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Effects of Resistant Starches on the Characteristics of Sponge Cakes
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Abstract

This study was investigated the quality characteristics of sponge cakes which were prepared by replacing
30% of flour with raw starch and resistant starches, such as, 4 c¢ycled autoclaved—cooled RS 3 maize starch (RS
3), cross-linked RS 4 maize starch (RS 4), annealed and cross-linked RS 4 maize starch (ARS 4). The volume
and specific volume of cake containing RS 4 was superior to control cake (100% flour cake). Addition of starches
except RS 3 made crust and crumb color lighter and decreased hardness. Especially, cake containing RS 4 had
the softest texture. For the adhesiveness and cohesiveness, cake containing RS 4 showed the least changes during
5 storage days. In DSC measurement, cakes containing RS 4 and ARS 4 showed high enthalpy in despite of low
hardness. Sensory evaluation showed that cakes containing RS 4 and ARS 4 were significantly moist and soft
compared to others. Overall acceptability of cakes containing starch, RS 4, ARS 4 were evaluated excellent. Therefore,
it can be suggested that RS 4 and ARS 4 can be added to the sponge cake for the quality improvement and functional

element.
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Table 1. Formula for sponge cakes containing resistant star—

ches (unit: g)
Ingredient Ratio Samples

(%) cC SC RS3C RS4C ARS4C
Flour 100 130 91 91 91 a1
Starch 30 - 383 - - -
RS 3 30 - - 383 - -
RS 4 30 - - - 329 -
ARS 4 30 - - - - 385
Sugar 115 150 150 150 150 150
Egg 115 150 150 150 150 150
Water 25 325 327 33.2 32.6 33

Abbreviations : RS=resistant starch; RS 3=4 cycled autoclaved—
cooled RS 3 maize starch; RS 4 = cross-linked RS 4 maize starch;
ARS 4 = annealed cross-linked RS 4 maize starch; CC=control
sponge cake; SC = sponge cake containing raw starch; RS3C =
sponge cake containing RS 3; R54C = sponge cake containing
RS 4; AR34C = sponge cake containing ARS 4.
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Table 2. Baking properties of sponge cakes containing re—
sistant starches

1

. Samples” oo §C RS3C RSAC ARSC
Properties
Specific gravity of batter 048 048 047 046 0.47
Cake volume (cc) 1570 1b4b 1625 1598 1505
Specific volume (cc/g) 509 496 483 513 4.82
Volume index 13.1 12 119 131 12
Symmetry index 0.7 0 0.1 04 0
Uniformity index 03 -04 01 -04 -0.2

USee footnote of Table 1.
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Fig. 1. Cross sectional view of sponge cakes containing resis—
tant starches.

A:CC, B:8C, C: R53C, D: R34C, E: ARS4C.
Abbreviations : see footnote of Table 1.
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Table 3. Moisture contents of sponge cakes containing resis—
tant starches for storage (98)

19}
Qamples” oo 5C RS3C RSAC ARSAC
Storage day

1 2915 3000 3047 3074 3038
3 2872 2911 3084 3005 3023
5 2801 2864 2960 2981 2950

YSee footnote of Table 1.
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Table 4. Crust and crumb color of sponge cakes containing resistant starches

Color Crust color Crumb color
Samples” values L a L a b
cC 36.76 £0.85" 1052£0.19° 20.38£0.65" 78.42+0.95° ~4.60+0.13° 23.26£0.36™
SC 59.69£0.64° 9.78+0.18° 21.661+0.94° 81.56+1.18° -478%0.13° 24.03£0.89°
RS3C 62.06+0.72° 0.860.24° 23.95+1.29 75.50%0.76° —444 %018 22.94+1.08°
RS4C 61.25+1.20° 9.76--0.38° 2978 +0.90° 80.07£0.81° -4.93+0.09° 25.37+0.45°
ARS4C 65.17+0.67° 8.91+0.31° 23.0220.84° 80.48+0.71° -4.8710.08"°  25.27%091°

USee footnote of Table 1.

Walues with different superscript in the same column are significantly different at p<0.01.



A

'1?-'-

AL

74

o

~EA Aolzs) 54

Table 5. Textural characteristics of sponge cakes containing resistant starches
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Storage time

Sam ples“ 1 day 3 day 5 day
Hardness 882.60151.38°% 1135.00+93.35™ 1564.70£98.90%
cc Adhesiveness -2.10+0.87" -6.50+0.32% -8.30£3.40%
Springiness 0.87+0.06 0.90+0.44° 0.88+0.06
Cohesiveness 0.65£0.07 0.65+0.07° 059+0.07°
Hardness 767.30 £ 72.00% 1156.80 +60.63% 144710+ 12251
ac Adhesiveness -2.30%£0.82% -4.40F1 .17 -5.30%2.05"
Springiness 0.86£0.05 0.88+0.03% 0.86+0.03
Cohesiveness 0.65%£0.07 0.59£0.05™ 0.54+0.047
Hardness 975.80 £ 43.04% 124590+ 45.47% 1409.40*111.81%2
RS3C Adhesiveness ~230£ 087 ~4.70+1.76" -530+3.02%
Springiness 0.87+0.03 0.86+0.04° 0.85+0.04
Cohesiveness 0.61x0.05 0.54+0.04* 0.50 £ 0.50™
Hardness 544.60 + 24.60% 765.40 + 41.43% 863.10%30.65%
RSAC Adhesiveness -2.30%£ 067 -420%+1.99% -410T0.87
Springiness 0.86+0.05 0.8410.04° 0.85+0.05
Cohesiveness 063+0.03 0.59+0.07° 057%0.07°
Hardness 795.10 +32.82™ 1095.10 +69.54> 1333.60+ 150.71%
ARSAC Adhesiveness -2 10F QK7 -3.80=0.91% -6.00£0.94%
Springiness 0.85+0.05 0.8410.03° 0.87+0.02
Cohesiveness ¥0.63+0.06 0.56 - 0.04% 0.59+0.04™

USee footnote of Table 1.

“Values with different superscript in the same column and row are significantly different at p<<0.01.

u~—d) . —
"“YDuncan’s multiple range test for column. " ?Duncan’s

A% eisich A% 1
Aol glgich. )

multiple range test for row.

Table 6. DSC characteristics of sponge cakes containing
resistant starches

Y% $AHL Aol as 250 e S— _

ke s ccel ‘1—7—}""‘ o 40 o 7ol v Samples”  S'Grage cletine metng endohert

) . ay To (°C c (° AH (J/g
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=), 4 & 5 A RS4CY RAA-& CCe) 50% o)l 5] 40.58 55.59 1.03
LR AR 1Y A4l xpo]= vhehlA] kg 1 41.80 60.26 0.72
o3 JM i L‘i“ i*f A Zl I¥ ek sC 3 39.02 55.45 0.7
o A Fhe A2 bk Rw AT wleH 5 40.00 62.95 099
ol wolut Aelas] MAA FAAE F 294 FE 1 40.12 59.82 0.80
EAls AR wshE o]a}o:] crumbel A crust, 2 v] & ol RS3C 3 40.63 56.00 1.07
A REE Shef o] o B0l meh, ¥ Beka A 1 5 40.70 64.28 1.24
. 1 4327 58.26 0.72
RS FEes ‘13& Aol Brhgomm 2HAe] 7] RSAC 3 40.14 6141 0.78
Ale Aoz A4t & 39 o] Fo] L5 ¥ 5 42.79 62.96 0.87
3 A 2] Wyt AE Aoz, el gl Az F 1 40.79 63.56 0.89
e 428 4 ¢lowlal Az ARSC 3 41.17 53.88 1.14
92 fAT 5 glesiw Agde 5 4876 56.81 1.04

AXEFEALE T |of 2fFh st
Aelze Al 3 EE vwstr] 3he] AAFAE

27§ A-8-5te] £33k DSC thermogram $4 2| = Tahle
63 2}

235 AL AF A4 S A gH e e AL 24
o] A) A5 =) o] ubed (98) 0 2] A E2] Fa& 2347
=F8% 8qle] Hud, ALY 23 EE Al ge
2 AAFAder] 24, XA JAE wm, B4 o]y
ol alln, dax S Qg Axe) Wz v wer|

ey,

i)See footnote of Table 1.
To: onset temperature.

Tc: conclusion temperature.
4H* enthalpy of endotherm.

A7k 195 RS4ACeH ARS4ACS 77} 22 5446, 79512
CCo] 88268t} o] & 2 2 Iol-8-ol = £-735} 1 enthalpy
(J/gre 22+ 0.729) 0.892 23)8] CCH 0735t} o] =2}
v etgleh A7k 34 A o 5L A o = FAkeE A S vhehy
11 RS3C2H ARSACe] H]ste] CCo} SCof A =7} o] 3
o = 231 enthalpys RS3Ce: ARSACS A47} o
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Table 7. Quantitative descriptive analysis (QDA) data for sensory evaluation of sponge cakes containing resistant starches

Samples“
Attributes CC 5C RS3C RS4C ARS4C
Crumb color 8.10%=1.49 8251148 6.85%£153 7.88E£237 7271156
Cell uniformity 608177 8.18+2.44 6.65£261 6.9912.46 6.851£2.33
Moistness 5.36£2.00%% 6.63+2.36™ 495+ 150° 8.22%2.36° 7.08%155™
Springiness B.76X1.76 .26+1.90 732200 7.64£247 3.69£1.88
Tenderness 5.37£2.03° 6.87£1.77° 5.22+1.90" 837£1.66° 7.28+£2.09°
Overall acceptability 6.51+1.99% 8.03=2.39° 5.59%1.84° 780+1.65° 7.48+0.01°
Ysee footnote of Table 1. .
Nalues with different superscript in the same row are significantly different at p<0.01.
Table 8. Correlations between overall quality and other items of sensory evaluation
Crumb color  Cell uniformity Moistness Springiness Tenderness acc%;te;ggi ty
Crumb color 1.000 -0.059 0.008 0.188 0.005 0.025
Cell uniformity 1.000 0.157 0.123 0.260 0.398**
Moistness 1.000 0.106 0.793** 0.686**
Springiness 1.000 0.104 0.207
Tenderness 1.000 0.653**
Overall acceptability 1.000
**Significantly at p<0.01.
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