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Table 1 Extraction of textural features from GLCM.

descriptor Formula Description
e Returns a measure of the intensity contrast between a pixel
Contrast S0 = zra* (E ;_t:,lf-_:t) and its neighbor over the whole image.
" o Contrast is 0 for a constant image
Returns a measure of how correlated a pixel is to its neighbor
. Z.ZG)= pt* over the whole image.
Correlation - Range =[-11]
o= E E Gk Correlation is 1 or -1 for a perfectly positively or negatively
correlated image. Correlation is NaN for a constant image.
Az = 3T 2w 0 Returns the sum of squared elements in the GLCM.
Energy T3 Range =[0 1]
I8 m f3TH Energy is 1 for a constant image.
Returns a value that measures the closeness of the distribution
Homogeneity P E ' £ E _:2: of elements in the RGLCM_‘[O the GLCM diagonal.
o ange = [0 1]
Homogeneity is 1 for a diagonal GLCM.
o . - Entropy is a measure of statistical randomness, it is related
Entropy s = — z =Gy (G2

to a measure of the image disorder.

iand j: row and column numbers in the GLCM matrix, B : means, & :standard deviation, ¥ fi-ﬂ th entry in a

normalised grey-level cooccurrence matrix.

¥=f+ Zﬁo-‘l "f‘ZB.A’E +i i B %%, (2)

i=1 j=i+l
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2. ANOVA

3. Lack-of-fit

4. Coefficient of determination
5. Adequate precision
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1. Central composite rotatable design
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Table 2 Experimental range and values of the independent variables in the central composite design.

. Levels
Independent variables symbol 1632 ] 0 I 1632
Persian gum (%) X 0.00 0.30 0.75 1.20 1.50
Carrot pomace powder (%) X, 0.00 3.04 7.50 11.96 15.00
Water (%) X3 38.00 41.04 45.50 49.96 53.00
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Fig. 1. A typical digital image of donut crumb from a 3 x 3 cm? field of view: (a) the original image, (b) the grey-
level image, (c) the contrast adjusted image, (d) the binarized image.
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Fig 2 Response surface plots for the effects of independent variables on responses variables: (a) cell density, (b) area
of cell.
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Table 3 Actual levels of independent variables and observed values of responses of visual properties.

Trial (lz/(o}) ((:;:1)) VZ;I )e ' Energy Contrast Correlation Homogeneity Entropy de(r:leslilty o?rce;l L* a* b*
1 030 1196 4996 032 0.3 0.64 0.87 6.05 30449 13999 7443 2753 3634
2 075 750 53.00 051 0.16 0.61 0.9 5.96 295.27 130.88 8338 13.70 42.38
3 075 7.50 4550  0.57 0.16 0.66 0.92 5.75 45478 19586 7401 25.13 40.70
4 030 3.04 4996 0.65 0.09 0.64 0.96 5.95 45736  188.14 94928 1445 4025
5 075 7.50 4550 0.56 0.18 0.64 0.92 5.71 411.71  181.74 7653 24.54 44.08
6 075 750 4550 057 0.13 0.62 0.93 5.65 39413 17729 7702 22.02 46.10
7 030 3.04 41.04 0.79 0.05 0.7 0.98 5.5 486.60 189.72 7725 26.39 41.40
8 120 3.04 4996  0.69 0.08 0.64 0.97 5.81 478.18 1958 8589 1344 3875
9 0.75 0.00 4550 0.74 0.11 0.66 0.93 532 49582 198.61 8530 11.40 45.79
10 0.00 750 4550 0.56 0.16 0.65 0.9 5.76 340.58 153.06 7502 26.50 46.78
11 030 1196 41.04 0.3 0.27 0.67 0.86 5.5 259.04 11648 7060 2944 2595
12 120 3.04 41.04 0.8 0.04 0.69 0.96 5.46 49938 20295 7802 26.01 4079
13 150 7.50 4550 0.59 0.15 0.61 0.93 5.49 402.67 169.84 7851 22.52 44.88
14 075 750 4550 0.55 0.18 0.65 0.91 5.51 43591  190.57 7753 21.60 4554
15 120 1196 41.04 0.32 0.26 0.65 0.88 5.58 27198 133.01 7210 28.54 2435
16 075 750 4550 @ 0.58 0.16 0.61 0.93 5.64 44382 1847 7600 24.93 4588
17 0.75 15.00 4550 0.32 0.26 0.62 0.88 5.71 26142 12085 6521 2754 33.14
18 075 750 38.00 0.58 0.15 0.68 0.92 5.59 33722 131.68 7797 20.58 40.60
19 075 750 45.50 0.4 0.21 0.65 0.9 5.71 423.09 18322 7557 2553 40.07
20 120 1196 4996 0.34 0.28 0.6 0.88 5.94 325.02  150.51 7391 2852 37.79
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Table 4 Regression coefficients of the second-order polynomial equations for visual properties of donut.

Source Energy Contrast Correlation Homogeneity Entropy de(ilzlilty Arce;hOf L* a* b*
Bo 0.54 0.17 0.64 0.92 5.66 426.14 185.08  76.13 2.23 27.59
B 0.01™  -0.005™  0.009™ 0.005"™ -0.048™  9.30™ 411 067  -0.023™ 1.01™
B, . 0‘1'7*** 0.08"" -0.01™ 0.03™" 0.074" -84.58"" -26.76™" N 99 0.97" 338"
Bs -0.02™  0.01™ -0.01"" -0.002" 017" -6.49™ 3.2 2177 -0.60" 0.067™
BB 0.007  0.004™  -0.004™ 0.001™ 0.005™  -12.47™  -535™  0.10™  0.0033™ -0.10™
BaB 0_068115 -0.006™  0.003™ -0.002" -0.03™  -9.99™ -5.96™  -0.43™ 0.46" 0.34™
B3B3 0.063115 -0.004™  0.005™ -0.0007"™ 0.05™  -32.04"  -1620"" 1.49" -0.12° 0.60™
BB 0001 000" -0.006™ 0.005™ 0.01™  -5.57™ 048"  -0.17"  -0.22" 2.19™
BiBs 0.004™  0.001™  -0.0012" 0.002" 0.036"™  -6.38™ 2170 -0.15™  -0.02™ 1.19™
B2Bs 0.036"™  -0.003™  0.0037™ 0.002"™ 0.014™  32.51" 8.72°  -0.16™  0.068™ -0.095™
Model (p) ~ 0.006  0.004 0.013 0.272 0.007 0.005 0.001 0.001 0.028 0.054
Lact‘p‘;fﬁt 0489  0.088 0.766 0.031 0.175 0.126 0.063 0227 0.141 0.012
R’ 0.901  0.901 0.804 0.768 0.826 0.904 0.927 0951 0.765 0.725
Adj-R? 0.810  0.704 0.629 0.559 0.670 0.819 0.861  0.907 0.553 0.477
Pr‘gji:?on 11.89 9.32 7.844 7.21 8.68 11.78 12.98 18.23 7.63 6.59

™ No significant. ~ Significant at p < 0.05. " Significant at p <0.01. " Significant at p <0.001. " Significant at p < 0.0001.
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Table 5 Actual levels of independent variables and observed values of responses of sensory properties.

Trial PG CPP Water Crust Crumb Crust Aroma Texture Taste Overall
%) (%) (%) appearance appearance colour acceptance

1 030 11.96 49.96 3.38 5.17 3.66 5.77 2.80 3.66 347
2 0.75 7.50 53.00 6.03 5.94 6.87 5.87 5.34 5.88 6.02
3 0.75 7.50 45.50 4.62 6.00 4.85 6.77 4.66 4.02 5.87
4 030 3.04 49.96 6.87 7.01 7.84 8.13 6.87 7.07 6.89
5 0.75 750 45.50 4.67 7.00 5.38 6.00 4.87 4.73 6.5

6 0.75 7.50 45.50 5.07 5.23 5.07 5.77 4.93 547 547
7 030 3.04 41.04 6.07 7.28 6.56 6.35 6.04 6.05 6.97
8 1.20 3.04 49.96 6.87 7.96 7.53 5.68 7.71 7.56 7.87
9 0.75 0.00 45.50 8.47 7.98 8.47 8.77 8.47 8.40 8.73
10 0.00 7.50 45.50 4.60 5.30 4.53 6.33 3.53 4.53 5.55
11 030 11.96 41.04 2.65 3.05 2.27 7.35 1.87 2.47 2.23
12 120 3.04 41.04 6.07 8.76 6.60 8.88 7.15 6.39 7.65
13 1.50 7.50 45.50 4.80 6.60 3.07 5.67 4.84 4.55 5.58
14 075 7.50 45.50 4.07 5.79 4.80 6.63 4.55 4.47 5.33
15 120 11.96 41.04 2.65 5.88 2.27 5.86 2.87 2.47 2.54
16 0.75 7.50 45.50 5.07 5.55 5.88 7.51 4.04 4.93 5.37
17 0.75 15.00 45.50 2.15 4.27 1.88 7.68 1.47 2.46 2.17
18 0.75 7.50 38.00 3.01 3.20 4.30 6.76 3.77 3.66 3.05
19 0.75 7.50 45.50 5.68 5.70 4.19 5.76 4.87 5.73 6.71
20 1.20 11.96 49.96 3.27 4.97 3.49 5.76 3.87 3.47 3.76

Table 6 Regression coefficients of the second-order polynomial equations for sensory properties of donut.

Source Crust appearance ~ Crumb appearance  Crust colour  Aroma  Texture Taste Overall acceptance
Bo 4.87 5.85 5.02 6.41 4.64 4.89 6.33
B 0.017™ 0.53 -0.21™ -0.18™ 046 0.049™ 0.06™
i -1.80"" -1.33" -2.04™ -0.45™  -2.0677 -1.83" -1.94™
B3 0.59" 0.35™ 0.67"" -0.34™ 0447 0597 0.74"
BiBi 0.082" 0.18™ -0.40" -0.17™  -0.095™  -0.13™ 0.36™
BB 0.13™ 0.24™ 0.091™ 0.61" 0.18™  0.19™ -0.38"™
B3B3 -0.15™ -0.31™ 0.24™ -0.065™  0.035™  0.048™ -0.49°
Bi1B -0.014™ 0.023™ 0.013™ -0.20™  0.015™  -0.12™ 0.16™
BiBs -0.014™ -0.45"™ -0.065™ -0.44™  -0.025™  -0.005™ -0.078™
B2Bs 0.031™ 0.28™ 0.050™ -0.033™  0.068™  0.001™ 0.28™
Model (p) 0.0001 0.007 0.0001 0.181  0.0001  0.0001 0.0002
Lack of fit (p) 0.641 0.135 0.795 0.192 0.615 0.996 0.405
R’ 0.951 0.830 0.965 0.621 0.984 0.960 0.925
Adj-R? 0.907 0.677 0.935 0.280 0.971 0.925 0.857
Adeq Precision 17.01 9.67 19.92 5.96 31.29 18.91 12.69

™ No significant.

" Significant at p < 0.05. " Significant at p < 0.01. *" Significant at p <0.001. " Significant at p < 0.0001.
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Table 7 Predicted and experimental values of response

Response variables

Area of cell

Cell density

L*

a*

b*

Energy

Contrast
Correlation
Entropy

Crust appearance
Crumb appearance
Crust colour
Crumb colour
Texture

Taste

variables.

Predicted values Experimental values
183.75 176.44 +8.44
427.66 412.85 *£16.36
80.20 79.03 +1.04
18.48 16.89 +1.88
63.43 64.51 +1.31
0.58 0.58 +0.01
0.15 0.15 +0.02
0.62 0.61 +0.05
5.58 5.61 £0.52
5.53 6.10 +0.75
6.68 6.25 +0.19
6.32 7.90 +0.55
6.79 6.17 +0.75
5.74 5.50 +0.67
5.62 5.66 +0.80
6.10 5.50 +£0.65

Overall acceptance
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Table 8. Correlation coefficients between the visual properties and the sensory parameters of donut.

Cell Area of

. . % * *
Energy  Contrast Correlation Homogeneity Entropy density cell L a b

CI'llSt sk sk ok ok ns skodeokok ok seskok seskosk ok
0.78 -0.78 0.13 0.73 -0.13 0.78 0.75 0.85 -0.74 0.57

appearance

Crumb 073" -0.70" 0.17" 0.72" 017 0777 076" 062" 044" 037

appearance

CruSt Hkk *k * * ns LY *kk Kok kk EEY *k
0.81 -0.80 0.19 0.76 -0.02 0.75 0.69 0.87 0777 0.56

colour

Aroma 0.38" -0.35™ 0.37" 0.24" -0.42° 0.32" 0.24" 0.09™  -0.19™  0.03™

Texture 0.84""  -0.83"™ 0.22"" 0.81°" -0.19™  0.847" 0777 0.88  -0.74™ 051"

Taste 0.79""  -0.79™ 0.14™ 0.76" 0.11™ 0787 0737 087 077" 0577

Overall 0.82™"  -0.80™"  0.18" 0.77" 016" 0867 086" 077 -0.617 056"

acceptance

™ No significant. ~ Significant at p < 0.05. " Significant at p <0.01. " Significant at p <0.001. " Significant at p < 0.0001.
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In the present study, the effects of addition of Persian gum (PG) and carrot pomace powder (CPP) on
formulation of donut were investigated in order to obtain a low-fat dietary fiber-enriched product with
desired sensory and appearance properties. Response surface methodology (RSM) with a 5-level-3-factor
central composite rotatable design (CCRD) was employed, where the independent variables were PG (0-
1.5%), CPP (0-15%) and water (38-53%) while the dependent variables were surface texture properties,
crust color values, crumb grain features and sensory characteristics of donut. Results showed that the
roughness of the donuts surface increased by addition of CPP into formulation (p < 0.05). It was found
that CPP adversely affected the crumb grain properties of donut (p < 0.05). As well, a significant negative
quadratic effect of water addition and a significant interaction effect of CPP and water were observed on
crumb grain properties of donut (p < 0.05). With regard to samples color, L* decreased while a*
increased as levels of CPP were increased and levels of water were decreased. Results of sensory
evaluation, illustrated that CPP significantly decreased consumer acceptance scores (p < 0.05).
Furthermore, results of correlation analysis revealed that there were strong relationships between visual
features of donuts and sensory attributes that indicated capability of machine vision to prediction of
consumer acceptance. RSM described that donut with optimum formulation of 1.17% PG, 7.44% CPP
and 48.29% water had considerably higher dietary fiber content, lower fat uptake and acceptable sensory
attributes compared to control sample.
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