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Effects of a Ceramic Oven Coating on Baking Results
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Abstract

With the performed baking experiments it was investigated, if by coating
internal surfaces of the oven chamber with an efficient ceramic will provide
savings in energy costs or an improved product quality. The experiments were
performed with bread rolls and rye-wheat-bread. All products were baked at
same baking temperatures (conditions) in ovens with and without ceramic
coating of internal surfaces of the oven chamber. The end of the baking process
was determined based on the surface color by visual inspection. A significant
reduction of baking time and a reduction of baking losses in the ceramic-
coated oven chamber were determined. The volume yield was not significantly
increased; presumably this is due to other parameters for the preparation of
dough pieces, the final proof and baking. Since our own recipes and baking
programs were used, the comparison with the data from the existing literature
is not always given. The energy consumption could be reduced mostly through
the baking time up to 36 %. The development of surface color of bread rolls
differ from the 5" minute on. The color curve of baked bread rolls in the ceramic-
coated oven chamber increased faster and, therefore, the final color was
reached significantly earlier.
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carried out by Purlis [8] to optimize infrared heating in combination
with natural thermal radiation and convection. The baking time could
be reduced by the higher amount of applied infrared radiation. The
big advantage of infrared radiation here is the low penetration depth,
so the traditional baking process remains the same. Only a time
reduction takes place without extensive baking losses and different
characteristics in the resulting end product. The effects of baking
time reduction on bread crumb properties were also investigated by
Bosmans et al. [9].

Introduction

During baking processes heat energy is transferred into baking
products. This happens by conduction from the bottom of the oven,
by convection through the air, condensation of steam and thermal
radiation. Depending on the temperature of the emitter, principally
heat radiation contains high amounts of infrared, visible and
ultraviolet light [1-3]. At typical baking temperatures, the thermal
radiation consists mainly of infrared radiation. It is in the wavelength
range between 780 nm up to 1 mm. Since 2006 different baking ovens
with a special ceramic coating of internal surfaces of the oven chamber
are available on the market. It is a special ceramic coating that is
said to increase the percentage of infrared heat during the baking
process from 30 % to 90%. The special ceramic coating operates in 1
the wavelength range between 3 um and 6 um. The coating is placed
at the overhead wall of the oven. The inventing company wanted to
create an infrared radiation, which is, depending on the application, 1
adjusted to the absorption of water molecules and groups like -CH dough portion (30 pieces), rounding
and -OH in baking goods. The maximum emission intensity of the and long moulding
ceramics is obtained between the temperatures of 100 °C to 750 °C.
The radiation intensity depends on the wavelength and temperature. 1
The connection could be described by Wien’s displacement rule. This
law states, that for black bodies the wavelength for the maximum
radiation is proportional to the bodies’ temperature. A piece of dough l
is consequently absorbing, emitting and reflecting electromagnetic

dough preparation

dough rest

proofing

radiation [2,4]. The penetration depth of near infrared radiation with baking
a wavelength of 1 pm is about 4 mm - 6 mm [5]. Wade [6] determined l
that near infrared radiation with an emission maximum of A = 1.2

um is suitable to decrease baking times of cookies. Skjoldebrand and cooling

Andersson [7] compared infrared baking with baking of breads in
conventional ovens and concluded that 6 min in an infrared oven are
equal to 16 min in a conventional oven at 230 °C. Further work was

(room temperature)

Figure 1: Scheme of the processing of wheat bread rolls.
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Ploteau et al. [10] investigated the baking of French baguette
with lower temperatures, but higher infrared radiation within the
same baking times compared to a conventional oven. The goal was
to expose the dough to the same amount of energy. The validation of
the hypothesis that the same amount of energy directed to the surface
of the dough will lead to the same transformation within the dough
roll remains to be done. But the energy consumption of the baking
oven was reduced by 20 %. Beside temperature and wavelength the
state of the material of the oven plays an important role in heat
transfer with radiation. The infrared radiation is said to penetrate
the dough piece in a better way and heat it from the inside faster
than in conventional radiation ovens. The pasting and therefore the
formation of a fine elastic crumb needed less time and more water is
preserved in the baked good. This is obvious regarding the moisture
content and therefore the freshness of the baked good. The second
part of the baking process (browning, stabilization of the crust) is
the same as in a conventional oven. The baking process is completed
in less time, because of the faster heating and crumb formation and
the raw material and valuable substances of the dough are gently
treated. To achieve good baking results the manufacturer proposes
a 30 °C higher baking temperature, depending on the baking good.
This entails a completely different baking process compared to
conventional ovens. Patel et al. [11] evaluated the effects of different
baking processes on the bread firmness and starch properties in bread
crumb. For this purpose they recorded the temperature profile inside
the dough during baking. Higher heating rates, due to different oven
systems, during the baking processes lead to higher crumb firmness
after 15 days of storage. According to the manufacturer reductions in
baking time between 20 % and 50 % can be achieved. However, Purlis
[12] found out, that there is an internal resistance to heat transfer
during the transformation from dough to bread. The end of the
baking process, which is given by the complete transformation from
dough to bread for instance, can be determined by the surface color
development. This development has been studied by various authors
[12,13]. Paquet-Durand et al. [14] worked on an on-line monitoring
system which supplementary evaluated the volume development of
bread rolls during the baking process. Higher baking yields can also
be achieved using ceramic-coated oven chambers. Higher baking
yields are due to higher masses of baked goods, which accompanies
with higher moisture content. Higher moisture contents of baked
goods are responsible for extended freshness. For the evaluation of
the freshness of breads after storage or the amount of retrogradation
differential scanning calorimetry and texture profile analysis are the
most common methods [15-18].

With the performed baking experiments it was investigated,
if a ceramic coating of internal surfaces of oven chambers will
provide savings in energy costs or an improved product quality. The
experiments were performed with bread rolls and rye-wheat-bread.
To our knowledge no studies on this ceramic coating have been
performed with the proposed products. All experiments discussed
here were performed in a multiple deck oven with two conventional
and two ovens with ceramic coating of internal surfaces. To evaluate
the reduction of baking time comparing baking experiments, with
wheat bread rolls and rye-wheat bread were performed at same
temperatures. For a better comparison, the evolution of color
formation was fitted to a function.

Materials and Methods

Materials

The experiments were carried out with commercial wheat flour
(type 550: 0.51 % - 0.63 % mineral content in dry matter, Rettenmeier
GmbH und Co. KG, Horba.N., Germany), commercial rye-flour (type
1150: 1.11 % - 1.3 % mineral content in dry matter, SchapfenMuhle
GmbH & Co. KG, Ulm-Jungingen, Germany), water, commercial
yeast (Omas Ur Hefe, Fala GmbH, Buhl, Germany), baking improver
(MeisterMarken Ulmer Spatz, Bingen am Rhein, Germany),
hydrogenated peanut fat (BAKO, Ladenburg, Germany), starter (rye
StartGut®, IsernHager GmbH & Co. KG, Isernhagen, Germany) and
salt (Sudsalz GmbH, Heilbronn, Germany).

Bread rolls

The dough was prepared with 61.5 g water, 4 g fresh yeast, 1 g
peanut fat, 3.5 g baking improver and 2 g salt per 100 g wheat flour
(type 550, corrected to 14 % moisture content). All ingredients were
mixed and kneaded in a spiral mixer (Diosna laboratory kneaders).
The dough was processed in the common way for bread rolls (Figure
1). Proofing took place in a proofing chamber (WachtelStamm
Petit Computer Proofing Chamber, Wachtel GmbH & Co., Hilden,
Germany) at 32 °C and relative moisture of 80 % for 60 min. The
bread rolls were baked at 235 °C upper temperature and 225 °C lower
temperature with 12 s of steam injection (the initial upper heat: 235
°C, the lower heat: 240 °C) in a multiple deck oven (Piccolo I, Wachtel
GmbH & Co., Hilden, Germany). The flue of the oven chamber was
opened after 90 % of baking time to drag out the moisture. The baking
time was 20 min for the conventional oven (conv oven) and 15 min
for the internal surface ceramic-coated oven chamber (cc oven).

The experiments for the bread rolls were carried out 7-fold per
oven. During the baking process every 30 s pictures of the bread
rolls were taken to track the color development (saturation) over the
baking time [14]. After graphical evaluation and scaling (between
0 and 1) of the measurement data, they were fitted to the function
presented in (Eq 1) using the least squares method. The aim was to
have an easy function to display possible variations quick.

f(t):#
[ 7 (t-b)]
l+e 2

Here parameter a is the amount of the increase (saturation time
constant) and parameter b is the time of the half slope of the scaled
color saturation. The fitting was performed with two experimental
data sets. The quality of the fitting was evaluated with the coefficient
of determination for nonlinear functions.

Eq1l

Rye-wheat bread

The dough was prepared out of 70 g water, 1.8 g fresh yeast and
2 g salt per 100 g flour (rye flour type 1150, wheat flour type 550,
ratio 70:30). All ingredients were mixed using a spiral mixer (Diosna
laboratory kneaders). The dough was processed in the common way
for rye-wheat breads. About 21.4 % of the rye flour was acidified. The
sourdough was prepared with a dough yield of 220 and contains 10
% starter regarding the used amount of flour. Proofing took place in
baking baskets in a proofing chamber at 32 °C and relative moisture
of 80 % for 60 min. The breads were baked at 220 °C upper heat and
200 °C lower heat with 20 s of steam injection (the initial upper heat:
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255 °C, the lower heat: 210 °C). The flue of the oven was opened after
90 % of baking time to drag out the moisture. The baking time was 70
min for the conv oven and 45 min for the cc oven. During baking the
inner temperature of bread was determined exemplary.

Evaluation of the baking experiments

After cooling the bread rolls for 1 h and the rye-wheat breads
for 4 h at room temperature, the mass and the volume, according to
AACC Method 10-05 [19] were determined in order to be able to
compare the effects of the different baking times and ovens. Baking
loss and volume yield were evaluated. Other evaluations were partly
performed after 24 h, 48 h, 72 h and 96 h as well.

Differential Scanning Calorimetry (DSC) was performed using
a Perkin Elmer DSC 6 calorimeter. 0.25 g - 0.5 g bread crumb
was weighted into 40 pL sample pans (wall thickness 15 um) and
hermetically sealed with a cover. The reference pan was empty.
The measurement was performed with a heating rate of 10 °C/min
from 25 °C to 90 °C; each sample was measured 3-6 times. The raw
data was analyzed with the provided software (Perkin Elmer DSC
6 Version 1.01, 1994, Perkin Elmer, Massachusetts, USA) to obtain
the energy difference between the sample and reference pan, which
is the estimated gelatinization enthalpy AQ (J/g) in Joule per dry
weight. The crystallization kinetics of starch are analysed by fitting
the Avrami equation (Eq 2) to the experimental obtained data for
the gelatinization enthalpy AQ at time zero (t = 0), t and infinity (o)
[17,18,20-22].

X(t) — (AQ| _AQO) :l_e’(k“")

(AQx _AQG)

The fitting parameters are the rate constant k and the Avrami

exponent n.

Eq2

A texture analyser (TA-XT2, Stable Micro Systems, Surrey,
England) was used with a modified AACC method (74-09) for
texture profile analysis (TPA). Three slices (25 mm thickness) were
taken from the centre of the sweet pan bread loafs. A standard 25
mm diameter probe and 5 kg load cell were used as measurement
geometry. The three bread slices were two times compressed up to 40
% deformation with 15 s rest; the test speed was 1.7 mm/s. The bread
crumb firmness and the elasticity were evaluated. The bread crumb
firmness was the force measured at 40 % deformation.

Results and Discussion

Bread rolls

As presented in (Table 1) for mass, volume yields and baking
losses of the bread rolls similar values in both ovens were obtained.

The end of the baking time in the cc oven (at 15 min) was
determined visually. The conditions of illumination complicated the
intentions to determine the exact same browning of the crusts. The
crumb was fluffy and well formed in both cases, the crust color showed
no differences. Consequently the energy intake in the cc oven was
higher than in the conventional oven. The baking times in the cc oven
were reduced up to 25 % at same baking temperatures compared to
the conventional oven. The ceramic coating therefore lead to a higher
energy intake, which is reduced to the higher amount of infrared
radiation. This is in accordance with Skjoldebrand & Andersson [7]
who evaluated the transmission, reflection and absorption of bread
dough and breads during the baking process.

Table 1: Results of the baking experiments for the bread rolls (Mean values and
standard deviations of 7 experiments); results of the fitting of the color saturation
of the bread rolls (Mean values and standard deviations, of 2 experiments); SQF:
sum of least squares, R2: coefficient of determination for nonlinear functions.

conv oven cc oven
volume yield [mL/g flour] 8+1 8+1
baking loss [%] 20+1 19+1
fitting parameters of the color saturation
a [min] 1.86 + 0.07 1.24+0.08
b [min] 11.35+0.14 9.14+0.24
SQF[1] 0.02 0.02
R2[1] >0.99 >0.99
1.0 p—
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Figure 2: Development of the scaled color saturation for bread rolls and the
fitted function over time in the conventional and cc oven. Mean values and
standard deviations of two experimental data sets for each oven.

In (Figure 2) the development progression of the color saturation
over the baking time in both ovens and the fitted functions are
presented exemplarily. Variations of the color values, that could not
be fitted, are obvious. The results of the fitting can be seen in (Table
1). The important parameter to compare both ovens is b, the value
for the shift of the function along the half slope of the scaled color
saturation. For the conventional oven b is t = 11.35 min, in the cc
oven b is reached at t = 9.14 min. The cc oven is consequently 2 min
faster regarding the color evolution compared to the conventional
oven.

Parameter g, the amount of the increase (small values, steep rise),
can be compared as well. The color saturation time constant averages
1.86 min in the conv oven, 1.24 min in the cc oven. This matches
with the expectation that the cc oven should have a steeper gradient.
With on-line image analysis and comparable conditions between the
experiments, concerning camera settings and illumination, the same
order of browning was obtained in both ovens. It is also obvious that
the color saturation curves begin to show differences at the 5" minute
of baking time.

Rye-wheat bread

The results of the rye-wheat bread evaluations are presented
in (Table 2). With both ovens good baking results were obtained
regarding the crumb structure and the crust formation.
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Table 2: Results of the baking experiments for the rye-wheat breads; mean
values and standard deviations of 5 experiments, SQF: sum of least squares, R
coefficient of determination for nonlinear functions.

conv oven cc oven
volume yield [mL/g flour] 3+1 3+1
baking loss [%] 17+1 13+1
moisture content [%] 41+2 43+2
avrami exponent n [-] 1.63 1.38
starch re-crystallization rate k [1/min"] 0.002 0.005
SQF[1] 0.013 0.011
R?[1] 0.98 0.98
25 T
20 A

15 T

firmness [N]

2h 4é h
Figure 3: Results of the texture profile analysis of rye-wheat bread 2 h and

48 h after baking. Mean values and standard deviations of 5 breads for each
oven type.
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Figure 4: Exemplary temperature course of the inner rye-wheat breads

during baking.

Regarding the crumb firmness presented in (Figure 3), after 2 h
no differences are obvious, after 48 h the crumb firmness of breads
baked in the cc oven were softer. The moisture content of the crumb
(gravimetrical determined 2 h after baking) indicates no difference,
these matches with the results of the texture analysis. During the
baking process the core temperatures of the breads were recorded to
get information about the inner heating process.

In (Figure 4) the course of the core temperature during the baking
process is presented. According to Purlis [12] the core temperature

16
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=
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L
0.2
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Figure 5: DSC measurements of one rye-wheat bread sample over 5
days. Mean values and standard deviations for the estimated gelatinization
enthalpy AQ (J/g) of at least 3 measurements for each time.

is a reliable variable to determine the end of the baking process. The
food is completely baked when a lower temperature limit of 95 °C - 96
°C is achieved in the core of the product and the determination is not
only based on the surface color development. The time to reach the
maximum core temperature of 99 °C is 32 min in the cc oven, in the
conventional oven 43 min are needed. This is a difference of 11 min,
which leads to an acceleration up to 30 % of the baking process up to
30 %. The baking time is reduced from 70 min to 45 min which causes
a reduction of the baking time of 36 %. There seems no difference
in the heating rates. Compared with the results of the texture profile
analysis, which revealed a softer bread crumb after storage the
findings of this study are in accordance with Patel et al. [11]. A softer
bread crumb after storage indicates less retrogradation of starch.
Bosmans et al. [9] concluded that breads baked shorter resulted in less
retrogradation, a less extended starch network and smaller changes in
crumb firmness and elasticity as well as a lower migration of moisture
from crumb to crust.

The results of the DSC measurements are presented in (Figure
5), where the amount of energy to re-crystallize starch is higher for
breads baked in the cc oven. The retrogradation of starch proceeds
with storage time. There are slightly differences visible between
the breads. Thus the results disagree, but there is also a negative
correlation between these two measurements [18]. With additional
water the firming rate of wheat bread decreases [23]. The difference in
baking loss may lead to higher moisture content inside the rye-wheat
breads baked in the cc oven.

Conclusion

The ceramic coating of the internal surfaces of the oven chamber
has a positive effect on the baking process regarding the time
reduction. The increase of the infrared radiation transfers the heat
energy faster into the bread crumb. Here especially the absorption of
the water molecules is important. After excitation, the water molecules
will transfer their energy also to its surroundings. However, one has
to keep in mind that the penetration depth of the infrared radiation
is just in the range of millimeter, so most parts of the crumb will not
be reached directly.

The results show that there are no differences in the specific
volume or volume yields. For rye-wheat breads the baking loss
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was reduced, but here the largest reduction of the baking time was
obtained. The crumb firmness of the bread after 48 h was reduced
significantly. The results clearly lead to the assumption that inside the
ceramic-coated internal surfaces of oven chamber a higher amount of
energy is transferred in shorter time. The investigation of the effects
of the different heating rates on the dough/bread transformation will
be the topic of future research.
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