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Abstract Staling of breads baked in different ovens
(microwave, infrared-microwave combination and con-
ventional) was investigated with the help of mechanical
(compression measurements), physicochemical (DSC,
X-ray, FTIR) and rheological (RVA) methods. The effect
of xanthan-guar gum blend addition on bread staling was
also studied. Xanthan-guar gum blend at 0.5% concentration
was used in bread formulation. The gums were mixed at
equal concentrations to obtain the blend. After baking, the
staling parameters of breads were monitored over 5 days
storage. During storage, it was seen that hardness, retro-
gradation enthalpies, setback viscosity, crystallinity values,
and FTIR outputs related to starch retrogradation of bread
samples increased, whereas FTIR outputs related to mois-
ture content of samples decreased significantly with time.
The hardness, retrogradation enthalpy, setback viscosity,
and crystallinity values of microwave-baked samples were
found to be highest among other heating modes. Using
IR-microwave combination heating made it possible to
produce breads with similar staling degrees as conven-
tionally baked ones in terms of retrogradation enthalpy and
FTIR outputs related to starch retrogradation. Addition of
xanthan-guar gum blend decreased hardness, retrograda-
tion enthalpy and total mass crystallinity values of bread
samples showing that staling was delayed.
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Introduction

Bread staling refers to all changes, rather than microbio-
logical deterioration, which take place at different rates and
intensities after removal of the sample from the oven [1].
These serial changes cannot be explained by a single effect,
and include amylopectin retrogradation, reorganization of
polymers within the amorphous region, loss of moisture
content, distribution of water content between the amor-
phous and crystalline zone, and the crumb macroscopic
structure [2, 3]. Bread staling is associated with some
typical sensorial changes such as loss of flavour, loss of
crispness in the crust and increased crumb firmness. Since
staling has considerable economic importance to the bak-
ing industry, it is important to concentrate on this subject.

Characterization of bread and starch-gel systems from
macro- to nanoscale is required to get information about
the staling mechanism. When investigating the staling
phenomena, the mechanical properties, microstructure
and physicochemical properties have been measured
respectively, by the help of compression measurements,
microscopic monitoring methods, DSC and X-ray analysis
[4]. Studies on bread staling demonstrated that changes in
starch structure, such as gelatinization and retrogradation of
starch, contribute to firm texture [5]. If the physicochemical
properties are taken into consideration, among the thermo-
analytical methods differential scanning calorimetry (DSC)
has been widely used in providing basic information on
starch retrogradation [6, 7]. As storage time increases, the
retrogradation enthalpy of samples increases [8]. Moreover,
changes in crystallinity during ageing can be shown in the
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X-ray diffraction patterns [9, 10]. Crystallization of amor-
phous starch into B-type crystalline structure is observed
during bread ageing, where V-type crystalline structure,
which is indicative of amylose complexing with fatty acids,
remains unchanged [8]. Fourier Transform Infrared (FTIR)
spectroscopy, which has the advantage of being a noninva-
sive method, has also been used to monitor staling in bread
[11]. FTIR spectroscopy measures the degree of short-range
ordering in a system. Conformational changes brought about
by starch retrogradation can be monitored with this method,
since the system becomes more ordered upon staling [9, 11].
The tendency of a starch to retrograde can also be studied
from its pasting behaviour, usually by observing changes in
viscosity related to starch crystallization [12] using Rapid
Viscoanalyser [6, 9]. Setback viscosity was related with the
retrogradation or re-ordering of the starch molecules [13].

Gums are widely used in baked goods to enhance dough
handling properties, to increase overall quality of the fresh
products [14, 15] and to extend their shelf-life [16, 17].
Seyhun et al. [16] demonstrated in their studies that use of
gums (xanthan gum, guar gum and MC) helped to retard
staling of microwave-baked cakes. The effect of hydro-
colloids (sodium alginate, x-carrageenan, xanthan gum and
HPMC) on conventionally baked fresh bread quality and
bread staling were studied by Guarda et al. [17] and it was
found that bread quality was improved with the usage of
these hydrocolloids. Keskin et al. [15], demonstrated in
their studies that xanthan-guar blend addition to the for-
mulation improved quality of fresh breads (high-specific
volume and porosity, low hardness values) baked in
infrared-microwave combination oven.

Rapid staling is one of the disadvantages of microwave
baked products. Rapid staling mechanism in microwave
baking is not clear yet. Infrared-microwave combination
baking may be a promising method to retard staling of baked
products. Infrared-microwave combination heating combines
the time-saving advantage of microwave heating by rapid
heating, with the browning and crisping advantages of infra-
red heating, and by providing additional heat flux on the
surface [18]. Breads baked in combination oven had compa-
rable quality with the conventionally baked ones in terms of
colour, textural characteristics, specific volume and porosity
[19] and may be an alternative to conventionally baked ones.

There is no study in literature investigating the staling
of breads baked in microwave and infrared-microwave
combination oven. The objective of this study was to
investigate the physicochemical properties of breads baked
in different ovens (microwave, infrared-microwave com-
bination and conventional) during staling by using FTIR,
X-ray, DSC and RVA. It was also aimed to study the
effects of xanthan-guar blend on retardation of staling of
breads. This study will provide insights into the staling
mechanism of microwave baked breads.
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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 prepared
according to the hamburger bread formulation, which is
100% flour, 8% sugar, 6% milk powder, 2% salt, 3% com-
pressed yeast (Pakmaya, Turkey), 8% margarine, 55% water
on flour weight basis. Gum blend made of guar gum (Guar
Gum Powder HV-101 FCC, AEP Colloids Inc., NY, USA)
and xanthan gum (XAN-80 NF FCC, AEP Colloids Inc., NY,
USA) at equal amounts was added to the formulation at 0.5%
concentration to see its effect as compared to the control
formulation which contains no gum. Dough was prepared by
using straight dough method. That s, the dry ingredients were
mixed first. 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). After complete
mixing of the dough, it was placed into the incubator at 30 °C
for fermentation. Total duration of the fermentation was
125 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.

Conventional baking

Conventional baking was performed in a commercial
electrical oven (Argelik ARMF 4 Plus, Turkey). The pre-
pared dough samples were baked at 200 °C for 13 min.
Four breads were baked at a time.

Microwave baking

The infrared-microwave combination oven (Advantium
oven'™, General Electrics, USA) was used by only oper-
ating the microwave power. The power of microwave oven
has been determined as 706 W by using IMPI 2-L test. The
frequency of the oven was 2450 MHz. Dough samples
were baked at 100% power for 2.0 min. Four breads were
baked at a time.

Infrared-microwave combination baking

Infrared-microwave baking was performed in combination
oven (Advantium oven'™, General Electric Company,
Louisville, KY, USA). There were three 1,500-W lamps,
two at the top and one at the bottom. Four breads were
baked using 70% halogen-lamp power both at the top and
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at the bottom and 20% microwave power for 8 min which
was the optimum condition determined by preliminary
experiments. Two beakers, each containing 400 ml water,
were placed at the back corners of the oven to provide
required humidity during baking [19].

Storage of bread

After baking, breads were covered with stretch film, and
kept in a plastic bag at 22 & 2 °C for 120 h. Moisture
content test, hardness test, RVA, DSC, X-ray and FTIR
analysis of breads were performed at different storage
times, such as RVA, X-ray, FTIR for 1 and 120 h; DSC for
24, 72, 120 h; moisture content for 0, 1, 24, 48, 72, 120 h;
hardness for 1, 24, 48, 72, 120 h.

Analysis of bread
Moisture content

Moisture content of whole bread samples were determined
by drying the samples in an oven at 105 °C until constant
weight was obtained (AACC, 2000). Five replications were
done.

Hardness

The hardness of bread crumbs were measured with Texture
Analyser (TA Plus, Lloyd Instruments, UK) equipped
with a 50 N load cell. Breads with the dimension of
20 mm x 25 mm x 15 mm were compressed for 25% at a
speed of 55 mm/min. A cylindrical probe with a diameter
of 10 mm was used. For the fresh bread, the hardness was
measured 1 h after baking to allow it to cool to room
temperature. Five replications were done.

RVA analysis

Rapid Visco™ Analyzer (RVA) (Newport Scientiric PTY.
Ltd, Warriewood, NSW, Australia) was used to study
gelatinization and retrogradation of starch in bread. The
freeze—dried bread samples were ground in a coffee grinder
and sieved through a 212-um screen. Ground sample of 4 g
(14% moisture basis) was added to 25 g distilled water in
an RVA sample canister. The heating and cooling cycles
were programmed in the following manner: The samples
were held at 50 °C for 1 min, heated to 95 °C within
3.5 min and then held at 95 °C for 2.5 min. It was subse-
quently cooled to 50 °C within 3.5 min and then held at
this temperature for 2 min. The peak viscosity, i.e. the
maximum viscosity during pasting, break down viscosity,
i.e. the difference between the peak viscosity and the
minimum viscosity during pasting, setback viscosity,

i.e. the difference between the maximum viscosity during
cooling and the minimum viscosity during pasting, final
viscosity, i.e. the viscosity at the end of the RVA run,
pasting temperature (°C), i.e. the temperature indicating an
initial increase in viscosity and peak time (min), i.e. time to
reach the peak viscosity were determined from the RVA
plots using Termocline for Windows, Version 2.0. Two
replications were done.

DSC analysis

Differential scanning calorimeter (DSC) (Perkin Elmer Jade
DSC, Shelton, USA) was used to measure the retrogradation
enthalpies of starch in breads during storage. 10 & 1 mg of
freeze—dried bread crumb samples were loaded into the
pans and water was added at 1:2 (w/v, sample: water ratio).
The pans were hermetically sealed and kept at room
temperature for 1 h. Then, the samples were scanned by
DSC from 10 to 90 °C at a heating rate of 10 °C/min. Two
replications were done.

X-ray analysis

X-ray diffraction analysis was done using Rigaku Miniflex
(Rigaku Americas Corp., The Woodlands, USA) with
CuKa (30 kV, 15 mA, A = 1.542/0%) radiation. The scan-
ning region of the diffraction angle (20) was 0°-40° with
the scanning speed of 1°/min. The curve fitting analysis
were done by the help of PeakFit V4.12 software. The
freeze—dried samples were compressed to thin disks of
1-2 mm thickness and a diameter of 13 mm.The pressed
sample was mounted on a sample holder. The measure-
ments were carried out at 22 £ 2 °C. Two replications
were done. Crystalline peaks were analysed as pseudo-
Voight-form and the amorphous ones as Gaussian-form
peaks [10]. The crystallinity levels in the samples were
determined by the separation and integration of the areas
under the crystalline and amorphous X-ray diffraction
peaks [20]. The quantification of relative crystallinity was
performed using the total mass crystallinity grade (TC),
which is the ratio of area of the crystalline fraction to the
area of crystalline fraction plus the amorphous fraction.

I

TC =
1.+ 1,

where .. is the integrated intensity of crystalline phase, and
1, is the integrated intensity of the amorphous phase [10].

FTIR analysis
ATR-FTIR experiments were conducted on a Bruker

Vertex 70 Spectrometer using Diamond w/KRS-5 lens
single reflection ATR plate (MIRacle ATR, Pike
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Table 1 Moisture content of control and gum-added breads baked in different ovens during staling

Oven type Storage time (h)
0 1 24 48 72 120

Microwave-control 352 £0.12 314 £0.17 309 £ 0.19 30.7 £ 0.12 30.5 £ 0.19 30.1 £ 0.08
Combination-control 36.0 £ 0.17 34.0 £ 0.19 33.6 £ 0.17 33.3 £ 0.07 33.1 £ 0.06 33.1 £0.14
Conventional-control 382 £ 0.11 36.8 £ 0.09 36.8 £ 0.11 36.7 £ 0.12 36.7 £ 0.09 36.5 £ 0.16
Microwave-gum 35.6 £ 0.07 31.6 £ 0.11 31.3 £0.12 30.8 £ 0.15 30.6 £ 0.08 30.3 £ 0.07
Combination-gum 36.0 £ 0.17 342 + 0.15 339 £0.16 33.7 £ 0.09 334 £0.10 33.0 £ 0.11
Conventional-gum 38.3 £ 0.06 36.9 £ 0.09 36.8 £ 0.10 36.6 £ 0.10 36.6 £ 0.09 36.3 £ 0.20

Technologies, Madison, WI, USA), operating in the mid-
dle-IR region, 600—4,000 cm~!. The measurements were
done at a resolution of 2 cm ™" with 32 scans. Freeze—dried
breads were placed onto the surface of the crystal and
contact of ATR crystal with the sample was provided. Two
replications were done. The curve fitting analysis was done
by the help of PeakFit V4.12 software.

Statistical analysis

Analysis of variance (ANOVA) was performed to deter-
mine whether there was significant difference between
storage time, gum and oven types (P < 0.05). Variable
means were compared by Tukey Single Range test by using
Minitab, statistics programme (MINITAB for Windows,
Version 14, Minitab Inc., State College, PA, USA).

Results and discussion
Moisture content

ANOVA results demonstrated that moisture content of
samples were dependent on storage time and oven type
(Table 1). The rapid decrease in moisture content of sam-
ples was seen during the first 1 h cooling period (Table 1).
During storage, the variation of moisture content with
storage time decreased more slowly.

The moisture content of microwave-baked breads were
found to be the lowest among other heating modes
(Table 1). During microwave heating, relative to conven-
tional baking, larger amounts of interior heating result in
increased moisture vapour generation inside the food
material, which creates significant interior pressure and
concentration gradients. This results in higher rate of
moisture losses during microwave heating, creating an
outward flux of rapidly escaping vapour [21]. In early
studies, it was shown that breads baked in microwave oven
lost more moisture as compared to conventionally baked
ones [18, 19].
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In Table 1, it was seen that the addition of xanthan-guar
blend to the formulation did not affect the moisture content
of samples during storage significantly. It is stated that the
overall increase in dough water absorption due to the
addition of a gum can be relatively small since it is used at
low amounts (typically from 0.01 to 0.5% total formula
basis); the additional water may be insignificant, but the
viscous, slippery mouth feel that the gums retain even after
baking can be perceived as a beneficial increase in product
moistness [22].

Hardness

The hardness values of microwave-baked samples were
found to be highest among other heating modes, which was
in accordance with early studies [18, 19]. During 5 days of
storage, hardness of bread samples increased significantly
with time (Fig. 1). The increase in firmness may be related
to the decrease in moisture content. Moisture content has

Hardness (N)
(98] W
1 1
>4
" BR M
2 mEAN M
RE -

]

T T T
0 20 40 60 80 100 120 140
Time (h)

Fig. 1 Variation in hardness of control and gum-added breads baked
in different ovens during storage (filled triangle control breads baked
in microwave oven; filled square control breads baked in infrared-
microwave combination oven; filled circle control breads baked in
conventional oven; open triangle gum-added breads baked in
microwave oven; open square gum-added breads baked in infrared-
microwave combination oven; open circle gum-added breads baked
in conventional oven)
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been shown to be inversely proportional to the rate of
firming [23].

Several factors play a role in the bread firming process,
but the large volume of data implicates that amylopectin
retrogradation is a key factor, and gluten is also involved
and cannot be ignored [24]. One theory states that bread
firming is a result of hydrogen bonding between gelatinized
starch granules and the gluten network. It could also
involve hydrogen bonding between retrograded starch
molecules and the gluten network with retrogradation
occurring either before or after association of amylopectin
and/or amylose molecules with the protein network [24].
In bread, water acts as a plasticizer [25]. When moisture
decreases, it accelerates the starch (gelatinized or retro-
graded)—protein interactions, and also starch-starch
interactions, resulting in firmer texture. Therefore, crumb
moisture and firmness are closely related. According to
three-way ANOVA results, it was found that hardness
values were dependent on storage time, oven and gum
types. Since the moisture content of microwave-baked
samples was the lowest among other heating modes
(Table 1), it was not surprising that the hardness values of
microwave-baked samples were the highest (Fig. 1)
[18, 19]. Moreover, the hardness of infrared-microwave
combination baked bread samples were in between that of
conventionally and microwave-baked ones, meaning that
combination heating partially solved the rapid staling
problem of microwave baking in terms of one of the
indicator parameters of staling.

It was found that the addition of xanthan-guar blend to
the formulation resulted in a significant decrease in the
hardness values of samples baked in all types of ovens
(Fig. 1), meaning that gum addition retarded staling in
terms of hardness values. Gums are able to modify starch
gelatinization and retard starch retrogradation by interacting

with starch components; amylose and amylopectin, or
gluten [14]. It was previously shown that gums reduced the
firmness of bread crumb [14].

Viscosity (RVA) profiles

Among RVA data, setback viscosity values have been
related to staling in literature [26]. When gelatinized starch
cools, an increase in viscosity is observed until the for-
mation of gel due to the ordering of starch molecule [13].
The increase in viscosity is known as setback viscosity in
RVA profile [26].

As can be seen in Table 2, the setback viscosity of the
samples baked in microwave and IR-microwave combi-
nation oven increased significantly during storage.
Amylose and amylopectin affect the setback viscosity
together. Setback viscosity is related to the amylose chains
mainly during cooling of bread but the effect of amylose
chain entanglement may also be seen after 5 days of stor-
age. Since amylose-amylopectin aggregation is known to
be responsible for staling, the interchain association of
the amylose and amylopectin fraction that might have
increased the setback viscosity value after 5 days of stor-
age. It was found that the setback viscosities of the samples
baked in combination oven were in between the values for
conventionally and microwave-baked ones (Table 2).
Thus, the samples baked in microwave oven had higher
setback viscosities.

The results showed that gum addition to the formulation
resulted in an increase in viscosity values of most of the
samples baked in different ovens during storage which
cannot be related to starch retrogradation (Table 2). It was
stated by some researchers [27-29] that viscosity of starch/
hydrocolloid systems after heating and cooling was greater
than in systems containing only starch.

Table 2 RVA profile of control and gum-added breads baked in different ovens during staling

Oven type Presence of gum Storage time Peak viscosity Break down viscosity Setback viscosity Final viscosity
() (cP) (cP) (cP) (cP)

Microwave No 1 663 + 24 91+£9 1023 £ 27 1023 £ 16
Microwave No 120 1248 £ 35 157 £ 11 2160 + 25 2160 £+ 15
Combination No 1 290 £+ 19 9+5 644 + 19 644 + 21
Combination No 120 919 + 15 52+7 1645 £ 32 1645 + 24
Conventional No 1 286 + 21 11+4 664 £ 23 664 £+ 17
Conventional No 120 344 + 17 8§+2 673 £ 13 673 £9
Microwave Yes 1 1493 + 39 214 £ 16 2195 £ 35 2195 £ 31
Microwave Yes 120 1595 £ 27 259 £ 20 2275 £ 30 2275 £ 20
Combination Yes 1 1219 £ 33 172 £ 13 1683 £ 9 1683 £ 25
Combination Yes 120 1520 + 36 493 + 31 1883 £ 11 1883 + 28
Conventional Yes 1 968 + 23 40 + 14 1675 + 18 1675 £ 15
Conventional Yes 120 1103 £ 18 75 £ 12 1839 £ 13 1839 + 23
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Table 2 also demonstrates the peak, break down and
final viscosities of breads baked in different ovens. It was
observed that the viscosity values increased as storage time
increased. The peak viscosity values of fresh samples
(stored for 1 h) baked in microwave oven were higher than
that of baked in other ovens. It was previously shown by
Palav and Seetharaman [30] that the peak viscosity in the
microwave-heated samples was higher than that in con-
duction-heated samples following 2 or 120 h of storage.
The higher peak viscosity in microwave-heated samples
suggested that the granular integrity was not completely
destroyed during microwave heating while the granules
were more pasted following conduction heating. Incom-
plete destruction in granular integrity may be because of
high moisture loss, affecting all reactions during swelling,
gelatinization and retrogradation. There was no difference
between peak viscosity values of breads baked in con-
ventional and combination ovens.

DSC

The results of ANOVA demonstrated that retrogradation
enthalpies of samples were dependent on storage time, gum
and oven types. It can be seen from Fig. 2 that retrogra-
dation enthalpy of samples increased significantly as
storage time increased. The significant increase in retro-
gradation enthalpies can be clearly seen for 120 h stored of
control breads baked in all types of ovens.

Moreover, the retrogradation enthalpies of microwave-
baked breads were the highest, due to the rapid staling
problem of microwave heating. On the other hand, the
retrogradation enthalpies of samples baked in infrared-

i

1.1 1 :
= 091
2 : ;
3 i
3 07 é %

0.5 §

03 : : : : : :

0 20 40 60 80 100 120 140

Time (h)

Fig. 2 Variation in retrogradation enthalpy of control and gum-added
breads baked in different ovens during storage (filled triangle control
breads baked in microwave oven; filled square control breads baked
in infrared-microwave combination oven; filled circle control breads
baked in conventional oven; open triangle gum-added breads baked
in microwave oven; open square gum-added breads baked in infrared-
microwave combination oven; open circle gam-added breads baked
in conventional oven)
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microwave combination oven were in between the values
of conventionally and microwave-baked breads, which
means combination heating partially solved the rapid
staling problem of microwave heating in terms of one of
the indicator parameters of staling.

It can be easily seen from Fig. 2 that gum addition
reduced retrogradation enthalpy meaning that amylopectin
retrogradation was retarded. Chaisawang and Suphantha-
rika [29], found that the retrogradation enthalpy values of
gum-added starch samples were significantly (P < 0.05)
lower than samples containing only starch. They associated
their results with a reduction in water availability causing
partial gelatinization of crystalline regions in the starch
granules and starch-gum interactions [29].

X-ray

The diffraction pattern analysis showed that fresh bread
stored for only 1 h contained only a peak around 20.7°
corresponding to a V-type structure (Fig. 3a, c, e). This is
indicative of amylose complexing with fatty acids, which
remains virtually unchanged during ageing [31]. Peaks at
15.8°, 17.7°-18° and 22.8° indicating B-type structure
appearing during storage (Fig. 3b, d, f). In the case of
microwave-baked samples, the physical orientation of the
branched amylopectin molecules of starch within the
swollen granule may be different than that of the other
samples baked in conventional and combination ovens.
This results in appearence of an additional peak at 15.8°,
indicating more crystalline structure since the swelling,
hydration and gelatinization degree of starch in the samples
baked in microwave oven is different from the ones baked
in conventional and combination ovens.

The different types of crystals influence the distribution
of water within the crumb differently. The A-type crystal
contains eight water molecules, whereas the B-type crystal
contains 36 water molecules. As a result, in breads
recrystallization of amylopectin develops B-type crystal-
line regions and the crumb becomes firmer because more
water has migrated into the crystalline region. This water
which participated in the formation of the crystal is no
longer available as a plasticizer of the starch-gluten.
Macroscopically, the lack of the plasticizing effect from
water results in firmer bread [32]. This result is supported
by the firm texture of microwave-baked breads (Fig. 1).
B-type crystalline structure is larger for microwave-baked
breads.

The total mass crystallinity grades of samples baked in
different ovens can be seen in Fig. 4. According to
ANOVA, total mass crystallinity grades of samples were
dependent on storage time, gum and oven types. As storage
time increased, crystallinity values of all samples increased
significantly (Fig. 4). The formation of gel structure due to
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Fig. 4 Variation in total mass crystallinity of control and gum-added
breads baked in different ovens during storage

amount of breads baked in microwave oven might be
higher than that of conventionally baked ones which might
increase the crystallinity values.
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When the effect of gum addition on total mass crystal-
linity values of samples were considered, it was found that
gum addition decreased crystallinity values of all samples
(Fig. 4), resulting in retardation of staling in terms of starch
retrogradation, one of the indicator parameter of staling.
On the other hand, it was seen that there was no change in
number of peaks appearing in X-ray pattern of gum-added
samples baked in different ovens (Fig. 5).

FTIR

Water-related variations such as drying and water redis-
tribution, have an influence on the measured spectra. In
Fig. 6a—f the water-related variations, lying in the 3,000—
3,600 cm~! wavenumber interval, which corresponds to
the O—H bond stretching vibration, can be easily seen. This
fact is due to the lower water content of breads in the
storage period and probably due to the subsequent reorgani-
sation of the water molecules into the protein-polisaccharide

network [35]. Progressive intensity reduction in that region
of the spectra with staling was suggested by Cocchi et al.
[36].

The integral area of peaks appearing at 2,980-
3,600 cm™!, which represents water-related variations
and changes during storage, was proportionate to the
2,810-2,970 cm™! loadings region, which is almost exactly
related to the “C-H strech in saturated lipids” (2,806—
2,840 cm™') [36], to make the measurements independent
of uncontrollable factors. The variation in contact surface
between the ATR crystal and sample at every measurement
can be regarded as uncontrollable factors in FTIR analysis
[36, 37].

It can be seen from Tables 3 and 4, that as storage time
increased the ratio of peaks appearing at 2,980-3,600 cm ™"
(A;) and 2,810-2,970 cm~! (A,) significantly decreased,
which was because of the decrease in moisture content of
crumb of bread samples during storage and reorganization
of water molecules in protein—starch network, resulting in

Fig. 5 X-ray pattern change a 1600 - b
after 1 and 120 h storage for
gum-added breads baked in 1400 +
different ovens (a conventional 1200 A
1 h; b conventional 120 h;
. R w 1000 A 2
¢ microwave 1 h; d microwave -] -]
120 h; e infrared-microwave g 800 1 g
combination 1 h; f infrared- © 600 - ©
microwave combination 120 h) 400 |
200 A
0
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1600 4 1600 4
1400 4 1400 +
@ 1200 + @ 1200 4
E 1000 A E 1000 -
O 800 - o 800 -
600 600 -
400 A 400 A
200 A 200 A
0 i : : T : - ! 0
5 10 15 20 25 30 35 40 5
20
€ 1600 - £ 1600,
1400 - 1400 -
1200 4 1200 -
,2 1000 - ﬁ 1000 -
£ 800 2 800
Q Q
600 - 600
400 1 400 1
200 A 200
0 T T T T T T T 0
5 10 15 20 25 30 35 40 5
20

@ Springer




Eur Food Res Technol (2009) 228:883-893

891

Fig. 6 a—f FTIR spectra of a b
control and gum-added breads
baked in different ovens after
1 h (continuous line) and 120 h
(dashed line) storage _
(a conventional, control; % 2
. * e
b conventional, gum; = =
¢ microwave, control;
d microwave, gum; e infrared-
microwave combination,
control; f infrared-microwave
combination, gum) . . . . . . . . . .
600 1100 1600 2100 2600 3100 3600 600 1100 1600 2100 2600 3100 3600
wavenumber (cm-1) wavenumber (cm-1)
c d
= =
600 1100 1600 2100 2600 3100 3600 600 1100 1600 2100 2600 3100 3600
wavenumber (cm-1) wavenumber (cm-1)
e f
= =
600 1100 1600 2100 2600 3100 3600 600 1100 1600 2100 2600 3100 3600

wavenumber (cm-1)
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Table 3 The integral area ratios of peaks appearing at 2,980-3,600 cm™! (A;) and 2,810-2,970 cm™! (A,); appearing around 1,060-

1,070 cm ™! (Az) and ~ 1,151 em™! (Ay) related to control breads

Peak ratios/storage time (h) Oven type
Conventional Microwave Infrared-microwave combination
Al/A2 A3/A4 Al/A2 A3/A4 Al/A2 A3/A4
1 51+£03 0.89 £ 0.05 1.8 £0.20 1.25 £ 0.32 3.5+ 040 0.96 £ 0.07
120 35+0.7 1.07 + 0.09 1.4 £ 0.30 1.27 £ 0.18 2.1 +£0.50 1.03 £ 0.11

change in band intensities. The ratio of the peak intensities
of samples baked in microwave and combination ovens
were found to be significantly lower than that of conven-
tionally baked ones. Additionally, the effect of gum
addition in decreasing moisture loss during storage was
especially seen for breads baked in microwave oven
(Table 4). However, the addition of xanthan-guar blend to

the formulation did not affect the moisture content of
whole samples (crust and crumb together) during storage
significantly (Table 1). An explanation to that result was
that in FTIR analysis, only crumb of bread samples were
used while both crumb and crust of bread were used in
moisture determination by AACC method. Thus, addition
of gum to the formulation may prevent moisture migration
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Table 4 The integral area ratios of peaks appearing at 2,980-3,600 cm™! (A;) and 2,810-2,970 cm™! (A,); appearing around 1,060-

1,070 cm™"' (A3) and ~ 1,151 cm™" (A,) related to gum added breads

Peak ratios/storage time (h) Oven type
Conventional Microwave Infrared-microwave combination
Al/A2 A3/A4 Al/A2 A3/A4 Al/A2 A3/A4
1 5.0+ 0.8 0.91 £ 0.09 33+£03 1.22 £ 0.07 36+0.2 0.97 £ 0.03
120 3.8+04 1.09 + 0.04 2.1+04 1.30 + 0.05 24 +03 1.09 + 0.06

from crumb to crust resulting in decrease in moisture loss.
Therefore, a decrease in moisture loss was observed in the
bread crumb formulated with gum.

The spectral region 1,200-800 cm™!, which has been
shown to be sensitive to the degree of molecular order in
starch, was used [37] in analysing starch related variations.
The modification with ageing of the absorption values in
this spectral region, consisting in the variation of the rel-
ative intensities of overlapped bands at ~ 1,000 cm™", has
been observed by other researchers [36], relating it to the
progressive ordering of the amylopectin polymer present in
bread. Peaks at 1,047 cm™' are related to crystalline
regions of starch [9, 38]. The band at ~ 1,151 cm™! s
often used as an “internal correction standard peak” [37,
39], to make the measurements independent of uncontrol-
lable factors. The ratio of peak intensities at 1,047 and
1,151 cmfl, which was assigned in literature [37], was
used to monitor starch retrogradation.

The peak intensity ratios of samples around 1,060—
1,070 cm™' (A3) and 1,151 em™' (A;) can be seen in
Tables 3 and 4. ANOVA results demonstrated that A3/A4
was dependent on oven type and storage time. Since increase
in the ratio of peak intensities around 1,060—1,070 cm™!
(A3)and 1,151 cm™' (Ay) is related to starch retrogradation,
A3/A4 of samples baked in microwave oven was found to be
the highest among other heating modes (Tables 3, 4).
Additionally, it was found that A3/A4 of samples increased
as storage time increased (Tables 3, 4). FTIR analysis
was not found to be as capable as the other methods [i.e.
DSC, compression (hardness), X-ray], in demonstrating the
effect of gum addition in decreasing starch retrogradation.

Conclusion

The retrogradation enthalpy values and FTIR outputs
related to starch retrogradation of breads baked in combi-
nation oven were not found to be statistically different than
that of conventionally baked ones, which means that it is
possible to produce breads by combination heating with
similar staling degrees as conventionally baked ones.
Moreover, the hardness, setback viscosity and total mass
crystallinity values of infrared-microwave combination

@ Springer

baked bread samples were lower than those of microwave-
baked ones, meaning that combination heating partially
solved the rapid staling problem of microwave baking.
X-ray analysis demonstrated that microwave heating resulted
in appearence of an additional peak at 15.8°, indicating
more crystalline structure. On the other hand, the number
of peaks appearing in X-ray pattern of infrared-microwave
combination baked samples was found to be similar to that
of conventionally baked ones. The addition of xanthan-
guar blend to the formulation retarded staling of breads.

References

1. Zobel HF, Kulp K (1996) The staling mechanism. In: Hebeda RE,
Zobel H (eds) Baked goods freshness. Marcel Dekker, New York
2. Martin ML, Hoseney RC (1991) Cereal Chem 68:503-507
3. Martin ML, Zeleznak KJ, Hoseney RC (1991) Cereal Chem
68:498-503
4. Hug-Iten S (2000) Staling of bread and bread model systems—
role of starch and amylases. PhD Thesis, Swiss Federal Institute
of Technology, Zurich
5. Bloksma AH, Bushuk W (1988) Rheology and chemistry of
dough. In: Pomeranz Y (ed) In wheat: chemistry and technology,
vol Vol II. AACC, St Paul, p 335
6. Patel BK, Waniska RD, Seetharaman K (2005) J Cereal Sci
42:173-184
7. Katina K, Salmenkallio-Marttila M, Partanen R, Forssell P, Autio
K (2006) LWT 39:479-491
8. Leon AE, Barrera GN, Perez GT, Ribotta PD, Rosell CM (2006)
Eur Food Res Technol 224:187-192
9. Karim AA, Norziah MH, Seow CC (2000) Food Chem 71:9-36
10. Ribotta PD, Cuffini S, Leon AE, Anon MC (2004) Eur Food Res
Technol 218:219-223
11. Wilson RH, Goodfellow BJ, Belton PS (1991) J Sci Food Agric
54:471
12. D’ Appolonia BL, Morad MM (1981) Cereal Chem 58:186—190
13. Sopade PA, Hordin M, Fitzpatrick P, Desmee H, Halley P (2006)
Int J Food Eng 2:1-17
14. Rosell CM, Rojas JA, Benedito de Barber C (2001) Food
Hydrocolloids 15:75-81
15. Keskin SO, Sumnu G, Sahin S (2007) Eur Food Res Technol
224:329-334
16. Seyhun N, Sumnu G, Sahin S (2003) Nahrung-Food 47:248-251
17. Guarda A, Roll CM, Benedito C, Galotto MJ (2004) Food
Hydrocolloids 18:241-247
18. Keskin SO, Sumnu G, Sahin S (2004) Food Res Int 37:489-495
19. Demirekler P, Sumnu G, Sahin S (2004) Eur Food Res Technol
219:341-347



Eur Food Res Technol (2009) 228:883-893

893

20.
21.
22.

23.

24.

25.
26.
217.
28.
29.

30.
31.

Zobel HF (1988) Starke 40:44-50

Datta AK (1990) Chem Eng Progr 86:47-53

Heflich LW (1996) A Baker’ s perspective. In: Hebeda RE, Zobel
H (eds) Baked goods freshness, technology, evaluation and
inhibition of staling. Marcel Dekker, New York, pp 239-256
Rogers DE, Zeleznak KJ, Lai CS, Hoseney RC (1988) Cereal
Chem 65:398-401

Gray JA, BeMiller JN (2003) Compr Rev Food Sci Food Safety
2:1-21

He H, Hoseney RC (1990) Cereal Chem 67:603-605

Lent PJ, Grant LA (2001) Cereal Chem 78:619-624

Bahnassey YA, Breene WM (1994) Starch-Starke 46:134-141
Collar C (2003) Eur Food Res Technol 216:505-513
Chaisawang M, Suphantharika M (2006) Food Hydrocolloids
20:641-649

Palav T, Seetharaman K (2007) Carbohydr Polym 67:596-604
Zobel HF, Young SN, Rocca LA (1988) Cereal Chem
65:443-446

32.

34.
35.

36.

37.

38.

39.

Slade L, Levine H (1987) Recent avances in starch retrograda-
tion. In: Stivala SS, Crescenzi V, Dea ICM (eds) Industrial
polysaccharides: the impact of biotechnology and advanced
methodologies. Gordon & Breach, New York, pp 387

. Jagannath JH, Jayaraman KS, Arya SS, Somashekar R (1998)

J Appl Polym Sci 67:1597-1603

Faridi HA, Rubenthaler GL (1984) Cereal Chem 61:151-154
Schiraldi A, Fessas D (2001) Mechanism of staling: an overview.
In: Bread staling. CRC Press, Boca Raton

Cocchi M, Foca G, Marchetti A, Sighinalfi S, Tassi L, Ulrici A
(2005) Annali di Chimica 95 by Societa Chimica Italiana
Ottenhof M-A, Hill SE, Farhat IA (2005) J Agric Food Chem
53:631-638

Smits ALM, Ruhnau FC, Vliegenthart JFG, van Soest JJG (1998)
Starch 50:478-483

van Soest JJG, de Wit D, Tournois H, Vliehenthart JFG (1994)
Starch 46:453-457

@ Springer



	Investigation of physicochemical properties of breads baked �in microwave and infrared-microwave combination ovens �during storage
	Abstract
	Introduction
	Materials and methods
	Dough preparation
	Conventional baking
	Microwave baking
	Infrared-microwave combination baking
	Storage of bread
	Analysis of bread
	Moisture content

	Hardness
	RVA analysis
	DSC analysis
	X-ray analysis
	FTIR analysis
	Statistical analysis

	Results and discussion
	Moisture content
	Hardness
	Viscosity (RVA) profiles
	DSC
	X-ray
	FTIR

	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


