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ABSTRACT

This study was conducted to investigate the physical, textural and sensory properties of sponge cake prepared with different
amounts of radish leaf powder. The specific gravity and viscosity of cake batter and cooking loss of cake increased with an
increasing amount of radish leaf powder, whereas specific loaf volume and moisture content of cake decreased. Lightness,
redness and yellowness of crust and crumb decreased with increasing radish leaf powder content. Measurements using a texture
analyzer showed that hardness, chewiness, gumminess, adhesiveness and fracturability of sponge cake tended to increase in
proportion to the amount of radish leaf powder in the formula. In the sensory evaluation, sponge cake prepared with 5% radish
leaf powder was similar to the control in terms of moistness, softness, chewiness and springiness. These results suggest that
adding 5% radish leaf powder is the best substitution ratio for sponge cake.

key words :

M e
o] B¥ 9 BAAE B3 g AR Wkt
Hiol B3} Ao afFe] 2l HYR FEZ Z7keR 9

ow, 23Fe] 2] FAE 754 AFolv AL AlFel
3t A5 =R F43] v 9l A olthKim HS 2012). =
o 7tE FHo JIFo g V|Eo AsRTE Ve FAE

A7kt whe 747}1]6&310] HEFE A5sta 9o A

AW ol M= S7 A& w7 7= 8110] &
U] wiell, G —419.i T WE 2 Ale|ZE N
= AL T8sitn AZEn.

23 (Raphanus sativus L. leaf)S F-2] &
SeluelE cdArE A A% A
APH AH '—‘_1L°]‘/} UEZ xgsle] ¢

A]o]/ﬂ 0/] ._TV_.

L
R

g H

a

Ol

F

2 >

gl

°" SR ]

o]

A2 =A9 h:&,] /Kgid-tﬂ—/\l ;q,o] /\ugﬂ
o= Qlall 7t v ks = A7l Ad-e-st
A& AdE o] 85A Fsta H71Ea
KH et al 2008). 12iu} A aF/e] 7157
(Lee SO et al 2005)7} FHLAsHA L&A

fCorresponding author : Chan-Hee Kim, Tel :
1 +82-2-2290-2199, E-mail :

+82-2-2290-2180, Fax
chkim30@dreamwiz.com

Radish leaf powder, sponge cake, texture analyses, sensory evaluation

d AR L] A, 35% o)de] Al F-83 o]
ol 3hsla UThKu KH er al 2006)3 B35 A]
Aol g8709) o] Lo 3t BAE Azt ez
Jolli= Bearotene?}t BIEFT C, Z-57 Zgo| FH-3HA
T8/ Holdfavt v 50 o dF 2
3, & dE g el oA 5 ohaket A
er Yehdtn e 48 # I thTatsuzawa F et al
2008). Aol #g s dFEe R BE g
3tk WM3H(Han JS e al 1999), QEA 2] WE 4 54 W
3} g T o] AzubHd uE n|AEe] M3KKu KH et al
2006), ¥ <] 33183t &A(Chung DH er al 2012), <t
A E A ZA(Kim WK et al 2011), & 71%6 A0 2 &
Z A WA &I (Jang HS et al 2008), ZE| ~H = &4 <
A &3HRhee SJ et al 2005) ol #3F B} gt a28=| Tk
8] =3 e a8 S7EeE AlErke] S7F Sl
oo 7o) 845 2 o8 S8 A, AlE, Al
n| &g dgolng,
g esirta A7
ﬂl°1ﬂ ANzxE A 7= A
'3_1_ 1:]-01:-5]- /\gagﬂ
A7lste] ~EA|A Ol
ZAst] 74771557 Aol

o ml

S B

J B
Rl

pul
A

5T

=

=
-
R

e



25(3): 502~512 (2015)

a5 hdsted 7P A9 FARRTe] Ahles

B3zt shsith

Al

0%

]

=
g

0%

1. A=

Aol FAFELQ] L7= v E(Cheiljedang Co., Seoul,
Korea), &2 7 ¥ (Cheiljedang Co., Seoul, Korea), &5
£ 95% A9 (Cheiljedang Co., Seoul, Korea) 12|11 ©ZF

(Pulmuone Co., Seoul, Korea) A1A g H{iste] 4t
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Yot Ao ARSI, 1 ¢ Sl o] 8H RE Aok

E-FA|2K(Sigma Chemical Co., St. Louis, MO, USA)= A&
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_ N - TS Tl o —
1) & (Watanabe N er al 1981)2 o] 881t} Ao] Al A =& EE A A - A
Table 1. The formula for sponge cakes substituted by different levels of radish leaf powder for flour (Unit : g)
Samples”
Ingredients Ratio (%)
Control RL5 RL10 RLI15 RL20 RL25
Flour 100 100 95 90 85 80 75
Radish leaf powder Variable 0 5 10 15 20 25
Whole egg 100 100 100 100 100 100 100
Sugar 100 100 100 100 100 100 100
Salt 2 2 2 2 2 2 2
Water 40 40 40 40 40 40 40
Y Control : sponge cake made without radish leaf powder.
RL5 : sponge cake made with 5% radish leaf powder substitution for flour.
RL10 : sponge cake made with 10% radish leaf powder substitution for flour.
RL15 : sponge cake made with 15% radish leaf powder substitution for flour.
RL20 : sponge cake made with 20% radish leaf powder substitution for flour.
RL25 : sponge cake made with 25% radish leaf powder substitution for flour.
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2EAA A Wh=o] ' 4 dE WSS 65 g¥
100 mL ®lo]7]ol] =& Ho} F242(TC-500, Brook-
field Eng. Labs., Middleboro, MA, USA)°| A 25C = FA3}t
HA] Brookfield digital viscometer(Model RVDV-1+, Brook-
field Eng. Labs., Middleboro, MA, USA)Z Al-&-3}o] spindle
number 3, $HEE 0.6 rpmoA] spindle©] 3] 3&}7] A|2ls}
o 13 T HA=ghE 33 ¥HE 5731 thMizukoshi M 1983).

4. AFEX|F 0|79 ZUIEAMED HIEH F5F
ZEA|A| AL Al T T A2l AR B

St a, F9e AR S o] 831 thPyler EJ 1988).
w7IEAES w7 A Nks A 1 FH 1ARE F Alel=
A ztelE Rkse] FA| ghoz WYrla, v)8-4L Aol =]
Faof gk vk FA Q] H]2 AFE3IATHCho NI er al 2004).
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2FEXA 0| ZE A Fst] 143 B8 T Microwave Mo-
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WI, USA)E A3t 7HE x5 SPHo = A8
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o 042 2HG vk, A REE 230C(0] Wl A= A

= 2% 1050)2 dgsta, FHE 2~3 g2 AlRE celld
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Az T 1417 B g Alo] A.9] 9] F(crust) 2} Ul F-(crumb)
FHo] A8 AMTA(Model CR-200, Minolta Co., Osaka, Japan)
£ Al8-3l9] Hunter L(lightness), a(redness), b(yellowness) #k
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7. 2EX|Ao|32] =4
2EAA o] Ao 2AFHE AlZxdke] 1AIZE WA g £ Tex-
ture Analyzer(Model TA-XT2, Stable Micro Systems Co.,
Guildford, UK)E AFE-5te] S35 oH, 492718 Table
29} Zt} TPA(texture profile analysis) 218 E35to] Z} 7
o]=.2] 7 E(hardness), 4 %l#d(chewiness), % ZJ(gumminess),

F-2-d (adhesiveness), BHJ(springiness)

5% d(cohesiveness),
2 23R A (fracturability) S 212} 33] WHE 2481 31, o|uf
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Table 2. Operating conditions of texture analyzer for mea-
suring the texture of sponge cake

Parameters Conditions

Sample size 30 mmx30 mmx30 mm

Probe P25(25 mm, dia cylinder aluminium)
Pre-test speed 5.0 mm/sec

Test speed 2.0 mm/sec

Post-test speed 5.0 mm/sec

Distance 40%

Time 3 sec

Trigger type Auto

Trigger force 10 g
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t}, 74wl Zoldlth oz HrleltiKim KO er al 1997).

9. SAIHMZ|

TE A3 = SAS software(version 8.12, SAS Institute
Inc., Cary, NC, USA)E ©]-&-3}o] F4HE2(analysis of variance,
ANOVA)S AA131% 32, Duncan®] ©5H 91737 M (Duncan's
multiple range test) &2 Z+ A& k2] FLAE 5% G0l A

753 tHLee KH et al 1998).
Zm 9 1%
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SA(2010)9] Ea ot fraleh ZAgko|Qith ARk o2 ~EX]
o)=L H]FL 0.45~0.55(Mizukoshi M 1983)2}3 Lelx] &
Ao Af FAE M vEdelle Eeta, FAEE o
AFo] 20%7HA e 2EAA A Az 2 G FA
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%(Lee JS et al 2007), 12.08%(Lee SE & Lee JH 2013)2}L
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Table 3. Specific gravity and viscosity of sponge cake batters substituted by different levels of radish leaf powder for flour

Samples"”
Properties
Control RL5 RL10 RLI15 RL20 RL25 F-value
Specific gravity (g/mL) 0.49+0.012%  0.51+0.01° 0.52+0.01¢ 0.54+0.01°  0.55£0.01  0.56+£0.01°  26.00""¥
Viscosity (cP) 20,670.67+  28200.67+ 3506067+  49,84033+ 7532033+  88830.33 0.
v 1,201.67° 595.95° 1,007.37¢ 1,420.35° 2,247.05° 725.95 :

D See the legend of Table 1.
? Each values are mean=S.D.(n=3).

» In a row, means followed by the same superscript are not significantly different at p<0.03.

» Significant at p<0.001.



506 kd

e

o,

HOoFA o} RATHEETE

Table 4. Specific loaf volume and baking loss rate of sponge cake batters substituted by different levels of radish leaf

powder for flour

Samples”
Properties
Control RL5 RL10 RL15 RL20 RL25 F-value
Specific loaf volume (mL/g) 3.31£0.017"% 3.26+0.01° 3.08+0.01°  2.73£0.01°  2.59+0.01¢  2.29+0.01° 2,054.33""%
Baking loss rate (%) 16.0£0.01  16.0£0.01¢ 17.0£0.01° 18.0£0.01° 19.0+0.01*  20.0+0.01° 8.007

D See the legend of Table 1.
? Each values are mean=S.D.(n=3).

» Significant at p<0.001.
Significant at p<0.01.

= Tie] &gl AX]7] wiEolgtar A2t Lee SE &
Lee JHQ013)= & ELS H/EESE ~FEAA 0| A &
7] 4B FolHor Frteithal st 2 A3
frAber ZAako|JAT, B2 Feide A7 E ~EAA
o|ze] #7] £4EL 743 v R gk Lim EJ $(2010)
o] Buohs e s At Aelae] FulE Fdsk=
H]-&-22 control©] 3.31 mL/gC. & ~FEX|Alo]F ] EF H]
42191 508 mL/g(Mizukoshi M 1983)e] H|a} zh-& Huj=z
A A=, ol w7 &2 8] & o] vEIA 2 §E
o] wjgy] wfEo 2 ek B Ay FA wige e
=3 ¥ Hwang YK & Kim SY(1999)2] <1704 = control©]
1.75 mL/ge] W& 8]84S Bojtty B uslith Control2h
fre|AHE HolA] ¢+ RLSE AlLg v A 48 A

In a row, means followed by the same superscript are not significantly different at p<0.05.

o]=¢] R3|7} HAasiitkal B 1k Park YS 5(2008)2] 2
o} Aola Az Al HArlEe SR g o] FrkE
5 AolAe H)= Ak the A7H(Kim KJ & Chung
HC 2010)9+= ARG Z3fol A, Hele da kgt
AlolA Az Al H7tge] wE Fo]o] Wals VeRA] &k
T Hu3g Kim YAQ2011)2] A¥el= th2 Aotk

3. AEX|FH 0|29 S2ate

EAA 0|2 SR

B AROAE A FAEe] B ) $EE FAFO

24 R feo] stob

AAE BA P37} HobdA FHRLE PATEE 5
2oy

== ol Aol

s
Ly

AlolAe] W8 FAEL| o] S/HEFS frelFer A Alo|Ae] FEFFS RL25E Allstale 30.52~31.49%
ZAant ol WIHE gAERE ALY FAEDY 59 2, 30.6%S 29 controlZ FARHAL, Rt o SR
o F2d P4 Akl PeErt Baee FAG, M & RAT O] L Aol R el Brledge felAE
A 2] gmsh ARe] Tao] ol gxlojol & SRE B BQAW, +EFF AaelE MRS BIkE Aol
AT o] Aol favt FA] whiel, diider 27 ol g€ Aold P2 UelMe FRATH] B T
de) zst Are] aabl Az FPRA ek sk Bkel Aol favt /1A Aol WS fAshA
HEYE Yol ova) Aolae] Pxo] Wabrt & Zolekm  TahdRel FEFUE AANE G8E o] Wil
it olelg A= W ] 7128 £ 2 we st AFRETE Control?} Ml Al FEFHFC] frolFog 7 vt
Aol 37} Alo|ae] Hy] fAld BoJgth= o] 2(Sahi Al YERd RL259] A5 FAHEEe] ko] Frigel] el
SS 1998)0ll AAsh= A eFolet. WHAEES H/HEFE A Holdfae] FEAdH] ddes e 94 o7l
Table S. Moisture content of sponge cakes substituted by different levels of radish leaf powder for flour
Samples"
Control RLS5 RL10 RL15 RL20 RL25 F-value
30.600.227") 31.49+0.38° 31.0120.19% 30.64+0.11% 30.52+0.45" 29.65+0.41° 10.7279

D See the legend of Table 1.
? Each values are mean=S.D.(n=3).

? In a row, means followed by the same superscript are not significantly different at p<0.05.

» Significant at p<0.001.
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Ril(Lee SE & Lee JH 2013)¢h= tf &

l‘i: IS At

4. AEX|F0|79| A
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23 e4dkn B ugk W-(Shin JH e al 2007)2 D=3}
= Aol

5. AEX|70|39 EJDJ 2HEb Ao}

2~EX| Aol o] @A Fig 19 YERNAT. FAHELS
A7V 7R {2 o] F%}EM H]Zo] S7HEHA] Alo]

9] By7) Haskal, A Fojx= A7E B Y Nagae
S 5(1976)2 W2 v A|Fe 7H3a Ao dEF Fol
H|ZFo] I Fort Ex, U3 7| 3oz s 3ol @
2w, H|ZFo] Fom uj-g- oketa A7) & Alo]=2
o YR7F Alzdtha stk & A @A % controlol B
537} AA A 7Had RL259] %_% H|Zo] AR &<te
2 B % 7]Fo] -e|A FaA Ba, vk T
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Table 6. Hunter’s value of sponge cakes substituted by different levels of radish leaf powder for flour

Samples"
Color values
Control RL5 RL10 RLI5 RL20 RL25 F-value
L 64.79+0.147  63.02+0.02° 58.8840.18° 55.23+0.01¢ 55.07+0.01¢ 54.23+0.02°  6,456.03""Y
Crust a  12.91+0.06* 9.39+0.56" 7.51£0.91° 6.45+0.14° 4.62+0.12¢ 3.12+0.32° 168.36™"
b 30.59+0.09° 27.47£0.02°  26.97+0.10°  26.53x0.11°  23.11£0.08°  21.17£0.14"  3371.93"
L  83.81+0.17* 71.75+0.04°  67.65£0.01°  62.82+0.04  57.31£0.03°  55.82+0.28"  17,120.60""
Crumb a —3.38+0.06 —5.85+0.08"  —6.41£0.05° —7.77+0.01¢  —8.69+0.02° —9.65+0.14"  2,061.71""
b 25.03+0.24° 24.56+0.01°  24.13+0.24%  24.63+0.01°  24.41+0.21° = 23.72+0.11° 21.08™

D See the legend of Table 1.
? Each values are mean=S.D.(n=3).

? In a row, means followed by the same superscript are not significantly different at p<0.05.

» Significant at p<0.001.
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Fig. 1. Cross sectional view of sponge cakes substituted by different levels of radish leaf powder for flour.

D See the legend of Table 1.

=~
Lo

glo] BhAg 3}
= A8k, vk
o] o] &7} frAlsH
Aeol=e] F3] 2
22 g At A
EA Aol Ze] Mol Hofx
F9| fo] FTNAFF 7T =
shH, AA-olxtha B gk Ki (2009)°] Aot
Sttt I, Alo]Ae] FAIFVE Rt B vheeke
A JAG, FeUAe] By d82 JeEhA
Lee JS 5(2007)% ~ZAAo]=A A% A

7155 Aol Ae] FYol

u
o mu
24 Hu
F)
M
Y

L
i)

r
o
Y, [l

2
T

=
5

s
i

il
B
)
Lo

T

2 N

P

=]

o 4
g

~
"
i)
N
N
B~
P‘L

O o
fru

i
\u—“.—ﬁ

ol

1

)
&

%

bl

]

o
03:3
o

\s)

g

|
fr > 2 X o 1@ (0 o ot

- M
oo

pv

[e]

=

o

G

%{t |

2
. o S
T o

BN

=t
i
o
g
Sy i
ki

a2y 7)Fo] S<to 2 Hiakv]o] By
H =7} control¥} fFARIGE AS &

o]z 2 ) FHRL Al

'E'—lﬂi
Skl

(
=

Aoz HYTh

6. 2ZX|AH 0|72 =4
2~ZER A o)A BEAL Table 72} 2t} RL5S] H3)9} 4
E=+& control¥} FAFHS AT T2 FAED X7} 7o)

29 A5 BRRDY OAgo] SRS R} o

WA e w2 ghks eI ol= A0l Al
Al TR 5% B =] Al control? o] 7hBfE o]

= = =
Aol Bobda= 7| Aol srolA AlolA o] <
A=A 7]Fo] dEA] gong 7t ghadle] FErt

FrelA ez wolinta AdtEnt ol Alolae] 7o) T
SEFE A7) AXHA H 20 Yolxlt= o] Z(Nagae S
et al 1976)° DAJet= 74 gFo|det. A4 83 3~15%2
FFOoF Alo]Ael HrIsIAE W, 3% A F =% control ¥}
FrARE e, L ol /de] Al A= A=rt S7hskivaL
B3 Park YR 5(2008)9] Zx}e} npuhpiabs el
= Flo]A2] H=r} Z7HITHE Park JS 5(2010)2] Haloh=
ARSI aRARE HEEeREs AUrEsE AEA

Table 7. Texture characteristics analysis of sponge cakes substituted by different levels of radish leaf powder for flour

Texture Samples”

parameters Control RL5 RL10 RLI15 RL20 RL25 F-value
Hardness (g/cm®) 202.15+2.132%) 207.14+4.17°  219.32+0.88¢  233.75£3.21°  250.28+4.71°  282.97+3.48" 246.14™
Chewiness (g) 76.26+1.36° 77.89+2.13°  86.42+0.91°  95.68+2.07°  109.53+2.87°  125.57+1.93" 286.52""
Gumminess (g)  79.34+2.13¢ 82.76+3.05  88.13+1.64° 88.48+0.26°  110.32+1.34°  132.79+2.94* 282.59™"
Cohesiveness (%)  0.63+0.01% 0.62+0.01° 0.62+0.01° 0.64+0.01° 0.6340.0™ 0.63+0.01" 1.76859
Adhesiveness —0.22£0.01°  —0.06£0.01°  —0.01+0.01¢ 0.10+0.02° 0.2240.05" 0.41£0.02*  169.39™
Springiness (%) 0.94+0.01° 0.94+0.01° 0.93+0.01* 0.92+0.04 0.91+0.03 0.89+0.01°  2.35NS
Fracturability 3.96+0.32° 3.57+0.41° 5.33+0.20¢ 7.36+0.21° 10.27+0.06° 13.63+0.49°  68.09"""

D See the legend of Table 1.
? Each values are mean=S.D.(n=3).

» In a row, means followed by the same superscript are not significantly different at p<0.05.

Y Significant at p<0.001.
% Not significant.
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Table 8. Characteristic intensity rating of sponge cakes substituted by different levels of radish leaf powder for flour

Sensory Samples”
parameters Control RL5 RL10 RLI5 RL20 RL25 F-value
Moistness 5.00£0.817™Y 5504052 4.50+0.84° 2.70+0.48° 1.70+0.46° 1.60+0.51¢ 34.00"
Softness 4.90+0.73* 5.50£0.71° 4.60+0.84° 2.60+0.51° 1.60+0.53¢ 1.30+0.48¢ 3501
Chewiness 1.60:0.84¢ 1.70+0.48¢ 3.00+0.47° 4.40+0.51° 5.5040.52° 5.60+0.52° 72.50"™
Springiness 4.80+1.13% 5.50+0.53* 4.10+0.31° 2.70+0.48° 1.60:+0.52¢ 1.50+0.53¢ 48.35™

D See the legend of Table 1.

? Each values are mean=S.D.(n=3).

? In a row, means followed by the same superscript are not significantly different at p<0.05.

» Significant at p<0.001.
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Table 9. Consumer acceptance of sponge cakes substituted by different levels of radish leaf powder for flour

Samples”
Sensory parameters
Control RL5 RL10 RL15 RL20 RL25 F-value

Appearance 4.80+0.917"Y  5.70+0.48" 4.40+0.69" 2.60+0.51¢ 1.50+0.52¢ 1.30£0.48¢  40.28"
Crumb color 5.00+0.81° 5.30+0.67° 3.90:£0.99° 2.50+0.52¢ 1.40+0.51¢ 1.40£0.52¢ 3834
Flavor 4.20+0.78° 5.20+0.91° 5.30+0.48" 3.90+1.37° 1.70+0.67° 1.60£0.51°  16.04™
Texture 4.90+0.87"  5.50+0.52° 4.60+0.84° 2.70+0.48° 1.50+0.52¢ 1.30+0.48%  35.08™
Overall acceptability ~ 4.40+0.96° 5.60+0.51°  4.90+0.73®  2.80+0.63° 1.40+0.51¢ 1.20£0.42¢ 3427

D See the legend of Table 1.

? Each values are mean=S.D.(n=3).

» In a row, means followed by the same superscript are not significantly different at p<0.05.

Y Significant at p<0.001.
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