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Some Properties of Batter and Cake
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ABSTRACT

Wheat germ, a highly nutritive part of wheat kernels, is separated during milling as a
by-product. In this study, wheat germ was used to supplement cakes. Different levels of
the germ (0, 5, 10, 15 and 20%) at different particles sizes (280, 585, 890 and 1,195 pm)
were added to a cake recipe. The results showed that with increasing the germ level and
particle size, batter consistency and density of the cakes increased significantly, while the
height of the cakes decreased. With increasing the germ level and its particle size, the
crumb became slightly yellow while the crust color and the textural parameters (TPA
test) remained unaffected. Determination of the sensory attributes of the samples showed
that the particle size was negatively correlated with the crumb color and texture of the
cakes, while other sensory parameters remained unaffected. In general, 15% of germ was
the highest level and 280 um was the most suitable particle size (as recognized by the
panelists) for the production of an appropriate germ cake.
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INTRODUCTION

Cakes are popular, ready to eat and low
price foods, therefore, enrichment of these
products with minerals, vitamins and fibers
is of great importance. Wheat germ is a
highly nutritive part of wheat which is
separated during milling as a by-product and
has the potential to be used for food
supplementation (Shurpalekar et al., 1978;
Ragaee et al., 2006). It has been used for
supplementation of cookies by Bajaj et al.
(1991) who indicated that the cookies
containing 30% germ were of superior
overall acceptability. Arshad et al. (2007)
reported that by the replacement of 15%
defatted germ, cookies with higher
nutritional quality and improved sensory
attributes were obtained. With the aim of
reducing the sugar content of the sponge
cake, Baeva et al. (2000) produced a
diabetic cake using wheat germ. Little

information was found in the literature to
show the effects of wheat germ on cakes. It
has been documented that the particle size of
the fibers used for the production of fiber-
rich cake had some influence on the
physicochemical properties of the final
product (Gémez et al., 2010). Accordingly,
selection of the suitable particle size of the
germ may be important for the production of
germ cake. The objectives of this study were
to determine the appropriate level and
particle size of the wheat germ to produce
acceptable germ cakes.

MATERIALS AND METHODS

Wheat germ and cake flour (with
extraction rate of 72/ according to the
manufacturer) were obtained from Sepidan

milling factory, Zarghan, Iran. Other
ingredients for cake making were purchased
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from the local market. Chemicals for
analytical tests were obtained from Merck,
Germany.

Determination of the Chemical
Composition

The chemical compositions of the germ
based on dry weight (including
11.68+0.40% moisture, 30.64+0.35% crude
protein, 11.70+0.40% crude fat, 5.34+0.25%
crude fiber and 4.55+0.10% ash) and the
flour (including 11.50+£0.30% moisture,
9.35£0.40% crude protein, 0.43+0.20%
crude fat, 0.30+0.05% crude fiber and
0.52+0.10% ash) and the moisture content of
the cakes (13.5+0.5%, dry weight basis)
were determined according to the AACC
methods (1383) (Methods 46-12, for protein,
44-15 for moisture, 08-01 for ash, 50-20 for
fat and 32-15 for crud fat content).

Milling of the Germ

The germ (with average particle size of
1,500 um, as determined by sieving) was
milled using a  laboratory  mill
(Alexanderwerk, Model WELS?2,
Remscheid, Germany) and sieved manually
to obtain four different particle sizes of 280,
585, 890 and 1,195 pm. Then they were
packed and sealed in polyethylene bags and
stored at -18°C.

Production of Batter

First the whole eggs (20 g) and sugar
(37.5 g) were beaten using a professional
cake mixer (Moulinex, Model HM 1010,
Beginning, China) until white foam was
formed. Then invert syrup (37.5 g) with Brix
70 (produced by boiling 250 g sugar in
100ml of water and 2ml of 11% acetic acid),
yoghurt (18.5 g) and oil (37.5 g) were added
to the foam and mixed slightly. Baking
powder (Hermin, Karaj, Iran) and vanilla
powder (2.5 g each) were mixed well with

828

wheat flour (100 g) and added gradually to
the foam and mixed gently. To include germ
in the recipe, the flour was replaced with O,
5, 10, 15 and 20% of the germ of different
particle sizes. The combination treatments of
the germ level and particle size (26
individual experiments) were determined by
response  surface  methodology  using
statistical software of Design Expert 6 (State
Ease, USA) (Table 1).

Table 1. Different treatments as determined
by the Design Expert software for the effect of
particle size and germ level on wheat germ
cake.

Experiment Particle Germ
number size (um) level (%)
1 282 20
2 427 10
3 1500 10
4 750 10
5 750 10
6 282 10
7 750 5
8 427 20
9 282 0
10 427 10
11 1500 0
12 1500 20
13 1500 20
14 282 20
15 427 15
16 427 0
17 750 10
18 427 5
19 282 0
20 750 20
21 1500 15
22 750 15
23 282 15
24 282 5
25 1500 5
26 750 0

Determination of the Batter Consistency

100g of the batter at ambient temperature
(2020.5°C) was poured in the reservoir of a
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Bostwick consistometer and left for 2
minutes and then the distance moved by the
batter (cm) during 15 seconds was
determined. The higher values correspond to
the lower batter consistency (Baeva et al.,
2000).

Baking of Cakes

Equal portions of the batter (20 g) were
poured on greased paper inside round cake
moulds (5x3 cm diameter-height). Then the
moulds were placed in an electrical baking
oven (Karl Welker kg, Venusberg str,
Germany) and baked at 200°C until a golden
brown crust was formed (22 minutes). The
cakes were then left at ambient temperature
to cool down for 1 hr and removed from the
moulds, packed and sealed in polyethylene
bags and kept at room temperature.

Determination of the Cakes Volume and
Height

The volume of the samples was
determined using the rapeseed displacement
method (Baeva et al., 2000). A digital
caliber was used to measure the cake
heights.

Color Determination

The color parameters of the cakes crust
and crumb were evaluated using a modified
method of Yam and Papadakis (2004). 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), 60% and 60%,
respectively. To determine the crust color,
pictures were taken from the whole crust,
while 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
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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.

Measurement of the Cakes Texture

The texture of the cakes was studied using
a Texture Analyser (TA-XT2, Stable Micro
System 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 10s and strain
deformation of 25%. To determine the
texture of the cakes, 1 cm of the top of the
cake was removed to make the surface level.
Then, the rest of the sample was tested using
a cylindrical probe with a diameter of 80
mm. From the force-distance curve, the ratio
of the positive area under the first and
second compression was defined as
cohesiveness. The distance that the food
recovered its height during the time that
elapsed between the end of the first bite and
the start of the second bite was defined as
springiness (elasticity). The slope (gradient)
of force-deformation curve and maximum
force of the first bite of TPA test were taken
as indications of crumb hardness.

Sensory Evaluation

Cakes were served to 12 in-house semi-
trained panelists (6 males and 6 females, age
between 20-30 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 O (for the worst) to 5 (for the
best) sample. To avoid confusion of the
panelists as a result of so many samples to
evaluate, the test was performed at two
stages. First; the effect of particle size on the
sensory evaluation of the samples was
determined by making cakes with different
particle sizes of the germ, but of constant
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level. Second; to determine the best level of
the germ, cakes were made from different
levels of the germ but of constant particle
size (which was selected as the most suitable
particle size in the previous stage). All the
sensory tests were performed in isolated
standard booths under standard condition
(Watts et al., 1989).

Statistical Analysis

The experiments were performed in a
completely  randomized 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 Range Duncan's test (a<
0.05) using the statistical software of SPSS
16. To model the data and estimate any non-
linearity in the relationships between the
parameters under study and to obtain the
best model (i.e. quadratic model) Design-
Expert 6.0.2 and D-optimal Response mode
was used. All variables and their interactions
with significant effect in each model were
kept and any variable or interactions without
significant effect were removed as indicated
by the software (Farahnaky and Hill, 2007).
Therefore, all the experiments were
performed using 26 samples.

RESULTS AND DISCUSSION

Chemical Composition of the Germ and
Cake Flour

Batter Consistency

Determination of the batter consistency at
ambient temperature showed that it
increased with increasing the germ particle
size and level (Figure 1). This may be
attributed to the higher water absorption of
the germs with larger sizes. Gémez et al.
(2010) reported that the density of batter
increased with increasing the particle size of
the fibers used. Fibers and proteins in the
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germ can absorb water and increase the
consistency of the batter. They may also
interact with proteins, starch and other
hydrocolloids of the flour and form a
network which can trap some water and
hence increase the batter consistency
(Gémez et al, 2007). At ambient
temperature, most of the sugars remain
insoluble since the water is insufficient to
dissolve them, however, the soluble portion
may enhance the viscosity of the batter.
Another possible explanation is an emulsion
effect that occurs when mixing so that the
incorporation of air and its distribution into
small bubbles is affected. Thus, the higher
the particle size of the germ, the larger the
formed bubbles. Furthermore, the batter
consistency increased with increasing the
level of fats in batter recipe. The result is in
agreement with McWatters (1978) who
indicated that increasing the consistency of
the dough made by replacing the flour with
non-wheat flours, is attributed to the rapid
partitioning of free water to hydrophilic sites
during mixing. Apparently, the glutathione
had no significant effect on cake batter
consistency since there is a weak gluten
network in the batter.

Batter consistency must be sufficient to
retain the air incorporated during mixing and

1/consistency (cm)

20 1500 Particle size (micrometer)

Figure 1. Consistency of batter at ambient
temperature as a function of germ level and
particle size.
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the CO, produced by the sodium bicarbonate
during baking. If the consistency of the
batter is too low, air bubbles will escape
quickly during baking resulting in a low
cake volume (Pomeranz, 1988). Moreover,
some large starch granules sink easily and
accumulate at the bottom of the cake leading
to the formation of a rubbery layer
underneath of the cake. Very high batter
consistency is not suitable either, since it
dose not allow enough air bubbles to form
during batter mixing and can impede
expansion (Gémez et al., 2010; Hoseney,
1994). The empirical model obtained from
Design Expert software (Table 2) indicates
the simultaneous effect of the germ level and Figure 2. Height of the germ cakes as a
particle size on the batter consistency with function of germ level and particle size.
high correlation (R*= 0.92, P< 0.05).

Height (mm)

20 1500 Particle size (micrometer)

Physical Properties of the Cakes

Height and Density

With increasing the level and particle size
of the germ, the height of the cakes
decreased (Figure 2). Reduction in cake
height may indicate that less air bubbles
were formed in the batter to contribute to
cake volume during baking. This can be
attributed to the increase in batter
consistency (as shown in Figure 1).
Consequently, the density of the cakes
increased slightly with increasing the germ Figure 3. Density of the germ cakes as a
level and particle size (Figure 3). Air function of germ level and particle size.
distribution in the batter plays an important

Density (g/cm3)

Table 2. Equations obtained in the D-Optimal mode of response surface methodology (given by Design Expert
software) in terms of actual factors: effect of wheat germ level (%) and particle size (um) on each measured
parameter of the cakes. Regression coefficients (R”) between the actual and predicted values are given.

Parameter Equations in terms of actual factors: Effect of %wheat germ and storage time R?

1/Consistency (cm) 13.2  -4.6E-003xParticle size-0.2xGerm level+2.4E-006x Particle 0.92
s5ize*+6.8E-003x Germ level *-1.1E-004x Particle sizexGerm level

Height (mm) 34.4 -4.1E-003x Particle size-0.1xGerm level+1.7E-006x Particle size’-
5.6E-005%Particle sizexGerm level 0.75
Density (g cm™) 0.6+3.9E-004x Particle size+4.8E-003xGerm level-2.0E-007x Particle
size’+8.1E-006x Particle sizexGerm level 0.86
Crumb b-Value 44.8+0.01x Particle size+1.1xGerm level -7.1E-006xParticle size *-
0.03xGerm level’ 0.67
831
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role and with increasing the number of
bubbles, the mobility and coalescence
increase. Therefore, the bubbles outflow
easier during baking causing more
diminution of the cake volume and height.
The results are in agreement with those of
Arshad et al. (2007). It has been indicated
that sugars and lipids which are present in
the germ, can affect starch gelatinization
process and its structural changes after
cooking depending upon their type and
concentration (Moore and Hoseney, 1986;
Chang et al, 2004; Torley and van der
Molen, 2005). If these components delay
starch gelatinization, most of the air bubbles
may escape during baking and the cake may
have low volume and high density. Gémez
et al. (2010) indicated that if the cake recipe
contains baking powder, the density of the
batter will have no correlation with the cake
volume. If it is too dense, the CO, produced
from baking powder during baking cannot
increase the height of the cake. Table 2
shows the empirical model obtained from
Design Expert software for the simultaneous
effects of the germ level and particle size on
the cake height and density with high
correlations (R obtained for cake height and
density were 0.72 and 0.86, respectively).

Cake Texture

No significant effect of the germ level on
crumb hardness was observed that is in
agreement with observations made by
Arshad et al. (2007). Gémez et al. (2008)
and Gémez et al. (2010) reported a strong
correlation between bread and cake volume
and their firmness. However, in this study no
correlation between the height of the cake
and its hardness was found. This can be
related to the presence of other components
of the germ particularly lipids which can
compensate for the hardness and leave it
unaffected.

The average cohesiveness of about 0.8
found for all cakes indicates that the first
bite destroyed about 20 percent of cake
structure, i.e. it weakened the structural
integrity of cake texture (data not shown).
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However, statistical analysis showed no
significant effect of the germ on the
cohesiveness of the cakes. GOmez et al.
(2010) found no correlation between volume
and cohesiveness of the cakes made with
different levels of fibers. Elasticity data of
the samples calculated by the recovery of the
height of compressed sample between the
first and second bites of TPA test indicate
that neither germ level nor particle size had
a significant effect on this parameter. This
confirms no effect of germ level or particle
size on springiness of the cake samples.

Cake Color

In general, the color of the cake crust is
affected by the Millard and caramelization
reaction during baking, while the crumb
color is affected by the components used in
the formulation. The results indicated (data
not shown) that the L-value of the crust
decreased slightly with increasing the germ
level. Moreover, the a- and b-values
increased slightly with increasing germ
level. However, these changes were not
significant. Furthermore, no pattern could be
determined for the effect of germ particle
size on the color parameters of the crust.

Determination of the crumb color
revealed that the L-value of the crumb
decreased slightly with increasing germ
level. Moreover, L-value of the crumb
increased slightly with increasing the
particle size. The a-value of the crumb
showed no pattern with increasing germ
level, whilst it decreased with increasing the
particle size. None of these changes were
significant and they had very low
correlations with germ level or particle size.
However, the b-value of the crumb increased
with increasing the germ level and decreased
with increasing the particle size (Figure 4).
These results may indicate that increasing
the germ level could increase the yellowness
of crumb color due to the presence of yellow
pigments in the germ. Table 2 shows the
effect of the germ level and particle size on
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Figure 4. The blueness-yellowness (b-value)
of the cake crumb as a function of germ level
and particle size.

the b-value of cake crumb with good
correlation (R’= 0.67).

Sensory Evaluation

To determine the effect of particle size on
the sensory characteristics of the samples,
cakes were made using a constant level of
germ but of different particle sizes. The
results (Figure 5-A) showed that the scores
given to the texture of the cakes decreased
with increasing the particle size. The
panelists indicated that the crumb became
slightly grainy and course when higher
particle sizes were added. A strong negative
correlation between the texture and particle
size was determined (R’= 0.96). For crust
color, no correlation (R*= 0.23) between the
particle size and the color was found (data
not shown). However, the crumb color has a
fair correlation (R’= 0.50) with particle size
(Figure 5-B). No obvious correlation
between the particle size and the taste of the
samples was obtained (data not shown).
Amongst different particle sizes, the
smallest one (i.e. 280 um) had less
undesirable effects on the sensory attributes.

To determine the best level of the germ,
cakes were made with different levels of the
germs with constant particle size of 282 wm.
The results (Table 3) showed that the scores
obtained for taste decreased significantly
when a higher level of the germ (> 10%)
was used. The panelists indicated that the
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taste became too sweet and felt oily in the
mouth. Furthermore, they could not
distinguish any changes in the crust color.
Crumb color, however was affected by the
germ level and the scores decreased with
increasing the germ level. This can be
related to the increase in yellowness of the
crumb. The texture of the cakes was affected
adversely when more than 15% of the germ
was included in the cake recipe. This can be
attributed to the increase in the softness of
the samples. No significant changes of the
textural properties of the samples could be
determined instrumentally (using TPA),
however, the panelists were able to
recognize these changes. The overall
acceptability of the samples remained the
same for the samples containing 0-10% of
the germ, however, at higher levels the
overall acceptability decreased significantly.
This can be related to the reduction in the
taste, crumb color and texture quality of the

@A)
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Figure 5. Evaluation of the texture (A) and
crumb color (B) of the cakes made from
different particle sizes of the germ as
determined by the taste panels.
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Table 3. Sensory evaluation of the cakes made with different levels of the germ with the particle size of

280 um’.
Germ level (%) Taste Crust color  Crumb color Texture Overall acceptability
0 40+02° 42£02°  46+02° 45£02° 4502
5 42+02° 40+03°  40+03° 4202 4302
10 43+03" 42+03"  35+02"  4.0+03® 40£0.3"
15 37+02°  38+02° 33+04° 3.7+02° 37402
20 25+02° 37+03* 28+02 3.0+02° 3.0+0.3°

* Values are the Mean of triplicates+Standard deviation. Different letters in each column show the

statistical differences (P< 0.05).

samples with increasing the germ level.
From the sensory evaluation results, it can
be concluded that increasing the germ level
to more than 15% is not suitable for the
cakes made in this study and higher levels of
the germ can deteriorate the quality of the
cakes.

CONCLUSIONS

Wheat germ without any pretreatment for
glutathione inactivation can be used in cake
recipe. However, it can have some effects on
physicochemical properties of batter and the
resultant cake. The chemical composition
and level of the germ used in the cake
recipe, as well as its particle size are
determining factors affecting the quality of
the batter and cakes and should be controlled
to attain an acceptable product. Based on the
results, the batter consistency increased with
increasing germ level and particle size. This
may affect batter handling particularly when
industrial cake production is considered.
Accordingly, the volume of the cake
decreased which may affect the quality of
the cakes adversely. Textural properties of
the cakes including cohesiveness and
elasticity were not affected by either the
germ level or particle size. Addition of germ
was able to slightly increase the yellowness
of the crumb, while the crust color remained
unaffected. From the sensory evaluation
results it was found that the particle size of
the germ had significant effects on the
texture and crumb color, while other quality
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attributes of the cakes were not affected.
Accordingly, the cakes made with the
smallest particle size (i.e. 280 wm) received
the highest scores. The highest level of the
germ was 15% to maintain the sensory
attributes of the cakes.
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