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Fig 1 A schematic of the combined hot air-
ultrasonic dryer.
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Fig 2 Variation in moisture content of the
peppermint leaves at different drying air
temperatures for (a) USP=0W and (b) USP=180W.
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Fig 4 Average drying time for the reduction of the
peppermint leaves moisture content from 0.77 to
0.10 (w.b.) at different drying conditions.
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Fig 3 Variation in moisture content of the
peppermint leaves at different ultrasound powers
for (a) T=40 °C and (b) T=60 °C.
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Table 1 Results of variance analysis for drying duration.

P F Mean Square df Sum of Squares Source
0.000 1982.80 172503.75 3 517511.25 Temperature
0.000 91.14 7929.53 4 31718.10 USP
0.000 27.79 2418.13 12 29017.50 Temperature * USP

87.00 40 3480.00 Error
60 1835409.00 Total
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Table 2 Results of variance analysis for essential oil yield.

P F Mean Square df Sum of Squares Source
0.000 203.65 654.61 3 1963.82 Temperature
0.367 1.11 3.56 4 14.22 USP
0.988 0.291 0.93 12 11.21 Temperature * USP

3.21 40 128.58 Error
60 22154.18 Total
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Fig S Effect of drying temperature and ultrasound
power on average essential oil yield of the
peppermint leaves.
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Table 3 Some studies reporting the specific energy consumption (SEC) values for drying process.

Reference Results Drying conditions Product
29.98 MI kg < SEC< 74.73 M1 Air velocity=2.3,2.5and 2.8 ms™ .
[37] kg Air temperature= 50, 60 and 70 °C Rough rice
85.45 MJ kg < SEC< 214.51 MJ Air velocity=1and 2 ms™ .
[38] kg'1 Air temperature = 40 - 70 °C Garlic cloves
182.81 MI kg < SEC< 908.39 MJ Air velocity=0.5, 1 and 1.5 ms™ Pomegranate
[39] s
kg Air temperature =45 - 70 °C arils
69.76 MJ kg < SEC< 251.78 MJ Air velocity=0.5, 1and 1.5 m s Roman
[7] s
kg Air temperature = 40, 50 and 60 °C chamomile
23.29 MI kg < SEC< 90.90 MJ Air velocity=0.5and l m s
[40] kg'1 Air temperature = 40 - 70 °C Chestnuts
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Fig 6 Average specific energy consumption for

combined hot air-ultrasonic power drying of the
peppermint at different drying conditions.
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Table 4 Results of variance analysis for specific energy consumption.

P F Mean Square df Sum of Squares Source
0.000 664.72 24453.04 3 73359.11 Temperature
0.000 11.22 412.68 4 1650.71 USP
0.000 4.30 158.28 12 1899.34 Temperature * USP

36.79 40 1471.48 Error
60 609872.80 Total
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Drying of peppermint leaves (Mentha piperita L.) in a combined
hot air-ultrasonic dryer: Influences of temperature and
ultrasound power on duration, energy consumption,and essential
oil yield
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Over the last decade, the use of ultrasound power has been attended as one of the most novel research
fields in processing of food and agricultural products. In the present research, influences of the air
temperature and ultrasound power were investigated on some important indices of peppermint leaves
drying process. The experiments were conducted by using a combined hot air-ultrasonic dryer at
different levels of air temperature (40, 50, 60 and 70°C) and ultrasound power (0, 90, 180, 270 and
360 W). The obtained results showed that although, increasing temperature improved the process time
and energy consumption, but decreased the essential oil yield of the samples. In addition to decreasing
the process duration and consumed energy, ultrasound power at temperature levels of 40, 50 and 60°C
increased the extracted essential oilyield. At air temperature of 70°C, using of the ultrasound power
led to more energy consumption without any effect on the two other indices. Generally, results of this
research indicated that application of ultrasound power could be a useful method to improve the
performance of hot air dryers in drying of heat-sensitive products such as medicinal and aromatic
plants.
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