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Table 1. Formulas for pound cakes added with lyophilized powder of the

water extract of bitter cucumber

Experimental groups

Ingredients
C HS—-1 HS—-2
Flour (g) 100 100 100
Whole egg (g) 200 200 200
Butter (g) 5 5 5
Olive oil (g) 10 10 10
White sugar (g) 100 100 100
Milk (mL) 10 8 5
Water (mL) 5 5 5
Hibiscus syriacus
0 2 5

extract (g)

HS : Hibiscus syriacus extract

C : control

HS—1 : Hibiscus syriacus extract(g), 2g
HS—2 : Hibiscus syriacus extract(g), 5g

- 12 -



Adding flour, butter, milk,

hibiscus syriacus extract

4

whole egg, sugar

4

Mixing

Mixing(40th)

4

Panning

4

Baking

4

Cooling

water bath mixing

Mixing at 1 speed for 30 sec

Mixing at 3 speed for 8 min

Adding flour, butter, milk,

hibiscus syriacus extract

Panning 300g

180C for 30 min

120min at room temperature

Fig. 1. Process of sponge cake making.
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—

N

o))

AolAE 3 X 3 X 3 cm9 €
Table 23} 7t} (Texture analyzer TA—XT2, Stable Microsystem. LTD., UK).
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Table 2. Operating condition for texture profile analysis.

Classification

Condition

Pretest speed

10.0 mm/sec

Test speed

1.0 mm/sec

Posttest speed

1.0 mm/sec

P10 (10 mm DIA cylinder
Probe
aluminium)
Sample area 3.0 mm®
Contact force 5.0 g
Threshold 20.0 g
Distance 10.0 mm
Strain deformation 90.0 %

- 15 -



2EA] Aoz #LS F3| A HE (volume index), A A% (symmetry
index), ¥¥A A% (uniformity index)E F7g3st] Hrlslslth =, AACC
(2000) ol w} Alo]a TAF-E FHoE Adust & Fig. 29 &2 Wy o
= ArEsksivh

# I .
| 45¢m + 45¢n ' 45em ' 45em

Fig. 2. Measurement of volume, symmetry, and uniformity indexes of sponge
cake replacing for fructooligosaccharide.

Volume index = A + B + C. Symmetry index = 2B—A—C. Uniformity

index=A—C.
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2EA] AlolA o] M= crust?t crumb® Yol SAESITH = AlolaE
crust®} crumb® o] B3 & Petri dish (50 X 12 mm)ol 715 wol M=}
Al (Color meter JX777, Minolta Japan)E ©]&3}] Hunterd HWE (L,
lightness), Z %= (4 redness), H %= (b, yellowness) = YERAATE 3E5 W)

o] WAXE [ = 9846, a = —0.23, 18] p = 1.020]th

~

6. F338F &EA Aol FAst Ad

3ol 30E-7F Qo] AE ATt (A2). DPPH radical® $H9AI7l AES 517
nmol| A SA3FG T A|5.9] organic radical scavenging &3+ 1 mM ascorbic
acid (positive control)7} DPPH radicalS &£78F= AS 7|50 & o] At H]

2 LERA AT

Aola FEE2] A @33t oA &3= FTC (ferric thiocyanate) HO 2 =
Atk =, 200 ul Ly—g=et, 20 ul E9-20, 50 pL phosphate
buffer(20 mM, pH 7.0)< &3t #zalihrstds vHEth 2.5 mL =4
Abrgllo] Als 100 puLe} 2 mL phosphate bufferE 2il 40°CollA 547t vk
SAALE R AlEE YA &dth 75% o' 5 mL, 30% ammonium

thiocyanate 100 uLol 2F3}A1Z1 A5 100 uLE ¥S % 20 mM (3.5% At

- 17 -



folo]] o] TFEQT}) ferrous chloride 100 plL& Yol A&s| 387 HH-S-A]7]
, 500 nmollA FFE=E SASINY. A Ayqtst A g3 kst E S
(percentage inhibition of peroxidation, IP% )% YERHATE

o)

o

o -

AR geme] EY% - A8
AER S ET bR

ool

Hrk kA ol & (IP% ) = =100

7lola FE=o] A A3t HFE SAE AAsk= J== TBARS Hez =
sttt =, malondialdehyde B4d%S SAHE o 3+ assay kit (Cat. #
STA—-330; Cell Biolabs, San Diego, CA, USA)S AF8-3}o] A Z2A2] vl Lo
e} SA4ekaivt

Table 3. Composition of experimental diet.

Ingredients (%) Control HS—1 HS-2

Sponge cakex*

Control 90.0 - -
HS—-1 — 90.0 -
Alpha—-cellulose 5.0 5.0 5.0
Mineral mixturess* 3.5 3.5 3.5
Vitamin
_ 1.5 1.5 1.5
mixture ks

x*Sponge cake; tested samples (control, HS—1, and HS—2) were lyophilized
and grinded, respectively.
x:Mineral mixture according to AIN—76 diet.

wxkxVitamin mixture according to AIN—76 diet.
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7. BAE

ol

bt

s multiple range test= o

S Duncan’

LERCREEE

g

SPSS (Statistical Package for Social Sciences, ver. 14.0, SPSS

DR

T
-

o
Inc., Chicago, IL, USA)

S|
]

AR

23S A

3
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A 4% Ad2a3 2 uF

1. Alel=z¢] H|E&H

HEo] WA 729 Oixé*é o ws‘ié}t} (Lee & Oh, 2010).
F23t #5285 2EA AolAe T 9 Hu= Tabledd} Tuh FTF
o] ¢ thxT-2] 3ko] 362.48+1.940]8 A& HS—1°] 361.25
+1.190]3 HS—29] gko] 364.31£1.09% T2 =9 A& Alo]2] ab
o] 7} vhERFA] ettt
B3] (volume(mL))E tHZE7-2] ko] 1025.949.540] 2+ HS—12] Zko]
1030.8410.210]™ HS—29] gko] 1016.5£10.64% ¥-3] I 79 A3
T Afolell zpo] 7} VFERA] ESkth, AEXA] Ao T E Byl= R
o} A3 Apolol] ztol7F YA Skt
o} B2 AyE A5 BES A ~EA Al
Aol o] vlgA o] & Aot frASHAl o A1 Zpo] 7b vrERA] kAR
B3] (volume(mL))E 20% A& oA ok7re] 3 747 I}
S (weight(g)) o] -5+ 5% A7} 3
bl fre] Al zbol & YERA] Ut 1 BRR Bt FEEY dF
7

1o ~EA Aol M EHelE GBS MAA P Qo Az

EN

o] Fd 542D M =

f
il

d

27) 9F3.(2011). M £BE WAF 2EA] Aolae] FASA, , ot ek 4Ab =



Table 4. Weight and volume of sponge cake prepared with Hibiscus syriacus

extract
Control HS-1 HS-2
Weight (g) 362.48+1.94 361.25+1.19 364.31%+1.09
Volume (mL) 1025.9+£9.54 1030.8£10.21 1016.5£10.64

HS : Hibiscus syriacus extract

C : control

HS—1 : Hibiscus syriacus extract(g), 2g
HS—2 : Hibiscus syriacus extract(g), 5g
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N
b
)
rx
i
fitlo

Aol Axsh= HAF - “w7I"2A, 7] A= 53 o2 vh
o] oAl ==, thEA] Aol F-uo) St Ao §A, dlE o] WA,
Aol sl AW wkg Foltt (Choi & Chung, 2010). WHFo| do] 53l
TT71Y0l S7HE AL vl o] W2 AAFE B B ETEA 7A 2wyt
™ 7] &40 A E T Fujiyama, 1981; Pomeranz, 1978). o I oA <9
TS T2 B Aolae] FuE BT, w7] L] AETH
Alo]l= WFell HE = = ko] B7] witol Alo|=27 Byt 53 Ak
zb= A (Berglund & Hertsgaard, 1986) 2. & AWt 5= Qi) 7] £482 o
Z-oF AT Abololl ztel7t fISITE 7] S-S tHEw e ghel 11.84+£0.59
olm A& HS—12] gto] 12.0240.630] 1L, HS—22] 7Fo] 11.88+0.75=2 th=
o AT 7] SAES FYA Abo7t /Il Aok 22 Ay el &
oS H7bsl AEA] Alo]F o] EA EAJ) L B Aol SALSE A2 By
o w7 SAES AYEERITE 2Tl Hls] 7ol A Zpolrt vehlA] &
%k

om Ao FA HEg =79 329.33g°ﬂ H] 3l A&l Rol| A= 330.67~331.
b ST 9o s TEE FERE Az AEA )
JECEEEBEDEIESSE RS z;%ueu H7hge] F7HE Wkt gl

28) HA§.(2008). HALLS Ak 2EA Fol2e FA B4, , SISt A4} =

Hn



Table 5. Baking loss rate of sponge cake prepared with Hibiscus syriacus

extract

Control HS—-1 HS—-2

Baking loss rate

(%)

11.84£0.59 12.02£0.63 11.88+0.75

HS : Hibiscus syriacus extract

C : control

HS—1 : Hibiscus syriacus extract(g), 2g
HS—2 : Hibiscus syriacus extract(g), 5g

- 23 .-



Aolze] Ax Aol Azl ArtslE BAe) ngHd] AyyoR
G wor, PPHoRE FY, Fy), FEUY Fol JFS Wi (Lu

et al.,, 2010; Kamel & Rasper, 1988).
7150l Z ddEss Furl A3 Ars vopxitta G A glth29)
T3 SEE JUMe 2EA] AolAY AT 542 <Table6>3} 2t
%]

% 9] ZA$(hardness) HZT7F 300.77+£8.549 01 FF3s 28 A7)k
< %ﬂ?} HS—19] A¥E 302.41+£7.510)% HS—29 g o] ke
301.824+8.55% o<l FolE YERA] ekt

ee] A (springiness: M8 E A|527} do] AAE T YR HEof e =

|

277} 0.943+0.012%1 09 A3 HS—19] 0.943+0.014%1 3 HS—2%
0.94440.0132.2 AA] #F2] A1 Apo]E EhiA] &ttt

‘o873 (cohesiveness: A&7k 9] & fAsted= I =77t
0.792£0.0080]™ A& HS-19] el 0.792+0.007¢]132 HS-29] #-&
0.791£0.009% Ad~-9] 242 tlEoF oAl Aol JeEhlA &3k
ct.

A2 (gumminess:HHILA] FEjo] Al RS A 7 = AHE = 2
a3k 7)) txzato] 240.17+6.940]7 A HS—10] 241.58+7.550]aL &
8- HS—27F 243.154+8.61 0.2 SH AT n}x71x] 2 219} §-21 &l 2}

o

1S HERiA okt

29) Chabot JF.(1979). Preparation of food science sample for SEM.. Scanning Electron
Miomsmpy 3(3):279—286.
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317 (chewiness) 9] -5 9%} mpz7HA| &2 tZwto] 230.054+7.310| A2
], A% HS—10] 234.62+8.410]1 0 HS—29] Ft= 232.67+9.180.7 2
79 FAAF Y FAZ dxzTmo A< Zpol7F e ekt
AP Te] AL =T Fo4R1 ApolE YERNA 2Tt 9ok 2 4
= A A Alo]A30 | M T 2217 2 AT} fFAFSHA
vt F H7EE Abeloll #9A<l ApolE yERA] 28k th(p<0.05)

5]
=

Table 6. Texture profile analysis of sponge cake prepared with Hibiscus

syriacus extract

Control HS—-1 HS—-2

Hardness(g) 300.77+8.54 302.41£7.51 301.82%8.85

Springiness 0.943%£0.012 0.943%£0.014 0.944+0.013

Cohesiveness 0.792+0.008 0.792%0.007 0.791£0.009

Gumminess 240.17+6.94 241.58+7.55 243.15+8.61

Chewiness 230.05+7.31 234.6218.41 232.6719.18

HS : Hibiscus syriacus extract

C : control

HS—1 : Hibiscus syriacus extract(g), 2g
HS—2 : Hibiscus syriacus extract(g), 5g

30) o] @F.(2011). T4 FEEE) MDY oA RIS WA 2EA AolAd FA
54, AU ek AA} =i
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4, Aoz

T3 FEES 9ol Az 2EA] AolA shapes H7FsH7] 95k
F-3] A & (volume index) & SASIAT. F3|A %= 7o AEF Apo]e]
zFo] 7F Sl AlolA B #3 S YER = A A 3 (symmetry index)
T gk AT Abolell Zpolrt gidvh. B Alola e - HH LS U
B+ #Y9X A% (uniformity index) ™ 279} A& Aol o] 7} ¢l
At

3 %] % (volume index)9] 79+ thx7-9] Zko] 140.10+4.540]m A3
HS—19] #ko] 139.54+5.070| 32 HS—29] #42 141.0245.442 thx+9F A
3 Atole] FIA|ZE oA Aol 7t Al

A A A E (symmetry index)= WHZET9 Fko] 0.392+0.0070]™ A&
HS—19] #ko] 0.393%0.0100]™ HS—29] #ko] 0.392+0.008= th & A A
FAl oAl ZFol 7t AT

LA A 3 (uniformity index)+= tHZE79 ko] 1.107£0.0130]aL A&+t
HS—19] %ko] 1.110£0.018°]™ HS—29] 4t 1.109£0.0162.2 LA XA
of whebr Z=EXA] Aol A=Al HIbele Fgst FEES Alo]lae] o
o Y& FA Fv= AoE #AS5HAY. # YA K (uniformity index)

Al o]l Zfo] 7 gIi T

ol e Ay AP ES ket Az 2E
Do M e Alo] 2 T 2 A9 FAFSHA
oAl Afol & YER A 4okt

=3

FH

r

12

SR EERETELE
Al AoHEE Aol

% I

31) 3P F.(2014). "AN|ES HIleto] A2 2FEA Alola9] &g 384 B4, AR



Table 7. Shape indexes of sponge cake prepared with Hibiscus syriacus

extract

Control HS—-1 HS—-2
Volume index 140.10x4.54 139.54+5.07 141.02+5.44
Symmetry index 0.392%+0.007 0.393%+0.010 0.3924+0.008
Uniformity
1.107£0.013 1.110£0.018 1.109+£0.016
index

HS : Hibiscus syriacus extract

C : control

HS—1 : Hibiscus syriacus extract(g), 2g

HS—2 : Hibiscus syriacus extract(g), bg
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5. Alo|a e Ax

T23 FEES Yol A X3 ~EA Aolme ME= crust®t crumb®E

L8l 225 do] Axd AEA AolmY ML= <Tabled>1} 7t}
crust® WE(L)2 A% thZT7} 46.2940.280] 31 A3 HS—10] 47.18+

0.270]m A& 5 HS—27} 46.74+0.352 AT 7+ 729421 o]l & Ho|

A (a)e] A= x7F 11.39+0.210] 32 A& HS—10] 11.37+0.28
ojm A3 HS—-27} 11.414+0.330.% A3+ Wt 459 o] 79
A= o] Zpolg Mol gt

AT (b)Y A= HERTF7F 20.714£0.420]30 AF S HS—10] 21.84+
0.310]™ A3+ HS—27} 20.58+0.44% 79221 X}o] & Ho|A| gk

crumb S A| cruste} PFE7FA R {Fo A Q1 xfol & Ho|X| & tom oot
AT Atolol] M=o Xpol= YAl %

9l A= SvlEs HUbe 2EA] Aol FHEAD AR I A}
FAFSHA crustoll A 2, 4, 6% w 7o 2% Xpol & Ho|A| kot 8% A
AT A= 7MY 2 #s BQlY SHA R crumbd] ASw ShkE e F
Vs oA om Yol = AE Bl 9 A3e Suks
ZEo A= crustd] e FARSE AEE B O U crumboll A+ Subs 2EHA

Aol 27} wrobAl = Ashg WYk

]

32) o1 4%.(2008). TERFE S WA 2EA Aol FA SA, , dEUStE 44}
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Table 8. Chromaticity of sponge cake prepared with Hibiscus syriacus extract

Control HS—-1 HS-2
Crust 46.29+0.28 47.18+0.27 46.74%0.35
11.39£0.21 11.37+0.28 11.41+£0.33
20.71£0.42 21.84%0.31 20.58+0.44
Crumb 80.641+0.38 80.71+0.33 80.55+0.37
-3.29%0.15 —3.31%£0.24 —3.29%0.30
27.54%0.36 27.88+0.38 27.43%0.45

HS : Hibiscus syriacus extract

C :

control

HS—1 : Hibiscus syriacus extract(g), 2g

HS—2 : Hibiscus syriacus extract(g), 5g
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6. T3 2EA] Aolae dits)t a3}

Fgastss SAsE /MY B A WHS DPPHY ot

DPPH# 2,2—diphenyl—1—picrylhydrazyl A]¢F2] ¢Fx}ojt}. DPPH+= o] &%
wHape] Fajeko w bRl el eteZt kol vk DPPH= 37H4] @ H| 9
ARTEE AYaL o Fxo mEbd e 2= w4 (128-1370)+
7}-t} (Kiers, De Boer, Olthof, & Spek, 1976). DPPH¥= 1 2HA| 7} ghe]Zt
oA g oS & (scavenger) 'EF (trap)' o2 2H-&3kt}, wjebA
DPPH7} &= ARE S48t A5 didstss F71E + 3

DPPH g} Zo] L%ﬂ H Al o] Mol AL WA gl Ao = WAl
HE=Z 520 nmolA ¢ 3% (absorbance)& 5743t} DPPH Hell ¢ st &
2352 ECso(effective concentration) B EE2o] st Ao A&)&

(relative inhibition percentage)® 3 A|3Ft}. DPPH+= organic radicalS-

_l

ad

scavenging & & 9t}

BRIkl 27] A HEE F5743H= FTC (Ferric thiocyanate) o]

s 1 peroxideol 9|3 ferric iron®] ferric
= A3 AS 500 nmoll A =& 3k} (Lips et al., 1943). X &
o] AslE ZAs= b2 W2 TBARS (Thiobarbituric acid reactive

substance ) o]t}

i

acide} WHg-3le] A4 == malodialdehyde (MDA)2] S 532 nmoll A 54
slo] A A =S Z4 3t (Marnett, 1999; Daker et al., 2008). &-2F3}A|
of o3 A|WAke]l Absl7l AAD4F MDAS] o] wolx| A Hnt. 35
FEES B2 2EA Aol A7 EE SHEY e FEES
go 2R Ao)A9 FAhtste A3 <Table9><9} Zoktt. DPPH(%) 9] 45
HxTol A= Fakst 8o gldth AT A+ HS—1d] F3 ==
& A7FEe =M 28.16£1.07b9] gho] WERIL HS—29] -3} Tégg =

1.93+2.39c9] &5 a3E HEPAth FTC(IP%) 9] -5

HHN

O

N
S
ot
[o
HU
—I—l
S
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HS—19 ¥33 F2E52 H71go2H 30.47+2. 54b4 Zrol vbgkar HS-2
o] Z2 47.06£1.83b9] s aNE e AT
TBARS(MDA, uM) 2] 75 2o = 5.94+0.14a9] Fhollom F-a3 +
29 A7k HS—19] 32 3.8140.23b0] 3L HS—29] 72 2.01+0.17b= Uj%
9] vlEl] feldoz AehE Sl

ol dakstEoe] gldloy #3 Faee Arigdemyn Fitstss A

U AZEZ] A

_4
_4

= Az 4+ JAY. =, organic radical scavenging ability
(DPPH W)7} of 40% A== FsH ATt 2EA Alo)as Azl gl
A-e A7k dnt o3t FEES HIFoEA A Hitke] 27 Abst (FTC
H)E Adlehs a3 vebg o =3 Fust FEEs Hkste] 254 Alola
& AxgozH X uake] 4kske] HE T (TBARS W) % iz Hlslo]
olHow AafHJrt. Wt Fa3t FEEe AU At Hlske] A

B71s7d0] AE 2EA AolaE AxT F e AeE B

N
N
rsL'

2FEA] Aolae F4 54 9 ks &AM =
% ¥ =3 DPPH gz 2A7]5S
o] 10, 20, 30, 40, 50% =7} @
< Uehlidvkar ddkstolt ARtk 919 A= el
] Aol A ) x] A} BS 10% 3 71e 2FEA] Ao =7}
ek o w Adelglty 1B R F38t FEE ~EA Aol =HA

H
W sEA Aolae) F 7154 HrHRel A WAs SAo] Qi Ao A}

S
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33) A738].(2014). A A EES HAUFE 2EA Alolae] £ 54 9 kst 24,

il =
S golAvfeta wEtael A} i
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Table 9. Antioxidant capacities of sponge cake prepared with Hibiscus

syriacus extract

Control HS—-1 HS—2
DPPH (%) N.D.? 28.16+1.07" 41.9342.39°
FTC (IP%) N.D.? 30.47+2.54° 47.06+1.83°
TBARS (MDA, . ) )
) 5.94+0.14 3.81£0.23 2.01£0.17

HS; Hibiscus syriacus extract.
N.D.; not detected

Same letters in a row denote values that were not significantly different (p <

0.05), analyzed by ONE—WAY ANOVA and Duncan’s multiple range test.
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ABSTRACT

Physicochemical Properties of Sponge Cake Prepared with

Hibiscus syriacus extract

Jung Ji—Hyun

Major in Food Service Management

Dept. of Hotel, Tourism and Restaurant
Management

Graduate School of Business Administration

Hansung University

This study made sponge cake by adding a Hibiscus syriacus ethanol
and analyzed its physicochemical properties in order to increase the
availability of Hibiscus syriacus and granting health functionality to
traditional sponge cake.

There were no differences in the weight and volume of sponge cake
between the control and experiment group, and it was the same with the
baking loss rate.

No significant differences were found in texture between the two
groups, either.

There were no differences in the symmetry index, which represents the
balance of cake shape.

In the uniformity index, and chromaticity between the control group
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and the experiment group that was made with a Hibiscus syriacus
extract.

While the control group had no antioxidant activity, the experiment
group to which a Hibiscus syriacus added did show antioxidant activity.

In other words, its organic radical scavenging ability(DPPH method)
increased by approximately 40%.

A good amount of fat is used to make sponge cake, and the addition
of a Hibiscus had the effect of hampering the early oxidation(FTC

method) of fatty acid.

[key word] sponge cake, hibiscus syriacus extract, antioxidant activity

effect, FTC, symmetry index, uniformity index.
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