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Abstract

The present study was conducted to investigate the quality characteristics and antioxidant activities of ‘Hwajeon’
that was prepared by replacing glutinous rice flour with 0, 4, 8, and 12% of tomato powder. The moisture content
in ‘Hwajeon’ was noted to be 42.60-46.59%, with the highest moisture content present in ‘Hwajeon’ without the
added tomato powder. The addition of tomato powder revealed a decreasing tendency of the moisture content compared
to that in the control group. There was no statistically significant difference in the crude protein levels of ‘Hwajeon’,
based on the content of added tomato powder; however, the contents of ash and crude fat increased with increasing
amounts of tomato powder. The sugar content in ‘Hwajeon’ increased in accordance with the addition of tomato
powder, whereas the pH tended to decrease. Regarding the determination of chromaticity, the value of L* decreased
and those of a* increased with increasing levels of tomato powder. The total polyphenol and total flavonoid contents
increased with increasing levels of tomato powder. The antioxidant properties investigated by evaluating the DPPH
and ABTS radical scavenging activities and reducing powder, were significantly higher than those of the control,
and proportionally increased with increasing contents of tomato powder. These results suggest that the addition of
4-12% of tomato powder could be applied in the preparation of ‘Hwajeon’.

Key words : tomato, Hwajeon, quality characteristics, polyphenol, antioxidant activity
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9 71541 a3l #5AQl 5442 S0l SXA1717] ¢
3 A1 AP PrHand} Surh, 2017; Lee 5, 2011;
Surh@} Koh, 2014).

EnOlE (Lycopersicon esculentum Mill. = ZrElotH|2]7}7}
YAl 7HA| e ghefido] AR A AlAIZ R de] A
HiE] 1 glow, 2lo]FH, 712, o-EXHE, ETHE 5}
ad= 59 B E4E0] FFEol ltkGiovannucci
5, 1995). 59|, Zo]FH> thEAQ] 7I2E| o]t EHR
EnbEo] HOAS Ui Helis 4uos 4 o) E
HIEYSE o] FHob, ISHTE o] 11 ko] 2 A
o7 A#A QItKChandra 5, 2012). EVFES] T4 o]
T A} FEo] gdstal, APAS, 4 HY 5
TRt 9 o, HiE} B, AETA A o, HY
AA 24, o BR|et Eg4 Aete] oA 59 sl Het
St in vitro H in vivo A8E& 59 YZEHAHCheng 5,
2019; Marti 5, 2016; Palozza 5, 2011; Rowles &, 2018;
Sahin E, 2019).

QAL EulEE 22 o g AR 44
Sh= HHHO]|, 2oolA= EffES P8 2943} § &
of ¥AY 171 59 Aaet TA ZestAY otAEy A,
Ho|AE, A 59 7Hd FHI=E o]&sk= Bt Bt
APAAE Bl EnFEC] ok ZolFuy prt=ES A
|4 AR EnES IAPE B9l 715 A 29|
A o AW e ol8E°] worlo] ERl=IH
(Chaudhary 5, 2018; Martinez-Huelamo 5, 2016). w2}A]
EolEo)] okt Zele sk 2ol 7154 AR
B9 0| 8EE o] 9 A7t Baskt B
EntEE H|o]Z(Kim 5, 2016a), Z5(Kim 5, 2015), 4A]
Z)(Nag} Joo, 2012), M F7|(Kim 5, 2016b), Z(Choi®}
Kim, 2015), I 7 (Kim 5, 2017) 5of #7}elo] Az=x4
o] A3}t 9 FHE/S TS A7t XgEgl o, Enf
EE 3 Alxo| &8st A= o]FojA|X] Skt

wEbA] 2 Aottt AYedEdoe] FRs6kL
A} Edo] 93t EntE B Toksl &R Hrtet

of L AZT 7, ololers FASH, PASE BUY F
< 9 s} B SHstons s Azo] ErhEe] A
8 R4S sk

HEME Y A2

H o] ARG EnfE BES T2 E{(Hongcheon,
Korea)ol|A] A|Z35}al, Al419F%(Seoul, Korea)olA AESH
A& U3 AR5 B Anseong, Korea), 2]-8-HCJ
Cheiljedang, Incheon, Korea), A5-(Chungjungone, Yongin,
Korea)2 A|HES FYUd)| ARESFHT). Gallic acid, catechin,
Folin-Ciocalteu’s phenol reagent, 1,1-diphenyl-2-picrylhydrazyl
(DPPH)~= Sigma-Aldrich Chemical Co.(St. Louis, Mo,
USA)OA 45131, 2,2'-azino-bis(3-ethylbenzothiazoline-6-
sulfonic acid) diammonium salt(ABTS)+= Flunk(Hekdelberg,
Germany)oll A F4stitt. 1 9] A|2=2 Sigma-Aldrich
Chemical Co.2} Jencei Chemical Co., Ltd.(Tokyo, Japan)©]
A Fdste] Ao ARESIAH:

St A=

S-S AYATL(Hand} Surh, 2017; Lee 5, 2003; Lee 5,
2011; Surh®} Koh, 2014)E Ztarsto] ofz] 21| AujAeE
B0l Table 13} 22 vigH|= A 251t AH]AES AA
SRS AlZstal o] TsB7ME AR AT, EffE B
o] 12% ool =¥ 3bd ER-9] 713t 227}o] ZHasial,
HsAQl EAo] Qo g gRlste] ErntE EE2 I
12%71A] 7Foke A= A4t EffE &4 A7t
ShA] Gl AX3E SPAE RGO R ofYlal, A i
ol ARERE TR Al 4, 8, 12%E EFIE EEE oA
sto] A|lZolthFig. 1). 7= S 580 58
Aol 6AIZE =5 & A 308 53t Alof| A E715 AlA
e & oHtolA 13] Eafsto] Al x5kl 7Rl 2+
29 EftE IS 9l oA A3l E(50+2T) 30 mL

Table 1. Formula for ‘Hwajeon’ made with different amounts of tomato powder"

Tomato powder (%)"

Ingredient
0 4 8 12
Glutinous rice flour (g) 100 96 92 88
Tomato powder (g) 0 4 8 12
Water (mL) 30 30 30 30
Salt (g) 0.5 0.5 0.5 0.5

DTomato powder (4, 8 and 12%) was added based on the total amount of glutinous rice flour.
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0 4 8 12

0 4 8 12

Tomato powder (%)

Tomato powder (%)

Fig. 1. Dough and ‘Hwajeon’ added with different amounts of tomato powder.

£ go] ouE3t o 20 g WES Hol A5 4 cm 2]
—L

o]
o $YA BFo= HFstch Zejoldl

5 o 489E 5
mLE ol 202 E9F S F 2 wEe do] 14 olg
o} 9dE ke SHE ALoA 1A7H Bt A7 7, B

48 ARE A8l

A7V, EnfE B 9 oA 9] dubgE 2 AOAC
(1995)9] "ol wie} EAsloit 52 105CE 3 &
2to] LE(EYELA, Tokyo, Japan)oflA 21510 HF5haL,
Z3)E-L 600C 3|5}2(Jeil, Seoul, Korea)oll A SISIA|AH =4
Siith A2 s il BA7|(Kjeltec 2400 AUT,
Foss Tecator, Eden Prairie, MN, USA)E ©]-8&5}9] semi-
micro-Kjeldhf§ 0 &2 EA5191, AW Soxhlet F&7]
(Soxtec System HT 1043, Foss Tecator)S AF&5}9] diethyl
ether® F&5to] AFolqirh

g % pH &4

oH9] G=9} pH 574 fls Als EHo| &2 A&
£ 7IHERES ol&sto] AARE ol A dEsoict EA
A2 AR 5 g9 95% S5 10 mLE F715ke] vortex
mixer® S T 40CNA 10& 5% 230 52 3
3], 16,700 rpmofA 30E7F YAE|(Mega 17R, Hanil
Co., Incheon, Korea)s}o] J5HE AUt P o=
#5to] G=A|(PR-201a, Atago Co., Tokyo, Japan)2 =33}
A}, pHE A S F5k0] pH meter(420 Benchtop, Orion
Research, Beverly, MA, USA)Z =745}%tt.

ac =3

S ARE 95l vh= WS ol A gt k9
7%= Texture analyzer(CT3 10K, Brookfield. Middleboro,
MA, USA)E AR23] texture profile analysis(TPA)Z &5}
ek, AZT AR placs] FUo] HIL v IR
(two-bite test)yS 33] WM S7g5t0] PHgEE Folgit 34

o] WE probex= TA11/1000, target type: % deformation,
target value: 50%, trigger load: 10 g, test speed: 0.50
mm/sec, load cell: 10 kg@ 2 A5}t

yE 2y

SPY WS o] WA 4T ShHel MEL AR
(Chrome Meter CR-300, Minolta, Tokyo, Japan)Z 0]-85}c] ™
IZ(L*, lightness), ZA1T(a*, redness), ZAE(b*, yellowness) S
2ol BEN RS 1% o, beglel 242 9710,
+0.24, +1.75Q1 WA HFT-Z ARSI
SEonsE ¥ SE24EL0|E B A

SPLE 80% offgZo FE5to] AHet v A &
FEYHE 4 FEGE oL EAS 913 AEE ARESISL
t}. AEst =2 A%t A]E 0.5 mLof] 2 N Folin A|9F
05 mLE &7t F 387F A4 WAL & 2%
sodium carbonate 1.5 mLE H7}5t § 2A17F 59 Y404
HES-A|F ) HRS-E-S microplate reader(Infinite M200 Pro,
Tecan Group Ltd., San Jose, CA, USA)E ©]&5}o] 760 nm
oA EFEE FFotuth AlE0] Td FEYH= T
2 gallic acid®] FEF341(6.25-100 pg/mL)22 Al= 100 g
T 5 gallic acid equivalent(GAE)Z HA|5F Y.

ZEfH o)t RS AR 2EM 1 mL9Y} 2% aluminium
chloride methanolic solution 1 mLE &3l5}a] 4204 15
£ 52 UESAIZ] Fof] 430 nmoflA EEEE S5 Al
2o SE FETEICIE FE2 quercetin®] HFETA
(6.25-100 pg/mL)E o]&sl] A= 100 g T $-3-% quercetin
equivalent(QE)Z FA|5}3TT.

o
Hr

X,

%Pﬂil- StA =2

o}A9) ghike} &4 DPPH 2z AAEHg(Cheung 5,
2003), ABTS 2HZ 2AZ/(Re 5, 1999) E E4Z(Oyaizu,
1986)0. = ZA4J5I3itt. DPPH &z AAE/S S745]
A3l SFA F=ZN 100 uLE 96-well plateo]] Y1 0.2 mM
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DPPH 2T}t AAZHI(%)
= (1 - NEA7Y 3% / Alm F4719 &3%)
x 100

ABTS #Zt AAEAL 7.0 mM ABTSS} 245 mM
potassium persulfateS A 24A]7F Hof] Ao A WFEA]A
ABTS Fol&2 A7 F 735 nmol A T8 gfo] 0.17+
0.030] HE% g2z 45t ARESIIH. okl &9
100 pLE 96-well platec] Y1 SFEE Y= ABTS &
100 pLE 713t & 37CollA 3087t HESAJZT) Microplate
readerS AMESHO] 732 nmoA SFEE S7F51L, off 4

off oJsf ALt

ABTS 2tz 2A273(%)
= (1 - AR F35 / AR 7] 3395)
x 100

SRS 3 229 | mLo] QU SHEA200 mM, pH
6.6) Y 1%2] potassium ferricyanide 1 mLE XHZ2 7|5t

2 SOCAIA 2027 ¥ESAIZL Tl 10% TCA SAL |
mL 7Hsio] 13500 g0l 1582 RaIEelalo] AElg
At AE=H 1 mLo &F4 Y ferric chlorides 242t 1
mLA 7telo] EQT 5 720 o] SHES Sl T
Hgog Yeyich

L EX

=

< 2¥ 33 WA gt Bak(mean)+EEHA}

(SD)E YERH]Itt. Adde] gt SAA 2= R-Studio
(Version 3.5.1, Boston, MA, USA)E- o]-&5}o] B 5
AR YL, ZF At 7] fel/del ot A5
ANOVAE o]&sto] {93 FRIgH &, p<0.05 <=0l A]
Duncan’s multiple range testE ©]-83}o] 24513

20} ol o

= = =
Aty 2y
Aol ALgE WrlRet EnlE B 9 A2 54
UUPJE-S B A3 AIM= Table 29F 2t FA7ER] 1
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6.83%= ERFE o] £ Tl 13.58%0] | =
%, FRTIEO] B EL 0.54%=E EnfE Bulo] 38 Sk
Q1 6.98%0] H[s A Ut EvtE R3] 2eid 9l
ZAMF FRES 742 1.65% D 2.77%E -7V vle) &
AFCRE Fold e ol =A vkt

EfE BUS A7ReHA] 9ol AXRSE 9 SR
46.59%%2 7P =1, EntE B3 gkl 4-12%7H4] 7t
ool wEt RS 42.60-45.65%% R0l M]S| Ask=
7A%S Utk ol= &0 AR Eafet a7 tEET 4
Zoto] Azt EnfE o] Eolgo] W] flEeE E
UlE 2% 9hgo] S71ErE 2P| Rk ast 2o
AlEE) o9} 22 Ail= EntE B4 HUIRE A7
(Lee?} Chun, 2008), EUtE B M7} =<4(Kim 5, 2015),
EntE 2 37} F(Choi?t Kim, 2015)9] AFtolAk Enf
E 29 J7igo] S7HaE AR e A vE
U 2 AP et fARE A Eorh

SR fR2aolA= 049%= 7HY Rk, EnfE &
712kl ulE|slo] 0.68-1.08%= Z7F5lgic). ol TR
of vls ErntE o] 3|& dbgo] wohA UERdt A=
Al 2L 27 EntE 29 4% 2 8% 7t

o
—

Table 2. Proximate analysis of glutinous rice flour, tomato powder, and ‘Hwajeon’ made with different amounts of tomato powder

Sample Moisture Crude protein Crude fat Ash

Glutinous rice flour 36.83%0.06"% 0.680.01° 0.67+0.07° 0.5420.11°
Tomato powder 13.58+0.25° 1.65£0.07* 2.77+0.01* 6.98+0.00"
Hwajeon

Tomato powder 0% 46.59+0.22° 0.59+0.02° 0.4240.20° 0.49+0.04°

Tomato powder 4% 45.42+0.56" 0.6120.02° 0.5040.35° 0.68+0.01°

Tomato powder 8% 45.65+0.07° 0.630.00° 0.59+0.25° 0.88+0.05"

Tomato powder 12% 42.60£0.06° 0.68+0.02° 0.51£0.13° 1.08+0.02°

YData were the meantSD (n=3).

Y*d\Means with the different superscripts within the same column are significantly different at p<0.05.
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ToAE SARCE Fo e Wshs YEUA 2t
U, EntE B2 geo] 12%E SVl ueh 2ohds
0.68%% S7ISIA:. A AFe 2y EvfE B
4-12% Z7REIA 0.42-0.59%2 BAZCE o4 Q=¥
Sh= glis 2102 Uehth ol= 3kdE 7180l AA 2lsl=
T B3 AR 4 7150] tixatat Agwel E5EE
o] 7]lsk= Aoz Atz Ect

g= 3 pH

EnlE pae] WIS Gelslo] Axe e wEo}
pHE &7 Z3}= Table 33t Zt}. EnfE 243 H7)oh
Al 2 gzl Jkrt 2.8 °BrixZ 7Y W, EntE
Bt Z7lfo] 4-12%=2 Z7Fsho] wat 9= 3.7-5.2 °Brix
2 o= F3S Bt EnfEof= glucose, fructose2}
AFF9] sucrose”} $-E]o] Q)0 (Baldwin =, 1998; Tadesse
5, 2012), o F A=l s EntE £ H7Fgo] HE
sto] 3}H9] Grrt S7IRE Ao E AlEETh

k9l pHE S48 21}, EntE 242 3riskA g
A Z3F 279 pHE= 5.9008 714 =917, EnfE Bat
7o) 4-12%7HA] Z718H]| Wt pHE 5.13-4.652 4
Sle ATE Btk ErtEdl:s E5R/9] A9t 7lost=
citric acid, malic acid 5°] $H-E|o] 10 H(Agius 5, 2018),
oI5 f7l4kl o5l thxte] H|s ErntE £ H7RRE 5t
e pHr} ol Aoz ARE. BulE Bug Arlat
o] A 23 Z(Choi® Kim, 2015), Z<x(Kim 5, 2015) 2 ]

olZ(Kim 5, 20162)] AT Erle 2u Hle
o wleisle] pH7t WA eht 2 A7t gt 29 b
Epct:

4

Eole B Wl Aze WES oYl An
(hardness)S 2745 Z3He Table 49} 2. 514 W] 4
FE E0E BUE A L gaTold /1 Rok,
ErlE 2 Bkl Z710] ujet tha oAl e
Hgith 1) ARL taa Evke DS 48% AR
ARF 0] BAXOR fol S Aol Qs A0 1t
Ebteh. 219} 1% 7} SH(Hana} Surh, 2017)0 = 7%
72 Afgel e wize) At 2914 Aol gL, 3l
o] AEL 27k AFS Mol ¥ 7o) e Zukg et
Witk Qw0 R BKA0) ARt HAjRo] ZRE AR 5
5, nRo] B A%, 22 % Uit g5 2ug o)
Ql 1B0% BEE 484 $E5ol /18] 2iH S
QL 714 XS WAL % YcHand} Surh, 2017
Lee2} Im, 2013; Surh®} Koh, 2014).

ME

EntE oS Hristo] vhE 3 vksat Hdd sh ol
A= Table 59t Zth BHEa} 8 HFoA ERfE B
AA7FelA] Al A3 tixwtollA] BH71E UERE Bk(L*)
7} 7V =4 YERda, EftE B $leko] 2715t weh

Table 3. Sugar contents and pH of ‘Hwajeon’ made with different amount of tomato powder

Tomato powder (%)

Measurement
0 4 8 12
Sugar contents (°Brix) 2.840.00"2 3.7+0.00° 4.6£0.00° 5.240.00°
pH 5.90£0.02° 5.13+0.01° 4.8240.01° 4.65+0.01¢

YData were the meantSD (n=3).

Y*d\eans with the different superscripts within the same row are significantly different at p<0.05.

Table 4. Hardness of dough and ‘Hwajeon’ made with different amount of tomato powder

Tomato powder (%)

Measurement
0 4 8 12
Dough 11,599+2.83"%2 11,751£74.95® 11,880+147.08" 11,976+25.46"
Hwajeon 11,410+205.06° 11,5484226.98° 11,830+54.45° 11,399+301.93*

YData were the meantSD (n=3).

Y25 Means with the different superscripts within the same row are significantly different at p<0.05.
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Tomato powder (%)

Measurement
0 4 8 12

L 77.150.50"% 72.93+0.69" 70.59+0.14° 65.88+0.60°

Dough a -0.30+0.01¢ 1.67+0.03¢ 2.94+0.06" 4.2340.08"
b 4.76+0.04° 13.87+0.15° 19.38+0.44° 18.97+0.42

L 55.04+0.27° 44.37+0.22° 44.37+0.57° 39.55+0.27°

Hwajeon a -0.62+0.06° 2.75+0.12° 2.75+0.12° 3.44+0.26°
b 5.34+0.34¢ 9.42+0.27 9.42+0.38" 7.22+0.28°

YData were the meantSD (n=3).

Y+dMeans with the different superscripts within the same row are significantly different at p<0.05.

Brert Aasilth AMES Yehfls a*gh2 EffE £
< A7VHA] gl A&7t W} 3hdo] tixto] Hlsh =
UER L, EvtE 2 okgol Hlgsto] a*glo] 571k &
QIskirt. ¥EEo] A9, 2ol ML= 0300|901, E
HE 2 gl 4-12%714] S7Htel weh AT 1.67-
42377 Eorxltt. $H oM Ente EUS x5}
oFA] gk iR FHMEE -0.6291, EvtE Bie
4-12%71A] d7kste] A|Ejt o)M= 2.75-3.44714] A4
7t SRt S UElE b g2 ENtE BE
A7¥eHA] ol AR WSoll A= 4.760190L, EVLE HE
S 4% 2 8% 71’ W0l A= 13.87 2 19.38% 7151
t}. oyt EntE RS 12% 715 W] sl 1897
2 8% 7kt e o, AFCE Foli e Aol
UERA] okglet. 9 ShoAE EntE B Hrlst
A 932 thRto] AT} 5348 7P Woky, EvE B
< 4% 7Foto] Ax3t SPHoAE 9428 dixol Blsf &
AE7h F7KeE oM, 8% 7R R4 Sl Aolzt
TEER] A0k, EvfE BHE 12% 7Yool A|lxgh 3
o FAE= 7222 EVIE T 4% 2 8% 7ol Hls]
Ak

EnE E99= H242 Ueidls glo| 2y 205
Uetl= 712 E o] EA19] MAEES THstaL qlof Bk
¥} 3po] AAof 7]ofet o= AlmEr: EntE B 3
7¥sto] A|xet A7]"(Lee@}t Chun, 2008), H5Kim -5,
2015), Hlo]Z(Kim 5, 2016a) 52| APAFo|AE EntE
o] ko] 7Kgt wheh AMETL oA, & Aot
FARE A3 Bl 2Js]A] @2 B Hls] 715 97l
S04 O] Halh YHSHA] b2 AoE U=
g, ol 3PS 25l Pl EY A7l 7189 & 71
AE 59 o5 ARl ke Y] qiEo g AmErh o}

A RS 71808 AA= 52t EnfE] g
3} g, op|iAt 5ol ¥kgsto] HgAd] ZHuk3S I
11, 71800 AR= 2 Folle S oA A Halkrt
dofut A9 XF Mo] JFS PR AT A= B
11512 QJchHand} Surh, 2017; Jang¥} Park, 2003; Lee 5,
2003).
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r
o %
IO ox
He

o
N

Q]

|

=

ol

aEanE U £B2R0|S B

EntE £ 371 3] & vE 3 S5 o|E
3leF AT Table 67 2Tt BEolE 298 Arlelx] ¢
< 3 FEYHlE T 1 ¢ T gallic acidE 7|08
16.94 pe° 2 714 Wioky, Ente Bt A7l vlgs) &
Feluls Yo S7HI 3, EokE Bg 4,8 9 12%
F71et SPoA FEE s T2 61.51 pg, 12044 pg,
158.94 pgOo & tz=to] uigl Z+z+ 3.68, 7.18) & 9.38] &
7rstsict

EntE 32 H7IsHA] 9kl ARt obdo] SE
olE $FF2 1 g F querceting 7|EFO = 11.96 ugo|a,
EnlE 2 H7igo] S71E oo 23k SET
o= Y F7IATE &, EOIE BTG 4,8 % 12% 3
71 wh FEEEolE TR 14.09 pg, 1895 g,
2057 pgO 2 Z7lsRe A0E Uehgth

EnlEo= hydroxycinnamic acids, flavanones, flavonols,
rutin, kaempferol-3-rutinoside, querciein-3-rutinnoside, 5-
caffeoylquinic acid querciein-3-rutinnoside, 5-caffeoylquinic
acid 59 ZejHlE JEES 3ot I, o5 43t
FAHA = Z-g3H(Marti 5, 2016; Minoggio 5, 2003).
EntE &9 J7igo| $71ErE 3k SEYs Tt
7R o= AlmEt ERlE B Fristo] Xt &
Al (Na2} Joo, 2012), HF7|(Kim &, 2016b) ¥ ==



276 ARSI AsA A2S (2021)

Table 6. Total polyphenol and total flavonoid contents of ‘Hwajeon’ made with different amounts of tomato powder

Tomato powder (%)

Contents
0 4 8 12
Total polyphenol (ug GAE"/g) 16.9420.27° 61.51+0.78° 120.44+1.77° 158.94+1.52*
Total flavonoid (pg QE*/g) 11.96+0.45¢ 14.09+0.33¢ 18.95+0.63° 22.57+0.37°

UGAE, gallic acid equivalent.
JQE, quercetin equivalent.
*Data were the meantSD (n=3).

Ydyalues with the different superscript within the same row are significantly different at p<0.05.
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Table 7. Antioxidant activities of ‘Hwajeon’ made with different amounts of tomato powder

Tomato powder (%)

Measurement
0 4 8 12
DPPH radical scavenging activity (%) 30.17+£0.93"%) 68.01+1.57° 78.010.40° 78.23+0.35°
ABTS radical scavenging activity (%) 20.70+0.84° 54.3241.03° 73.22+1.93° 79.20£1.12°
Reducing power (absorbance at 720 nm) 0.14+0.00" 0.96+0.01° 1.04+0.02° 1.06+0.00°

YData were the meantSD of triplicate experiment.

P2dyalues with the different superscript within the same row are significantly different at p<0.05.
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