z Z%5}HTHAOAC, 1990).
A= Alm 89S 10 mLE FeF A9 0.1 N NaOH
(Samchun, Pyeongtack, Korea)E d7Fot] pH7| 8.30 =&
S fj7kA] QFE= 0.1 N NaOHS] 9 acetic acid THEH%)
o= gHksto] YERH I
ME 27

A= 20 g¥ Zol #YstA A2 As HEZH4
(50x12 mm)°]] 10 g& Ho} Hunter MX}A(ND-1001 DP,
Nippon Denshoku Co. Ltd., Tokyo, Japan)S AR&o5}o] LEk
(Lightness), agt(Redness), bg}(Yellowness)S HHE- &75}0]
Yo =2 JeFNIT). Standard color value= Lz} 81.83, a
4k 0.87, bgk 2.7891 calibration plateS HE0 F ARSIITE

Jj

A 27 &3
71 2Agole o PH o B 24

rr

2 7St ABFog =517 Y8l Texture analyser
(TA/XT2, Stable Micro System Ltd., Godalming, England)
2 Agslo] ofe) 1 ZA HAZ e A€ Yt
(Kim S, 2006). AJBLE 2.0x2.0x2.0 cm’9] 43t 72
A2 AL probe 28] 44 AHBNHS ) EHHE F-A
7H S0 208 A hardness), T (springiness), 33
(cohesiveness), 2 8l4(chewiness), 3]&H(resilience)S =4
slo] 53] ol HkE =4 F 1 HEGoR ek

Texture analyser =74 A], probe= 2|70 25 mm¢l com-
pression plateS ARESIHIL, A2 pre-test speed 1.0
mms, test speed 1.0 mm/s, post-test speed 1.0 mm/s, Y=
A PSS 8.0 mmE Ak
EHEY SEE BY 53

=4 e T2 wls4d 40 phosphomolybdic
xidS BUAA HHo R Wl JER 7 % 9lov
Folin-Denis§ 0. & =435}t Al& 1.5 go] MeOH 50 mL
S $3L 25T, 11 xg9] 2oA 1247} 89 53§, 4C,
4,326.7 xgol|lA 2087t Y4 £2](Combi 514R, Hanil)s}of
Hoj A AR MG evaporator(N-1110, EYELA, Tokyo, Japan)
2 &ujE dote] =225 AUk 252 phosphate-
buffered saline(PBS) buffer2 =0 200 mg/mL 5= 2] A&
|AS Ao ARgSlth Al® &9 0.33 mLo] Folin-
Denis A]2F 0.16 mL2} Na,CO; ES}FENH 0.3 mLE 211 <
Ao A 308 HESAZ] F, B A(UV-1800, Beckman)
2 760 nmoA FBEE SE0IHE BETAS v
tannic acid(Yakuri Pure Chemicals Co., Ltd., Kyoto, Japan)
o] T4= FoE YERHRIch

ol
o

DPPH aiiz 4745 2%

DPPH 2htjzt 2758 29 S22 714 DPPH7}
G 249] -0H7]9F §Egsto] Ahg 2t Zo] &A=
HER HisFsS BHel, Bloistl(1958)02 24sick
FHEA SRk T AT SUT e A2 FEE
o MeOHZ 3715101 200 mg/mL 529 Alw §95 A
ol A8 e B4gk Al 89 50 uLof 15¢10°
mM DPPH(1,1-diphenyl-2-picryl hydrazyl) 898 150 uL&
Yl 307 Ao HESARD F EFEAI(UV-1800,
Beckman)Z 515 nmo]A] 4 =5 =743t} DPPH &t
T 2SO0 TR A0 AN T 2 SR 2T 4
Al it AFAE 19 &, g £27%50] 50%7} e
&Sl ICogt o2 LRI
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Free radical scavenging activity (%) =

Abscomrol - Abssample
Ab Scontrol

%100

Superoxide dismutase (SOD) |Argtd =4

Pyrogallol-2 superoxide©] 23} R}F5Atsl7F ©Aysf 240
E28 A=t SODE AFSASIE QjAsh= EZolH,
SOD&} o] Aletd &40 =9 B JrE d7| fIsto
SOD FARS =453 thMarklund®?} Marklund, 1974).
DPPH 2z 475 A4 AMSSE 52 A& &9 20
uLof| Tris-HC1Q] 2+5-89H(50 mM Tris+10mM EDTA, pH
8.5) 260 LSt 7.2 mM pyrogallol 20 pLE 911 25Col|A
1087 HESA171 5 B350 A (UV-1800, Beckman)@ 420
nmoj| 4] 45} pyrogallol®] & S45I31tE SOD FARE
(%) tha A o2 AXRE &, ZH 5218 SOD ARl
gt A O3 §, 5EE 50%2 By W ash it
SHA|9] %S ECofo® UERHIL

. .. Abscontrol - Abssample
SOD-like activity (%) = %100
Abscontrol

SHAZ

2 A9 B 33] ol HHE St Ayl SPSS 24.0
(Statistical Package for Social Science. SPSS Inc., Chicago
IL, USA) Z=T199] 7|&8AIE & ‘Ba+E=HAF 9
FEH=E UERL, AREA(ANOVAYS B3 724 45
< 319999, Duncan® tEH7%(Duncan’s multiple
range test) 22 AR 710] OIS HASFATHp<0.05).

20CoA 38 % AR A7E B 7 271Ee] A

A Q%o ME 2RYYF 2 I Table 29 Tek AR
g WlEe] S Fe fa A B 1% B

AT B 30 A7k XA B9 5% H7KEo] 2kt
45.97, 46.60, 46.91, 47.74%= X|7]] Bt Fr}fo] Zfst
42 SRS Z7RIAO §213 Kol Holx] Yok

(p>0.05). O] AH|Z A7|Y(Lee 5, 2015), ThAJu} A7|g
(Cho} Hong, 2006), B+ ej7} A7]H(Cho 5, 2008)7 Z-
%S BTk EF Aol §4) HRo]H (Chae, 2018)14]
2)Ae] Hio] 10% H7Fe io|go| tlxHc} SEgl

o] E3Utk ol2fet Aik= Aoldfet i Ao Wit A

THKye, 1996)0ll4] 40| Alo]d-qo} 4B Aol w2
AEAE 7, Z7HAE 100 gofl thet 2A 2] Alo] i
A FFS 2 goF WAVLRO] FRRI 0.6 gHT} EOHA]
(NAAS, 2016), 21A ] HA7FFo] T71E5E S| F
7HETH L AR A% 1Y Aolls XA £ 5% J7RE
o] 47.10%=% 7Fg w9kou RFolZQl Zol7h gllil(p=
0.05), 2 Apoll= tixZat XA L 3%, 5% F7RE 7F
9] F9J4Ql AolE EHAUOH(p<0.05), 3Y Aoz R,
A B 1% A7 XA B 3% J7RE, A £
o} 50 Z7}gLo] ZHE 38.64, 39.96, 41.81, 43.97%2 RT
of| v|a] 2|AT] B 3%, 5% F7Le] sEglEo] o)z o
2 EUHp<0.05). ZE AR £EFFS A Ao} v
w3l 3 ZpofA F-H o= FHASHEH|(p<0.05), L Fa
A ti2to] 7.33%=2 7 F1om, XA B 5%
7REE 3.77%=2 7P A3t ol= XA 7} 7HA]= 4ol
9] FREREOZ Qlof| 2A7|3to] F7IRtel wet XA
A7lgo] S7FErE g9 48 A Aert Hojzl Holgt
I AlmE tEhA AAZE A7 B2 AR Fol= Alx
50 g E4S Figt HRot dsie uk2 Zoz
Hol, A A7t gol Ao 22 FFS 713 Aoz
HQlt},

g 1 sg &

20ToA] 3YU B AR AAT £ H7F 7199 A
7 o) mE g 9 Sl 574 2= Table 29+ At
Fre B AEA 0.9 °BrixE UE} A= 7H9] 594
Q1 Zo7} glSith(p>0.05). o|#gt o]f+= 7H4F 100 ¢ T
AA2Q] 7 2 0 o], WaAZIR] FHEE 0.1 go =
A9] TEo] UA POFA(NAAS, 2016), 2|AZ] 2L HE
A7FF gt wEt Algo] S WA Y= A= AlmH
o} AH|E A7|"(Lee 5, 2015)2 2.78-2.90 °BrixS, o=
T A71g9(Back 5, 2018)2 9.83-11.33 °BrixZ H =T,
o= AR I FF AJol& AlmHr). A= 3 ¢
A A AL 7R A0 B3t Q171 wiZollJeong, 2003), B A
gtofofsls Fi SR 0= HEe o s Helok A4 3
Y 2} Gr= U2, AAY B 1% A7 AAR 28
3% H7kE, AT B 5% F7kto] ZHF 0.97, 1.00, 0.93,
0.97 °Brix= A% 7|7to] A'do] we} -§-2J4<l Ajol= Ho]
A A (p>0.05). o= A 7|71l w2t Bt IA FF
= ¥ g2 o= AlgHch

A2 AR A 5of 2, AT 2 1% J7RE A
A B 3% 7R AAZ B 5% 7ol 47
0.0622, 0.0644, 0.0644, 0.0730%% AT 5% H7HolA
ooz =9k, A% 39 Ao zEzE 0.0579, 0.0622,

o
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Table 2. Moisture content, sugar content, reducing sugar content, pH, and acidity of ‘Sulgidduk’ added with different amounts of Cichrium

intybus L.
Storage day Control 1%" 3% 5%
0 45.97+1.6074NSY 46.60+1.274 46.91+1.36* 47.74+1.63"
ABNS AB A A
Moisture content 1 43.86+2.20 44.32+1.86 46.22+0.92 47.10+1.73
0,
(%) 2 412741685 41.60£0,74C 44.48+1 50™ 46,351 2975
3 38.64:1.94< 39.96+1.73% 41.81+1.145® 43.97+0.91%
0 0.90+0.10"8N8 0.90+0.00* 0.90+0.0048 0.90+0.005¢
BNS B B C
Sugar content 1 0.80+0.00 0.77+0.58 0.80+0.00 0.83+0.58
(°Brix) 2 0.80£0.00% 0.90:0.10°% 0,830,585 1.00::0.00
3 0.97+0.58"™S 1.00+£0.00* 0.934+0.12° 0.97+0.06"2
0 0.0622+0.0019° 0.064420.0019™° 0.0644+0.0019"° 0.07300.0032%
. 1 0.0557+0.00195N 0.0568+0.0032 0.0568+0.0032° 0.064440.0049%
Reducing sugar
0,
content (%) 2 0.06110.0019™N 0.06540.0049 0.6657:£0.0000" 0.0654+0.0019°
3 0.0579:+£0.00374BNS 0.0622+0.0162 0.0654+0.0019" 0.0611+0.0019°
0 7.194£0.014¢ 7.12+0.02"° 6.9940.022° 6.90+0.05
1 6.66+0.10% 6.63£0.07% 6.41+0.02%° 6.38+0.04%°
pH
2 6.37+0.02< 6.35+0.03 6.294+0.02°° 6.27+0.01°°
3 6.26+0.03°™ 6.26+0.02° 6.25+0.03¢ 6.21+0.02¢
0 0.0035+0.0007%° 0.0056+0.00077% 0.0072:£0.0110% 0.0077+0.0012™
1 0.0051+0.0065% 0.0065+0.0004" 0.0089+0.0004" 0.0117+0.0018°
Acidity (%)
2 0.00630.00074NS 0.00860.0011 0.0121+0.0011* 0.02310.0012
3 0.0075:£0.0004° 0.0107+0.0011° 0.0163+0.0015% 0.0233+0.0008°

V1%, ‘Sulgidduk’ added with 1% Cichorium intybus L. in weight of rice powder; 3%, ‘Sulgidduk’ added with 3%, Cichorium intybus L. in weight
of rice powder; 5%, ‘Sulgidduk’ added with 5% Cichorium intybus L. in weight of rice powder.

IMean+SD (n=3).

*Different letters (**) within each row are significantly different (p<0.05).

“Different letters (*“) within each colunm are significantly different (p<0.05).

NS, not significant.

0.0654, 0.0611%% A% 25of vl Z2Z1 XAZ] 1%
H7RoIA fol4l Hfolg Holx] ITHp=0.05).

pH ¥ ME

20CONA 3Y FF AR 2A B H7F A71H 9] A
% Ggeof W pH 9 Ak 2% ZA3l= Table 29} 2t} pH
£ Az Ao g2, A 2 1% F7RE, A 22
3% A7KE, XA Bt 5% F7Eo] ZHE pH 7.19, 7.12,
6.99, 6.90°02 322 02 7+l th(p<0.05). |23t A}
< 45 A71"(Woo 5, 2020), OFAT2RA A /47| (Zhang
5, 2016), A A71E(Choi®} Kim, 2010)7 22 H3FS K
ot A= gk W AFd ofm|ieAto] ZRAE 100 g

712, glutamic acid”} 187 mg, aspartic acid”} 184 mg UL
(NAAS, 2016), thFE9] Afaofl= 714kl hiEo] 9
o Az Aol ZIIERE AV Tl pHY} 4T
TRl AbEch

A 39 2 pHe tiE, AAY 22 1% J7RE AA
2 3% 7R AAR 2 5% F7Ee] 22 pH 6.26,
6.26, 6.25, 6.21 2 2 TASIIATE F-9]%]Q1 Ajo]= Ho]
A B p>0.05). = Alm7E A% 717te] Ado] wet
pH7} fol2 02 Wolft). @ula} A7E(Seok, 2011), 2
znt2] gl =2} 47]%(Gwont Moon, 2009)94 &= F-Aj &
F7lgol S7kstaL, #7117t S71etol wet pH7F 4t
o 22 BEFS EAnE ot pHO| 4 Fewe AAF H71
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Fo| F71drE A AojFl=t, o= Kim}t Park(2014)
oAl whije] gt joleks B ok At At
3 AR werq pHo| W Jrt Ae XA B
5% Z7htollA FEHIE S AoE AlEEh

APE= AR A9o] iR, AAY £ 1% J7E AA
g BT 3% A7 AAY L 5% H7Ee] 242} 0.0035,
0.0056, 0.0072, 0.0077%= 222} H7kt 7ke] 9]l
Aolg BYOI(p<005), AY 3 Ae] AhEgEe 2zt
0.0075, 0.0107, 0.0163, 0.0233%= X|7|2] A7}eo] Z7}5}
3, A 717e] Aol wet H3F S7tskeith

Wi

M

20CONA 3Y B AsE 2)A B H7F 715 9] A
Z; dpo] w2 A =7 ZAIR= Table 33} 2 Lk A
Z 250 g2, A B 1% A7RE AAZ] B 3%
AR, XA B 5% F7hto] ZH 74.21, 50.51, 41.41,
32712 AAE B FHrlgo] Z7istol Mt Lk 594
o F AT I(p<0.05), ol7t Fik= A5 A7|H(Woo
£ 2020), 27t A7]"(Choi®} Lee, 2010), ofAmlebAA A
7|®(Zhang 5, 2016)7+ 7F3o] Lkt AAZE H7Hl
w2t Lgto] S92 o g 744gt olg= JA T He H4S
7] wf2of HrlRe SVl et AlE7t FAf ol =YX

o w2 Azt Atedch A 39 Ao L 47t
76.17, 55.18, 48.87, 411302 7} A|59] LZF A% 2|To]
]3] 9o]H o8 Z7151A9thp<0.05).

agk> AR 250 d2, AAY £ 1% H7RE XA
2] 22 3% A7k AA B 5% Hrhtol 7 -2.16,
-0.99, 0.16, 0.24% SojH 07 Z/|5191(p<0.05), o]= =
# 718 (Kangd} Kim, 2011), ofATREEAA A7|"(Zhang
5> 2016), FHlS A7|E(Yang, 2009)3} o] AUt A
2 39 2ol 7zt -1.88, -1.01, 0.16, 0.252 A2 H7pt
Lol et ooz F7I8HAI(p<0.05), ol A=
2] 3o Hisf 3U &l A 1% H7RES AlLsta fo8o=
S715IAtHp<0.05).

bt Alx FFof qRE, XA B 1% F7RE, AHA
2] B 3% A7kE AAR BT 5% F7kEol 24 7.05,
18.20, 19.57, 20.35% §-0]2 0 2 Z7}5}91(p<0.05), =2}
9 g ZutE] A7) (Gwoni} Moon, 2009), ofATRFEAA A
7| (Zhang 5., 2016), 2 A7]E(Ahn, 2019), =3} A7
(Hong -5, 1999), i 471" (Yang, 2009)3} o] 2%
ok AR 39 Zoll= ZH7F 6.49, 17.35, 19.45, 20.66°F AF
2|50 H|gf 38 &l A bk 5% H7RES AlLletal tiA]
Ao ZATS HtHp<0.05).

ole} T2 Aig Boll, A7|Ho| HrtEe ¥R &

Table 3. Color values of ‘Sulgidduk’ added with different amounts of Cichrium intybus L.

Storage day Control 1%" 3% 5%

0 74.21+0.352895 50.51+1.00° 41.41+0.46% 32.71+0.61%

1 74.11+0.18" 52.20+0.695° 47.20+0.19% 34.01+1.28%
L

2 74.67+0.3845 54.83+2.66"5° 48.00+0.76"5 40.67+0.33"

3 76.17+1.82* 55.18+0.43%° 48.87+0.32%¢ 41.13+0.55™

0 -2.16+0.035¢ -0.99+0.01N5%¢ 0.16+0.025° 0.24+0.015

1 -1.9140.02%¢ -0.87+0.10° 0.16+0.02"7 0.24+0.01"°

Color value a

2 -1.92+40.03"° -1.010.09° 0.17+0.06"° 0.25+0.0442

3 -1.88+0.424¢ -1.01£0.19° 0.16+0.03"° 0.25+0.0242

0 7.05+0.035¢ 18.20+0.25% 19.57+0.14%° 20.35+0.37%%

1 7.1120.224¢ 17.82+0.66"5 19.29+0.53° 20.45+0.32°
b

2 7.07+0.214 17.36+0.325¢ 19.24+0.57° 20.76+0.09*

3 6.49+0.11"4 17.35+0.20% 19.45+0.26° 20.66+0.49"

V1%, ‘Sulgidduk’ added with 1% Cichorium intybus L. in weight of rice powder; 3%, ‘Sulgidduk’ added with 3%, Cichorium intybus L. in weight

of rice powder; 5%, ‘Sulgidduk’ added with 5% Cichorium intybus L. in weight of rice powder.

IMean£SD (n=3).

*Different letters (""dg within each row are significantly different (p<0.05).
™) within each colunm are significantly different (p<0.05).

“Different letters (*

*INS, not significant.
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Aof wet M7} goket Axkg UERG 7)o
o) M AT AAT 199 S4o| oja
Fgc}

78] 7]
At A

1Ay 23

20CONA 39 &% ARt A|AZ] B H7H A71H] A
g ol ThE 71A1A] 223 57 A= Table 49 Atk

B AlE A5 g2, AAR 2 1% A7 2A
E] 1:11:11- 304 & 7]:,L ];qg] 1— 5% %7]-__,1-0] 7171 374.25,
326.47, 273.03, 21554 gO2 [oAHoF ZASIATH
(p<0.05). o= 2|85 E7|"H(Lee 5, 2015), AU E7]H
(Cho®} Hong, 2006), T+ 2|7} A7|E(Cho 5, 2008), A]0]
G2 BROIE Chae, 2018)T 22 AT B Th

bl
= A7y

——

o] o] SBgk) whe A%k et of
5(Back 5, 2018) A0l thxo] F7k] H]
S A H0E W il ot selE Herol w7lo]
20| sl TRl et frge] AEst Hoh B
TGk FHIR 100 g TJE0R Wao] B4R TR
78.5 g A|72]0] B5lE TR 2,95 g(NAAS, 2016)017]
of tizel S5 el o Wol Awst EriE AL
o % 9k A 3 Ao AR Pag, A B 1%
AN, AA B 3% Aok, AA2 B 5% Brkgol
Z¥7Z¥ 2,385.28, 2,054.23, 1,586.64, 861.03 go= A& 717¢
o] Z7kelol we} 7} AR Arl §Ho R ZTFslolrt
(p<0.05). OJ= W] A} 7I7ko] Zlvto] wet A} 2H4sh
£ Rl o9 wol 7} 2L, wheksle] wet Aws

— 1:10

rlo
_|.. OE

Table 4. Texture characteristics of ‘Sulgidduk’ added with different amounts of Cichrium intybus L.

Storage day Control 1%" 3% 5%
0 374.25+21.847P93) 326.47+18.94™° 273.03+6.34> 215.54+4.00™
1 884.34+37.55% 717.22+48.66°° 522.98+20.28% 366.14+18.06%¢
Hardness (g) ]

2 1,498.44+49.16™ 1,233.97+80.15™ 803.85+36.49" 547.74+39.05%¢

3 2,385.28+110.314 2,054.23+29.324 1,586.64:+44.25%¢ 861.03+37.737

0 0.90+0.014° 0.90:£0.02™ 0.95+0.02% 0.94+0.01%

1 0.83:£0.08%5Y 0.89+0.06 0.85+0.07° 0.92+0.042¢
Springness

2 0.82+0.015%¢ 0.93+0.06° 0.85£0.045 0.88+£0.04<

3 0.920.024° 0.910.08" 0.95+0.05 0.98+0.01*

0 0.74+0.017° 0.74+0.01"° 0.76+0.01"¢ 0.76+0.01%°

1 0.62+0.12%° 0.57+0.05 0.74+0.014B2 0.74+0.015¢

Cohensiveness .

2 0.73+0.00™8 0.75+0.03* 0.74+0.0248 0.73+0.02¢

3 0.71+0.014% 0.68+0.045 0.73+0.025® 0.75+0.0148

0 242.90+28.71°* 218.21+14.10 184.98+19.76™° 155.29+3.00%

1 582.11+134.35% 422.36+23.09 324.09+3.82¢° 250.39+15.12%
Chewiness

2 895.94426.555 669.54+64.73% 563.86+19.31%¢ 353.35+43.33%4

3 1,559.42+136.074° 1,268.88+153.74"° 1,108.62+153.74%° 1,108.62+66.67

0 0.58+0.015 0.54+0.02%° 0.60+0.01¢ 0.54+0.01™°

1 0.62+0.04™8 0.65+0.02% 0.64+0.02" 0.63+0.02¢
Resillience

2 0.59:0.014B¢ 0.64+0.03"° 0.69+0.014 0.66+0.025°

3 0.56+0.01%¢ 0.62+0.01%° 0.69+0.04"° 0.74+0.01"

V1%, ‘Sulgidduk’ added with 1% Cichorium intybus L. in weight of rice powder; 3%, ‘Sulgidduk® added with 3%, Cichorium intybus L. in weight
of rice powder; 5%, ‘Sulgidduk’ added with 5% Cichorium intybus L. in weight of rice powder.

IMean+SD (n=3).

)leferent letters (* ‘3 within each row are significantly different (p<0.05).
) within each colunm are significantly different (p<0.05).

“Different letters (*
*INS, not significant.
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S7oltal AlRET e AR Hhe Alx 252} H
5f 3Y AoA FeH o= F7IeFA=(p<0.05), 1 ST}
AL gRxFo] 2011.03 go &2 71 o, A B
5% A7 64549 g0 &2 7P Qe Axo] 71 Axrt
A= A2 A% 7178 @ dEeiA L, AR 25 g
FogRS et fA61 e A= oulstE =, 2]# 7
2 5% A7 tj 2] sl go] HE/Jo] £om, X
A7t 7199 A S SHAATTL AtEh EL,
A% 717t o2 A 4H1E A7|"(Lee 5, 2015), THA
v} A7|E(Cho%} Hong, 2006), X7} A7|E(Cho 5,
2008)7 Z-2 3k Ko, BAE H7Pt AR S710
= TS Btk

g2 AR Ao 2, AAY 2 1% 7 A
A B 3% H7E, XA 2 5% 7ol ZH2F 0.90,
0.90, 0.95, 0.94% tiA| A2 Z7}5H= A Ve Rt
(p<0.05), A% 3Y Apoll= A= 7o} vlus 5241 2}
O|F HoJA| UtHp>0.05). SHZ Ax AFo R+,
AAY L 1% 7k AAY B 3% A7 JAY &
9} 5% H7kEo] 242} 0.74, 0.74, 0.76, 0.76°22 AT 3%
ol H7ItollA ©E/do] A YERLA(p<0.05), A1 3Y
Aof A 22 FFE EATHp<0.05). FA/dS Alx A%
of i, AAY B 1% J7IE AAY 2 3% 7L
AT BT 5% H7kEo] ZHzF 242.90, 218.21, 184.98,
155298 AAE 7] wet f& o= HAsil=d], o]
23t AR Aot A5l o, thiEe] Aol: 7
ToF Aodo] B2 HFS Erh

3EHE Az 7ol AAY 7] WE HFS HolA
LU (p>0.05), A 3L ZJofl= AR 2| 5o H]5f| 7|t
A F9ARl F7HE EATHp<0.05).

o] A% A5 47199 Eoldy I &
Hol ot B 9] A, MNP/ sEadol gt
PR SR v AFE HolH, AAE 7t
5 Ao /MAEE HIlth
SH=d g2 &

20ToA 29 B AR XA £ H7F A7199] A
7 Aol W2 FHlsA SRekE obF 2= Fig 13 2tk
Az A9 2, AAY B 1% J7E AAY 2
3% A7k, 2|AT Edt 5% H7kEo] Z+2F 1.0382, 1.2749,
1.3712, 1.4333 mg/mLE A#AT] 5% H7l7o] §ojdoz
7H w9 tK(p<0.05). 0] Khalaf S(2018)0]4] 50% ofgh-e
2 323N XA o 299 FueA AE T 865.91
mg GAE/100 g(DW), Lee®?} Lee(1994)0|4 #&9] Z3=
A 313HE 3RS 170 mg TAE/100 g(DW) 22 2|7 2jo] &

18 - A u (Oday 1day B2day

1.2

0.6 r

Total phenolic content (mg/mL)

0.0

Control EPC1 EPC 3 EPCS5

Fig. 1. Total phenol contents of ‘Sulgidduk’ added with different
amount of Cichrium intybus L..

Values represent the meantSD (n=3). Means with different letters (*?)
above a bar are significantly different at p<0.05.
NS, not significant.

W sjeEo] o ol ThpElol A7le Ariol Zie
= B SR gl S/ Zo2 AR of
+ 7l A719(Kim -5, 2019), % A7]E(Anh, 2019),
ofATlElAA 7| (Zhang S, 2016)7 22 A HY
ot A& 2 Zoll= ZFzE 0.2691, 0.3164, 0.4138, 0.4855
mg/mLE A|Z AFof| vls] 7} A|5o] F¥isd SlgkE I
o] fFolAor FASIF=HI(p<0.05), ol= A dof o
+=o] Q& chlorogenic acid, e-vanillic acid, catechin,
ellagic acid, benzoic acid 5-9] FAHIS W& WA 315t
50| AR 7I7to] AojdaE Aaste Iued ke
o] Aatttal AlREk(Khalaf 5, 2018). °l= E&of
THE(Shim 5, 2014)3} 22 S Bt} B3 Az A%
of Bl 2% Ao A gt Bl tiF<to] 74.10%= 7H
L, AAZ] 5% H71E0] 66.13%% 7 A et ofet 4
=2 Hop AAE F7IgrE atedo] wkem, A%
Sh= 2ol A} 249 Aavt 7 A7), AAE A4
78e Az e Fikebdol #il, AV & He 14
7157 Ho] Az At Ao HlH.

DPPH 2iC|Z AHS

20ColA 29 B AR AAY B 7 A7E
A% 5ol w2 DPPH 21|z 27452 IC@t 2= Yehd
A= Fig. 29 2tk ICs#k=> DPPH 2z 50% &5}
= X, ICsfte] Y5 DPPH 2z &~A50] =
I BRI AR A9 2, A £ 1% A7
AAR L 3% A7 AAZ £ 5% J7RE9] Gk
Y7} 277.5, 236.3, 224.7, 180.6 mg/mLE DPPH &tz &

Lo 9golxoa 271513 Hp<0.05). Khalaf 5(2018)°]

A 50% ollebgE 233 A)A2] 9l 2] DPPH ehelZ 4
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Fig. 2. DPPH radical scavenging activities of ‘Sulgidduk’® added
with different amount of Cichrium intybus L..

Values represent the mean+SD (n=3). Means with different letters (*),
(*°) above a bar are significantly different at p<0.05.

e 69.73%= E¥=T, AAY His sEelv &
g0t 5o sl EE EIAs| mEHChoi 5,
2014) AL E 7S AR 4tsHdo] 5716k A
o7 AlgHr) o]= HEY A7|E(Yoo2t Ko, 2014), OfA
TetAL A7]E (Zhang 5, 2016)7 22 S HArE A
29 29] 1CsZkS 77} 583.3, 525.1, 430.9, 282.4 mg/mL
2 Az 25| vl S7FshH, Fitehgo] Fadts Hid
(p<0.05). Al 2%} v|ws] 3Y A4 DPPH tjz 4
Aol Aadt e AAY 5% F7REeIA 7HE AA W
Ed=dl, AAYE 7R EN A% 7|17kEt At &
o] T4 Bt Aolls & 4 Sk

SOD fArEtd

20ToA] 2 5 AR XA £ H7F 7199 A
7 YGgrof] T2 SOD FARYS ECs#k o2 Uehd Aik=
Fig. 33} Zth AR 5] tix, XA 2L 1% 7R,
AA B 3% A7 AA B 5% HA7REe] ECsogk
247k 41.69, 24.98, 22.59, 16.97 mgmLE SolFog kA
SIATH(p<0.05). °l= 4HE 7t A71%(Jeond} Kim,
2016)1} 74gFo] 29k}t SOD+= superoxide?] AFSHA £A4)
93-S JAolk= SEEH a4t A A= At
S & 4 Utk(Lee 5, 2011). WebA] SOD -FARHo]
7V =2 AAE B 5% H7hEo] ket E4do] 7K =
= & 5 AUtk o= AA ) i A 2EER A
of M Wl AlRET AR 2 Aol 4
63.91, 39.58, 27.48, 23.14 mg/mLE A& 2|50 H]5} ECs
#ho] S7teh Akebgo] RoldE & 4= Sltk Az 2| $et
H| w3} 3% ZoflA SOD FARMIY] Fa A= AAP 5%
A7REA 7FE AA vEd, AASE 7R =N A%

Ao wAteh BA9] a st Holue & 4 9tk

70 u (0day 1day B2day

EC50 (mg/mL)

B
Control EPC1 EPC3

Fig. 3. Superoxide dismutase-like activity of ‘Sulgidduk’ added
with different amount of Cichrium intybus L..

Values represent the mean+SD (n=3). Means with different letters (*©),
(**) above a bar are significantly different at p<0.05.

[e] OF
= =

S GPLS FRFL, 27 B Gl WS 4]
ol 1, 3, 5% UI&E Wrhste] /54 FHA AAL
4r18e Azsgck. A 4718 20T 38 F9 A
Ayehas FASHT PGS ZFelgth AR 45 X
7] 47)wo] SEge NS WS glo] S71
9, AR B9t 2 AR0] SR 7k Ak A
2] 5% A7kl g 27 et ARl Qs wel 4
o] BAHT AR M7} A Fol= A= 47
YEL §JH9l HolS Holx] QoI AR MF BUFL
272 71l wet 512 02 F7BHA| R p<0.05), A
4 % o440l Aol HolA) goirk AR A% WA 4
7199 pHE XS BSHEA oAz gastel,
A3 ol 7k MRS pH7E GABHIAR, pHO| 72 B
L A2 5% A7K2OIA 71 JA) et 4 et
3 He Aoz ke AAE Bl et 4719
LEke o202 FASIAL, aghit bk foJH0R F7}
ST A % 2t AR Lghe RolH0E Z/1H, a
ghe oA o S7elalan, bake iAoz aslaick
Az A% A7) A718e] A, WAL SEw
A% Holr] fooR Fasiint A F e S2G
o 7 22j0] A% GRSl et 2 AR ghe A
A, A2 5% BIFLONA 2ol Wabt Vg el
Holn), A A% AR 227 S4B G208 A0
2 A2 et BHS & 4 ol Suiis SRIE U,
DPPH ehjzt 474, SOD RAAL A2 A7lego] B
obASE Z7IBI908, A FKte] o] mret fejEo.
2 Fasglet), A 5% hlde st 249

T 0.
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