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1. Contrast

2. Inverse Difference Moment

3.Central composite design

4. Lack-of-fit

5. Coefficients of determination

6. Adjusted coefficients of determination
7. Prediction error sum of squares
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Table 1 Variables used in optimization
gluten-free cake treatments

Parameter Goal Lower Target Upper
L*crust Target 39.64 53.88 59.16

L*crumb Maximum 42.84 57.50 -
Volume Maximum 15.88 25.60 -
contrast ~ Minimum - 16 31.19
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Table 2 Physicochemical properties of pomegranate seed and rice flour

Parameters Pomegranate seed powder Rice flour
L* 48.49 84.40
a* 7.47 -0.44
b * 20.39 7.49
Ph 5.85 6.32
Moisture, % 3.95 5.10
Protein, % 18.80 9.11
Oil, % 19.20 1.25
Ash, % 1.70 0.70
Dietary fiber, % 20.00 4.07
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Table 3 ANOVA for the physical and image properties of produced gluten- free cakes

Sources Volume(cm®) I?;lr:lt)y densi tyg:zlllls Jom2) Contrast A\;?;de Homogeneity
Model (p- 5.94% 9.01%x 2.25™ 4.17* 2.58™ 257
value)
Bo 16.42 0.91 0.002 -8.26 -363.019 0.70
B 0.4972™ -0.01™ -9.46™ 1.28" 80.24" -0.01™
B 11.67™ -0.20™ 0.001™ 56.35™  3067.41™ -0.29"™
BiPi -6.78™ -2.89™ 2.08™ -01%* -0.912™ 0.0001*
B2P2 9.65"™ -0.34* -0.002™ -31.79*%  -1279.52™ 0.19™
BiP2 -1.03"™ 0.02%*** 427" -0.71™ -56.32% 0.003™
Lack of fit (p- ns ns ns ns ns
4.99 T15.19%*%* 4.68 2.01 3.71 3.48
value)
R’ 80.93 86.55 61.65 75.87 64.85 64.77
R’-adjust 67.31 76.94 34.25 56.91 39.75 60.39
CV (%) 23.91 20.77 38.08 41.31 30.78 15.17
PRESS 462.46 0.1984 0.00003 815.39 4794 0.12

ns: not significant;*: significant at p<0.05; **: significant at p<0.01; ***: significant at p<0.001
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Fig 1 Surface plot image properties of gluten-free cake,
a: Contrast; b:Cell Density; c: Average area; d: Homogeneity; e: Volume index; f: Density
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Table 4 ANOVA for the Color evaluation of Produced gluten- free cakes

Sources Crust Crumb
- L A B L A B

Model (p-value) 8.93*  14.36™  2.95°  0.01*  4.14° 2.95*
Bo 38.51 2.35 31.13 2543 _553  20.53

B U075 0077 017" 126 0.23* 0257

B> 2466  ™9.85  2.99™  ™.64.02 -6.59"  ™5.34
BiP: -0.006™  -0.003* -0.003"  0.01™  -0.002" -0.002*
B-P> M.577 0 -5.36™  ™-034  27.40™ 3.94™  ™.1.95
B1B> -0.89*  -0.13°  -0.06™  -1.22™  -0.09"  "-0.05

Lack of fit (p-value) ™4.24  ™5.77 12,57 27.93™ 414.38" 269.79™

R’ 86.45  91.12 6585  81.53 7572  77.84
R’-adjust 76.77  56.10  51.10 6834  56.66  54.87
CV (%) 1024 -112.99  8.58 1693  -108.3  13.67
PRESS 252.84 1026  319.968 168.47 172.62  283.13

ns: not significant;*: significant at p<0.05; **: significant at p<0.01; ***: significant at p<0.001
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Fig 2 Surface plot for color evaluation gluten-free cakes,
A: L* crust; b:L*crumb; C: a*crust; D: a*crumb; E: b*crust ; F: b*crumb
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Celiac disease is a permanent intolerance to some cereal prolamin. Consumption of gluten-free
products as a substitute for foods containing gluten is very important for diet and nutrition in patients
with celiac disease.However, some of the quality problems of these products, such as inferior textural
properties, are due to the lack of gluten, which has a negative effect on consumer acceptance.
Therefore, improving the quality of these products is very important in terms of the technological
aspect of the food industry. The aim of this study was to investigate the effect of adding pomegranate
seed powders (PSP, 0-50%) and transglutaminase enzyme (TGE, 0-1.2%) on physical and image
properties on gluten free cakes. The results of the present study showed improvement of contrast, as
well as increased redness (a*) and yellowness (b*) values in crumband increased density and reduced
the (L*) value of the crust and crumb, as well as reduced cake volume. Finally, optimization process
was performed and the formulation containing 28.04% pomegranate powder and 0.29%
transglutaminase enzyme was selected as the best gluten-free formulation.
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