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Quality Properties of Sponge Cake containing Dangyuja
(Citrus grandis Osbeck) Powder
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Dangyuja (Citrus gradis), a native citrus fruit of Jeju Island, has sour and bitter tastes. Dangyuja is
rich in dietary fiber and enhance antioxidant activity. In this study, sponge cake was prepared by adding
Dangyuja peel powder, and its quality characteristics were investigated. The freeze-dried Dangyuja peel
powder was added to sponge cakes at a content of 0% (control), 2% (DP2), 4% (DP4), 6% (DP6) and
8% (DP8) of wheat flour weight. The specific gravity and baking loss of dough tended to increase with
the amount of Dangyuja peel powder added, but the pH value as well as volume index of the cake were
decreased. The symmetry index of cake tended to increase. Color values of sponge cake crust showed
no significant difference, but L value and a value of crumb were decreased. The hardness and chewiness
were increased with adding Dangyuja peel powder. Springiness was the highest at DP2 (91.79%). Co-
hesiveness did not showed significant difference among all samples. In a consumer preference test, cake
groups with Dangyuja peel powder was higher than DPO in color, texture, and overall acceptability.
From these results, it was concluded that Dangyuja affects characteristics of sponge cakes. When ma-
king Dangyuja peel sponge cakes, it is suitable for adding 4% Dangyuja peel powder.

th AHE) 011/‘1 A=

H zuAEe] 7%
j'

dol F7te AFNE

2EA] AolAe WL, A ARE AMgste] Al xzs=

WEZAQ AEE Aol= AFo]thKwon & Lee 2015). 2~F

v Akdo] WA SkaL 4H] ZPQ 2] Al AlolZe FEoE F43% do s BE AR FolA *j

] St S A A Eel ok =20t 3= A FolH 715l Hold FARE A Mtk

sl %D}(le, Kwak, & Kim 2010). =3+ A& 4=50] Az e AHE 2k dtiJung, 2012). o] we} <1
=, 133} /‘}Qi 43 7HHA ohedsliA 1 153} AFE-2H(Yoon, Hwang, Chu, Kong, & Kang, 2007), X n} &3+

o i ang, , HA (o, Lee, Sim, Kim, un,
1 7171 18t A =& 174 715 (Kang, 2007), £8Al 22 (Jo, Lee, Sim, Kim, & Ch

27} 531 JTH(Lee et al., 2009). 2010), A E(Kwon & Lee, 2015), &= &2 (Song, Kim,

" Corresponding author: 7194, kteresa@korea.ackr, A& A8 bt 145, melthetm 4] e,



84 Q

iz

-

N

r

O, Zhang, & Kim, 2016) & 17 71543 FAEE #H7le
223EZ] Aol = tigk A7t AP Tt
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2.1, AZX| AH0|=9] M=

2FEA] AolAE THEY] 9% AR E ¥ E(CJ, Incheon,
Korea), A2, ABKCJ, Incheon, Korea), HE](Seoul dairy coope-
rative, Seoul, Korea)S Al Fol|A] T 5te] AFESFAT) T
b= AT gl ALkE A Fdsa, 2 4
A& FZA713(FD8508, Ilshin Biobase Co. Ltd., Gyeonggi,
Korea)dt & 114-%-3)7](CRT-04, Hungchuan Machinery En-
terprise, Taipei, Taiwan) 2 2 -2 o] 40 mesh XA &
EHAZ T

Aol AMEH A FA 2EA Aol Zhang
(2017)2] WS #Za1sto] Table 13} 22 wjgu|o] wlat &
HHO 2 Azt WA Aldy AR, L5 4ol wA
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5T AFE WA 2 & kR S A4 &
9 1ol A] 287 £3eta HEE H7lete] A 1
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Table 1. Formula for sponge cake with Dangyuja peel
powder

Ingredients (g) DP0O DP2 DP4 DP6 DP8
Wheat flour 100 98 96 94 92
Dangyuja peel powder 0 2 4 6 8
Egg 180 180 180 180 180

White sugar 120 120 120 120 120
Butter 20 20 20 20 20

Salt 1 1 1 1 1

DPO: Control, DP2: 2% Dangyuja peel powder, DP4: 4% Dang-
yuja peel powder, DP6: 6% Dangyuja peel powder, DP8: 8%
Dangyuja peel powder.
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IAIZE e & Alg 2 ARSIt
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Ao FRFFL AolA TYHE WA FFol ARES
g¥ FHalal, EEA]7] (MB35, OHAUS, Zurich, Switzerland)
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2.3. pH, 20| Xj= & Y Xl

223EA] Alo]Ae] pHE T/ 90 mLol| Aol A|= 10
g< E3slal & 7] (Unidrive 1000D, CAT M. Zipperer, Stau-
fen, Germany) = 2 3}3 ZS pH 7]E{(SP-701, Suntex instru-
ments Co. Ltd., Taipei, Taiwan)Z 32] ¥H5 =43l F3
A4 (volume index) ¥ AR 4 (symmetry index)= AACC
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EX]| AlolZe] 2272 No.l Probe(P20 mm)S 723t
Rheometer(Sun Rheometer Compac-1001I, Sun Scientific Co.
LTD., Tokyo, Japan)E ©]-&-3}o] 3x3x3 cm 37| 2 A2 A 0|
A A|59] 7 E(hardness), TF2]/d(springiness), -3 J (cohe-
siveness), % &4 (chewiness) = 33 =% 3l kS A
o}, 72 2712 mastication mode, penetration depth 50%, max
weight 2 kg, Table speed 120 mm/min®] Z71ol|A =7 3}31th

2.6. 28X} 7|2 XA

2F7) Aol Ae] M 7| 5E ZARe A E ¥} et
A 30 R R 2R} 7|5 E ALY A7 go
ofn], Fe|rlakE Arsta Hegstsen, 7+ Al5.2] A(color),
gk (flavor), ©9k(sweetness), 2= Z(texture), F A2 Q1 7] 5
T(overall quality)®] 571 355 94 HE=H o= 718ttt
- He 1R, g F22 9o ® AEA O FAI8)
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2.7. SAXNE

A A= SPSS(23.0 for windows, SPSS InC., Chicago, IL,
USA)S o] &3dlo] EAMEA(ANOVA)S AAsta, 72t =4
Hit el fol/d2 p<0.05 2 & Duncan’s multiple range
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AA F=HZn G A JtkPyler, 1988; Chung, Kwak,
Lee, & Kim, 2009; Kwon & Lee, 2015). Ellinger2} Shappeck
(1963)2] Ao X 2~EA] Alo| A A% A 0.55+0.052] &
e HlFe fAlshe Aol ntgAsittn Fsiith 2
Aol A AlZE Ao]Ze] BT 0.50~0.579] HHE Ko
BE H7FolA A e vlFahE YeRAATE 2EA] Alo]
9] FE3FeES DPOoll A 32.76%31. 01, A F7Fste] DP8
NN = 3431%= 7HE =4 Uebth ol B-fAF A4
e 2ol = Qlste] Bk o] 2ol f ol S71s

T8 Aol Frtsh] WiEe 2 AZtEh Zhang &
(2017)] AFelX = A7 42 de] ofol ma} ~EA] A
olZ9] FR3FFo] Fleltia Hauste] ¥ Azel {4}
3t AyE Bt} #7145 DPSAA 11.03% 2= 71
=7 UeRsdt) o] DP8| - Efgo] ThE At B
A7Fol vlsle] E7] oz ATy, H7] £ $
2 EHEy #do] 9tk B33 Sumnu, Sahin Sevimli
(2005)2] A2} FAFSE A2HE BTk Eg Aol frt
B ol AlHE MRS W AR5 Folo] Alo|Ae
FEEAETE Skt w7 S4EE 78 thE Kim,

Kim?} Kang(2012)°] AF+Z2# e FALg 25 BT

3.2. pH, 20| X A i Xl

Table 30l|A] Ho|= vlg} o] ~HX] Aol pHE B
A A B ko] UM E AR AolAe] pHE
frold o7 7HAsH thp<0.05). Lee IS & (2009)2] A+ 2
Tpof| wp=H UWHAQl AEA] Ao]A] pHE 7.3~7.69 H
9= B oy ¥ A4 A DP4, DP6, DPS-E pH7} 1R Th
o S YErTh ole BrA A B8] pHIF 4542 B
o} FAl5 H7tol| mE Wslel] oJgk o2 FTETh Leet
Lee(2013)9] A9 i 7t 2~EA] Alol2 AFeA = A9
o] A7t wiet pH7L Aaste AE Hof 2 A7
e} fALe AZE B §3] A 2EA] AolAl
DP07} 149002 7P =A vehston, dhfagd 2 A
7S 14.69~14.839] W9 olA Hadhe A 3s Ho Ao
Ao A7t AaE B 5 U Ashe} Colmey(1973)=

Table 2. Specific gravity, moisture content and baking loss of sponge cakes containing Dangyuja peel powder

Properties DPO" DP2 DP4 DP6 DP8
Specific gravity 0.50:£0.00°% 0.51+0.00" 0.55+0.00° 0.56+0.00° 0.57+0.00°
Moisture content (%) 32.76+0.28° 33.44+0.41% 33.37+0.47% 33.97+0.25" 34.3140.57
Baking loss (%) 9.79+0.01° 9.98+0.01° 9.15+0.00° 9.94+0.00° 11.03+0.00°

" DPO: Control, DP2: 2% Dangyuja peel powder, DP4: 4% Dangyuja peel powder, DP6: 6% Dangyuja peel powder, DP8: 8% Dangyuja
peel powder.
? Means in each column with different superscript letters are significantly different by Duncan's multiple range test (p<0.05).
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Table 3. The pH value, volume index, and symmetry index of sponge cakes containing Dangyuja peel powder

Properties DPO" DP2 DP4 DP6 DP§
pH 7.87+0.02° 7.4240.02° 7.14+0.02° 6.68+0.02¢ 6.4240.01°
Volume index 14.90+0.04* 14.69+0.05 14.74£0.05° 14.83£0.03® 14.74£0.09°
Symmetry index 1.17+0.04° 2.060.03° 2.13+0.03° 2.2940.01° 2.27+0.02°

Y DPO: Control, DP2: 2% Dangyuja peel powder, DP4: 4% Dangyuja peel powder, DP6: 6% Dangyuja peel powder, DP8: 8% Dangyuja

peel powder.

? Means in each column with different superscript letters are significantly different by Duncan's multiple range test (p<0.05).

2EA] Ao A7t AW E DF5F 73] nAsHA FAE
Aol=Ae] B]7} Zropxltha High v} 9l=H), Table 3014
o} Zo] pH7}F 714 322 DP02] 37} 71 A, 92 7}
TolAE pHE| Ao xd o= Bu] x|4o] Mgl A
Al YERGA] ket Park, Lee} Chun (2010)0]] wh=H vl
W 10% H7F7EA] = 39 2] 49] {249l Afol& B
o]A] ko 15% o’ Hrtskd s W Fol A<l Aol &
Hoj B A Ao} fAlgE A2E B Th B3 Park, Park
3} Chang(2008)9] AT A= 8% 714 ZAF2 Hrletol =
F-3] Aol A Fo] ARl Aol & KolA] kL, 12%~24%
HA7HF el = o 4Q1 Afo] & HolA] gtrha K3t uf
AUtk WA A e 2EA Aolae] FH < #F S HER
© AF2A A A7t 2855 Ao A9 TYH-Eo] =
A FER S 2Jv] 3t Goémez, Oliete, Rosell, Pando, &
Fernandez, 2008). ™% x4~ DP63} DP§ Aloldll= #2] 4
¢l zfo] S Holx] kot 747t 229 227 7H AA Y
R} Alo] A9 S o] HEIA & & FHE YE
WAt Park@} Chang(2007)2] oA Sn7t+E H7te

2EA] Aol M= HrbgR diA A5 ko] Y A
< Holx] ¢F9kon} Chang(2004)S %= & A7 e
g} 2~EA] AlolZe] A A 47t Eelxithal Bk
Aze} FAG Azks B

3.3. M

A 4A AZA] Alo] A9 ME= Table 49+ 2t} Crust
o] ME= Lk agkell oAl 2ol & Holx] ergtont,
b#k2 DPOOI| A 15942 YERSE o™ DP2, DP4, DP6 2 DPS8
N E 16.22~16.672] HE Ho|w DPool| H]3le] 24
° 7 Z7tAtHp<0.05). Crumb®] M =& Lt} agho] B
A AR BT A el vlEste] Hadhe AgS Bt
(»<0.05). L&} b3k BT H7hefol whE) 22479041 34.64
7 S7hke A3 HATp<0.05). 2=EA] Alo]ae] A=
= A7t g Tt Mol daks wrom 11 9 of
nzlaryg whg glepbd wkgo o3 ol upe} gk
whe o2 A A gltk(Shin, Choi, & Kwon, 2007). ©]
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Table 4. Color values of sponge cakes containing Dangyuja peel powder

Color values DPO" DP2 DP4 DP6 DP8
L 40.05+1.88"? 41.47+0.91 42.5340.76 41214234 41.58+0.86
a 11.32+0.16™ 10.86+0.17* 10.78+0.08" 11.09+0.30° 10.92+0.13°
Crust
b 15.94+0.60™ 16.67+0.88 16.61+0.25 16.22+1.10 16.34+0.53
AE 0.00£0.00™ 1.56+1.10 2.42+0.73 1.80+1.65 1.57+0.73
L 76.68+0.20° 74.13+0.88" 73.83+1.24° 75.15£1.05% 72.19+0.66°
a —5.88+0.09 —6.98+0.12° —7.28+0.10° —7.47+0.26° —7.35+0.18°
Crumb
b 22.47+0.42° 27.26+0.63¢ 29.52+0.78° 31.57+0.62° 34.04£0,74%
AE 0.00+0.00° 5.15+0.16° 7.1940.31¢ 8.66+0.41° 11.52+0.44%

Y DPO: Control, DP2: 2% Dangyuja peel powder, DP4: 4% Dangyuja peel powder, DP6: 6% Dangyuja peel powder, DP8: 8% Dangyuja

peel powder.
2 NS = Not significant.

 Means in each column with different superscript letters are significantly different by Duncan's multiple range test (p<0.05).
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A A 2~EA AelAY 223 5% 2= Table TollA 64 o]de] 45 Wtk % Aol Mol A= =4
59} Aok FhAr AE 2o bkl HJrﬂ' 2ER] Aol Az} Aolae] Aol A =S HU=H Ju, Nam}
9] 7 Z(Hardness)= S718le 23S B9 th(p<0.05). ~F Lee(2006)E U710 &3t #7139 v]go] ES+2 7
A Aol Arw FREEFH fie 7E 27 2 X o|Zo] Aol ¥ w=ghalg HQl51, crumb Aol Tk AH]
o] Wt 23 E = Aoz gl thChabot 1979; Rodri- 2 715 % ZAPIAE O F 491 9he-& Boltia B s}
guez-Garcia, Puig, Salvador, & Hernando, 2012). ¥ 17| A o B AFe] V|aw A AFe} ¥|523 A5 Bt &
= G823 AR B Arlg olste] AEX] AolAe & v (flavor) 2} %Bl’(sweetness)* DPO®} G-t A4 i A7t
SaFo] wolx| 3, VIEL A PA ol Wl & ol 7]Fe T T Ateloll 921 2te] & Hol#| eX3kth. Shin(2015)2 #
o] ol AErt Sk AR of ek ©2 A (springi- 2 B9 5 20%7HA] H7Fet S w) 2FEA] Alo]AY] A=
ness)< 90.49~91.79%°] M E o™ DP27} 7HE =7 7t E7Fetvka Bkl o, & Aol A AREE At
et 87/ (cohesiveness)= A& ko] {2490 A} Ao Zpet QIgh o] ~EX] Alo]AL] gmo JEFE
o] Ho|x| 3kth(p<0.05). X ¥ Al (chewiness)= Tt 2| & Ao g A ET). 22 Ztexture)dl] e Aa=E I
146 N, DPg°] 2.22 No.& Al 44 &4 H7p wet 2 A B2 3771 DPool| Hlste] folA o' A vEt
7kt o= Lee 5(2012)9] AFollA] emja} Ede wrt v BA A B2 6% ol HUekiS o
H7pel whet Aok Aol SR Adte} Akt A3 ASer) fhaeske A BTk ARl 715 R (overall
s B quality)i= DP4° A 64002 =2 JF5 Wit}

Table 5. Texture characteristics of sponge cakes containing Dangyuja powder

Properties DPO" DP2 DP4 DP6 DP8
Hardness (N) 2.20+0.10%? 2.4340.13% 2.62+0.25 2.80+0.14° 3.46+0.29°
Springiness (%) 91.03+0.44® 91.79+0.66" 90.76+0.53° 90.49+0.31° 90.69+0.32°
Cohesiveness (%) 72.89+1.18%) 73.84+1.26 75.42+3.56 72.49+0.35 70.81+1.08
Chewiness (N) 1.46£0.09° 1.65+£0.07™ 1.804+0.24° 1.8340.09° 2.2240.15°

Y DPO: Control, DP2: 2% Dangyuja peel powder, DP4: 4% Dangyuja peel powder, DP6: 6% Dangyuja peel powder, DP8: 8% Dangyuja
peel powder.

? Means in each column with different superscript letters are significantly different by Duncan's multiple range test (p<0.05).

» NS = Not significant.

Table 6. Sensory preference score for sponge cakes with Dangyuja powder

Properties DPOY DP2 DP4 DP6 DP8
Color 5.2742.27% 6.13+1.41° 6.43+1.25" 6.47+1.11% 6.37+1.87"
Flavor 5.57+1.48%59 6.13+1.14 5.77+1.14 5.40+1.43 5.83+1.84

Sweetness 5.77+1.41% 5.87+1.36 6.10+1.42 5.57+1.68 5.47+1.38

Texture 5.63+1.73° 6.67+1.45° 6.57+1.19® 5.93+].34% 5.83+1.44%
Overall quality 5.47+2.00° 6.27+1.64° 6.40+1.13° 5.30+1.29° 5.40+1.61°

Y DPO: Control, DP2: 2% Dangyuja peel powder, DP4: 4% Dangyuja peel powder, DP6: 6% Dangyuja peel powder, DP8: 8% Dangyuja
peel powder.

? Means in each column with different superscript letters are significantly different by Duncan's multiple range test(p<0.05).

% NS = Not significant.
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