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Abstract

Ashwagandha (Withania somnifera) is an important medicinal plant cultivated in India as well as other
parts of the world. The characteristics of Ashwagandha roots have also been reviewed. The reviewers
suggested the various drying methods like shed drying, sun drying, cabinet drying, convective drying and
microwave- convective drying used for drying of fresh Ashwagandha roots. These techniques are mainly
used for preservation and value addition of Ashwagandha roots. Several researchers have attempted for
evaluation of quality parameters of Ashwagandha roots and model of drying Kinetics which are also
compiled here briefly.
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Introduction

Ashwagandha (Withania somnifera Dunal) (family Solanaceae) is highly reputed as “Indian
ginseng” in Ayurvedic medicine (Schliebs et al., 1997) 4. The worldwide interest in
medicinal plant products has increased significantly in recent years. A medicinal plant consists
of plant materials in the form of crude or processed state as active ingredient. In medicinal
plants like Ashwagandha the root parts contains more active ingredients, volatile oil, flavour
and alkaloids and withanaloids as compared to the other parts of the plants. This herb is used
for 4000 years plus in India and a very important herb in ayurveda, the traditional Indian
medicine (Senapati et al., 2017) 221, Withania somnifera is well known as a folk medicine and
to afford withanolides, which are steroidal derivatives having a characteristic partial structure
in the A, B-ring part and the side chain of d -lactone. To date more than 40 withanolides have
been isolated from W. somnifera (Kirson et al., 1971; Nittala et al., 1981; Bessalle and Lavie.,
1992) 1351 They commonly contain high level of moisture and microorganisms (Senapati et
al., 2014). The study revealed that total accumulation of alkaloid content in roots increased up
to 135 days after sowing of Ashwagandha (Baraiya, 2004) B, 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%) (Baraiya, 2004) Bl In
Ashwagandha, the root parts contain more active ingredients, volatile oil, flavour and alkaloids
as compared to the other parts of the plants (Prasad et al. 1986) I, Ashwagandha root has a
short shelf life. In order to extend its shelf life, preservation is needed in some form. Drying is
one of the oldest and most widely used methods of food preservations. Longer shelf life,
product diversity and substantial volume reduction are the reasons for the popularity of dried
medicinal roots (Agrawal et al. 2014; Senapati et al., 2017) [ 2, The natural drying, usually
on the field can be replaced by artificial drying such as convective drying, Tray drying, cabinet
drying and microwave drying due to reduced drying time and more aseptic conditions. The
mould and bacteria growth as well as losses of active ingredients can be significantly reduced
and post-harvest infection could be avoided (Senapati et al., 2014) %1, Microwaves drying is
relatively a new addition in the existing drying technique viz. hot air, cabinet, spray, vacuum
and freeze drying (Prabhanjan et al. 1995) (8l: Ren and Chen (1998) [, Microwaves are
rarely used alone but rather in combination with hot air, steam, vacuum conditions or the
conventional methods have more synergistic effect. 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 (Khraisheh et al., 1997) 1. Waves can
penetrate directly into the material; heating is volumetric (from the inside to
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outside) and provides fast and uniform heating throughout the
product (Schiffman, 1987; Anantheswaran et al., 1994,
Prabhanjan et al., 1995; Rynanen,1995; Khraisheh et al., 1997
and Saltiel and Datta, 1999) [ 6 19 9 21 Mathematical
modeling can play an important role in the design and control
of the process parameters during drying. The developed
model is then used to recalculate the dependent parameters at
drying process parameters. The models are tested for
statistical viability at the 1% level of significance (Khraisheh
etal., 1999) [0,

Methodology
The vacuum oven method was used to determine the moisture

content of fresh Ashwagandha root (Young & Mason, 2002)
2

1.1 Process flow chart for drying of Ashwagandha root

Washing thoroughly fresh Ashwagandha roots
\
Samples cut into 5cm length under the hygienic condition

Samples pretreated with hot water at 100 °C for 2 min

v

Drying of samples under various drying conditions

Dehydrated roots
v
Quality evaluation of dried roots
(Senapati at al., 2014) 2

The fresh and bone dried roots weights were taken to
calculate the moisture content expressed as g water /g dry
matter.

Various methods of drying of Ashwagandha Root: The
most commonly adopted drying practices for Ashwagandha
root are sun drying, convective drying and microwave drying.

Sun drying

Desai et al. (2017)  conducted a field experiment to study
the growth, yield and quality of Ashwagandha root. They
were dried the roots under sun and found dry root weight
(2.13 %) and quality parameters like total withanolide yield
(0.55 %).

Sun drying, shed drying and cabinet drying

Agrawal et al. (2014) ™ studied the influence of drying on the
quality parameters like colour and withanolides content of
Ashwagandha (Withania somnifera), the ancient system of
Indian medicine and belong to the family Solanacae. The
dried roots of the plant are used in the treatment of nervous
disorders. The fresh Ashwagandha roots were dried in shade
(30-32° C), sun (33 — 37° C) and cabinet dryer (air velocity
1.4-1.6 ms-! and temperature 52 — 61 °C and Air velocity 1.8-
2.0 ms-! and temperature 55 — 61 °C). Fresh Ashwagandha
dried in shade and sun for about 13 hours and 6 hours
moisture depletion of 21% and 25% was noticed, respectively.
Whereas when dried in cabinet dryer about 49-52% moisture
loss is observed in only 3.15 hours of drying.

Convective drying

Senapati et al. (2017) 2 investigated the application of
convective drying of Ashwagandha roots. A laboratory
convective dryer which was already developed had the

provision of regulating of air temperature and air velocity.
Ashwagandha roots of uniform size were used in the drying
experiment that were conducted at air temperatures of 40, 50,
and 60 °C, air velocities of 1.0 and 1.5 m/s. Convective drying
was carried out till the moisture content of the Ashwagandha
roots reduced from initial moisture content of 5.06 kg
water/kg of dry matter to a safe level of about 0.06 kg
water/kg of dry matter. It was found that the drying time
decreased with increasing the drying air velocity. The
convective drying technique was more efficient than sun
drying of Ashwagandha roots and resulted in savings to
extend of about 90% of drying time. The results revealed that
air velocity of 1.5 m/s and air temperature of 60 °C lower
drying time of 8 h dehydrated Ashwagandha roots in
convective drying process.

Microwave Drying

Senapati et al. (2014) 2% studied microwave for drying of
Ashwagandha roots. Ashwagandha roots of uniform size were
used in the drying experiment which were carried out at air
temperatures of 40, 50 and 60 °C, air velocities of 1.0 and 1.5
m/s and microwave power levels of 2, 4 and 6 W/g.
Convective- microwave drying was accomplished till the
moisture content of the Ashwagandha roots reduced from
initial moisture content of 5.06 kg water/kg of dry matter to a
safer level of 0.06 kg water/kg of dry matter. The effect of
power level increment of convective -microwave drying was
reduced the drying time thereby increased the drying rate. It is
quite clear that the increase in air velocity reduced the drying
time in convective-microwave drying of Ashwagandha roots.
The drying is attributed to the increase in the heat and mass
transfer coefficients at the evaporating surface with the
increase in air velocity for a given air temperature. It is
evident that at given air temperature and microwave power
level, the increase in air velocity increased the drying time.
The optimum operating conditions of Ashwagandha roots for
power level, velocity and air temperature in convective-
microwave drying process were 6 W/g, 1.5 m/s and 60 °C,
respectively and found the lowest drying time of 45 min of
dehydrated Ashwagandha roots.

Quiality evaluation of dehydrated Ashwagandha root

Desai et al. (2017) ! conducted a field experiment to study
the growth, yield and quality of Ashwagandha root. They
dried the Ashwagandha roots under sun drying and reported
the value of dry root weight (2.13 %) and quality parameters
like total withanolide (0.55 %). Agrawal et al. (2014) M
studied the influence of drying on the quality parameters like
colour and withanolides content of Ashwagandha (Withania
somnifera). The dried roots of the plant are used in the
treatment of nervous disorders. The fresh Ashwagandha roots
were dried in shade (30-32 °C), sun (33 — 37 °C) and cabinet
dryer (air velocity 1.4-1.6 ms-! and temperature 52 — 61 °C
and Air velocity 1.8-2.0 ms-1 and temperature 55 — 61 °C).
The colour (L, a, b value) of the dried products does not vary
in different drying conditions. Maximum withanolide-A (%)
was observed in shade drying (0.049%) followed by sun
drying (0.032%) and cabinet drying (0.029%) with an air
velocity of 1.4 — 1.6 ms™.

Senapati et al. (2017) 2 investigated the application of
convective drying of Ashwagandha roots. A laboratory
convective dryer which was already developed had the
provision of regulating of air temperature and air velocity.
Ashwagandha roots of uniform size were used in the drying
experiment that were conducted at air temperatures of 40, 50,
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and 60 °C, air velocities of 1.0 and 1.5 m/s. The quality
attributes of fresh and dehydrated Ashwagandha roots were
evaluated in terms of colour parameter (L*, a*, b¥*),
rehydration ratio and total alkaloids content (Govt. of India,
1986; Owais et al., 2005) [, The good quality parameters of
Ashwagandha roots dehydrated by convective drying at air
velocity of 1.5 m/s and air temperature of 50 °C were the
colour value (L=37.22, a=5.09, b=11.82), rehydration ratio
(3.972) and alkaloids content (2.55%) which was found
superior to the sun drying samples (colour parameters like
L=35.20, a=4.51, b=9.51, rehydration ratio= 2.76 and
alkaloids content=1.54 %).

Senapati et al (2014) 1 reported microwave drying of
Ashwagandha roots. Ashwagandha roots of uniform size were
used in the drying experiment which was carried out at air
temperatures of 40, 50 and 60 °C, air velocities of 1.0 and 1.5
m/s and microwave power levels of 2, 4 and 6 W/g. The
quality attributes of fresh and dehydrated Ashwagandha roots
were evaluated for colour changes (L, a, b values), total
alkaloids content and rehydration ratio (Ranganna, 1986 and
Bouraoui et al., 1994) 7 4 The quality of Ashwagandha
roots dehydrated by convective -microwave drying was found
to be to be better followed by sun drying. The optimum
operating conditions of Ashwagandha roots for power level,
velocity and air temperature in convective- microwave drying
process were 6 W/g, 1.5 m/s and 50°C, respectively and found
a good quality of dehydrated Ashwagandha roots.
Corresponding to values of process variables i.e. 6 W/g, 1.5
m/s and 50°C, the values of rehydration ratio, total alkaloids
content, total colour change value(less AE) were 4.16, 1.94 %
and 5.654, respectively.

Modeling of Drying of Ashwagandha Root

The observed drying data i.e., weight loss of the sample with
time for each drying value were converted into different
parameters such as moisture content (kg water/kg dry matter)
and drying rate (kg water/kg dry matter/min) and moisture
ratio (MR). The moisture content of the sample was
calculated from the weight of the sample measured at
different times during the course of drying and was expressed
on dry mater basis. The Page model was employed to describe
the drying kinetics of convective drying method (Sharma &
Prasad, 2001; Maskan, 2000) 0 111,

MR = M =M = exp(—kt")

~ Mo—Me N

Where, MR = moisture ratio = (M -Me)/ (MO -Me); M
=moisture content (kg water/kg dry matter) at time t, Me =
equilibrium moisture content (kg water/kg dry matter); MO =
initial moisture content (kg water/kg dry matter) at time = 0;
K = drying rate constant (min-1); n is the parameter of Page’s
model; and t = drying time in min. Moisture ratio (MR) data
for drying of Ashwagandha roots was tabulated used to test
the applicability of the Page model.

Senapati et al. (2017) @ investigated convective drying of
Ashwagandha roots. Ashwagandha roots of uniform size were
used in the drying experiment that were conducted at air
temperatures of 40, 50, and 60 °C, air velocities of 1.0 and 1.5
m/s. Convective drying was carried out till the moisture
content of the Ashwagandha roots reduced from initial
moisture content of 5.06 kg water/kg of dry matter to a safe
level of about 0.06 kg water/kg of dry matter. The empirical
Page’s model adequately described the thin layer convective

drying for Ashwagandha roots. Page model was best fitted for
convective drying condition (R? > 0.9).The effect of process
parameters on rehydration ratio and total alkaloids content
was found significant at 1% level of significance for
convective drying method.

Senapati et al. (2014) I studied microwave for drying of
Ashwagandha roots. Ashwagandha roots of uniform size were
used in the drying experiment which were carried out at air
temperatures of 40, 50 and 60 °C, air velocities of 1.0 and 1.5
m/s and microwave power levels of 2, 4 and 6 W/g.
Convective- microwave drying was accomplished till the
moisture content of the Ashwagandha roots reduced from
initial moisture content of 5.06 kg water/kg of dry matter to a
safer level of 0.06 kg water/kg of dry matter. Page model was
found to be best fit for convective - microwave drying
condition. The process parameters were optimized by using
statistical analysis ANOVA for responses with 1% level of
significance by Panse and Sukhatme (1967) 12, The optimum
operating conditions of Ashwagandha roots for power level,
velocity and air temperature in convective- microwave drying
process were 6 W/g, 1.5 m/s and 50 °C, respectively. The
analysis yielded high values of R? (R? > 0.9) for convective-
microwave drying method which was found to be in good
agreement with the previous findings (Maskan, 2000; Sharma
& Prasad, 2001) 'L 201 Tt is evident that the rate constant ‘k’
increased with increase in drying air temperature satisfying
higher drying rates at higher temperatures as well as the same
trend for ‘k’> was also observed at both the air velocities
(Sharma and Prasad, 2001) 21,

Conclusion

Ashwagandha roots dried under convective-microwave drying
was found to be faster than convective drying, cabinet drying
followed by sun drying and shed drying resulted in savings to
an extend of about 90 % of drying time. The drying data of
Ashwagandha root of convective-microwave drying and
convective drying conditions was best fitted by Page model.
The maximum quality parameters like rehydration ratio,
colour (L, a, b values), total alkaloids were observed in
convective-microwave (6 W/g, 1.5 m/s and 50°C,) convective
drying(1.5 m/s and 50°C) and the maximum withanolide-A
(%) was found in shade drying (0.049%) followed by sun
drying (0.032%) and cabinet drying (0.029%) with an air
velocity of 1.4 — 1.6 ms™.

References

1. Agrawal R, Upadhyay A, Nayak PS. Influence of Drying
on the quality of Ashwagandha (Withania somnifera) J
Food Pharm. Sci, 2014, 93-97.

2. Anantheswaram R, Doores S, Heddleson R. Parameters
affecting destruction of salmonella spp. by microwave
heating. Journal of Food Science, 1994; 79(2):447-451.

3. Baraiya BR, Tiwari G, Sonakia VK. Alkaloid
concentration in different parts of growing crop of
Ashwagandha (Withania somnifera) at different growth
intervals. Department of Plant Physiology, JNKVV,
Jabalpur, 2004, 48.

4. Bauraoui M, Richard P, Durance. Microwave and
convective drying of Potato slices. Journal of Food
Engineering. 1994; 17:353-363.

5. Bessalle R, Lavie D. Withanolide C, a chlorinated
withanolide from Withania somnifera. Phytochemistry.
1992; 31:3648-3651.

6. Desai CD, Patel MM, Mehta VS, Senapati AK, Mehta
ND. Effect of spacing and fertilizer levels on growth,

~1175~



International Journal of Chemical Studies

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

yield and quality of Ashwagandha (Withania somnifera
Dunal) cv. JA-20. International Journal of Minor Fruits,
Medicinal and Aromatic Plants. 2017; 3(2):08-10.

Govt. of India, The Ayurvedic Pharmacopoeia of India.
Published by Ministry of Health and Family Welfare,
Dept. of Indian Systems of Medicine and Homoeopathy.
1986; 1:15-16.

Kirson I, Glotter E, Lavie D, Abraham A. Constituents of
Withania somnifera Dun. XII. The withanolides of an
Indian chemo type. Journal of the Chemical Society C:
Organic. 1971, 2032-2044.

Khraisheh MAM, Cooper TJR, Magee TRA. Microwave
and air drying 1. Fundamental consideration and
assumptions for the simplified thermal calculation of
volumetric  power absorption. Journal of Food
Engineering, 1997; 33:207-219.

Khraisheh MAM, McMinn WAM, Magee TRA. A
multiple regression approach to the combine microwave
and air drying process. Journal of Food Engineering.
1999; 43:243-250.

Maskan M. Microwave/air and Microwave finish drying
of Banana. Journal of Food Engineering. 2000; 44:71-75.
Panse VG, Sukhatme PV. Statistical methods for
agricultural workers, ICAR Pub., New Delhi, 1967, 369.
Nittala SS, Velde VV, Frolow F, Lavie D. Chlorinated
withanolides from Withania somnifera and Acnistus
breviflorus. Phytochemistry. 1981a; 20(11):2547-2552.
Prasad L, Malhotra CL. Indian Journal of Physiology and
Pharmacology, 1986; 12:175.

Owais M, Sharad KS, Shehbaz A. Antibacterial efficacy
of Withania somnifera (Ashwagandha) an indigenous
medicinal  plant against  experimental  murine
salmonellosis. Phytomedicine, 2005; 12:229-235.
Prabhanjan DG, Ramaswamy HS, Raghavan GSV.
Microwave-assisted Convective Air Drying of Thin
Layer carrots. Journal of Food Engineering. 1995;
25:283-293.

Ranganna S. Hand book of Analysis and quality control
for fruits and vegetables products. Tata McGraw Hill
Publishing Co. Ltd. New Delhi, India, 1986.

Ren G, Chen F. Drying of American Ginseng (Panax

quinquefo  Zium) Roots by Microwave-Hot Air
Combination. Journal of Food Engineering, 1998;
35:433-443.

Ryynamen S. The electromagnetic properties of food
materials. A review of the basic principles. Journal of
Food Engineering, 1995; 26:408-429.

Sharma GP, Prasad S. Drying of garlic (Allium sativum)
cloves by microwave-hot air combination. Journal of
Food Engineering. 2001; 50:99-105.

Saltiel C, Datta AK. Heat and Mass transfer in
microwave processing. Advances in heat transfer, 1999;
33:1-94.

Senapati AK, Rao PS, Mahanand SS, Bal L, Prasad S.
Optimization of process parameters for convective drying
of Ashwagandha (Withania somnifera) roots. Res.
Environ. Life Sci. ISSN: 0974-4908, 2017; 10(2):173-
177.

Senapati AK, Rao PS, Prasad S. Optimization of Process
Parameters for Convective - Microwave Drying of
Ashwagandha Roots Int. Journal of Engineering Research
and Applications, ISSN: 2248-9622, 2014; 4 4(Version
1):168-189.

24,

25.

~1176 ~

Schliebs R, Liebmann A, Bhattacharya SK, Kumar A,
Ghosal S, Bigl V Neurochem. Int., 1997; 30, 50, 6, 181-
190.

Young G, Mason R. Evaluation of various pre-treatments
for the dehydration of banana and selection of suitable
drying models. Journal of Food Engineering. 2002; 55(2):
139-146.



