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Abstract

To increase the dietary fiber of sponge cake, it was
enriched with wheat bran of different levels (0, 5, 10, 15,
and 20%, w/w; flour basis) and particle sizes (90, 170, 280,
and 420 μm). The results showed that both crude fiber and
phytic acid contents of the bran decreased with the reduc-
tion in the particle size. Batter density increased whereas
batter consistency decreased with increase in the particle
size and the level of the bran. The crust and crumb color
became darker, more reddish and less yellowish as the
level and particle size of the bran increased. Density of
the cakes decreased as higher percentages and coarser
brans were included. Determination of the textural proper-
ties of the cakes using texture profile analysis technique
showed that with increase in the percentage of wheat bran,
hardness, gumminess, and chewiness increased whereas,
cohesiveness and springiness decreased. According to the
taste panel, using no more than 10% bran with particle
size smaller than 170 μm resulted in cakes similar to the-
control. The total dietary fiber and phytic acid content of
the resultant cakes was 5.95% and 2.90 (mg/g),
respectively.
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Introduction

The positive effects of dietary fibers including cellulose,
hemicelluloses, lignin, pectin and gums on human health
have been well documented. Fiber increases the bulk of

the food and moves it through the gastrointestinal tract
more rapidly and helps in preventing constipation and
possible colon and rectal cancer [1]. Diets of low fiber
intake are correlated to conditions such as diabetes,
atherosclerosis, breast cancer, diverticulitis, hemorrhoids
and obesity [2]. Accordingly, it is generally recommended
to take about 20–35 g of dietary fiber in the daily diet.
Therefore, production of high-fiber foods is increasing in
the market and fiber content of foods has now become
the third most sought-after health information in super-
markets in countries like India, Australia, Western
Europe, and North America [3].

Wheat bran is a low-cost and plentiful source of dietary
fiber (36–52%) [4, 5]. It also contains high-quality proteins,
vitamins and minerals. Furthermore, wheat bran has a
strong antioxidant activity. The main antioxidative compo-
nents in the bran are ferulic, vanillic, and p-coumaric acid
[6, 7]. However, the presence of phytic acid in the bran
(35–50 mg/g) and its negative effects on bioavailability of
minerals such as iron, calcium, magnesium and zinc, pro-
teins and carbohydrate digestibility, and lipid availability
have limited its applications [8, 9]. Therefore, there are
concerns over foods containing high level of bran. For two
most consumed foods; wheat bread and pasta, values of
3.2–7.3 and 0.7–9.1 mg/kg of phytic acid were reported,
respectively [10]. To reduce the phytic acid content of
wheat bran, different methods have been established
including reduction of the particle size, fermentation, and
hydrothermal processing of the bran [11, 12].

Bakery products are amongst the most consumed
food products, and hence are a suitable means to deliver
fibers in human diet. Cakes are one of the most favorite
ready to eat foods which are generally produced from
white wheat flour, and hence are low in dietary fiber.
With the aim of increasing the fiber content of cakes,
fiber from vegetables (e.g. potato by-product, fruits (e.g.
apple pomace), legumes (chickpea flour), and resistant
starch were added in the cake recipe [13–18]. Cereal bran
and whole meal grains were also used as sources of fiber
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in the cakes. For instance, wheat and oat bran of
varying particle sizes and percentages were included
in the cake recipe [19, 20]. These studies show the
interest on production of high-fiber cakes, however,
some of these studies have indicated the adverse
effects of fibers on cake textural properties and con-
sumer acceptability. Particle size and percentage of the
bran have great influence on the textural and organo-
leptic properties of the products [19–22]. Furthermore,
the presence of phytic acid in the cereal bran and
legumes is a matter of concern when they are added
to the cakes. Thus, when increasing the fiber content of
the foods, attempts should be made to reduce the level
of phytic acid intake in the diet as well, which has
received less attention in the literature.

The main aim of this study was to increase the fiber
content of sponge cakes by addition of wheat bran to the
cake recipe. Since the amount of phytic acid and the
physicochemical properties of the cakes are affected by
the percentage and particle size of the bran, different
levels and particle sizes were tested to obtain cakes
with characteristics similar to those produced from
white wheat flour.

Materials and methods

Materials

Wheat bran with particle size of about 1,000 μm was
gifted by Sepidam milling factory in Zarghan, Fars, Iran.
To obtain different particle sizes of the bran, it was first
milled using a laboratory mill (Alexander Werck, Model
WEL82, Germany) and then sieved manually to obtain
average particle sizes of 420, 280, 170, and 90 μm. Cake
ingredients including wheat cake flour, sugar, corn oil,
fresh semi-skimmed milk, fresh whole eggs, baking
powder (Hermin, Karaj, Iran), and vanilla powder were
purchased from local market. Chemicals used for
analytical tests were obtained from Merck, Darmstadt,
Germany.

The cake flour contained 11.50 ± 0.30% moisture
content, 9.35 ± 0.40% protein (N × 5.7), 0.43 ± 0.20%
fat, 0.52 ± 0.10% ash, and 78.20 ± 0.30% total carbohy-
drate content. Wheat bran had 10.90 ± 0.00% moisture
content, 11.50 ± 0.10% protein (N × 5.7), 3.50 ± 0.10% fat,
4.39 ± 0.00% ash, and 69.71 ± 0.20% total carbohydrate
content as determined by the approved methods of the
AACC [23].

Determination of total, soluble,
and insoluble dietary fiber

The amount of insoluble dietary fiber and total dietary
fiber of the bran was determined according to the gravi-
metric enzymatic method, and the soluble dietary fiber
content was calculated by subtraction [24].

Determination of the phytic acid content

Phytic acid was determined based on complexometric
titration of residual iron (III) after phytic acid precipita-
tion. Based on the procedure, bran (2 g) was stirred with
40.0 ml of extraction solution (10 g/100 g Na2SO4 in
0.4 mol/l HCl) using a magnetic stirrer for 3 h at ambient
temperature. The suspension was centrifuged at 4,200 g
for 30 min and the supernatant was filtered. Ten milli-
liters of supernatant (containing between 3.3 and 9.0 mg
of phytic acid) was transferred into a 100-ml centrifuge
tube together with 10.0 ml of 0.4 mol/l HCl, 10.0 ml of
0.02 mol/l FeCl3 and 10.0 ml of 20 g/100 g sulphosalicylic
acid, shaken gently, and the tube used was sealed with a
rubber cork through which passes a narrow 30-cm-long
glass tube, to prevent evaporation. The tube was placed
in a boiling water bath for 15 min, then cooled down at
room temperature. The sample was centrifuged at 4,200 g
for 10 min, decanted, filtered, and the residue was
washed several times with distilled water. The superna-
tant and washed fractions were diluted to 100.0 ml. An
aliquot (20.0 ml) adjusted to pH 2.5 by addition of glycine
was diluted to 20 ml. The solution was heated at 70–80 °C
and while still warm, titrated with 50 mmol/ 1 EDTA
solution. The 4:6 Fe/P atomic ratio was used to calcu-
late phytic acid content [25].

Batter and cake preparation

Cake flour was replaced with bran at different levels 0, 5,
10, 15, and 20% for each particle size, separately. Then,
the flour was mixed with other cake ingredients in a
sponge cake recipe of 250 g flour blend, 180 g sugar,
200 g fresh milk, 100 g egg, 125 g corn oil, 10 g baking
powder and 1 g vanilla. To prepare cake batter, eggs,
vanilla, and sugar were whipped together by batter
mixer (Moulinex, Model HM 1010, Beginning, China)
until a semi-firm foam was resulted. The foam was
mixed with fresh milk, after which the flour blend and
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baking powder were added in small portions, and then
the corn oil was included. Cake batter (150 g) was
poured into an aluminum pan (18 × 9 × 8 cm) and
baked at 190°C in an electrical oven (Karl Welkerkg,
Venusbergstr, Germany) until a golden crust was
formed (40 min). Cakes were cooled down at room
temperature for 1.5 h, packed and sealed in polypropy-
lene bags, and then stored at ambient temperature
(20 ± 2°C) before the experiments. The weight of the
cakes was 120.00 ± 0.02, with moisture content of
32.5 ± 0.2% as determined according to the approved
methods of the AACC [23].

Batter density

Batter density was determined with a measuring cylinder
by determination of the relation between the weight of
the batter and the same volume of distilled water [26, 27].

Batter Bostwick number

Cake batter (100 g) with temperature of 18 ± 0.5°C was
poured in the reservoir of a Bostwick consistometer and
left for 2 min, and then the distance moved by the batter
(cm) during 15 s was determined. The higher values
correspond to the lower batter consistency [27].

Cake density

The volume of a constant weight of a cake was measured
by rapeseed displacement method based on the approved
methods of the AACC [23]. Knowing the volume of the
cakes, the density was determined by dividing cake
weight to its volume.

Textural properties

The textural characteristics of the cakes were studied
using a Texture Analyser (TA-XT2, Stable Micro Systems
Ltd., Surrey, UK). Texture Profile Analysis (TPA) test was
carried out by performing a two bite compression test at
pretest speed of 5 mm/s, test speed of 0.25 mm/s, time
interval of 10 s, and strain deformation of 25%. To deter-
mine the texture of the cakes, 1 cm of the top of the cake
was removed to make the surface leveled off, and then
the rest of the sample was tested using an aluminum
cylindrical probe with a diameter of 75 mm. From the
force–distance curve (Figure 1), the ratio of the positive
area under the first and second compression was defined
as cohesiveness (A2/A1). The distance that the food
recovered its height during the time that elapsed between
the end of first bite and the start of second bite was
defined as springiness (elasticity). The slope (gradient)
of force–deformation curve and maximum force of first
bite of TPA test (F1) were taken as indications of crumb

Figure 1 Force vs. time of a typical texture profile analysis of the cakes. Interpretation of texture parameters from a complete record:
Hardness: F1; Cohesiveness: A2/A1 and Springiness: t2/t1.
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hardness. Springiness was obtained from the ratio of the
second peak time to the first peak time (t2/t1) [28].

Crust and crumb color

The color parameters of the cakes crust and crumb were
evaluated using digital imaging method [29]. High-
resolution pictures of the samples were taken separately
by a digital camera (Finepix, Model JZ300, Beijing,
China). Resolution, contrast, and lightness of all images
were set to 300 dpi, 62%, and 62%, respectively. To
determine the crust color, pictures were taken from the
whole crust, whereas to determine the crumb color the
sample was sliced horizontally from the middle of
the cakes and then the pictures were taken. The pictures
were saved in JPEG format and analyzed quantitatively
using the Adobe Photoshop 8 software and the color
parameters of L (lightness), a (greenness–redness) and
b (blueness–yellowness) values were determined in the
“Lab” mode of the software.

Sensory analysis

Cakes were served to 12 in-house semi-trained panelists
(6 males and 6 females, age between 20 and 35 years) and
were evaluated for color, texture, taste, and overall
acceptability using a ranking test. The panelists were
asked to compare the samples and score them from 0
(for the worst) to 5 (for the best) sample. All the sensory
tests were performed in isolated standard booths under
standard conditions [30]. To study the effect of bran
percentages, a set of experiments was performed by eval-
uating cakes prepared with different percentage of bran
(0–20%) and particle sizes of 420 μm (as the largest size)
and 90 μm (as the smallest size). To determine the effect
of particle size, cakes containing varying particle sizes at
10% bran were evaluated.

Statistical analysis

The experiments were performed in a completely rando-
mized design and conducted in triplicates, and the mean
values and standard deviations were calculated. Analysis
of variance (ANOVA) was performed and the results were
separated using the Multiple Ranges Duncan’s test
(α < 0.05) using statistical software of SPSS 16 [31].

Results and discussion

The results (Table 1) showed that the bran of original
particle size (i.e. ~1,000 μm) had 50.15 ± 2.85 mg/g
phytic acid. The phytic acid content of wheat bran
varies between 25 and 50 mg/g depending on the
wheat variety and method of determination [10]. With
reduction in the particle size, the phytic acid content
decreased significantly, so that the phytic acid content
of the bran with the finest size was 21.60 ± 1.42 mg/g.
Therefore, the phytic acid reduction was up to 56.92%
for the smallest bran size. It has been reported that the
phytic acid content of the coarse bran was significantly
higher than the phytic acid content of the fine bran [11].
Phytic acid content of 48.2 mg/g for large, 39.8 mg/g
for medium, and 29.5 mg/g for small bran was reported
using similar methods for determination of phytic
acid [32].

Determination of the dietary fiber content of the
samples showed that the bran had more insoluble dietary
fibers than soluble dietary fibers. Furthermore, with
decrease in the size of the bran, total, soluble, and inso-
luble dietary fiber content reduced, significantly
(Table 1). For example, total dietary fiber content of the
bran with largest particle size was 69.7% and it reduced
to 32.2% for the finest bran. Similar results were reported
[33]. After milling and sieving, the fine bran is obtained
from the inner layers of the bran since these layers have
softer and more fragile texture, while the larger particle
sizes are obtained from the outer layers which have
harder structure and cannot be readily milled into smal-
ler particle sizes. The chemical composition of the inner
layers of the bran is different from those of out layers.
The outer layers contain more fiber and minerals than the
inner layers.

Table 1 Phytic acid, total, soluble, and insoluble fibers of different
particle sizes of wheat bran*.

Particle
size (μm)

Phytic acid
content
(mg/g)

Total
dietary
fiber (%)

Soluble
dietary fiber
(%)

Insoluble
dietary fiber
(%)

˜1,000 50.15 ± 2.85a 69.7 ± 0.2a 12.3 ± 0.1a 57.4 ± 0.3a

420 43.88 ± 2.85b 68.3 ± 0.2b 12.1 ± 0.1b 56.2 ± 0.1b

280 35.63 ± 2.85c 61.2 ± 0.4c 11.2 ± 0.0c 50.0 ± 0.2c

170 29.03 ± 2.85d 59.1 ± 0.3d 10.8 ± 0.2d 48.3 ± 0.4d

90 21.60 ± 1.42e 32.2 ± 0.3e 7.9 ± 0.2e 24.3 ± 0.3e

*Values are the average of triplicates ± standard deviation. Different
letters in each column show significant statistical difference
(α < 0.05).
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The results (Table 2) showed that the batter density
increased with increasing bran level. Inclusion of the
smaller size bran reduced the density of the batter.
Moreover, the results showed that increasing bran per-
centage had a negative effect while decreasing particle
size had a positive effect on the batter Bostwick number.
Therefore, inclusion of higher level of bran increased
batter consistency while reducing the particle size
decreased batter consistency. Bran contains high level
of fiber and proteins (hydrocolloids) which can absorb
the water of the batter and hence increase batter consis-
tency. The hydrocolloids present in the bran may also
interact with the biopolymers present naturally in the
flour (starch, proteins, and pentosans) and form a net-
work which can trap some water, reducing the fluidity of
the batter. It has been indicated that coarse bran can
significantly retain more water than medium or fine
bran [22]. It has been reported that batter made with the
coarser fiber can entrap less amount of air resulting
in higher density [34]. Higher-batter viscosity has been
obtained when higher levels of apple pomace with
smaller particle size were used [16].

Consistency and density of cake batter have some
influence on the volume of the cakes. Batter of high
density and consistency is not suitable for cake making,
since it does not let enough air bubbles to form during
batter mixing and can impede expansion [20, 35]. On the
other hand, batter of too low consistency results in low-
cake volume as the air bubbles (trapped in the batter
during mixing) and CO2 (produced from baking powder)
will escape quickly during baking [35]. Moreover, large
starch granules sink easily in a batter of low density and
accumulate at the bottom of the batter. As a result, a

rubbery layer is formed underneath the cake resulting in
the inferior cake quality.

From the results (Table 3), it was found that the
cake density decreased with increase in the bran per-
centage whereas it increased with decreasing bran par-
ticle size. In general, cake density is negatively
correlated with its volume. Previous results of this
study (Table 2) showed that batter density increased
with increasing bran level and particle size. The denser
batter can hold more air bubbles and CO2, and release
them more slowly during cooking resulting in a higher-
cake volume (less density). Different results were found
in the literature; some authors reported a negative cor-
relation between the cake volume and fiber content [13,
36], whereas others found a positive correlation
between these parameters [34]. Such contradiction can
be related to the different recipes used and the kind of
fiber used as well as the influence of the fiber on the
consistency of the batter. A small increase of batter
consistency could assist the retention of gases and

Table 2 Physical characteristics of cake batter containing different levels and particle sizes of wheat bran*.

Density (g/cm3)

Particle size (μm) 0% bran 5% bran 10% bran 15% bran 20% bran

420 1.03 ± 0.00A d 1.08 ± 0.00A c 1.09 ± 0.00A c 1.10 ± 0.00A b 1.10 ± 0.00A a

280 1.03 ± 0.00A d 1.06 ± 0.00B c 1.08 ± 0.00B b 1.09 ± 0.00A a 1.09 ± 0.00B a

170 1.03 ± 0.00A e 1.04 ± 0.00C d 1.07 ± 0.00C c 1.07 ± 0.00B b 1.08 ± 0.00C a

90 1.03 ± 0.00A d
1.02 ± 0.00D e 1.04 ± 0.00D c 1.06 ± 0.00C b 1.08 ± 0.00C a

Batter Bostwick number (cm)

420 7.42 ± 0.01A a 7.19 ± 0.00D b 7.02 ± 0.02D c 6.85 ± 0.00D d 6.69 ± 0.00D e

280 7.41 ± 0.01A a 7.29 ± 0.01C b 7.14 ± 0.01C c 6.98 ± 0.00C d 6.81 ± 0.01C e

170 7.40 ± 0.01A a 7.35 ± 0.00B b 7.28 ± 0.01B c 7.13 ± 0.01B d 7.03 ± 0.01B e

90 7.42 ± 0.01A a 7.40 ± 0.01A a 7.37 ± 0.01A b 7.29 ± 0.02A c 7.16 ± 0.01A d

*Values are the average of triplicates ± standard deviation. Different capital letters in each column and small letters in each row (for each
characteristic) indicate significant statistical difference (α < 0.05).

Table 3 Density of the cakes containing different levels and
particle sizes of wheat bran*.

Particle size
(μm)

0% 5% 10% 15% 20%

420 0.315A a 0.311A b 0.307B c 0.302C d 0.301C d

280 0.315A a 0.312A b 0.308B c 0.305C d 0.304B d

170 0.315A a 0.313A b 0.310A c 0.307B d 0.305B e

90 0.315A a 0.314A a 0.312A b 0.310A b 0.309A c

*Values are the average of triplicates. Different capital letters in
each column and small letters in each row indicate significant
statistical difference (α < 0.05).
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increase the cake volume. In opposition, a high increase
of batter consistency could obstruct the expansion and
reduce the cake volume.

Determination of the crust color of the samples
(Table 4) showed that with increasing bran particle size
and percentage, the L- and b-values decreased slightly,
while the a-value increased. This means that the crust
became darker, more reddish and less yellowish. Similar
pattern was also observed for the crumb color (Table 5).
Crust color is mainly affected by the Maillard and cara-
melization reactions occurring during baking of the
cakes. The chemical components of the bran such as
proteins and sugars may enhance such reactions. The

hydrocolloids of the bran can also change the water
availability to these reactions by changing the water
activity. It has been reported that different fibers includ-
ing wheat and oat bran and cellulose microcrystalline
affected the crust color of the cakes. Crumb color is rather
affected by the components used in the cake recipe. Bran
contains natural dark pigments which can affect the
crumb color. With increase in the particle size of the
bran, its dark color becomes more obvious resulting in
the darker crumb color. Similar findings were reported in
the literature [13, 19].

The effects of bran percentage and particle size on
the textural properties of the cakes can be observed in

Table 4 Crust color parameters of cakes containing different levels and particle sizes of wheat bran*.

L-value
Particle size (μm) 0% bran 5% bran 10% bran 15% bran 20% bran

420 80.00 ± 0.00A a 79.04 ± 0.10B a 78.00 ± 0.00B b 76.34 ± 0.20C c 75.07 ± 0.06C d

280 80.00 ± 0.00A a 79.96 ± 0.05A a 79.01 ± 0.01A b 78.34 ± 0.20B c 76.00 ± 0.00B d

170 80.00 ± 0.00A a 79.97 ± 0.05A a 79.63 ± 0.10A a 79.00 ± 0.00A b 78.34 ± 0.20A c

90 80.00 ± 0.00A a 79.99 ± 0.05A a 79.96 ± 0.00A a 79.00 ± 0.00A b 78.96 ± 0.05A b

a-value

420 0.77 ± 0.00A d 0.98 ± 0.05A d 2.03 ± 0.06A c 2.99 ± 0.07A b 3.48 ± 0.06A a

280 0.77 ± 0.00A d 0.86 ± 0.00B d 1.73 ± 0.10B c 2.78 ± 0.05A b 3.09 ± 0.00A a

170 0.77 ± 0.00A c 0.84 ± 0.10B c 1.25 ± 0.01B b 1.99 ± 0.00B b 2.64 ± 0.20B a

90 0.77 ± 0.00A c 0.79 ± 0.00C c 0.99 ± 0.50C c 1.79 ± 0.50B b 2.08 ± 0.00B a

b-value

420 6.98 ± 0.00A a 5.87 ± 0.05C b 5.36 ± 0.06C b 5.09 ± 0.00C b 4.84 ± 0.06C c

280 6.98 ± 0.00A a 6.33 ± 0.00B a 6.05 ± 0.10B a 5.84 ± 0.05C b 5.38 ± 0.00B b

170 6.98 ± 0.00A a 6.84 ± 0.10B a 6.65 ± 0.01B a 6.35 ± 0.00B a 5.74 ± 0.20B b

90 6.98 ± 0.00A a 7.00 ± 0.00A a 7.00 ± 0.00A a 7.00 ± 0.00A a 6.96 ± 0.05A a

Table 5 Crumb color parameters of cakes containing bran of different levels and particle sizes*.

L-value
Particle size (μm) 0% bran 5% bran 10% bran 15% bran 20% bran

420 85.18 ± 0.20A a 83.34 ± 0.10B b 82.58 ± 0.00C c 81.64 ± 0.20D d 80.69 ± 0.06D e

280 85.18 ± 0.20A a 83.68 ± 0.00B b 83.18 ± 0.01B b 82.78 ± 0.20C c 81.84 ± 0.00C d

170 85.18 ± 0.20A a 84.27 ± 0.05A b 83.63 ± 0.10B c 83.42 ± 0.00B c 82.34 ± 0.20B d

90 85.18 ± 0.20A a 84.67 ± 0.50A b 84.06 ± 0.10A b 84.02 ± 0.00A b 83.41 ± 0.40A c

a-value

420 –5.94 ± 0.00A d –5.26 ± 0.50A d –4.46 ± 0.50A c –3.66 ± 0.50A b –2.76 ± 0.50A a

280 –5.94 ± 0.00A c –5.63 ± 0.10A c –5.03 ± 0.00B c –4.06 ± 0.50B b –3.66 ± 0.50B a

170 –5.94 ± 0.30A c –5.86 ± 0.30A c –5.43 ± 0.00B c –4.36 ± 0.00B b –3.86 ± 0.50B a

90 –5.94 ± 0.40A b –6.00 ± 0.0B b –5.65 ± 0.00B b –5.23 ± 0.00C b –4.82 ± 0.00C a

b-value

420 7.96 ± 0.00A a 6.00 ± 0.00B b 5.93 ± 0.10C c 4.78 ± 0.00D d 3.68 ± 0.00D e

280 7.90 ± 0.00A a 6.73 ± 0.00B b 6.00 ± 0.01B b 5.00 ± 0.00C c 4.67 ± 0.50C d

170 7.93 ± 0.00A a 7.63 ± 0.50A a 7.37 ± 0.50A a 6.00 ± 0.00B b 5.33 ± 0.00B c

90 7.95 ± 0.00A a 7.86 ± 0.50A a 7.56 ± 0.50A a 7.09 ± 0.00A a 6.23 ± 0.00A b
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Table 6. The results showed that with increasing bran le-
vel and particle size, the hardness of the cakes increased,
while cohesiveness and springiness of the cakes
decreased. Negative correlation between batter Bostwick
number and cake hardness (R2 = 0.70) and positive cor-
relation between cake density and its hardness (R2 = 0.85)
were found. The correlations between batter density and
either of cake springiness (R2 = 0.70) or cohesiveness
(R2 = 0.78) were negative. Strong correlations between
cake volume, elasticity and chewiness have been estab-
lished, but not between cake volume and cohesiveness or
resilience [19]. Such correlations may indicate that the

texture of the cake is affected notably by the density of
the batter and cake which can be related to the quantity
of air retained by the batter.

To determine the effects of bran particle size on the
sensory attributes of the cakes are given in Table 7. At
both particle sizes tested in this experiment, increasing
the percentage of the bran had negative effect on the
sensory attributes of the cakes, particularly when bran
content of the cakes increased to more than 10%. The
effects of particle size on the cake quality are presented
in Table 8. The results indicate that with the increase in
the particle size, the scores given to the samples reduced,

Table 6 Textural characteristics of the cakes containing different levels of bran of varying particle sizes*.

Hardness (N)
Particle size (μm) 0% bran 5% bran 10% bran 15% bran 20% bran

420 2.69 ± 0.09A e 3.07 ± 0.05A d 3.66 ± 0.09A c 4.21 ± 0.31A b 5.24 ± 0.42A a

280 2.69 ± 0.09A e 2.84 ± 0.45B d 3.45 ± 0.37B c 4.01 ± 0.35A b 4.87 ± 0.01B a

170 2.69 ± 0.09A d 2.77 ± 0.32C d 3.36 ± 0.15B c 3.88 ± 0.14B b 4.45 ± 0.14C a

90 2.69 ± 0.09A d
2.69 ± 0.32C d 3.23 ± 0.35C c 3.64 ± 0.42C b 4.23 ± 0.23D a

Cohesiveness

420 0.83 ± 0.01A a 0.81 ± 0.04A b 0.75 ± 0.01C c 0.65 ± 0.00D d 0.54 ± 0.00D e

280 0.83 ± 0.01A a 0.82 ± 0.04A a 0.78 ± 0.00B b 0.68 ± 0.00C c 0.66 ± 0.02C c

170 0.83 ± 0.01A a 0.82 ± 0.01A a 0.81 ± 0.01A b 0.76 ± 0.00B c 0.73 ± 0.01B d

90 0.83 ± 0.01A a
0.83 ± 0.05A a 0.82 ± 0.04A a 0.80 ± 0.00A b 0.79 ± 0.02A b

Springiness

420 0.91 ± 0.01A a 0.91 ± 0.02A a 0.87 ± 0.02C b 0.84 ± 0.02C c 0.80 ± 0.01D d

280 0.91 ± 0.01A a 0.92 ± 0.02A a 0.88 ± 0.05B b 0.86 ± 0.01B c 0.83 ± 0.05C d

170 0.91 ± 0.01A a 0.91 ± 0.00A a 0.89 ± 0.02A b 0.87 ± 0.03A c 0.84 ± 0.01B d

90 0.91 ± 0.01A a 0.92 ± 0.03A a 0.90 ± 0.01A b 0.87 ± 0.01A c 0.85 ± 0.04A d

*Values are the average of triplicates ± standard deviation. Different capital letters in each column and small letters in each row (for each
color parameter) indicate significant statistical difference (α < 0.05).

Table 7 Sensory evaluation of the cakes made with different levels of bran with the largest (420 μm) and smallest (90 μm) particle sizes
used in this study*.

Bran particle size; 420 μm

Bran level (%) Crust Color Crumb Color Crust Texture Crumb Texture Taste Total Acceptance

0 4.6 ± 0.0a 4.8 ± 0.0a 3.5 ± 0.1a 4.5 ± 0.2a 4.7 ± 0.2a 4.7 ± 0.5a

5 4.6 ± 0.1a 4.7 ± 0.1a 3.5 ± 0.0a 4.2 ± 0.2a 4.5 ± 0.2a b 4.2 ± 0.1a b

10 4.5 ± 0.0a 4.7 ± 0.1a 3.3 ± 0.2a 3.5 ± 0.1b 4.3 ± 0.1b 4.2 ± 0.1a b

15 4.4 ± 0.2a b 3.2 ± 0.2b 3.3 ± 0.1a 2.8 ± 0.1c 3.8 ± 0.1c 3.9 ± 0.2b c

20 4.3 ± 0.0b 3.2 ± 0.0b 3.3 ± 0.2a 2.5 ± 0.1c 3.7 ± 0.1c 3.7 ± 0.1c

Bran particle size; 90 μm

0 4.6 ± 0.0a 4.7 ± 0.0a 3.5 ± 0.1a 4.8 ± 0.2a 4.7 ± 0.0a 4.7 ± 0.2a

5 4.7 ± 0.0a 4.6 ± 0.0a 3.5 ± 0.1a 4.6 ± 0.2a 4.6 ± 0.1a b 4.5 ± 0.2a b

10 4.6 ± 0.2a 4.4 ± 0.2a 3.2 ± 0.2a 4.1 ± 0.1b 4.5 ± 0.1b 4.0 ± 0.2b

15 4.6 ± 0.0a 4.7 ± 0.0a 3.3 ± 0.0a 3.4 ± 0.1c 3.3 ± 0.1c 3.2 ± 0.1c

20 4.6 ± 0.1a 4.3 ± 0.1b 3.4 ± 0.1a 3.2 ± 0.1c 3.4 ± 0.1c 3.5 ± 0.8c

*Values are the average of triplicates ± standard deviation. Different letters in each column indicate significant statistical difference for each
particle size (α < 0.05).
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particularly when the particle size increased to more than
170 μm. From the results it may be concluded that the
addition of bran with particle size of less than 170 μm
at levels less than 15% results in cakes with similar
sensory quality to that of cakes with no bran.
Determination of the total dietary and phytic acid con-
tent of these samples was about 5.95% and 2.9 mg/g,
respectively. It has been indicated that heating can
reduce the amount of phytic acid [37]. Therefore, the
phytic acid content of the cakes may even be less than
the values calculated in this study.

Conclusion

The results of this study indicated that it is possible to
increase the fiber content of sponge cake by addition of

wheat bran. However, inclusion of wheat bran had some
undesirable effects on batter and cake quality as well as
increasing the phytic acid content. Selection of the appro-
priate particle size and level of the bran can minimize
these adverse effects. Inclusion of bran in the cake recipe
increased consistency and density of the batter, darkened
the cake crust and crumb, decreased cake volume and
increased its hardness. These effects were more pro-
nounced when higher levels and larger particle sizes
were used. Apparently, the effects of bran percentage
on the physical properties of the batter and cakes were
greater than those of bran particle size. Such effects were
recognized by the panelist only when more than 10%
bran with particle size greater than 170 μm was included.
The resulting cake had about 6% fiber and 2.9 mg/g
phytic acid contents.
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