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Introduction

Drying is one of the important steps in starch modification, after applying the modification treatments. Starch
is obtained from the seeds and fruits of various plants and used in a dried state to achieve a longer shelf life,
potentially saving on transportation and storage costs for commercial purposes. Drying is the final necessary step
in starch modification, often performed using a conventional oven, a freeze dryer, or an organic solvent (typically
ethanol or acetone). In food drying processes, energy consumption is considered a key parameter. The method
used to dry pre-gelatinised starch is crucial, as drying is one of the most important steps in the production of
modified starch powder. On the other hand, considering the global tendency to use renewable energies, especially
in food drying, to reduce thermal damage, energy consumption and drying time, it is of great importance to
investigate drying with reflectance window systems, which are environmentally friendly, have high efficiency and
cause less damage to the food product components. The effect of drying modified starch with cold plasma by a
reflectance window system at a temperature of 50 °C was investigated, and its results were compared with data
from the traditional oven drying system.

Materials and Methods

Potato starch powder was obtained from Zamen Food Products Manufacturing Company, located in Mashhad
Industrial City, Iran, in plastic packs. A laboratory-scale cold plasma generator device available at the Sari
University of Agricultural Sciences and Natural Resources Growth Centre was used. This device consists of two
main parts: the cold plasma generation section and the sample storage section. The device generated cold plasma
through direct contact of the sample with the resulting ionised air. Cold plasma was applied to the sample produced
by a plasma reactor with copper and steel electrodes at a voltage of 20 kV, a current of 3 mA, and a frequency of
50 Hz, using atmospheric air. A randomised complete factorial design was implemented with the factors of pre-
gelatinisation temperature (55 and 60 °C), cold plasma treatment time (0, 15, and 30 min), and starch drying
temperature in the oven (60, 70, and 80 °C). To prepare pre-gelatinised samples, 10 g of starch was dissolved in
90 g of distilled water to prepare a 10% (w/w) solution. The energy analysis included calculations of drying
efficiency, energy efficiency, thermal efficiency, and specific heat consumption. The resulting data were optimized
using Design-Expert software.

Results and Discussion

The results showed that the pre-gelatinisation temperature had a significant effect on all the studied parameters
(energy, drying, and temperature efficiency), with a confidence level of p < 0.05. Drying temperature did not
significantly affect energy efficiency, but it had a significant impact on both drying efficiency and temperature
efficiency. Plasma treatment had a substantial effect on energy efficiency and drying efficiency, but no significant
effect was observed on temperature efficiency. Based on regression models, the linear model has the best fit to the
experimental data and was able to accurately predict the responses, which indicates the importance of the factors
under study in process optimisation. Based on optimisation analysis, the optimal conditions indicate a temperature
of 60 °C for pre-gelatinisation, 70 °C for oven-drying, and 30 min for cold plasma treatment time. This combination
results in maximum efficiency and reduced energy consumption.

Conclusion

This analysis shows that the studied temperature changes and different treatments have distinct effects on
drying processes and energy consumption, which can be considered in optimising these processes. The results of
this research can help improve starch production processes and increase their efficiency in related industries. This
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research simultaneously investigates two new methods for modifying and drying starch, which can result in
practical improvements to starch quality.
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Fig. 2. Energy efficiency and drying efficiency changes with temperature and drying pretreatment (Dr is the symbol of
Drying temperature, Pl is the symbol of cold plasma pretreatment, and Pr is the symbol of pregelatinisation
temperature)
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Fig. 3. Specific energy and specific heat changes with respect to changes in temperature and pretreatment in starch
drying (Dr is the symbol of Drying temperature, Pl is the symbol of cold plasma pretreatment, and Pr is the symbol of
pregelatinisation temperature)
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Table 1- Effect of response factors of pregelatinisation temperature, drying temperature, and plasma treatment time on
energy efficiency, drying efficiency, and temperature efficiency

Energy Efficiency
Source Sum of Squares df Mean Square F-value p-value R2?2 Adjusted R?
Model 0.2555 3 0.0852 27.75 <0.0001 0.86 0.83
A-PregelTemp 0.1317 1 0.1317 4291 <0.0001
B-Drying Temp 0.0794 1 0.0794 25.86 0.0002
C-CPtime 0.0444 1 0.0444 14.46 0.0022
Residual 0.0399 13 0.0031
Lack of Fit 0.0399 9 0.0044
Pure Error 0.0000 4 0.0000
Cor Total 0.2955 16
Linear Model Coefficient
Intercept 3.16
A-PregelTemp 0.1283
B-Drying Temp -0.0996
C-CPtime 0.0745
Drying Efficiency
Source Sum of Squares df Mean Square F-value p-value R2?2  Adjusted R?
Model 1.08 3 0.3603 4280 <0.0001 0.90 0.88
A-PregelTemp 0.3397 1 0.3397 40.36 < 0.0001
B-Drying Temp 0.6227 1 0.6227 73.97 <0.0001
C-CPtime 0.1185 1 0.1185 14.08 0.0024
Residual 0.1094 13 0.0084
Lack of Fit 0.1094 9 0.0122
Pure Error 0.0000 4 0.0000
Cor Total 1.19 16
Linear Model Coefficient
Intercept 5.03
A-PregelTemp 0.2061
B-Drying Temp 0.2790
C-CPtime 0.1217
Thermal Efficiency
Source Sum of Squares  df  Mean Square  F-value  p-value R?  Adjusted R?
Model 0.3446 3 0.1149 3755 <0.0001 0.89 0.87
A-PregelTemp 0.1414 1 0.1414 46.21  <0.0001
B-Drying Temp 0.1070 1 0.1070 34.99 <0.0001
C-CPtime 0.0962 1 0.0962 31.44  <0.0001
Residual 0.0398 13 0.0031
Lack of Fit 0.0398 9 0.0044
Pure Error 0.0000 4 0.0000
Cor Total 0.3844 16
Linear Model Coefficient
Intercept 3.22
A-PregelTemp 0.1329
B-Drying Temp -0.1157

C-CPtime 0.1096
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