Journal of Medicinal Plants and By-products (2024) 2: 405-415
https://jmpb.areeo.ac.ir/article_129569.html

&L
IMPS

Original Article
Antioxidant

and Anti-Microbial

Properties of Euphorbia

condylocarpa Roots under Hot-air Drying Conditions

Afsaneh Mohammadi and Akbar Arabhosseini”

Department of Agrotechnology, College of Abouraihan, University of Tehran, Tehran, Iran

Article History

ABSTRACT

Received: 28 September 2022
Accepted: 21 July 2023

© 2012 Iranian Society of
Medicinal Plants.

All rights reserved.

Keywords

Antioxidant properties
DPPH

Euphorbia condylocarpa
Hot-Air Drying kinetics
Total phenolic compounds

*Corresponding author

Drying kinetics of roots of Euphorbia condylocarpa M.Bieb. plant was studied. The
root slices were dried at four temperature levels, also in shadow as control in three
replications. The dried samples were considered for evaluation the total phenolic
compounds (TPCs), free radical scavenging capacity inhibitory 2, 2-diphenyl-1-
picrylhydrazyl, inhibiting gram-negative and gram-positive bacteria of Pseudomonas
aeruginosa, and Staphylococcus aureus. The obtained results were compared with
control treatments. The analysis of variance showed a significant difference in 1% level
for the main effects of temperature, thickness, and their interaction on drying time, TPC
and changes of inhibiting P. aeruginosa and Staphylococcus aureus. The results
indicated that the highest content of total phenolic compounds were obtained at 40 °C,
and 7 mm, and increasing the free radical scavenging capacity of 2, 2-diphenyl-1-
picrylhydrazyl was achieved at 60 °C, and 7 mm. In addition, the highest inhibition
zone values for the gram-positive bacterium of Staphylococcus aureus were obtained
for the samples dried at 50 °C and thickness of 7 mm while the highest inhibition zone
values for gram-negative bacterium of P. aeruginosa was obtained at 50 °C and 3 mm

ahosseini@ut.ac.ir thickness.

INTRODUCTION

In recent decades, medicinal plants gained global
importance [1]. Human health has been inextricably
linked to the use of herbal medicines [2]. The use of
medicinal plants remains the primary source of
healthcare for majority of people in most of
developing countries [3]. Plants with therapeutic
and pharmacological properties are commonly
classified as “medicinal plants” [4]. Medicinal
plants are broadly used by the elderly and global
communities with limited access to health centers.
The Euphorbiaceae family is the largest family of
angiosperm that are classified as annual plants and
one of the important families of medicinal plants
worldwide with 300 genera and 8000 types, which
are comparable with five genera, and 72 types in
Iran [5]. One of the most important types of
Euphorbia family is "Euphorbia condylocarpa” with
Iranian Kurdish name of "Shoaleh Koleh" that is
distributed in Turkey, Iraq, and the west regions of
Iran [6]. The biodiversity of different varieties of
this plant has been reported in numerous regions of
Iran, including provinces of Kurdistan, Guilan,
Chaharmahal Bakhtiari, Lorestan, and Kermanshah.

This plant has an underground simple stem created
from the fusiform huge tuber.

Medicinal plants have antioxidant properties mainly
due to the presence of phytonutrients and
ingredients such as phenols, flavonoids, and
terpenoids [7]. The environmental stresses in the
natural habitats of wild plants enhance them to
synthesize active ingredients with high therapeutic
potential like phenolics and flavonoids that possess
distinguished antioxidant activity and therapeutic
effects [8]. The medicinal properties of the E.
condylocarpa are the antioxidant flavonoids,
particularly flavones, anticancer effects, anti-
inflammatory, anti-bacterial, wart treatment,
reduction of the risk of blood cancer and
osteoporosis, and wound healing properties [6]. The
results showed that methanol extracts of E.
condylocarpa root can be proposed as an
antibacterial agent and it can be further assessed to
discover bioactive natural products involved in its
activity [9]. The antibacterial and cytotoxic
activities of several Euphorbia species have been
reported in different studies. Furthermore, studies
revealed that Euphorbia species extracts possess
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significant anti-inflammatory, analgesic,
haemostatic and wound healing properties [10].

Medicinal and aromatic plants, according to their
use, can be marketed as fresh or dried products.
Medicinal plants are also used as raw materials for
the manufacture of medicines marketed by the
pharmaceutical industry [11]. Therefore, since these
plants have many medicinal properties, they should
be saved and consumed with the highest nutritional
values [12]. Natural products have been the source
of most active ingredients of medicines. The active
ingredients sourced from herbs are increasingly
valued as raw materials in the preparation of modern
medicines and  herbal  preparations  [13].
Accordingly, it has been stated that the drying
method is the most important and well-known
technique to preserve plant materials [14] because it
decreases the moisture content in fresh samples for
long-term storage [15]. Nguyen and Duong Le [16]
revealed that the drying process is a crucial stage to
provide dried samples for further examination and
other applications. Also, it has been offered that the
main purpose of drying medicinal plants is used to
extend product shelf life, minimize packaging
requirements, reduce shipping weights, elimination
of water [1] and to stop the proliferation and
development of microorganisms and preserve the
quality of agricultural products [17]. These methods
have already been applied to reduce the moisture
content of some medicinal and aromatic plants and
their effects on yield and composition of essential
oil by other researchers, such as Matricaria recutita
L., Satureja hortensis L. [18], Ocimum basilicum L.
[12] Laurus nobilis L. [19], and Mentha longifolia
L. [20]. Various drying systems are applied for
drying of medicinal and aromatic plants, such as hot
air dryer, fixed-bed dryer, belt dryer, fluidized bed
dryer, freezer dryer, oven dryer, vacuum dryer,
microwave dryer, and infrared dryer [21, 22]. One
of the most common dryers is fixed-bed (batch)
dryer. Several parameters such as drying
temperature, moisture content, slice thicknesses, air
humidity, and air velocity influence on drying
process. It is required to define the experiment under
a controlled condition for the prediction of drying
time of the products and detection of the moisture-
time curve (moisture-time reduction rate). Some
researchers suggested that the study of drying
kinetics is one of the appreciate methods to control
the drying time and drying conditions. Hence, given

that the moisture of samples changed by process
time, the kinetic of the drying process should be
evaluated [23].

Accordingly, despite numerous studies concerning
the effects of drying method on anti-microbial and
anti-bacterial activities of various plants, there was
no documented study about the effects of hot-air
drying method on E. condylocarpa. Therefore, the
present study aimed to investigate the effects of hot
air drying on the drying kinetics and anti-microbial
and anti-bacterial activities of E. condylocarpa.

MATERIALS AND METHODS

Sample Preparation

The E. condylocarpa M.Bieb. plants were collected
from mountains area of Kurdistan province, Iran.
The fresh plants were harvested and washed
thoroughly in distilled water. Plant tubers were
collected and stored in a bottle for drying
experiments. For determining the initial moisture
content of the samples, tubers were cut in slices and
certain number of slices were placed in an oven at
temperature of 104 °C for 48 h, and then the
moisture content of the sample was calculated using
Eq. 1:

Wy, — W,

d
—xXx1
A x 100 (1)

Where, MC is the moisture content (%), Wn is
initial mass of samples and Wy is the mass of dried
samples.

Drying Conditions and Experimental Setup
The samples were weighed by using a stationary
balance (AND, Japan) with an accuracy of 0.01 g,
which was close to the dryer and the time interval
for each measurement was less than 6 s. The weight
of the samples was measured every 5 min during the
drying process while the drier was running
continuously. The drying experiments continued
until the mass between two weighing samples was
less than 0.05 g.

Comprehensive information on the experimental
system and its design are provided by Aghbashlo et
al. [24]. A laboratory-scale hot-air dryer consists of
an adjustable centrifugal blower, air heating
chamber (4.5 kW), drying chamber, system
controller, inverter (Lenze 8300, Gmbh, and co KG
Aerzen, Postfach, Germany) and sample tray (Fig.
1).
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Fig. 1 Schematic view of the experimental equipment: 1.
Inverter, 2. Fan, 3. Heaters, 4. Heaters control unit, 5. Air
tunnel, 6. Thermocouples, 7. Anemometer, 8.
Fluidization cylindrical chamber, and 9. Chamber.

The experiments were performed at four air
temperatures of 30, 40, 50 and 60 °C at a constant
air velocity of 1 m/s. During the experiments, the air
relative humidity was in the range of 35-42% while
the ambient temperature was in the range of 18-
23°C. The drying chambers and tunnel length were
insulated with rock wool and wood to reduce the
undesirable effects of temperature and humidity of
the ambient air on the drying experiments. The
drying tray was also isolated using the glass cylinder
and the hot air exits from the upper part of the glass
cylinder. The dryer was equipped with an automatic
temperature controller with an accuracy of 0.1 °C.
The air velocity was controlled by using PROVA
AVM-07 anemometer (TES, Co, Taipei, Taiwan)
with an accuracy of £0.05 m/s and using an inverter,
which directly acted on the blower motor (1.5 kW).
The hot air orientation was vertically upward to the
samples. At the start of each experiment, the E.
condylocarpa root slices were washed and cut using
a mechanical cutter into circle forms having
diameters of about 3, 5 and 7 mm. Drying
experiments were repeated three times. The
temperature of the chamber was fixed by a
temperature controller with an accuracy of £1°C, the
drying system was run for 30 to 40 min until the
desired drying air temperature was achieved.

The dimensionless moisture ratio (MR) of E.
Condylocarpa roots was calculated by using Eq. 2:

Mohammadi et al.

Mt - Me
MR = T 2)

Where MR is the moisture ratio (dimensionless), M,
is moisture content at time t (kg water/kg dry solid),
M, is the equilibrium moisture content (kg water/kg
dry solid), and M, is the initial moisture content (kg
water/kg dry solid).
Considering that the values of M., which was
relatively small than the values of M; or M, thus,
the moisture ratio was calculated by Eq. 3:

M,

MR = M, (3)

Extraction

According to the method, described by Mohammadi
et al., [5], 4 g of dried E. condylocarpa roots (Fig.
2) was powdered and placed in a closed plastic bag.
Then, the samples were subjected for extraction
with 40 ml methanol (Merck, Germany) by using
the Soxhlet apparatus at 60 °C for 12 h. The resulted
extracts were filtered and concentrated by using a
rotary evaporator (Heidolph, Laborota 4000,
Schwabach, Germany) under reduced pressure at 40
°C for four days. Then, the extracts were stored in a
refrigerator for investigating the antioxidant and
antimicrobial activities.

Fig. 2 E. condylocarpa M.Bieb., A) Fresh plant, B) Dried
and powdered roots
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Antioxidant and Antimicrobial Assay

The total phenolic content of E. condylocarpa roots
was determined with slight maodifications.
Accordingly, 1 g of the E. condylocarpa root
powder was blended with one ml of 6M HCI and
five ml of 75% methanol/water solution in a screw-
capped tube. Then, the tube was vortexed and put in
a water bath at 90 °C. Immediately, the solution was
agitated for two hours, and chilled at room
temperature. Then the obtained solution was reached
to 10 ml volume by adding distilled water. One ml
of this solution was mixed with five ml of 9-fold
diluted Folin and Ciocalteau reagent. Fifteen ml of
carbonate sodium, with concentration of seven
grams per 100 ml, was added to this compound. The
mixture was diluted to 100 ml with distilled water
and shacked as well. The absorbance versus
prepared blank was read at 760 nm until it reached
to a uniform state. Final results were expressed as
mg catechin equivalent per 100 ml of Euphorbia
condylocarpa.

In this study, different concentrations of methanolic
2, 2-diphenyl-1-picrylhydrazyl (DPPH) solution
(Merk, Germany) were first prepared and their
absorbance measured at a wavelength of 515 nm
using a spectrophotometer (CE model 2502, UK).
The standard curve was then obtained. Then, 0.1 ml
of Euphorbia condylocarpa extract was mixed with
3.9ml of a methanolic solution (Fig. 3). The
absorbance at 515 nm was measured on a UV-Vis
spectrophotometer at various time intervals. This
was done until the reaction reached a steady state.
The [DPPH]:-, was taken as the concentration of
DPPH at 515 nm. Then, 3.9 ml of a 25 mg/l of
methanolic solution was mixed with 0.1 ml of E.
condylocarpa extract and the absorbance value after
30 min was read as the [DPPH];. The percentage of

remaining DPPH at steady state was calculated
using Eq. 4:

DPPH % = _LDPPH], (4

[DPPH]¢=o

Where [DPPH]i=o0 is the initial concentration of
DPPH, and [DPPH]: is the DPPH concentration at
steady state. The percentage of remaining DPPH at
steady state was plotted against the sample
concentration to obtain ECso value which is defined
as the amount of sample necessary to decrease the
initial DPPH concentration by 50%. The ECsy was
expressed as ml sample to gram DPPH. It should be
noted that the spectrophotometer device was set by
pure methanol as the control sample.
The antimicrobial activities of the ethanolic extracts
of E. condylocarpa were determined based on the
agar disc diffusion method against the gram-positive
bacterium (Staphylococcus aureus) and gram-
negative bacterium (P. aeruginosa). Therefore, 36 g
of the Muller Hinton Agar was weighed and
dissolved in 100 ml of distilled water in a sterile
conical flask. The culture medium was sterilized by
autoclaving and then was chilled at room
temperature. Then, the mentioned medium was
poured into the sterile Petri dish, and 100 pl of 18 h
culture of both bacteria was adapted to 1.5x108
CFU/ml and was spread into a sterile plate. Both
microorganisms were inoculated into a 6 mm
diameter circular plate with 10 ul of plant extract.
The cultures were incubated at 37°C for 24 to 48 h.
The diameters of the inhibition zones were then
measured on a mm scale, with samples less than 5
mm in diameter showing no effect. Finally, the
presence or absence of the growth inhibition zone
around each disc was compared with the standard
antibiotic disc. (Ampicillin Disk, Merck, Germany)
[25].

Fig. 3 DPPH free radical inhibition assay for root extract of E. condylocarpa M.Bieb. plant
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First, 36 g of Muller Hinton Agar medium was
weighed and poured into a laboratory conical flask.
The medium obtained was then diluted to 1000 cc
with distilled water and stirred slowly and carefully
using a rod. The solution was then brought to the
boil by resistance heating. Finally, to complete the
sterilisation process, the above solution was placed
in an autoclave at 121 °C and 15 psi pressure for 15
minutes. Finally, the sterilized medium was divided
into plates with a diameter of 10 c¢cm, and in a
volume of 15 ml. Subsequently, the bacterial
suspension  (Staphylococcus aureus and P.
aeruginosa), equal to 0.5 McFarland turbidity, was
cultured on Muller Hinton Agar medium by a sterile
swab. After absorbing the moisture of the bacterial
suspension, it was created holes with a diameter of 6
mm in the mentioned medium, and 100 ul of each
extract were separately injected into the shaped
holes, together with negative control (solvent). Also,
200 A of ethanol 60%, as a solvent, was added to a
guarter of the obtained ethanolic extract of E.
condylocarpa root.

Statistical Analysis

A factorial experimental design was used for
experiments in this research. Data analysis
(ANOVA) was performed by SAS software (ver.
9.1), and the mean values were compared by
Duncan’s Multiple Range Test at P< 0.05. Also, the
charts were drawn using Excel software.

RESULTS AND DISCUSSION

Temperature and Thickness Effects

Analysis of variance showed a significant effect
difference at (P< 0.01) for temperature, thickness,
and their interaction on drying kinetics.

In these experiments, the roots of E. condylocarpa
were tested with thin-layer drying processes of E.
condylocarpa root slices at constant air velocity of 1
m/s and at temperatures of 30, 40, 50, and 60 °C
(Fig. 4). Since the drying time was affected by
thickness, temperature, and their interaction (P<
0.01), the obtained results showed that the drying
time increased by increasing thickness and
decreasing temperature so that the longest time of
drying process was obtained at 30 °C and 7 mm
thickness, and the shortest drying time was achieved
at 60 °C and 3 mm thickness. By increasing the slice
thickness, the distance of moisture transforming
from middle layers into surfaces of the sample
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increased which resulted in an increase of drying
time. In accordance with the results, the final
moisture content increased with the increase in the
slice thickness. In other words, at the end of the
drying process, the residual moisture content of the
7 mm thick sample was higher than that of the 3 mm
thick samples. The final moisture content of the
samples dried at 60 °C was lower than that of those
dried at 50°C, followed by those dried at 40°C and
30 °C, due to the energy required to remove the
water or to increase the vapour pressure of the
product. These results are in agreement with the
results of Khazaei et al., [26] for thin-layer drying
of carrot slices, and Nguyen and Price [27] for thin-
layer drying of banana slices. Similar results are
also reported by Sacilic and Elicin [28]. Also, it has
been stated that the final moisture content of
samples in dried aromatic plants should be between
5-10%; therefore, relevant drying method is
necessary for increasing the quality of these
products [28]. Accordingly, Arabhosseini et al. [29]
stated that higher temperature caused shorter drying
time, also, they indicated that leaves with fewer
thicknesses need a shorter drying time compared to
other thicknesses.

The average drying time of the samples is shown in
Fig. 5 for all thicknesses (3, 5, and 7 mm) and all
drying air temperatures (30, 40, 50, and 60 °C).

The drying time decreased for about 53.33% when
the temperature increased from 30 to 60 °C. In
general, increasing temperature improved the drying
rate for all samples. The changes in moisture ratio
was significant for different treatments [30]. In this
study, the drying time decreased for about 31.72%,
22.78%, and 11.48% by increasing the temperature
from 30 to 40, 40 to 50, and 50 to 60 °C,
respectively. Other researchers are also reported
comparable results [31].

According to Fig. 5, the maximum and minimum
drying times were obtained for thicknesses of 7 mm
and 3 mm, respectively. Increasing the thickness of
the samples from 3 to 7 mm increased the drying
time for about 1.81% because, it takes a longer time
to remove the moisture from thicker samples than
the thinner samples. These findings are in agreement
with the obtained results by [16] for drying of
banana slices. Other researchers have also reported
similar results [28]. The results also showed that
thin layer drying of E. condylocarpa roots by hot air
dryer was significantly different compared to the
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samples dried in open-air sun drying as the control
treatment (Fig. 5).
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Fig. 4 The moisture ratio of E. condylocarpa M.Bieb.
root slices during drying at air velocity of 0.5 m/s,
thicknesses of 3, 5, and 7 mm and temperatures of A) 30
°C, B) 40 °C, C) 50 °C and D) 60 °C.

Effect of Temperature and Thickness on
TPCs

Phenolic compounds, as a part of the plant
antioxidant compounds, are important essential oils
of medicinal plants, which are affected by
environmental factors, growth conditions, and post-
harvest operations [32]. The effect of drying on
phenolic compounds have already been investigated
in various studies [33]. Wojdyto et al. [34] stated
that drying temperature had a significant effect on
the content of phenolic compounds and antioxidant
activity of various plants. Furthermore, it is reported
that the effect of temperatures on the content and
formation of phenolic compounds may be due to the
availability of phenolic precursors and non-
enzymatic exchanges between the molecules [35].
Also, it has been pronounced that the increase in
antioxidant activity following by heat treatment
resulted in the release of phenolic compounds and
the formation of new compounds with high
antioxidant properties [36].

The effect of temperature, thickness, and their
interaction on changes of total contents of phenolic
compounds showed a significant difference. As can
be seen in Fig. 6, the highest content of phenolic
compounds (0.0267 mg/ml) was obtained for the
thickness of 7 mm at temperature of 40 °C, and the
lowest content values were achieved for all
thicknesses at temperature of 60 °C and also for the
control treatment (no compound). In general, it was
also observed that the total phenolic compounds
increased with increasing temperature from 30 °C to
40 °C but it was decreased by increasing
temperature from 40 °C to 50 °C. Furthermore, the
results of Fig. 6 statically indicated no significant
differences between the contents of phenolic
compounds under the interactions of temperatures of
30 and 40 °C and thicknesses of 3 and 5 mm. There
was a notable increase in the contents of phenolic
compounds for the interaction of thickness of 7 mm
and temperature of 40 °C compare to the other
interactions (Fig. 6).

Confirming the negative effects of high
temperament on the content of essential oils,
Arabhosseini et al. [37] stated that the essential oil
contents of plants can be affected during drying.
Therefore, in their study, tarragon plant leaves were
dried at air temperatures of 40 to 90 °C to evaluate
the effects of temperature on the content of essential
oils. Their results indicated that the content of
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essential oil had direct and negative correlations
with high temperatures. The effect of different
drying methods has also been studied on essential
oils of different plants, such as Matricaria
chamomilla [38], Thymus daenensis [39], and
Ocimum basilicum [40], which showed similar
outcomes.

Effect of Temperature and Thickness on
DPPH

The results of the ANOVA showed that the effects
of temperature and thickness on DPPH free radical
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Drying time (min)
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200
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inhibition were significant difference (P< 0.01). The
results (Fig. 7) indicated that the highest free radical
scavenging capacity of DPPH was observed in the
samples with 5 mm thickness (an average of 844.72
ml/ex.q).

B3 mm B5mm

o Control

o7 mm

Control

Temperature (°C)

Fig. 5 Interaction of temperature and thickness of root slices of E. condylocarpa M.Bieb. for drying kinetics. (Non-similar

letters means significant difference at P< 0.01).
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Fig. 6 Interaction of temperature and thickness on the change of total phenolic compounds (TPC). (Non-similar letters

means significant difference at P< 0.01).
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Fig. 8 Interaction of temperature and thickness on inhibiting A) gram-positive bacterium of Staphylococcus aureus B)
gram-negative bacterium of P. aeruginosa. (Non-similar letters means significant difference at P< 0.01).

Furthermore, regarding to the effects of temperature
on the changes of DPPH, the results indicated that
the highest free radical scavenging capacity of
DPPH with an average of 840.18 ml/ex.g was
obtained at temperature of 60 °C, and the lowest

value for the mentioned trait was achieved at
temperature of 30 °C with an average value of
687.69 ml/ex.g.

Since there are various antioxidant compounds in
the root of the E. condylocarpa, the inconsistency of
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the phenolic compounds rate with the free radical
scavenging capacity of DPPH may be due to the
presence of other antioxidant compounds except for
the polyphenol compounds. There is other
researches, concerning the decrease of antioxidant
properties and phenolic content in plant samples,
especially vegetables, under heat treatments that
often had attributed to a decrease in enzyme content
and enzyme activity that these results confirm the
results of the present study [36].

Effect of Temperature and Thickness on
Antimicrobial Properties

In this study, evaluation of antibacterial effects of P.
aeuroginosa and Staphylococcus aureus on Muller
Hinton Agar medium showed that the inhibition of
gram-negative  and  gram-positive  bacteria
significantly —affected by all treatments of
temperature, thickness, and their interaction at P<
0.01.

Investigating the temperature and thickness
interaction revealed that the highest diameter for
inhibition of  gram-positive  bacterium  of
Staphylococcus  aureus was  observed  for
temperature of 50 °C and thickness of 3 mm
interaction, with a significant difference compared
to the other interactions (Fig. 8-A). Contrarily, the
lowest inhibition (with no visible data) was obtained
for the interaction of 60 °C and thickness of 7 mm.
The mean comparison of temperature and thickness
interaction showed that the maximum inhibition
zone values for the gram-negative P. aeruginosa
jointly belong to the samples dried at temperature of
60 °C and thickness of 3 mm and also temperature
of 50 °C and thickness of 3 mm which was
significantly different than the obtained inhibition
zone values of the other interactions. Furthermore, it
was observed that the notable minimum inhibition
zone values (with no visible data) were for the
interactions of 60 °C temperature and thickness of 5
mm and 7 mm (Fig. 8-B).

CONCLUSION

According to the results of the present study, no
uniform drying rate was observed for the thin-layer
drying process of Euphoria Condylocarpa roots.
Drying time showed a significant difference at the
studied temperatures and the thickness of the
samples. The results showed that the required time
increased by increasing thickness and decreasing
temperature for the drying of Euphoria

Mohammadi et al.

Condylocarpa roots. The total phenolic compounds
increased when the temperature increased from 30
to 40 °C, and the increase of the free radical
scavenging capacity of DPPH occurred when the
temperature increased up to 60 °C. The highest
contents of phenolic compounds and inhibition of
free radical scavenging capacity of DPPH were
obtained from the samples with the highest
thickness (7 mm). The highest inhibition zone
values for the gram-positive bacterium of
Staphylococcus aureus was achieved for the
samples dried at 50 °C with 7 mm thickness and the
highest inhibition zone values for gram-negative
bacterium of P. aeruginosa was observed in the
samples with thickness of 3mm, dried at
temperature of 50 °C. Accordingly, it is advised to
dry Euphoria Condylocarpa root slices with
thickness of 7mm at 40 °C temperature that could be
the appropriate conditions for packaging, marketing,
nutritional value and antioxidant activity of this
product.
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