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Formulation of Gluten-Free Pocket-Type Flat Breads: Optimization of Methylcellulose,
Gum Arabic, and Egg Albumen Levels by Response Surface Methodology
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ABSTRACT

Response surface methodology was used to analyze the effects of methyl-
cellulose, egg albumen, and gum arabic on the sensory properties of gluten-
free pocket-type flat bread baked from formulas based on pregelatinized
rice flour and pregelatinized corn starch with corn flour. A rotatable
central-composite design consisting of three variables (methylcellulose,
egg albumen, and gum arabic), in a five-level pattern (1.37, 2, 3, 4, and
4.63 g) with 20 runs (gluten-free formulations), was prepared over three
blocks. This design was used to develop models for the different sensory
responses. Responses were affected most by changes in methylcellulose
and egg albumen levels, and to a lesser extent by gum arabic levels.
Individual contour plots of the different responses were superimposed,
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and regions meeting the maximum number of bread sensory attributes
were identified. When 3 g of gum arabic was included in the bake mix,
gluten-free breads comparable to regular wheat bread in the frequency
of cracks, separation of layers, rollability, tearing quality, hardness,
adhesiveness, and cohesiveness were obtained at methylcellulose levels
22.10 g and <4.12 g, and at egg albumen levels =2.18 g and <4.10 g.
Higher levels (4.63 g) of gum arabic resulted in more cohesive products.
Lower levels (1.37g) of gum arabic produced loaves that were less cohesive
and inferior to wheat bread in rollability. All breads possessed a perceptible
corn flavor, a light-yellow crumb with apparent waxy patches, and a
faster staling rate than that of regular wheat bread.

Wheaten, pocket-type flat breads are the main dietary staple
of people in the Middle East, the Nile Valley, and the Persian
Gulf states. These breads are referred to as “Arabic”, balady,
shami, “Lebanese”, and mafrood in the Arab countries and as
“pita” in the United States and Europe. The formulation, process-
ing, and characteristics of these flat breads were recently reviewed
by Faridi (1988). Reliable statistics on the prevalence of gluten
intolerance in the aforementioned countries is lacking, or at best,
difficult to locate. However, gluten intolerance has been reported
in Northern Sudan (Suliman 1978), as well as in Middle Eastern
countries such as Lebanon (Bitar et al 1970) and Iraq (Al-Hassany
1975). The principal treatment consists of removing gluten from
the diet. Exclusion of gluten from the diet is a formidable task
for dietitians, as wheat flour is present in a wide range of products
including bread, biscuits, cakes, and pastas. The situation is partic-
ularly irksome in the case of bread, as flat bread consumption
constitutes the cornerstone of dietary patterns for these populations.

Gluten-free breads require polymeric substances that mimic the
viscoelastic properties of gluten in bread doughs. To this end,
gluten-free pan breads have been successfully formulated by
incorporating gums (Kim and De Ruiter 1968, Smith 1971), soy
proteins (Ranhotra et al 1975), and egg white (Eggleston et al
1992) into nonwheat flours.

The effectiveness of response surface methodology (RSM) in
the development and optimization of cereal products has been
highlighted by different workers (Vaisey-Genser et al 1987, Shelke
et al 1990, Malcolmson et al 1993). Recently, RSM was effectively
utilized in mapping the levels of gums and water required for
the production of sensorially acceptable gluten-free pan bread
from a formula based on rice flour and potato starch (Ylimaki
et al 1988, 1991).

This article reports on the use of RSM in defining the levels
of methylcellulose, gum arabic, and egg albumen needed to
formulate gluten-free pocket-type flat bread that is based on a
bake mix of pregelatinized rice and corn starch, and that is com-
patible with regular wheat bread in key sensory attributes.
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MATERIALS AND METHODS

Materials

Corn flour and corn starch (B. V. Meelunie, Amsterdam) and
active dry yeast (Fermipan, Delft, Holland) were obtained from
a local supplier. Methylcellulose (Methocel MC, 400 cP), gum
arabic, and powdered sodium stearoyl-2-lactylate (Artodan SP
55) were purchased from Fluka (Buchs, Switzerland), Sigma
Chemical Company (St. Louis, MO), and Grinsted Products
(Brabrand, Denmark), respectively. Wheat flour, short-grain rice,
eggs, sugar, and salt were procured from the local market.

Chemical and Physicochemical Analyses

Protein, fat, ash, moisture, and farinograph absorption were
determined according to standard methods (AACC 1983). Degree
of gelatinization was assayed as described by Chiang and Johnson
(1977). Pasting temperature was determined from amylograms
recorded with the 700 cm-g cartridge for 8% (w/v) flour slurries,
as reported by Rasper (1980). Particle size distributions were
registered on a Malvern Mastersizer SB.0A (Malvern Instruments,
England) at a focal length of 300 mm. Analyses were made in
duplicate.

Experimental Flours and Dried Egg Albumen

Pregelatinized corn starch. Corn starch (1 kg) was soaked in
water (12 L) for 15 min, and the suspension was heated in a
steam-jacketed kettle at 95°C for 20 min. The slurry was cooled
to room temperature, spread on stainless steel trays, and dried
in an air-draft oven (Hotpack, Philadelphia, PA) at 110°C for
12 hr and then at 80°C for an additional 12 hr. The dried flakes
were ground in a Wiley mill fitted with a 1-mm screen and then
in an Alpine mill (Kollopex, 160Z, Augsburg, Germany) to mini-
mize graininess. The flakes were sieved to pass through 300-um
perforations and stored at 6°C until used. The powder
composition was: protein (NX5.7), 0.44%,; fat, 1.14%; moisture,
8.01%; ash, 0.36%; degree of gelatinization, 98.3%. It had a particle
size distribution of 168.0 pm maximum; 50% of the particles
were <182.07 um.

Pregelatinized rice flour. Whole rice (1 kg) was hydrated in
water (16 L) for 15 min, processed, and stored as described pre-
viously. The powder composition was: protein (NX5.95), 6.59%;
fat, 1.98%; moisture, 6.04%; ash, 0.47%; degree of gelatinization,
96.7%. It had a particle size distribution of 159.20 um maximum;
50% of the particles were <133.71 um.



TABLE I
Experimental Design and Amounts of Water in Different Formulations

Coded Levels®
X, X, X,
Variables® (Methylcellulose) (Gum Arabic) (Egg Albumen) Water® (ml)
Block 1 —1 -1 —1 91.5
+1 +1 -1 1015
1 1 +1 101.5
1 +1 +1 94.3
0 0 0 99.1
0 0 0 96.7
Block 2 +1 -1 -1 100.0
—1 +1 -1 93.5
—1 -1 +1 93.1
+1 +1 +1 104.2
0 0 0 98.5
0 0 0 97.2
Block 3 —1.633 0 0 91.3
+1.633 0 0 100.2
0 —1.633 0 92.2
0 +1.633 0 95.0
0 0 —1.633 93.3
0 0 +1.633 96.1
0 0 0 96.9
0 0 0 95.6
*Blocks and treatment combinations within a block were randomized.
°—1.633 (1.37 g); —1 (2 g), 0 (3 g), +1 (4 g), +1.633 (4.63 g). Reported on 100-g flour mass basis.
¢ Average of two replicates on 100 g (flour mass basis). Differences did not exceed 4.5%.
Corn flour. Corn flour composition was: protein (NX5.7), TABLE II
4.84%; fat, 2.18%; moisture, 14.13%; ash, 0.69%. The pasting Basic Gluten-Free Pocket-Type Flat Bread Formula
temperature was 77°C. Particle size distribution was 258.61 um Ingredients Mass (g)
maxi{num; 50% of the particle§ were <170.21 um. Pregelatinized rice flour 100
Dried egg albumen. Egg whites were separated manually from Pregelatinized corn starch 50
the yolks, mixed into a uniform mass, freeze-dried (Stokes 902-1-8, Corn flour 50
Penwalt, Philadelphia, PA), ground to a fine powder (Moulinex Sodium stearoyl-2-lactylate 0.5
241, France), sieved to pass 300-um perforations, and stored at Sugar 6.0
6°C. Before use, the powder was reconstituted by adding 8 parts Salt 3.0
of water to 1 part solids and holding for 3 hr at room temperature, Yeast . 40
as described by Sultan (1969). Methylcellulose variable
Gum arabic* variable
: : Egg albumen?® variable
Experimental Design Water®

A response surface design was used to study the relative con-
tribution of different variables to bread quality and to determine
optimum gluten-free product formulations. Methylcellulose, gum
arabic, and egg albumen were chosen as variables for this study
on the basis of data from preliminary screening experiments
(Sarakbi 1985, Noureddine 1993). The gum and egg albumen
levels were varied according to a rotatable central-composite
design with three blocks and six replicates of the center point
(Gacula and Singh 1984). The experimental design (Table I), which
was replicated twice, consisted of three variables, a five-level
pattern with 20 runs (bread formulations) prepared over three
blocks (consecutive weeks). For the statistical analysis, the five
levels of the three variables were coded as —1.633, —1, 0, +1,
and +1.633.

Preparation of Bread Samples

The formula used in the preparation of experimental breads
is shown in Table II. Breads were prepared by mixing the ingredi-
ents with simultaneous addition of water at speed 2 in Braun
dough mixer (type 4122, Frankfurt, Germany) until a cohesive
dough mass was obtained (~7-10 min). The amounts of water
needed for optimum dough consistency (assessed kinesthetically)
are shown in Table I. The resultant dough was fermented for
30 min in an incubator (GM, Precision) and maintained at 37°C.
The fermented dough was divided and rounded into balls of 20 g
each. The balls were covered with a wet cloth and fermented
for 20 min at 37°C and then flattened into circular sheets of
1.7-mm thickness with a plexiglass roller. Throughout the dough-
handling stages, corn flour was used as the dusting powder. The
flattened sheets were proofed for 20 min and baked at 470°C
to optimum crust color (~50-70 sec), as reported by Maleki and

* Amounts varied according to the experimental design (Table I).
Optimum dough consistency was assessed kinesthetically. Amounts
needed for different formulations are shown in Table I.

Daghir (1967). After baking, the loaves were cooled for 10 min,
placed in polyethylene bags to prevent moisture loss, and stored
at —20°C until used.

A commercial bakers’ flour (composition: protein [NX5.7],
10.83%; ash, 0.64%; moisture basis, 14.0%; farinograph absorp-
tion, 58.19%) (AACC 1983) was used in the preparation of the
reference wheat bread. Dough preparation and baking were as
described above. Reference bread samples were subjected to the
same storage conditions as experimental breads.

Sensory Evaluation

Nine panelists (six female, three male, aged 22-26 years), who
had completed a graduate course in sensory analysis, were trained
in the profiling of pocket-type flat breads. The samples used for
training included a range of wheat and rice-corn breads differing
in formulation, processing, and storage conditions (time-tempera-
ture combinations). During the four weeks of training (twelve
I-hr sessions), panelists used group discussions to establish
descriptive terms characterizing flavor and textural attributes of
pocket-type flat breads. The attributes selected were: frequency
of cracks in layers, separation of layers, crumb color, grain distri-
bution, rollability, tearing quality, first bite hardness, adhesive-
ness, masticatory hardness, cohesiveness of mass, and corn flavor.
Interestingly, rice flavor was not detected in rice-corn breads.
Definitions of the aforementioned attributes were reported pre-
viously (Meilgaard et al 1987, Qarooni et al 1987, Williams et
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