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Characteristics of reduced-fat muffins and cookies with
native and modified rice starches
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Department of Food Science and Biotechnology, Gachon University, Seongnam, Gyeonggi 13120, Korea

ABSTRACT

In the present study, native and chemically modified (acetylated and hydroxypropylated) rice starches were partly substituted for butter in
the production of reduced-fat muffins and for shortening in cookies. Physicochemical characteristics of native and modified rice starches
were investigated. All the three types of starches were substituted at 20% level in muffins and cookies. The crude protein content of
modified rice starches was significantly low compared to native starch. A slight variation was observed in the color characteristics of
native starch upon modification. However, there were no significant differences (p>0.05) in physical (volume, weight, density, height,
color of crust and crumb) as well as sensory (appearance, grain, flavor, texture and overall acceptability) properties between baked
reduced-fat muffins and full-fat ones. Similar results were obtained with reduced-fat sugar-snap cookies, in which shortening fat was
partly substituted by rice starches. In conclusion, both native and modified rice starches are equally well suited for partial substitution of

fat in regular muffins and cookies.
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INTRODUCTION

The consumer preference for reduced fat/calorie foods
has increased in recent years as obesity-related health risks
are escalating at an alarming rate. However, issues such as
long-term acceptance of these foods, poor organoleptic
properties and doubts over their overall nutritional value are
limiting the popularity of reduced-fat foods. Especially, the
organoleptic properties of many reduced fat/calotie foods
are presumed to differ from their full-fat counterparts. In
short-term organoleptic tests, they have been evaluated as
inferior to full-fat ones (Sandrou and Arvanitoyannis, 2000).
There is no single fat replacer that contributes all of the
functional and sensory qualities of fat to all reduced-fat
products (Roller, 1996). Studies show that starch-based
fat replacers, including modified starches, can impart
finished products with organoleptic characteristics similar
to their full-fat counterparts. The use of starches, native
and modified, as fillers in reduced-fat food formulations,

has been suggested for a long time (Lobato-Calleros
et al., 2014).

Generally, native or unmodified starches find limited
applications in food systems due to their instability

under various temperature, pH, and shear conditions.
Starch is relatively inert in its native form; and, therefore,
needs modification to achieve more desirable functional
properties (Bao and Bergman, 2001). The modification can
be done by chemical, physical or genetic methods. Chemical
modification is the major route for the production of
modified starch (Abbas et al., 2010). Chemical modification
of starch is generally carried out through the introduction
of functional groups into the starch chains by chemical
means. Such introduced groups change the properties of
starches and extend their applications in food systems. The
ultimate goal of many chemical modifications to starch is
to alter its cooking characteristics, increase paste viscosity,
decrease retrogradation and paste and/or gel syneresis,
increase freeze-thaw stability, and improve adhesion as
well as emulsion stability (Bao and Bergman, 2001; Chun
and Yoo, 2007).

Acetylated starch is prepared by reaction of starch
with acetic anhydride under aqueous conditions in the
presence of dilute sodium hydroxide. Acetylation of rice
starch increases its swelling power, solubility, viscosity
and the adhesiveness, firmness and cohesiveness of gels
(Jae et al., 1994); lower initial pasting temperature and
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setback (Gonzalez and Perez, 2002). Therefore, acetylated
starch is used as thickening agent for food applications
(Mirmoghtadaie et al., 2009). Compared with native starch,
the extent of physicochemical property changes in an
acetylated starch is dictated by the degree of acetylation
or degree of C=0 substitution (Phillips et al., 1999). The
properties of acetylated starch also depend on the amylose/
amylopectin ratio, the botanical source of starch, etc.
(Bello-Perez et al., 2010).

The hydroxypropylated starches can be prepared by
etherification of native starch, in the presence of an alkaline
catalyst, with propylene oxide (Chun and Yoo, 2007). As
hydroxypropyl groups are hydrophilic, they disrupt or
weaken the internal bond structure when introduced into
starch chains, and thus alter physicochemical properties
(Yeh and Yeh, 1993; Liu et al., 1999; Xie et al., 2005).
There have been numerous studies on the physicochemical
properties of various dispersions of hydroxypropylated
starches, such as corn (Liu et al., 1999; Han et al., 2005),
potato (Kaur etal., 2004), and wheat (Choi and Kerr, 2004;
Hung and Morita, 2005).

Rice starch has outstanding properties for use as a fat
substitute (Yi et al.,, 2012). Fat replacement in sausage
formulations with phosphorylated and extruded broken
rice starch was shown to yield low-calorie products with
acceptable sensory characteristics (Limberger et al., 2011).
Rice starches can be chosen in order to provide a creamy
texture to foods as the granules of rice starch are nearly
the same size as fat globules (Lee et al., 2013). This study
was conducted to further explore its potential use as the
fat replacer. Initially, the physicochemical characteristics of
rice starch (native) and its modified forms, acetylated and
hydroxypropylated rice starches, were determined. These
starches were applied in the formulation of reduced-fat
muffins and cookies as fat mimetics. Therefore, another
aim of this study was to evaluate the sensory (organoleptic)
characteristics of baked reduced-fat muffins and cookies
containing rice starches.

MATERIALS AND METHODS

Materials

Wet-milled rice flour for starch isolation was obtained
from Pan-Pacific Co., Ltd. (Ansan, Korea). Commercial
cookie flour was obtained from Daehan Flour Mills Co.,
Ltd. (Inchon, Korea).

Starch isolation

Rice starch was separated from rice flour according to an
alkaline steeping method of Yamamoto et al. (1973). The
rice flour was blended in the presence of 0.2% NaOH
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(1:5, w/v) for 2 min using a Waring blender (HGB 25E1,
Waring products Inc., Torrington, CT, USA). The slurry was
then passed through 100 and 200 mesh sieves. The filtrate
was centrifuged at 4,800Xg for 10 min, the supernatant was
discarded, and the remaining starch residue was extracted
again with 0.2% NaOH. The sedimented starch was
washed with distilled water three times and dried at room
temperature for 2 days.

Starch modification

Acetylated rice starch was prepared by reacting native rice
starch with 8% acetic anhydride according to the method
described by Wurzburg (1964). Hydroxypropylated rice
starch was prepared using 8% propylene oxide according
to the method of Wootton and Manatsathit (1984) with
slight modification.

Physicochemical characteristics of rice starches

The crude protein and ash contents were determined by
AACC methods 46-11A and 08-01, respectively (AACC,
2000). Crude fat content was determined using AOAC
Soxhlet method (AOAC, 2000). Particle size distributions
of rice starch were determined using a particle size analyzer
(CILAS model 1064L, France). The average particle size
was calculated using the software provided by CILAS and
was expressed in pm. Color of rice starch was measured
using a Minolta Chroma Meter (Model CR-300, Minolta
Co., Ltd, Osaka, Japan).

Pasting properties

The pasting properties of the starch samples were evaluated
using a Rapid Visco Analyzer (Newport Scientific,
Warriewood, Australia). Rice starch (3 g, 14% mb) was
transferred into an aluminum RVA canister and 25 mL of
distilled water was then added. The sample was maintained
at 50 °C for 1 min, heated to 95 °C in 7.5 min, and held
at 95 °C for 2.5 min. The sample was cooled to 50 °C in
7.5 min, and then maintained at 50 °C for 2.5 min. The
rotating speed of paddle was maintained at 960 rpm for
10 s, and then at 160 rpm during the heating and cooling
cycles. The viscosity was expressed as rapid viscosity
units (RVU). The parameters recorded include pasting
temperature, peak viscosity, hot paste viscosity or trough
(minimum viscosity at 95 °C), breakdown viscosity (peak-
trough), cool paste viscosity or final viscosity (at 50 °C),
and setback (final-peak).

Preparation of muffin

The experimental muffin formula is shown in Table 1.
Butter, sugar and eggs were mixed using a Hobart N50
mixer for 1 min at speed 1 (low speed) and 1 min at speed
2 (medium speed). The sifted dry ingredients were added
and blended at speed 1 for 30 s. Water was added and mixed
at speed 1 for 30 s and speed 2 for 30 s. Batter samples

Emir. J. Food Agric e Vol 28 e Issue 5 e 2016



Lee and Puligundla: Reduced-fat muffins and cookies with rice starches

(75 g) were weighed into each muffin cup of an aluminum
pan and baked in a reel oven (National Mfg. Co., Lincoln,
NE, USA) at 204 °C for 24 min.

Sugar-snap cookies were prepared according to AACC
method 10-52 (AACC, 2000). Shortening (fat) was
substituted by rice starch in the range 0-30%. The formula
for making sugar-snap cookie is shown in Table 1. Cookie
dough was prepared using a micro-mixer (National Mfg;,,
Lincoln, NE, USA) with head speed of 172 rpm and special
cookie dough bowl. The dough was rolled to a thickness of
7 mm and cut with a cookie cutter (60 mm ID). Cookies
were immediately baked for 11 min at 205 °C (400 °F) in
a reel oven (National Mfg,, Lincoln, NE, USA), cooled
5 min, and then removed from baking sheet. They were
turther cooled to room temperature and stored in plastic
bags until used.

Physical evaluation

The diameter and thickness of cookies were measured
using two cookie samples which had been completely
cooled to room temperature, and cookie spread was
calculated as the mean diameter of two cookies from single
dough. Spread ratio, the ratio of the cookie diameter to
the thickness (D/T), was calculated according to AACC
method 10-50D (AACC, 2000). The muffin and cookie
volumes were determined by rapeseed displacement
method (AACC, 2000), specific gravity (g/cc) was
calculated as the ratio of weight to volume. Muffin color
was determined using a color difference meter (Minolta
CR-400, Osaka, Japan).

Sensory evaluation

Sensory evaluation was conducted by a 10-member
panel trained from the Department of Food Science
and Biotechnology at the Gachon University. Cookies
were evaluated using the 9-point hedonic scale, with 9

Table 1: Baking formula for muffin and sugar-snap cookie
based on total flour weight (%, flour basis)

Ingredients Muffin Cookie
Flour 100.0 100.0
Sugar 60.0 60.0
Shortening - 30.0
Butter 40.0 -
Whole egg 32.0 -
Non-fat dry milk 7.4 3.0
Sodium bicarbonate (NaHCO,) - 1.00
Sodium bicarbonate (in solution A") - 0.80
Ammonium chloride (NH,CI) (in solution B?) - 0.50
NaCl 0.4 -
NaCl (in solution B) - 0.45
Baking powder Bi5 -
Water (distilled) Variable  Variable

representing the highest degree of liking and 1 the least
degree of liking, for the properties including top grain,
color, flavor, texture, and overall acceptability. Sensory
characteristics for muffin included appearance, grain, flavor,
texture and overall acceptability.

Statistical analysis

All the tests were performed in triplicate, and results
were expressed as mean T standard deviation. A one-way
analysis of variance (ANOVA) and Duncan’s multiple range
tests were used to establish the statistical significance of
differences. Data were analyzed using the SAS version 9.2
software program (SAS Institute, Cary, NC, USA).

RESULTS AND DISCUSSION

Physicochemical characteristic of native and modified
rice starches

The results of physicochemical analysis of native and
modified rice starches are shown in Table 2. Crude protein
content of native starch was substantially reduced upon
acetylation as well as hydroxypropylation; more than 50%
reduction was noted. Around 25% decrease and a 12.5%
increase of crude fat were observed in acetylated and
hydroxypropylated starches, respectively, compared to
native rice starch. On the other hand, 1.66-fold and 3-fold
increase of ash content were noted upon acetylation and
hydroxypropylation, respectively.

Regarding color values, brightness (L) of native starch
decreased slightly, but significantly, upon modification.
However, redness (a) and yellowness (b) of native starch
were decreased significantly upon hydroxypropylation,
but not on acetylation. The size of starch granules was
decreased considerably upon modification; about 7.8%
and 34.6% reductions were observed on acetylation and
hydroxypropylation, respectively.

Table 2: Comparison of proximate composition and color
values between native and modified (acetylated and
hydroxypropylated) rice starches

Rice starch Acetylated Hydroxypropylated

RS RS
Proximate
composition
Crude protein”?  0.31+0.13%  0.16+0.01° 0.09+0.05°
Crude fat 0.64+0.062 0.48+0.13° 0.72+0.242
Ash 0.12+0.00°  0.20+0.01° 0.37+0.012
Color values
L 95.67+0.012  94.98+0.03° 95.21+0.09°
a 0.14+0.03°  0.15+0.012 0.09+0.01°
b 1.11£0.012  1.04+0.002 0.89+0.03°
Mean granule 6.41+0.072  5.91+0.01° 4.76+0.04°
size (um)

"Prepared by dissolving 79.8 g NaHCO, in 1 L of distilled water. ?Prepared
by dissolving 101.6 g NH,Cl +88.9 g NaCl in 1 L of distilled water
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"%Nx5.95, 22*Different letters in the same row indicate significant
differences between the samples (p<0.05)
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RVA viscosity profiles of native and modified rice starches
are shown in Table 3. Initial pasting temperatures of
acetylated and hydroxypropylated rice starches were
significantly (p<0.05) lower than native rice starch pasting
temperature. A decreased pasting temperature of rice
starch upon modification (acetylation) was reported earlier
(Sodhi and Singh, 2005; Colussi et al., 2014). This is one
of the many advantages achieved with acetylation. Lower
peak viscosities were for modified starches compared to
the viscosity of unmodified starch. The observed peak
viscosities were in the range of 264-317 RVU, lowest
for hydroxypropylated rice starch and highest for native
rice starch. On the contrary, a higher (significant at
p<0.05) trough viscosity was exhibited by acetylated rice
starch compared to the other two starches. Breakdown
viscosity of native starch was decreased upon chemical
modifications. Compared to native starch, about 16.8% and
22.7% lower breakdown viscosities, while about 46% and
50% higher setback viscosities were observed in acetylated
and hydroxypropylated rice starches, respectively. Setback
viscosity indicates retrogradation index of starch paste.
The lowest final viscosity was observed for native starch
and the highest was for acetylated rice starch. Viscosity
profile of an acetylated starch is profoundly influenced by
its amylose content and acetylation reaction temperature
and reaction time (Colussi et al., 2014).

Physical and sensory properties of muffin

Initially, native rice starch was substituted at different levels
within the range of 0-50% (data not shown); however,
substitution at the level of 20% was found optimal for
reduced-fat muffin formulations. Compared to full-fat
muffins, physical characteristics of reduced-fat muffins
were not significantly different (p>0.05) (Table 4). The

volume of muffins having hydroxypropylated starch was
relatively lower than the others. Muffins weight was slightly
increased on starch addition. Heights of muffins having
modified starches were relatively low. The brightness of
muffin’s crust and the crumb was slightly increased upon
starch substitution. All these variations are statistically
insignificant at the 0.05 level. Therefore, it can be
concluded that neither native nor modified starch addition
had negatively affected the overall physical properties of
reduced-fat muffins.

In reduced-fat muffins, starch substitution slightly
decreases the height of the final baked muffins, compared
to full-fat muffins. A similar effect with compact crumb
matrix was observed with the increased resistant starch
(RS) addition to muffin formulations as shortening replacer
(Lin etal., 1994). In baked foods, shortenings play a crucial
role by imparting moister mouthfeel, contribute structure,
lubricate, incorporate ait, and transfer heat (Stauffer, 2005).

As shown in Table 5, sensory characteristics of reduced-
fat muffins were not significantly (p>0.05) different from
tull-fat muffins (control). Parameters including appearance,
grain, texture and overall acceptability of reduced-fat
muffins were merely similar to control muffins, except for
flavor. A significant reduction (at p<0.05) was observed
in the flavor of muffin that contains native rice starch,
compared to control. However, muffins prepared with
the modified starches showed better flavor characteristics
compared to native starch added ones.

Physical and sensory properties of cookies
As shown in Table 6, the diameter of baked, reduced-fat
cookies was not significantly different from full-fat cookies.

Table 3: Comparison of rapid visco analyzer (RVA) pasting properties of native and modified (acetylated and hydroxypropylated)

rice starches

Initial pasting Viscosity (RVU)"
temp. (°C) Peak Trough Breakdown Final Setback
Rice starch 70.69+0.48? 317.19+2.462 80.15+1.18° 237.04+2.98%) 192.50+4.93° -124.69+6.45°
Acetylated RS 64.72+0.62° 300.42+4.45° 103.21+1.432 197.21+3.16° 233.38+6.58? -67.04+5.112
Hydroxypropylated RS 64.66+0.40° 264.12+1.39° 80.94+1.39° 183.19+2.90¢ 201.67+2.96° -62.46+2.992

"Trough=Minimum viscosity after the peak viscosity, breakdown=Peak viscosity minus trough viscosity, setback=Final viscosity minus peak viscosity, ?**Different
letters in the same column indicate significant differences between the samples (p<0.05)

Table 4: Effect of fat (butter) replacement (at 20% level) in muffin formulations with native and modified (acetylated and
hydroxypropylated) rice starches on the physical characteristics of corresponding baked muffins"

Control Rice starch Acetylated RS Hydroxypropylated RS

Volume (cc) 166.65+9.40% 169.20+3.542 170.00+0.782 158.30+7.072
Weight (g) 62.50+0.572 62.90+0.422 63.00+0.282 63.50+0.572
Density (g/cc) 0.38+0.032 0.37+0.022 0.39+0.012 0.40+0.00°
Height (cm) 6.10+0.142 6.25+0.072 5.70+0.422 5.74+0.472
Color (L value)

Top crust 53.22+7.182 55.63+0.822 59.69+10.492 62.17+8.222

Crumb 74.33+2.262 76.12+2.43? 77.13+0.222 75.42+1.142

"Values represent the mean of four different measurements, 2*2Same letters in the same row indicate no significant differences between the samples (p>0.05)
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Table 5: Comparison of sensory scores between full-fat (control) and reduced-fat muffins containing native and modified

(acetylated and hydroxypropylated) rice starches

Appearance Grain Flavor Texture Overall acceptability
Control 7.29+0.767 6.71+0.492 6.86+1.072" 6.86+1.212 6.86+0.38°
Rice starch 6.71+0.952 6.00+1.532 5.29+1.25° 6.57+1.512 6.00+1.412
Acetylated RS 6.71+0.762 6.71+0.762 6.14+0.90%° 6.71+1.982 6.71+0.762
Hydroxypropylated RS 6.86+1.072 5.86+0.90° 6.14+0.69° 7.14+1.072 6.43+1.132

n=bDifferent letters in the same column indicate significant differences between the samples (p<0.05)

Table 6: Effect of shortening replacement (at 20% level) in cookie formulations with native and modified (acetylated and
hydroxypropylated) rice starches on the physical characteristics of corresponding baked sugar-snap cookies

Parameter Control Rice starch Acetylated RS Hydroxypropylated RS
Diameter (cm) 6.77+0.232" 6.74+0.132 6.68+0.212 6.68+0.212
Thickness (cm) 0.89+0.01° 0.96+0.022° 0.91+0.00% 0.98+0.062
Spread ratio (D/T)? 7.61+0.30%% 7.02+0.00%° 7.34+0.27% 6.82+0.19°
Weight (g) 20.27+0.222 20.47+0.99° 20.3120.27° 20.99+0.49°
Volume (cc) 34.38+2.652 35.00+0.60% 33.75+1.772 36.25+3.542
Specific gravity (g/cc)® 0.59+0.02? 0.58+0.08° 0.60+0.06° 0.58+0.032

"Values represent the mean of four measurements, 2?D/T=Diameter/thickness of cookies, *Weight/volume of cookies, “2*Different letters in the same row

indicate significant differences between the samples (p<0.05)

However, the thickness of cookies was significantly
increased with starch addition. Spread ratio decreased,
significantly, upon starch addition. A reduction in cookie
spread upon the use of fat replacers has been previously
reported (Armbrister and Setser, 1994; Sanchez et al., 1995).
Whereas, other physical characteristics namely weight,
volume and specific gravities of reduced-fat cookies were
similar to those of full-fat cookies. However, fat cannot be
entirely substituted with starches as fat plays a vital role in
low moisture products such as cookies. It is very important
for tenderness and mechanical handling (Sanchez et al.,
1995). Therefore, in this study, we substituted starches for
fat at a level of 20%.

Subjective evaluation shows that the starch substituted
cookies, especially native and acetylated rice starches
containing ones, exhibited more brightness than the full-fat
cookies. However, cookies with hydroxypropylated starch
were relatively darker than others.

Regarding sensory characteristics, there were no significant
(p>0.05) differences in any of the sensory parameters
(top grain, colot, flavor and texture) between starches
substituted cookies and full-fat cookies. All the observed
sensory scores of reduced-fat cookies were more or less
the same as those for full-fat cookies. On the 9-point
hedonic scale, the average scores of cookies top grain were
in the range of 6.57-7.14; color score: 6.71-7.29; flavor:
6.57-7.00; texture: 6.43-6.71; and overall acceptability:
6.29-7.07. The suitability of extruded rice flours as partial
substitute of wheat flour for cookie application has been
reported earlier (We et al., 2011). Their results indicate
that rice flours can be readily substituted for up to 30% of
wheat flour without affecting organoleptic characteristics
of cookies. Therefore, rice flour or starch can be used

Emir. J. Food Agric e Vol 28 e Issue 5 e 2016

cither as partial substitute of wheat flour or shortening
(fat) in cookie production.

CONCLUSIONS

Although rice has been the most important staple food
worldwide, rice starch is rarely used as a fat replacer in
foods. Recently, our group demonstrated the potentials
of native and modified rice starch gels for the formulation
of reduced-fat mayonnaise (Puligundla et al., 2015). In the
present study, no significant alterations in physical and
sensory properties of reduced-fat muffins and reduced-
fat cookies were noted due to partial substitution of
fat by rice starches. From the obtained results, it can be
concluded that both native and modified (acetylated and
hydroxypropylated) rice starches at substitution levels
of 20% for fat are equally suitable for both reduced-fat
muffins and reduced-fat cookies production.
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