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Fig 2 steps of contact area segmentation; (a) image in the RGB space; (b) image in the HSV space; (c) binary
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Fig 3 General Maxwell Model Design, which
includes the parallel array of a spring element and i
Maxwell element
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Fig 4 Relaxation diagram and strain corresponding
to seven increasing strain steps
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Fig 5 Area changes diagram in time during loading

Table 1 Results of analysis of variance of Maxwell and Peleg elements

Mean Squares

K, K, (£ 7, T

0.000064™  0.00004™  606.99™  6.41™  950.18"
0.012™ 0.03077"  6144.44™ 19.22° 6367.55"

0.000093

ns

0.004™ 543.006°  5.62™  542.36™

0.00013 0.0039 318.43 6.86 342.65

F;

8212.69"  39547.9"  2080.73"  107.64"

o
1805.26™  441702™  193.84™  78.91™ 24  lime’strain
1664.4

F, F, Fy Df S.0.V

ns

1163.72™ 47557™ 390277 4 Storage time

37661.6

[o)

Strain steps

steps
41932.4 292.65 74.25 68 Error

Force (N)

s ok

= Fx+F1*exp(-t/T1)+F2*exp(-UT2)}+F3 *exp(-t'T3)
— Ll

Fl*exp(-t'T1)

— F2*exp(-t/T2)
— F3*exp(-t'T3)

~~~~~~ Linear (Fx-+F1*exp(-t/T1)+F2*exp(-t'T2)+F3 *exp(-t'T3))
------ Linear (ExtF1*exp(-t/T1)tF2*exp(-t/ T2)+F3 *exp(-t/T3))

12 y=16/243 x+0/0295
10 R2=0/8156
8
6
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2 \
0 Ve
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Fig 6 Relaxation diagram with the Maxwell model,
a spring and three Maxwell elements and curves of
different parts of Eq. (2)

a1

, and ™ significant at the level of 1 and 5 percent and non-significant, respectively.
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Table 2 Maxwell element values for seven increments of sample strain

T3 7, [ F; F, F, F, Strain steps
40.82° 2.03" 9.68¢ 5.02° 62.62° 12.904< 13.669¢ 1
63.07° 1.53¢ 7.22¢ 6.95° 54.34° 5.504¢ 21.197" 2
38.65° 2.39" 18.11¢ 9.56° 61.54° 18.282°¢ 32.843°¢ 3
24.01°¢ 3.55%¢ 35.99°¢ 31.8% 50.76* 19.4¢ 49.631¢ 4
21.22° 4.62° 41.42"% 48.34° 54.34° 24.626" 57.474¢ 5
5.72¢ 3.73% 52.35% 51.2° 193.9° 32.745% 66.72° 6

8.09¢ 3.91% 58.97° 60.41° 73.63° 39.828° 74.199° 7

Mean in each column followed by similar letter (s) are not significant at 5% probability level using Duncan.
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Table 3 Maxwell elements values during storage

T3 Tz 7{ F; F, F, Fx(pa) Day
27.99%® 3.02° 38.419° 29.41° 62.92° 17.899° 40.019°¢ 1
31.17® 2.34% 29.99 % 23.27% 68.46° 22.474% 48.839 % 3
24.53° 3.81° 35.78¢ 31.72° 55.54° 29.699% 50.944° 5
36.77° 2.93% 21.25° 25.52% 52.91° 18.64° 43.995 7
23.54° 3.44%° 34.44%° 42.41° 153.68° 20.206 42.726" 9

K,

Mean in each column followed by similar letter (s) are not significant at 5% probability level using Duncan.
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Fig 7 Plot of k; (a) and k, (b) variations in the strain stages in Peleg model
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Table 4 The results of analysis of variance of elasticity modulus in three methods: Peleg (E;),
Maxwell (E,) and image processing (E3)

Mean Squares

E3 EZ
4.38" 3.7
2.02% 1.61*
4.04™ 331"

3.41 3.8

E, Df S.0.V
2.043* 4 Storage day
1.16* 6 Strain steps
2.18™ 24 Time*strain steps
1.05 68 Error

£
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,” and ™ significant at the level of 1 and 5 percent and non-significant, respectively.
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Table 5 The trend of modulus of elastic modulus in three methods: Peleg (E,), Maxwell (E,) and
image processing (E3) in the stages of increase of strain

E;(Pa) E,(Pa) E,(Pa) Strain steps
391359° 3212427° 2771976° 1
2923765° 3004309° 2028395 ® 2
2261847 2521220 179245° 3
1179666 1351326 877483 °¢ 4
893244 1072064 673713 °¢ 5
692219°¢ 936152°¢ 579939°¢ 6
634464 ° 782384 °¢ 497323 ° 7

Mean in each column followed by similar letter (s) are not significant at 5% probability level using Duncan.
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Fig 8 Changing trend of modulus of elastic modulus in three methods: (a) Peleg, (b) Maxwell, and (c) Image
processing during storage
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The mechanical properties of fruit are one of the most important determinants of standards for
designing, transforming, processing, and packaging systems. One of the methods for changes
demonstraction in the internal structure of fruits during storage is to perform stress relaxation tests in
different predetermined strains. Therefore, the purpose of this study was to investigate the orange
compression behavior in quasi-static mechanical loadings by performing stress-relaxation tests of
samples at predetermined levels of strain and modeling the Maxwell and Peleg method and comparing
it with image processing method. In addition, in this study, cross-sectional area changes were
measured during loading by image processing. The modulus of elasticity in the image processing
method, the Maxwell model and the Peleg model on days 0 to 9 increased from 3.91 to 4.5, 3.6 to 4.53
and 2.7 to 3.45, respectively. which in spite of increasing trend there was no significant difference
between them. Since, no significant difference in the output of these two models (Maxwell and Peleg)

was observed Peleg with the less number of elements (only two constants) was preferred compared to
Maxwell method.
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