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Abstract
Evaluation of specific energy consumption was carried out during convective-microwave and convective drying of 

Ashwagandha root in a developed laboratory scale microwave dryer. The specific energy consumption in convective drying at 
60ºC of air temperature and 1.0 m/s air velocity was estimated as 2.27 ± 0.12) MJ/kg of water evaporated. The increase in 
air velocity increased the energy consumption. The specific energy consumption at 6 W/g of microwave power level, 60ºC air 
temperature and 1.0 m/s air velocity was 0.396 ± 0.047) MJ/kg of water evaporated, resulting in about 82% energy saving as 
compared to convective drying processes. The drying time increased with increase in air velocity in convective - microwave drying 
process as a reverse trend that was observed in convective drying process of Ashwagandha roots.
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Introduction
The interest in medicinal plant products has been increased 

significantly in recent years. According to WHO survey, about 80% of 
the world population still relies on mainly traditional remedies such 
as on herbs for their primary health care needs [1]. Ashwagandha 
(Withania somnifera) is an important medicinal plant, widely ed as 
home remedy for several diseases in India as well as other parts of the 
world. Ashwagandha is also described as an herbal tonic and health 
food in Vedas and considered as Indian Ginseng in traditional Indian 
system of medicine. In ashwagandha plant, the root parts contain more 
active ingredients, volatile oil, flavour and alkaloids and withanaloids 
as compared to the other parts of the plants [2]. It contains nicotine 
and group of alkaloids and also contains the ingredients i.e. foreign 
matter (not more than 2%), total ash (7%), acid soluble ash (1%), 
alkaloids (2.5%) and water (80%) [3]. This plant is used as a number 
of medicinal preparations such as ashwagandha roots powder pills 
and ashwagandha oil pills etc. which are commercially available in 
the market. Medicinal action of dried ashwagandha roots are tumors, 
inflammation (including arthritis), anemia, breathing difficulties, 
cancer, cough, insomnia, paralysis, ulcers, memory loss, women’s 
health, skin disease, eyesight, pains and a wide range of infectious 
diseases.

Ashwagandha has a great export-potential in dried form, however, 
because of costs processing is very high in India and also the quality 
of the final product does not maintain to internal standards. The 
ashwagandha dehydration needs to be done by a technique which 
takes short time and maintains good quality. Drying is one of the 
oldest and most widely used methods of food preservations and the 
most effective means of preserving foods from spoilage because of 
longer shelf life, product diversity, vital influence on the products 
quality and substantial volume reduction of dried products. In India, 
ashwagandha roots are dried by small scale industries using by hot air 
drying or sun drying on the open field without any aseptic conditions 
and more time consuming and does not maintain the quality of the 
final products. Ashwagandha root has a short shelf life due to higher 
moisture content of about 85% (w.b.). Application artificial drying 
can be significantly reduced the mould and bacteria growth as well 

as losses of active ingredients and post-harvest infection. But, major 
disadvantages of hot air drying are low energy efficiency, undesirable 
changes in quality of the dried products and long drying time is about 
9 - 10 h at higher temperature of 60ºC during the falling rate period [4]. 
Prolonged exposure of the product to elevated drying air temperature 
results in substantial degradation in the quality of the dried product 
such as colour parameters, rehydration ratio and alkaloid contents. 

In recent years, microwave drying has been popularly used as 
drying method for a number of food products such as fruits, vegetables, 
snack foods and dairy products, etc. Microwaves drying is relatively 
a new addition in the existing drying technique viz. hot air, cabinet, 
spray, vacuum and freeze drying [5-7]. Microwaves are rarely used 
alone but rather in combination with hot air, steam, vacuum conditions 
or the conventional methods and the effects of the combinations are 
more synergistic [8]. Microwaves are electromagnetic waves in the 
frequency range of 300 MHz to 300 GHz, generated by a magnetron 
type vacuum tube [9]. Two narrow band of microwave allotted for 
use in industrial food processing application are 915 and 2450 MHz 
which can be absorbed by water containing materials and converted 
to heat [10]. Waves can penetrate directly into the material; heating is 
volumetric (from the inside to outside) and provides fast and uniform 
heating throughout the product. The quick energy absorption by water 
molecules causes rapid evaporation of water creating an outward flux 
of rapid escaping vapour. Microwaves penetrate the food from all 
direction which facilitates steam escape and speed heating. In addition 
to improve the rate of drying, this outward flux can help prevent the 
shrinkage of tissue structure, which prevails in most conventional air 
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drying technique. Hence, better rehydration characteristics may be 
expected in microwave dried products [5]. Microwave processes offer 
a lot of advantages such as less start up time, faster heating, energy 
efficiency (most of the electromagnetic energy is converted to heat), 
space savings, precise process control and food product with better 
nutritional quality.

Most research work on combined microwave- convective drying 
of agricultural commodities has been reported for low moisture food 
products [11-15]. But, ashwagandha root is a high moisture commodity 
and having medicinal value, it requires mild heat for shorter period 
drying. So, the development of convective - microwave drying that 
reduces the drying time and produces good quality of ashwagandha 
roots. However, very less work has been undertaken in India under hot 
air drying of medicinal roots and no work reported on the convective 
- microwave drying of medicinal ashwagandha roots. Keeping in this 
view, the present investigation was aimed to study the specific energy 
consumption aspects in convective- microwave as well as convective 
drying processes of ashwagandha roots.

Materials and Methods
Fresh ashwagandha (W. somnifera) roots were procured from 

medicinal farm, Kharagpur and stored in a cold storage chamber (5 
± 1ºC, 85% RH) for further analysis. The initial moisture content of 
ashwagandha root measured was 4.5-5.0 g water/g dry matter.

Moisture content

The vacuum oven method was used to determine the moisture 
content of ashwagandha root. The roots samples of approximately 30 
g were placed in a pre-dried aluminum dishes in vacuum oven. The 
operating temperature was taken as that of 70ºC at negative pressure 
of 13.3 kPa and the sample was taken out of oven after 24 h [16]. The 
samples were cooled in desiccator and weighed using an ANAMED 
top pan electric balance with a sensitivity of 0.01 g. The fresh and 
bone dried roots weights were taken to calculate the moisture content 
expressed as g water/g dry matter [17].

Experimental procedure

Ashwagandha root were taken out from cold storage and allowed 
to equilibrate with ambient conditions. Roots were washed thoroughly 
and cut into 5 cm length under the hygienic conditions. Then the 
samples were pre-treated with hot water at 100ºC for 2 min to improve 
the quality of the dehydrated product. A sample of about 100 g of roots 
was used for drying experiments. 

A 900 W, 2450 MHz microwave oven (IFB make, model Electron) 
having inside chamber dimension of 300 (width)×240 (depth)×210 
(height) mm3 was used for the experiment [18,19]. The oven had the 
facility to adjust power supply and the time of processing. A variac 
of 15 A/230 V rating was also placed on the primary side of the high 
voltage transformer to regulate the anode current, thus varying the 
output power of the magnetron between 0 and 600 W with 5 duty 
cycles or settings. Calibration of microwave output power level was 
done using IMPI-2L test [20,21]. A small air blower of 2.5 m3/min 
capacity and electric heater of 2 kW power was used to supply hot air in 
the experimental dryer. The hot air was sucked by the blower through 
the heaters and was thrown into the drying chamber. These chambers 
had a screen at the bottom with an approximately 1 mm diameter hole. 
The temperatures were measured by thermometer, whereas air velocity 
was measured by an anemometer (Make: Kanomax, Japan) with 0.1 
m/s least count. 

The dryer was run idle for about 30 min to set the desired drying 
conditions before each drying experiments. The convective drying 
experiment on ashwagandha roots was carried out at drying air 
temperature of 40, 50 and 60°C, air velocities of 1.0 and 1.5 m/s. The 
convective-microwave drying experiments were carried out at different 
microwave power levels of 2, 4 and 6 W/g, at air velocities of 1.0 and 1.5 
m/s and air temperatures of 40, 50 and 60°C. The samples were placed 
inside the microwave cavity. The drying was performed according 
to the preset power and time schedule, placing samples inside the 
microwave cavity. The weight loss of the roots was determined after 
every 1-5 min until it reached to a moisture content of about 0.6 g 
water/g dry matter. Three replications were taken for each experiment 
to get an average value.

Specific energy consumption in drying process

The drying of food material, a process of simultaneous heat and 
mass transfer, is energy intensive operation of industrial significance. 
The specific energy consumption was estimated, both in convective 
drying and convective -microwave drying process, considering the 
total energy required to dry ashwagandha roots from initial moisture 
content of 5.06 kg water/kg of dry matter to final moisture content of 
0.06 kg water/kg of dry matter. Heat lost through exhaust air has not 
been taken into consideration, for the reason that there was no heat 
recovery during drying process. The specific energy consumption, E, 
was expressed as follows:

Total energy supplied in drying processE , kJ/kg
Amount of water removed during drying

=                         (1)

Enthalpy of the drying air was estimated from its psychometric 
properties. The energy requirement of air was worked out, assuming 
the efficiency of the electrical heater (of capacity 1.5 kW) to be 90%. 
An air blower of 210 W was used in the experimental dryer and its 
overall efficiency was assumed to be 70%. A 3.5 W motor was used 
to rotate the sample and its efficiency was assumed to be 90%. The 
microwave systems (Magnetrons) are only 50% efficient in converting 
the line power to microwave power [22]. It was therefore assumed 
that actual power consumed is double the applied microwave power, 
for energy usage computation purpose [17,23]. Specific energy 
consumption in convective drying process cE  is as follows: 

1 2+
=c

e

E EE
W

, kJ/kg of moisture removed 		               (2) 

and, specific energy consumption in convective-microwave drying 
process, 

mwE  is as follows:

1 2 3 4 /mw
e

E E E EE kJ kg
W

+ + +
=  moisture removed                                    (3)

Where E1=energy required to heat the air, kJ; E2=energy requirement 

of the air blower, kJ; E3=energy requirement of the magnetron, kJ; 

E4=energy requirement for rotating the food sample inside the drier, 

kJ; We=amount of moisture removed during the drying process, kg.

This convective and convective-microwave drying of ashwagandha 
roots was accomplished in the same drying unit, results hold good 
for a relative comparison of the process in respect of specific energy 
consumption.

Statistical analyses

The results obtained were subjected to analysis of variance 
(ANOVA) using SPSS 10.0 software. The means obtained from each 
set were compared using the Duncan’s multiple range test based on a 
complete randomized design (at 0.05 confidence level).
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Results and Discussion
The drying times involved in reducing the moisture content of 

ashwagandha roots from initial moisture content of 5.06 kg water/
kg of dry matter to final moisture content of 0.06 kg water/kg of dry 
matter, under various convective and convective-microwave drying 
conditions, are presented in Table 1. These drying time values were used 
in estimating the specific energy consumption in the drying process. 
Specific energy consumption under convective drying condition was 
estimated, using Equation (2) and presented in Figure 1. It is evident 
from Figure 1 that as temperature of drying air was increased from 40 
- 60ºC, the specific energy consumption decreased from 2.43 ± 0.15-
2.27 ± 0.12 MJ/kg of water evaporated at an air velocity of 1.0 m/s. 
This was because of the dramatic reduction in the drying time with 
increase in air temperature. A similar trend was also observed in the 
specific energy consumption at air velocity of 1.5 m/s. At a given air 
temperature, specific energy consumption was found to be higher at 
higher velocity during the convective drying process, for the reason 
that higher air velocity did not reduce the drying time appreciably as 
moisture transport within the material being controlled by diffusion 
process [24]. Motevali et al. [25] reported that the values of specific 
energy consumption increases with increase in air velocity for each 
temperature level. They also found that specific energy consumption 
decreased as temperature increased at constant air velocity. With 
increasing temperature, the drying time was reduced due to increased 
thermal gradients inside the material that, consequently, increased the 
product drying rate (Figure 2).

The specific energy consumption for the convective - microwave 
drying of ashwagandha roots under different drying temperatures i.e. 
40, 50 and 60ºC was estimated from Equation (3) for power levels of 
2, 4 and 6 W/g at air velocities 1.0 and 1.5 m/s are shown in Figure 
3. The specific energy consumption reduced drastically during the 
convective - microwave process as compared to the convective drying 
process. Energy consumption at 6 W/g microwave power output, 60 
ºC air temperature, and 1.0 and 1.5 m/s air velocities was 0.396 ± 0.047 
and 0.436 ± 0.057 MJ/kg of water removed, which was about 82% of 
the energy consumption in convective drying under similar drying 
conditions. This reduction in energy consumption was because of the 
volumetric heating effect by microwaves, which reduced the drying 
time [17]. Considerably, a similar reduction in the energy consumption 
was observed in other convective - microwave drying conditions 
also, compared to convective drying [26]. It was also observed 

Microwave power 
level (W/g)

Air temperature
(ºC)

Drying time (h)

Air velocity 1.0 
m/s

Air velocity 1.5 
m/s

0 40 9.5 8.5
0 50 8.3 7.5
0 60 8.0 7.0
2 40 1.250 1.343
2 50 1.116 1.250
2 60 1.081 1.166
4 40 1.083 1.166
4 50 1.00 1.082
4 60 0.916 1.00
6 40 0.917 1.00
6 50 0.835 0.917

6 60 0.750 0.833

Table 1: Drying time for convective and convective – microwave drying conditions 
of Ashwagandha roots
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Figure 1: Specific energy consumption in different conditions for 
convective drying of Ashwagandha roots.
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Figure 3: Variation in specific energy consumption for convective - Microwave drying of Ashwagandha roots at air velocity of 1.5 m/s

under convective -microwave drying process that as air velocity was 
increased from 1.0 to 1.5 m/s at a given air temperature, specific energy 
consumption also increased. This was because the increase in air velocity 
resulted in cooling of drying product, i.e. reducing its temperature 
and thus increasing the drying time. Several other researchers [10,12] 
have also reported similar findings. Since convective and convective- 
microwave drying of ashwagandha roots was carried out in the same 
dryer; this relative comparison of specific energy appears to be valid.

Conclusions
It was observed that specific energy consumption diminished when 

temperature increased at each air velocity, while it increased with 
increasing hot air velocity. The convective drying process is very energy 
intensive and results in deleterious effects on the quality of the product. 
The convective-microwave drying of ashwagandha roots was found to 
be about 9-10 times faster than convective drying. The specific energy 
consumption in the microwave-convective drying process could be as 
low as 82% as compared to the convective drying process. This process 
has also tremendous potential for the processing of other agricultural 
produces.
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