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Fig. 1. Schematic diagram of a vacuum-infrared drying system
1) Humidity sensor displayer; 2) Thermocouple displayer; 3) Infrared lamp power controller; 4) Voltmeter; 5) Infrared

lamp; 6) Vacuum gauge; 7) Vacuum valve; 8) Vacuum pump; 9) Camera; 10) Electronic weight scale; 11) Sample tray;
12) Drying chamber; 13) Laptop; 14) Air outlet duct
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Table 1- ANOVA Results in evaluation the effect of slice thickness, absolute pressure and the radiation intensity on the
rehydration capacity of potato slices

Ol s gk Olage ggome (g3ljf ar p Slas o (b F jlade
Source of variation Sum of squares DF Mean square
485 Canlsus e
. . 0.152 2 0.076 3.725
Slice thickness
Gl lis "
0.002 3 0.001 0.305™
Absolute pressure
ol oss ns
Lo . 0.009 2 0.004 0.213
Radiation intensity
llas jLtcalss
. 0.051 6 0.008 0.414™
Thicknessx Absolute pressure
Ol Cadxcwlbus s
. L. . 0.034 4 0.008 0.414 ™
Thicknessx Radiation intensity
L b i allae Lib
b eudisle 1B 0.039 6 0.007 0.319®
Absolute pressurex Radiation intensity
Ol a3l Hlidxcwlus
Thicknessx Absolute pressurex Radiation 0.104 12 0.009 0.424™
intensity
olal
) 1.468 72 0.20
Error
& 1.858 107
Total

S size M3 dg>g pae NS 9 4V Jlais] gaws 53 b cime M3 e
- Significant at the 1% level and ns No significant differences
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Fig.2. The effect of slice thickness on the rehydration capacity at temperature of 100°C
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Fig.3. Color distribution of potato slice vs. drying time
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Fig.4. Histograms of color distribution of potato slice before drying
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Fig.5. Histograms of color distribution of potato slice after drying
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Table 2- ANOVA Results in evaluation the effect of slice thickness, absolute pressure and infrared radiation intensity
on the amount of specific energy in drying process

Ol s gk Olaye ggome (g3ljf ar p Slas o (b F jlade
Source of variation Sum of squares DF Mean square
)5 Culs ns
. . 12010.012 2 6005.006 1.099
Slice thickness
Gl jlié :
32501.206 3 10833.735 1.982
Absolute pressure
Ol oAb o
Lo . 71015.843 2 35507.922 6.496
Radiation intensity
llas jLzrcalis "
. 7084.656 6 1180.776 0.216 ™
Thicknessx Absolute pressure
ol Cadxcwlbus s
. L. . 8863.932 4 2215.983 0.405 ™
Thicknessx Radiation intensity
L b i allas Lid «
b ol 1B 65196.766 6 10866.128 1.988
Absolute pressurex Radiation intensity
Ol adx 3las Hlidxcwlus
Thicknessx Absolute pressurex Radiation 73200.395 12 6100.033 L116™
intensity
olal
) 393568.309 72 5466.227
Error
& 663441.120 107
Total

S dne GBS 3gg pie TS o 70 Jlois] e 3yl sine S 0 Jloinl a3l sine M|
*Significant at 5%,  Significant at the 1% level and ns No significant differences
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Infrared radiation, absolute pressure and slice thickness
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Fig. 6. The interaction between slice thickness, absolute pressure and infrared radiation intensity on the specific energy
of potato slices during drying process

551 Bpan 033 e 2 job (igdle LB Db g llao )Lt iy Cuolbus b Ll )ly 45 -Y Jgde
Table 3- ANOVA results in evaluation the effect of slice thickness, absolute pressure and infrared radiation intensity on
the thermal utilization efficiency in drying process

Ol s gk Olaye ggome (g3ljf ar p Slas o (b F jlade
Source of variation Sum of squares DF Mean square
)5 Culs ns
. . 6.911 2 3.456 1.400
Slice thickness
Gl jlié -
976.329 3 325.443 131.880
Absolute pressure
ol o s
8.238 2 4.119 1.669 ™

Radiation intensity
Gl jLibxcalies
Thicknessx Absolute pressure
Ol Casxcwlus

9.908 6 1.651 0.669 ™

. L . 7.354 4 1.838 0.745 ™
Thicknessx Radiation intensity

L b o allae Lib .
obeadgle s 43617 6 7.269 2.946
Absolute pressurex Radiation intensity
Ol a3l Hlidxcwlus

Thicknessx Absolute pressurex Radiation 25.171 12 2.098 0.850 ™
intensity
oLzl
) 177.677 72 2.468
Error
& 1255.205 107
Total

Jisine BMS] dgg pis 1S 5 71 Jloi) s )3 ,bine BT 0 Jlois) s 5 b ine V5]
*Significant at 5%,  Significant at the 1% level and ns No significant differences
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Fig. 7. The interaction between slice thickness, absolute pressure and infrared radiation intensity on the mean thermal

utilization efficiency of potato slices during drying process
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Introduction

Potato (Solanumtuberosum L.) is one of the unique and most potential crops having high productivity,
supplementing major food requirement in the world. Drying is generally carried out for two main reasons, one to
reduce the water activity which eventually increases the shelf life of food and second to reduce the weight and
bulk of food for cheaper transport and storage. The quality evaluation of the dried product was carried out on the
basis of response variables such as rehydration ratio, shrinkage percentage, color and the overall acceptability.
Drying is the most energy intensive process in food industry. Therefore, new drying techniques and dryers must
be designed and studied to minimize the energy cost in drying process. Considering the fact that the highest
energy consumption in agriculture is associated with drying operations, different drying methods can be
evaluated to determine and compare the energy requirements for drying a particular product. Thermal drying
operations are found in almost all industrial sectors and are known, according to various estimates, to consume
10-25% of the national industrial energy in the developed world. Infrared radiation drying has the unique
characteristics of energy transfer mechanism. Kantrong et al. (2012) were studied the drying characteristics and
quality of shiitake mushroom undergoing microwave-vacuum combined with infrared drying. Motevali et al.
(2011) were evaluated energy consumption for drying of mushroom slices using various drying methods
including hot air, microwave, vacuum, infrared, microwave-vacuum and hot air-infrared. The objectives of this
research were to experimental study of drying kinetics considering quality characteristics including the
rehydration and color distribution of potato slices in a vacuum- infrared dryer and also assessment of specific
energy consumption and thermal utilization efficiency of potato slices during drying process.

Materials and Methods

A laboratory scale vacuum-infrared dryer, developed at the Agricultural Machinery and Mechanization
Engineering Laboratory of Shahid Chamran University of Ahvaz has been used. The dryer consists of a stainless
steel drying chamber; a laboratory type piston vacuum pump, which was used to maintain vacuum in the drying
chamber; an infrared lamp with power of 250 W which was used to supply thermal radiation to a drying product;
and a control system for the infrared radiator.

Sample Preparation

Fresh potatoes were purchased from a local market in Hamadan province. Potatoes were peeled, washed, and
cut into sliced with thickness of 1, 2 and 3 mm by a manual slicer. Drying experiments of potato slices were
performed in a vacuum chamber with absolute pressure levels of 20, 80, 140 and 760 mmHg; and radiation
intensity of infrared lamp was 0.2, 0.3 and 0.4 W cm™? The mass change of the sample during drying was
detected continuously using an electronic weight scale (Lutron, GM- 1500P, Taiwan) with the accuracy of +0.05
g.

Evaluation of rehydration capacity of dried potato slices

The rehydration tests measured the gain in weight of dehydrated samples (~5 g), dehydrated samples were

rehydrated in 200 cc of distilled water at 100 C for 3 minutes.
Evaluation of color

The color of potatoes was measured on five slices selected randomly, and was described by three coordinates
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in the RGB color space using computer vision.
Evaluation of specific energy consumption

Energy consumption of dying process came from the electrical energy consumed by the operation of the
vacuum pump and the infrared lamp. Specific energy consumption was defined as the energy required for
removing a unit mass of water in drying the potato slice.

Evaluation of thermal utilization efficiency

Thermal utilization efficiency is defined as the latent heat of vaporization of moisture of sample to the
amount of energy required to evaporate moisture from free water. The latent heat of vaporization of water at the
evaporating temperature of 100°C was taken as 2257 kJkg".

Results and Discussion

The results of the evaluation of rehydration capacity of potato slices during drying process are shown in
Table 1. Statistical analysis (ANOVA, post-hoc Duncan) showed that thickness at probability level of 1% had
statistically significant influence on rehydration capacity values of dried potato slices. Moisture of dried slice of
potato compared to its fresh was obtained nearly 80% in boiling water (at temperature 100 C) for 3 min. The
most color changes of slice after drying was related to green color. According to Table 2 and statistical analysis
results showed that factor of thickness was not statistically significant on specific energy. The effect of absolute
pressure (p<0.05) and radiation intensity (p<0.01) parameters also interaction of absolute pressure and radiation
intensity (p<0.05) had statistically significant influence on specific energy of dried potato slices. According to
Table 3 and statistical analysis the factor of absolute pressure had statistically significant at probability level of
5% on thermal utilization efficiency. Also the effect of interaction of absolute pressure and radiation intensity
had statistically significant at probability level of 5% on thermal utilization efficiency of dried potato slices. The
drying efficiency of potato slices varied between 2.13% to 31.01%.

Conclusions

Dried potato slices at a thickness of 1 mm put in boiling water for three minutes; showed the most amount of
water absorption ratio that it was able to absorb the value of 86% more than the initial moisture. The lowest rate
of color change before and after the drying process is related to the thickness of the thinnest sliced potatoes.
Comparison of energy consumption showed that the radiation intensity of 0.4 W cm™, absolute pressure level of
80 mmHg and slice thickness of 1 mm had shorter drying time in experimental conditions.

Keywords: Drying, Infrared-vacuum, Potato, Rehydration capacity, Specific energy consumption



