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Table 1. Formulation of gluten-free bread based on rice flour
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Table 2. Experimental treatments according to formulation variables of gluten-free bread in the mixture

design
e 555 5 Wby g g0
S5l S @w Do o oS 55 JER u. U i s .
Balabgu. Shirazi CMC Fava bean Protein Soy Protein Isolate Bl
Mucilage %) Isolate %) Treatment
%) %)
0 0.5 4.5 0 1
0 0.25 2.375 2.375 2
0.5 0.5 0 4 3
0.5 0 0 4.5 4
0.5 0.5 2 2 5
0.25 0 0 4.75 6
0.5 0 4.5 0 7
0.25 0.5 0 4.25 8
0 0.25 4.75 0 9
0.25 0 2.375 2.375 10
0 0.25 0 4.75 11
0 0 5 0 12
0.5 0.5 4 0 13
0 0 0 5 14
0.25 0.25 4.5 0 15
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Design Expen® Software
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Figure 1. Contour plot of the combined effect of independent variables on the Firmness of
gluten-free batter.

147



LS 0 0L aS sla S5 s s O 5 sllie (6 el Jogos Ao

Table 3. Experimental results of gluten-free bread samples

atly b paze it sla paze
Dependent variables Independent variables
N Z. L' .
ol ot ol 3 el post Sk ol e i - pate (> oL S MWL g ! .

B e " Bl e J>=l>u [Sad o sy ol 6)'11,..2 Jj}l.« J*':‘ styjs O IA B L)..d S 4}}1‘ s
Batter Batter Batter Porosi Specific Bakine Loss T cMC Fava bean Protein Sov Protein Isolate )
Consistency Adhesiveness Firmness %) v Volume (lyg> Balabgu Shirazi o Isolate Y %) Treatme
@s) ) ) ’ MLg) ’ Mucilage o) %) ° nt

(%)
459 18 24 20.9 2.93 25.51 0 0.5 4.5 0 1
8267 624 348 224 3.87 29.20 0 0.25 2.375 2.375 2
44954 2963 1790 10.6 2.86 21.56 0.5 0.5 0 4 3
21201 1104 844 19.9 491 3122 0.5 0 0 45 4
53749 3197 2037 22 3.27 22.06 0.5 0.5 2 2 5
12649 581 508 17.5 2.97 27.42 0.25 0 0 4.75 6
1142 49 49 31.6 3.89 28.4 0.5 0 4.5 0 7
45440 2996 1763 24.7 438 21.86 0.25 0.5 0 4.25 8
381 14 19 20.8 3 28.95 0 0.25 4.75 0 9
27734 1561 1110 21.8 3.6 26.4 0.25 0 2.375 2.375 10
5851 310 279 13.3 2.36 31.6 0 0.25 0 4.75 11
397 11 21 19.1 3.02 3435 0 0 5 0 12
43250 2460 1750 234 2.91 234 0.5 0.5 4 0 13
5619 237 226 16.4 3.13 30 0 0 0 5 14
2441 143 101 13.7 4.16 2426 0.25 0.25 4.5 0 15
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Table 3 (continued). Experimental results of gluten-free bread samples_

ol Sla oie fete (Lo pie
Dependent variables Independent variables
S o
0L i g e Bl s Al
S el . S Fob Joo S5 LA TR L o sz )
: LS (gl osgd yetls ploens! Bread Hardness Balabeu Fava bean i Sl
Overall ' , (@) abgl \7e Protein Isol Soy Protein Isolate
Browning Index ~ Cohesiveness g Shirazi %) rotein Isolate % Treatment
acceptance . % (%)
Mucilage %)
%)

3 44.62 0.68 383.68 0 0.5 4.5 0 1

4 60.49 0.758 520.09 0 0.25 2.375 2.375 2

3 51.37 0.726 384.99 0.5 0.5 0 4 3

5 64.97 0.813 686.39 0.5 0 0 4.5 4

5 48.80 0.772 466.18 0.5 0.5 2 5

4 61.81 0.756 746.9 0.25 0 4.75 6

2 53.75 0.789 450.3 0.5 0 4.5 0 7

5 44.96 0.751 492.2 0.25 0.5 0 4.25 8

3 43.83 0.752 325.69 0 0.25 4.75 0 9

5 53.85 0.615 622.88 0.25 0 2.375 2.375 10

3 34.65 0.759 1328.27 0 0.25 0 4.75 11

2 44.64 0.323 140.17 0 0 5 0 12

4 44.71 0.700 847.13 0.5 0.5 0 13

3 55.26 0.692 881.94 0 0 5 14
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3 52.93 0.673 505.57 0.25 0.25 4.5 0 15

Table 4. Predictive model for the dependent variables of gluten-free bread samples
) -
J-M S [ 6; a)'\.,\jl L;Laﬂl)li
MOdel CoefﬁCients Measured arameters
CD BD BC AD AC AB D C B A P
Baking Loss(%)
(057 2 o) o smasen o
-8716.6*  -417.8* -139.99*  -406.1**  -143.2% 5.63% 387.09**  128.18**  3.08"*  3.06*  Specific Volume (MLg™?)
(A 3) s
-4336.5% 188.7¢  2192.9* 2662  2051.04* 2158 303.68 2020.66  19.62 16.57 Porosity
%)
(%) Gl et i
81592.4 82347  -119000 85208 117100  2070.8*  72724**  108600** -17.9**  352.9* Batter Firmness
(€29)
(05) el ot (S
116900 138000 -190000 146600  -181000  3269.1**  122500**  173200* -26.28** 270.56* Batter
Adhesiveness
3
(.0 5) il o 5
203700 223600 -314600 231900  -3087700  53851*  197700** 287000 -604.7** 7607 Batter Consistency
(g.8)
53662.35  -15896 76374  -24052.3  70786.6  -389.9 18562.6™  -65746**  86.08*  1075.6** Bread Hardness
3

150



V£00 OLT OYY 0,95 VY ol

43 -13.23 -11.27 42.15% 10.95* 0.0861 14.53#* -34.27*  0.361* 0.64** !
Cohesiveness
4710 712 969* 737 1321.6°  63.37*  -508.66* 917.07°* 92.44*  54.96* O Slest el
Browning Index
327.09 248.39 -8.89 290.65 -32.42 5.89 250.62% 24.3% 1.81% 3.3 K Ak
Overall acceptance

St oS s S se D gl fme oS5 S C 6L 155 ol B tbisw (55 sl A

A- Soy Protein Isolate, B Fava bean Protein Isolate, C -CMC, D Balangu Shirazi Seed Mucilage

151



LS 0 0L aS sla S5 s s

Q‘)K&A}Lﬁ‘.}.j& 6]:.4\ L.@.w“ Lo

Table 4 (continued). Predictive model for the dependent variables of gluten-free bread samples

Je ol s
Model coefficients
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A- Soy Protein Isolate, B Fava bean Protein Isolate, C -CMC, D Balangu Shirazi Seed Mucilage
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Figure 2. Contour plot of the combined effect of independent variables on the
adhesiveness of gluten-free batter.
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Figure 3. Contour plot of the combined effect of independent variables on the Consistency
of gluten-free batter.
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Figure 4. Contour plot of the combined effect of independent variables on the baking
loss of gluten-free bread.
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Figure S. Contour plot of the combined effect of independent variables on the Specific
Volume of gluten-free bread.
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Figure 6. Contour plot of the combined effect of independent variables on the Porosity of
gluten-free bread.
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Bread is considered one of the most important food products in many countries. The
presence of gluten protein in wheat is the main factor responsible for creating the
desirable dough structure and improving bread quality. However, removing gluten
from bread formulations—due to nutritional requirements or health considerations
for individuals with celiac disease—poses the challenge of decreased bread quality.
Therefore, extensive research has focused on the use of hydrocolloid substitutes to
compensate for the functional role of gluten. Accordingly, the aim of the present
study was to improve the quality attributes of gluten-free bread using broad bean
protein isolate and Balangu Shirazi seed mucilage. To determine the experimental
treatments, four independent variables were used, including different levels of soy
protein isolate, broad bean protein isolate, carboxymethyl cellulose (CMC), and
Balangu Shirazi seed mucilage. After incorporating these components into the
formulation and preparing the samples, physicochemical, textural, and sensory
evaluations were performed. The results of the batter textural properties showed that
increasing the levels of protein isolates and Balangu Shirazi seed mucilage led to an
increase in batter firmness. The highest and lowest firmness values were observed in
sample 5 (2% soy protein isolate, 2% broad bean protein isolate, 0.25% CMC, 0.25%
Balangu mucilage) with 508 g, and sample 9 (4.75% soy protein isolate and 0.25%
CMC) with 19 g, respectively. Using broad bean protein isolate compared to soy
protein isolate resulted in reduced baking loss (the lowest baking loss belonged to
sample 3 containing 4% soy protein isolate, 0.5% CMC, and 0.5% Balangu Shirazi
mucilage, with 21.56%) and increased porosity (the highest porosity was observed in
sample 7 containing 4.5% broad bean protein isolate and 0.5% Balangu mucilage,
with 31.6%). Additionally, the use of CMC compared to Balangu Shirazi mucilage
led to a greater reduction in baking loss. However, regarding porosity, a considerable
increase was observed when soy protein isolates and Balangu mucilage were used
simultaneously. Soy protein isolate increased bread firmness (the highest firmness
was recorded for sample 11, containing 4.75% soy protein isolate and 0.25% CMC,
with 1328.27 g), while broad bean protein isolates decreased firmness (the lowest
firmness belonged to sample 12, containing 5% broad bean protein isolate, with
140.17 g). Simultaneous use of soy protein isolates and Balangu mucilage improved
the cohesiveness of the gluten-free bread samples. Regarding crust browning index,
the effect of soy protein isolate was greater than that of broad bean protein isolate.
Finally, to determine the optimal gluten-free bread formulation, the optimization
section of the software indicated that 0.981% soy protein isolate, 3.59% broad bean
protein isolate, and 0.422% Balangu Shirazi seed mucilage constituted the best
formulation for producing gluten-free bread in this study.
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