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The Properties of Yellow Layer Cakes Made by Different Substituting
Levels of Waxy Maize Starch for Shortening

Eun-Seung Song and Myung-Hwa Kang'

Dept. of Food Sciences and Nutrition, Hoseo University

Abstract

Waxy maize starches are inherently stable in soluble status and can be chemically modified to improve stability along with
heat, acid and shear resistance. This study was carried out to investigate the effect of rheological and sensory characteristics
of the yellow layer cake made by adding different levels of waxy maize starch as a fat substitute for shortening. By increasing
the substitution level of waxy maize starch for shortening, the specific gravity of cake batter increased and the viscosity
decreased. The microstructures of cake crumb observed by the scanning electron microscope were not different significantly,
and the size of air cells and fat particles also were not substantially decreased by increasing fat substitution level. The texture
profile analysis using texture analyzer decreased by increasing the different substituting levels of waxy maize starch. Among
various sensory properties, the color value of layer cake increased by increasing the level of waxy maize starch. However,
the appearance, flavor, taste, texture and overall preference decreased.

Key words : Layer cake, texture profile, sensory evaluation, waxy maize starch.
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oat flour polydextrose} 22 Thofgt Rl EA Av)
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AHEsle] Zh2elE B Od AEE gslds 970t
ez o]Fojx]z 9ytkSong et al 2001, 2002a, 2002b,
Paula et al 1994). E8E-S 7122 3 AHAEZE
gums, starch, pectin, cellulose, corn syrup, polyol 5©°] 111,
A B SHAY] 4R AMEEGT o] EL Bl uA W
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o, HAMARE AHRS] AR, R SHAEE SV
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et al 2002, Miller & Hoseney 1993, Chen et al 1988).
AEAR #Holo} AolaE A A9 o TR
7164 R A €F HFE A5dte &
g9 7158 FEFA7I7l6E wlf ol AAoldt wet
3 EF Aol TS Bt A o] 2Ed #
ZF 7158 B4 Agshe A €% AEFNLA &
g A7} #Ehks] o] Folx| 3z gJrtHKim & Lee 1997, Pierce
& Walker 1987, Judie 1988). A &A1 dolo] Alo|aE A
Z3hed AHEEHE £EY TS 10~12%2, A A7V
o] WEFE REele AEe} Fl7} FolA T YA 1
U Hel noh 259 A7 27 B B ohg
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(Moon et al 1995, Donald 1984) F+ < A& 5318 &
ZAIZItKLin 1994). 53] wkse] 7] B398 51 =8
2P aENS) ol SrhE4S Aol2e] WReol

#asle xHze] FE2gxvia FrHDuxbury 1991,
Alan & Luci 1995, Ruth et al 1966, Lisa 1991, Wootton et
al 1967, Berglund & Hertsgaard 1986).
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7Vs8ltta cKPaula et al 1994). Song et al(2001)2 <
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SLEA AP WA &S o] &3t A @7 #lolo] AolaY &
A MAe] B A7AH FLEA AHWAEY polydext-
roseZ £EY F%] thal 25% Al Al A7 2 93N
2 37} dvha Bl A, hydrolyzed oat floure] 7}
g 2eElsl] A2 A G Flolo] Aolzy HA Hrp
& 23S AT AT 27, £EY A 45%M 71AH &
AT VY et AW diA o] A SRl E #
T HrbA 53 Aeg B8l ckSong et al 2002a).
EZF Kim et al(2001)& Ag ARE o] &3 Ao)|Ar} &%
oA &3t FFEA & iAol waE o] T Ak
At 5 &, ded 2 FH2HE TEE ZaAT|n
g ool B3t e Ao Eudgith

Waxy maize starch& A A 2] gt THE Alol| oJ& 7}
SRS vl BLE e § 22 A B3 ¢
7 AT § Fo2 vf FAL AL g s
A AR A HDuxbury 1991, Suh et al 2001, Sanchez et al 1995,
Anon 1990). E3], A mazie?} 72~76%2] old = #El} 2
4~28%9] olEZ QAR o|FolA WHH, waxy maziex 99%
o]/do] ofd ARl 0 2 o] FolA glof HA, AP 2 AYA
£ FAsle EAo] UriScott & Melissa, 1999).

metA] B AP e dE¢ ojo] Aoja AE F
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Aolae] FAF LIFHEETEF 043% o]3}, ALA
F), £EHQ(FARAD, ABARHEER)L AlFdA FH3%
2, 9Be AHTE FYstel JBL AAR F AT
A A B2 A|#E] 71 Q1 waxy maize starch(National Star-
ch & Chemical Co., Bridgewater, NJ, USA)E Al-835}5 2.,
Az 2P BEEY Fo 7ok

2. dz20lof Alo|Z9 M=

Aoz AZE A% FE=AZ w2 Donald(1984)9] ¥+
Hol| shom FF =29 Holo Alo]A2 ujgn]+ Table
17} 2t}

AzA 8 UWIHFe} AR, wolZ] shpue Ao 2
Y1, 10949 £52 A 8= E317)(K5SS, Kitchen Aid
Inc.,, USA)E o] &3l 39A| 2 ro] wkEslgit). 197 d)
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Table 1. Formula for layer cake

Substitution level (%)

Ingredients Y s 25 s
Flour 100.00 100.00 100.00 100.00 100.00
Sugar 125.00 125.06 125.00 125.00 125.00
Whole egg 50.00 50.00 50.00 50.00 50.00
Shortening 45.00 33.75 29.25 24.75  20.25
Waxy maize starch 0.00 1125 1575 2025 2475
Salt 250 250 2.50 250 250
Baking powder 560  5.60 5.60 560  5.60
Water 95.00 9500 9500 95.00 95.00

A speed 22 287 £EGS A2 F 47, AR A
WA RS W3 383t o Eth 22 Aol e AdE
AR 30% FHA 07 oA speed 602 5E3F 38}
o 2YE e, 3 Fo] EY v ¥ 2¥ F42
2 EF B % Holl ojdle vEE Fol U wix|et
A e W7 Uriz] Ao 2 AzAR, B Zn
speed 22 187 £, 273 8 inche] 97 WMol FAAE 2
17300 go] HHS 180CE nle] oEgE QBolx 3583+
AoH, 7 Ao|AE A 2413 A7 T A4F A

AT,
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o] ATE  Brookfield Digital Viscometer(Model
LVTDV-I, Stoughton, USA)Z o]-8{(Ebeler et al 1986)3}] 3
dAle] Rigo] Edt F wkE 70 g8 Hlo|A ] FH3lA 6
rpmo)| A No. 4 spindle & o] &3l 10x HHo g 187 =
Zata 738 vy Stk

5. FAIEXIE 0|4 (Scanning electron microscope)
e

Ao Efol B S W5 4 g -70CE nHE
Deep freezero| A &7 F<t WEAI F 2 Z7|(DW 3,
Heto-Holten Co, Denmark)ol] o] -50Tol|A] 8A17F B &
A AzZANZAY 54 dxAZ) A|8E Polaron sputter coater
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(SC761C, Netherlands)® gold Z®ekm SEM(XL 30CP,
Philips Co, Netherlands)& o] &3} 21.3 kVojA] 50082 &
At £EY AR 717 74 BX FJEE 3 9
SEM AbAol o8] =331 TtHLin et al 1994).

6. ot £x &Y

A2 A] 2413 WA 7 AolAe] F4E A= AY, HF
Bl Al2"l3 429 YA 277 2 Toshiba, Japan)E AH8-5}
o 30 cme] Azl &ttt

ol 7] A3 QBN Alo|]ZE AW F HAA 247k
WA vy ST |57 A AlolAe] FRAM FE
F Aolze] TS w1, g7 A Aol FHFoR
e, 73] W st a3 2ol A tHKim &
Lee 1997).

Baking loss(%) =

Weight before baking — Weight after baking
Weight before baking

x100

8. 24 &1
Aol 2] EAL LEA A Alo|ZE HelM 243
B3 Zo] computer system¥ QAT Texture analyser

(TA.XT; Stable Micro Systems, Godalming, Surrey, England)

= AF838}o] TPA(Texture Profile Analysis) £-4]-& AA]8}%H
. TPA ¥X& B3l A7 A& thdt] hardness, sp-
ringiness, chewiness, gumminess, cohesiveness, resilienceZ
ZA 8Ty B 2e Table 29 21 73] W8 =381%]
THDavis & Eustace 1984).
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rance, color, flavor, taste, texture, overall preferenceol] ths]
71 e Byde 1428 31, sie R ds At 5
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FaTh & ] A EE B Folle RhEA] 22T 22
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Tabel 2. Operating conditions of the texture analyser

Parameters Operating conditions
Load cell 5.0(kg)
Pre-test speed 5.0mmy/s
Test speed 1.0mm/s
Post-test speed 5.0mnys
Distance 15.0mm/s
Trigger force 20g
Trigger type auto
Force grams
Distance millimeters
10. EAHIX|

BE 2377 SAS packageE o| &3l EAAE 4
o, 24 7%-& Duncan's multiple range test2 2=0.05
leveloll A A& Th

dn f n@

1. 8=e H|S ¥ AT

Waxy maize starch®] H7}%& dejetd wiEg ghso]
H|Z 2 Ax =% Aale Table 33 2ol TF @A9 R A
23 W5e] HFE 095 gem’o|U T A7 o] VRS
0.96~1.00 glem'7}x] folHoz Z7belArh. wWHA waxy
maize starch®] H7}eo] Z/MAFE A dETo| HE)
Fol&d oz 7kAEITt & Song et al(2002b) maltodextrin
o] A7V deEjste] AGF golo AolAE AZPES W
yhe] H]Fo] k] wet @] Afo| 7}t 331, hydrolyzed

Table 3. Specific gravity and viscosity of cake batters
made by different substituting levels of waxy maize starch

for shortening (Mean+SD)

Substitution Specific gravity Viscosity

level (%) (g/em’) (cP)
0 - 0.95+0.01°" 46385.71£1058.68°
25 0.96+0.01° 34357.14+1058.68"
35 0.98+0.01° 31057.14+1058.68"
45 0.98+0.01° 26342.86+1058.68°
55 1.00+0.01° 22385.71+1058.68"

D Means with same superscript letters within a row are not
significantly different at «=0.05 level as determined by
Duncan's multiple range test.
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7b Al BlEE FRHAY dke dadtn sia
Matthews & Dawson(1966)-< yellow layer cake Al & A] £E
o) wEsh Fejo] W AT AT, WAL 0%elH A%
= Zrletgzm v)E3 shear force= ZHATHIm ST
Pyler(1998)%= yellow layer cake2] & HI= H|S5£2 0.80~
0.858 g/em’o|™, H]%-& A Fe] 7] g G F2 v Fo]
a9 257k FolEn 208 V1302 P40l DojAn
Bl o] Zowl okaln ¥AA7] vk BT Ruih(1966) &
Berglund(1986) 5-& X'9] ol £255 sAola wrel
Mgl ZAsta, Sahi(988)E el ATt H25E U
U 7] YR o]Fo] Adxo] ¥rEe] el =g
oot Btk A A 2 F A gy oA
ABe] EF A ZHE A2} TS FHE FVIE X
sl A o9} 7173 9 21& HEo]F= aerating
71%°] dx EZ 78 FFok] Aol He AdAEE %
Al gk olufell mAGE]] Aol Z-oR & W Tt
F7] AZE FAste] Bfatm ol AR ZFEE F1,
EHd o 2Fd FxIt A= EESIE w7kA F
A gke AL AR F= FE Jleel Ut FH ¥
1998). & odtollA] X A waxy maize starche] 3 7}o]
SHETFE ¥Fe VRV AEE AaATE e
el ole #4192 4] AUA B3E ZAAA
2 uFE Ul o g AzEn, Eg thE 2w oA A
o Hlg] 2YH R aerating 7]Fo] TA F}A Ao A7}

o}

2. g Fx
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AolZe wiEH] F &LEY FACl tis] waxy maize
starche] A A ¥ &-& Eelele Az ws5E FAMA
Adn|Z oz FEI A, A A &o] FUHEFE A
79} air cell, fat-starch poole] Z7|7} k7t 7+A 8 thFig.
1). < Song et al(2001, 2002a)-2 maltodextrin®} polydext-
rose?]| 7S GElste A WSS FARAAL @nAE e
2 2335 A3, Hrlgol S71deE A9 air cell 712
3 fat-starch poll®} Z7|7} 2zt Adle ATE BEon
hydrolyzed oat floure] tHH&-8 Z7MA1719 air cell®] 37)
7} @743 FrAagcia MY tiSong et al 2002a). thgo] A
Toll A AP AE H7E A B 2 9 R B
o] Folx A FHE YA F U, FEHE vA Y
T2 Ao Fre EUE WA & & Qo] ARHeR
o £& F25 dAgt}a 3 vl(Paula et al 1994, Matthews
& Dawson 1966, Gordon et al 1979) Qlov}, B A3 o] Alg-
d AES A9} air cello] ¢13] ZAaHA g2 AL
2 Jeht f3lAt 71X E FAIA Alolay RS P
A F Qithe & oE AT A et f3A9 Hot
Hog Aoz Azt riRasper & Kamel 1989).

3. gy=x

Aolzel 2FAA EAS Vel F= vertical section
Fig. 29} 2t} £EY 4l waxy maize starche] thA] H]-&o]
SV E F4lo] FESINA, ol TR AR AT I
QA Ao Yzt £EY 4l o2 dAER Az
A dehde 8139 S 37 £9S A7 R B
S gojxan, A3}A 0 2 waxy maize starch®] A%
SET} Zo] Aojze F3 A g SiHo] HHER] X3
= Ao g E7dd AuE Jehli) Hydrolyzed oat
flour= 55% 7} Al §#F $& EAE JEPAT(Song et
al 2002 a) maltodextrin& 25% A7} Al 7} 453 Aog

Fig. 1. Scanning electron micrographs of layer cake crumbs made by different substituting levels of waxy maize starch for

shortening

: Control (x 800)

: 25% waxy maize starch for shortening (X 800)
: 35% waxy maize starch for shortening (X 800)
: 45% waxy maize starch for shortening (X 800)
: 55% waxy maize starch for shortening (X 800)

mgoOw»
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Table 4. Water loss of cake batter made by different
substituting levels of waxy maize starch for shortening

(Mean+SD)
Substitute level (%) Baking loss (%)
0 10.57£0.02%"
25 10.60+0.01
35 10.86+0.01
45 10.89+0.01
55 10.96+0.02

" NS are not significantly different at « =0.05 level as
determined by Duncan's muiltiple range test.

=27)V8l= Aek o e o] 9] 1) 2] oro

Fig. 2. Vertical sections of layer cakes made by different RARASEC :o] Sd}\ L}o el ole et ‘z}’bj/]—
substituting levels of waxy maize starch for shortening. (Table 4). 2] & Ao|As) 724 ¥Rl #g}
: Control Uﬂ] Zﬂﬁ—’] A%; e AstA7IE dele] "E ‘l‘?i %5‘
1 25% waxy ma%ze starch for shortem:ng Hol Hex & ol £27)
1 35% waxy mal.ze starch for shortening 94 _]?L‘ 2 Z 7)1, 228 A7 Zﬂ%’—??}EKGordon et al

: 45% waxy maize starch for shortening 1979). § 120022)- hydrolyzed flour 55% THA] A
: 55% waxy maize starch for shortening ). Song et al(2002a) hydrolyzed oat flour 55% thA| Al,
R4 0] 10.32%, TEHAAERZ 55% thA] A] 1201%E

urE}l,&ftﬂ o] maltodextrin®] ¥7}go] 71855 A= iﬂ (Song et al 2002b)3ted A A Eol whet 8 S
Zo) 23} w1 27) AT o|Fo] Ax, 12 Aa) g &9 AolE Fol Aelae] g 7R FFE Fox AN

@ Aola p2E At ¥ 2 HE Axrt 3o

mgoOwp»

(Song et al 2002 b), Pyler(1998)% BlZo] I Huj7} Fol 5 2A EA
Eda Husle B dFAuet ]k A AR £ A FS ste] A 23t lojo] Alol=
o] 84 2% A3E Table 59} Zt}. #Aola<9 hardness=
4. TEEHR waxy maize starch®] A o] 7145 4oy &

Waxy maize starch®] thA|B] &S @elsle] A2 wi=9 AR o2 Folgh xlol= olr). Springness= T M7} Al
FREAZE 2343, Ao S71E-E T8 &880 0.8550| 3 A gke] Zr1e42 ZAaslgon), oA

Table 5. Texture profile analysis of layer cakes made by different substituting levels of waxy maize starch for shortening

(Mean£SD)
Texture Substitution level (%)
parameters 0 25 35 45 55
Hardness 2763.74+129.0°" 2454.9+691.4° 2416.6+648.7° 2212.24304.1% 2009.1+470.4°
Springiness 0.855+0.055° 0.77340.025" 0.783+0.037° 0.760+0.039° 0.773+0.022°
Cohessivness 0.515+0.017* 0.49340.012° 0.478+0.029" 0.483+0.016° 0.495+0.015"
Gumminess 1426.7+703.2° 1203.6+309.0° 1170.1+182.8" 1063.1 £209.9° 988.2+281.7°
Chewiness 1252.9+657.6° 932.4+255.5% 914.74+129.8" 804.7+138.0° 760.1£205.5°
Resilience 0.31240.028° 0.248+0.017° 0.237+0.016° 0.23240.017° 0.244+0.017°

Y Means with same superscript letters within a row are not significantly different at ¢=0.05 level as determined by Duncan's multiple

range test.
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Table 6. Sensory characteristics of layer cakes made by different substituting levels of waxy maize starch for shortening

(MeanSD)
Sensory Substitution level (%)
parameters 0 25 35 45 55
Appearance 374017 3.0+0.1° 29+0.1° 32+40.1° 3.1+0.1°
Color 3.140.1% 2.8+0.1° 3.1£0.1% 3.7+0.1° 34+0.1°
Flavor 3.3+02° 2.9+0.2° 32402 3.3+02° 32402
Taste 3.8+0.1° 33+0.1° 2.940.1° 2.8+0.1° 2.6+0.1°
Texture 3.9+0.1° 3.1+0.1° 2.740.1° 2.4+0.1% 23+0.1¢
Overall preference 4.0+0.1° 32+40.1° 3.0+0.1° 3.0+0.1° 2.540.1°

Y Means with same superscript letters within a row are not significantly different at «=0.05 level as determined by Duncan's multiple

range test.

wE} fo]HQ 2tol= Ve A| 23kth. Cohessivenessi= Tl
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Z714E 1203.6~988.22 A Ed f2lFA zlole
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