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The Quality Characteristics of Sponge Cake with Varied Levels of Whey Protein Isolate
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Abstract

The substitution effects of whey protein isolate(WPI) for egg in the preparation of sponge cake were determined
by objective and subjective tests. Milk whey is drained from milk curd as a by-product of cheese manufacture.
Whey protein is known as a good nutritional source and a functional material for many processed foods, especially
baked goods. WPI contains above 90% whey protein. The specific gravity and viscosity of sponge cakes tend to
be affected by WPI substitution. The cooking loss of sponge cakes with WPI substituted for egg(abbreviated as
WPI cake) during oven baking was smaller than that made with egg(abbreviated as egg cake) and the specific loaf
volume of WPI cake was larger than that of egg cake. The number of pores was highly increased and the size of
pores was more uniformly and finely distributed in the cross section of WPI cake than those of egg cake, as
observed by scanning electron microscopy(SEM). The hardness, gumminess and chewiness of WPI cake made with
10-20% WPI substitution were the lowest among all the tested cakes, including egg cake, thereby confirming the
considerable improvement in their cake qualities. By the results of sensory evaluation, appearance, pore uniformity,
softness, chewiness, moistness, flavor, mouth feeling, and overall acceptability of 10-20% WPI substitute cakes
were evaluated as being significantly superior to those of all other cakes(p<0.05). These results support the better
physicochemical characteristics and sensory evaluations of sponge cake prepared with 10-20% of WPI substitution
for egg.

Key words : whey protein isolate, egg substitution

. M =

PHlo] 3 U BB} A A AlsT
29 Mgt qEo ARAL F2e £uE dnig
Z7keka ok £@ IS At BAO =

Corresponding author : Chan-Hee Kim, Department of Food &
Nutrition Sungshin Women’s University, 249-1 Dongseon-dong 3-ga
Seongbuk-gu, Seoul 136-742, Korea

Tel : 02-920-7201

Fax : 02-921-4979

E-mail : chkim30@dreamwiz.com

- 41 -

el T w3t AR ) AT S5y 8
9= A

ZololA n4gstd Zﬂﬁrﬂ]"“}——] °]U]7‘]E‘ 7N A1717]

st 71ed0l e W, FAF A Fo] M=

(Kim HU 2003). o]2]gt #HAA & o FZ JAA 7]

4 AE 2 AEYRE FES B3 e R

d 99 A (milk whey protein)& ©]-&3F :’:%7(]

o MEE 7sd Aoz J4dnt FHL x

U 7 ARAl BEHol Yo A4t

o %F 0%E AAsH wuHd, §3, F714, 4

W, PFEYE 5& TRt e B, FnE

FTAFZAREH A A23D A 13007



B
[\

offl
2

g 79 ¥ 7H% BYE vl B4
4718 Bt ol AWAIAZAE 9

M
=2
>
i
ok}

7}

}

2 ol &Hol %3 FHId= YU o199 HEF 7]
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1. alEM=z

Aolae) FAR] YHFHAILATG), HB(HLA
), 2B @FF)2 AFAA TEHRAL 272 254
(FeA AdEEe FHst 8E AAT F AREst
. WPI(Proliant, USA)= EZFERl AL 20057
129 T4t AH&SHAT

2. 2EZX| Jo|32] M=K

2EA Alolas FHW(Cho NI & 2000)& ©] &3}
of Az AxzA wfEH&S WPI tiA & u}
8 4 £2EA Aoz 27 wWaks 4A #2579
3] Table 1o Wehd wis} o] @2, 49, WIFE
gz st FAL &EA Aoz vidHlE
(Watanabe N 5 1981)& ©]&-slith o] wf @Z< v
AEZ A7 WPIe £28H0E= 22 il 23
& aejste] AFRA WA o) &HE EFA HE Y
(Ahn MS 2002)e] <3} WPI thA] d7b&o] wet &9
Atge SR SRAT 223 WPl dd e
BRstA] gskoh Aol w52 AFE A (Kitchen

Table 1. The formulation of sponge cake substituted by
WPI at different levels (Unit : g)

Ratio Substitute levels of WPI
(%) Control W-10 W-20 W-30 W-40 W-50

Ingredients

Flour 100 100 100 100 100 100 100

Sugar 100 100 100 100 100 100 100
Salt 2 2 2 2 2 2 2
Water-1" 40 40 40 40 40 40 40
Egg  Variable 100 9 8 70 60 50
WPIY  Varable 0 10 20 30 40 50

Water-2”  Variable 0 75 15 225 30 375

1) : Basic water amounts 2) + 3) : Used as egg substitute
Control : Sponge cake made with egg
W-10 : Sponge cake made with 10% WPI substitute for egg
W-20 : Sponge cake made with 20% WPI substitute for egg
W-30 : Sponge cake made with 30% WPI substitute for egg
W-40 : Sponge cake made with 40% WPI substitute for egg
W-50 : Sponge cake made with 50% WPI substitute for egg
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3. AEX] AHo[3 Hk=9| HIEZ} HE &H
5] WS AACCHIE2000)9] e Aol A%

doz 27 Ausark

RA | e 39 B

A

EER

rlo

HE =

=

=9 HEMizukoshi M 1983)&= 9 S ¢42¢ bl
= 19 g8 50 mL vlo)A o) FHSA Hol F242
(TC-500, Brookfield Eng. Labs., USA)o|A] 25C 2 £
3lHA]  Brookfield Digital Viscometer(Model LV,
Brookfield Eng. Labs., USA)E& A}-&3}9] spindle number
302 IHEE 12 ipmellA 33 WHE 23t

4. 2ZX] 70|32] HIEX F7[EAE 53

2EX] AOIZE THA AN 1A JE P
T ZAXN W (Pyler EJ 1988) 0.2 RuS =F3l9t}
B &F(cc/g)2 Ao)=e Ry g FA9 wa A
SN AZIFFAMY FUIEAES F7] A 9
FAS T H INT T BA AolE wiFe R
o2 WFSAtHCho NI 5 2004).

5. 22X AHO|TQ 2 Y FANX sH0(H
(SEM) Zt&
9)g2 ux4d 7hv)ENikon, Coolpix S4, Japan)E
ZEA Aoz gAY 548 FEaPn = 2 A
5(10x10x10 mm)E -70CE I3 H deep freezer(llsin
Lab., Bondiro, Korea)oll 4] 8}2E¢ WEA7 & =24
A&7|(lsin Lab., Bondiro, Korea)ol] 20] -50Col A 8
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AZE B FAARAZ T AN A AIEE 5x5x1
me =72 Adsln &Frlg FE (AW 6 g
JEOL o] ZF7](JFC-1100)E o] &3t <F 150% =<t
gold coating$t ¥ Scanning Electron Microscope(JEOL,
JSM 5410 LV, Japan)& o]-&3le] 7Fz g 15 KVl A
#2320,

6. AEX| #Ho|39 EM &3

£EA AlaY 2AZE AL 1A% HdF
thE- Texture Analyzer(Stable Micro System Itd., Model
TAXT-2, England)E A&ste FFsgoen EHx
dE Table 29} Zktl TPA(Texture Profile Analysis)
S B9 4 ARY ZFE(hardness), SFHA
(cohesiveness), 74} (gumminess), 33 A (chewiness), 3
A A A (fracturability),  -2}4J(adhesiveness), 233 A
(springiness) ¥ E-@X(resilience)e 21zt 63 W =

=EELE

. (=]

TS Bl de AFEILSY M 108 o
Y2 WPty 499 XS 4¥stn ZEd o2
FFA HEAMREA(quantitative descriptive analysis, QDA)
o2 AXNSGTHKim KO 5 1997). BEAAlo] AR
H 38 Y PPozE 15 on A¥EE A 99
F2HE 92 ZF4E 54 ARt IoleeE A9
FEFo &ol FHAE FAGAT FLECRE Ao
A9l 99 (appearance), 7139 FA(pore uniformity),
FE 8] F(softness), 4§14 (chewiness), Z3:FH(moistness),
1 (flavor), YPrIM Q] = (mouth feeling), A=A
715 X (overall acceptability)E 27 514t}

20

Table 2. Operating conditions of texture analyzer for
measuring the texture of sponge cake

Parameters Conditions
Sample size 6x7x2.5 cm
Probe P20 (20 pn dia cylinder aluminium)
Pre-test speed 5.0 mm/sec
Test speed 1.7 mm/sec
Post-test speed 10.0 nu/sec
Distance 50 %

Force grams

Time 5 sec
Trigger type auto

Trigger force 10 g

St A E e Bete] x| A|23@ A 135(2007)
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8. SHIAZ

EA A E = Window-8 SAS 6.2 versiong ©]-&5a]
EAFE A (analysis of variance, ANOVA)S 4 A] 51921
Duncan®] ©}5% 978 H(Duncan's multiple range test)
22 §944E& AEsAHLee KH 5 1998).
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Fig. 1. Specific gravity and viscosity of sponge cake
batters with different levels of WPI substituted for
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2ZR Aolae FA EY B¢ AT

97 Yehd AL 929 gAz 3stad WRId A%
Fgdol wARY $457] Wrolgy Azt 1
9 HEE WPL galulgo] £24E controld]
Mz E7lSRE ok WPIY £ Tz fBosm
A% 2 +2FAY UYEA Aoz Azuch Aoja
3o HE fow WE U ZAYRY oF9] A
Agel WHe) FFPd] £ Frh= BI(Sahi SS
1998)9} Zol Ax AL 71X ¢HAA T E T
"ol 3l Aoz % dgth Aol wEe A&
s8] Ay, AFo] =0 Ax v A2
s gzo= 248 %7 1

AEQA, 71F0] 24tE
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ZtA w5 RPN 7HE S8 AL BE
i—i— I2A B3A7E AT J12E FES 94

FotA Bfste ALz WPL tiAlA] w=se HE
u--o}il BE7E 718 AL A5 V1E¥EY
FRHEgol Fok AFE HQlth

2. AFEX] 0|39 HISAn B2

WPIE tiAg &EA Aolzd v|8&374 77|
€2 Fig. 29} 2ok Aolzy F3& Jehli= vl &
A2 W-103 W-200] 7} 4.49 cc/gst 4.52 cclgE VY
BRI H W-30, W-40, W-502 22} 420, 4.03, 395 ccfg

1 10

Specific loaf volume(cc/g)
Baking loss(%)

SRR
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o e i . o]
[3Specific loaf volume —e— Baking loss |
i

Fig. 2. Specific loaf volume and baking loss of
sponge cakes substituted by different levels of WPI
for egg
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o 922 o 714 AEE QA A9d IR
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(Song YS¢t Ahn IM 19999} = Ahvlzl Ayl WPIZ)
2Z gAZE ALY gEd R Mg
o= FEglo] 2749 VXL FeAlIe FEE 3§

o 938l WPI thA] AeolaEo] controlitﬂ- n)|Z=zko.
ZrolxH A Hus F7MES Btk 5 WPF &

9 FsAgoz 7189 HS %‘%3}74] Fo g
NNEFHEYT 7 EXFEE FEAIT7] ol 4
ZreEjw AER] Aelze T 9 ¥ FHol 7Y
‘&‘ﬂiﬁaﬂr AdR 7IxP G ZA FLATe 9
E(Pyler EJ 1988)e] YRSt ch HNEAQ1 2ol Al=
Aolzel v|Zoz FHAZTALY AFE A=Y 50)
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1) See the legand of Table 1
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Fig. 3. Cross sectional view of sponge cakes substituted by
different levels of WPI for egg
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718 @& vFakg vebd W-103 W-200] control .
o ouEE S 2EF Aolae FHE XA gAUE
°] 30% ol dd W& A2 T FFE Egoltrt At
ol Agel wet rtHF oA EHo FEE FHHIL
B APl FA A HAT ol WP E&
WA go] Aol WHe HAEE F7HAIIEA FR
23 95 W 7139 ol HAWN & g I
Foz Qe g Aola F2E ] fELR
Ao

4. AZX] 30|32 OJMT=
% 2E7) Aolas) BETEE FARA @rFow
22E AFE Fg 49 29h AR B Yol w

, ,

W-40 W-50
1) See the legand of Table 1

Fig. 4. Photographs of scanning electron microscope of
sponge cakes substituted by different levels of WPI for egg

[N ZT Y I A A23F A 15.(007)

1 2EA) Aolas) FA 5H B AT

A4 F717Ee Eede Fo] FthAhn MS 2002).
Kweon 5(2003)2 I E&S et Az AEA
Aolze] FAEWZE #F Ao @ 2w AN
o] FVHETE 7139 Fgol AdAH controlBEr}l A
olz9 RI7l ZAAFPTIn Bus¥eh = Song YS
¢ Ahn JM(1999)% L7H#e] F7tg mga oAbl 7t
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2EZ AolaE FASREH ol 2EX HF )
hajol] o AoE A7 W-102 78 FATR
7} controlBth= @ @St AE HEAA FUF
Z1Zo] & agEHor gy munyga FEge] B
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i ARAT FYsEE BHS ¥ FEY R4k
ol¢} 22 AFE= UrF Al isolate soy protein(ISP)S
Al et TE 2EX Aol=Z7} controle] Hls| 2 71F
o] Bg¥sid X UAATHE Eillee KA 1997)
ote AutEe Aotk 1 ol ISP7} ZHAA e
21E8HA B4 71Xgo] ol &FHA &tr] wEelgn
AZtEn] B Agexe WP 272 dAEE A7y
QA7 W& 2z WPl 71 Fegoz Qs
o control Xt} W-103} W-209] 71Z0] #dstA A=
Ao g AlRETh WPI 30% ©]4 Al AoladA: 7]
F9 Fx B3 #dstiA Adz 2gdqA v 57 F
B F TR M SFES FAAEAN IF
o] MYHI HNIayA Ko REHOr|HulE 23]
FRL 9dst =4s FAS olge 42 50% Ul
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Table 3. Texture profile analysis of sponge cakes substituted by different levels of WPI for egg

Textural Samples”
parameters Control W-10 W-20 W-30 W-40 W-50

Hardness(g/cm’) 752.75+153.98°”  442.61+8043°"  408.36+56.19°  515.99+2543°  726.31+5691°  939.42+45.04°
Fracturability(g) 7.47+1.56° 8.28+1.54 7.65+0.10° 7.66+1.13" 7.20£1.51° 7.88+2.42°
Adhesiveness(g) -22.32426.18° -3.07£12.44° 0.9747.11° 3.6849.10% 5.52+4.11° 9.34+2.05"
Springiness(%) 0.94+0.04" 0.92+0.01% 0.88+0.02° 0.88+0.03° 0.87+0.02° 0.83+0.03°
Cohesiveness(%) 0.76+0.01" 0.68+0.03° 0.66+0.01° 0.65+0.02° 0.60£0.01° 0.52+0.04°
Gumminess(g) 569.02+112.83" 299.46+47.73°  281.22+49.03°  337.44420.13  449.45:5549  509.79:85.51°

Chewiness(g) 530.56+88.89" 276.09+44.04°  248.87+46.35°  307.39+21.59" 389.98+50.69°  425.36+84.92"
Resilience(%) 0.35+0.02° 0.29+0.02° 0.28+0.01° 0.27£0.01™ 0.24+0.01° 0.18+0.02°

1) See the legand of Table 1
2) Means+SD(n=6)

3) Means with same superscript letters within a row are not significantly different at a=0.05 level as determined by Duncan’s

multiple range test

9] EA2 Table 314 B AR} T AEAA=
W-103 W-2098] AL F93o=2(p<0.05 Zisdn
W-402 control® FA}SHR A gF W-502 2.3])2 control
Boh we #e JeIdT oepd FEs e
W-10, W-200] REH S Aol2A R Holn o)A
& Aclas) Fxd FFL PN 2ol FEFF
39 WEPE, Fuoln 71F] g wgd A=
d+E FIrt 33 FAx7F grke 2 i(Chabot JF
1979)¢} dRete AFHUTE E 2EX] AojA A|RA|
At W Aed sHiRE FEo| Fad 9FL
Fod WPIY] 2 FEFFRE L ks A& 38
g 53HE efsty] wEo] @] gt WPIS] WA
ol 40% ©lAR Af-ele EAFEA Fi FFRAA
HEE ZEE oS ¥4 It YZdt o= angel
food cake®] F =¥ HAE7l glA 9 ko] @olhd
mzt ZALhHdE dFZ I (Gaines GS9+ Donelson JR
1985)9 FAFSIAtE AFG FAFS WPL i) A]
oA 0 2(p<0.05) AP W-10, W-20&
control¥ vjwa] <f 28] FE ZAFHYerg s
WPI tiA] Aolad Hl&] o FE=8g FEHL R
WA ZEs vlsd 2HAE EAT FH S AgAAA

= WPL tiAH| &0 S7HETE F93 22 (p<0.05)
J.o}%étﬂ o2l AR Aol FUHgel wel A
o]=2¢] 9Fo] FgHATI= Bi(Paton 5 1981)9}= o}
E2A Ydetgth oA AolZE FE= B Aoz
T2 F4 FHo| e FEY ¥ RNFow uE
9 HAeHe Eoles 2/FY 7Y, €2 9 WPI

53
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6. AEX AHlo|3<
g2Z A WPIE 10, 20, 30, 40, 50%=Z tjA] sl
Az 4 2EA Aoy #sd 28 938 B
AHEA(QDA)E Bdte] vl AT Table 404 B
= 23 2. WPI A ug&d & #5HAL 2
AY, 7139 #9%, F=EE, 8394, F53, v,
APl M Y =7, H¥tE]l Vg% § EE AASE
AA AlEZ FHAE<0.05) Aolg e 7
T Y= Aolz dHA9 vATRSg:s e AFHE
REATH W-10H T = W-209 71E =017 713 Ja
FUHIT YEon contole] A9 7]Zo] FAF
Ale Holxwt ddks] Mol 7|3 %7 YA Ukl =
3l control¥} H]WA] W-30, W-409] A% {oFo =z
FL2 A2FAE HPYOon W-502 controld} FA}sITh
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Table 4. Quantitative descriptive analysis(QDA) data for sensory evaluation of sponge cakes substituted by different levels of

WPI for egg
Sensory parameters Samples
Control W-10 W-20 W-30 W-40 W-50

Pore 3.20+0.92°% 7.40+1.26° 8.40+0.70" 6.80+0.79" 5.00+0.82° 3.70+0.95°
Softness 4.20+1.32° 7.60+1.07° 7.60+1.35" 5.60+0.84° 2.90+0.57° 1.90+0.57°
Moistness 4.90+1.10° 7.80+0.63" 7.60+1.17* 5.700.82° 2.600.70" 1.60+0.70°
Mouth feeling 4.70+1.49° 7.30+1.06° 6.80+1.40° 4.90+1.20° 3.30+0.82° 2.30+0.82°
Chewiness 4.40+1.07° 8.00+1.05" 7.70+0.67° 5.70+0.95° 3.00+0.82° 1.90+0.74°
Appearance 4.00£1.41° 7.20+1.48° 7.90+0.99" 6.30+1.16° 3.90+0.99° 2.80£1.03"
Flavor 3.40+1.35° 7.00+1.15° 7.90+0.99* 6.20+0.79° 420+1.14° 2.60+1.07"
Overall acceptability  4.60+1.17° 8.00+0.94° 8.00+0.82° 6.10+0.88° 3.80+0.92° 2.70+0.82°

1) See the legand of Table 1
2) Means+SD(n=6)

3) Means with same superscript letters within a row are not significantly different at a=0.05 level as determined by Duncan’s

multiple range test
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