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Abstract

This study examined the effects of different drying methods on the chemical content, antioxidant,
antibacterial, enzymatic and anticancer activity values of stevia (Stevia rebaudiana Bert.) extract. Stevia leaves
were dried using four different methods (in the sun, shade, air conditioner, and oven), and extracts were
collected and analyzed. Based on extract content, 2-tetradecyl acrylate was the major ingredient in air-
conditioned and oven-dried applications (25.00% and 21.47%, respectively). The same compound was
detected in both sun-drying and shade-drying methods, but the content was low. The antioxidant activity
values of the samples were evaluated with 1,1-Diphenyl-2-picrylhydrazyl (DPPH) and 2,2-azino-bis(3-
ethylbenzothiazoline-6-sulfonic acid) (ABTS) radical scavenging tests. While the best result for DPPH (ICso
value 57.94 + 0.63 pg/mL) was found in the shade-dried stevia samples, the best result in terms of ABTS test
(ICso value 44.03 + 1.22 pg/mL) ml) was detected in oven-dried. When the samples were examined in terms of
antimicrobial activity, it was seen that extracts of all drying methods were effective against Staphylococcus
aureus. However, it was determined that the extracts obtained from plants dried in air conditioning and oven
had a stronger effect. The cell viability assay was utilized to assess the antiproliferative effects of extract on L929
and MDA-MB-231 cell lines. The extracts did not significantly affect the L929 cell viability, while MDA-MB-
231 remarkably reduced cell viability (sun drying, ICso = 0.9 mg/mL; oven drying, ICso = 0.65 mg/mL; shade
drying, ICso= 0.74 mg/mL; air conditioner drying, ICso = 0.47 mg/mL). In particular, the extract obtained by
the air conditioner drying method showed the most prominent cytotoxic effect. The results showed that drying
using different methods had an impact on the quality standards of the stevia leaves.
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Introduction

Stevia (Stevia rebaudiana Bertoni), also known as sweet herb, is a plant that includes essential oil and
glycosides from the Asteraceae family, is a perennial herb. Originating from Paraguay and the northeast, the
stevia was first used by the indigenous people of Guarani (Andolfi ez 4., 2006; Shaafi ez al., 2021). Stevia is
cultivated for commercial purposes in the natural sweetener industries used in Taiwan, USA, Thailand,
Malaysia, Indonesia, Australia, Tanzania, Canada and Russia (Ramesh ez 4/, 2006; Inang and Cinar, 2009). In
warm regions, stevia leaves are harvested up to 4 times a year at 90-day intervals (Singh and Rao, 2005).

In nowadays, stevia is used as a natural sweetener in many countries (Yildiz and Karhan, 2021; Judickaité
et al., 2022; Yang ez al., 2023). This feature is due to the substances found in its leaves. Because, stevia leaf
extracts contain important substances such as flavonoids, alkaloids, free sugars, amino acids, essential oils and
trace elements, as well as stevioside, rebaudioside A, B, C, D, E and dulcoside which are sweeter than sucrose.
Stevioside has not been reported to have a harmful effect on humans to date (Komissarenko ez al., 1994;
Carneiro ez al., 1997; Zayova et al., 2013). Due to its zero-caloric feature, it is convenient to use for diabetics
and dieters (Fronza and Folegatti, 2003).

The plants show biological activity properties due to have flavonoids, alkaloids, glycosides. Recently, due
to its antioxidant properties, medicinal and aromatic plants that contain phenolic components, are attracting
attention (Kim e# 4/., 2011). These compounds play a very important role in both human health and the
preservation of nutrients, as they delay the oxidative stress that occurs in the cells (Yashin ez 4/., 2017; Patra ez
al.,2016; Charles, 2013; Sama ez 4/., 2014).

However, these compounds contained in plants are affected by some agronomic processes. Especially the
wrong processes applied after the harvest negatively affect the product content and thus the quality. One of the
most important of these processes is the drying process. In medicinal and aromatic plant, if drugs are not to be
extracted directly, they must be dried so that they can be stored without spoiling. Thanks to the drying process,
microbial growth and biochemical changes are prevented (Garcia, 2014). During drying, some evaporation is
seen in some components together with the water in the drug. The amount of evaporation of the existing
components with water may vary according to the drying method. This situation, may affect the quality and
quantity of essential oil (Moyler, 1994; Khalid ez 4/., 2008).

The most common methods used to dry medicinal and aromatic plants are sun and shade drying, In
addition, drying in the oven, solar and microwave are used as modern methods (Abbas ez 4/., 2021, Khallaf and
El-Sebaii, 2022). But, the effects of these methods on quality factors may vary from plant to plant. Medicinal
and aromatic plants, which are rich in secondary metabolites, require the determination of suitable drying
methods—a matter of great importance. This study aimed to investigate whether different drying methods
have an effect on the biological activities of the stevia leaves. In light of the data obtained, the most suitable
drying method for the stevia plant was tried to be determined. There are not many studies on the drying of this
plant. Therefore, this study is important.

Materials and Methods

Plant material and preparation of the extracts

The plant samples were obtained from the trial field of Akdeniz University and 150 g stevia leaves were
dried in sun, shade, air conditioner and oven by applying four different drying methods. The average
temperature, average humidity and daily sunshine duration of the application areas are given in Table 1. The
samples were weighed continuously and the application was terminated when the weight reductions were fixed.
Dry matter ratios were determined as 27+0.5% in all samples after drying. Then, this sample was extracted and
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their chemical composition structures of them were evaluated in the laboratories of CUTAM (Cumbhuriyet
University Advanced Technology Research Center), Cumhuriyet University, Sivas in 2020.

Table 1. The average temperature, average humidity and daily sunshine duration of the application areas

Average Average Sunshine duration
temperature °C humidity (%) (hour/day)
Sun drying 34.20 52.12 9.71
Shade drying 26.05 66.21 0
Air conditioner drying 22.00 49.30 0
Oven drying 45.00 25.00 0

The plant samples were weighed 10 g and were powdered by laboratory type miller. These samples were
extracted with 50 mL of ethanol 80% by maceration process. Then, the crude extract was filtered and ethanol
80% is evaporated under reduced pressure.

Gas Chromatography-Mass Spectrometry (GC/MS) characterization of the extracts

The Gas Chromatography/Mass Spectrometer was exploited to identify the components of the extracts
and determine the relative percentages (Sacchetti ez al., 2005). GC-MS analyses were worked with a mass
spectrometer detector. The technique, in which helium gas at 1.5 ml constant flow rate was used as the carrier
gas, was programmed in split mode with an injection volume of 1 pl and a rate of 5 per minute among 80-300.
Post-run was set at 300 °C for 2 min. The total run time was 60 minutes (Eruygur and Dural, 2019). The
chemical composition of the obtained extract was searched with three different libraries (WINI11.L,
NISTO05a.L, and wiley7n.I).

Antioxidant activities

The DPPH radical scavenging activity of the extract was evaluated in accordance with the Blois method
with minor modification (Blois, 1958). For determination of DPPH Radical Scavenging Activity, 150 uL of
the extract with different concentration was mixed with 50 pL of 1.0x10-3 M freshly prepared DPPH
methanol solution in 96 well plate. Methanol was used as control of the experiment. After 30 min of incubation
at 25 °C, the reduction of the DPPH free radical was measured reading the absorbance at 517 nm with
microplate reader (Epoch, USA). BHT used as positive controls. The ABTS radical scavenging activity was
evaluated by the method of Re ez al. (1999) with minor modifications. Briefly, the stock solution of ABTS was
made by reacting 7 mM ABTS solution with 2.4 mM of potassium persulfate solution in equal volume for 16
h. working solution was then prepared by diluting the stock ABTS solution with methanol to give an
absorbance of 0.7 + 0.02 units at 734 nm using a microplate reader (Epoch, USA). In each experiment, the
ABTS solution was prepared freshly. 50 uL of extract was mixed with 150 uL ABTS workingsolution and stand
for 10 min at dark place. All the analyses were conducted in triplicate and the results expressed as mean +
standard deviation. Total phenolic content was determined with the spectrophotometric method (Clarke ez
al.,2013), and expressed as gallic acid equivalents. Briefly, 20 uL of extract in DMSO was mixed with 100 uL
freshly 1/10 diluted F-C reagent with distilled water. After five min, the solution was mixed with 80 uL of 7.5%
Na,COj solution, and incubated for 30 min at 25 °C. The measurement of absorbance was done at 650 nm in
a microplate reader (Epoch, USA). All the analyses were performed in triplicate and the results expressed as
mean + standard deviation. Total flavonoid content was determined with the aluminum chloride colorimetric
method of Molan and Mahdy (2014). 25 uL of 1 mg/mL test sample solution, 100 L of dd. H,O and 7 pL of
5% NaNO, were mixed together in 96-well plates. After 15 min of incubation at room temperature, 7 uL of
10% AICl; was added. After 5 min, 50 L of 1 M NaOH and 60 pL of distilled water were added to each well.
Then the absorbance was measured at 490 nm in a microplate reader (Epoch, USA). The total ingredient of
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flavonoids was defined as a milligram catechin equivalent corresponding to one gram of the dry weight of the
extract.

In vitro enzyme inhibition assay

The acetylcholinesterase/butyrylcholinesterase inhibition analysis was carried out in accordance with
the Ellman method as described by our previous study (Ergul ez al,, 2019). Briefly, the mixture consisting of 20
uL of test sample/reference standard of various concentrations, 140 pL of 0.1 mM phosphate buffer (pH 6.8),
10 pL of 3 mM 5,5-dithio-bisnitrobenzoic acid (DTNB), and 20 pL of enzyme (0.22 U/mL for
acetylcholinesterase/0.1 U/mL for butyrylcholinesterase) prepared in phosphate buffer was incubated for 5
min at 25 °C. Following preincubation, 10 uL of the substrate (0.71 mM acetylthiocholine iodide/0.2 mM
butyrylthiocholine chloride in phosphate buffer) was added to start the reaction, followed by further
incubation for 10 min. The developed yellow colour was measured at 412 nm (Epoch, USA). Galantamine was
used as the positive control. The a-glucosidase inhibitor activity analysis was performed with the technique
presented by Kumar ez /. (2012). 25 microliters of sample solution diluted with buffer was mixed with 25 pL
of a-glucosidase (0.5 U/mL) and incubated for approximately 10 min at 25 °C. Then 25 puL of 0.5 mM 4-
nitrophenyl-B-D-glucuronide (pNPG) was added to each well as substrate and incubated for a 30 min at 37 °C.
After the incubation period, 100 pL of 0.2 M sodium carbonate was added to terminate the reaction and the
absorbance was read at 405 nm. The a-amylase enzyme inhibitory activity was determined by previous reported
method (Kumar ez a/., 2013). The reaction mixture containing 50 uL of sample solution diluted with buffer
and 25 pL of a-amylase from porcine pancreases (0.5 mg/mL) was incubated for approximately 10 min at 25
°C. Then 50 uL of freshly prepared 0.5% starch solution (w/v) was added to each well as substrate and incubated
for 10 min at 25 °C. After the incubation period, 100 pL of 1% 3,5-dinitrosalicylic acid (DNS) was added as
the colour reagent, followed by heating in a water bath for 10 min. The absorbance was read at 540 nm.
Acarbose was defined as a positive control for both methods.

Antimicrobial activities (micro-well dilution assay)

In order to determine the Minimum inhibition concentration (MIC) of the extracts, the broth
microdilution method was conducted according to the method described previously (Eloff 1998). For this
purpose, Escherichia coli (ATCC 25922), Staphylococcus aureus (ATCC 29213), Pseudomonas aeruginosa
(ATCC 27853), Bacillus cerens (ATCC 11778), Candida albicans (ATCC 10231) and Candida tropicalis
(DSM 11953) strains were used. The extracts were dissolved in 50% DMSO (50 mg/mL). 10 L extract was
added to the first line of the microtiter plate, which was diluted with 90 uL broth. Serial two-fold dilutions
were made in 96-well plate. The concentration of the extracts in the wells ranged from 2.5 to 0.004 mg/mL.
Mueller Hinton Broth (Accumix® AM1072) was used for bacteria and Saboraud Dekstroz Broth (Himedia
MEO033) for Candida. Bacteria and yeast suspension (50 uL) were added to the prepared samples. The final
inoculum size was 5x10° CFU/mL at bacteria and 0.5-2.5x10° CFU/mL at Candida every well (CLSI, 2012).
The 11th well was used for sterility control and the last well-containing broth and microorganism without
extracts was used as growth control. The covered microplates were incubated for 24 h at 37 °C. The lowest

concentration of extract that was capable of inhibiting the visible growth of the microorganism was accepted
as the MIC value.

Cell viability assay

MDA-MB-231 cell line (human breast carcinoma, ATCC, HTB-26) and L1929 cell line (mouse
fibroblast cells, ATCC) were cultured in DMEM including 10% (v/v) heat-inactivated fetal bovine serum
(FBS) and 1% penicillin/streptomycin, in a 25 cm?® cell culture flask and incubated at 37 °C in a 5% CO,
humidified atmosphere until they reached approximately an 80-90% confluence.
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The cell viability of the ethanol extracts of different drying conditions of stevia was assessed using the
XTT cell viability assay (Roche Diagnostic, Germany) against the MDA-MB-231 and L929 cell lines. The
extract was dissolved in Dimethyl sulfoxide (DMSO) and diluted with DMEM prior to exposure. Cells were
seeded in 96-well plates at the density of 1.5%104 cells per well and were allowed to attach for nearly 6-8 h.
After attachment, the cells were exposed to several concentrations (0.0625, 0.125, 0.25, 0.5, 1 mg/mL) of
ethanolic extract of stevia for 24 h. Besides, non-treated cells and cells exposed to DMSO (0.5%) were used as
negative control and solvent control respectively. At the end of the exposure time to the extract, a 50 uL XTT
labelling mixture was added to each well for the determination of living cells and then the plates were incubated
at 37 °C for another 4 h. After mixing, the absorbance of each well was measured using a microplate reader
(Thermo, Germany) at 450 nm against the control. All experiments were conducted in three independent
experiments, and the cell viability was expressed in % related to control (100% of viability).

Results and Discussion

Chemical composition

The chemical contents of extracts obtained from plants dried according to the different drying methods,
were determined by GC-MS (Table 2). The chemical contents of the ethanol 80% extracts of plants showed
significant differences in both the number and variety of components. The plants show biological activity
properties due to having these chemical compounds. Components and amounts of plants vary according to the
genus and species of the plant, as well as different growing environments of the same plant are also effective on
these components. These differences cause changes in biological activity.

Table 2. The effects of different drying methods on the chemical composition of Stevia rebaudiana

Air
Chemical components RT dS un Sh?dc conditioner O"ren
ried dried ) dried
dried

(S-Nitroso) thiomethane 3.659 1.95
Cineole 12.946 2.30
Camphor 16.722 2.80 - - -
endo-Borneol 17.357 1.87 1.09 - 1.30
1,4:3,6-Dianhydro-.alpha.-d-glucopyranose 18.679 - 1.66 1.43
Phenol 26.015 1.26 - -
5-Hexyl-2-furaldehyde 28.046 - 1.71 -
1-Dodecanol 28.263 - 6.50 -
Cyclododecane 28.264 11.45 - - -
Tetradecanol 28.269 - - 6.83 6.76
4-(2,6,6-Trimethylcyclohexa-1,3-dienyl)but-3-en-2-one 28.601 1.36 - - -
2,4-Di-tert-butylphenol 29.374 4.82 4,60 2.45 4,55
(-)-Caryophyllene oxide 31.227 - - 1.54 1.32
2-Propenoic acid, n-tetradecyl ester 33.459 5.98 9.06 25.00 21.47
(-)-Loliolide 35.118 1.53 1.72 1.03 -
Ethyl palmitate 38.849 - - 1.07 2.17
Manoyl oxide 39.084 - - 3.56 1.79
Cyclododecane 39.198 - - - 1.29
Stenol 40.262 - - 1.17 -
Phytol 40.737 - - 1.98 1.00
trans-.beta.-lonone 43.684 - - - 7.46
Isosteviol methyl este 45.956 - - - 1.75
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8.alpha.,13-Dihydroxy-4,15,16-trin or-labdane 46.007 9.37 - - 9.00
Methyl steviol 46.036 - - 10.14 -
Campherenone 46.328 9.16 - -

Ledene 47.461 1.86 - -
1-Chloro-1-ethyl-3-methyl-1-germacyclopent-3-ene 47.890 - 7.24 - -
Total 53.76 35.53 56.2 59.86

According to the data obtained, 2-Propenoic acid, n-tetradecyl ester as a major component in air
conditioning and oven drying applications (respectively, 25.00% and 21.47%) determined. Although this
compound was available in other applications, its percentage was low. Drying under the direct sun can lead to
losses in the components of the plants (Nurhaslina ez 4/., 2022). Ropelewska et 4/. (2023) reported that when
plant leaves are exposed to direct solar radiation, their colours become lighter and their aromas decrease. At the
same time, the drying time can make a difference in the amount and variety of the components of the plants.
Since drying in shade takes longer than other applications, it may have caused losses in the amount of this

compound.

Antioxidant activity

The DPPH and ABTS radical scavenging activity results are shown in Table 3, and the stevia samples
dried in the shade had the best (ICs value 57.94 + 0.63 pg/mL) DPPH radical scavenging effect, followed by
the air-dried stevia sample (ICso value 62.08 + 0.57 ug/mL), it was more active than the reference substance
BHT (ICsovalue 79.48 + 0.60 ug/mL). As for the ABTS assay, the oven-dried stevia samples (ICso value 44.03
+ 1.22 pug/mL) showed the best radical scavenging activity, it was followed by sun-dried (ICso value 48.52 +
1.24 pg/mL) and air dried (ICso value 49.28 + 1.20 pg/mL) stevia samples. The shade-dried stevia samples
demonstrated the least ABTS radical scavenging activity (ICso value 86.16 + 1.21 pg/mL). This may be due to
changes in the amount or degradation of the phytochemical compounds responsible for the radical scavenging
activity in the extract, depending on the drying method. Researchers reported that the stevia contains high
levels of phenolic and flavonoid substances and is a natural source of antioxidants. In addition, they evaluated
that the antioxidant activity values can change according to the application of nitrogen fertilizer and the
growing period of the plant (Atag ez 4/., 2018; Eruygur e al., 2019).

Total phenol (TPC) and flavonoid content (TFC)

When stevia samples obtained with different drying methods were compared in terms of phenolic and
flavonoid compositions (Table 3), it was determined that the sample dried in the shade had the highest
phenolic and flavonoid content (455.96 + 4.59 mg GAE/gand 87.40 + 7.26 mg QE/g), it was followed by air
dried stevia samples (398.69 + 4.58 mg GAE/g and 85.56 + 4.77 mg QE/g). The stevia samples dried in the
sun have the least phenolic and flavonoid content (129.82 + 4.69 mg GAE/g and 64.83 + 7.56 mg QE/g).
From here it can say that the drying method has a great effect on the change in the amount of phenolic
compounds in the stevia plant (Lemus ez 4/., 2016).

Table 3. Total phenol and flavonoid contents, the antioxidant activity of stevia extract

Total phenol Total flavonoid Radical scavenging activities
Stevia sample content content

(mg GAE/g) (mg QE/g) DPPH (Icso ;Lg/mL) ABTS (ICso [Lg/mL)
Sun-dried 129.82 + 4.69 64.83 +7.56 70.32 £ 0.23** 48.52 £+ 1.24
Dried in shade 455.96 + 4.59 87.40 £7.26 57.94 + 0.63* 86.16 + 1.21*
Air conditioner dried 398.69 + 4.58 85.56 +4.77 62.08 + 0.57** 49.28 +1.20
Oven-dried 37327 £9.17 78.61 + 3.06 79.73 £ 0.61* 44.03 +1.22
Reference standard 79.48 + 0.60° 26.78 £ 3.435°
“ICso values represent the means + standard error meaning of three parallel measurements, "BHT, ‘BHA
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Enzyme inhibition activity

Tryrosinase is a copper-contained common enzyme in skin and hair found in plants, microorganisms and
animals. It plays a role in the synthesis of melanin, and it is responsible for melanisation in animals. Excessive
formation of melanin pigment causes serious problems in the aesthetic appearance of the skin. Tyrosinase
inhibitors are widely used in the cosmetic industry due to the reduction of melanin synthesis and skin
whitening, and in the food industry because of preventing unwanted browning in foods (Zolghadri ez /., 2019).
In our study, when the effect of different drying techniques on tyrosinase enzymes in stevia samples was
examined, stevia samples dried in the shade (76.33 + 4.40%) and dried in the oven (67.67 + 3.15%) showed
the highest tyrosinase inhibition activity, as in antioxidant activity (Table 4). In addition, all stevia samples
showed higher tyrosinase inhibition activity than the reference substance kojic acid (26.19 + 0.62%). In a
former study, the aqueous extract of stevia flowers was showed inhibitory effects on tyrosinase (ICso=134.74

ug/mL) and a-glucosidase (ICso=114.81 ug/mL) activities (So e l.,, 2019).

Table 4. Enzyme inhibitory activities of different stevia extracts (at 2 mg/ml concentration)

Stevia sample Tyrosinase | a-amylase | a-glucosidase
Percentage (%) inhibition
Sun-dried 55.89 +7.70 52.36 +5.43 N.A.
Dried in shade 76.33 £ 4.40 2672 +1.17 N.A
Air conditioner dried 54.48 + 6.37 10.30 +2.54 27.13 £2.13
Oven-dried 67.67 £ 3.15 24.14 +5.50 N.A
Reference standard 26.19 £ 0.62° 58.40 + 0.63¢ 57.56 £ 0.52¢

Note: *Each value of percent inhibition is presented as means + SEM (n = 3). Abbreviations: SEM: standard error of

mean; bKojic acid; “Acarbose

Diabetes Mellitus (DM), is a type of disease that develops due to high blood sugar resulting from the
inability of the pancreas to produce enough insulin for the body or the inability to use the insulin it produces
effectively by the body. Glucose, which causes high blood sugar, occurs due to the breakdown of polysaccharides
in meals by amylase and glucosidase enzymes, and with the inhibition of these two enzymes, glucose production
can be reduced, and after-meal blood sugar rise can be prevented. For this reason, amylase and glucosidase
inhibitors have become an important drug group in the treatment of diabetes.

In our study, when these two enzyme inhibition activities were examined on stevia samples obtained
after different drying techniques, it was found that the sun-dried sample (52.36 + 5.43%) had the highest
amylase enzyme inhibitory effect, while the air-dried stevia sample (27.13 + 2.13%) showed weak glucosidase
inhibition, while the activity could not be detected in the other samples (Table 4). The reference drugacarbose
showed 58.40 + 0.63% and 57.56 + 0.52% inhibition against amylase and glucosidase, respectively.

Antimicrobial activity

The antimicrobial activity of Stevia extracts (they were dried sun drying, shade drying, air conditioner
drying and oven drying by applying four different drying methods) against E. coli, S. aureus, P. aeruginosa, B.
cereus, C. albicans and C. tropicalis were detected using the broth microdilution technique at the concentration

range 0.312 to >2.5 mg/mL (Table 5).
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Table 5. Antimicrobial activity results of Stevia extracts (sun dried, shade dried, air conditioner dried and
oven dried by applying four different drying methods)

E. coli S. aureus | P. aeruginosa | B. cereus C. albicans | C. tropicalis
Extract name ATCC ATCC ATCC ATCC ATCC DSM
25922 29213 27853 11778 10231 11953
Sun-dried 2.5 0.625 >2.5 2.5 >2.5 >2.5
Dried in shade 2.5 0.625 2.5 2.5 >2.5 >2.5
Air conditioner-dried 2.5 0.312 >2.5 >2.5 >2.5 >2.5
Oven-dried 2.5 0312 >2.5 >2.5 >2.5 >2.5

Cell viability assay

As a result of the XTT cell proliferation experiment, the ethanol extracts at all concentrations
remarkably inhibited MDA-MB-231 cell viability (P<0.05) in a dose-dependent manner (Sun Drying, ICs =
0.9 mg/mL; Oven Drying, ICs = 0.65 mg/mL; Shade Drying, ICso = 0.74 mg/mL; Air Conditioner Drying,
ICso = 0.47 mg/mL), as seen in Figure 1. Additionally, the extracts displayed no significant cytotoxicity on the
L1929 cell line at the concentrations range (1-0.0625 mg/mL).

As a result of the cell viability experiment, we determined that the ethanol extracts of different drying
conditions of stevia exhibited an effective cytotoxic activity at all concentrations. The extract obtained by the
Air Conditioner drying method showed two times more cytotoxic effect compared to the extract obtained by
the Sun drying method. It is thought that the antioxidant activity caused by the quantity of the polyphenolic
components of the extract also causes the anti-cancer effect (Wolwer-Rieck, 2012). It remains the first scudy
to indicate the cytotoxic effect of stevia leaf extracts on MDA-MB-231.

~ Stevia rebaudiana-Sun Drying, ICy.= 0.9 mg/mL mm Stevia rebaudiana-Sun Drying, ICge= 0.9 mg/mL
~=- Stevia rebaudiana-Oven Drying, IC4y= 0.65 mg/mL mm Stevia rebaudiana-Oven Drying, ICy.= 0.65 mg/mL
Stevia rebaudiana-Shade Dryer, ICg,= 0.74 mg/mL £ Stevia rebaudiana-Shade Dryer, ICye= 0.74 mg/mL
——  Stevia rebaudiana-Air Conditioner Drying, ICy.= 0.47 mg/mL = Stovia rebaudiana-Air Conditionor Drying, ICyy= 0.47 mg/mL

100 \.

Coll Viability (%)
9

Cell Viability (%)

0.0'0!5 l'l.l'!S 0.'!5 l'l'.S ; 0.062¢ LARLY 0.2s ns 1
Concentration (mg/ml.) 24/ Concentration (mg/mL) 24h

Figure 1. Effects of the ethanol extracts of different drying conditions of stevia on the viability of MDA-
MB-231 cell line, after treatment with various concentrations (range: 0.065-1 mg/mL) for 24 h. The
extract shows no toxicity in normal cells

The antimicrobial activity of plant extracts was accepted significant if the MIC value is 0.1 mg/ml or
lower, moderate if 0.1 < MIC < 0.625 mg/ml and weak if MIC > 0.625 mg/ml (Kuete, 2010; Awouafack ez 4l.,
2013;). According to these criteria, moderate antimicrobial activity was detected only on S. aureus (0.312 and
0.625 mg/mL). It was determined that different stevia extracts had weak antimicrobial activity on other
bacteria and yeasts. According to Eruygur ez 4l. (2019) reported that the stevia has antimicrobial activity thanks

to its high content of phenolic and flavonoid substances.

Conclusions

The results of the study indicated that the ethanol extracts of different drying conditions of stevia have
significant anticancer, antioxidant, and enzyme activity values. The 2-Propenoic acid, n-tetradecyl ester as a
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major component in air conditioning and oven drying applications (respectively, 25.00% and 21.47%)
determined. It has been determined that different drying methods cause differences in compound values. The
best result for DPPH (ICsovalue 57.94 + 0.63 pg/mL) was found in the shade-dried stevia samples, while the
best result in terms of ABTS test (ICso value 44.03 + 1.22 ug/mL) ml) was detected in the oven-dried stevia
samples. When the samples were examined in terms of antimicrobial activity, it was seen that all drying methods
were effective on S. aureus. In particular, the extract obtained by the air conditioner drying method showed the
most prominent cytotoxic effect. Consequently, the ethanol extracts of different drying conditions of stevia
may be considered a potential therapeutic agent for cancer. At the same time, it was determined that different
drying methods made a difference in the chemical composition, antioxidant and antimicrobial activity values
of stevia extracts, too.

Authors’ Contributions

Data curation: Y.O., E.U., N.E, M.A,, H.B., M.I, D.K., K.T.; Formal analysis: Y.O., D.K.; Funding
acquisition: K.T., E.U.; Investigation: Y.O., E.U.,, N.E.,, M.A., H.B., M.L; Methodology: Y.O., E.U,N.E, M.A,,
M.1; Project administration: K. T., Y.O., E.U.; Resources: Y.O., K.T.; Software: Y.O., D.K;; Supervision: K.T;
Validation: D.K,; Visualization: H.B., D.K.; Writing - original draft: Y.O., E.U., N.E, M.A.,, M.L;; Writing -
review and editing: Y.O., DK, K.T.

All authors read and approved the final manuscript.

Ethical approval (for researches involving animals or humans)

Not applicable.

Acknowledgements

This research received no specific grant from any funding agency in the public, commercial, or not-for-
profit sectors.

Conflict of Interests

The authors declare that there are no conflicts of interest related to this article.

References

Abbas AM., Seddik MA, Gahory AA, Salaheldin S, Soliman WS (2021). Differences in the aroma profile of chamomile
(Matricaria ~ chamomilla  L.) after  different  drying conditions.  Sustainability ~ 13(9):5083.
https://doi.org/10.3390/su13095083

Andolfi L, Macchia M, Ceccarini L (2006). Agronomic-productive characteristics of two genotype of Stevia rebaudiana
in central Italy. Italian Journal of Agronomy 2:257-262. https://doi.org/10.4081/1ja.2006.257.

Atag M, Eruygur N, Ugar E, Ozyigit Y, Turgut K (2018). The effects of different nitrogen doses on antioxidant and
antimicrobial activity of Stevia (Stevia rebaudiana Bert.). Cellular and Molecular Biology 64(2):39-45.
https://doi.org/10.14715/cmb/2018.64.2.8.



Ozyigit Y et al. (2023). Not Sci Biol 15(3):11527

Awouafack MD, McGaw LJ, Gottfried S, Mbouangouere R, Tane P, Spiteller M, Eloff JN (2013). Antimicrobial activity
and cytotoxicity of the ethanol extract, fractions and eight compounds isolated from Eriosema robustum
(Fabasceac). BMC Complementary and Alternative Medicine 13:289. htps://doi.org/10.1186/1472-6882-13-
289

Blois MS (1958). Antioxidant determination by the use of a stable free radical. Nature 181:1199-1200.
http://dx.doi.org/10.1038/181119940

Carneiro JWP, Muniz AS, Guedes TA (1997). Greenhouse bedding plant production of Stevia rebaudiana (Bert) Bertoni.
Canadian Journal of Plant Science 77:473-474. https://doi.org/10.4141/P96-166

Charles DJ (2013). Antioxidant Properties of Spices, Herbs and Other Sources. Springer: New York, NY, USA. 612.
https://doi.org/10.3390/antiox9050412

Clarke G, Ting KN, Wiart C, Fry J (2013). High correlation of 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging,
ferric reducing activity potential and total phenolics content indicates redundancy in use of all three assays to
screen for antioxidant activity of extracts of plants from the Malaysian Rainforest. Antioxidants 2:1-10.
hitps://doi.org/10.3390/antiox2010001

Clinical and Laboratory Standards Institute (2012). Methods for dilution antimicrobial susceptibility tests for bacteria
that grow aerobically; approved standard-9th ed. CLSI document M07-A9. Clinical and Laboratory Standards
Institute, Wayne, PA.

Eloff JN (1998). A sensitive and quick microplate method to determine the minimal inhibitory concentration of plant
extracts for bacteria. Planta Medica 64:711-713. http://dx.doi.org/10.1055/5-2006-957563

Ergul M, Ergul M, Eruygur N, Atag M, Ugar E (2019). Iz Vitro evaluation of the chemical composition and various
biological activities of Ficus carica leaf extracts. Turkish Journal of Pharmaceutical Sciences 16:401-409.
hitps://doi.org/10.4274/tjps.galenos.2018.70037

Eruygur N, Atas M, Ugar E, Ozyigit Y, Turgut K (2019). Estimation of in vitro antioxidant and antimicrobial activity of
methanol extracts from stevia. Fresenius Environmental Bulletin 28(2):924-929.

Eruygur N, Dural E (2019). Determination of 1-Deoxynojirimycin by a developed and validated HPLCFLD method and
assessment of iz-vitro antioxidant, a-Amylase and a-Glucosidase inhibitory activity in mulberry varieties from
Turkey. Phytomedicine 53:234-42. https://doi.org/10.1016/j.phymed.2018.09.016

Fronza D, Folegatti MV (2003). Water consumption of the Stevia (Stevia rebaudiana [Bert.] Bertoni) crop estimated
through micro-lysimeter. Scientia Agricola 60:595-599. hztps://doi.org/10.1590/S0103-90162003000300028

Garcia F (2014). Evaluacién de los efectos del proceso de secado sobre la calidad de la Stevia (Stevia rebaudiana Bertoni)
y la Hierbabuena (Mentha spicata). Tesis Magister en Ingenierfa Agricola. Facultad de Ingenierfa. Universidad
Nacional de Colombia, Bogotd, pp 126.

Inang AL, Cnar I (2009). Alternatif dogal tatlandirici: Stevya. Gida 34(6):411-415.

Judickaité A, Lyushkevich V, Filatova I, Mildaziené¢ V, Zikiené R (2022). The potential of cold plasma and
electromagnetic field as stimulators of natural sweeteners biosynthesis in Stevia rebaudiana Bertoni. Plants
11(5):611. https://doi.org/10.3390/plants11050611

Khalid KA, Hu W, Cai W (2008). The effects of harvesting and different drying methods on the essential oil composition
of lemon balm (Melissa officinalis L.). Journal of Essential Oil Bearing Plants 11:342-349.
https://doi.org/10.1080/0972060X.2008.10643639

Khallaf AEM, El-Sebaii A (2022). Review on drying of the medicinal plants (herbs) using solar energy applications. Heat
and Mass Transfer 58(8):1411-1428. https://doi.org/10.1007/500231-022-03191-5

Kim IS, Yang M, Lee OH, Kang SN (2011). The antioxidant activity and the bioactive compound content of Stevia
rebaudiana  water  extracts. LWT  Food  Science  and  Technology = 44:1328-1332.
https://doi.org/10.1016/).lwr.2010.12.003

Komissarenko NF, Derkach Al Kovalyov IP, Bublik NP (1994). Diterpene glycosides and phenlypropanoids of Stevia
rebaudiana Bertoni. Rast Research 1(2):53-64.

Kuete V (2010). Potential of Cameroonian plants and derived products against microbial infections: a review. Planta

Medica 76:1479-1491. https://doi.org/10.1055/5-0030-1250027

10



Ozyigit Y et al. (2023). Not Sci Biol 15(3):11527

Kumar D, Gupta N, Ghosh R, Gaonkar RH, Pal BC (2013). a-Glucosidase and ¢-amylase inhibitory constituent of Carex
baccans: Bio-assay guided isolation and quantification by validated RP-HPLC-DAD. Journal of Functional Foods
5:211-218. http://dx.doi.org/10.1016/;.jff-2012.10.007.

Kumar D, Kumar H, Vedasiromoni ], Pal BC (2012). Bio-assay guided isolation of a-glucosidase inhibitory constituents
from Hibiscus mutabilis leaves. Phytochemical Analysis 23:421-542. https://doi.org/10.1002/pca. 1375

Lemus-Mondaca R, Ah-Hen K, Vega-Galvez A, Honores C, Moraga NO (2016). Stevia rebaudiana leaves: effect of drying
process temperature on bioactive components, antioxidant capacity and natural sweeteners. Plant Foods for
Human Nutrition 71:49-56. https://doi.org/ 10.1007/s11130-015-0524-3

Molan AL, Mahdy AS (2014). Iraqi medicinal plants: Total flavonoid contents, free-radical scavenging and bacterial beta-
glucuronidase inhibition activities. IOSR. Journal of Dental and Medical Sciences Ver II. 13:2279-861.

Moyler DA (1994). Spices - recent advances. In: Charalambous G (Ed). Spices, herbs and edible fungi, Amsterdam:
Elsevier pp 1-70.

Nurhaslina CR., Bacho SA., Mustapa AN (2022). Review on drying methods for herbal plants. Materials Today:
Proceedings 63:122-139. https://doi.org/10.1016/j.matpr.2022.02.052

PatraK, Jana S, Mandal DP, Bhattacharjee S (2016). Evaluation of the antioxidant activity of extracts and active principles
of commonly consumed Indian spices. Journal of Environmental Pathology, Toxicology 35(4):299-315.
bttps://doi.org/10.1615/]EnvironPatholToxicolOncol.2016016387

Ramesh K, Singh V, Megeji NW (2006). Cultivation of stevia (Stevia rebaudiana)-a comprehensive review. Advances in
Agronomy 89:137-177. https://doi.org/10.1016/S0065-2113(05)89003-0

Re R, Pellegrini N, Proteggente A, Pannala A, Yang M, Rice-Evans C (1999). Antioxidant activity applying an improved
ABTS radical cation decolorization assay. Free Radical Biology and Medicine 26:1231-7.
betps://doi.org/10.1016/50891-5849(98)00315-3

Ropelewska E, Sabanci K, Aslan MF (2023). The use of digital color imaging and machine learning for the evaluation of
the effects of shade drying and open-air sun drying on mint leaf quality. Applied Sciences 13(1):206-224.
https://doi.org/10.3390/app 13010206

Sacchetti G, Maietti S, Muzzoli M, Scaglianti M, Manfredini S, Radice M, Bruni R (2005). Comparative evaluation of 11
essential oils of different origin as functional antioxidants, antiradicals and antimicrobials in foods. Food
Chemistry 91:621-32. https://doi.org/10.1016/;.foodchem.2004.06.031

Sama NA, Mahmood MR, Muhamad S (2014). The role of nanotechnology application in antioxidant from herbs and
spices for improving health and nutrition: A review. Selangor Science & Technology Review 1:17-23.

Shaafi B, Mosavi SS, Abdollahi MR, Sarikhani H (2021). The optimized protocols for production, adaptation and keeping
of the produced artificial seeds from encapsulated lateral buds in Stevia rebaudiana (Bertoni). Agrotechniques in
Industrial Crops 1(1):24-35. https://doi.org/10.22126/etic.2021.6246.1004

Singh SD, Rao GP (2005). Stevia: The herbal sugar of 21% century. Sugar Technology 7(1):17-24.
hittps://doi.org/10.1007/BF02942413

So G, Lee SR, Kim SH, Ha CW, Park Y, Jang S, Sohn EH (2019). Antioxidant and antimelanogenic effects of Stevia
rebandiana flower extract. Korean  Journal of  Plant Research 32(3):220-227.
bttps://doi.org/10.7732/kjpr.2019.32.3.220

Wolwer-Rieck U (2012). The leaves of Stevia rebaudiana (Bertoni), their constituents and the analyses thereof: a review.
Journal of Agricultural and Food Chemistry 60(4):886-895. hitps://doi.org/10.1021/jf2044907

Yang HI, Ameer K, Chung YB, Min SG, Eun JB (2023). Optimization of spray drying process for recovery of onion-
stevia leaf hot water extract powder using response surface methodology. Food Science and Nutrition 00:1-15.
bttps://doi.org/10.1002/fsn3.3207.

Yashin A, Yashin Y, Xia X, Nemzer B (2017). Antioxidant activity of spices and their impact on human health: A Review.
Antioxidants 15:6. hetps://doi.org/10.3390/antiox6030070

Yildiz M, Karhan M (2021). Characteristics of some beverages adjusted with stevia extract, and persistence of steviol
glycosides in the mouth after consumption. International Journal of Gastronomy and Food Science 24:100326.
https://doi.org/10.1016/j.5jgfs.2021.100326.

11



Ozyigit Y et al. (2023). Not Sci Biol 15(3):11527

Zayova E, Stancheva I, Geneva M, Petrova M, Dimutrova L (2013). Antioxidant activity of i vitro propagated Stevia
rebaudiana  Bertoni plants of  different origins. Turkish Journal of Biology 37:106-113.
https://doi.org/10.3906/biy-1204-64.

Zolghadri S, Bahrami A, Hassan Khan MT, Munoz-Munoz J, Garcia-Molina F, Garcia-Canovas F, Saboury AA (2019).
A comprehensive review on tyrosinase inhibitors. Journal of Enzyme Inhibition and Medicinal Chemistry
34(1):279-309. https://doi.org/10.1080/14756366.2018.1545767

The journal offers free, immediate, and unrestricted access to peer-reviewed research and scholarly work. Users are
OPEN 7% ACCESS| allowed to read, download, copy, distribute, print, search, or link to the full texts of the articles, or use them for any
other lawful purpose, without asking prior permission from the publisher or the author.

License - Articles published in Nozulae Scientia Biologicae are Open-Access, distributed under the terms and
conditions of the Creative Commons Attribution (CC BY 4.0) License.
BY © Articles by the authors; Licensee SMTCT, Cluj-Napoca, Romania. The journal allows the author(s) to hold the

copyright/to retain publishing rights without restriction.

Notes:

»  Material disclaimer: The authors are fully responsible for their work and they hold sole responsibility for the articles published
in the journal.

»  Maps and affiliations: The publisher stay neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

»  Responsibilities: The editors, editorial board and publisher do not assume any responsibility for the article’s contents and for
the authors’ views expressed in their contributions. The statements and opinions published represent the views of the authors
or persons to whom they are credited. Publication of research information does not constitute a recommendation or

endorsement of products involved.

12



