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Physicochemical and Sensory Properties of Sponge Cakes Incorporated
with Ecklonia cava Powder
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Department of Food Science and Engineering, Daegu University

Abstract

Effect of baking on the physicochemical and sensory properties was investigated using a model system of sponge
cakes incorporated with Ecklonia cava powder as a value-added food ingredient. Ecklonia cava powder was incor-
porated into cake batter at 5 levels (0%, 2%, 4%, 6%, and 8%, w/w) by replacing equivalent amount of wheat flour.
After appropriate mixing, sponge cakes were baked at 185°C for 20 min in an oven. The baked cakes were cooled
to room temperature for 1hr prior to all measurements. The specific gravity of batter increased gradually with
increase in Ecklonia cava powder content. The specific volume of sponge cakes tended to decrease while baking
loss increased. Volume of the cakes decreased with higher amount of Ecklonia cava powder in the formulation as
indicated by the decrease in the volume index. Sponge cakes became darker and firmer with increase in Ecklonia
cava powder content (p<0.05). Color, seaweeds smell, and taste were distinctively classified by the sensory analyses
(»<0.05). Finally, correlation analysis indicated that level of Ecklonia cava powder incorporation was well-correlated
with all the physicochemical and sensory properties studied except for a*-value and sensory firmness (p<0.05,

p<0.01 or p<0.001).
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Tl (Ecklonia cava)e ZZ2)E THA] vlE(Laminariales)
1] Fh(Alariaceae)?] Thad A sl=F=2 -2luete] Fald
A A= a2 & X de] et Ao @
el 4 LollA MKW et al., 2008). =71
7% RoFoly WL ¥z wokoln Zo|= 1-2m7HA A
STHBu et al, 2006). F&2 AL} 2t 5o Holr} Hn,
sk} 2 0= - AES FQ AERE o] gE
(Bu et al., 2006), | F5te] )80 2 o] &5 7|% Fh}.

M S 2 Fe S E vs] s3] et 1A
o] thEn, FHg v, vvlZ vepl S et
TH(Lee et al., 2006). ©] & = FEXEFSZE oA
FE o]gxo] o3 o, ditkslt &4 (Heo et al., 2005;
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Jung & Lee, 2007; Li et al, 2009), o}&2Fg AA FA
(Park, 2005), 28 &4 (Cha et al., 2006; Hong et al.,
2006), anticoagulant €3 (Athukorala et al., 2006) 5 &
7HA] 7157d 0] Wl o B AE 75 A ZA EE-
THA7F FEE A FAEE AdE.

Athats] o] 2Ag Aol thgk Wslol| whaf =291 &
o] 4l ZHaske Wi kg wlolA ] AlFe] AHTF =

2l

&7 Z71ska 9tk(Lee et al., 2007). E3F A7 XA
71573 21Fell ok &njke] Q1A wstel] wlhEl wo]A e

AFAXE GaFo] Har 7]5do] 7ivE AlFel tst &
T7F AEH R Frrstal ot g AR Alolas &
tlEo] 7HAEHA ]88 F U&= Ao Fo 2 7|58 S
Bojsly] gsted 717 AR E vl 7HR(Oh et al., 2002),
3} E(Chun, 2003), = F(2004), Mo] WA B2
(Jeong & Shim, 2004), AW A EL(Lee et al., 2007),
gtz 27} 2 (Jeong et al, 2007), 14 ¥ (Yoon et al.,
2007), &Aak B2 (Park et al, 2008), %74 2(Chung &
Kim, 2009) ¥ Zvls £ (Lee et al, 2009) 52 H7}s
AFo] g A77F Fh ol Aol Ax Al A7t A A=
o] &87ks/do] &2l b Ut
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Bug olgaje] 29A) Aolag
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4 FARAL aFo A delel 7154 % R )
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WEEIETE
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B Apoa ARSE ZElE detds FoF ehulrielA
2009 129004 29 Atolol] &3 AL Fuj(FA =, A
3 2¥)s & 500 g% Adste] 350Cox] WE RIS
A de A AR & BUE vheo] ARESITh Al
& 15T R0, L), ARG, AL, #
SAI(F)L7E, b, o] T (G L7}, Fab), T
HE(F &, A18) B AIRE 52 AlSelA st
A3ttt

ZE 2o M=

A2 53 (VLT 1450-3-D-14, Thermo Electron Corp.,
Asheville, NC, USA)°IA4 ¥5¥ A5+ 5471%7](Eyela
FDU-1100, Tokyo Rikakikai Co., Tokyo, Japan)S ©]-& 3}
o 85Pa F=ollA] 4817+ Bt FAAZRS &, 47
(M20 Universal Mill, IKA, Staufen, Germany)E A}-&-3}<]
B0 Axsty A2 e Y& =717F 150-250 pmel
TS AdEste] 7R ER ARSI

2HX| Alo]=22] M=
2 S A 29A] Alo]=e] wiEH]= Table 13}
7}, 7)) Bmhe ubE o) ks 7)F0 2 (0-8%S thA| S}
7o, 2~AX] Ao|F= Ronda et al. (2005)°] ARE-3+ =
dF FAst] FHPOE A XAk A, F3hA] #
S E3eE & mixer(5K5SS, KitchenAid Inc., St. Joseph,
ML USA)E olgsle] sulo2 14870 AFE 34412
5, Al 21 LRk e S el 3 AR H
E1 £ A7yshal 3437 @S F 400 g% 2= Aol Rz

ruz o ¥R

23A] Ao|ze] FHEA 223

185°CE of|E€¥ <2 E(GOR-704C, TongYang Magic Corp.,
Seoul, Korea)oll Al 204-7F th. | ~HA] Aolas
Aol A IAZF g ek S A3 o] ARg-sheint

AACC method 10-15(AACC, 2000)°l w
2t d7H —Er% T k= oY Aol £ FA A g
o ¥ &2 eh ATt

Alo|72] HIHA

Alo] 28] BIA| A (em¥/g) 3 g A RS FIE
(AACC, 1988)°.2 3% wHE 243t & FA = L}T 9;
AL, 7] 24 (baking loss)= olgfe] 2]oz AAls)
S tHSumnu et al., 2005).

X =7 &4

Wbatter B

Wcake % 100

Baking loss (%) =
Wbatter

K| & CiElEX |

Aozl &Y EAA F3 A4 (volume index) E T
A A4 (symmetry index)= AACC method 10-91(AACC,
200001 W} Aolz BFFe HHoT A F 3wk
skl AT

Z0|32| AHE: gl QII'_I- Z}oy

Aol 2] crumb F-¥ 332 2HA) (CM-600d,
Minolta Co., Osaka, Japan)S A}&3}o] THI(L*), JA =
(@) 2 FATpHE 7t 2AWE 53] vk =243 5 3
S vttt gFAE v E 93 Fge Ry
ARZL Z](IXUS 9601S, Canon, Tokyo, Japan)E ©]-&3}%2
o e A ZHola] A&} A7) AR, Eole Y
Al FA ob_ ZjA 7} HR A L2 51T}

L
M=

7o|=2] B=
AlolZ 2] 7 =(firmness)x= Advanced Universal Testing
System(LRXPlus, Lloyd Instrument Ltd., Farecham, Hamp-

Table 1. Cake formulations, substituted with different percentages of Ecklonia cava powder

Ecklonia cava powder level

Ingredients (g)

0% 2% 4% 6% 8%
Whole egg 450 450 450 450 450
Wheat flour 240 235.2 230.4 225.6 220.8
Sugar 240 240 240 240 240
Emulsifier 20 20 20 20 20
Baking powder 8 8 8 8 8
Butter 200 200 200 200 200
Ecklonia cava powder 0 4.8 9.6 14.4 19.2
Total 1158 1158 1158 1158 1158
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shire, UK)S ©o]&3}o] A-2olA 203 wtE =43 & Hg
e YRR AIEe A7 E 4x4x2cm, test speed=
60 mm/min, trigger 22712 2 g 5 AH&-F3I T
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9525 sk

SHXZ|
A3 A= SAS(SAS, 2005)Z o]gato] FANEA &1
freld e AR 7 B3¢l HlEE Duncan's multiple
range testl] ]3] A5t Th 3t Bl sty FAEA
#54 FZ =2 3l Pearson's correlation coefficientE
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Fig. 1. Specific gravity of cake batter as affected by Ecklonia
cava powder. Means without a common letter are significantly
different (p<0.05).
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7o g2 FEtkKang & Moon, 2009). Lurzel A
Alo] 2 Alzol g W= v]F-2] M7} 0.45-0.559]
(Kang & Moon, 2009), 2 -t A82 e 29
v & Ad3 Aoz vhd

eékmﬁrlr:lo

70|39 HIAA H =Z7| =4
7ZH g A S dElste] Alxe 294 AlolA
HIA A3} 7] &4 3= Table 20 UeRt 9l DP
g &2 i@l S7HEE viAAe gashke A
UER AL o 2t vl wste] 7he] o] H7bE Al
HA AL AR S 74050 O (p<0.05) 7E) o] Z3F
B AZ7bol = #2913 Ao|7t AEA] &4 TH(p>0.05). ©]
23t FARE A vl Be HUksh 23] A
o] (Lee et al., 2007), FAANE H7ts 2HA Aol=z
(Chung & Kim, 2009), dlg]=8 &S H7kgk 2313 A o]
F(Chung et al., 2009) SolA %= H ¥ v} U}, o]e} 7+
S Ad= e Ego] AP ER HA AR Fo] 2F
el ghago] Yropx| 3, Bdl 7| o] RS o
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TOZ AR EtH(Lee et al., 2007).
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Table 2. Specific volume and baking loss of sponge cakes as affected by Ecklonia cava powder

Ecklonia cava powder level in cakes (%)

Prope
pery 0 4 6 8
Specific volume (mL/g) 2.971£0.29% 2.2540.25° 2.2740.19° 1.994+0.29° 1.9840.20°
Baking loss (%) 10.89+0.18° 10.8440.05° 10.9540.15° 11.4940.12%® 11.92+0.56*

**Means within the same row without a common letter are significantly different (p<0.05).



e Bs diAlsle] Az 24A] Aol FH54 225

Table 3. Volume index and symmetry index of sponge cakes as affected by Ecklonia cava powder

Ecklonia cava powder level in cakes (%)

Prope
perty 0 2 4 6 8
Volume index 126.73+£3.26° 121.99+0.72% 121.98+2.49* 105.17+1.82° 101.2443.39°
Symmetry index 19.01+2.97° 21.6612.96° 18.75+1.74% 7.40+2.01° 2.57+5.02°

*Means within the same row without a common letter are significantly different (p<0.05).

S7hE 2 BAsAA Rk W 7]ge] dEA FAL 0]
ZIAZ SHSHA Hof w7 &Ho] HASHA HErh(Lee et
al, 2007). thxF9] #7] €48 10892 7HF ok,
8% thale] #7] €42 11.927 71 =oF A8 7+
o4l AolE YER YA T(p<0.05) AAHo = Fo]4
apolglo] F7heke AL HATHR>0.05). ZElst FAHS
2R/ v o] BHg st Alzg WA Alo| Ao
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SFOX|= o CiEX|s

Alo]=zLe] 9@ 57421 -3 AF(volume index) B T
A 4=(symmetry index)E Table 33 2t} Fux]4= Al
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Fig. 2. Firmness of sponge cakes as affected by Ecklonia cava
powder. Means without a common letter are significantly
different (p<0.05).

Table 4. Color characteristics of sponge cakes as affected by Ecklonia cava powder

Crumb color
Ecklonia cava powder (%)

L*-value a*-value b*-value AE
0 83.20£1.38° -0.16+0.21* 27.72%1.18¢ -
2 73.79+1.42° -4.16+0.27¢ 28.68+0.99° 10.27
4 64.9112.16° -3.3740.26 30.68%0.74" 18.80
6 58.25+2.03¢ -3.3240.86" 31.25%0.81° 25.40
8 56.63£1.70° -3.2340.53° 31.33%0.61° 26.99

“*Means within the same row without a common letter are significantly different (p<0.05).
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Fig. 3. Visual comparison of sponge cakes incorporated with different levels of Ecklonia cava powder.

Al B (Lee et al, 2007), 3t=Ze]7} LS H7eAY
(Jeong et al., 2007) S4tdt e tixste] Axg 24
A Alo]A(Park et al., 2008) A= FAMSH A7t Hag
v otk @ A EE Y= o3k 2% iAol A
Haghs e o)F Frtste A3e JYEriSIA, &
AEE UeRl = p*ptS e 2 iAol Sl ot
2 F7tethe A4S UeRid) o9k 2 Aate Q1A
T HUVe] VS AR Ao|Ae] Lk HAs)
3, aFT bRe FoFoe=m Z=7189tHE Yoon et
al.(2007)°] Aot FAFsIATE g e Ede] Lx,
a*, b*3re Z+Z 592140.71, -6.08+0.15, 12.84+0.462 2
o] T 53] @2 Ligko] 2R Ao|Ae] Mz A3 A
9l JgS v A= o= e

Ao|3e A=

7Ze Edg giA st Alxd 2HA AolA] A=
(firmness)E =743 A3+ Fig. 29 2t} Alolz9] A=
= e BEdo thA FHo] 0-4%= F7hstel wEk 0.07-
0.09 kg, & AAA o7 Zrtst9om, 6% 8% thal A zt+
7} 0.15 kgt 0.17 kg Z F53H3th o9 2 Ax=
g 2ol Aol wiEe] 7|xF S Walste] Aol
W 2248 ALdsHA A WS = k=" (Chun,
2003; Jeong & Shim, 2004; Choi et al., 2007), 1] 7}
(Park & Chang, 2007), Al<¥©] WA & Z(Jeong & Shim,
2004), 271F E8EJu et al, 2006), LA E(Lee

et al., 2007), " o] E(Lee et al., 2007) 5= H7}5lo
Azt 21 A] AolAAAN = FAMS A3prF BALE Q)

70|32 ZsHAt

e BS tAste] Alze 2R Ao|Ae] HFHAL
& A A3K(Table 5), A, sl2F &, %] A5 dz2+
o] zkol 7Hz} 138, 1.75, 1252 oA o= 7pd Lk,
e B diA o] TS foH R Sl HE
< YERNATH(p<0.05). $H Ax E 71F FU 3 (aircell

o

ojFo g 7P wSAL o] § ashe AFS YEATH
(p<0.05). ]9} 7+ FARE A= 7lE #94S A6t
= 2 S Z2FQl wiAo] g Hrlete Azt 29X
Aozl -] B E u} Qth(Lee et al., 2007). 38 wjAYo)
B b STt e 2R Aolae] V|Ee +Y
A e 7o 2 B E R tH(Lee et al., 2007).

7l0|32| S2|etetN 3 HSEESM| A

e 2912 Aolae] EEstehy FHEA 9 #5EFE
5799 J#AAE Table 60 Yehd vie} o e &
o] A FES @ H5A 7 E(firmness)E A 2] 8kaL
BE FHAEAT FoAd AHdAE e ATH(p<0.05,
p<0.01 == p<0.001). 53] w71 &4, p*3k B A3 F
A & S g A, v v A,

=
3
B4, AA S, L3 2 aircell uniformity 53<= &

=

o

Table 5. Sensory evaluation of sponge cakes as affected by Ecklonia cava powder

Ecklonia cava powder level in cakes (%)

Attributes

0 2 4 6 8
Color 1.38+0.74° 3.2540.89¢ 5.00£0.53¢ 6.7520.71° 8.00+0.76"
Seaweeds smell 1.75£1.04¢ 3.25+1.28° 4.00£1.51° 6.1310.83° 7.50£0.93°
Taste 1.25+0.46° 2.88+0.64¢ 4.25%0.71° 6.1310.83° 7.63£0.92°
Firmness 7.88+0.64° 5.75+1.58° 3.75%1.04° 4.00£1.60° 3.88£1.81°
Aircell uniformity 7.25%1.49° 6.38£0.92° 5.00+1.77° 4.13£0.99° 2.13£0.83¢

**Means within the same row without a common letter are significantly different (»p<0.05).
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Table 6. Correlation between physicochemical and sensory properties for sponge cakes incorporated with different levels of Ecklonia

cava powder

Ecklonia

Color parameters

Sensory attributes

level Sv! BL? Firmness VI SI* I " '
a b* Color Smell Taste Firmness
NY -0.878*
BL 0.909*  -0.660
Firmness -0.600 0.881* -0.252
VI -0.940*  0.803 -0.962** 0.427
SI -0.890*  0.632 -0.990** 0.202 0.963**
L*  -0.975*%* 0.925* -0.808 0.705 0.887*  0.803
Color a* -0.541 0.861 -0.220 0.986**  0.405 0.162 0.635
b* 0.946* -0.871 0.758 -0.671 -0.826  -0.763 -0.986** -0.577
Color  0.998*** -.0.899* 0.886* -0.633 -0.933* -0.872 -0.987** -0.573 0.962**
Smell 0.992%** .0.873 0.939*% -0.562 -0.974** -0.921* -0.954* -0.522 0.907* 0.987**
Sensory Taste  0.999*** -0.881* 0.918* -0.591 -0.953*  -0.901* -0.972** -0.538 0.938* 0.997*** (.996***
Firmness -0.867 0.906*  -0.582 0.840 0.683 0.565 0.942* 0.754 -0.956* -0.891* -0.812 -0.853
AU®  -0.989%* 0.815 -0.932*  0.524 0.923* 0.903 0.935* 0.464 -0.907* -0.977** -0.979** -0.986**0.817

'Specific volume, “Baking loss, *Volume index, *Symmetry index, *Aircell uniformity
* Significant at p<0.05. ** Significant at p<0.01. *** Significant at p<0.001.
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