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Abstract. The aim of this study was to investigate the
effects of drying method on shatavari quality and energy
consumption. In this study, microwave powers of 1,000 and
1,500 W were used in combination with hot air at 60 °C.
Drying on a tray at 60 °C was used as the traditional drying
method. Fresh and blanched Shatavari roots with a sliced
thickness of 3 mm were used for drying. The sample was
dried until the free water content was less than 0.6. Then,
the quality was analyzed, i.e., color values L* a* b* hue
angle and chroma, and total phenolic content and total
flavonoid content. The result showed that fresh Shatavari
dried with a 1,000-W microwave dryer had the highest L*
value, while the a* value and b* value were the lowest. The
total phenolic content (TPC) and total flavonoid content
(TFC) were highest in the drying without blanching and in
the 1,000-W drying. When considering energy consumption,
only the hot air dryer consumed the highest specific energy
consumption (SEC) (0.30 MJ/g), and increasing the
microwave power resulted in a decrease in energy
consumption. In addition, energy consumption was lower
with blanching than without blanching. In terms of energy
and quality, drying fresh Shatavari at a microwave power of
1,000 W combined with hot air at 60 °C was the appropriate
condition.

Received by 17 June 2022
Revised by 9 July 2022
Accepted by 30 September 2022

Keywords:

shatavari, drying, microwave drying, phenolic content

1. Introduction

Shatavari (Asparagus racemosus Willd) belongs to the
family Asparagaceae. It is a kind of herb with an economic
importance due to the use of various parts for various
medicinal purposes, especially the root part, which has a
cool, sweet taste, as a diuretic, expectorant, nourishes the

unborn child, nourishes the liver, cures liver disease and
nourishes. Shatavari root can be boiled to drink water to cure
bleeding and goiter. The fruit has a cool taste and is boiled
as an antidote for lethargy [1]. Therefore, it has been
processed into a variety of health products such as Shatavari
powder [2], Shatavari health drink [3] and Shatavari capsule
[4]. There are many options to produce the product from
Shatavari. Drying is an interesting method to remove the
excess water from fresh shatavari before further process or
storage.

Shatavari has been dried using different methods such
as fluidized bed drying, hybrid solar drying, vacuum drying,
solar drying, hot air drying in the temperature range of 40-
70 °C [5,6]. Sample preparation, i.e. sliced, split, blanched,
before drying had a significant effect on drying time. Sliced
samples showed the faster drying time [5,6]. However, there
is no report of bioactive compounds in shatavari after drying.

Drying using microwave techniques, such as
microwave-assisted hot air dryers, can shorten the drying
time compared to hot air drying alone and also reduce the
energy consumption of drying [7]. The quality of the product
is also an important parameter. In particular, it was found
that products treated with microwaves and hot air were in
good condition in terms of texture, appearance, odor, and
color of products such as mushrooms [8]. This technique
could maintain bioactive compounds and antioxidant
activity which was better than only hot air drying [9]. Also,
there has been reported that phenolic compounds of dried
saskatoon berries with microwave vacuum drying was not
significantly different with freeze drying [10]. In addition,
the postharvest drying method may have an impact on the
quality and quantity of the bioactive compound from plant
materials. Phenolic compound recovery has been variable
depending on the drying method [11,12]. An appropriate
process for recovering active phenolic compounds from a
plant is an important consideration.
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Therefore, this research aims to study drying processes
of shatavari root with microwave-assisted hot air drying
compared to tray drying with blanching and fresh shatavari.
The energy consumption, quality determination, and
chemical properties of TPC and TFC were investigated to
obtain a suitable drying process.

2. Materials and Methods
2.1 Microwave-hot Air Dryer

The pilot scale microwave assisted hot air dryer was
constructed at Faculty of Engineering, Mahasarakham
University, Thailand. The dryer is shown in Fig. 1. Drying
chamber size was 80 (L) x 80 (W) x 80 (H) cm and
manufactured with stainless steel No. 304. The four of 1,000
W magnetrons were used to generate microwave with the
frequency of 2,455 MHz. Hot air generator and circulator
used 9 KW electric heater and 1.5 kW centrifugal fan with
electric motor. The air flow is shown in Fig. 2. Hot air duct
was connected to drying chamber with flange and perforated
plate was installed for microwave shielding. The circular
tray is shown in Fig. 2 with driving system was mounted to
the bottom of the drying chamber.

Drying chamber e

S

)
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-

Fig. 2 The air flow and drying tray

2.2 Shatavari Preparation

Shatavari roots were harvested from Ban Phon Sim,
Hua Na Kham Sub-district, Yang Talat District, Kalasin
Province, Thailand (16° 23’ 52.5"” N, 103° 16’ 46.6" E) in
December 2021. The root was cleaned and sliced with a
slicer to obtain a sample with a thickness of 3 mm. It was
divided into 2 parts. Part 1 was the fresh sample. Part 2 was
blanched at 80 °C for 5 minutes [5,6] and immersed in
normal water to cool. Then, it was placed on a tray as shown
in Fig. 3. A sample of 1,000 g was used for each drying.

Fig. 3 tray sample and arrangement

2.3 Drying Conditions

Microwave power of 1,000 and 1,500 watts combined
with hot air at a drying temperature of 60 °C and a tray dryer
at 60 °C were the drying conditions. The roots were dried to
an aw value of less than 0.6 to prevent microbial growth [13].
Drying was performed in 2 runs for each treatment. After
drying, the sample was ground until it passed a 60-mesh
sieve to obtain a homogeneous sample before analysis, i.e.,
color values, TPC, and TFC.

2.4 Quality Determination

2.4.1 Moisture Content

Shatavari root was chopped to small piece before
determining moisture content. It was used an oven method
at a temperature of 103 °C for 24 hr. Moisture was calculated
from the water evaporation divided by the fresh weight [14].

2.4.2 Water Activity (aw)

The dried samples were measured for aw using an
AgualLab water activity meter (Aqua-Link 3.0, Pullman,
WA) which was calibrated with distilled water to obtain aw
in the range of 1.000 £ 0.003.
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2.4.3 Color Values

The color of the samples was measured by a Hunter
Lab Colorimeter (type Color Flex, USA). The Hunter L* a*
b* scale gave a measurement of colors in units of
approximate visual uniformity throughout the solid. The L*
value measures lightness and varies from 100 for a perfectly
white and 0 for black, a* and b* when positive measure
redness and yellowness, respectively. For Chroma )C( and
Hue angle )h (it was calculated as following the equation (1)
and (2), respectively [15].

C= (a*2+b*2) 12 (1)
h =arctan(b*+a*) 2

2.4.4 Chemical Analysis

An extraction was performed with a heated ultrasonic
bath at 50 °C for 1 hour. The ratio of root powder to 70%
(v/v) methanol was 0.125: 4 (w/v). TPC was determined by
a modified Folin-Ciocalteau method [16]. A 100 pL root
extract was mixed with 500 pl of 10% (v/v) Folin-Ciocalteau
reagent. The mixture was kept in the dark for 3 min before
the addition of 100 pl of 7.5% (w/v) Na.COs and 300 pl of
deionized water. The mixture was incubated in the dark for
2 hours, and the absorbance was measured at 731 nm. using
a Vis-spectrometer. A standard curve was prepared from 5,
10, 20, 40, 60, 80, and 100 mg/I Gallic acid (GA). The TPC
was expressed in terms of a GA equivalent (mg GAE/g dry
wt.).

TFC was determined using a colorimetric assay [17].
A 100 pl extract was mixed with 500 pl of deionized water.
Then, 30 ul of 5% (w/v) NaNO; was added. The mixtures
were left in the dark for 5 min before adding 60 ul of 10%
(w/v) AICls. It was left for 6 min before the addition of 200
pl of 1 M NaOH and 110 pl of deionized water and mixed.
After the mixture was placed in the dark for 5 min, the
absorbance was measured immediately at 510 nm. A
standard curve was prepared with 5, 10, 20, 40, 80, and 100
mg/l of epicatechin (EC). The TFC was expressed in terms
of an EC equivalent (mg ECE/ g dry wt.).

2.4.5 Energy Consumption

Energy consumption from 3 phases was determined
using digital electric meter (Brand Eastron model sdm 230-
8i) with 5% less error. The energy consumption was from
different sources i.e. blower, heater, motor and microwave
power.

3. Results and Discussions

Table 1 presents the drying time, initial moisture
content, final moisture content and aw of shatavari drying.
The results indicates that blanched Shatavari can be dried
faster than fresh material. This is due to the blanching make
the tissue softens leading the water migrates easier which
corresponded with previous study that blanching could
reduce drying time [18]. Moreover, the drying time is
decreased when the microwave power increased. This due to

the microwave power could accelerate the moisture
evaporation from inside to the environment. This finding is
agreed with the previous report that drying time of using
microwave combined with hot air was reduced in particular
increasing microwave power [19]. The aw in all treatments
was lower than 0.6 which is safe for further process and
longer storage [13].

Drvin Initial Final
Pre- - ying moisture moisture
Condition | time aw
treatment (hr) content content
(%wb) | (%w.b)
Tg%yodcry 7 | 79.84+0.68 | 6.87+0.52 |0.339+0.004
Fresh M\ive(l)o,f)é’w 6 |79.83+0.54 | 7.23+0.35 |0.378+0.002
MW 1500W| 5 | g0 15+0.56 | 7.16+0.43 |0.339+0.016
+60 °C
Tg%yféry 6 |87.4740.17 | 7.07+0.17 |0.328+0.007
Blanching [\ 0%0'| 5 | 87.56+047 | 7.86:0.03 (0.356+0.006
M%?PCOW 4 |87.24+0.15 | 7.62+0.24 0.333+0.028

Table 1 Drying time, moisture content and aw of shatavari drying

Fig. 4 presents the product from different conditions,
by visual assessment. In which, blanching caused the more
shrinkage of dried product in particularly microwave drying.

Blanching Tray dry 60 °C  |MW 1000W+60°C [MW1500W+60°C
Fig.4 Samples of dried Shatavari
Pre- Condition L* ax b* |hue angle| Chroma
treatment
Tray dry 87.60+ | 2.79+ [16.79+| 80.57+ | 17.02+
60 °C 0.37% | 0.34% | 1.09° 0.58° 113
Fresh MW 1000W | 90.90+ | 1.73+ |13.81+| 8291+ | 13.92+
+60 °C 1.16° 0.38" | 0.82° 1.122 0.86°
MW 1500W | 88.24+ | 2.29+ |15.51+| 81.60+ | 15.68+
+60 °C 0.63° 0.15* | 0.59® | 0.22%® 0.61%®
Tray dry 84.53+ | 258+ | 16.71+| 81.19+ | 16.91+
60 °C 0.58% | 0.11° | 1.68° 0.51° 1.68°
Blanching MW 1000W | 85.99+ | 2.27+ |15.78+| 81.80+ | 15.94+
+60 °C 0.51% | 0.01% | 0.25® | 0.09%® 0.25%®
MW 1500W | 83.76+ | 2.85+ |17.65+| 80.83+ | 17.88%
+60 °C 0.83° 0.07* | 0.65 0.12° 0.65%

Means with the different letter within a column are significantly different (p < 0.05)
by DMRT
Table 2 the color values of dried Shatavari



ENGINEERING ACCESS, VOL. 8, NO. 2, JULY-DECEMBER 2022

333

After drying, the product was ground to make it
homogeneous before measuring the color. Table 2 shows
that Shatavari without blanching and dried at MW
1000W+60°C had the highest L* value. This is due to the
fact that hot air drying takes a longer time, making Shatavari
exposed to heat for a long time, and thus Shatavari roots are
dark [20], and products dried at higher microwave powers
cause product burns, which decreases the lightness value.
However, this condition provides the lowest a* value and b*
value. Hue angles are in the range of 80.57-82.91, which
means that the product has a yellow direction and a chroma
value are low color saturation.

Pre- TPC TFC

treatment Condition (mg GAV:,E/)Q dry (mg E(\?I\I,Et{)g dry
Tray dry 60 °C 1.558+0.122% 0.641+0.078%®

Fresh MW 1000W+60 °C 1.956+0.006° 0.689+0.083?
MW 1500W+60 °C | 1.630+0.011° 0.610+0.144a"

Tray dry 60 °C 1.260+0.130¢ 0.463+0.057°

Blanching | MW 1000W+60 °C | 1.345+0.147¢ 0.519+0.086%

MW 1500W+60 °C 1.187+0.14¢ 0.425+0.011°

Means with the different letter within a column are significantly different (p < 0.05)
by DMRT

Table 3 The contents of total phenolic compounds and total flavonoids of
dried Shatavari

Table 3 clearly shows that blanching reduced TPC and
TFC. In addition, a high blanching temperature of 80 °C for
5 min may completely destroy the non-heat resistant
compounds, making the different drying methods have no
significant effect on the TPC and TFC values. In case of
fresh root, some easily volatile phenolic can be lost by
volatilizing during longer time of oven drying and certain
phenolics (e.g. polyphenolic condensed tannin) may simply
decompose or combine with other plant components that
cause difficulty in getting free during extraction [21]. The
highest TPC and TFC was found at MW 1000W+60°C. The
use of microwaves may assist hot air to release of captured
phenolic compounds [22]. Interestingly, the increasing
microwave power of MW 1500W+6 0 °C resulted in a
decrease in the amount of phenols and flavonoids. In this
case, high-power microwaves can induce polymerization or
degradation of thermolabile phenolics should be studied in
more detail by ICP-MS/MS analysis [11, 23].

Table 4shows that blanched shatavari drying consumes
less drying energy than without blanching Shatavari.
Considering the drying conditions, it was found that hot air
dryers consume the highest energy. The increase in
microwave power resulted in less energy consumption
because the drying time is shorter, which also reduces the

energy consumption of fan, motor and heater, thus saving
more energy.

Pre- Drying
e N Eblower Emmor Ehsaler Emicrowave Etotal
treat Condition | time
ment (hr) (KW-hYkW-h)[kW-h)| (kW-h) | (kW-h)
Tray dry
60 °C 7 5.99 - | 5731 - 63.30
MW
Eresh 1000W 6 141 | 0.84| 1533| 6.00 23.58
+60 °C
MW
1500W 5 117 | 0.70| 12.77| 7.50 22.15
+60 °C
Tray dry
60 °C 6 5.14 - | 4912 - 54.26
MW
Blanching 1000W 5 117 | 0.70| 12.77| 5.00 19.65
+60 °C
MW
1500W 4 0.94 | 056 10.22| 6.00 17.72
+60 °C

Table 4 energy consumption of drying with different conditions

Table 5 shows the calculation of SEC, it reveals that
blanched Shatavari had lower SEC than fresh Shatavari.
Since drying involves greater weight loss by evaporation and
shorter drying time. It was found that the average SEC was
lower for microwave assisted hot air drying. This due to hot
air drying alone requires a relatively large amount of
electrical energy for drying. Consequently, the average SEC
for drying is high.

Pre- Condition Etotal evaporated SEC
treatment (KW-h) water (g) (MJ/g)

Tray dry 60 °C 63.3 758.33 0.30

Fresh MW 1000W+60 °C | 23.58 770.02 0.11

MW 1500W+60 °C | 22.15 760.26 0.10

Tray dry 60 °C 54.26 856.98 0.23

Blanching | MW 1000W+60 °C | 19.65 841.06 0.08

MW 1500W+60 °C | 17.72 834.39 0.08

Table 5 Specific energy consumption for Shatavari drying (SEC)

4. Conclusions

Drying of Shatavari from fresh and blanching was
studied at a microwave dryer of 1,000 and 1,500 W
combined with hot air at 60 °C compared with a tray dryer
at 60 °C. It can be concluded as followings:
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-Blanching Shatavari could shorten the drying time.
The shortest drying time was 4 hours from drying by
microwave at 1,500 W.

-Blanching Shatavari before drying resulted in a
decrease in L*. The drying by microwave at 1000 W assisted
hot air at 60 °C, had the highest L* and lowest a* and b*
values.

-Shatavari without blanching dried by microwave
dryer with hot air at 1000 W provided the highest TPC and
TFC of 1.956 mg GAE/g dry wt. and 0.689 mg ECE/ g dry
wt., respectively.

- The increase in microwave power resulted in a
decrease in energy consumption and SEC.

- Considering the quality, TPC, TFC and energy
consumption, drying with microwave power of 1, 000watts
combined with hot air of 60 °C is recommended for drying
fresh Shatavari.
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