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Table 1 — Statistical analysis of the effect of different drying methods on the amount of effective moisture
diffusivity coefficient

Dring method Effective moisture diffusivity coefficient (m?/s)
Hot air 45°C 7.8867x10-10d
Microwave 540W 3.2423x10%
Infrared 600W 1.2268x10-%°
Hot air 45°C- Infrared 600W 1.1684x10-%°
Hot air 45°C- Microwave 540W 6.1487x107%
Hot air 45°C- Microwave 540W- Infrared 600W 6.0318x10%

Different superscripts within the same line represent significant difference at P< 0.05.
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Figure 1- Drying kinetics of potato samples in different drying methods
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Figure 2- Changes of effective moisture diffusivity coefficient in different drying methods



Vo) oSS Jpaze (&S Sl Shy adllae 5 (duejam (19,5 Suid Ca (03 (93lo —qage,Sole —ED slgn) s Sl bgy 200

(e jones (A4S (SLAS 59 g3 (00 S Sudid Alide slaghig ) I s lel Jalad g @il alin Y Jgua
Table 2- Statistical analysis of the effect of different drying methods on potato quality characteristics

. Water reabsorption  Shrinkage  Energy consumption
Drying method %) P (%)g g>(le IKg) P
Hot air 45 °C 261.3235% 80.0380¢ 1106.9360¢
Microwave 540W 265.6069% 66.7379°¢ 43.2550°
Infrared 600W 253.38572 82.1575¢ 152.0074°
Hot air 45°C- Infrared 600W 272.9263° 72.6223¢ 1013.8265¢
Hot air 45°C- Microwave 540W 316.1207¢ 59.9693° 192.8457%
Hot air 45°C- Microwave 540W- Infrared 600W 302.2377°¢ 48.73242 219.4807¢

Different superscripts within the same line represent significant difference at P< 0.05.
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Table 3 - Statistical analysis of the effect of different drying methods on the characteristics of potato color

Drying method a value b value L value AE value

Hot air 45 °C -8.0833° 45.1666° 54.0833¢ 14.82242

Microwave 540W 0.9166¢ 29.7500? 36.16662 37.9337¢

Infrared 600W -11.66662 53.9166¢ 49.1666 15.31642

Hot air 45°C- Infrared 600W -4.6666° 52.9166¢ 51.3333% 18.9363°

Hot air 45°C- Microwave 540W 2.5833¢ 39.8333° 47.1666° 28.1923¢

Hot air 45°C- Microwave 540W- Infrared 600W 1.5833¢ 33.0833? 37.3333¢2 42.8322¢

Different superscripts within the same line represent significant difference at P< 0.05.
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Figure 3 - Water reabsorption of potato samples in different drying methods
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Figure 4: Shrinkage changes of potato samples in different drying methods
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Introduction: Potato is a plant of the family (Solanaceae) and due to its vitamins, minerals, energy
and high fiber, it is one of the most important agricultural products. Raw potato starch is indigestive,
so thermal processing is necessary to increase its digestibility. Due to the increased unwillingness of
consumers to use preservatives in food composition, demand for dried potatoes with improved
qualitative characteristics has increased. One of the most important operations in food production is
drying which reduces the amount of moisture in the food matrix and inhibits microbial and enzymatic
activity. So far different methods have been used for drying. One of the most commonly used methods
is hot air drying, which has problems and disadvantages, such as high energy consumption and long
drying time. Therefore, to reduce the disadvantages of hot air drying, complementary processes such
as microwave or infrared drying are used. Microwave drying makes dry products have a good quality
in terms of porosity, water reabsorption capacity and shrinkage. Drying with infrared has advantages
such as high drying speed, ease of operation, strong sterilization ability and high-quality dried
products. Today, combination methods such as Hot air- Microwave and Hot air- Infrared methods are
commonly used fordrying of food materials . In the Hot air- Microwave method, the volumetric heat
generated by the microwave transfers moisture to the surface of the product, and then the moisture is
expelled from the surface by the flow of hot air. Also, in the Hot air- Infrared method, when the
product is exposed to infrared, this action increases the molecular vibration in the layers of the inner
surfaces and leads to an increase in the speed of moisture movement from inside the product to its
surface. Finally, water vapor is formed on the surface of the material, which can be easily removed
by convection air flow. The use of hybrid methods greatly improves product quality and greatly
reduces energy consumption as well as drying time. The purpose of this research was investigation
the effect of different drying methods on the quality characteristics of dried potatoes.

Material and methods: Potatoes (Variety Agria) were purchased from a local market for this
research. The potatoes were cut after washing and peeling in the form of square cubes in the sizes of
1.2x1/2x1/2 cm. Prior to the blanching process, in order to prevent moisture reduction and color
change, sliced samples were kept in a lid plate. For the next stage, samples were blanched in a water
bath with a temperature control sensor. A 500-ml beaker containing water was placed in the water
bath. Once it reached 100 °C, the samples were placed inside the beaker and were blanched for 5 min.
Finally, the residual water on the samples was moistened using a tissue and the weight was re-
measured. Finally, potato cubes were dried in different methods (Hot air 45 °C with air speed of 1
m/s, Microwave 540 W, Infrared 600 W, Hot air 45 °C- Microwave 540 W, Hot air 45 °C- Infrared
600 W and Hot air 45 °C- Microwave 540 W- Infrared 600 W). Qualitative properties of samples,
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such as moisture content, effective moisture diffusivity coefficient, water reabsorption, shrinkage,
color, and energy consumption were evaluated in this study. In this research, statistical analysis of
the experiment data was performed as a factorial design based on a completely randomized design
with IBM SPSS Statistics 22 software and the evaluation of the optimum method was done using
Design Expert 10 software.

Results and discussion: In all methods, moisture ratio constantly reduced. In case of effective
moisture diffusivity coefficient, the lowest amount was observed in the hot air method. Since there is
a direct correlation between the effective moisture diffusivity coefficient and temperature, and on the
other hand, the energy of hot air is lower than irradiation, therefore, effective moisture diffusivity
coefficient in this method is lower than other methods. In case of water reabsorption when using
microwaves, a significant increase in the rate and amount of this parameter occurs. When hot air,
infrared and combinations of these two were used for drying, although rate of shrinkage was low, it
was observed that final shrinkage reached the highest value. In these methods, the amount of color
change (AE) started from zero (control sample) and over time, its amount also increased. The best
possible conditions were when the amount of color changes was very low and also the values of (L)
and (b) were high and the rate of (a) was low. The smallest amount of color variation was observed
in hot air, infrared and hot air-infrared methods. Because in these methods, the process temperature
was low compared to the methods used microwave energy, so the intensity of the Millard reaction is
also lower, and the color of samples that were dried with these methods, were far better in quality. In
terms of energy consumption, the highest amount was related to the methods used hot air. In the
methods that used microwave energy for drying, the drying rate and the Effective moisture diffusivity
coefficient increased and the process time decreased. When microwave was used for drying, the
highest rate of water reabsorption was achieved. The highest amount of shrinkage was observed when
the 600 W infrared method was used for drying.

Conclusion: In optimum mode, the best conditions were when the amount of shrinkage, color
variations, energy consumption and (a) index were low and the rate of water reabsorption, and the
indicators (L) and (b) were high. After optimization (based on the optimal qualitative characteristics,)
it was determined that the optimum method between different drying methods was the combination
of hot air 45 °C-infrared 600 W.
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