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Optimization of the Reduced-Calorie Yellow Layer Cake Preparations
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Abstract

Fat and sugar reduced yellow layer cake system was developed with varied replacement level of
30%, 60%, and 90% for AD(amylodextrin) and 10%, 30%, and 50% for PD(polydextrose).
Physicochemical and sensory characteristics were investigated and optimum replacement level was
also decided using response surface methodology. Sample groups of PD10AD30 had significantly
the lowest specific gravity and viscosity, indicating the stable batter system with high air
incorporation. Sample groups with PD10AD90 showed the highest volume index and were not
significantly different from those of the PD10AD30. Sensory results indicated that PD30AD30 were
significantly the most springy and moist, and the least hard of all sample groups. Sample groups with
PD10AD90 had the least adhesiveness value. To establish the optimum substitution level using RSM,
the restriction level was set up as moistness over five point, hardness under five points, and
adhesiveness under four points. The optimum substitution level was 20% for PD and 88% for AD.
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<Table 1> Basic formulation for cake

Flour 100.0 100.0 100.0 100.0
Nonfat dried milk| 8.0 8.0 8.0 8.0
Baking powder 5.0 50 50 50
Salt 20 20 20 20
Whole egg, fresh | 55.0 550 55.0 550
Water 72.0 72.0 72.0 72.0
Sucrose ester 1.5 1.5 1.5 1.5
Shortening 35.0 20.0 5.0 350
ADY 15.0 300 450 15.0
Sugar 99.0 99.0 99.0 71.0
PDD 11.0 11.0 110 330
ASPD 0.0055 0.0055 0.0055 0.0165

100.0 100.0

8.0 80 80 8.0 8.0
50 50 50 50 50
20 20 20 20 20
55.0 55.0 55.0 55.0 55.0
72.0 72.0 72.0 72.0 72.0
1.5 15 1.5 1.5 1.5
200 50 35.0 20.0 50
30.0 45.0 15.0 30.0 45.0
71.0 71.0 55.0 550 55.0
33.0 330 55.0 55.0 550
0.0165 0.0165 0.2750 0.2750 0.2750

D PD: polydextrose, AD: amylodextrin, ASP, aspartame.

2: PD10AD30, I: PD10AD60, IIT: PD1GADY0, IV: PD30AD30, V: PD30ADG0, VI: PD30AD90, VII: PDSOAD30, VIII: PD50AD60,

IX: PD50AD90.
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At QARNZE ADS 30%, 60% L 0% A ==
2= YA EF o7bAY ARZEL 0% zzt
PD10AD30, PD10AD60, PD10AD90, PD30AD30,
PD30AD60, PD30AD90, PD50AD30, PD50ADE0 2
PDS0ADY0C. 2 YepA/ =2 & TH Table 1).

AAL AR WA A (modified single stage
mixing method)‘:’i 1:]-—_.,]— 7L° Hl—rﬁ oz xﬂxs]_
T}, WA Kichen Aid mixer (model K583, USA)S] 914
Bl £EQYE YW speed 2004 18 o)A BAkA] ]
R, 2X S, Wl #9d, 4&F, AE PD
ASPE W AE AHA Wil epeed 2014 1E-
AT BAAZAY o7)e) AD, Ags 3 AA
A sucrose ester® YW speed 2004 3027 A3, T
FHOE YAE WSS APl Fne o
speed 10941 2% 3027F ‘1] A sk Yo g
AES A7 6 inch 94F W) 340g’5‘4 o} 170
o A7) d¥= _‘?_lé(HSDO 2002, Hanyoung bakery
machinery Co, Korea) o 4] 3587F & 5 Ao )
7yshsi e

S ol mo LAYy H

1

3. olafai S

Jim

W52 EAS U7 As) HIS (specific gravity), H&
(viscosity) B pHE ZA34th whEe] wjEm e e
Bolo] B9 TA EH?‘LP 154 A v &(g/g) 2
AL w9 AT Line spread testS #1338}
o AgE9th 5"*01 5cm, AE5emsl 452 FEo)
Ax templated]] «Qe% T AEE © JE9 AEE
20EHE Fohd g 5L Soly WS 108
7k A Ete AP 2 HAE A Hagke 246
Atk pHE 100ml B 017101] v 20g3 SRS SmlE

WY 283 29N pH meter (Coming pH meter
40, USA)Z ZA3FATHE).

A L] 53 (volume), HAA (symmetry) 2 AU
(uniformity)oll B & R)4=(index)= AACC method 10-
o1e] izt £ % templateE ©]-E3ATh AYL FA
& FAoely RYAE cqumb B5-& SFEVO] A%

g EAFE 24X4E CE AT A9 CAlol9)
Bel ME, Co} EAlelol DAS ZAEl AlQe ¥
WA 22U ASE Oad e FHog At
Stk

volume index=B+C+D
symmelry index=2C—-B-D
uniformity index=B~D

Al e B33t A (Cdor JC801, Color techno

system Co, Ltd, Japan)Z AFE3le] L(lightness),
a(redness), b(yellowness) @3 AE(ab)9] & A48}
Aok 2F AgoRE WF(L=9863 a=019, b=-
067)2 AF-3koiT) olul AL, Aa, Abe] 7HE W] L

a % bt AJRe] L, a 2 b ) 2ol Frojoh,

3 Aol 7144 54E Rheometer(COMPAC-
100, sun scientific Co, LTD, Japan)& Al-&-8}e] =43}
9t} Rheometer®] & Z7AE& Max wt 2kg, Distance
50 %, Table speed 240 mm/min, Mastication 2 bites, 2
probe © 715 mmeo| 3l th

RE olaldtd 84 S42 33 HbE-ghe] HAjshe,
A SAS/STATINE o] 4ated Ha4t B4 YT Al
F7 QA Zole] 7 Duncan’s multiple range
testel] 23} Wi EMEGATH

=
(=2 |
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A ARE BFAAL] 327 Aol Alzste] A
Lo EEHeh HA "ell A9 crumb FEE 2
X2x15em® A71Z Aol qlelo] Azle] £Ag 2
HAl "ol AAIEA BE AR HI} Afole] ¢
THIE & 5 9 SHFFY e HE A AAE

7

}-ﬂ
= JHU

e A AL ekl At e s

3

& Sl AAE o A e TEEdY £
AE AZar) g8 FRAAYe) 25 nHe A
Al & (Block confounding scheme for 3X3 factorial
experiments) & AFEEIITE o] Ao AN EAR

Y g3 7
Y =0+ BiXy + BeXo+ fioXaXe + BuiXiz + BrXar

AE7re] A5 BAe EARAS SAS/STATE
olgste] B #AAT AR HFA Aolgl £
= Duncan’s multiple range testell &Jaf v]w 223}
o} X3 SAS/STATS GLM(General linear Model) =
RSREG (Reponse Surface Analysis by Least-Square
Regression) 9] 32kl #£48 23t HH3} 4L A

Aletict.
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<Table 2> Specific gravity, viscosity and pH of the reduced-
calorie yellow layer cake batters

30 0.80d 5.29¢ 7.54b
10 60 0.94a 6.17a 7.73a
90 0.92b 6.19a 7.74a
30 0.87¢ 591b 7.40c
30 60 0.88¢c 5.82b 7.56b
90 0.92b 5.82b 7.55b
30 0.88¢c 5.74b 7.40c
50 60 0.90b 6.15a 742c
90 0.87¢ 5.78b 7.40c

1) Means of three replication Same letters in a column are not
significantly different cach other(p<0.05).

2) PD: polydextrose, AD: amylodextrin.

3) S.G: specific gravity.

0833} 087)F Fo]4 zolE HolA E3kehp (005).
HhEo] AE= PDICADI0 A AlEzo] 5208 713
R FAE Uehlo] WS 22 A4S RYth
PD30o] thA] A7 ADY RE thal AlFFA
58204 5919 XS Holn PDS0AD30 WA AEF
3} PD50ADB0 thA] Alg+2e] A7t zhz) 5749 5782
Ao AolF HolA] ekhth(p005).
Paterass182> PD tjA| o] F7184E pH3to)l 7
a3ty Gk & A A pHe BAZ PDY tiA
FEO] FMETE WA= AFE HYth Ash 9
o ¢&H pH AAYFOZRE HolFdEE Al 9
Ae B 293 HAEAY A Bujst Zadi
w3 HGA oS pHF EolH dAE ARA
Hy FAL AEY, A 23S ket A
ek MF AL Ao HA pH W9E pH 67014 pH
75 Helolw B H¥FA= PDE 30% °]4 AIg &
E A F70] pH 74094 pH 756¢] H9E HHTh
B A PDO ADE i3t HE ALEF A
o] el Fig. D3 2k ol AYe 13 AFE
(Table 3)ol419} 7o} PDIOADI0 tha] A Eo] 1887
9] & Holm foHow s 2 RYASFE el
W tHpC005). PDY] tiA|go] Z7184E 27} H

o913 OE 71-/&0}‘— Veko2=3 onl AL =2 k9 PD

PD30ADG0Y

<Fig. 1> Photographs of the reduced-calorie yellow layer cakes

1Y PD10AD30, PD10AD60, PD10AD90, PD30AD30,
PD30AD60, PD30AD90, PD50AD30, PD50AD60,
PDS0AD90; Mixture ratios of polydextrose and amylodextrin
by 10% to 30%, 10% to 60%, 10% to 90%, 30% to 30%, 30%
t0 60%, 30% to 90%, 50% to 30%, 50% to 60%, and 50% to
90%, respectively.
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<Table 3> Indecies of volume, symmetry and uniformity of
the reduced-calorie yellow layer cakes")

<Table 4> Color values of cake crumb?

PD(%)?| AD(%)? LY a¥ b3 AE(ab)?
Pb‘(% )25' AD%) Volume Symmetry | Uniformity 30 74300 | 1670 | 27.24b | 37.07¢
. Index Index Index 10 60 73.242 1.73b 25.66° | 36.62¢
30 18.27be 047¢ 0,072 90 73.362 1.680 27.24bc | 37704
10 60 18.60% 0.972 0.13% 30 72.68% | 2008 | 29.38bc | 39.74be
90 18.874 1.032 0.232 30 60 7240 | 283 26.42¢ | 37.74d%
30 17.80d 0.9020 0.232 90 7343 | 273 26.21¢ | 36.95¢
30 60 17.03¢ 0.772% 0.1020 30 70.71bc | 275 | 29.05% | 40.89b
90 18.00cd 0.972 0.17% 50 60 69.32¢ | 2.96% 30968 | 43242
30 16.40 0.8720 0.132 90 73.582 3.06% 29318 | 39,0c°d

0 %0 13:27¢ 063" 0.03¢ ) Means of three replication. Same letters in a column are not

90 16.13f 0.87% 0.20%

) Means of three replication Same letters in a column are not
significantly different cach other(p<0.05).
2) PD: polydextrose, AD: amylodextrin.

significantly different each other(p<0.05).

2) PD: Polydextroes, AD: Amylodextrin.
3) L: Light scale (100=pure white, O=black), a: (+red, -green), b:
(+yellow, -blue),

AE(ab) = ./(AL)2 +(Aa) 2+ (Ab)2 .

& W AEZH o] HFo] XI5} v 2A
7] LT A Ech 39 ADE wEUlo)A v BP0 (p (005). PDE0OAD30 thal A7 PDSOAD0
J A AR AGo) Hoema Rurt Folr A WA AEFEE A3 AZLENME 7240004 74309)
S B 2XE WSV gRo B2 omxoz & 7“’% ek g Ao R Uehyth FATg Yep)
At 582 Frly A Ty, b #& PDI0 A ANEFE3 PDY Al NEZE

A9 A4 A= PDIOADI Al AlFFo] 7J°ﬂ—é FJH g Aol & VA= ekShtt PDS0 O
1039 A2 WA fodo g A et # A ABEFE o]z 2ol5 YERA= ¥9tort PDIO

<]
= 003

A9 FdA ALE 08AM 0239 FXE Holw] 1
= NEZAA H&T FS By,
ALY A =g B4 A% o (Table 4

o UepIich =& el = L 3+ PDSADS0 U
Al N EFAA 69325 ehfo] 71 o]F8 Ao 1

A AEZEF PDO thA AEAEHT U B

gAEst 2 Aog ﬁﬂili’iﬂ(
{005). AE(ab) 7S PDSOADEO thA] A]E3to) 4342
TV L we Uehlel & AMEFER dry

(e}
T1esy

Lehf o]

o7} 71 & Ao 7 UehdtHp (005).

<Table 5> Textural characteristics) of sponge cake using rheometer

Treatment . ] - hardness springiness cohesiveness adhesiveness gumminess
coAD (dyne/cm?) (%) (%) ® ®
30 23020¢d 2298 15.852 033 4.92b¢
i0 60 401742 30.61% 13.642 0.672be 10.36*
90 356192bc 33.042 23.082 1.00be 8.94%0
30 204454 24,27 17.432 0.00 3.70¢
30 60 338200be 26.96% 17752 1.00be 6.692¢
90 34572abc 27.82eb 20.542 0.672be 7.59abe
30 24847bed 21.18> 16.292 0.673b¢ 4.52¢
50 60 313152bed 25.713b 17.782 1.33¢ 6.302b¢
90 3779920 24792 18.802 1.33¢ 7.1580¢

1) Means of three replication. Same letters in a column are not significantly different each other(p<0.05).

2) PD: Polydextroes, AD: Amylodextrin.
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AGHF Ao A 227 BA A3}, (Tabe 5
S Zol <7hY KAE YUt AEE
PDI10AD60 AlZ32o] 40174 dyne/cm?o.Z 7} Eqho.
=, PD30AD30 A]8#0] 20445 dyne/cm2O.2 714 ok
3 AHp < 005). ©HA2 PDIOADD AlE70] 3304%
2 7 g8o] Ao, PDS0ADI0 A E20] 2118% 2
7P W BEAAE Rk UAE AT sEAe
ADYA &0 ARFLE Z7lste AFel™, PDUA &
o] AAFE Hidte AY¥S BT I EE
NZBZAAN FAdAE Holx Fyth EHAge
PD30AD30 AEF0} 713 000g0.3 RFA o] ¢lrlx
719207, PDS0ADGOA H7F PDS0ADI Al E7e
FaAdo] 133g 22 ABFE o /M B4 #9719
Tk AAE& PDI0ADG0 A|FE#o] 714 How,
PDS0AD30 AlE30] 7H¢ BAl HrkE ok Bakal o
AL FUPD HA AR, ADHAIE] =7}
FE Vel A%E B

1k

2. 2Zlolof AH2lel H=H EY

Ad2$- ool Ao hAAC PDS ADE TF
AHgste] AZE AEFE A A5F EAL (Tabe
&yl vl sl

€8 4& PDIADI0 wlA] AFZo] 83322 7H%
& #XE el gg@4del A #HrE ke
(005). PDE 10%E UlAIg EE A8FoIM e g
He B 63302 PDOAD30 WA AlZZET 49
Hog g eBEyAS HHth PDSOADYO thA) A8
< 13322 Mg 2 a84S el 2&3
AEE EE AEZAA FAAS Holx %gtoy)

PD30AD30 thAl A EF0] UEAET Kok F5¢ A
&S uyoh 9o FTE PDADI0 Al Al B0
2672 FoH o 7p ded Arvt B ALE
b (p < 005), PDS0ADY0 A A E o] 73322 7}
& ddatA Bk F- 34 PDI0ADIO thA] Al
E7A 2672 ¥ FAF vEhle] BRG] A
worom 7 20 F PDIOADI thAl AlE7o] 300
9 FANE FAHOR ¢ ¥ BAAAE e AT
{005). PDSOAD60 TiA A&7 PDSOAD thA] Al
BN Z7F 8003 T67E fFeFo® JM4 E 13
Ag YeERiRYh 47171 4 T+ PDS0ADE) thA]
A E7-3 PDR0ADSO thA] AlsFof 22t 8005} 7672
2 52 £AE Yo 71717 ¥t B2
3, PDI0AD0 thAl A FEFE 30082 718 W 43
YeRfjol 471717F 7H8 4ok HrrEAth v
PDIOAD30 tha] Al&E:o] 33392 7H o3k Ao
Uel e, PDS0ADX Al Al 8339 3
Uehlio] Zu|7h ZAdt Ao 2 vyt

g Rorle

w
b

EE=LEL

A2 ¢ Foljo] Aol PDY ADE EF A3l
Azst AGZ A HA AL AR 98ty
2d 540 A%E EUZ A Fhd B o
& A0y A4EE 53 A%, 9ud A o
1l

»34e TS T714% 309 EUE(Fig
2E olgdel AL AUgeR AuE A Adw
Aolel B4 FHF RES 2R FHAo] Ho
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<Table 6> Sensory characteristics! of the reduced-calorie yellow layer cakes

30 6.33 5.002 4.00¢de 3.00¢ 3.67c 333¢
10 60 6.33 4672 4.67bed 6.33 5.33ze 6.332b¢
90 6.33 3.332 4.00¢de 2.67f 3.00¢ 4.000°
30 8332 6.672 2.67¢ 4,00d 5.00ebe 5.002b¢
30 60 3.000 5.002 5.33be 5.33be 5.33abe 5.33abe
90 3.33«d 5332 4,00cde 4.674 4.672be 4.670¢
30 5.00be 6.002 3.33% 6.00° 6.33c 5.672be
50 60 2.33de 6.002 6.33% 8.00° 8.002 7.002b
90 1.33e 3.672 733 7.67% 7.672 8332

1) Means of three replication. same letters in a column are not significantly different each other(p<0.03).

2) PD: Polydextrose, AD: Amylodextrin.

3) SP: springiness, MO: moistness, FM: firmness, AD: adhesiveness, ES: ease of sallow, AT: after taste.
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<Fig. 2> Plots of response surface for the reduced-calorie yellow layer cakes
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74V AA Vel T, &3 AT EPDOADI0 thA| A
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