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Application of Hydroxypropyl Distarch Phosphate in Sponge Cake
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ABSTRACT
Objective of this research was to study effects of
distarch
phosphate (HDP) on physical properties and sensory

wheat flour substituted by hydroxypropyl
characteristics of sponge cake. Results showed that 20-40%
of wheat flour substituted by HDP resulted in a decreasing
specific gravity of the cake batter, specific volume, standing
height and volume index of the cakes, comparing to those
of the control formula (p< 0.05). The cake with 40% HPD
had the lowest hardness and gumminess (p<0.05). Air cells
distribution within the HDP- containing cake crumbs were
non-uniform and the numbers of air cells were greater and
larger. There was no significant difference in scores of color,
texture, taste and overall acceptability of the cake samples
with HDP (p>0.05), while the score of appearance was lower
than that of the control (p<0.05). Substitution with 30% HDP
was the highest value providing a non-significant difference
in hardness of cake with comparison of the control (p>0.05).
lts score of appearance was in the range of ‘slightly to
moderately preferred’. Therefore, this formula (30% HDP
substitution) was selected for studying changes in cake
quality during 7-day storage at 25°C. Hardness, summiness,
chewiness and ay, of the exterior parts increased, while a,, of
the interior parts of the cakes greatly decreased (p<0.05)
within the first two days of storage. Those parameters
changed slightly afterwards. Moreover, it was clearly shown
that substitution of wheat flour with 30% HDP could retard

an increase in hardness of the cake during the storage.

Keywords: hydroxypropyl distarch phosphate, sponge
cake, quality, storage
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Table 1 Composition of the sponge cake batter for each batch of the batter preparation

Weight of the ingredients for batter preparation (g)

Ingredients
0% HDP subst.  20% HDP subst. 30% HDP subst. 40% HDP subst.
Wheat flour 125.00 100.00 87.50 75.00
HDP 0.00 25.00 37.50 50.00
Whole egg 250.00 250.00 250.00 250.00
Sugar 150.00 150.00 150.00 150.00
Emulsifier 5.00 5.00 5.00 5.00
Baking powder 5.00 5.00 5.00 5.00
Total 535.00 535.00 535.00 535.00

HDP subst. refers to the level of wheat flour substitution by HDP in the sponge cake formula
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Table 2 Specific gravity and viscosity of the sponge cake batters containing different levels of HDP

Level of wheat flour
substitution by HDP

Specific gravity of batter

Viscosity of batter (cP)

0% 0.43% + 0.01 8,107 + 617
20% 0.37° + 0.00 9,907° + 63

30% 0.37° + 0.00 11,744° + 864
40% 0.38° + 0.01 6,855 + 413

Data were reported as mean T standard deviation of duplicate experiments

3, b, c... Means with different letter within the same column were significantly different (p<0.05)

* Corresponding author e-mail: Kanitha.T@chula.ac.th
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Table 3 Physical properties of the sponge cakes containing different levels of HDP

Level of wheat Specific Weight loss .
o . . Standing Volume \
flour substitution ~ volume of  during baking . . aw"
height (cm) index (cm)
by HDP cake (mUVg) (%)

0% 5.14° + 0.38 1314+ 0.12 2817+ 023  791°+0.43 0.80 + 0.02
20% 352°+ 024 1418+ 021 2.07°+0.11 6.53° +0.11  0.82 + 0.02
30% 323+ 028 2394+ 163 200°+0.27 6.86°+024 0.84+0.01
40% 3.98°+0.16 16.86°+1.25 1.80°+0.08  6.95°+ 027 0.84 + 0.01

Data were reported as mean T standard deviation of duplicate experiments

3, b, c... Means with different letter within the same column were significantly different (p<0.05)

ns Means within the same column were not significantly different (p>0.05)
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Figure 1 Cross section of the sponge cakes at different levels of wheat flour substitution by HDP
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Figure 2 Crumb structure of the sponge cakes at different levels of wheat flour substitution by HDP
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Cohesiveness [4] anaInewuny

Table 4 Textural parameters of the sponge cakes containing different level of HDP

Level of wheat Hardness  Springiness™  Cohesiveness ™ ~Gumminess  Chewiness ™

flour substitution  (kg- force) (kg- force) (kg- force)
by HDP

0% 0.64° + 0.10 0.46 +0.10 0.83 + 0.01 0.53% + 0.08 0.25 + 0.09

20% 052 +0.08 0.44+0.04 0.78 + 0.05 0.40° + 0.04 0.18 + 0.03

30% 053+ 007 049+003  077+003 041°+004 020+ 001

40% 031" +0.00 053 +0.03 0.72 £ 0.02 0.22°+ 0.01 0.12 £ 0.00

Data were reported as mean & standard deviation of duplicate experiments

a, b, c... Means with different letter within the same column were significantly different (p<0.05)

ns Means within the same column were not significantly different (p>0.05)

nsnaunuuleandnieg HDP Seaay 20-40
AINalAAN AT UALKULANUTOUAUANYIZUIINYG
sﬁl’mdwqmmuqu (p<0.05) (Table 5) 1{18391nn13
NALNUAIY HOP vIlAAN Y UMIauasmianvas
ou Wosmnnsiiesinsnsuaduiildfives HOP fafi
I¥nanluud iy mswasuuashosdiulddaay
Fuilonaunudae HOP Tuseduiifindu (Figure 1)
Fedawarienseeniuresuilan udnzuLLALYEY
FuaTiudonuen 1Heduia savRnaraiuyoy
lngsinvaaanaludyngasliunneeiu (p>0.05)
Wil anmsIaAnalussuu CIE L* a* b* 9psietns

\Wnnudn Adenuonveadnyngnslisieiy
(p>0.05) (sinansdoyaluiit) Feuansin HOP Laid
psfUsEneUTidmareUfATenuaanfauarnsiindd
Wasnuenvoudn Jsaenndesiunsiiényngns
¥5unzuuumureud LA linatude i an
HAN1INAABILAEAINTIULAALATAUIINITNAUNL
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Uszannduiadudug enudnumeusng wasidn
nnanslasuaziuuniseausulae sty luszRuray
wndesfiswoutiunans (5-6)

Table 5 Hedonic scores of sponge cakes containing different level of HDP

Level of wheat flour s s s Overall
o Appearance Crust color Texture Taste ns
substitution by HDP acceptance
0% 5.59% + 1.29 5.69 + 1.03 488 +139 500+127 509+1.17
20% 5.06° + 0.98 5.47 + 0.95 509+ 149 531 +126 531 +1.18
30% 5.03° + 1.26 5.50 + 0.95 5.06 £ 1.24 525+ 1.11 5.34 + 0.87
40% 4.28°+ 1.28 5.31 +1.03 459+ 139 534 +097 497+ 1.07

Data were reported as mean = standard deviation, in 7-point hedonic scale, obtained from 32 panelists

a, b, c... Means with different letter within the same column were significantly different (p<0.05)

ns Means within the same column were not significantly different (p>0.05)
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Table 6 Physical properties of the control formula of sponge cake samples during storage

Storage  Weight loss a, of a, of Moisture content of Moisture content of
time (days) (%) exterior part interior part exterior part (%) interior part™ (%)
0 0.00% + 0.00 0.80° + 0.01 0.93* + 0.00 19.73" + 3.18 28.79 + 2.52
2 0.13+0.04 0.86°+ 0.01 0.88° = 0.01 25.95% + 0.30 27.43 + 0.49
4 0.22° +0.05 0.87%+0.01 0.88° +0.01 25.32% + 0.68 26.71 +0.35
7 0.33% + 0.06 0.87% +0.00 0.88" + 0.00 26.23% £ 0.61 27.11 + 0.50

Data were reported as mean T standard deviation of at least triplicate experiments

a, b, c... Means with different letter within the same column were significantly different (p<0.05)

ns Means within the same column were not significantly different (p>0.05)

dyu J ~ <
UBNITNUYINUIN Lllfz]i%EJZL’]aﬂuﬂ'ﬁLﬂU
SN A1 hardness summiness Lag chewiness
PN d’{ 1 . o
WYY WHAAT cohesiveness anasa1nIuy 0 (p<0.05)
d2uA" adhesiveness Lay springiness Aulan1s
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Wasuwlasen Aw fiRuenuaziiioluain Table 6
wansinsiieawdsduidneiadianvgranunain
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nswWasunlasAmadodudaiiintosas Tugas
Suft 2-7 YeansiiuEne (WhANANTULAE Ay,
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Table 7 Textural parameters of the control formula of sponge cake samples during storage

Storage  Hardness  Adhesiveness L . Gumminess  Chewiness
. Springiness  Cohesiveness
time (days) (kg-force) (g-sec) (kg-force) (kg-force)
0 0.71°+0.04 9.03°+1.44 054°+0.05 0.82°+0.02 058 +0.03 031°+0.04
2 107°+005 943°+284 062°+003 0.76°+001 0.81°+0.04 0.50%+ 0.03
il 124+ 0.05 2530°+9.64 054°+005 0.75°+0.01 0.93%+0.04 050%+ 0.05
7 1327+ 0.07 1738 +555 049°+001 0.74°+0.01 0977+ 0.04 0.48 + 0.03

Data were reported as mean & standard deviation of quadruplicate experiments

3, b, c... Means with different letter within the same column were significantly different (p<0.05)

NS UENURNINEN WAL AU A

v & aa Ay a
vaaAnaludansniinisnaunuudeaidnig HOP 7
sEaU $o8ay 30 sErinuAuSn (Table 8 and 9)
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Aueniiuay Tuvagdian ay, Fiolunazanudui
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Woluanas (p<0.05) 91ntU a, JedArnslutag

Fufl 2-7 veanaifiu (p>0. 05) s?iﬂaamﬂé’aﬁums
Wasuulamesindnsasidodudavondn 7 'wwm']
A hardness gumminess kag chewiness g
unlure 2 Julsniuniu LLazwamimaaw@ﬁﬁ
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AIUANME (Table 6 and 7)

Table 8 Physical properties of the 30% HDP formula of sponge cake samples during storage

Storage time Weight a, of exterior a, of interior Moisture content of Moisture content of
(days) loss (%) part part exterior part™ (%) interior part (%)
0 0.00°+0.00 0.75°+0.00 0.92% + 0.00 2542 + 2.41 36.25% + 1.21
2 021°+0.03 0.85°+000 0.87°+0.00 24.29 + 0.33 26.93" + 0.64
4 0.20°+0.03 0.86%+0.00 0.87°+ 0.00 25.39 + 0.81 25.94° + 0.47
7 0322 +0.03 0.86°+0.01 0.87°%0.00 2544 + 1.01 26.58° + 0.97

Data were reported as mean T standard deviation of at least triplicate experiments

3, b, c... Means with different letter within the same column were significantly different (p<0.05)

ns Means within the same column were not significantly different (p>0.05)
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Table 9 Textural parameters of the 30% HDP formula of sponge cake samples during storage

Storage  Hardness Adhesiveness Springiness™ Cohesiveness™ Gumminess Chewiness
time (days) (kg-force) (g-sec) (kg-force) (kg-force)

0  038%7+004 368°+077 053+007 077+004 030°+002 0.16°+0.02

2 0.52°+0.01 2.69° + 1.53 0.52 + 0.04 0.80 + 0.01 0.41°+0.01 0.21° £ 0.01

4 0.56° + 0.02 4.39° + 0.88 0.50 = 0.05 0.79 £ 0.01 0.44° + 0.01 0.22° + 0.02

7 0.61°+0.01 6.31°+ 143 0.48 + 0.03 0.78 £ 0.01 0.48°+0.01 023" +0.02

Data were reported as mean & standard deviation of quadruplicate experiments

a, b, c... Means with different letter within the same column were significantly different (p<0.05)

ns Means within the same column were not significantly different (p>0.05)
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Figure 3 Percentage of the increase in hardness of sponge cakes during storage at 25°C for 7 days.
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