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Fig 2. Placement of the microwave probe thermometer inside the kernel
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Table 1 Parameters studied.
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Fig 1. Microwave oven with a probe thermometer 1.thermometer,
2. power display, 3. temperature display
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Table 2 Analysis of variance of the studied parameters (microwave power 630 w).

S @ilie @l azyo  Clupeggeme  Olaye (il F Sl
Sources of variation df sum of squares  Mean of square Significant
Jae 47 6350.94 135.13 17.20% <0.0001
Model
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Container
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Thermometer position
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Heating time
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Table 3 Analysis of variance of the studied parameters (microwave power 900 w).

S gl o3l 450 Olasyo £ gomo Sl po (b Solo e
Sources of variation df sum of squares Mean of square Significant
Joe o
47 10008.66 212.95 33.66 <0.0001
Model
Sk -
. 1 222.51 222.51 35.17 <0.0001
Container
FeseS ety 5 1237.12 247.42 39.11% <0.0001
Thermometer position
Sl ol
FILT O 3 7718.69 2572.89 406.69" <0.0001
Heating time
Foge i CoxBaeaX 8l 5 356.45 71.29 11.27* <0.0001
el ok 3 86.85 28.95 4.58° 0.0049
Container x thermometer position
TP SIS O 15 261.35 17.42 2.75% 0.0015
Heating time x thermometer position
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Table 4 The temperature of six positions of the product during the heating time (°C).

w630 w900
2ol o e iy & dlginl e V) & dlginl
heating time Cubic Cylindrical Cubic Cylindrical
Fogo i Caxdao Fogoyi Cuxdao
Thermometer position Thermometer position
Pl Pz P3 P4 P5 P5 Pl Pz P3 P4 Ps P5 Pl Pz P3 P4 Ps P6 Pl Pz P3 P4 P5
4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
20 1 2 1 2 1 2 2 4 4 a4 2 2 1 1 1 1 4 1 2 2 1 2
4 4 4 4 4 4 4 4 4 4 4 4 5 4 4 5 4 5
30 4 6 8 5 6 6 8 4 4 SR 8 6 6 5 6 5 5 6 6 1 6 0
4 5 5 5 5 5 5 5 5 4 5 5 6 5 5 5 5 5
40 9o 1 2 2 o0 o VB A S 5 4 1 9 1 2 1 3 1 9 0 8
5 5 6 5 5 5 6 6 5 5 5 5 6 6 5 6 5 6
>0 4 7 1 7 7 6 2 37 6 6460 5 1 5 § 6 9 8 0 9 9 7 9
Aged JHIo Comae i ;0 (00 5) SLL sled (1Sl aslio (8) Jouo
Table 5 Comparison of the average final temperature (50s) in six positions within the sample.
(o2S0) BB i (lailguml) B ,b sl
yogo ey g0 Container shape (cubic) Container shape (Cylindrical)
i w900 w630 w900 w630
Thermometer position
A) ®) © D)
Py %61.33 53.67 259.67 be58 .67
P2 b55.00 ®56.67 459,00 557,00
Ps °56.00 261.33 °69.33 €56.00
P4 56.33 ®57.00 257.33 %63.67
Ps 59,00 357.33 69.00 ®c59.67
Ps

°67.67 56.33 °70.33 ®61.67
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Table 6 The average sample temperature at the end of the heating time is 50 s, for two cubic and cylindrical containerat 630 and 900 w (°C).

yiogo i Corsligo 630 w 900 w
Thermometer position 5 & dlgiw! e V) & dlgiw!
p Cubic (°C) Cylindrical (C) Cubic (°C) Cylindrical (°C)
1 54 59 61 60
2 57 57 55 59
3 61 56 56 69
4 57 64 56 57
5 57 60 59 69
6 56 62 68 70
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Table 7 Average sample temperature during heating time in two types of container (°C).

A4

630 w 900 w
B0l ol o oy
heating time (s) e ol wlgul e ol wlgw
Cubic (°C) Cylindrical (°C) Cubic (°C) Cylindrical (°C)

20 41.44 41.61 41.61 42.17

30 45.72 48.06 47.11 49.22

40 50.50 53.33 53.06 55.44

50 57.06 59.44 59.22 64.11

CC) g g5 93 b (230> (o) B )3 wiges sled (xSl (A) Jgui
Table 8 Average sample temperature during heating time in two types of power (°C).

‘5:\:5.& ‘5| A3|9$.w|
w“”_“’")" obes Cubic (-C) Cylindrical (°C)
heating time (s) 630 w 900 w 630 w 900 w
20 41.44 41.61 41.61 42.17
30 45.72 47.11 48.06 49.22
40 50.50 53.06 53.33 55.44
50 57.06 59.22 59.44 64.11
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Fig. 4. Temperature distribution of cubic container during 630 w microwave heating
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Fig. 5. Temperature distribution of cylindrical container during 630 w microwave heating
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Abstract

Heating is one of the most commonly used methods to achievedifferent goals in the food process.The main
problems with microwave heating are the possibility of cold and hot spots. The aim of this study was to
investigate the uniformity of temperature distribution in Fandoghi Pistachio microwave thermal treatment.
Independent factors included the shape of product geometry, the position of the thermometer and the heating
time. This research was based on a completely randomized design based on a factorial experiment of 2x6x4,
Independent factors included the shape of product geometry, the position of the thermometer and the heating
time. These experiments were performed separately for 900 and 630 w microwave power, and the
temperature of the pistachio product was measured and recorded during the four-time heat treatment at six
different positions of the product as an associated factor.The results of this study were based on two types
of analysis of the comparison of the mean temperature of the samples and the determination of the relative
non-uniformity index.The results showed that all the main effects were significant at 1% level in both
applied power states.When using a power of 630 w, only the interactive effect (thermometer position X
container) is significant at 1% level. When using the power of 900 w, all interactive effects other than
(heating time x thermometer position x container) are significant at 1% level. Comparison of means showed
that in treatment "B" (cubic - 630 w) in 5 positions of 6 positions, there is no significant difference between
the mean temperatures. This means that the temperature distribution at different product positions at the end
of the microwave heating period has been quite uniform. By calculating the relative non-uniformity index,
the highest uniformity was obtained in cubic - 630 w.
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