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1. Texture Profile Analyzer
2. Deformation

3. Hardness

4. Cohesivness

5. Springiness

6. Chewiness
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Table 1 Range and their levels of each independent variable in response surface methodology model

Independent variables Symbols Overall Acceptability
-1 0 +1
Potato fiber A 2 4 6
Nigella sativa Linn concentrate B 5 10 15
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Table 2 Regression coefficients of responses models fitting for effect of potato fiber and Nigella sativa
Linn concentrate on the physical characteristics of gluten-free toast bread

Term Density Porosity
KO 0.8150%** 16.91%%*
A -0.1298 % 10.07%%*
B -.0487%%x* 6.69
AB 0.0171%* -146
A’ 0.0102%* -0.69%*
B? 0.0023 -033
A’B - -
AB? -0.00075%* 0.0731%**
Lack of fit (p-value) 0.387 0.441
R’ 0.800 0.685

Significance level: * p<0.1; ** p<0.05; *** p<0.01.

A (%)

A (%)

Fig 1 Counter plots showing the effect of potato fiber and Nigella sativa Linn concentrate on the density (A) and
porosity (B) of gluten-free toast bread
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Fig 2 One factor plots showing the effect of potato fiber and Nigella sativa Linn concentrate on the moisture content
of gluten-free toast bread (m,Black: Day 1; A ,Red: Day 2; @ ,Green: Day 4)
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Fig 3 One factor plots showing the effect of potato fiber and Nigella sativa Linn concentrate on the hardness of
gluten-free toast bread (m,Black: Day 1; A ,Red: Day2; e ,Green: Day 4)
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Fig 4 One factor plots showing the effect of potato fiber and Nigella sativa Linn concentrate on the cohesiveness of
gluten-free toast bread (m,Black: Day 1; A ,Red: Day2; e ,Green: Day 4)
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Fig 5 One factor plots showing the effect of potato fiber and Nigella sativa Linn concentrate on the springiness of
gluten-free toast bread (m,Black: Day 1; A ,Red: Day2; o ,Green: Day 4)
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Fig 6 One factor plots showing the effect of potato fiber and Nigella sativa Linn concentrate on the chewiness of
gluten-free toast bread (m,Black: Day 1; A ,Red: Day2; e ,Green: Day 4)
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Table 3 Regression coefficients of responses models fitting for effect of potato fiber and Nigella sativa
Linn concentrate on the moisture content and textural properties of gluten-free toast bread during storage

Term Moisture content Hardness Cohesiveness Springiness Chewiness
KO 15.48%** 2777000%** 0.03405*** 0.01641 35000%**
A 15.25%** 22715000%** 0.12725%%* 0.02971 228000%**
B 1.90 8000000%** 0.06076*** 0.13636 382
T 55.99%** 2853000%** 0.04853*** 0.01870 543
AB 17.71%%* 38000 0.00019 0.000111 71000%**
AT 2.72 89000 0.00350%*** 0.00026 1000
BT 3.06 17000 0.00706*** 0.00365 5000
A’ 0.22 1311000%*** - 0.00666 59000**
B’ 0.02 383 - 0.00604 12000

A’B 36.11%%* - - 0.01282 24000
AB® 6.51%* 353000%** - 0.00422 43000*
B’T - 270000* - 0.00251 -
Lack of fit (p-value) 3.33 117000 0.00076 0.00084 12000
R’ 0.648 0.863 0.887 0.781 0.373

Significance level: * p<0.1; ** p<0.05; *** p<0.01.
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Table 4 Regression coefficients of responses models fitting for effect of potato fiber and Nigella sativa
Linn concentrate on the colorimetry of gluten-free toast bread

Term Crust Crumb
L* a* b* L* a* b*
KO -54 2*** -3.95%** 29 5k** 84 8*** -1.120%* 25.5%%*
A 78.1%** 1.35%** -11.3 -8.43%* 1.1012%* -6.12%*
B 2 .49% %% 1.26 -0.78%*** -7 A5%%* - -2, 13%%*
AB -4 25%** -0.292 0.343%* 1.29 - 0.557**
A’ -10.9%** -0.047 1.61%** 1.03%* 1.027* 0.652
B’ 0.299%*%* -0.0668 -0.067 0.186%** - 0.0288**
A’B 0.877*** - -0.0863*** -0.152%** - -0.0609%**
AB? -0.120%*** 0.0153%** 0.0217%** - - -
Lack of fit
0.899 0.238 0.686 0411 0.147 0.988
(p-value)
R’ 0.970 0.667 0917 0.945 0.283 0.887

Significance level: * p<0.1; ** p<0.05; *** p<0.01.
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Fig 7 Counter plots showing the effect of potato fiber and Nigella sativa Linn concentrate on the colorimetry
characteristics (Right column: bread crust; Left column: bread crumb)

Table 5 Experimental and estimated values using models for physical properties of gluten-free toast bread

Parameters Estimated value * Experimental value > Error (%)
Density (g/cm’) 0.535+0.015 0.563+0.029 5.0
Porosity (%) 52.2+1.0 54.0+1.9 34
Crust L* 52.6+1.1 54.6+2.0 37
Crust a* 1.5+0.1 2.7+0.3 46.1
Crust b* 7.3£0.5 10.1+£0.9 28.1
Crumb L* 41.7£0.6 46.0£1.2 93
Crumb a* 0.7+0.1 52+0.4 85.7
Crumb b* 7.5+0.3 13.2+0.6 428

*and " indicate the mean=standard error and mean-standard deviation , respectively.
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Table 6 Experimental and estimated values using models for chemical and textural properties of gluten-

free toast bread

Time (Day) Parameters Estimated value * Experimental value”  Error (%)
1 Moisture content (%) 44.9+0.4 46.8+0.9 4.1
1 Hardness (g) 1495+108 17124216 12.7
1 Cobhesiveness (-) 0.531+0.007 0.499+0.016 6.3
1 Springiness (mm) 0.586+0.023 0.632+0.011 7.8
1 Chewiness (g.s) 501473 497+34 0.7
2 Moisture content (%) 43.9+0.4 43.8+0.9 0.2
2 Hardness (g) 1763+108 1980+216 10.9
2 Cohesiveness (-) 0.455+0.108 0.424+0.016 74
2 Springiness (mm) 0.576+0.011 0.530+0.023 8.7
2 Chewiness (g.s) 457+34 445+73 6.8
4 Moisture content (%) 42.6+0.4 40.5+0.9 5.1
4 Hardness (g) 2205+108 24224216 8.9
4 Cobhesiveness (-) 0.407+0.007 0.376+0.016 83
4 Springiness (mm) 0.543+0.011 0.500+0.023 9.2
4 Chewiness (g.s) 467+34 455+73 2.7

*and  indicate the mean=+standard error and mean-standard deviation , respectively.
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Celiac disease is an autoimmune disorder in which the patient is permanently exposed to gluten
intolerance during their life. The only effective method for celiac disease is strict adherence to a gluten-
free diet. So, attention to the high quality food production without gluten is important. The aim of this
study is to produce gluten-free bread toast using Nigella sativa Linnconcentrateas an alternative to gluten
and potato fiber. The Response Surface Method was used with two variables of potato fiber (2 to 6 %) and
Nigella sativa Linnconcentrate (5 to 15 %). With increasing potato fiber and Nigella sativa
Linnconcentrate, bread density increased significantly (p<0.05). Potato fiber resulted in a significant
decrease in porosity, but Nigella sativa Linnconcentratewas ineffective (0.01%). Potato fiber and Nigella
sativa Linnconcentrateshowed a linear effect alone at the level of 0.05. Moisture content decreased with
increasing fiber and Nigella sativa Linnconcentrate, but the effect of protein concentrate was not
significant (p>0.05). In addition, moisture content of bread decreased during storage. Potato fiber and
protein concentrate had a significant effect on the hardness of bread texture and the texture increased
during the four days storage period. The non-fit index for all models was not significant (0.05%). The
optimization of bread formulation showed that the toast containing 7.5% of Nigella sativa
Linnconcentrateand 2.5% potato fiber had the best quality and is recommended for production.

Keywords:Gluten-free, Nigella sativa Linn concentrate, Bread, Texture, Color
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