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Fig 1 The sample of stress relaxation curve grape tomato
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Table 1 Summary analysis of variance (mean squares) of mechanical parameters evaluated in a
factorial experiment (until the day 20)e,,x

Degrees of

Sources of change froedom Finax Emnodules w Emax
Packaging films 2 0.78* 0.002%* 1.694* 0.826**
Temperature | 0.35"° 4.946E-9™°  2.195* 0.25"°
Period 4 0.850** 0.003** 1.595%* 0.178%*
Pack x Temperature 2 0.022"* 0.000%** 1.401™° 0.099**
Pack x Period 8 0.040* 0.000** 1.533** 0.046**
Temperature x Period 4 0.006™* 0.000%** 0.777"* 0.083**
Packx Period x Temperature 8 0.011™  4.379E-5"*°  0.179*° 0.024"*

Test error 60 0.018 4.838E-5 0.539 0.013

CV (%) 12.78 23.78 22.87 24.43

“ns” means there was no significant relationship here.

* Significant relationship between two parameters at P < 0.05.
** Significant relationship between two parameters at P < 0.01.
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factorial experiment (until the day 40)

Table 2 Summary analysis of variance (mean squares) of mechanical parameters evaluated in a

Degrees of

Sources of change froedom Finax E modules \\% €max

Packaging films 1 0.324%** 0.000™* 6.226** 0.067"°
Temperature | 1.249%* 0.005** 1.585"° 1.606**
Period 8 1.274%* 0.002** 3.860%* 0.141**
Pack x Temperature 1 0.120"° 0.000"* 0.008"* 0.007"*
Pack x Period 8 0.031"* 0.000™* 1.461"° 0.011"*
Temperature x Period 8 0.168** 0.001** 0.981"° 0.220**
Packx Period x Temperature g 0.43"° 9.165E-5"°  0.530™° 0.021"*

Test error 7 0.37 8.24E-5 0.881 0.019

CV (%) 23.7 24.19 23.19 27.97

“ns” means there was no significant relationship here.
* Significant relationship between two parameters at P < 0.05.
** Significant relationship between two parameters at P < 0.01.
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Fig 2 Effect of storage time and packaging film on firmness
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Fig 3 Effect of storage time and packaging film on yield strain
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Fig 4 Effect of storage time and packaging film on elasticity module
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Table 3 Average values of stress and relaxation time in the Maxwell three-component model
viscoelastic elements for without packaging

Relaxation Stress
time (s) (pa)
sample day Trenn Trei2 Trei3 ! G2 G3 Ge
W“h"“tngcoléagmg A parvest 475.64 40.02 403 01874 00724 00519  0.0943
5 53895 4257 396 0.1815 007 00505 0.0912
10 509.91 47.09 3.18 0.1776  0.0694 0.0501  0.0893
15 51621 39.04 288 0.1843 00716 00513  0.0903
20 478.08 37.67 322 0.1801 0.0667 00509  0.0889
W“h"“ta%%‘agmg A parvest 475.64 40.02 403 01874 00724 00519  0.0943
5 43282 40.02 374 0.1863 00709 00516  0.0937
10 454.61 34.04 296 01702 0.0673 00497  0.0856
15 493.14 37.46 3.10 0.1689 0.0648 0.0480  0.0910
20 469.17 43.54 296 0.1857 0.0712 00505  0.0849
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Table 4 Average values of stress and relaxation time in the Maxwell three-component model
viscoelastic elements for PVC packaging

Relaxation time (s) Stress (pa)
sample day Tren Tre2 Trei3 G o) 63 G

PVC at 20°C harvest 475.64 40.02 4.03 0.1874 0.0724 0.0519 0.0943

5 500.69 42.12 3.71 0.1844 0.0671 0.0521 0.0968

10 486.16 40.90 346 0.1801 0.0704 0.0507 0.0921

15 492 .47 38.47 4.09 0.1746 0.0692 0.0497 0.0886

20 485.22 44.75 434 0.1797 0.0676 0.0501 0.0899

25 461.84 39.94 3.21 0.1821 0.0691 0.0488 0.0875

30 469.59 43.37 5.01 0.1769 0.0688 0.0482 0.0869

35 448.61 37.12 3.96 0.1805 0.0691 0.0476 0.0873

40 457.56 39.35 448 0.1787 0.0678 0.0479 0.0862

PVCat4 °C harvest 475.64 40.02 4.03 0.1874 0.0724 0.0519 0.0943

5 496.25 46.31 5.11 0.1764 0.0694 0.0505 0.0936

10 490.97 41.52 4.56 0.1779 0.0687 0.0509 0.0944

15 501.26 44.61 435 0.1746 0.0709 0.0491 0.0884

20 484.45 47.25 3.95 0.1805 0.0718 0.0482 0.0872

25 448.79 39.49 3.78 0.1826 0.0703 0.0472 0.0858

30 451.46 40.02 5.07 0.1755 0.0689 0.0478 0.0864

35 429.16 36.29 391 0.1789 0.0668 0.0461 0.0859

40 407.49 37.28 3.84 0.1792 0.0664 0.0443 0.0847
Ly ol t °c les )5 5 ghudiny cpl |51 Y pames (,J.:a J=l Y pae L;LJUMJ Ok é)\>4-<3 095 Jsb s
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Table 5 Average values of stress and relaxation time in the Maxwell three-component model
viscoelastic elements for HDPE packaging

Relaxation time Stress
(s) (pa)
sample day Trenn Trex Treis o (o)) o3 G,

HDPE at 20 °C harvest 475.64 40.02 4.03 0.1874 0.0724 0.0519 0.0943
5 514.32 48.34 5.13 0.1751 0.069 0.0516 0.0958

10 486.34 46.13 3.45 0.1803 0.0731 0.0507 0.0921

15 500.09 39.57 3.29 0.1767 0.0725 0.0491 0.0898

20 485.36 43.61 4.09 0.1839 0.0681 0.0496 0.0889

25 470.33 40.95 4.57 0.1744 0.0709 0.0483 0.0880

30 468.19 44.61 3.46 0.1795 0.0686 0.0494 0.0865

35 466.96 41.28 4.66 0.1731 0.0684 0.0480 0.0877

40 457.36 37.67 421 0.1779 0.0694 0.0478 0.0872

HDPE at 4°C harvest 475.64 40.02 4.03 0.1874 0.0724 0.0519 0.0943
5 508.51 48.93 5.11 0.1751 0.0713 0.0510 0.0936

10 493.47 43.49 5.26 0.1762 0.0731 0.0508 0.0922

15 481.13 44.62 446 0.1784 0.0694 0.0493 0.0904

20 478.59 46.23 4.08 0.1801 0.0687 0.0484 0.0892

25 459.38 40.29 3.74 0.1817 0.0709 0.0498 0.0878

30 447.81 43.10 4.82 0.1745 0.0694 0.0501 0.0884

35 445.97 43.76 427 0.1757 0.0684 0.0482 0.0868

40 431.67 38.84 3.96 0.1788 0.0696 0.0487 0.0858

Table 6 the statistical indicators correlation coefficient and root mean square error for Maxwell
three-component model for without packaging

Samples without film Day Verification statistics

R’ RMSE

0 0.9391 0.3540

5 0.9112 0.4693

at 20°C 10 0.9280 0.4022
15 0.9308 0.6818

20 0.9554 0.4319

0 0.9391 0.3540

5 0.9263 0.4613

at4°C 10 0.9280 0.5524
15 0.9519 0.3671

20 0.9506 0.5445
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Table 7 the statistical indicators correlation coefficient and root mean square error for Maxwell three-
component model for PVC packaging
Verification statistics

Samples inside PVC day R RMSE
0 0.9391 0.3540

5 0.9291 0.4511

10 0.9158 0.5541

15 0.9309 0.4764

at 20°C 20 0.9280 0.3649
25 0.9408 0.5587

30 0.9456 0.4573

35 0.9524 0.6342

40 0.9507 0.3970

0 0.9391 0.3540

5 0.9264 0.4018

10 0.9184 0.3693

15 0.9247 0.5510

at4 °C 20 0.9250 0.4205
25 0.9373 0.6328

30 0.9388 0.3041

35 0.9571 0.5015

40 0.9519 0.6076

Table 8 the statistical indicators correlation coefficient and root mean square error for Maxwell three-

component model for HDPE packaging
Verification statistics

Samples inside

HDPE day R RMSE
0 0.9391 0.3540

5 0.9174 0.5903

10 0.9267 03012

. 15 0.9358 04616

at 20 °C 20 0.9461 0.4185
25 0.9332 03917

30 0.9496 0.6193

35 0.9550 0.4737

40 0.9543 03328

0 0.9391 0.3540

5 09213 04319

10 0.9149 0.4910

. 15 0.9304 0.3029
at4°C 20 0.9230 05138
25 0.9364 0.4781

30 0.9465 06175

35 0.9541 03192

40 0.9538 0.5746

First day

HDPE at 20°C

Stress (pa)

S AR HDPE at 1°C PVC at 20°C

First day

200 % Last day at 20-c

Stress (pa)

ey

Last day 4-c

250 as0

time ( S)

Fig 6 The sample of stress relaxation curve grape tomato at the beginning and end of storage time inside
different packaging
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Packaging films are one of the common ways to maintain the quality of food and agricultural products.
The effect of PVC and HDPE packaging films, storage and temperature on some mechanical
properties, including: the firmness force, yield strain, energy of rupture and modulus of elasticity and
also, the viscoelastic behavior of the strawberry fruit was investigated. The mechanical test and
relaxation test were done using a texture analyzer. In this study, the stress versus time graph was
plotted and three-component Maxwell model coefficients were obtained. According to the results of
this study, the use of these films had a positive impact on the yield strain. On the other hand, products
in the packaging films were able to store products until the 40th day. In this study, the firmness force
of HDPE packaging fruits in 4 °C and 20 °C from 2.17 to 1.10 N, 2.16 to 1.85 N, decrease respectively,
during storage. The results show that Maxwell model (RMSE<0.6818 and R2 >0.9158) fits the
experimental data. Also, with a retention time, the elastic component of the model is relatively reduced
and the application of the packaging prevents the decrease in relaxation time.

Keywords: Stress relaxation, Packaging films, Firmness force, Grape tomatoes, Viscoelastic
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