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Physicochemical and Antioxidant Properties of Sponge Cake made using
Barley Sprout and Green Tea

Eunkyung Kim*

Department of Food Science and Nutrition, Graduate School, Yongin University

Abstract

This study investigated the physicochemical and antioxidant properties of sponge cakes made using different amounts (2
and 4%) of barley sprout powder (BSP) and green tea powder (GTP), respectively. The results showed that the baking loss
rate of GS2 (2% green tea) and GS4 (4% green tea) was 12.39% and 11.96%, respectively in the green tea addition group,
which was higher than that of the barley sprout group, but significantly lower than that of the control group at 13.34%
(p<0.05). The specific volumes of the sponge cake containing barley sprout and green tea 2% and 4% were between 2.84-
2.95 mL/g, which was significantly higher compared to the control group at 2.69 mL/g (p<0.05). The sugar content was
significantly higher in the control group and the barley sprout addition group at 2.30°Brix (p<0.05). As for the volume
index, the control group with the lowest value at 13.43 showed a significant difference compared to the addition groups. The
volume index significantly decreased as the addition amount increased, measuring 14.07 in BS4 (4% BSP) compared to
14.87 of BS2 (2% BSP) in the barley sprout group (p<0.05). In cross-sectional photography, the color became darker than
that of the control group as the quantum of additives increased. In terms of the DPPH and ABTS radical scavenging activity,
the total phenol content, and total flavonoid content, the groups with the addition of barley sprout and green tea showed
higher antioxidant activity than the control group (p<0.05).
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HZ 191 7H 4 st 5 AR A deER |
thole] Aghe F4:3] Wslsly ik Ao 9%k A7t}
2A7323F0l gk Aalo] moA AL AAg-e vgEstEEA o
FHoE s 716 AR H7FE A A
=0 A= Azl BE L JTHO et al. 2017). ©]o
HAFA 3 ARl 2SS A3 EIHA oy Aol A
2oL} TR ELE offg} gt 7]9] A1 4]0 ZA L
H|7} S7FekaL Ath(Lee & Han 2018).

AR A 0] A (Sponge Cake)= H717ol @73 HAeo] &
HHE opUgt FEHI FFale] dUed Fru =
=Y AolA= ot AAEE A Hrd + 3
o] ATKKim et al. 2019). A=A A E FojA
HAANESE A7kt Y4 715 =5 =
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ARA o] 2%2] #HEZeks FE H7F 54 AF(Ju et
al. 2016), FFAF A2 4%5 7t 2H1A Aol A0
et al. 2017) @ 27} BT 3%E FU/18E 28R A0|A &
) A3(Choi 2018) 5] SUTh.

AR 2] (Hordeum vulgare Lye H2]9] ojeRo 2 1A
FEvEte] HE oA F2 Bl go HAY AF
T oo FElER AR ITHLim et al. 2018). A1%EE]
ol gallic acid, rutin 5 F2 =4 315HE3} catechin
T TPt ol Fo] Eol dmjoleaate ) itsl &
7} o (Park & Chung 2020), X123} & ThA} g9

Tt ATk FEA JTK(Choi et al. 2020). AEEE]
= 9543 mi7iAISF Al E7IRIS] AV 9l WS dA8] ¢
Ashs I BH=E g WY S 7|gE] & ¢ Aok
BE JrkKim & Kim 2015). H<2 A4REg)e] 7154
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9 GFste 7Hxol| FEBl] EUAFC] Al FuE L Q)
of QAR Z A7]H(Lim et al. 2017), ¥ HE] X|Z(Park
et al. 2017), M| L H7F A-v](Lee 2020) 2 Af%
By B9 7} F2X(Park & Kang 2021) 5 thdsh A%
o &&= et

=2H(Camellia sinensis LYe AA 30 718 S5 39
Uz Ad], satoke} o] A MA < 16091 7oA
€53 UckPark et al. 2003). A3} Fej & x2S wpal
e ow=At, -84 viEl, £712 2 7M1 5 84
RN 85 BEslE JHESARs 84 AR oY
2} 2849 MeplEE, EFHE, 2ol dh 5o AR
7 AFHE F dE Aol Ath(Yeo et al. 2017). =12
gt, 7], Ao Fojshs AR JHIIFE FHold datsl),
g, I 2 WY ZUF a9 1 754
o AFM AR HEAZME T2 3l
(Cho & Kim 2013). =2} #4S AME-S AlFHd 22
T EFS AMRY S 93 53 TR/ ([Ryu
2017), 32} WEF(Yeo et al. 2017) 53 A4S 9
2} A4k (Yang et al. 2017) 59 A4/ &3] zle)s
ok A gEE] 9} mAte] dist A Ats o] A|Eel
Al o] FoR 2 glon} gitslgdo] Erial Gzl 2%

Zhl WAL A F710] AR R, HEwt, 52HE Y
b A(Choi et al. 20205 A|€]3taL Alo]Z= w9 7]
27goltt.,
AgArolla] AR Ao Ao HEW H7eIe wf 9
P S Bylom H i 2% B 4% H7RA o2
Hl&-2] 7o) vlal] Alo]ae] 71Fo] 2 WgE i Feg
& ZA7o] A9 v AtHKim et al. 2019). o]o] ® A
TFoME AR A 0|0 itsl At WY F7F a7t
e HAAEL] AR} H2HE 27 2% B 4%E A7t
slod WY sl e Ego| He AATFH HAES A
olZ AFE AxstL ok Bl ks FH A4S S
s Bz} sk
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1. ARz

o Are] AlREE] e AlFolA AulE o vk Z
2t =2 B 100%%E A Z3F A (Cheum bio Co.,
Incheon, Gyeonggi-do, Korea) & I3} th. =2} #8
=2} T4 BAoA FAH o] A7) (52 E-6¥Z )0l Este]
YHE AlF(Viehome Co., Yeongcheon, Gyeongsangbuk-do,
Koreaye ulisto] 2t 852 400 mesh Aol FAIA At
L3ttt 2HAAo|ZE ¥ E(CJ Cheilledang Co.,
Yangsan, Gyeongsangnam-do, Korea), ©7ZF(Cheiljedang Co.,

Yongin, Gyeonggi-do, Korea), 4% (Cheiljedang Co., Seoul,
Korea), | ©]7] 3-9-t (Sungjinfood, Seoul, Korea) % HFE
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<Table 1> Ingredients of the sponge cakes

. Samples”

ngrodients (2) Control  BS2 BS4 GS2 GS4
Cake flour 125 122.5 120 122.5 120
Barley Sprout 0 2.5 5 0 0
Green Tea 0 0 0 2.5 5
Sugar 150 150 150 150 150
Egg 196 196 196 196 196
Butter 25 25 25 25 25
Baking powder 2 2 2 2 2
Salt 2 2 2 2 2

Total 500

DBS2 and BS4, Sponge cake using powder of 2% and 4% barley
sprout; GS2 and GS4, Sponge cake using powder of 2% and 4%
green tea

500 500 500 500

(Seoul Dairy Co., Seoul, Korea)s Al5ollAl i3t Az
skt

2. AHX|AH|0|=2] M=

2AAA 0| ZE Kim et al. (2019)¢] 3 AACC 10-
91 (2003)2 #a13te] ofju] A AZX F <Table 1>9] #j
SR AREES =2 B 7z R SRk 2%
2 A%E H7tsl] FHYOE AZxsAth ¥H7](KSSS,
KitchenAid Co., St. Joseph, Michigan, USA)2] &3 £
9ZES WA Y gz 187 & FojE 3 Y, AFS
A7rete] gko R 7k AES FAdsIslet. Aol 21 471+
of ApRRE] W =2} BUS 7kt FoFal Sthof|A 377t
WS EFsidit). vl vl SRAIZ HEE H7tst
Sho g 47 & Aol e AN EA 12 ecm)ll Fol
Z3 BbS 200 g¥ Wt AlolaE SIE 180°C, oL
160°CE oA|gAIZ] 2 EHSDO 2002, Han young bakery
machinery Co., Seoul, Korea)oll 407+ 9] ¢hA3liom
Ao AIZF st & Agdol ARS-SFATE

T

3. B9 H|E, 7 |2AE R HISA
B Aol Wk=2] Y| (specific gravity)> AACC method
(2000)E5 Fzste] = tigh W52 FA| vE Akt
2ARAlo]AL] 714 E (baking lossy> 7] A W=
o] FA} 2 F Alo|Ae] FAE S5t ofgfe] Ao
2 LSt

0
h

H71EAE (%)=
w7124 B A (g)- 2 5 Alol=e] FA(g)
F713A wkEo] £A ()

U8 (mL/gye 14170 HEE 2R o] 28 FAA) 2
(Kim & Koh 2012)0.2 %32 Z43}aL Alo|ae] FAZ
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4. #5312 8| 812, 25 % pH
SR 2 3|5 TR AOAC(2000)8] WL Fasie] 7}

(crumb)He wRIEle] 5 g8 87100 Hol rtE F71(J-
DSA2, JISICO Co. Ltd., Seoul, Korea)llA] 105°CZ 24*]
7F Az 5 SA4ste] eI S e Aol
A4 (crustyS AASIL crumbihe vl3 AIEE 18 &
o} 3|&7](J-FM, JISICO Co. Ltd., Seoul, Korea)o|*l
560°C, 2417+ A33]s oz EAs3t)

FEe AlolZY crumbe S A8 1ol S/ 9
mLE YL 1A7E ol WAAZ 5 A EE]7](HA-12
centrifuge, Hanil Science Industrial Co., Inchun, Korea)=
RSt AL AFFAS F=A(PAL-1, Atago Co. Ltd.,
Tokyo, Japan)2 53|14 Wk =319},

pHE AACC W9 (2000)02 <7k 4 3te] Aoj=ze]
crumbe vREE Al 5o S/ 45mLE £ T A
SaS FH3| MYE pH meter (CP-411, Sechang Instruments,
Ltd., Seoul, Korea)Z 53] WH2- 27g3slo] HFzhs 73Tt

5. BU|X| <, CHEMX| 4~ & 7o K|

AACC method 10-91 (2003)°] w2} 3% 4=(volume
index), T4 A]4=(symmetry index) ¥ LA X <=(uniformity
index)= 7Al0]Ze] AFY FiES A& @dHO=E Aola ¥
He] A B FE(A, E) 2 TEH©) Al

H(B, D)S 2438l v} o] ALFaIITE

Volume index=B+C+D
Symmetry index=2C-B-D
Uniformity index=B—-C

6. M 3l CHH &

AR A o] A9 M= F3 A2}A| (Color JC801, color
Techno system Co., Ltd., Tokyo, Japan)ell #|°©]=2] crumb
< vRIske] Lak(lightness), agl(redness) B bak(yellowness)
< 531 wHEste] SgsiT). ol = WA vk (Standard
plate)®] LzHS 98.74, aghe —0.45 2 bake 0.36°]31T}. 7
o]Z9] W #Je TXE 7hueILCE-5100, Sony,
Tokyo, Japan)& ©]-83lo] ©He| A 2l TofF 58 5
Z71 st BlaL Azt

7. x|k

Aolae] A7 =42 9 27 E (theometer, COMPAC-
100, Sun Scientific Co. Ltd., Tokyo, Japan)S A}&3}%1S
w F2Jo] Z7L probe 27 1 mm, needle type 4, s}

% 2.0kg, Distance 50% % Table speed 120 mm/min©]
At Alelae] PHE 20 mm FAZE ZE} 7%= (hardness),
k2 (springness), -5 /J (cohesiveness) % FA1HA
(brittlenessyS 53] Wy SAste] HHg o2 eI

8. eitst &y

1) DPPH 2}tz 2724

DPPH 2t &AL A 43t Blois (1958)2] W
Hell we} 53] v ARSIt wigk Alo]=S] crumb 1g
Aol ole-&(99%) 9 mLA S ol 2417 FEAIX F 94
2] 7](Model HA-12 centrifuge, Hanil Science Industrial
Co., Inchun, Korea)ollA] 3000xg, 15%7F ¥4&2]3 45
WG A EE ARSI ZF Al g oA 100 3]Aste] 3
A A5 1mLet 04mM DDPH (Sigma Chemical Co.,
St. Louis, MO, USA) 2mLE 4]o] 1 E5tlS 429 ¢
aof 3087 & T 3324 (SP-2000UV, Woongi Science
Co., Seoul, Korea) 517 nmollA $E=E =4 }oﬂE} =
Eo] 2o 2= whgAlT) F7Fe] 99.9% ee-S ARE-S}
nom ofgfe} 7H2 MR ALkt

A

i Al I R
DPPH t]d 2AEA (%)= (1_ = o]—&;q.:) *100
AT -1y 3 o

>~

2) ABTS &tz &AEA
Re et al. (1999)°] W& 583 ABTS Stz L2724
= ZF ABE 53] wkE Z4sisith Alol=0] crumbs PR
atod 1g¥ WAL WehE 9mLA S H7tete] 24A7F FEA
T AR 3OOOXg°ﬂ/\1 1587F 4825 sde
= *‘544 A B2 ARSI ABTS ol gitlzd-s 94
A17171 918 7.4mM ABTS(Sigma Chemical Co., St. Louis,
MO, USA)¢} 2.6 mM potassium persulfateS E5ale] 2
29] Aol oF 24A17F FRF WA AET s A o]
SNe FF= 405nmolA] 0.95-1.00°] === phosphate
citrate acid buffer (pH 4.2)2 3Aslo] 233t 2+ A&
108 34 ek A5 1 mLol| A|Z3 ABTS &4 2mLE
%s}oq 308-7F AL90] 4o HEAIZ] B 405 nmolA]
3= A (SP-2000UV, Woongi Science Co., Seoul, Korea)
FHEE SASITE ABTS 2 &2AEA ] Atk
2t ¥ ] PCA buffer® o}

(%) At A3go® YeRAITH

Fﬂ

A& o) BT

ABTS 212 27184 %)= (1- EE f;i) x100

3) & A= I

grksl il F vl I 542 Folin-Denis W
(Folin & Denis 1915)0= 53] w5283l F7keict. vt
A3 Aol=] crumb 1 g¥ol ZEF 9mLA S sk

uol'
ot



2477 F2AI 5 AR 711M 3000%g, 1557 22§
oS AEE ARSI ZF AlE= TA] 108) 3]4]8ke
I 34 1mLo 50% Folin-ciocalteu reagent (Sigma
Chemical Co., St. Louis, MO, USA) 1 mLE Y3 A9
A 38R Ax Ad ¥ 10% Na,CO; (Sigma Chemical
Co., St. Louis, MO, USA) 2 mLE 713l 3027+ A£9]
oA WSS AT 33 =A(SP-2000UV, Woongi
science Co., Seoul, Korea)2] 760 nmol|A ztzte] ¥k-g-ls
=439t FEZ L gallic acid (Sigma Chemical Co.,
St. Louis, MO, USA)E ARg-at3lom s AAdstd &
= S mg GAE/100 g2 FA &)

4) F FEH o) =)

ZF ZglHol= $5RS Davis ¥ (Byeon & Kim 2015)
£ oFF Wiyste] 53] wiE A AlolAe] crumbE
upfsle] 1 ¥ Ea WERE 9mLAS H7ksked 24417 A
W AT 3000xglA 1527 227 AdTAE Al
B2 ARSI oAl 100 348 ZF A Re] SAA R
1mLoll 5% NaNO, 300 uL=E 4337 5&Eo] AU 10%
AICl;-6H,0 600 L& H37 ThA] 5% W] &, wpx|eto =z
1N NaOH 2 mLE &8st 3027+ A29] daollx A=A
ste] WESAI AT 334 A1 (SP2000UV, Woongi science
Co,. Seoul, Korea)oll 4] 510 nm=z & 3 z} ukg-oo] &
FEE SASAY. EF=E 2 quercetin (Sigma-Aldrich
Inc., St. Louis, MO, USA)2 ARE-3.0m gt 3o
FHEE HYst & ZEEol= 52 mg QUE/00 g
o2 J=siglnt

N

9. SAIXM2|

BE A3 32 SPSS (Statistical package forthe social
sciences, Ver 20.0, SPSS Inc., Chicago IL, USA) =71
S o8l om dAA] EAHEA (One-way ANOVA)S
daste] A3 S HEFHxkE Yepdeh A3 3l
A Hat 7+ 9] F2)4-S Duncan U5 H]| ¥ (Duncan’s multiple
range testyS ARE-3Sl] p<0.05 $F02 HE53IAT

AMMEZ| =Xt AHEX|AH0|Z o|=tsk eittetd E4 93

m. ZAxt 4 uaf
1. A|0|3 Bt=2e| H|E, Al0|32| Z7|EAE Y HIEH
2z Ao| Aol gk Wk=e] H|FT} Alo|Ae] HIIEHE
2 H-§22 <Table 2>¢] A3} 33t 2Tt vis9] HF2 A
F 94 A= ANEEA B 37 TR Aolae Fy
7} Z7Fsle] HlFo] Yol A7k & ] HFEgAg #
FAR A =aL 71ge] 2] Hof Fuj7t HojA] ulFo]
oAl HW iH o & o] dhkel 2A7ke] Alo|Art
FthAn & Hwang 2013). £ 7-2] 2#X|A o]z A=
He] g 53} 71RE 2, 4% HUtetel® ot i) H]
SoA frolgh ApolE Holx] ot Aol JIS FA &
2 o2 A, Aojae wIEAES g A
Holl 9J3l] Fito] THt A= EAHERE H7EHE
o] oM Alo|Ae] M7 THAT|AL FOH 53
222 A7 FASH L BAE A vk (Pak &
Chung 2020). ¥ AgolM= tjzato] 13.34%= 7MY =2
oA 3e EAOH(p<0.05), AR H7htolA =
BS2 2 BS47} 11.46% 2 11.50%Z F2]3E HolA] ek
3 =3 AR AR 7R fo A0 R BT &
o} GS2 E GS47} 12.39% 2 11.96%= LFERH A THp<0.05).
B oAollA] B1gFe thET 2.69 mL/gell W] AjREE] 2
=25 2, 4% FH7EeE 2HAA 0] A7} 2.84-2.95 mL/go =
O H 2 7RI (p<0.05), AR B =3} H7RE
E M E FolaE HolA] it 27 tiAl 7=l
71EE dRiR o AgHo] ofslEE AuX|A 0]
1842 12% oldl9] B 2 Uil e 2388 344
9l G FUTHL B3F v} 9loj(Jung 2020), £ AE3}
AR 272 HoF QT Kim et al. (2019)2] A3
TollA HEw AARA )AL 2, 4% H7REAME tRTLE
o} oF7F Z7FRE whe Bl vl o)

)

o

I o\

<Table 2> Specific gravity (batter), baking loss rate and specific volume of the sponge cakes

Variables Specific gravity (batter) Baking loss rate (%) Specific volume (mL/g)
Control” 0.92:+0.01 13.34+0.08" 2.69+0.09°

BS2 0.92+0.01 11.4620.05¢ 2.86+0.08°

BS4 0.93+0.01 11.50+0.06¢ 2.84+0.01°

GS2 0.93+0.01 12.39+0.04° 2.92+0.03*

GS4 0.94+0.01 11.96+0.04° 2.95+0.04°
F-value 2.30 584.52%#%2) 8.60**

DRefer to <Table 1>
Dkp<0.01, #+*p<0.001

YMean+SD, The same superscripts in a column are not significantly different each other at p<0.05 level by Duncan’s multiple range test.
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<Table 3> Moisture, ash, sugar contents and pH of the sponge cakes

Variables Moisture (%) Ash (%) Sugar contents (°Brix) pH

Control” 30.44+0.12%9 0.65+0.57 2.30+0.20° 8.610.03
BS2 30.47+0.23* 0.67+1.17 2.06£0.09° 8.48+0.02°
BS4 28.19+0.09¢ 1.30+0.61 2.3040.10° 7.90+0.02°
GS2 29.45+0.05° 0.99+0.02 1.56+0.05¢ 8.22+0.02°
GS4 29.93+0.10° 0.97+0.04 1.80+0.07¢ 8.01:0.02¢

F-value 145.98%*%2) 0.52 39.50%** 944 48***

DRefer to <Table 1>
Drkp<0.001

IMean+SD, The same superscripts in a column are not significantly different each other at p<0.05 level by Duncan’s multiple range test.

o] folH o= 7P =& Fel 30.44%2 HrIE Ao AR
He] 7kt H7Ho] S7HESE BS29] 30.47% % BS4
o] 28.19%= ZrAastal HAF H kRS GS27F 29.45%,
GS47} 29.93%= LERITH(p<0.05). A3 A g} 2~3HX]
Aol AN AR EE] H7te} vRIRAIR 2% 37k
4% HA7REET 2 FEEES EATHKIm et al. 2019).
2R A 0| A9 FEFS AT, WY 2 ARG F
8 Q=R FriE L flom giEe] fRdkee] Wol A2 4
- Alo]=2] Fu|7} ZolHthaL s tHLee et al. 2009). 3
T M E tixTETE HTRRA e soAe A
S 1Yoy 2R A o)A 714 o YEFE = K
oJujgt Zpoli= ST £ Aol I dlze] el 2.30
Brix® oA og 7P = vEpom ARRe A7kt
oA BS47} 2.30°Brix® tZ2w7 S 23S H9A BS2
£ 2.06°Brix® °F7F ©& g=E YRR ATHp<0.05). 3¢
A7REe £ B 9= Ho] GS47} 1.80°Brix, GS27F
1.56°Brix® 9402 3 g th(p<0.05). ekl =
AR A o] Z2] pHE 7.3-7.62] HEIZ 1 o] o4 7%
o] AR FH7} F7FHA HH, YolA™ 71Fo] FAF 7+
Adta Fym o5/ "via BAE vf AthPak &
Chung 2020). ¥ 93] pHE 7o) 861 7P =&
e Hol & O 7Fe] g AoE dAdtEH Al
7HEoAE BS29] 8.48, BS4S] 7.900F frejAog vlolx
I A H7REOlME GS29] 822, GS49] 8.01 -2
o)F el ZHAZ HATH(p<0.05). 2% F7EolE =3k F7t
0] S pHE WA 4% F7REeME MR eE] 7k
o] fojHog e 3ro = HIIE A THp<0.05).

3. 70|32| FU|X|Z, CHEVGX| 5=, TSR]
2AR|A 0| L] FIR|F, A G, FLAG = <Table
4>0f AABIGATE 2 A o] R = tjRTo] 134302
A7t Fo)akE Holw 7P v e HATHp<0.05).
AREE] H7RrA = BS29] 14.87¢] Bl BS49] 14.072
7ol ST wet feld o= Fujx|47) Hasiiit

<Table 4> Volume index, symmetry index and uniformity index of

the sponge cakes
Variables ~ Volume index = Symmetry index Uniformity index
Control”  13.43%0.15% 0.87+0.12° -0.37£0.15°
BS2 14.87+0.12% 1.33+0.12° -0.67+0.12¢
BS4 14.07+0.21° 0.73+£0.25 -0.30+0.17
GS2 14.80+0.10* 0.20+0.10° -0.10£0.10°
GS4 14.90+0.20* 1.40+0.10° -0.70+0.00°
F-value 48.24%*+2) 32.62%%* 12.65%*

YRefer to <Table 1>

Dxxp<(),01, ***p<0.001

YMean+SD, The same superscripts in a column are not significantly
different each other at p<0.05 level by Duncan’s multiple range test.

(p<0.05). 2} FA7EolME GS27F 14.80, GS47} 14.902
2 F9F zolE HolRA] Yttt MPATrelA #lEy
THEANME Exp A7t d) o] 2, 4% H7lgke] Frtslolw
ool A HskE YERNA] UATHKIm et al. 2019).
ARA e ol TR AR A, 00l 77RIAH
et e, FolH SRl St AdElEtar shelth
(Jung 2020). & Aelr= AR H7-S BS27F 1.33
o2 thxe] 0.87 2 BS49] 0.73Ht} fejFow 7Y =
o} tha FUFEo] LRt AElE 7 ATh(p<0.05). L
U =2 H7RES H7EFe] S7HE GS47F 1.4002 GS2
o] 0208T} FolHoR =2 FhS Ko FYFEO] o &
7+ Aoz A th(p<0.05). AlolAL] FHe-2 X3 A=
2 Yehlle FUAAE(Choi et al. 2007) 2 23 9] %
1] H7REolA BS27F —0.672] #ro= o] 037 2
BS4¢] —0.30°] vl f-2]F o7 ol Ao]=e] x|¢-Ho]
O 2okd Aoz ALZETHp<0.05). thAAA =} vz
B2 AAHAFAME 52} J7RES GSA7E -0.702FE GS2
9] —0.10Ht} fFejAoz wo} Ao|art FUdsK| £+ A
o2 Yehton GS28 HRTEUE oo g Aot
292A] 2 #UE Ao H7HE Y rh(p<0.05).



4. 70|32l AT gl Ciof £Hod
AREE] W =212 HrVeE AR A o)|He] MEE <Table

5>, @S <Figure 1>0]A] HoiF3L gt} Alo]=2] crumb

TS ARE-S AloflA] okl Lk tixto] 85.000= 7}
2 Uty 7F HrREeIME folAE BATHp<0.05). H7t

TAME F7HEEE] S/1EFE Lk HAH oFYA A%
e H7EolME BS27F 73.50, BS47) 67.660 % Srolx
o I3} FArRElA GS27} 68.21, GS47F 65.57% 24
S 2 ZHAEIATHp<0.05). 2% F7REeE HlwEl] = Al
AR H7ERT 521 H7RR] o oo™ 4% M7t
AN E F2} Frlro] FH folFo= v 3he B

(p<0.05). atk> ANEE Yepv =3F "7kl GS27F
1.07, GS47}F —-0.772 tZ+9] 14980 A Yebte
o AR E] H7kEel BS2E —10.51, BS4E —12918 %
THT YA §91490 AolE HATHp<0.05). FHEE 1}
EllE bake AEE] Arkzeld thzakel 33.25H T} BS2
o] 38.81 ¥ BS49] 41.400] FolHo= ¢ &2 3he B
o =3} HURES dlz2TEY o 9@ grog GS27t
28.26, GS471 31.20& YERY 232l ZpolE YERNT
(p<0.05). AT #HER A A o] AN = Lk &
A 22 AAE Ho HrEdo] VIS o382
2 Ao] o] =x o agtd batollMe & HAEH 2 2,
4% H7RA fFelAHE HolA] eFTHKim et al. 2019).

Alo]=e] M= A 0| H7bE= FEe A% F
, v Y T e o= TtRdNg TE|al g
<Table 5> Color values of the sponge cakes

Variables LY a b

Contro?  85.00+0.02* -1.49+0.03 33.25+0.05°
BS2 73.50+0.02° -10.510.07* 38.81+0.03°
BS4 67.66£0.01¢ -12.9120.09° 41.40£0.03°
GS2 68.21+0.03¢ 1.07+0.06* 28.26+0.05°
Gs4 65.57+0.01° -0.77+0.07° 31.20+0.05¢

F-value  1010194.26%*%)  42627.81%** 82359.32%#%

DL, Light scale (100=pure white, 0 = black); a, redness (+100=red,
-80=green); b, yellowness (+70=yellow, -70=blue)

DRefer to <Table 1>

Dxk4p<0.001

“Mean+S.D, The same superscripts in a column are not significantly
different each other at p<0.05 level by Duncan’s multiple range test.

AMtER] =X ATX|A0|2 0f3f81E SHMEIE E4 95
ok Z' Wk A& ol wa} L e o= dEA
ATHKim & Kim 2017).

2R Ao|Ze] TS AR Hr1Eo] FIIEREE )
g oA A= S B 7 AN Hs=g =
A RS 7R H7EERHE €S e § AlzE 23A)
Alo)zo] AR H7Rrat H2; Hrito] geds] thE Al
S Hols AL ¢ AT 7o) W AEE 2, 4%E
Yo AR 7k SA; J7RE BREelA ozt
ARsle] H7HEe] 4% E 713 EEdl 93 74 de A
o2 Fekdn), 5ap 2 2 XA | AN E H3;
T 1-3%7HA = tiExwd F) ZjolE Holx] ekthal 1
3k Ath(Lee & Hwang 2016).
5. Al0|32| ==&IZt

2 A3 A7 7 X (hardness), B2/ (springiness),
5-%/d (cohesiveness), -*131/d (brittleness)S 71313 <Table
6>oll el A= Alolae] A=, vy Bl 4ol
A 2, 4%E B2 AREE A7 m3 A BT A
7hgol BAgle] Tt FARRE ke Bl F8d 93
FA] g2 Ao F Yt Adsidl gEw 2ARA o]
ANME 2, 4%5 B2 H7RrAA 2z fejnst 2o
71 glo] Fdo WsE Holx] eFUTHKim et al. 2019). -
MRS AR E 2%E A7Ve BS27F 469.10 go & thx
9] 731.88 g ¥ BS49] 771.35 gHU} FelaA we gho
2 JrERer =3k Mkt iR ofy g AUk
ZolM e frelngk xpo] S Holx] QrH(p<0.05). W)
2 ~ER|Ao|Fo A GlF 5~15%7HA] Hrbetelw iz
I FAA feolgh xolE YERA] 3tthal Harst
ATHKim & Kim 2017).

RIF AT ol

1) DPPH 2}tz 224

AR Aol A2] ksl EALe <Table 7>3 7t} DPPH
L SAGA A AR H7RES R 0.95%°0 H]
& BS2E 1.61%, BS4E 1.99%% °F7} =& 7Hs Ho
U =3 7S GS27) 15.87%, GS47F 39.40%% thE:
ojlu AR H7EERTE 9535 =2 F9%9l e
Hol AbshiA] a3yt Be o2 H7EEATHp<0.05). =
2 Bk H7p & 28] FA o) A+ (Lee & Hwang 2016)0]

BS2

Control"

BS4

GS2 GS4

<Figure 1> Cross sectional view of the sponge cakes
DRefer to <Table 1>
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<Table 6> Texture properties of the sponge cakes using rheometer

Variables Hardness (g/cm?) Springness (%) Cohesivness (%) Brittleness (g)
Control” 2560.00+:438.63 99.33+0.58 102.37£7.20 731.88+101.63%
BS2 2012.50+193.63 100.30+4.39 86.05+17.31 469.10+£93.20°
BS4 3130.00+1436.21 100.20+2.43 99.76+33.56 771.35£159.62°
GS2 2556.67+162.58 100.00+2.65 107.00+£10.58 755.86+64.45%
GS4 2880.00+208.09 99.00+1.73 99.90+4.00 799.86+70.60°

F-value 1.09 0.14 0.51 6.58**%

DRefer to <Table 1>
Dkp<0.01

IMean+SD, The same superscripts in a column are not significantly different each other at p<0.05 level by Duncan’s multiple range test.

<Table 7> Antioxidation activities of the sponge cakes

Variables DPPH (%) ABTS (%) Phenol (mg GAE/100g)  Flavonoid (mg QUE/100g)
Control" 0.95+0.53% 42.32+3.02¢ 0.15£0.01° 13.60+0.37°

BS2 1.61£0.65% 49.32+1.46° 0.16+0.01¢ 17.20+£0.88°

BS4 1.99+0.76° 54.89+0.42° 0.25+0.00¢ 18.60+1.67°

GS2 15.87+0.61° 87.70+0.16° 0.30:£0.00 18.16+0.80°

GS4 39.40+1.05* 87.96+0.87 0.36+0.00 24.96+131°
F-value 2480.89%**2 58544 1279.04%%* 69.72%**

DRefer to <Table 1>
Dkp<0.001

YMean+SD, The same superscripts in a column are not significantly different each other at p<0.05 level by Duncan’s multiple range test.

Mtz Hlal 2t 1~5%

=2 DPPH gtz

2) ABTS zHt]z

ABTS o4 &4
49.32%, BS47} 54.89%= thx-9] 42.32%Kch

H7RElA <F 16-77801<2]

2AFAHEE Bl AoE yehdt)

272

A= AR F7lA = BS27t
=7 o

ERst oL} =2} X47FL°1W = tiEtolv AR E] H7REEo
O 2 (G829 87.70%, GS42] 87.96%2)
froldo=w =2 %ﬂﬁ} S HATHp<0.05). Kim et al.
(2019)¢] AYARI H&ERE AR Al AN = 2, 4% A7

a8l ok ol 7Pk

Al izERTE oF |

° o

o &
1, ofj
)

o U
Ol‘i o

=

S o) ibstEs Hel vl 3l

2 AAHE] 7K1 BS27F 0.15 mg GAE/

100 g, BS47} 0.25mg GAE/lOOgi 9] 0.15mg

GAE/100 g2t} olHo e =o alars

9l GS2E 0.30 mg

S BlekS BT 4% %
1.54] o/, I3k M7=

S BT =3} Wk

GAE/100 g, GS4:= 0.36 mg GAE/100
go = it ohEt A¥Ee] H7RrERTE F2 {9
ARl e HERIATH(p<0.05). 2% H7hzolM = AREeE
AR taw R} o mout =af Ayt 2 =

7]:,Loﬂ}\1‘— }\Hé&l—y_g] 7(47].;“: oF
oF 2,58 7P7to] HejHo=E Ee

o2 H7HEATHp<0.05). APAF Pt 2HxA o)A

oA 2% H7EolA tizzel vls) <F 1) @A, 4% F7t
oA ok 1.501€] fo]AR1 ApolE Holw EA UERTh
(Kim et al. 2019).

4) F ZetHwol= I

= %E}ELO]E Shakol| A AR HE] F7HE BS2E 17.20
mg QUE/100 g ¥ BS4+= 18.60 mg QUE/100 g& =tz
9] 13.60 mg QUE/100 git} o802 =& 3hs B
W(p<0.05) 2, 4% H7K- Hlle F22kE JeplA]l 29
o}, =2} H7ReollAE GS27F 18.16 mg QUE/100 g, GS471
2496 mg QUE/100 g2] #o2 =3t H7p} S7184= o
Rt 24 E=2 {90 e HERATH(p<0.05). 5
3], 4% H2b F7Ee TR oF ) 7te], AEE.
g 7Rt oF 158 folAo® EA HriEdn
(p<0.05). A3YAF FERF 2HXA 0| ANA 2, 4% H7T Al
AR A7RER frAkste] 7t 7kl felAbE HolA]
2ATH(Kim et al. 2019).

V. 29 gl Z&

2 A= gt A7 AREE Hrkek 24
AAe| A AF NS fsted ZHz} 2, 4%2] AjREE] 7t
o 2 I3 YIRS AlRsle] EREANS 2ARIY 1



A3, g71EdES AR H7RES BS2 E BS47t
11.46% % 11.50%=, =52} A7 GS2 B GS47F 12.39%
2 11.96%=2 MRHF H7btRTE Z9rou}t gz
13.34%50F fojd o= v ghe] AxE HATHp<0.05).
Hlg4e AR 2 522 2, 4% H7IEE 2A\X A o)A}
2.84-2.95 mL/gO & ThZ 2.69 mL/gol Hlal folFos =
7HEE e BAtH(p<0.05). 9= iz 2 AR e 3
7H0] 230°Brix® fo]4 02 714 A ERITH(p<0.05).
FuA s g2e] 13.430] 7FE W go = Hyktst
RS HIT AREE] Frrel s BS22] 14.8790 BE)
BS49] 14.07=2 F7Fgo] Z7Fgel whet o4 o=z 7=
7T A THp<0.05). Ale]Z2] crumbiHS ARESH A=
oA Lzke thxo] 85.0002 71 wity H7ktolHe
HA7EAC] F7HESE AREE] FA7REIA BS27F 73.50,
BS47} 67.660.% ol on =zl A7tz % GS27}
6821, GS47} 65.57=2 folF o2 74439 thp<0.05). ©H
oM H7EEo] S71ESE g2t oA HsA=
RS B F AU 7IAA FAEAEL AR AR
g 2%E 713 BS27F 469.10 g0 2 thz-9] 731.88 ¢
g BS49] 77135 gt} fFolaA B o= HrtE AT
(p<0.05). DPPH &}t|Zt A&l thz 0.95%°1 Bs|
I3k H7REQ GS27F oF 15vH, GS471 oF 408 €53 =
L 7979l 7hE BATHP<0.05). ABTS 2]zt A%
9] 42.32%E 0 Z2F HrkrolAe oF 24 7h7ke- #k
°2 GS29] 87.70%, GS42] 87.96%2] FojHow wo g
kel dAS HATHp<0.05). ¥ dHE dHFS hx9
0.15 mg GAE/100 gth MaRz2] 3721 BS47F 0.25 mg
GAE/100g, =3 729 GS2& 0.30mg GAE/100 g,
GS4= 0.36 mg GAE/100 g0 2 =& §94¢] 7S Yeh)
ATHP<0.05). & SR wo|= efollA] Hx2} H7kel GS4
7} 24.96 mg QUE/100 g9] #Ho 2 tlFwtHohs oF 28 &
oA o= o A B ATHp<0.05).
B ATE A AAEL] AR et H4) 7S E838)
Gaksl B gt Age) Ego] He SuAAClAE A
F37] 918l AA=EATE 2 A3, FAksde] 7P gt
1920 2= 4% S2; A7ellon FAEdHe == A
PR 52HE 2, 4% H7Ist e tlEaadt & ApolE B
o|x] gko} FF V1o % HAARE AAE 7533 FAksAd
S THHEAE AHREe] 7|5 gt AlES e Javt
AT AR A o] | Ths 75 AAAEES] A=
Nl A7y} WMdE sl =S & & AL oSt HA
E Aola M d EAATY] 7|2 AR E8E F US
Zo 2 eteEt
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