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Quality characteristics and antioxidant activity of rice sponge cake with
added green tea powder

Min Jeong Lee' and Eun-Sun Hwang"*

'Department of Nutrition and Culinary Science, Hankyong National University
*Korean Food Global Center, Hankyong National University

Abstract We investigated the quality and antioxidant activities of sponge cake prepared containing 1-5% of green tea
powder (GT). The water content in the cake increased with an increase in the amount of GT added. Although the hardness
and springiness of the rice sponge cake increased, the adhesiveness decreased with increasing the level of GT. The
cohesiveness, chewiness, and resilience of the rice sponge cake with GT were similar to those of the control. Chromaticity
determination revealed that lightness, redness, and yellowness of the crust decreased with increasing GT content. Total
polyphenol and flavonoid contents increased proportionally with increasing GT level. Antioxidant activity, measured by
DPPH and ABTS radical scavenging as well as reducing power activities, was significantly higher in the rice sponge cake
with GT than in the control. Sensory evaluation determined that addition of 1-3% GT to the rice sponge cake maintained
the color, taste, texture, flavor, and overall acceptance similar to that of the control.
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EZo)A W7LE W] wlsiM feojdow
A7VRE Az Wy IAFE F9, 7
I #FFE 5 TR IHY o AFHT A=
7b Ral 2 dFe] vk o An B A Fgnvt §
T 207 YETH?). A7HEE Awe] AsE 83 Ay
o= Az dede xHT o, DRl sl 10-30%] A
&2 Hrtske Aol dubgelth®). zeju 2AX A0l 2
7FEdle] 2o Fede AA Xulg ©x] o] wjitel] &
Ve gol Hrlslel Az & Sl olgdt olfE LTS
A7IEE giAS Arse] &3] AT Aok 2 J=me &
AR Aol A AMA 1, 9-11), F712) FE EA411), A1E A
o]=A(12), & Ho]F(13), & Awe] FA AE(14), =2 tH] A
Wy F4 B4 e A5 5ol o

Hxhs BEAES AXA Be HLEAE e gol
#H1¢] 71 ofuAby Bl wuk, WEk AR T
o] of-#x vl e % Aolth. ZAbell= 7RI, 7
#Hel, Hlell C, BIIEE, yolr=gil, ZEtEico|s, U,
ZF23, BRI E, diolRl o] 7154 EFE] FiEo] 9l
th(16-18). 3], Ztol| EfEo] U= 7 (cateching 71
A FYHEIFER AR JlFe] 7HE & g &
O|EEAIZ|(-OH)E 270 ol 2t e EA=E gy, "t A
<2 T3} oA, A Aol Bd %S Ad Few &
HA Th(19). T3, I3l ol ZZI ] 2 o) E(epigallo-
catechin gallate), oIl ¥ Z-=Z7}el|7] (epigallocatechin), ol Z7}FEl|Z] (epi-
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3N, FX oA T o] BAlEal SItk(18,19). A7t 7t
7 7R Q) Hxks 28 W ol Hxh, W, g 5
TRFs 230 Frslal 9o Aoy o] Ao H7KEE AL
gl ol7FA] HilEe] 9IA] 2TH?20-22).
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(Suwon, Korea)ollAl FQslA AEAEZ AP =2 £
(Baeklok Dawon, Boseong, Korea), 5227} (Idaedoo, Gunsan,
Korea), 2% (Qone, Suwon, Korea), H]|©]7] 3}--H(Choheung,
Suwon, Korea), HI'd2}8F(Poong Jeon Food, Suwon, Korea), H5
(BINH TAY Liqueur J.S.C., Hochiminh City, Vietnam) 5= A}
Lot om G2 MY lECA Yt A7
E ¥ A]9(Folin-Ciocalteu’s phenol reagent), ZHH(gallic acid),
7}el| 7 (catechin), 1,1-diphenyl-2-picrylhydrazyl, nitro blue tetrazo-
lium chloride (NBT), Y&l o}rlo]= ol tlo]wEa LEl|=
(nicotinamide adenine dinucleotide, NADH), QlAFo]F24F
(sodium phosphate monobasic), Hl--A]2] X 2~(deoxy-d-ribose)$} E
2] 2=~ 4K(Tris-HCl), 2} € 2~E}o| 3l (para-methyl styrene, PMS)
+ Sigma-Aldrich Chemical Co. (St Louis, MO, USA)Z%&
ABFAAL, 2,2"-azino-bis(3-ethyl-benzothiazoline-6-sulfonic acid) diam-
monium salt (ABTS)= Fluka (Heidelberg, Germany)ollAl 7-)3}51
o 2 ¢ AYE2 Sigma-Aldrich Chemical Co.9} Junsei Chem-
ical Co., Ltd. (Tokyo, Japan)ollX] F+43te] ARE-3ATE

UAHX] Ho|32 XM=

A7 ZA| B sl 2AAA0|IE AT
v A5 7hs AAIgE A5 ghst Alolae] e 52 1
T2} Bk AR SR AU 5%7HA] Frkehs Aol A
Aoz AA=Uc) AuAdE Ao] wEt Table 13 22
H &2 2HARAo|AE ARSI 3 BEe
A7IFUEO 2 A 23 AR A0 IS YRR
2 AR FAC tiE] HA EEE 1, 3 B 5% H]
sle] AZ3k )

9] 4J E-(KB-502, Kimhill Bakery Machinery Co., Chiayi City,
Taiwan)oll 2245 Y3 AEVE 18 J& ZolE oS dg
A2FE WA AT AKOR 1287 W, FHOE 24% 37,
VEOR 10-12% ZF B, A TEHOE 247 SFE ST F
NE7} FLAAEE A 7N, 531 B, o7 ks
te}l updElgs 4oia o] BAA F=E Al 1 =, 9
S 473 WS PEA 3487 EFF T 7o) ks
3 AoiA BEutEst B3R ¥R F AojFH wES
SHATE M(60x40x4.5 cm)ol] FARE EA Alds] 2o
< 60% A= ¥ ®HS 127 3 v A S 7]
Z AAsG. EE AFE LE7|(FAO-7104, Dae Young Co.,
Seoul, Korea)ollX SIE-S 170°CE o}AES 180°CE 3lod 40-45
B 5o 7otk 98 H3) AR AlolAe A2olA 3A1%
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Table 1. Formular for rice sponge cake with different amount of
green tea powder

Green tea powder (%)
Ingredients (g) Control

1 3 5
Rice flour 500 495 485 475
Green tea powder 0 5 15 25
Sugar 550 550 550 550
Egg 800 800 800 800
Salt 4 4 4 4
Baking powder 2 2 2 2
Vanilla flavoring 2 2 2 2

B WA F 21E B3 BERvkel ARE Agsat,

A AOAC(23)] el whet FRA = ek
ZHHO R 105°CAA Azxste] HEFellar, 232
H3lshgor S4siant. 222 &2l (Soxhlet) &7 (Soxtec
System HT 1043, Foss Tecator, Eden Prairie, MN, USA)E AR
slo] tlolo|HollBl 2 (diethyl ethe® F=3to] A Z3ITh ¢k
g o Amjulo] A2 AEH (semimicro-Kjeldh) &2 A5 Tz
E47](Kjeltec 2400 AUT, Foss Tecator)Z 49 3}3]th.

AN M ZE
Azgt 2A1xA o)A e] &S tAY 72k Samsung MVS00,
Seoul, Korea)Z Zste] #2314}

=5 &%

71A18 A ZHS Texture analyzer (CT3 10K, Brookfield,
Middleboro, MA, USA)E Al83}%] texture profile analysis
(TPAZE S48t AR & A=olA 2A17ke] AHgt A8
A A71(2.5x2.5x2.5 cm)= &} Z]o|€@l Y (polypropylene
wrap) 22 & ok Frt FAo] W(wrap)S WA S 0] E(plate)
o] Zdol =2 vHE P (Two-Bite) 22 33] =435l HA@e
Ttk AIEE S W Ao AH(curve)ZRE A=
(hardness), -2 (adhesiveness), -3-31/d (cohesivenss), &4 (chewi-
ness), B (resilience) & B (springinessyS 43It AlE+=
TA25/10009] probeE ©]-8-3}¢] trigger load, 0.50 mm/sec test
speed, 60% target value AL T =33}
Mz =X

AW 217 (Chrome Meter CR-300, Minolta, Tokyo, Japan)E A&
slo] A2HA] Aola &R} YHe] MeE ZAA WE(LH,
lightness), &A% (a*, redness), 3= (b*, yellowness) #hOZ ¥
Alstith E WAlgke] Lx a* b* e Z47) 97.10, +0.24,
+1.75 ©]3Ath

I

%EIE‘"‘E SHE _E_A-I
Azg AlolA 3goll TFHTFT 12mLe H7I8le] 40°CollA 5&
9] 1% 2] (sonication) &+ ¥, 1037+ Y41E2](3,000 rpm)3le] A
NG FH3to] AE FEFEZ SIS AE 55 05mLe &
(Folin) Al 0.5 mLS E§3te] A20fA 3% 5 whEA
2% BHFAFNa,CO,) 1.5mLS F71ste] 9haolx 2417k
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% 7] (microplate reader) (Infinite M200 Pro, Tecan Group Ltd.
San Jose, CA, USA)Z F3EE 4tk A= i &
ZgHE IS aallic acid (625100 pg/mL) EFFAE 0] &3}
o] AE g 2t T (gallic acid equivalent, GAE)Z UERHITH

£ E2RL0|E & 2

Aola FEE 1 mLS F3k] 2% aluminium chloride methan-
olic solution 1 mLS H7}st] A0A 1587F wHSAI7] & 430
nmol A microplate reader® FEH =S =3I A8 i
% ZER o= S AA ¥ (quercetin) (6.25-100 pg/mL)2] ¥
THAE Fake] AR ¢gF AMEIE T (quercetin equivalent, QE)

2 Epfiith

DPPH 2iC|g 475

Aol F2ES FEE2 96well plaed] 100wl LI 02
mM DPPH (Sigma Chemical) £ 100 uLE 7}t $ 37°Col
A 3087F W-EAIHTE Microplate reader® 515 nmollA] S3EE
ZAstaL A|l59] DPPH 2tz £2AES o 2o st
AFstsdet.

DPPH ] &A% (%)
=(1-AEH7e FREAE F A7) §35)x100

ABTS EiC|Z 2715

Aola FZE 100 uLet 02 mM ABTS (Sigma Chemical) &
100 uLE 96-well plateoll 7t & 37ColA] 3087+ HEG-Al
% Microplate readerZ 732 nmellA SHEE =3It Al

°] ABTS t]Zt &AE/d-E ofef 2ol tiglsted Akl

ABTS 22 271%5(%)
=(1-ANEH7HS FREAE T A7 8

MY 12

b1
X
)
S

oz =3

TEEE g% Aola FEE 250 uLet 02 mM UAEE
o (phosphate buffer) (pH 6.6) 250 uLE 1% potassium hexacy-
anoferrrate 250 uL9} &35l 50°C 25 (water bath)ol|A4] 20%
Bot WESAZL), o]Fol 10% Ezto|obs| EAKtrichloroacetic acid)
(TCA) 250 uLE #A7Feted W& FEAALE o] EFHE 3,000
mpmollA] 103 B9t A4EE] & 5, 500 pLe] dEHel 500 uL
o ZH59} 100 uLe] 10% GsFA(I) (ferric chloride, FeCly) &
AL F7lste] 10% F¢F WAL F 700 oM FEEE S

Bale] BAHL et

2H|X} 7SS B

A AolA FeH 5L D & Agshe o
S 1 (20-284]) 208& tde = B ke = s A
7F8HA] AL ATFREREO R AlZE 2 3}

=
ato] Az Aolas AP sto] #eH7E APt
AzFA] o 227F 73 ¥ SEAA0|AE YT A71(3x3x3 cm)
2 A=23 Al W WAS 2] fste] FA9R 23 Al
] dEEE skl 38 Aol HolA AlAst AR
o] A wAME et ddsAl sislen, 7+ AlRE W7k
Folle AlgE =2 4¢S Lol ol de e A
e AIEE F7hetes sisich 37ke 9F 715 A =S AMSS)

(¢}
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Table 2. Proximate composition of rice sponge cake prepared
with different amount of green tea powder

Green tea powder (%)

%
8 1 3 5
Moisture  22.594021° 254540.16° 2548£0.10° 23.82+0.00"
Ash 0.78£0.02° 0.74£0.01" 0.79+0.01" 0.79+0.01"
Crudelipid  3.83£0.14" 390:0.08° 3.0940.09" 3.16£0.11°
Crude protein  8.47+0.04°  8330.05° 8.52£0.09% 8.64+0.09°

Data were mean+SD of triplicate experiments.
““Means with the same superscript within the same row are not
significantly different at p<0.05.

Al (color), Bk(taste), 7 (flavor), B2 (texture)2} HWH<l A&
=(overall acceptance)Z It}

BE A= 33 fEAY tigh A+ ZFEAE e
o} A A7) thet BAA 2 SPSS software package (Version
17.0, SPSS Inc., Chicago, IL, USA)E ©|&3l] Ha3 TFH3}
2 YePA, 7 At 7k feldel sk HE2 ANOVA
£ ol&3te] FoAdE IS &, p<0.05 FEoA DAAE
(Duncan’s multiple test)2 ©]-&3to] 243} Th.

ne
T
=

I
1z

o FI
2 [
o

o
2} et Aagx] Alojae] Unkx

Table 29} 72t} B2z Ao)ae] 413
HA7FelA] = diZ&2aelA 22.59%=2 7S 9k
FaFol 1-3%71A] Z713hol| wiel RS 25.45-
71T o, 53 B2 5%E FUleke] Az
B3tgo] 23.82%% RTETE &0} =31
1-3%2] AgFo vlsire gasked old gk 717
Zas Aoz AFHEY m3 E%e Ay1Fe) H|g)] FEAT
| 33, 53 2ol R 784 doldfart 8 S
JA|ste] Akl RG] S Ao Z ALFEHU). ©]
A 2d Shrs Hrleted Axd Z2AA|A o) A
E FAIES] Hrkge] ZUis we FESEE Friets
TAZet XS TS EATHE,24). oy Ao|Ae] &
g2 gl AYrES AGske T8 AR FEFFo
ESTE 240 HEYHI =315 AMTIE R d4HA
oH25).

AR Ao]Ae] FE-2 EwH H2; BEE 3-5% H7is)
o] Azt A2HA] AolAdA 22t 0.78%2 0.79%= S3} &
O H7bgo] UKl wet S EE tha SRR F
AR Fode gle AoE et 3 29s 1% d71st
o A|xs B2AA] Alo|Ae] I T 0.74%= ThE HPL
o ti WA vkt A iz 53 22 o] 1%
o] Aol M ZHzb 3.83%$}F 3.90%F YERGOU, R} Bk
3-5%7FA] A7Fste] A|zd B2z Ao|AdME 3.09-3.16%=
AT 2o =2 Eog HriekR] ¢k Alzd gz
ToAE 847%CIUL, A TS 1% H7EeE ATl =
833%= Tha aslglov, =ap 24 ko] 3-5%7HK] S71H
of wel 852-8.64%= HA} FUISIATE ol Zaf EEe|
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Fig. 1. Rice sponge cake partially substituted with different
amount of green tea powder (0%: control, 1% green tea powder,
3% green tea powder, and 5% green tea powder added rice
sponge cake).

A} 2o e AvbRdM = 2t 0.29-0.37%9F 7.58-
8.77%% JAZFENME 10.7% 2 234%2 RIE|S Uh22,26).
ARG Hrbste] Az 2HAA | ANME HAA BT #
7hego] FTUVErE Zhild Fhepo] Frlsle] & At} &

A A9E JERITE).

olg@y 54 2

Az =2p w g AR Aol @ Fig 13} Rtk
=ap o] Hrhge] Skl met Aol o gw
7h =52 5ol mAjo] HojAle e Seko R I 5 9l
oh 3t SAF 2EE 13% W7HE Al
o] ZolE A wAE Eepglont waF B
of Azt AolAdME 39 FaE AT F QU3 o=
Aol Wil air celle] o] A slElo] HFo] FrlehaA of
Zroll wisl 7]ge] A717F Ao xdste] 2 FEA] oo F-3)
7 A2 Jlog Algdh & Aot fAksl HaZe], wd
2 3 ¥2E 2% FUE FUietd Az ZaAA o)A =

| vls) 715l #an AZA FEeH. ols

A7bel wEsle] e Aol=e Furt s haghe &
AT F AUTHS6,27,28).

Elax &F
=2k 2 gEe gysty Axd 29xAelaY AL
(hardness), 214 (adhesiveness), -3-51/3 (cohesivenss), 34 (chewi-
ness), §HA (resilience)?} ©FEA] (springinessyS =793k A3+= Table
33 2tk AEE =s@E P A B F de SE0E Y
0] AEe 38701900, wab 28 §ES 1, 3, 5% W
Aol 24zt 411, 521, 5328 ool Ble) foFHoz F7}
SIATHP<0.03). BrEE S¥AA 0 A] ek WA
UE 84, B3 BUE HAUFHA] @2 diEtel ¢
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5 Yeploh gnky o A AEE

¥, 7159 vg A=, FEgF ol 9]
2 dEA AThQ).

AL dizito] 03301004, B3 RIS 1-5%74] H7t
ste] Az Ao ALE AL} 030-0.152 ol H]s)
SAHR Fo4 JE FEOM s

AL 2Fe] FEg s URE Al
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FAROE 59 Aole BANA Wtk WYY =
S AR e 2 %R B At A
7re] 9159l Aol ekt gk,
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Uebstth. ol =3k B A7ER ]lel =Ae] x|l xH
of o FeRE & ik ANEES Yl atgh =4 £
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Table 3. Texture of rice sponge cake prepared with different amount of green tea powder

Green tea powder (%)

Measurement
0 1 3 5
Hardness (N) 3.87+0.17* 4.11+0.59° 5.21+0.92° 5.32+0.23°
Adhesiveness (mJ) 0.33+0.19° 0.30+0.00° 0.15+0.30* 0.15+0.10*
Cohesiveness 0.52+0.03* 0.54+0.03* 0.52+0.02* 0.55+0.02*
Chewiness (mJ) 31.80+1.30* 30.58+6.06* 34.18+4.32* 32.38+1.7*
Resilience 0.25+0.01* 0.27+0.02° 0.26+0.01* 0.26+0.01*
Springiness (mm) 15.77+0.44* 17.82+0.64¢ 17.72+0.79¢ 16.84+0.23°

Data were mean+SD of triplicate experiments.

*Means with the same superscript within the same row are not significantly different at p<0.05.
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Table 4. Hunter's color values of rice sponge cake prepared with different amount of green tea powder

L* a* b*
Green tea powder (%)
Crust Crumb Crust Crumb Crust Crumb
0 59.20+0.93° 77.31£2.70° 9.48+0.09° -4.43+0.12° 22.66+0.61° 18.59+0.51°
1 57.65+2.57° 62.26+1.67° 6.60+0.52° -0.30+0.12¢ 19.57+0.56° 18.52+0.43*
3 53.81£0.47* 52.91+£2.01* 6.14+0.32° -1.83+0.65¢ 20.19+0.38° 20.04+0.66°
5 52.17+0.60* 51.57+1.48* 5.32+0.25° -2.53+0.20° 19.62+0.32° 22.41+0.47°

Data were mean+SD of triplicate experiments.

*®Means with the same superscript within the same column are not significantly different at p<0.05.

Table S. Total polyphenol and flavonoid contents of rice sponge
cake prepared with different amount of green tea powder

Table 6. Antioxidant activities of rice sponge cake prepared with
different amount of green tea powder

Green tea powder Total polyphenol Total flavonoid
(%) (mg GAE"/g) (mg QE?/g)
0 6.55+0.20* 0.00+0.00*
1 41.79£1.31° 17.76+0.39°
3 115.71x0.37° 68.38+2.66°
5 278.84+2.01¢ 124.94+3.50¢

*4Values with the different superscript within the same column are
significantly different at p<0.05.

DGAE: gallic acid equivalent

JQE: quercetin equivalent

Aol AN E 51578 7 Fe ke Uehdth RS U
T a2 BEe Al o diaol 44302 vt

B2 R Hel whel =3} R Hrhge] Skl weh A
= dashe Ags Boddh PAEE Uele e =4
e A7 o2 tiEweld e 1859% 7 S, =3}
& el 1-5%714 Skl met 18.52-2241% 5—7}6}031:}
_]', 22 E] 1= AT
dststo] A7REe} Alo] wiEsle] Aol rhdshe MM
A 2R A4l wshth dojut FAETE SR AR A
FHHQ). Alol=e] oF xHds yiRao] Feol& Hole A
AolAE de Bt ARl NFe] kEHE &k Aol 9
oz ALRHETED.

% 5e gE=d 448 FAs dtd o
u

EyEEa

o rlo

?zao Table 59} 7t} l-—x]. nure Hr}s
AA Aelzd F EelolE I
O% 655mgolRlot HX we] Hh

f
rlo
O{N
"
"

gallic acidE ]

7kl wiep A=A Aolad THE F EEdE ¥
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Green tea DPPH radical ABTS radical .
. - Reducing power
powder scavenging scavenging activity
(%) activity (%) activity (%)
0 1.02+0.05° 0.66+0.27* 0.14+0.00*
1 16.10+1.05° 13.47+1.26° 0.20+0.00°
3 52.88+0.40° 40.97+0.95¢ 0.29+0.00°
5 77.60+£0.21¢ 71.54+1.22¢ 0.41+0.00¢

Data were mean+SD of triplicate experiments.
*dMeans with the same superscript within the same column are not
significantly different at p<0.05.

Table 7. Sensory evaluation of rice sponge cake prepared with
different amount of green tea powder

Green tea powder (%)

Characteristics
1 3 5
Color 6.7042.11° 7.15£1.79" 4.95£1.73* 3.90+1.52°
Taste 6.10£1.94° 5.85+1.57" 6.10£1.97° 5.10+1.48"
Flavor 51042.15° 6.25£2.10° 5.40+£1.90° 5.00+1.49°
Texture 52042.26™ 4.90+1.89" 5.50£1.99" 5.15+1.81%
Overall 535£2.23% 5.5042.04' 6.05£1.54° 5.20+0.54"
acceptance

Data were mean+SD of triplicate experiments.
*®Means with the same superscript within the same
significantly different at p<0.05.
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