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bread quality, Flat bread is considered a staple food worldwide and especially balady bread in Egypt and the Middle East region. The most
physical properties, common flat bread types produced all over the world, contents, used leavening agents, properties, and countries were re-
flat bread, bread viewed. Also, balady bread ingredients, formula, preparation, dough rheology, baking conditions, as well as physical charac-

staling, oven design,
energy consumption,
environmental
conservation

teristics, color attributes, sensory evaluation, and freshness or staling retardation of loaves were presented. Flat bread (balady
bread) is processed from flattened dough of wheat flour, sodium chloride, water, and yeast and is often served freshly baked
and produced in both bakeries and homes. The main features of a balady bread oven, such as composition, construction, di-
mensions, fuels, emissions, and its effect on the environment and energy consumption, were also mentioned. The common
specifications and general design of a balady bread industry oven in Egypt on a commercial scale were presented as follows:
Oven length could be more or less than 600 cm depending on available space in the baking building. Also, oven width could be
more or less than 90 cm, depending on the needed productivity of bread per hour. To “keep the environment, minimize heat
losses, maximize quantity and quality of production, and assure economic visibility,” the determination of oven dimensions,
selecting construction materials and transmission systems must be done by oven designers using the oven general model.
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KJIFOYEBBIE CJIOBA: AHHOTALIUA

Kauecmeo xneba, TTnockmit X1e6 cYnTaeTcs IaBHBIM MPOLYKTOM IIUTAaHUSI BO BCeM MMpe 1 0coO6eHHO xie6 6anany B Erumnte 1 G1vKHEBOCTOY-
usuueckue HOM peruoHe. Cuenad 0630p HaubosIee PacIpOCTPaHEHHBIX BUIOB IUIOCKOTO X1e6a, IMPOM3BOAMMbIX BO BCEM MUPE, COCTABOB,
ceolicmea, N0CKuli MCITOTb3yeMbIX Pa3pPhIXINTENEl, CBOMCTB 1 CTpaH. TakKe [TPeICTaB/IeHbl MHTPeOVEHThI x1e0a 6amaay, perernTypa, IpUroTosIie-
x7e0, uepcmeeHue HUe, PEOJIOTsI TECTA, YCIIOBMS BHITIEUKH, & TAKKe QU3UUECKIE XapaKTePUCTUKM, IBETOBbIE XapaKTEPUCTUKM, CEHCOPHAS OLI€HKa,
xneba, dusaiix neueti,  CBEXeCTb WM 3aMeJJIeHNe YepcTBeHys xneba. [Inockuii x1e6 (x1e6 6anany) BripabaThIBAeTCS U3 PACKATAHHOTO TECTa U3 TIe-

JHepzonompebsieHue  HUYHOI MYKM, XJIOPUIA HATPYSI, BOIBI M IPOKIKE, M 4aCTO TOLAETCS CBEKEMCIIEYeHHBIM M M3TOTABIMBAETC KaK B MEKAPHSX,
U 0XpaHa oKpyxcarowell Tak ¥ B JOMAIIHUX YCIOBUSX. Takske paccMaTPUBAIOTCS OCHOBHbBIE XapaKTePUCTUKM TIeun st Xieba 6anaamn, Takue Kak CTPyK-
cpeoul TYypa, KOHCTPYKLMSI, PAa3Mepbl, TOIUIMBO, IMUCCUY, U €€ BIMSIHME Ha OKPY)KAIOLIYIo Cpeny U notpebieHye sHeprvn. Pacipocrpa-

HEeHHbIE crierduKanm 1 061Nt J13aiiH TPOMBIIIIEHHO reun [yis xieba 6amany B Erunre, paGoTaoleii B IPOMBILLIEHHOM
MaciTabe, IpeCTaBIeHbl CIEAYIONMM 00pa3oM: AJIMHA 1€y MOXeT ObITb 6osee i MeHee 600 cM B 3aBUCMMOCTH OT JI0-
CTYITHOTO MPOCTPAHCTBA 3JaHNs MeKapHu. Takke IUpMHa TIeun MOKeT 6bITh 6osee mim MeHee 90 CM B 3aBUCUMOCTH OT Tpe-
6yemMoro o6bemMa BbIeuky xeba B uac. [IJist «COXpaHeHMsT OKPYsKAIOLIei Cpelibl, MMHUMM3AI[MI TEeIVIONOTEePb, MAKCUMMAIBHOTO
MOBBIIIEHMST KOJIMYECTBA ¥ KaueCTBa MPOAYKIMM 1 06ecriedeHnst SKOHOMUUECKOH BUIVIMOCTM», Pa3paboTUMKY [TeUeii JO/KHbI
OTIPEMESITh pasMephl [eur, BBIGMPATh KOHCTPYKIOHHbIE MAaTePUAIIBI M CUCTEMBI [Tepeqaun, UCIIONb3Ysl OOIIYI0 MOIENb [Teu.

1. Introduction

Balady bread, widely consumed in the Middle East region, especially
in Egypt, is flat bread [1]. Balady bread is the most strategically important
food commodity in Egypt. The consumption of wheat (2019/2020) was
20.4 million metric tons, from such an amount 270 million balady bread
loaves were baked every day [2]. There are many differences between flat
and pan breads (Table 1), as reported by Gocmen et al. [3]. Based on the
previous publications, there is a lack of information about flat bread, es-
pecially Egyptian balady bread, therefore, this study reviews flat bread
types, balady bread quality characteristics of both raw materials and end
products, as well as balady bread oven constituents, structures, dimen-
sions, specifications, emissions, and design used in balady bread making.

Table 1. Differences between flat and pan breads [3]

Ta6muua 1. Pasnuuns Mmexay miockum u opmossiM xsie6om [3]

Flat bread Pan bread
Lower specific volume Higher specific volume
High crust and crumb ratio Low crust and crumb ratio

Leavened flat bread has a shorter
fermentation time

Leavened pan bread has longer
fermentation time
Higher baking temperature Lower baking temperature

Shorter baking time Longer baking time

FOR CITATION: Ammar, A. S. M., Hegab, K. K. (2024). Flat breads qualities and
attributes — ovens design, energy consumption, and environmental conservation:
A review. Food Systems, 7(4), 612-619. https://doi.org/10.21323/2618-9771-2024-7-
4-612-619

OJId UUTUPOBAHUA: Ammap, A. C. M., Xera6, X. K (2024). OcobeHHOCTU
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2. Objects and methods

The sources of information were the following scientific databases:
PubMed, Scopus, Science Direct, Google Scholar and Research Gate. The
search strategy included the following keywords: bread quality, physical
properties, flat bread, bread staling, oven design, energy consumption,
environmental conservation. The following acceptance criteria for re-
search characterization were considered: The most common flat bread
types, contents, used leavening agents, properties, the main features of a
balady bread oven and the common specifications and general design of
a balady bread industry oven in Egypt on a commercial scale. All of the
figures in this article are the authors' own.

The parameters of the publications were as follows: publication from
1979 until 2024 (58 references were selected for this review); language:
English. Exclusion criteria: no access to the full text articles. Based on
the review, the authors compiled information on discussion of flat breads
qualities and attributes — ovens design, energy consumption, and envi-
ronmental conservation.

3. Background on flat bread

3.1. Bread raw materials

Raw materials used for balady bread making include extracted wheat
(Triticum aestivum) flour (85-87%) with protein content (10-12%) and
prepared using starter (previously fermented dough containing mi-
crobes) [1]. Table 2 shows the proximate chemical composition of hard
wheat flour (82% extraction) used for balady bread processing. Flat bread
(balady bread) is processed from a flattened dough of wheat flour, sodium
chloride, water, and yeast and is often served freshly baked and produced
in both bakeries and homes [4]. Table 3 presents raw materials (formula)
used for balady bread manufacturing as mentioned by Mousa et al. [5]
and Hussein et al. [6]. Likewise, Table 4 shows the formula used for Arabic
(pita) bread processing as stated by Elkatry et al. [7].

Table 2. Proximate chemical composition of hard wheat flour
(82% extraction) used in balady bread making
(on a dry weight basis)
Tab6muiia 2. [IpUOGIVKEHHBI XMMUYECKUIA COCTaB MYKU U3 TBEPIOit
nueHuIbI (82% 3KCTPaKIMI), MCIIO/Ib3yeMOIi IS IPUTOTOBIeHUS X1e6a
6ayany (B mepecuére Ha CyXyr Maccy)

Parameters % References
Moisture 13.02
Ash 1.47
Fiber 1.65
Protein 11.75 (6]
Lipid 1.81
CHO 83.32
Protein 6-12
Lipid 1-4
Starch 55-75
Soluble CHO 1-2 18]
Fiber 3-7
Ash 1-2
Protein 13.07
Fat 1.85
Fiber 1.28 [l
Ash 1.05
CHO 82.75

Table 3. Formula of balady bread
Tab6nuia 3. PerenTypa x/ie6a 6aiammu

Raw material % References
Flour 100
Water 70-80 5]
Salt 0.5-1.5
Starter (fermented dough) 12-17
Hard wheat (82% ext.) 100
Salt 1
Dry yeast * 1.5 (6]
Water 70-80

* Saccharomyces cerevisiae.

Table 4. Formula of Arabic (pita, shamy) bread
Ta6nuua 4. Penentypa apa6ckoro xae6a (mmra, mamm)

Raw material % References
Wheat flour 72% 100
Water 60
Salt 2 [7]
Yeast 1.5
Sugar 2

3.2. Rheological properties of dough

Various rheological parameters of farinograph and extensograph are
listed in Table 5. These parameters include water absorption, arrival time,
dough development time, dough stability, and weakening of Balady bread
dough (wheat flour 82% extraction). Also, parameters of extensogram
(Table 5) include dough extensibility, resistance to extension, maximum
resistance to extension, dough energy, and proportional number as re-
ported by Hussein et al. [6].

Table 5. Farinograph and Extensograph parameters
of balady bread flour [6]
Tabmuua 5. ®apuHorpadudeckue u 3IKcreHcorpadbmueckue napaMmeTpsl
MYKM 1151 Xne6a 6anamm [6]

Sample Farinograph parameters
Water . Dough Dough :
absorption i rﬁrer?rﬁliln) development  stability Wee(ﬂl;%r)nng
(%) (min) (min)
Balady 66.4 1.0 2.5 13.5 20
Hi)?rd Extensograph parameters
o - -
](EBXZU/; Dough Remigance xii‘ggg Proportional ~ Dough
extensibility extension to extension number energy
155 490 410 2.64 97

3.3. Preparation of balady bread

To one thousand gram of wheat flour (82% extraction), 10 g of dry
yeast, 15 g of sodium chloride, and 760 ml of water were added and mixed
in a mixer for 25 min. The formed dough was left for 45 min for fermenta-
tion at 30 °C and 85% relative humidity. The dough was divided into piec-
es (160 g each), sprinkled with a bran layer, and left for another 45 min to
complete the fermentation. The fermented dough pieces were flattened
to about 20 cm in diameter and 0.5 cm thickness and baked at 450-500 °C
for 1.5-2 min. Bread loaves were allowed to cool on wooden racks for 30
min at room temperature and then packed in polyethylene bags [6,10].

3.4. Bread baking

Bread baking is the critical step in which the dough is transformed
into a light, porous, readily digestible, and flavorful product, under the
impact of heat. Thus, good quality bread production requires a carefully
controlled baking process, including the rate and amount of heat applica-
tion and the humidity level in the baking chamber and baking time [11].
Balady bread is a flat, circular loaf consisting of two layers and usually
baked at high temperatures for a few minutes [10].

Also, Al-Hajji et al. [12] indicated that temperatures inside the Arabic
flat bread during baking do not increase more than a few degrees Celsius
above 100. However, this is enough to provide sufficient generation of
steam with a high enough internal pressure to drive the characteristic
puffing that occurs in successful bread baking. The end point of the bak-
ing process depends on quality aspects that are critical in the acceptance
of the bread by a consumer, such as color, texture, and flavor [13,14]. Fur-
thermore, Table 6 exhibits baking temperatures and times used for balady
bread making as reported by El-Samahy and Tsen [1] and Hallab et al. [15].

Table 6. Balady bread baking conditions

Ta6nuua 6. YcioBus: BbIneyku xaeba 6anaam

Baking temperature, °C Time, min. References
400-600 0.66-1 [15]
300-350 3-4 1
450-500 1-2 [10]

3.5. The common types of flat breads produced in worldwide

Balady bread is flat and circular, formed from two separated thin
layers (crust: upper layer; and crumb: lower layer), 1 cm thick, the loaf
diameter ranged from 15 to 20 cm, and the weight ranged from 70 to
90 gm (Table 7). It characteristically consists of two layers, which form
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as a result of internal puffing during baking [12]. Table 8 illustrates some
types of flat breads (their formulas and characteristics) produced in dif-
ferent countries. Also, Figure 1 shows the classification of flat bread in
various countries.

Table 7. Proximate chemical composition of balady bread
Ta6nuia 7. [IpUGIVKEHHBI XMMUIECKUIT COCTaB xj1eba 6axaan

Parameters % References
Moisture 34.52
Ash 1.50
Fiber 1.65

. [6]
Protein 11.60
Lipid 1.62
CHO 83.63

Double Layered

Figure 1. Classification of flat bread

Pucynok 1. Kmacendukanys miockoro xiaeéa

3.6. Bread quality

3.6.1 Physical characteristics of bread

In Egypt, as well as the Middle East, the most popular type of bread is
a flat (balady bread), circular loaf (1 cm thickness, 10 to 30 cm diameter)
consisting of two layers [19].

Physical characteristics include weight (g), volume (cm?), and specific
volume (cm?/g) of prepared bread samples.

3.6.2. Color attributes of balady bread

Lightness (L), red content (a) and yellow content (b) values of crust
and crumb of different prepared bread samples were determined by using
a Hunter Lab color measurement system.

Color analysis of food is an important field, always related strongly
to market and consumer acceptability, as it controls the first impression
of any food product. L* a* b* values (L* value is a measure of lightness
ranging from 0 (black) to 100 (white), a* value ranges from —100 (green-
ness) to +100 (redness) and b* value ranges from —100 (blueness) to +100
(vellowness) describe the color differences between samples (either crust
or crumb colors).

Changes in bread color may be due to baking at different tempera-
tures and times and consequently the browning reaction that occurs
in bread samples. Elawad et al., [11] stated that the color of bread de-
pends on the moisture evaporation from dough and Millard reaction
during the baking process. The lower crust lightness (L*) of bread crust
was probably related to baking temperature. Baking temperature and
time reduced all the color values [20]. Increasing baking temperature
and time caused an obvious reduction in L* value thus, darker bread
color. Temperature and time of baking process had negative linear rela-
tionship with L*% a* and b* of bread color values [11]. Breads baked at a
higher temperature were generally of better quality than those baked at
a lower temperature. Lower baking temperatures failed to yield breads
with desirable bread crust and crumb color [10].

Table 8. The most common flat bread types produced worldwide
Ta6muua 8. HamGonee pacripocTpaHeHHbIE€ BUABI IVIOCKOTO X/1€6a, MPOU3BOAVMOrO B Mype

Contents

Hard wheat (82% ext.), salt, Yeast or starter
starter (fermented dough), or dry (fermented dough)
yeast and water

Bread name
Balady bread

Raising agents

Arabic (pita, shamy, Yeast

Syrian, pocket) bread

Flour, water, baker’s yeast and
salt

Yeast + sun heat,
i. e., open air, under
the direct sunlight

Flour, water, baker’s yeast and
salt

Egyptian Shamsi
bread

Tandoori (Taftoon) ~ Wheat flour, yeast, or sour dough Yeast or sour dough

Parotta Whole wheat flour with 2.5% unleavened
salt, 65% water, and 40%
shortening

Puri Fried product (deep-fat-fried in  unleavened
preheated oil at 180-200 °C for
25 s) prepared from whole wheat
flour

Lavash Hard wheat (82% ext.) unleavened

Barbari Wheat flour, baking soda, mixed baking soda
in the boiling water

Chapatti Whole wheat flour, salt, oil, and  unleavened
an appropriate amount of water

Sangak Flour of 95% extraction rate, salt Yeast and sour
(1.5%), sourdough (20%), yeast dough
(0.5%), and water (85%)

Rye flat bread Barley, oat, rye, and wheat flours, Yeast
yeast, salt, and sugar with water

Tortilla Finely ground maize (corn) or unleavened
wheat flour

Bazlama Wheat flour, yeast, salt, sugar, Yeast
yoghurt, and water

Pide Flour, salt, water, shortening, Yeast
sugar, yeast

Yufka Flour, water, salt, a little vinegar unleavened

or lemon juice, very little olive
oil

Properties Zone References
Flat, circular, separated two thin layers (crust: Egypt and the [6]
upper layer; and crumb: lower layer), 1 cm Middle East
thickness, loaf diameter ranged from 15 to
20 cm and weight ranged from 70 to 90 gm.
Round, leavened two (double) layered flat The Middle [3]
breads East
Round in shape, single layered, of about 15— Egypt [16]
20 cm diameter and 10 cm thickness.
A single layer, circular in shape, 40-50 cm Iran, Pakistan, [17]
diameter and India
Flexible handfeel, soft and slightly chewy India [18]
texture, one layer
Fried product and consumed as snacks India,
Pakistan, and
Bangladesh
Single-layered, has an oval or rectangular South Asia
(60-70 cm long, 30-40 cm wide) shape and a 2
to 3 mm thickness with a creamy white color
The bread is usually 70 to 80 cm long and 25 to Iran
30 cm wide with a thickness of about 3.5 cm
Single layered round in shape of about 15cm  India [3]
diameter and 0.2 cm thickness
Sourdough flat bread, 70-80 cm long, Iran
40-50 cm wide, and 3-5 mm thick;
its surface is sprinkled with sesame
0.7 to 1.0 cm thickness. Round (5.0 cm Scandinavian
diameter) countries
Thin, one (single) layered flat bread, a flexible  Central and
texture South America
Single layered, flat, circular, thickness 3 cm Turkey and the
and diameter (10 to 20 cm) Middle East
Round shaped flat bread, thickness 1.5-2 cm  Turkey
and diameter 20-25 cm
Round, cream-colored, and single layered flat ~ Turkey

bread, thickness 1 to 2 mm, diameter 40 to
50 mm



Ammap A. C. M. 1 gp. | MULLEBBIE CUCTEMbI |

3.6.3. Sensory evaluation of bread

Fresh samples of the different substitutes of balady bread were given
three-digit codes and organoleptically evaluated by semi-trained panel-
ists. All samples were evaluated for crust color, crumb color, taste, odor,
and overall acceptability on a ten-point hedonic scale, on which a score of
10 represented attributes most liked; 5 represented attributes at an unac-
ceptable margin; and 1 represented attributes most disliked, according to
Stone and Sidel [21].

3.6.4. Freshness of Balady bread (staling retardation)

Bread staling is a mix of physical and chemical changes in the bread
quality, i. e., crumb hardening, crust softening, and loss of fresh flavor
[22,23,24]. Up to date, staling mechanisms have not been well under-
stood. However, the retrogradation of starch (recrystallization) and the
water loss have been considered by many authors to be the most impor-
tant factors affecting the staling [24,25,26].

Various procedures were used for assessing the bread staling rate dur-
ing storage, such as the traditional Alkaline Water Retention Capacity
(AWRC), Texture Profile Analysis (TPA), Thermal Analysis [27], calorimet-
ric methods [28], X-ray crystallography [29], NMR spectroscopy [30,31].
Staling was retarded using either different antistaling agents during the
preparation of bread dough as a pretreatment or bread freezing as a post-
treatment.

4. Bread oven and its effect on environment,

energy consumption

The traditional baking ovens are built by local labors without any de-
sign principles, which are used to build the improved baking oven. There-
fore, the improved baking oven is more efficient than traditional baking
ovens in terms of heat and mass transfer, baking time, and product qual-
ity [32]. Energy efficiency of solid fuel bread ovens is 49% at a permanent
temperature value in the baking chamber of 220 °C [33]. Local bakers pre-
fer baking as a career but are hindered by financing options and need
help as they could not meet microfinance requirements that guarantee
the loan payback [34]. The consumed specific energy was 3.57, 2.92, 2.54
and 1.93 kWhkg-1 for Magr Baladi bread oven, while it was 4.35, 3.54, 3.11
and 2.53 kWhkg-1 for Mawi Baladi bread oven at belt speeds 1.18,1.97,
2.40 and 3.55 ms™!, respectively [35]. In a small-scale bread production
oven, the baking capacity, baking efficiency, weight loss and optimum
baking temperature were: 101.9 kg/h, 46.44% (wood-fired); 70.34% (gas-
fired), 13.5 g (wood-fired); and 25.5 g (gas-fired), 150 °C, respectively [36].
Combustion of biomass in small-scale bakery ovens (Wood-Fired Bakery
Oven) is widely used in many countries. Although there have been three
decades of policies against biomass-based cooking in Africa, demand for
fuel wood continues to increase. They depend mainly on fuel wood, col-
lected manually from the surrounding forests, or purchased from (mostly
female) suppliers, retailers, or wholesalers [37]. Design and construction
of ovens for baking bread are considered complex scientific and industrial
problems. Therefore, using simulation models in motion studies of heat-
ing gases inside oven spaces is very important in heat uniformity distri-
bution to increase bread quality and decrease both fuel consumption and
bad environmental impact [38]. Baking requires air temperatures ranging
from 200 °C to 250 °C. Such temperatures can be achieved using solar en-
ergy, which is abundant in the developing countries suffering from high
energy costs [39].

Traditional cooking methods using fuel woods cause air pollution and
land degradation on the local and regional levels. Therefore, using four-
reflector solar baking oven is considered a suitable solution for overcom-
ing these problems [40]. A huge part of energy obtained from fuelwood is
wasted in non-conventional ovens. Therefore, improvements in efficient
utilization of fuelwood in nonconventional bakery ovens are needed [41].
Volatile compounds are lost in the high temperature oven during bak-
ing and toasting of gluten-free bread dough in comparison with wheat
bread, which could partially explain the richer aroma in wheat bread [42].
The small-scale single-powered baking oven using wood fuel was suc-
cessfully modified and optimized into a dual-powered oven using fuel gas
[36]. The bread is considered one of the basic elements of people life and
the main part of their food throughout the historical eras [43]. Tempera-
ture uniformity inside the oven leads to good bread quality and is more
energy-efficient due to low specific energy consumption [44]. Good ther-
mal insulation of the walls, closing the handling gates using transparent
panels, and placing temperature sensors inside the ovens are important
design criteria to reduce heat loss and increase the efficiency of energy
use for bread baking [45]. Backing time is very important, since the poros-
ity, mean pore volume, and mean coordination number of spaces in bread
increase with increasing time inside the oven; and local cell wall thick-
ness decreases with time increase [46]. Electric resistance (ER) baking is a
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method of baking bread in many countries. This method is based on heat-
ing dough as an electric resistor. Briefly, when a current is passed through
a dough, heat is generated inside the dough; the amount of generated
heat depends on the used current, resistance of used dough and current
passage time [47]. Indirect radiation-cyclotherm, indirect convection, hy-
brid, and industrial tunnel-ITO are used for baking bread with modifica-
tion of the quality parameters of the crackers [48].

Optimization of the bread-baking process depends on supply and
control of heat within the oven with minimal loss. While, the available
data on optimizing burner designs for efficient heat supply is very limited
[49]. The bread weight loss is increased with increasing oven tempera-
ture. Due to increasing oven temperatures from 180 to 220 °C, the bread
temperature increased from 112.73 to 168.49 °C and the bread weight loss
increased from 22.40 to 52.46% [50]. Wood specific consumptions were
found to be 0.55 and 0.90 kg of wood per kg of wheat flour baked us-
ing the indirect and semi-direct ovens, respectively. Also, variation of the
temperature distribution during the baking process was influencing the
quality of the baked bread [51]. The charcoal ovens for baking bread could
be constructed with locally available materials (mild steel and angle
bars). The maximum temperature attainable with an oven with an area
of 315000 mm? is about 500 °C and capable of generating 1488 K] of heat
energy [52]. The thermal efficiency of volumetric ceramic (porous) oven
technology can be reached at 60% of the total exchanged thermal energy.
But, its application in the food industry is not found [53].

The bread baking ovens are thermally insulated chambers. It is the
most widely used appliance in the food industry [45]. An electric coil
heater and the gas burner with temperature regulator are used in one
chamber of a locally made oven. The maximum temperature of 220°C
was recorded through the baking process. Insulated material (slag wool)
that has a thermal conductivity of 0.042 W/m °C was used [54]. Weight
loss of bread is increasing with increasing oven temperature. Whereas
with increasing oven temperature from 180 to 220 °C, the bread increased
temperature from 112.73 to 168.49°C and the weight loss of bread in-
creased from 22.40 to 52.46% [50]. Using electrical resistors and heat reg-
ulators in baking ovens gives great potential for controlling the quality of
bread in comparison with other sources [55]. In the evaluation process of
the effect of wheat flour substitution by different levels of whole barley
flour, the flat loaves were proofed at temperatures from 380 to 450 °C for
1-2 min inside the oven [56]. The optimum baking time and temperature
were (20 min) and 200 °C for a rotary oven at 10 rpm oven rack speed. The
rotary oven could be used for both domestic and industrial production of
bread and other bakery products [57]. Numerical results in using ohmic
heating technology showed that the linear evolution of temperature with
heating time was mainly caused by heat losses [58]. Energy source and
control of heat within ovens chambers with minimal loss are considered
integral processes in optimizing both quality and quantity of the bread-
baking process [49].

5. General model of balady bread ovens in Egypt

A field survey in Egypt was done to determine the main features of
balady bread ovens in Egypt. Oven dimensions, construction materials,
heating systems, and mechanical tools were recorded and analyzed to
produce a general model. Concrete footings with a thickness of 30 cm
are constructed to cover soil under the ovens. Oven walls and ceilings
are constructed from double layers of thermal clay bricks separated with
natural isolation materials. Natural cement made of clay soil is used be-
tween bricks in the construction process of both walls and ceilings. Oven
ceilings are constructed as cylindrical arc made of thermal bricks and
natural cement. The oven external cover made of stainless steel sheets
is constructed to improve the external appearance and protect the oven.
A steel conveyor made of grades and chains is used to move breads from
entrance and exit gates through the baking process. Three phase electric
motor contacted with gearbox to move the steel conveyor at linear suit-
able speed. Gas flamers are used as energy sources inside ovens for the
baking process. Exhaust systems consist of a stuck and chimney that is
used to divert oven exhaust gases outside in high points over the building.

Usually, the balady bread ovens are constructed in three stages. Figure 2
shows the construction of oven walls from zero level to 40 cm above the
concrete footing. The concrete footing dimensions are 230x 600 x 30 cm
for width, length, and height, respectively. Oven dimensions at the first
stage are 180x400x40 cm for width, length and height respectively. Di-
mensions of oven internal space are 90x400x40 cm for width, length,
and height. Two extensions with dimensions of 115x87.5x40 c¢m for
width, length and height are found at the entrance and exit gates of the
oven. Oven walls are constructed of double walls of thermal bricks sepa-
rated by natural isolation materials called “clay soil”. Figure 3 shows the
construction of oven walls from 40 to 115 cm above the concrete footing.
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Figure 2. First stage of the oven walls construction from zero
level to 40 cm above the concrete base
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Figure 3. Second stage of the oven walls construction from

40 cm to 115 cm above the concrete base
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At 40 c¢m level iron bars are installed on side walls to control movement of
chain grades conveyor from the entrance gate to the exit gate. Dimensions
of the chain grades conveyor are 90 x 585 cm for width and length, respec-
tively. Figure 4 shows the installation process of chain grades conveyor on
the fixed steel bars. A clearance of 5 cm is left between side walls and chain
grades conveyor to keep flexibility to replace any part of chain grades con-
veyor when doing maintenance. Chain grades conveyor is extended 87.5 cm
out of entrance and exit gates to keep the baker away from the direct heat.

Figure 5 shows a side view of the oven containing concrete footing, oven
side wall and oven extension. Two gas flamers are installed, the first is fixed
on one of the side walls between the two layers of the chain grades conveyor
for heating chain grades under bread dough, but the second is fixed above
the exit gate for heating air around bread dough. Chimneys with stuck are
installed above the oven exit gate to ensure getting rid of exhaust gases
outside the baking building. Figure 6 shows front and back view details of
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Figure 4. Final stage of the oven walls construction and chain

conveyor installation
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Figure 5. Side view of the oven
PucyHOK 5. BOKOBasi mpoeKIyus reun

the oven containing a concrete base, brick walls, isolation material, chain
grades conveyor, baking space, and bread dough at the entrance gate. It also
shows concrete base, brick walls, isolation material, chain grades conveyor,
gas flamer, baking space, and bread at exit gate.

Figure 7 shows a longitudinal section of the oven containing a con-
crete base, brick walls, isolation material, chain grades conveyor, gas
flamer, baking space, and bread dough motion on the chain grades con-
veyor. Due to the high temperature of the chain grades conveyor under
bread dough and the high temperature of air around bread dough, the
bread dough is swelling in a semi sphere shape, containing vapor and
gases inside. Figure 8 shows an oven cross sectional area containing all
details mentioned above. Figure 9 shows the external cover and some
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Figure 8. Cross sectional area of the oven
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components of the oven. Usually, the external cover is made of a stain-
less steel layer around the oven body. This cover is very important in the
external cleaning and protecting process of the oven. Figure 10 shows
details of the chain grades conveyor, electric motor, and transmission
system from the electric motor to the chain grades conveyor through

the baking process.
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Figure 10. Mechanical system for bread chain conveyor
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