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Abstract. In this study, the effects of some drying techniques on antioxidant activity of the Erodium
cicutarium (L.) L Her plant, which has ethnobotanical and medical importance, were investigated. The
plant samples were divided into three groups; the group dried in sunlight (SD), the group dried in a
thermostatic oven at 55 °C (OD) and the group dried in the shade (DS). Total phenolic substance amounts
were determined as 41.27 £ 2.93 mg GAE/g in DS, 15.14 £ 2.25 mg GAE/g in SD and 14.60 + 0.86 mg
GAE/g in OD, respectively. The highest amount of flavonoid substance was determined as
71.99 + 2.24 mg QE/g in the OD group. The ICsy value, from smallest to largest, was found to be
49.47 £2.69 ug/mL in DS, 71.90 + 1.69 pg/mL in SD, and 89.81 + 3.42 ug/mL in OD. In addition, it was
determined that the highest 1,1-diphenyl-2-picrylhydrazil (DPPH) radical scavenging activity and the
highest Fe**-Fe?* reducing capacity were in DS at all concentrations. As a result, it was revealed that the
use of shade drying technique would be advantageous in case the E. cicutarium plant was stored by
drying, and the total amount of flavonoid substances was affected by the drying time
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Introduction

Edible plants are one of our main food sources. In addition to basic nutrients such
as carbohydrates, fats and vitamins, there are bioactive compounds in plants. The most
important type of bioactive compounds in plants are flavonoids and phenolic acids
(Demir and Akpinar, 2020). The presence of these compounds affects the antioxidant
activity of plants. It has been reported that antioxidants have a preventive effect
against cancer, cholesterol problems, diabetes and old age-related diseases (Erlund et
al., 2008; Abdolahi, 2018). There are plenty of antioxidants in many plant species,
especially cereals, legumes, fruits, and medicinal plants (Foo and Porter, 1981). Some
of the species belonging to the Erodium genus are natural plants with these
characteristics.

There are 74 species belonging to the genus Erodium, which can be found in many
regions, especially in the Mediterranean basin (Fiz et al., 2006). The most common of
these species is E. cicutarium. This species is a naturally self-growing five-leaved
herbaceous plant with pink blooms in spring (Latimer et al., 2019; Pieroni and Cattero,
2019) (Fig. 1). Although this species is consumed as fresh and dried vegetable in the
regions where it grows, it is widely used for traditional medicine (Duke, 2001). E.
cicutarium is used as a traditional medicine in many diseases, especially in diseases
such as dysentery, uterine bleeding, constipation and diabetes (Molares et al., 2009;
Munekata et al., 2019; Tene et al., 2007; Lis-Balchin, 1993; De-la-Cruz et al., 2007;
Ozgen et al., 2012; Rajaei and Mohamadi, 2012; Asadi-Samani et al., 2016; Safa et al.,
2012). The fresh form of the plant is mostly used as a vegetable, and the dry form of the
plant is used as a traditional medicine.
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Figure 1. Erodium cicutarium plant

One of the important methods for post-harvest preservation of bioactive compounds
and nutritive properties in the plant is drying. Miiller (2007) stated in his study that
drying is the most appropriate method especially for the preservation of medicinal and
aromatic plants. In addition, the drying process provides ease of pharmaceutical use for
medicinal and aromatic plants as well as storage (Lorenzi and Matos, 2002). However,
the bioactive components and pharmaceutical properties of plants are affected by the
drying process (Zhu et al., 2014).

A significant amount of work has been done on the effect of drying methods on the
nutritional properties of fruits and vegetables (Deng et al., 2019; Harguindeguy and
Fissore, 2020; Martysiak-Zurowska et al., 2020; Thamkaew et al., 2020; Guclu et al.,
2021). However, there are very few studies showing how naturally grown herbs are
affected by drying methods. In this study, it was aimed to investigate the effects of three
different drying techniques on phenolic and flavonoid substance amounts and
antioxidant capacity of natural E. cicutarium plant samples collected from Kirsehir
region of Turkey.

Materials and methods
Collecting samples and forming groups

The study was planned as three groups: sun dried group (DS), shade dried group (SD),
and oven dried group (OS). Self-growing E. cicutarium plant specimens (total 3 kg) from
three different locations (39°06°37°N’34°11°05"E 1047 m/39°08°08°N’34°12°39"E 1151
m/39°08°58°N’34°06°10"E 1082 m) in Kirsehir region of Turkey were manually
collected from above-ground parts in May 2021. In the selection of the examples,
attention was paid to the fact that the vegetation period and plant sizes were similar. The
samples were washed first with tap water and then with distilled water in order to be free
from physical impurities. All samples collected after filtration were divided into three
groups equally (750 g for each group) and representatively.

Drying process

The samples divided into groups were subjected to three different drying methods
without waiting.
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Drying in the sun

The samples were distributed on the glass tray as a whole. It was dried in 2 days (day
length 12 h) under direct sunlight at temperatures between 16 °C and 20 °C in May
2021 (Quispe-Fuentes et al., 2018).

Oven drying

The samples were distributed as a whole on a glass tray and dried in a thermostatic oven
(Elektro-Mag M 420 BP, Turkey) at 55 °C for 12 h (Jafari et al., 2016; Kamel et al., 2013).

Drying in the shade

The samples were distributed as a whole on a glass tray and drying was carried out in the
shade with natural airflow and ambient temperature (21 + 5 °C) (Pirbalouti et al., 2017).

The drying period in this study were determined as the moment when the samples
reached constant weight. After drying, the samples were stored in polyethylene containers
at + 4 °C in the dark.

Preparation of extracts

Merck and Sigma brand chemicals were used in the study. Plant extracts were prepared
using methanol. For this, 10 g of plant samples from each group were weighed separately,
ground in a grinder and placed in three 1-liter closed flasks separately. Then, twenty times
of methanol (200 mL) was added to the samples and mixed in a magnetic stirrer. The
resulting methanol extracts were filtered. This process was repeated three times at regular
intervals for each group separately. The obtained extracts were removed at 45 °C with the
help of methanol evaporator and the extracts were stored at +4 °C for study (Ergiin, 2021a).

Preparation of stock solutions

Stock solutions were prepared from SD, OS and DS extracts using methanol at a
concentration of 1000 ppm and stored at +4 °C for the study.

Determination of total phenolic substance

Total phenolic substance determination of the groups was made according to the
Folin-Ciocaltaeu method (Slinkard and Singleton, 1977). A standard graph was
prepared using gallic acid. 50 pL of the prepared stock solutions were taken, and their
volume was completed to 1840 ulL with distilled water. 40 uL of Folin-Ciocalteu
reagent (FCR) was added to the mixtures separately. After waiting for 3 min at room
temperature, 120 pL of 2% (w/v) Na2COzs solution was added to them. The resulting
mixtures were incubated for 2 h at room temperature. The absorbances of the samples
were read at 760 nm against a blank with distilled water instead of the sample (Optima
SP-3000, Tokyo/Japan). Three parallel studies were performed for the measurements.
The total phenolic contents of the extracts were determined as equivalent to gallic acid
(mg GAE/qg) using the equation obtained from the standard gallic acid graph.

Determination of total flavonoid substance

The flavonoid contents of the groups were determined as equivalent to quercetin
using the aluminum nitrate method (Nieva Moreno et al., 2000). Quercetin was used to
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prepare standard graphics. 50 pL of the stock solutions were taken and the volume was
made up to 1920 puL with methanol. 40 pL of 1 M potassium acetate was added and
after 1 min 40 puL of 10% aluminum nitrate was added. Absorbance was read at 415 nm
(Optima SP-3000, Tokyo/Japan) after an incubation period of 40 min. Three parallel
studies were performed for the measurements. The total flavonoid contents of the
extracts were determined as equivalent to quercetin using the equation obtained from
the standard quercetin graph (mg QE/g).

Determination of DPPH-" free radical scavenging activity

The free radical scavenging activities of the groups were determined using the Blois
(1958) method. 1,1-diphenyl-2-picrylhydrazil (DPPH¢) (0.1 mM) solution was used as
the free radical and 2,6-di-t-butyl-1-hydroxytoluene (BHT) (1000 ppm) as a standard.
20, 40, 60, 80 and 100 puL of SD, OS, DS and BHT stock solutions were taken and their
volumes were made up to 400 pL with methanol. Then, 1600 uL. of DPPHe solution
was added. Control was prepared using methanol under the same conditions. After
incubation of the prepared solutions for 30 min in the dark at room temperature, the
absorbance changes at 517 nm were measured against methanol (Optima SP-3000,
Tokyo/Japan). Decreased absorbances gave the remaining amount of free DPPHe
solution, i.e., free radical scavenging activity (Jaradat et al., 2017).

The % DPPHe radical scavenging activity was calculated with the formula given
below:

% DPPH?e radical scavenging activity = [(Ao— A1) / Ao] x 100 (Eq.1)

where Ao: absorbance of control reaction, A1: absorbance of plant extracts and standard
solutions.

Determination of ferric reducing power

The determination of the Fe3* reducing power of the groups was made according to
Oyaizu (1986). BHT was used as a standard. BHT and stock solutions were placed in a
tube with a concentration of 10, 20, 30, 40 and 50 ug/mL. Pure water was added to
make a total volume of 1.0 mL. On top of these solutions, 2.5 mL of phosphate buffer
(0.2 M pH 6.6) and potassium ferricyanide (1%) solution were added and kept in a
water bath at 50 °C for 20 min. Then 2.5 mL of 10% trichloroacetic acid (TCA) was
added and vortexed. 2.5 mL ultrapure water and 0.5 mL iron (I11) chloride (0.1%) were
added to 2.5 mL samples from vortexed tubes and the absorbance was read at 700 nm
against the blank (Optima SP-3000, Tokyo/Japan). Results were calculated as ascorbic
acid equivalent using the equation obtained from the standard graph (ug AAE/mL)
(Ergiin, 2021b)

Statistical analysis

The data obtained in the study were analyzed using SPSS 15.0 and Windows
statistical software programs, and the effect of drying methods was investigated. In the
study, which was planned as three groups and three replicates, one-way analysis of
variance and DUNCAN test were used to compare groups. All results were given as
mean =+ standard deviation. Significance test was performed according to P < 0.05 and
the results were evaluated accordingly.
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Results and discussion

Natural plants, which date back to centuries and are named differently by the peoples
of the region, are very important for sustainable life. Among them, there are plants that
have medicinal properties as well as nutritional properties. In addition, the increasing
interest in natural nutrition and alternative medicine has increased the importance of
such plants. E. cicutarium, a member of the Geraniaceae family, is a herbaceous plant
with medicinal plant properties as well as nutritional properties. It grows naturally. Its
leaves are consumed fresh and dried, raw or cooked. In this study, total phenolic and
flavonoid substance content, DPPHe radical scavenging activities and Fe** reducing
power capacity were determined in the samples belonging to SD, OD, DS groups.

The Folin-Ciocaltaeu method was used to determine the amount of phenolic
substances. Gallic acid was calculated as equivalent to gallic acid using the standard
graph (y = 0.0745x - 0.0011). In terms of phenolic substance amounts, it was found that
SD and OD groups were similar among themselves, and the difference between them
and the DS group was significant (P < 0.05).

The amounts of phenolic substances were determined as 41.27 +2.93 mg GAE/g in
DS, 15.14 + 2.25 mg GAE/g in SD, and 14.60 = 0.86 mg GAE/g in OD, respectively
(Table 1). In studies conducted on Erodium species, phenolic substance amounts were
reported as 25.40 + 2.07 mg GAE/g in Erodium bryoniifolium (El-Hela et al., 2013),
10.8 mg GAE/g in Erodium bryoniifolium Boiss (Alali et al., 2007), 248.08 =2 mg
GAE/mL in Erodium glaucophyllum, 180 + 4.02 mg GAE/mL in Erodium hirtum, and
124 + 6 mg GAE/mL in Erodium guttatum (Hamza et al., 2018).

While the values we found are similar to E. bryoniifolium and E. bryoniifolium
Boiss, they are lower than the values found in other species. This result we found proves
that the phytochemical structures of plants differ between species. It was concluded that
the difference between the groups was due to the drying technique applied. Because
phytochemical properties are affected depending on the heat applied during drying.
(Thamkaew et al., 2020). In addition, the applied heat may be perceived by the plant as
a stress factor and cause the production of phenolic compounds by the plant in response
(Cooper and Rao, 1992).

Table 1. The amount of phenolic substances belonging to the groups (P < 0.05)

Groups The amount of total phenolic (mg GAE/q)
SD 15.14 + 2.25P
oD 14.60 + 0.86"
DS 41.27 +£2.93?

The total amount of flavonoid substance was calculated as equivalent to quercetin
using the standard graph of quercetin (y = 0.0574 x + 0.0387). The differences between
the groups in terms of total flavonoid content were found to be significant at the
P < 0.05 level and it was detected that the highest value was 71.99 + 2.44 mg QE/g in
OD and the lowest value was 19.61 + 1.25 mg QE/g in SD (Table 2).

In similar studies conducted in different species, the total amount of flavonoids was
reported as 34+1 mg QE/g in Erodium glaucophyllum (Bakari et al., 2018),
91.97+1.56 mg RE/g in Erodium glaucophyllum, 63+4.1 mg RE/g in Erodium
hirtum, and 52 + 2.3 mg RE/g in Erodium guttatum (Hamza et al., 2018).
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This result we found proves that the phytochemicals in plants are affected differently
by the drying process (Hossain et al., 2010). In addition, failure to adjust the heat to be
applied well may cause deterioration of phytochemicals (Orphanides et al., 2013).

Table 2. The amount of flavonoid substance belonging to the groups (P < 0.05)

Groups The amount of total flavonoid (mg QE/g)
SD 19.61+1.25°
oD 71.99 + 2.242
DS 27.16 +1.91°

DPPHe free radical and BHT as a standard were used to determine the free radical
scavenging activity of the groups. DPPHe radical scavenging activities of the extracts
and BHT were calculated (%) (Table 3). Parallel to the increase in concentration (20—
100 ug/mL), it was observed an increase in DPPHe radical scavenging activities in both
groups and BHT. The differences between the groups were significant at the P < 0.05
level. The highest activity value was detected in DS at all concentrations. In addition,
the activity values in DS were higher than the value of BHT used as a standard. In a
similar study on E. glaucophyllum, the activities detected in ethyl acetate and
chloroform extracts were higher than the values we found (Radhia et al., 2018).

Table 3. % DPPH radical scavenging activities of groups and BHT (P < 0.05)

Extracts/standard | 20 pg/mL 40 pg/mL 60 pg/mL 80 pg/mL 100 pg/mL
SD 7.54+£2.05° | 25.07+2.12° | 42.10+0.82° | 57.09 +2.14° | 70.96 + 2.68°
oD 0.47+0.14% | 17.54+0.81¢ | 27.99+7.199 | 44.14+2.39¢ | 56.56 + 0.25¢
DS 19.31+1.85% | 46.91+1.62% | 63.03+1.10% | 79.13+6.26% | 83.58 +0.152

BHT 13.20+3.25 | 42.01+1.42° | 5550+ 2.34° | 65.81+3.51° | 79.95+ 2.34°

The concentration of the extract and standard substance that inhibited 50% of DPPHe
radical removal was determined as ICso. This value was calculated using the graphs
obtained by placing the % DPPHe radical scavenging activity values against the studied
concentrations (Table 4). There is an inverse correlation between the ICso value and the
DPPH?e radical scavenging activity. A low ICso value means a high radical scavenging
activity.

Table 4. ICs values of groups and BHT (P < 0.05)

Extracts and standard 1Cs0 (ng/mL)
SD 71.90 + 1.69°

oD 89.81 + 3.422

DS 49.47 + 2.69¢

BHT 58.34 + 0.86°

The difference between the groups in terms of ICso value was found to be
significant (P < 0.05). The ICso value order of the groups was detected as 71.90 + 1.69
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ug/mL in SD, 89.81 + 3.42 ug/mL in OD and 49.47 + 2.69 ug/mL in DS. In similar
studies, the ICso value was 38.8 0.2 pg/mL in E. glaucophyllum flowers and
79.2 £ 0.6 pg/mL in its leaves, 20.29 +2.64 pg/mL in E. glaucophyllum, 49.1 + 3.6
ug/mL in E. hirtum and 56.9 + 3.3 pug/mL in E. guttatum (Hamza et al., 2018; Bakari
et al., 2018). In addition, in a similar study conducted on Kappaphycus alvarezii, it
was reported that the highest ICso value was in the Oven-dried 40 °C group, and the
lowest value was in the Sun-dried group (Ling et al., 2015). The Fe**-Fe?* reducing
capacity of SD, OD and DS extracts and BHT was determined by using the method of
Oyaizu (1986). In the measurements of Fe** reducing capacity, absorbances at 700 nm
were determined and a graph was obtained by placing the absorbance values against
the concentration (Fig. 2). In this graph, increasing absorbance values show the
reducing power capacity.

—4—BHT --DS -—e—0D -8-S5D

I = —
o0 [} o

Absorbance (700 nm)

e
.

0 T T T T T 1
0 10 20 30 40 50 60

Concentration (pg/ml)

Figure 2. Comparison of the Fe**-Fe®* reducing capacity of the extracts of the groups with
BHT (20-50 ug/mL)

In addition, the Fe**-Fe?* reducing power of the groups was calculated as ascorbic
acid equivalent (ug AAE/mL) using the ascorbic acid standard graph (Table 5). The
differences between the groups were found to be significant (P < 0.05). Similarity was
found between SD and OD and DS. Respectively, it detected as 1231.01 + 4.83 ug
AAE/mL in BHT, 129.43 + 6.80 ug AAE/mL in DS, 116.59 +4.90 ug AAE/mL in SD
and 83.29 + 4.12 pg AAE/mL in OD. In the study conducted by Jaradat et al., in 2017
on the same species, the values they found to be equivalent to trolox and the values we
found were similar (Jaradat et al., 2017).

Table 5. Fe**-Fe?* reducing capacity of groups and BHT (P < 0.05)

Extracts and standard ng AAE/mL
SD 116.59 + 4,90
oD 83.29 +4.12°
DS 129.43 + 6.80°

BHT 1231.01 +4.832
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Conclusion

Recently, an increase has been observed in studies on the effects of drying
techniques on phytochemicals. For this purpose, studies have been carried out on many
foodstuffs (Osae et al., 2019; Al-juhaimi et al., 2018; Arvaniti et al., 2019; Mustafa, et
al., 2019; Zahoor et al., 2019). Plants perceive the drying process as a stress factor. This
affects the amount of antioxidants in plants, depending on the application (Guclu et al.,
2021). Green plants are more affected by this condition than woody plants (Yousif et
al., 1999). In this study, it was observed that the phytochemical structure of the E.
cicutarium plant was affected by drying in sunlight, drying in a thermostatic oven at
55 °C and drying in the shade. It was determined that the shade drying method was
advantageous in terms of total phenolic substance content, % DPPH radical removal
activities, ICso value and Fe®*-Fe?* reducing capacity, and the method of drying in a
thermostatic oven at 55 °C was advantageous in terms of total flavonoid substance
content. Results in this study were similar to those found results by Fernandes et al.,
2011 and Jang et al., 2020. As a result, it was concluded that there is a need for new
studies on the determination of the compounds responsible for the antioxidant activity
of the E. cicutarium plant, which is valuable in terms of phytochemicals, its usability as
a natural antioxidant and the Kkinetics of the drying process. In addition, it is
recommended to develop new drying techniques that will least affect the existing
properties of plant resources.
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