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Table 1 Extraction of textural features from GLCM.

descriptor Formula Description
Contrast Returns a measure of the intensity contrast betwgerel
cON = Z ZZ 2 and its neighbor over the whole image.
- F—if=n Contrast is 0 for a constant image
Correlation LR G }— p? Returns a measure of how correlated a pixel itstngighbor
COR= ———g—— over the whole image.
Range = [-1 1]
u= ZZJ’ () Correlation is 1 or -1 for a perfectly positivelymegatively
correlated image. Correlation is NaN for a consteatge.
Energy . Returns the sum of squared elements in the GLCM.
ASM = ZZP‘{LI) Range = [0 1]
P J Energy is 1 for a constant image.
ENR = JfasM
Homogeneity r(;) Returns a value that measures the closeness disthigution
HoM = Zm of elements in the GLCM to the GLCM diagonal.
Range = [0 1]
Homogeneity is 1 for a diagonal GLCM.
Entropy Entropyis a measure of statistical randomness, it isgdlat

ENT = —

ZZ?[:;)lag{P{u}]

to a measure of the image disorder.

i and j: row and column numbers in the GLCM matx, means# :standard deviatior, (i-;')th entryin a

normalised grey-level cooccurrence matrix.

2

V=Bt Zﬁome ZZE

=1 j=i+1
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2. ANOVA

3. Lack-of-fit

4. Coefficient of determination
5. Adequaterecision

6. Design Expert
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1. Central composite rotatable design


http://www.sid.ir

gt B 35 5 )b reo 05558 (g5lade OLSen 5 5,5 Ol e

Table 2 Experimental range and values of the independadies in the central composite design.

. Levels
Independent variables symbol 1682 X] ) 1 1682
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 (%) % 38.00 41.04 45.50 49.96 53.00
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Fig. 1. A typical d|g|tal image of donut crumb from a 33>cn12 f|eld of V|ew €) the original i |mage (b) the gife
level image, (c) the contrast adjusted image,i{d)dinarized image.
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Table 3 Actual levels of independent variables and obgkwadues of responses of visual properties.

Trial (IZ/E; ((:OZ;D V\(/;Ot)e ' Energy Contrast Correlation Homogeneity Entmp&/(ce:r?s”ity 0??; L* a* b*
1 030 1196 4996 0.32 0.3 0.64 0.87 6.05 304.489.99 7443 2753 36.34
2 0.75 750 53.00 0.51 0.16 0.61 0.9 5.96 295.270.883 83.38 13.70 42.38
3 075 750 4550 0.57 0.16 0.66 0.92 5.75 454.78®5.86 7401 25.13 40.70
4 030 3.04 4996 0.65 0.09 0.64 0.96 5.95 457.3B8.1% g4 08 14.45 40.25
5 075 750 4550 0.56 0.18 0.64 0.92 5.71 411.7B1.78 7653 2454 44.08
6 075 750 4550 0.57 0.13 0.62 0.93 5.65 394.137.20 7702 22.02 46.10
7 030 304 4104 0.79 0.05 0.7 0.98 55 486.60 .78977.25 26.39 41.40
8 120 3.04 4996 0.69 0.08 0.64 0.97 5.81 478.1895.81 g589 13.44 38.75
9 075 0.00 4550 0.74 0.11 0.66 0.93 5.32 495.838.6l 8530 11.40 45.79
10 0.00 7.50 4550 0.56 0.16 0.65 0.9 5.76 340.583.06 7502 26.50 46.78
11 0.30 11.96 41.04 0.3 0.27 0.67 0.86 55 259.046.4B 7060 29.44 25.95
12 120 3.04 41.04 0.8 0.04 0.69 0.96 5.46 499.3892.9 75302 26.01 40.79
13 150 7.50 4550 0.59 0.15 0.61 0.93 5.49 402.869.84 7851 22.52 44.88
14 0.75 750 4550 0.55 0.18 0.65 0.91 551 435.9B0.57 7753 21.60 45.54
15 120 1196 41.04 0.32 0.26 0.65 0.88 5.58 271.983.01 7210 28.54 24.35
16 0.75 7.50 4550 0.58 0.16 0.61 0.93 5.64 443.8284.7 7600 24.93 45.88
17 0.75 15.00 45.50 0.32 0.26 0.62 0.88 5.71 261.420.85 @521 2754 33.14
18 0.75 7.50 38.00 0.58 0.15 0.68 0.92 5.59 337.231.68 7797 20.58 40.60
19 0.75 7.50 4550 0.4 0.21 0.65 0.9 5.71 423.093.288 7557 2553 40.07
20 1.20 11.96 49.96 0.34 0.28 0.6 0.88 5.94 325.050.51 7391 2852 37.79
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Table 4 Regression coefficients of the second-order polyabaguations for visual properties of donut.

. . Cell Area of
Source Energy Contrast Correlation Homogeneity dfntr density cell L* a* b*
Bo 0.54 0.17 0.64 0.92 5.66 426.14 185.08  76.13 223 75
B1 0.0  -0.00%°  0.009° 0.00%° -0.048°  9.30° 411 067  -0.023° 1.01°
B 017" 0.08 -0.01 0.03 0.074 -8458" -26.76 4.96™ 0.97 3.38
Bs -0.02* 0.01° -0.01" -0.002° 0.17" -6.49' 312 217 -0.60 0.067°
BiB1 0.007  0.00¥  -0.004° 0.001° 0.008° -12.47° -538° 0.10°  0.0033° -0.10"
B2B2 0 O'Ogs -0.006°  0.003° -0.002° -0.03°*  -9.99* -5.96°  -0.43° 0.46 0.34*°
BaPBs 0. ob@s -0.004°*  0.008° -0.0007° 0.08° -32.04 -16.20" 1.49 -0.12 0.60°
B1Bo2 0 O_OTS -0.001°  -0.006° 0.00%° 0.0 557 048 -017°  -0.22° 2.19"
B1Bs 0.004° 0.00f°* -0.0012° 0.002° 0.036° -6.3¢°  -1.70° -0.18°  -0.02° 1.19°
BoPs 0.036° -0.003°  0.0037° 0.002° 0.014° 3251 872  -0.16°  0.068° -0.095°
Model (p)  0.006  0.004 0.013 0.272 0.007 0.005 0.0010.001 0.028 0.054
Lac(kp;’f it 0489  0.088 0.766 0.031 07 0.126 0.063  0.227 0.141 0.012
R? 0.901  0.901 0.804 0.768 0.826 0.904 0.927 0.951 76%0. 0.725
Adj-R? 0.810  0.704 0.629 0.559 0.670 0.819 0.861 0.907 559. 0.477
PrAe‘iﬁs?on 11.89  9.32 7.844 7.21 8.68 11.78 12.98  18.23 763 .59 6

"> No significant.

" Significant at px 0.05.
 Significant at p< 0.01.

™ Significant at p< 0.001.
" Significant at p< 0.0001.
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Table5 Actual levels of independent variables and obseweddes of responses of sensory properties.

. PG CPP Water Crust Crumb Crust Overall
Trial Aroma Texture Taste
(%) (%) (%) appearance appearance colour acceptance
1 0.30 11.96 49.96 3.38 5.17 3.66 5.77 2.80 3.66 47 3.
2 0.75 7.50 53.00 6.03 5.94 6.87 5.87 5.34 5.88 26.0
3 0.75 7.50 45.50 4.62 6.00 4.85 6.77 4.66 4.02 75.8
4 0.30 3.04 49.96 6.87 7.01 7.84 8.13 6.87 7.07 96.8
5 0.75 7.50 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 5.47 754
7 0.30 3.04 41.04 6.07 7.28 6.56 6.35 6.04 6.05 76.9
8 1.20 3.04 49.96 6.87 7.96 7.53 5.68 7.71 7.56 778
9 0.75 0.00 45.50 8.47 7.98 8.47 8.77 8.47 8.40 387
10 0.00 7.50 45.50 4.60 5.30 453 6.33 3.53 453 555.
11 0.30 11.96 41.04 2.65 3.05 2.27 7.35 1.87 247 232
12 120 3.04 41.04 6.07 8.76 6.60 8.88 7.15 6.39 657.
13 150 7.50 45.50 4.80 6.60 3.07 5.67 4.84 455 585.
14 0.75 7.50 45.50 4.07 5.79 4.80 6.63 4.55 447 335,
15 1.20 11.96 41.04 2.65 5.88 2.27 5.86 2.87 247 542
16 0.75 7.50 45.50 5.07 5.55 5.88 7.51 4.04 493 375.
17 0.75 15.00 45.50 2.15 4.27 1.88 7.68 1.47 246 172
18 0.75 7.50 38.00 3.01 3.20 4.30 6.76 3.77 3.66 053.
19 0.75 7.50 45.50 5.68 5.70 4.19 5.76 4.87 573 716.
20 1.20 11.96 49.96 3.27 4.97 3.49 5.76 3.87 347 763

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

Source Crust appearance  Crumb appearance Crustcoldiroma  Texture Taste Overall acceptance

Bo 4.87 5.85 5.02 6.41 4.64 4.89 6.33

B1 0.017° 0.53 -0.2% -0.18°  0.46  0.049° 0.06*

B -1.80™ -1.33° -2.04” -0.48° -2.06" -1.83" -1.94”

Bs 0.59 0.38*° 0.67" -0.34° 044" 059 0.74
BiB1 0.087° 0.18° -0.40 -0.17° -0.098° -0.13° 0.36°
B2B2 0.13° 0.24*° 0.091° 0.61 0.18°  0.19° -0.3g*®
BsBs -0.18% -0.31° 0.24° -0.06%° 0.03%° 0.048° -0.49
B1B2 -0.014° 0.023° 0.013° -0.20° 0.01%° -0.17° 0.16*°
BiBs -0.014° -0.48° -0.065° -0.44°  -0.025° -0.00%° -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 .00@
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 6912

"s No significant.

" Significant at px 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
variables.

Response variables Predicted values Experimeniz¢sa
Area of cell 183.75 176.44+8.44

Cell density 427.66 412.85+16.36

L* 80.20 79.03+1.04

a* 18.48 16.89+1.88

b* 63.43 64.51+1.31
Energy 0.58 0.58 £0.01
Contrast 0.15 0.15 +0.02
Correlation 0.62 0.61 +0.05
Entropy 5.58 5.61 +£0.52
Crust appearance 5.53 6.10 £0.75
Crumb appearance 6.68 6.25 +0.19
Crust colour 6.32 7.90 £0.55
Crumb colour 6.79 6.17 £0.75
Texture 5.74 5.50 +£0.67
Taste 5.62 5.66 +0.80
Overall acceptance 6.10 5.50 £0.65
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Table 8. Correlation coefficients between the visual prtipe and the sensory parameters of donut.

. . Cell Area of . . .
Energy Contrast Correlation Homogeneity Emmp%lensity cell L a b

Crust 078"  -0.78" 013" 0.73" 013 078" 075 083" -0.74" 057
appearance

Crumb 073"  -0.70 0.17" 0.72" 0.17° 077" 076" 063  -044 037
appearance

g:fjr 081"  -0.80" 0.19 0.76 002 075 069" 087" -077 056
Aroma o.3§ -0.38° 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° 0.84 0.77 0.88 -0.74 0.51
Taste 078 -0.79" 0.14 0.76" 0.1 0.78™ 0.73" 087" -077" 057
Overall 0.83™  -0.80™ 0.18" 0.77" 0.16° 0.86™ 086" 077" -061" 056
acceptance

"> No significant.

" Significant at px 0.05.

* Significant at p< 0.01.

™ Significant at p< 0.001.
™ Significant at < 0.0001.
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In the present study, the effects of addition ofsR@ gum (PG) and carrot pomace powder (CPP) on
formulation of donut were investigated in orderotatain a low-fat dietary fiber-enriched product twit
desired sensory and appearance properties. Resparfisee methodology (RSM) with a 5-level-3-factor
central composite rotatable design (CCRD) was eyaplowhere the independent variables were PG (0-
1.5%), CPP (0-15%) and water (38-53%) while theedejent variables were surface texture properties,
crust color values, crumb grain features and sgnsbaracteristics of donut. Results showed that the
roughness of the donuts surface increased by eddifi CPP into formulationp(< 0.05). It was found
that CPP adversely affected the crumb grain prigseof donut|f < 0.05). As well, a significant negative
guadratic effect of water addition and a significiemeraction effect of CPP and water were obsenmed
crumb grain properties of donup & 0.05). With regard to samples color, L* decreased wite
increased as levels of CPP were increased andslefelvater were decreased. Results of sensory
evaluation, illustrated that CPP significantly dmsed consumer acceptance scomes< (0.05).
Furthermore, results of correlation analysis resgdhat there were strong relationships betweemalis
features of donuts and sensory attributes thatateldl capability of machine vision to prediction of
consumer acceptance. RSM described that donutagitimum formulation of 1.17% PG, 7.44% CPP
and 48.29% water had considerably higher dietdmgrfcontent, lower fat uptake and acceptable sgnsor
attributes compared to control sample.

Keywords: Machine vision, Crumb grain, Surface texture, Bigffiber, Donut
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