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Fig 1 Green bean seeds ohmic Heating System.
1.Voltage regulator, 2. Thermocouple, 3.Stainless
steel electrode, 4. Distilled water, 5.Green bean
sample, 6.Digital balance, 7.Glass compartment of
ohmic heating system.
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Fig 3 Ohmic Heating Time Effects on Failure
Force, Green Bean Seeds
Similar capital case letters indicate no significant
difference
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Fig 4 Interaction of voltage and time in the
breakdown force of green beans
Similar capital letters indicate no significant
difference for different ohmic times at any voltage
Similar capital letters indicate no significant
difference for different ohmic voltages at any time
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Fig 2 Loading Green Beans Under the Instron and
Data Extraction. 1.Instron machine, 2. Data
processing center, 3.Beans with pressed pods, 4.
Pressed bean seeds.
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Table 1 Results of analysis of variance of voltage effects and ohmic time for gravity failure forces

Variables DF Mean Square F value
Voltage(V) 2 142.313479 2.41™
Time(minute) 694.448067 11.75%
Voltage x Time 4 254.338295 430"

** Significant at level 1%, * Significant at 5% level, ns insignificant
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Table 2 Results of statistical analysis, the effects of voltage and time ohmic for the failure force of

beans
Variables DF Mean Square F value
Voltage(V) 2 608343.681 51.50%
Time(minute) 2 2057615.426 174.18*
Voltage x Time 4 460869.888 19.51"

** Significant at level 1%, * Significant at 5% level, ns insignificant
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Fig 7 Interaction between voltage and time of the
power failure force green bean (pods with seeds)
Similar capital letters indicate no significant
difference for different ohmic times at any voltage
Similar capital letters indicate no significant
difference for different ohmic voltages at any time
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Fig 5 Ohmic Heating Voltage Effects on Failure
Force, Green Bean Seeds
Similar capital case letters indicate no significant
difference
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Fig 6 Ohmic Heating Time Effects on Failure Force,
Green Bean Seeds
Similar capital case letters indicate no significant
difference

Table 3 Results of analysis of variance of the effects of voltage and ohmic time on the energy of seeds

failure
Variables DF Mean Square F value
Voltage(V) 2 992.844656 14.01%
Time(minute) 2 243.603622 3.44"
Voltage x Time 4 111.037233 1.57"

** Significant at level 1%, * Significant at 5% level, ns insignificant
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Fig 8 Ohmic heating voltage effects on failure
energy, green bean seeds
Similar capital case letters indicate no significant
difference

Table 4 Results of analysis of variance of the effects of voltage and time on failure energy for green
beans (pods with seeds)

Variables DF Mean Square F value

Voltage(V) 2 444683.106 14.68°
Time(minute) 2 100241.544 3295
Voltage x Time 4 99477.441 3.27"

** Significant at level 1%, * Significant at 5% level, ns insignificant
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Fig 9 Ohmic heating voltage effects on failure
energy, green beans (pods with seeds)
Similar capital case letters indicate no significant
difference
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The moisture content of the beans and the pods of the green beans were determined and the samples
were then subjected to ohmic pretreatment at the specified levels. For this purpose, force-deformation
device was used. Static loading was performed to determine the mechanical properties of the pre-
treated specimens. Experiments were carried out in a completely randomized design with factorial
experiment. The effect of ohmic heating parameters at three time levels of 3,6 and 9 minutes and three
voltage levels of 30,50,70 V and for vertical loading at one surface was investigated. The results
showed that both factors (ohmic heating time and voltage value) had a significant effect on fracture
force and other mechanical properties, so that with increasing ohmic heat duration the amount of
fracture force and other mechanical properties decreased. The result of the loading was that in the
fracture force section of the grain the maximum value of 3 minutes was 30 V with a value of 19.193 N
and the lowest value was 9 minutes with a voltage of 70 grain equal to 5.58 and in the discussion of
grain failure energy the highest and The lowest values were 21.622 N and 5.77 N respectively, which
were 30 V and 3 min for maximum and 70 V and 6 min for minimum. In the discussion of the fracture
force of green bean pod with grain the highest value was 30 V and 3 min time equal to 578.13 N and
72.35 N 35 min which was 70 V and 3 min time and also the highest and lowest energy The fracture-
like fracture force of this sample at the same time and voltage were 656.49 and 187.38, respectively.

Keywords: Green beans, Ohmic heating, Static loading, Failure force, Failure energy
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