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Tablel Experimental values designed in response surface methodology

Treatment Block Xanthan (%) Guar (%) CMC (%)
1 1 0.3 0.3 0.3
2 1 0.6 0.3 0.3
3 1 0.3 0.3 0.6
4 1 0.3 0.3 0.3
5 1 0 0 0.6
6 1 0.6 0 0.6
7 1 0.3 0.3 0
8 1 0 0 0
9 1 0.3 0 0.3
10 1 0.3 0.6 0.3
11 1 0.3 0.3 0.3
12 1 0.3 0.3 0.3
13 1 0.6 0.6 0
14 1 0.6 0 0
15 1 0.6 0.6 0.6
16 1 0 0.6 0.6
17 1 0 0.3 0.3
18 1 0.3 0.3 0.3
19 1 0 0.6 0
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Table 2 The independent variables and their levels used for design

Factor Levels

Xi 1 0 1

Xanthan (X1)(%) 0 0.3 0.6

Guar (X2) (%) 0 0.3 0.6
carboxymethyl cellulose (X3)(%) 0 0.3 0.6
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Fig 1 The 3D response surface plots of moisture
content affected by xanthan (X1, %) and Guar (X2,
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Fig 2 The 3D response surface plots of moisture
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Fig 3 The 3D response surface plots of moisture
content affected by Guar (X2, %) and CMC
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Fig 15 The 3D response surface plots of total ash
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Fig 19 = Optimal sample b: Control sample

Fig 19 a; Optimal sample b: Control sample
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Fig 16 The 3D response surface plots of overall
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Fig 17 The 3D response surface plots of overall
acceptabilityaffected by Xanthan (X1, %) and
CMC (X3, %)

Fig 18 The 3D response surface plots of overall
acceptabilityaffected by Guar (X2, %) and CMC
(X3, %)

Table 4 Comparison of the control sample and the optimum sample

Results Moisture Fracture Spread AE Overall
content (%) Strength (N) Ratio Acceptability

Optimum Sample 2+380° 5+870° 3+ 840° 38+ 216 4+ 650°

blank sample 14994° 8+530° 4+ 380° - 5+ 000°

1A%
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Table 5 Modeling of responses by response surface methodology

2 R*
Response Formula R (adjusted)

. Y=1.84+0.62 X;+ 0.5 X,+ 0.55 X5 + 0.12 X; X+ 0.12

Moisture content (%) ! XX +20' 1 szz 142 0.9868 0.9802
Y=8.66-2.91 X,-2.36 X,-2.60 X5+0.57 X;X,+0.49
Fracture Strength (N) X, X3+0.57 X,Xs 0.9835 0.9752
Spread Ratio Y=16.71-1.26 X;- 0.92 X,-1.09 X; 0.9804 0.9706
AE Y=26.15+1497X; +9.85 X, +16.21 X5 +3.76 X; X, +  0.9966 0.9931
3.66 X;X; + 1.98 X,X; + 2.55 X;°

Total Ash (%) Y=1.71+0.14 X;+0.10 X5+ 0.13X; 0.9296 0.9234
Overall Acceptability Y=3.08+ 1.0 X;+0.63 X, +0.14 X3 0.9607 0.9529

Xi: Xanthan, X,: Guar, X;: Carboxymethyl Cellulose
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Celiac disease is an autoimmune gastrointestinal disorder that occurs in sensitive individuals upon the
consumption of gluten. It is one of the most common genetic abnormalities in the world, which is
triggered during the process of digestion of gluten protein and the only way to treat it is to go on a
gluten-free diet. The purpose of this research was to apply methods of Response Surface Methodology
(RSM) and Central Composite Design (CCD), and to study the effect of independent variables
including various concentrations of xanthan gum, guar and carboxymethyl cellulose gum (0, 0.3, and
0.6%) on physicochemical, rheological and organoleptic properties of gluten-free biscuits based on
rice flour. The equations achieved through the examinations revealed that independent variables had
significant effect (P < 0.05) on the parameters. Among the studied parameters, the effect of xanthan
gum concentration was found as the most efficient variable. The results also showed that increasing
the concentration of the gum would increase the moisture content, total ash, color changes, and overall
acceptability of gluten-free biscuits, while decreasing their hardness and Spread Ratio. In general, the
optimization of the researched variables showed that using 0.6% xanthan gum, 0.3% guar gum and
0.13% carboxymethyl cellulose gum would result in production of desirable sample products that
would be similar in qualitative characteristics and overall acceptability to the wheat flour biscuits, and
could be used for celiac patients’ diet programs.
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