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Abstract In this study, the effects of different gums on di-
electric properties of doughs and breads baked in infrared-
microwave combination oven were investigated. In ad-
dition, the quality parameters of breads formulated with
different gums baked in infrared-microwave combination
oven were determined. The gums used were xanthan, guar,
xanthan-guar blend and κ-carrageenan. The gums were
added to the formulation at 0.5% concentration. The di-
electric properties and quality parameters of breads baked
in infrared-microwave combination oven were found to be
dependent on gum type. κ-carrageenan resulted in undesir-
able final bread quality, while xanthan-guar blend addition
improved bread quality (high specific volume and poros-
ity, low hardness values). The dielectric properties of bread
samples formulated with κ-carrageenan were found to be
the highest among the other gum types.
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Introduction

The dielectric properties of food materials are finding in-
creasing interest as microwave processing and new com-
bination processing technologies are adapted to be used in
food industry. The interaction of microwave energy with
a material is highly dependent on the dielectric properties
of that material. The dielectric properties describe a ma-
terial’s ability to absorb, transmit and reflect electromag-
netic energy [1]. Knowledge of the dielectric properties of
food materials is not only important to understand the heat-
ing patterns during microwave and microwave-assisted (i.e.
infrared-microwave combination heating) heating of foods,
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but it also plays a critical role in developing product, process
and equipment with consistent and predictable properties
[2]. Dielectric properties are dielectric constant and dielec-
tric loss factor, which are dependent on composition of a
substance (moisture, oil, salt content, etc.), temperature and
frequency [3].

The near infrared-microwave combination heating is a
new method for baking industry. It combines the colour and
crust formation advantages of near infrared heating with the
time saving advantage of microwave heating [4]. Infrared-
microwave combination heating has been recently used for
baking of breads [4, 5] and cakes [6]. Crumb firmness
and weight loss of breads baked in infrared-microwave
combination oven were found to be higher as compared
to that of conventionally baked ones [4] and therefore, it
was aimed to prevent this problem by modifying the bread
formulation with the addition of different gums.

Gums are widely used in baked goods to enhance
dough handling properties, to increase overall quality
of the fresh products and to extend shelf-life of stored
goods. There are studies in literature about the effects of
different hydrocolloids on quality of conventionally baked
breads [7–9]. Rosell et al. [7] investigated the effects of
different hydrocolloids (sodium alginate, κ-carrageenan,
xanthan gum and HPMC) on the final quality of breads
and found that the hydrocolloids increased the specific
volume, with the exception of alginate, as well as both
moisture retention and water activity. The effect of
hydrocolloids (sodium alginate, κ-carrageenan, xanthan
gum and HPMC) on fresh bread quality and bread staling
were studied by Guarda et al. [8] and it was found that
bread quality was improved with the usage of these
hydrocolloids. In addition, all hydrocolloids were able to
reduce the loss of moisture content during bread storage.
Ribotta et al. [9] investigated the effects of hydrocolloids
(low molecular weight sodium alginate, carob gum, guar
gum, xanthan gum, high metoxyl pectin and carrageenan
isoforms) on bread quality and found that the addition
of hydrocolloids affected bread quality in different ways.
The effects of gums (xanthan and guar) at different
concentrations on fresh and frozen microwave-reheated
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breads were studied by Mandala [10]. It was found that
both hydrocolloid type and concentration influenced the
final quality of the fresh bread samples to a different extent.

For microwaveable food formulations, it is important to
have information on the water binding capacity of the gums
and viscosity of the solution to have an idea about the di-
electric properties and microwave heatability of these for-
mulations. Gums have ability to bind high amount of free
water in the system. Therefore, depending on the moisture
bound to the gums, which can change polarization, interac-
tion of food with microwaves is expected to change in the
presence of gums [1].

In literature, the studies about dielectric properties of
gums are limited. Predictive models were determined by
expressing both the dielectric constant and loss factor of
gums in powdered form as a function of moisture, tem-
perature and stoichiometric charge of the molecule [11].
There is no study in literature about the effects of different
gums on dielectric properties of bread dough and bread.
Moreover, quality parameters of breads formulated with
different gums baked in infrared-microwave combination
oven have not been studied yet.

The objective of this study was to investigate the effects
of different gums on dielectric properties of doughs and
breads baked in infrared-microwave combination oven. In
addition, the quality parameters (moisture content, specific
volume, hardness, porosity) of breads formulated with dif-
ferent gums and baked in infrared-microwave combination
oven were also compared.

Materials and methods

Dough preparation

Bread flour containing 30% wet gluten, 13.5% moisture
and 0.54% ash was used in the study. The dough was pre-
pared according to the hamburger bread formulation, which
was 100% flour, 8% sugar, 6% milk powder, 2% salt, 3%
yeast, 8% margarine, 55% water on flour weight basis. The
gums used were guar gum (Guar Gum Powder HV-101
FCC, AEP Colloids Inc., NY, USA), xanthan gum (XAN-
80 NF FCC, AEP Colloids Inc., NY, USA), κ-carrageenan
(Calcium Carrageenan, AEP Colloids Inc., NY, USA) and
xanthan-guar blend. The gums were added to the dough
formulation at 0.5% concentration. The gums, xanthan and
guar gums were mixed at equal concentrations to obtain
the blend. As a control, no gum was added to the formula-
tion. Dough was prepared by using straight dough method
[12]. First of all, the dry ingredients were mixed. Yeast
was dissolved in water at 30 ◦C. Margarine was melted and
added to the dry ingredients in liquid phase together with
dissolved yeast. All the ingredients were mixed by a mixer
(Kitchen Aid, 5K45SS, USA) for 3 min. After complete
mixing of the dough, it was placed into the incubator at
30 ◦C for fermentation. The total duration of the fermen-
tation was 105 min. After the first 70 min, the dough was
taken out of the incubator, punched and placed into the
incubator again. A second punch took place after 35 min.

After fermentation, the dough was divided into 50 g pieces.
Each piece was shaped and placed into the incubator for the
last time for 20 min under the same incubation conditions.

Infrared-microwave combination baking

Infrared-microwave baking was performed in combina-
tion oven (Advantium ovenTM, General Electric Company,
Louisville, KY, USA). The power of microwave oven has
been determined as 706 W by using IMPI 2-l test [13].
There was a rotary table in the oven to improve heating uni-
formity of samples. Halogen lamps at the top and bottom
were operated at the same power during halogen lamp bak-
ing. Four breads were baked at 70% halogen lamp power
and 20% microwave power for 8 min. Preliminary experi-
ments showed that breads baked in combination oven lost a
significant amount of moisture [4], therefore, two beakers,
each containing 400 ml water, were placed at the back
corners of the oven to provide humidity during baking [5].

Analysis of dough and bread

Temperature measurement

Fiber optic temperature probes were placed at the center
of the dough and temperature was measured using a FISO
real-time measurement system (FISO Technologies, Inc.,
Quebec, Canada).

Specific bulk volume and porosity

Bread specific bulk volume (Vb) was determined by the
rapeseed displacement method [14]. Specific solid volume
(Vs) of the same bread was also determined by rapeseed
method after compacting the bread to exclude all the pores.
Then, total porosity was calculated from the following
equation;

ε = (Vb − Vs)/Vb (1)

Hardness

The hardness of bread samples was measured with Texture
Analyser (TA Plus, Lloyd Instruments, UK) equipped with
a 50 N load cell. Breads were compressed for 25% at a speed
of 55 mm/min. Bread samples were prepared according
to the method of AACC [14]. A cylindrical probe with a
diameter of 10 mm was used. The texture analysis of bread
samples were performed after 1 h cooling at 25 ◦C.

Moisture content

Moisture content of bread samples was determined by dry-
ing the samples in an oven at 105 ◦C until constant weight
was obtained.
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Dielectric properties

The open-ended coaxial probe method was used to mea-
sure dielectric properties of dough and bread samples. The
dielectric measurement system includes HP85070 open-
ended coaxial high temperature probe (Agilent Technolo-
gies Inc., Palo Alto, CA, USA) and a S-parameter network
analyser (Agilent 8722ES, Agilent Technologies, Inc., Palo
Alto, CA, USA). The system was calibrated by measure-
ments on air, short and distilled water. Measurements were
made at 2450 MHz.

Dielectric properties of dough and bread samples were
measured at 23 ◦C. Doughs were prepared without yeast
addition and fermentation. Dielectric properties of dough
were measured immediately after the dough was prepared.
When breads were considered, they were taken out of the
oven, covered with stretch film and kept in a plastic bag
until measurement. Breads were sliced in the radial direc-
tion to have a thickness of 20 mm by using a razor blade
for measuring dielectric properties of crumb. Probe was
contacted to the cut bread surface at the central region.

Water binding capacity

The water binding capacities of gums were measured using
the method of Medcalf and Gilles [15]. Two and a half g
of the mixture of dry ingredients of dough was mixed with
37.5 ml deionised water in a tarred 50 ml centrifuge tube.
The tube was then capped and agitated using an environ-
mental incubator shaker for 1 h. It was then centrifuged for
10 min at 2200 × g. The water was decanted and the tube
tipped up and allowed to drain for 10 min. The tube was
then weighed and the amount of water held by the sample
determined by subtracting the initial weight of the sample
from the weight of ‘treated’ sample. The water binding
capacity was calculated from the following equation:

WBC(w/w)

= (Weight of treated sample - Initial weight of sample)

Initial weight of sample

(2)

Statistical analysis

Analyses of variance (ANOVA) was performed to deter-
mine whether there is significant difference between differ-
ent gum types (p ≤ 0.05). Variable means were compared
by Tukey Single Range test by using Minitab, statistics
programme (Minitab 14).

Results and discussion

In the first part of the study, the effects of different gums
(xanthan, guar, xanthan-guar blend and κ-carrageenan)
on quality parameters (moisture content, specific volume,

Fig. 1 The effects of different gums on specific volume of breads
baked in infrared-microwave combination oven (∗Bars with different
letters (a, b, c, d) are significantly different p ≤ 0.05)

hardness, porosity) of breads baked in infrared-microwave
combination oven were investigated.

The effects of different hydrocolloids on specific vol-
ume of the breads baked in infrared-microwave combina-
tion oven can be seen in Fig. 1. Although, the specific
volume of breads formulated with xanthan or guar gums
were not significantly different from the control breads,
breads formulated with xanthan-guar blend showed a sig-
nificant increase in specific volume of bread samples. This
may be explained by the synergistic effects of xanthan and
guar gums. Breads formulated with κ-carrageenan had the
lowest specific volume (Fig. 1). There are some studies in
literature showing that κ-carrageenan addition to the formu-
lation resulted in an increase of specific volume [7, 8]. On
the other hand, Ribotta et al. [9] showed that κ-carrageenan
did not improve the specific volume of breads. The differ-
ence in the results of different studies may be due to quality
of wheat flour, the amount of water used in the bread recipe
and differences in nature, origin, particle size and dosages
of hydrocolloids. κ-carrageenan is a natural hydrocolloid
isolated from red seaweeds, showing different properties
depending upon its specie source and extraction procedure
followed by the suppliers.

The hardness of the breads formulated with xanthan, guar
and κ-carrageenan gums were found to be not different from
that of control breads (Fig. 2). Similar results were obtained
for κ-carrageenan gum in a study by Guarda et al. [8], which
showed that κ-carrageenan did not produce any effect on
hardness of breads. On the other hand, xanthan-guar blend
addition to the formulation resulted in a significant decrease
in hardness value of breads. Textural attributes could be cor-
related to structural characteristics of the crumb (specific
volume and porosity), indicating their mutual dependence
[16]. Since the specific volume and porosity of breads for-
mulated with xanthan-guar blend were the highest (Figs. 1
and 3), their hardness values were found to be the lowest
(Fig. 2). The addition of xanthan to the formulation did not
reduce bread hardness at the studied concentration (Fig. 2).
Softer products may be obtained at lower concentration.
Xanthan can thicken the crumb air cell walls [7] and its
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Fig. 2 The effects of different gums on hardness of breads baked in
infrared-microwave combination oven (∗Bars with different letters
(a, b, c, d) are significantly different p ≤ 0.05)

Fig. 3 The effects of different gums on porosity of breads baked in
infrared-microwave combination oven (∗Bars with different letters
(a, b, c, d) are significantly different p ≤ 0.05)

high concentration can enhance this phenomenon leading
to a more compact structure. Similar results were obtained
in literature for conventionally baked breads [8, 9].

As expected from specific volume results, the porosity of
breads formulated with xanthan-guar blend was the highest
(Fig. 3). κ-carrageenan containing breads had lowest poros-
ity values, since specific volume of these breads were the
lowest according to Fig. 1. The decrease in porosity value
of conventionally baked breads formulated with xanthan or
guar gums alone as compared to control breads, was also
observed in other studies [10, 16].

In the second part of the study, the effects of different
gums on dielectric properties (dielectric constant, dielec-
tric loss factor) of doughs and breads baked in infrared-
microwave combination oven were investigated.

When dielectric properties of doughs were considered,
dielectric constant of dough formulated with xanthan-guar
gum blend was found to be lower than control dough
(Fig. 4a). However, the magnitude of this change may
not be of practical importance. Dielectric properties of
xanthan-guar blend is not the average of that of xanthan and
guar gum when used alone. This can be explained by the

Fig. 4 a The effects of different gums on dielectric constant of
doughs (∗Bars with different letters (a, b, c, d) are significantly dif-
ferent p ≤ 0.05); b The effects of different gums on loss factor of
doughs (∗Bars with different letters (a, b, c, d) are significantly dif-
ferent p ≤ 0.05)

synergistic effects of gums. There was no significant differ-
ence between xanthan and xanthan-guar blend containing
dough in affecting dielectric constant. The significantly low
dielectric constant of doughs formulated with xanthan-guar
blend might be due to their higher water binding capacities
(Table 1). Since gums have the ability to bind high amount
of free water in the system, and dielectric properties
depend on free moisture content, interaction of bread with
microwaves is expected to change in the presence of gums.

When dielectric loss factors of dough were taken into
account, dielectric loss factor of doughs formulated with
κ-carrageenan was found to be the highest (Fig. 4b). This
result may be due to the ionic nature of gum κ-carrageenan,
which increases the dielectric loss factor due to the effect

Table 1 Water binding
capacity values for dough
samples formulated with
different gums

Dough type WBC (w\w)

Control 0.551 b ∗
Xanthan 0.910 a
Guar 0.621 b
Xanthan-guar 0.887 a
κ-carrageenan 0.571 b

∗Different letters are
significantly different p ≤ 0.05
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Fig. 5 Transient temperature near the center of breads formulated
with different gums during infrared-microwave combination baking
(�: κ-carrageenan, �: guar, �: xanthan �: xanthan-guar, �: control)

of the ionic property in increasing the free charge density
in the system [1]. The loss factor affects the microwave
heatability of a food product. Since the loss factor of κ-
carrageenan containing dough is significantly higher; the
temperature increase of this dough is significantly higher
than that of the other dough at the initial stages of heating
which can be seen in Fig. 5.

When dielectric properties of breads were taken into ac-
count, both dielectric constant and loss factor of breads
formulated with κ-carrageenan was found to be the highest
(Fig. 6a and b). This result may be due to the ionic nature of
gum κ-carrageenan. Temperature profiles of samples sup-
port the results of dielectric properties also (Fig. 5). The
high dielectric loss factor may increase the heating rate re-
sulting in slightly higher temperatures. Moisture content of
the breads containing different gums was not significantly
different from control breads (Table 2). Gums are added at
low concentrations to the formulation. Therefore, the over-
all increase in dough water absorption due to the addition
of a gum is small. Thus, dielectric properties of these gums
except carrageenan were not significantly different.

The high dielectric properties of carrageenan containing
bread may also be related to its low porosity. The increase in
dielectric properties with bulk density is well known in the
literature [3, 17]. Additionally, since dielectric properties
of dough formulated with κ-carrageenan were found to be
higher, it was not surprising to obtain breads, formulated
with κ-carrageenan, with high dielectric properties.

Table 2 Moisture content data
for breads formulated with
different gums baked in
infrared-microwave
combination oven

Moisture
Bread type content (%)

Control 35.98 a ∗
Xanthan 36.07 a
Guar 35.81 a
Xanthan-guar 36.04 a
κ-carrageenan 35.78 a

∗ Different letters are
significantly different p ≤ 0.05

Fig. 6 a The effects of different gums on dielectric constant of
breads baked in infrared-microwave combination oven (∗Bars with
different letters (a, b, c, d) are significantly different p ≤ 0.05); b The
effects of different gums on loss factor of breads baked in infrared-
microwave combination oven (∗Bars with different letters (a, b, c, d)
are significantly different p ≤ 0.05)

The dielectric properties of breads were lower than those
of doughs which may be explained by the low moisture
content and high porosity of breads. It is known that high
moisture content [18–21] and low porosity [3, 17] causes
high dielectric properties.

Conclusion

Specific volume, hardness, porosity and dielectric proper-
ties of breads baked in infrared-microwave combination
oven were found to be dependent on gum type. The addi-
tion of xanthan-guar gum blend to the formulation resulted
in an increase in specific volume and porosity and a de-
crease in hardness of breads. Xanthan-guar blend can be
recommended to be used in bread formulations for baking
in infrared-microwave combination oven. When xanthan-
guar gum blend was added to the formulation, the dielec-
tric constant and dielectric loss factor of dough decreased
as compared to control dough. Dielectric properties of the
bread samples formulated with κ-carrageenan were found
to be higher than that of control breads and breads formu-
lated with other gums. This high dielectric loss factor of
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κ-carrageenan containing dough may increase the initial
heating rate significantly resulting in higher temperatures
at the initial stages of baking. Dielectric constant and loss
factor data will be helpful for modeling of microwave and
infrared-microwave combination baking of foods and for
developing new microwaveable products.
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