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Abstract: Plants are a significant source of antioxidants, including polyphenols, flavonoids, and vitamins with
strong antioxidant qualities, and their use as a natural antioxidant source dates back centuries. Satureja cuneifolia
Ten. and Satureja hortensis L. are two commercially important plant species consumed both as herbal tea and as
spices in some regions of Turkiye. Therefore, it is very important to analyze the secondary metabolites of these
plants and investigate their biological activities. In this study, the secondary metabolites of chloroform (CHCl3) and
methanol (MeOH) extracts of S. cuneifolia Ten. and S. hortensis L. were analyzed by LC-HRMS. Hesperidin (702.00
mg/kg extract) and fumaric acid (472.36 mg/kg extract) were found in the CHCI3 extract of S. hortensis, whilst
syringic and rosmarinic acid were the primary constituents of the MeOH extract of S. hortensis (44593.46 mg/kg
extract, 37389.75 mg/kg extract, respectively) and the both extracts of S. cuneifolia (in CHCIl; 926.44 and 825.42
mg/kg extract, in MeOH 55411.15 and 46045.31mg/kg extract, respectively). The extracts' antioxidant capacity was
assessed using the reducing power and radical scavenging techniques, anti-Alzheimer potentials were measured by
acetylcholinesterase (AChE) and butyrylcholinesterase (BChE) enzymes inhibition experiments as in vitro. It was
determined that higher activity values were present in S. cuinefolia in direct proportion to its phenolic content.
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1. Introduction

Tirkiye is one of the countries with the highest number of species in the region in terms of
members of the Lamiaceae family with strong aromatic properties. It hosts more than 600 species
belonging to 45-47 genera of the Lamiaeae family. The endemism rate is approximately 45% [1]. In
Turkiye, many species (aproximately 100 species) belonging to the genera Origanum L., Satureja L.,
Thymbra L., and Thymus L., (Lamiaceae), recognized for its strong aromatic structure and medicinal
properties, are popularly known as ‘thyme-kekik’ and are widely used both as spices and teas [2, 3]. The
genus Satureja is commonly known in Tiirkiye as “dag kekigi”, “tas kekigi”, “kaya kekigi”, “sivri kekik”,
and “ciprisa” [4-7]. Turkiye has the greatest diversity of species, with 18 species (7 of which are endemic)
[4]. The species that are commonly utilized as spices and tea not only in Tirkiye but also in the regions
where they grow are commercially valuable; some species are harvested from their natural habitat, while
others are cultivated [6, 8-11]. They have traditionally been used as carminatives, tonics, and muscle
relaxants to treat cardiovascular problems, as well as stomach and gastrointestinal ailments such as
cramps, nausea, indigestion, and diarrhea [12-17]. The aerial parts of these species are used not only as
tea due to their different flavours, but also as a spice for stuffing, meat, chicken, pies and sausages [7, 18].

The two Satureja species studied in this study, S. cuneifolia Ten and S. hortensis L., are naturally
grown and also cultivated in Tirkiye and it is known that 90% of commercially collected Satureja species
are S. cuneifolia species [7]. Various parts of these plants have been reported to be used to treat diseases:
S. hortensis seeds are used for inflammatory diseases [15], as essential oil for colds and bronchitis [6],
and above-ground parts of both species are used as tea for digestive, gastric problems, respiratory tract
diseases and colds [3, 12, 15, 17]. S. cuneifolia is a unique plant that has been the focus of numerous
studies in the fields of pharmacology, agriculture, and natural product research because of its diverse
biological activity and rich chemical composition. The essential oil composition of S. cuneifolia, which
usually grows in many regions of the Mediterranean Basin, has been the subject of many studies. Research
on the chemical constituents of S. cuneifolia species has predominantly focused on essential oils, since it
is widely used as tea. In TUrkiye, the essential oils derived from this plant are characterized by the presence
of compounds such as carvacrol and linalool, which contribute to its notable antimicrobial and antioxidant
properties, followed by p-cymene and y-terpinene, the biogenetic precursors of these molecules [3, 6, 9,
14, 18, 19-21] while similar results were obtained for S. hortensis [9-12, 14-16]. S. cuneifolia has been
previously reported to exhibit in vitro anti-Alzheimer, antidiabetic, antimicrobial, antioxidant, antiurease,
anticholinesterase and cytotoxic potential [22-25]. When the studies on S. hortensis, which has been listed
as a medicinal plant since ancient times and traditionally used in the kitchens especially in southern
Europe and the Mediterranean region, are examined it is seen that the studies focused on essential oil
content and activity of the oil, and studies on phenolic content are becoming newly popular. In these
studies, rosmarinic acid, caffeic acid and luteolin were determined as the main components in the extracts
as a result of the examination of the extracts prepared from the above-ground part of the plant [10, 14-16,
26-27].

The antioxidant properties shown by the species have been largely attributed to the presence of
phenolic compounds such as flavonoids and terpenoids [28-30], and antioxidants are known to reduce
oxidative stress and exert neuroprotective effects [2, 31-32]. Reductions in oxidative stress and the
antioxidant effect have been shown to affect apoptosis and cell viability in cells, which may have
therapeutic implications in preventing neurodegenerative diseases such as Alzheimer's disease (AD) [33-
34]. Progressive memory loss and cognitive deterioration are characteristics of AD, a common
neurological illness. It is estimated that the disease will affect one in every 85 people worldwide and that
by 2050, 43 percent of those affected will require intensive care [35]. The pathogenicity of Alzheimer's
disease (AD) is multifactorial, involving vascular dysfunction, mitochondrial dysfunction due to
overproduction of reactive oxygen species (ROS), and a combination of genetic and environmental
factors. Some research has tried to explain the mechanism by which oxidative stress contributes to the
development of AD. In one study, it was shown that oxidative stress causes the conversion of soluble
amyloid into insoluble fibril form, which contributes to the progression of AD, and in another study, it
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was shown that oxidation of Tau proteins, one of the characteristic features of AD, by free radicals in
vitro may cause dimerisation and polymerisation of this protein [35-37].

Plants are a significant source of antioxidants, many of which are secondary metabolites like
polyphenols, flavonoids, and vitamins that exhibit strong antioxidant activities [31-32, 38] and the use of
plants as a source of natural antioxidants is as old as centuries. The aim of this study was to determine the
phenolic profile, antioxidant capacity and cholinesterase enzyme activity of chloroform and methanol
extracts prepared from two Satureja species that are widely used by people. The phenolic profile of the
extracts was analysed using LC/HRMS. The antioxidant capacity was determined using the DPPH and
CUPRAC methods. The AChE and BChE inhibition of the extracts was also determined.

2. Experimental

2.1. Chemicals

The comprehensive details on the origin and purity of the chemicals and reference materials utilized
in the investigation is given in the supporting information.

2.2. Plant Material

Satureja cuneifolia Ten. species was collected from Izmir, Odemis (TD. 5218) while Satureja
hortensis L. was collected from Erzincan, Ili¢ (TD. 5173) during the flowering period by Prof. Dr. Tuncay
Dirmenci (Balikesir University) in the year 2017.

The herbarium sample of this species was recorded and stored in Balikesir University Necatibey
Education Faculty Herbarium.

2.3. LC-HRMS Analysis

The LC-HRMS analysis was carried out by following our previous studies [38-40]. Secondary
metabolites of the Satureja species were determined by using liquid chromatography-high-resolution
mass spectrometry (LC-HRMS), which utilised an Orbitrap Q-Exactive mass spectrometer (Thermo
Fisher Scientific Inc., Waltham, MA, USA) coupled with a Troyasil (Istanbul, Turkey) C18 column (150
x 3 mm, 5 um particle size). The method validation parameters used in this study were specificity,
accuracy, precision, LOD and LOQ. The EURACHEM/CITAC guide and our previous studies were used
to evaluate sources and quantify results [41]. Further information on the procedures for evaluating
uncertainty can be found in the previous literature [38-44].

The specifity, linearity, accuracy, LOD and LOQ of the LC-HRMS method, uncertainty value of
measurement results is described in Table S1 in supporting information [38-45].

2.4. Antioxidant Activity

2.4.1. Cupric lons (Cu?*) Reducing Ability Assay (CUPRAC)

The Cupric lons (Cu?*) Reducing Ability Assay (CUPRAC) is a widely used colorimetric method
for evaluating the antioxidant capacity of various compounds. This assay measures the ability of
antioxidants to reduce cupric ions (Cu?*) to cuprous ions (Cu*), resulting in a colored complex, which
gives maximum absorbance at 450 nm, that can be quantified spectrophotometrically. To carry out this
experiment, 1 mL each of acetate buffer solution (1.0 M), neocuproine solution (7.5 mM) and CuCl.
solution (10 mM) were transferred to test tubes and mixed using a vortex mixer. Then, samples were
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added to the tubes at concentrations ranging from 15 to 45 pg/mL. The tubes were then filled to 1 mL
with distilled water. The samples were then maintained at 25 °C for 30 minutes and the absorbance was
recorded at 450 nm [3, 40, 44-46].

2.4.2. DPPH Radical Scavenging Assay

DPPH (2,2-diphenyl-1-picrylhydrazyl) free radical scavenging capacity is a widely used method
for evaluating antioxidant activity and is based on the principle of measuring antioxidant capacity through
the change in color of the purple DPPH solution as a result of DPPH reacting with free radicals at a certain
concentration. In this study the method was performed according to Blois method [47]. In summary, a
solution of DPPH at a concentration of 0.1 mM in methanol was prepared, and 160 mL of this solution
was added to 40 mL of sample solutions in methanol at different concentrations (10, 25, 50 and 100
mg/mL). These tubes were subjected to a 30-minute period of darkness. Subsequent to a period of 30
minutes, the measurements were conducted at 517 nm. In this study, the following compounds were
utilised as standards: butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT) and o-
tocopherol. The potential of the samples on DPPH was determined and compared to the standards [47,
48].

2.5. Acetylcholinesterase (AChE)/Butyrylcholinesterase (BChE) Inbitition Assay

In order to ascertain the anti-Alzheimer potential, the acetylcholinesterase and
butyrylcholinesterase enzyme inhibition values of the chloroform and methanol extracts of the species
were determined using a slightly modified spectrophotometric method that was developed by Ellman et
al. [49]. The following substances were utilised in the experiment: butrylcholine iodide and
acetylthiocholine iodide, which served as substrates, galanthamine, which was used as positive control,
and 5,5'-dithiobis(2-nitrobenzoic) acid (DTNB), which was used to measure anticholinesterase activity.
All other reagents, conditions and calculations are available in our previous publications [38, 40, 45, 49-
51].

2.6. Statistical Analyses

Triplicate analyses were averaged for the experiment. Data are presented as mean +
standard deviation. Variance ANOVA including one-way analysis was realized. Using Duncan's
multiple range tests, significant differences between means were noted. p< 0.05 was regarded as
significant, and p< 0.01 was very significant.

3. Results and discussion

3.1. LC-HRMS Analysis

Phenolics, the most abundant secondary metabolites of the plant kingdom, are ubiquitous in all
organs of the plant and are therefore an integral part of the human diet. These compounds demonstrate a
broad range of physiological properties, including anti-inflammatory, antimicrobial, antioxidant effects
[50]. In this study, in order to determine the main constituents of the chloroform and methanol extracts of
two Satureja species widely used by humans, pre-scan measurements were performed using a Thermo
Orbitrap Q-Exactive LC-HRMS system in full scan mode with ESI source. The main peaks observed as
a result of this procedure were compared with the available standards. It was then decided to validate the
method for the compounds listed in Table 1. The details of the method validation procedure are given in
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section 2.6 and the relevant data for the validation study are given in Supporting Information Table S1.

The identified compounds and their percentages are given in Table 1.

abundant phenolic compounds are given in Figure 1.

The quantitative analysis of secondary metabolites from all extracts was performed with the use
of thirty-two standards. This analysis resulted in the determination of thirty secondary metabolites.
because (-)-epicatechin and caffeic acid phenethyl ester could not be determined in any extract. It was
found that the methanol extracts of the plants contained more phenolic substances. This observation can
be explained by the fact that phenolic compounds and methanol have close polarity index values. All
extracts except chloroform extract of S. hortensis were rich in coumaric acids and derivatives (syringic
acid and rosmarinic acid) and flavones (hesperidin, naringenin, acacetin). The structures of the most

Table 1. The quantity of phenolic compounds determined in chloroform (CHCIs) and methanol (MeOH)

extracts of Satureja cuneifolia and Satureja hortensis (mg/kg extract) by LC/HRMS

Satureja cuneifolia Satureja hortensis U %
No  Compound CHCls MeOH CHCls MeOH  (k=2)
1 Ascorbic acid <LOD 1107.23 <LOD 354.82 11.07
2 Chlorogenic acid 6.16 301.34 <LOD 283.95 11.14
3 Fumaric acid 89.75 4157.77 472.36 9685.80 11.14
4 (-)-Epicatechin <LOD <LOD <LOD <LOD 11.91
5 (-)-Epicatechin gallate <LOD 2.39 <LOD 2.65 11.21
6 Verbascoside <LOD 14.18 <LOD 9.72 12.08
7 Orientin <LOD 47.99 <LOD 34.23 11.47
8 Caffeic acid 45.73 548.45 <LOD 231.83 11.07
9 (+)-trans taxifolin 125.88 507.83 <LOD 59.51 11.19
10 Luteolin-7-rutinoside 38.14 1220.02 <LOD 285.73 11.45
11 Vanilic acid 59.52 1037.91 <LOD 744.68 11.61
12 Naringin 4.72 81.75 29.45 51.37 12
13 Luteolin 7-glucoside 4.24 186.20 <LOD 153.88 11.29
14 Hesperidin 442.46 6074.31 702.00 9466.63 11.15
15 Syringic acid 926.44 55411.15 <LOD 44593.46 12.37
16 Rosmarinic acid 825.42 46045.31 264.55 37389.75 11.63
17 Hyperoside 14.12 327.15 17.45 306.04 11.5
18  Dihydrokaempferol 528.53 631.21 <LOD 69.89 11.35
19 Apigenin 7-glucoside <LOD 25.23 <LOD 37.10 11.9
20 Quercitrin 141 84.73 <LOD 81.69 11.69
21 Quercetin 6.78 143.42 <LOD 9.49 11.42
22 Salicylic acid 42.94 146.98 <LOD 49.47 11.4
23 Naringenin 3889.55 1841.13 316.36 1372.87 11.04
24 Luteolin 255.45 1011.25 <LOD 462.48 12.41
25 Nepetin <LOD 9.87 <LOD 5.58 11.24
26 Apigenin 236.72 222.94 <LOD 28.19 11.54
27 Hispidulin 416.67 264.63 16.36 29.34 11.23
28  Isosakuranetin 96.41 61.73 <LOD 0.52 11.48
29 Penduletin 739.72 189.27 96.00 <LOD 11.81
30 gsige'c asit phenethyl <LOD <LOD <LOD <LOD  11.38
31 Chrysin 5.54 2.99 3.82 1.15 11.09
32 Acacetin 811.58 412.35 333.82 124.43 11.36
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A total of thirty-two secondary metabolites were quantitatively determined from all extracts. The
first three components of the extracts for S. cuneifolia, which are high in amount, are as follows:
naringenin (3889.55 mg/kg extract), syringic acid (926.44 mg/kg extract) and rosmarinic acid (825.42
mg/kg extract) for extract CHCIs. Syringic acid (6074.31 mg/kg extract), rosmarinic acid (55411.15mg/kg
extract) and hesperidin (46045.31 mg/kg extract) for MeOH extract. In a previous study in which phenolic
analyses of methanol and water extracts were performed for this plant, similar to our study, methanol
extract was found to be richer in phenolic compounds, while rutin, kaempferol-3-O-rutinoside and fumaric
acid were determined as the first three components [3]. Sezer (2023) determined rutin trihydrate as the
main component in both methanol and ethanol extracts [22], while Koser et al. determined rosmarinic
acid as the main component by HPLC analysis of water extract [56].
Hesperidin (702.00 mg/kg extract), fumaric acid (472.36 mg/kg extract), and acacetin (333.82 mg/kg ext
ract) were the three most common chemicals found in the chloroform extract of S. hortensis. Following
this, it was determined that only ten of the thirty-two standard compounds that were studied existed
chloroform extracts. The main compounds found in the methanol extracts were characterized as syringic
acid (44593.46 mg/kg extract), rosmarinic acid (37389.75 mg/kg extract), fumaric acid (9685.80.46
mg/kg extract). A review of the extant literature reveals that essential oils and extracts of S. hortensis are
both abundant in polyphenols, including rosmarinic acid, caffeic acid, and flavonoids [8, 10-12, 14-186,
26-27]. It has been demonstrated that there is a correlation between the total phenolic content of S.
hortensis and its antioxidant activity. This finding suggests that the potential of the plant for use in
functional food applications may be enhanced [53-54].
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Figure 1. The most abundant phenolic compounds of S. cuneifolia and S. hortensis extracts

3.2. Bsological Activity

The antioxidant activities of the extracts were evaluated by DPPH free radical scavenging activity
and copper ion reducing antioxidant capacity method. To determine the DPPH free radical scavenging
activities, 10, 25, 50 and 100 pg/mL concentration series of the extracts were prepared, and a-tocopherol,
BHA and BHT were used as positive controls. a-Tocopherol was also used as a positive control in the
CUPRAC method. The result of DPPH (inhibition %) and CUPRAC (mmol TR/g) are given in Table 2
and Table 3, respectively.
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Phenolic compounds, which constitute the antioxidant potential of plants, have great structural
diversity and different chemical compositions among plant-derived metabolites. Thanks to this structural
diversity, they have the ability to prevent or inhibit the oxidation of various biomolecules in the
environment. Studies show that phenolic substances, thanks to the phenolic and polyphenolic groups in
their structures, can reduce oxidative stress by entering redox reactions that neutralise free radicals [54]
and thus prevent cellular damage [29]. It has been reported that rosmarinic acid, hesperidin and naringin
molecules, which are the main components of S. cuneifolia and S. hortensis, are highly active in terms of
antioxidant activity [45].

When the antioxidant capacities of the extracts were analysed, methanol extracts, which are
phenolic rich extracts of both plants, had higher activity values for DPPH, especially at 100 pg/mL
concentration. For S. cuneifolia, DPPH scavenging capacity of both chloroform and methanol extracts
were much better at all concentrations studied. According to the results of CUPRAC method, both
chloroform (0.50+ 0.02 mmol TR/g) and methanol extracts (0.51+ 0.07 mmol TR/g) of S. cuneifolia had
very high cupric ion reducing capacity. These results can be explained by the fact that S. cunefolia is
richer in both composition and amount when the phenolic contents of the plant extracts are analysed.
Research has demonstrated that extracts and essential oil of S. cuneifolia exhibits considerable antioxidant
capacity, effectively scavenging reactive oxygen species and protecting cells from oxidative damage [2-
3, 14-15, 22-25]. In one of the two studies on the phenolic content and activities of alcohol and water
extracts prepared from the plant, the main components were found to be cyanidin chloride, fumaric acid,
and chlorogenic acid. It was reported that the extract rich in phenolic compounds showed higher
antioxidant capacity and AChE and BChE enzyme inhibition was relatively good [2]. In the other study,
luteolin rutinoside and rosmarinic acid were identified as the more abundant components, and their
significant cytotoxic activity against A549 cells was demonstrated [3]. In the literature, when the studies
on the antioxidant capacity of S. hortensis species are examined, it is seen that the majority of the studies
are on the activity of the essential oil of the plant. In these studies, it was reported that the essential oil of
the species also showed a very high antioxidant capacity. Antioxidant capacity studies on the extracts
generally focused on radical scavenging activity and it is emphasized that the main reason for the
antioxidant capacity of this plant is due to the high content of rosmarinic acid [11-12, 26, 28, 53- 55].

Table 2. Inhibition % of the extracts and standards for DPPH- scavenging activity

10 pg/mL 25 pg/mL 50 pg/mL 100 pg/mL
Antioxidants MeOH CHCls MeOH CHCIs MeOH CHCIs MeOH CHClIs
Satureja hortensis 5.0 0.0 16.3 0.0 29.7 0.0 61.8 15
Satureja cuneifolia 12.6 4.3 18.3 6.5 44.7 114 71.1 14.2
Blank 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4
a-Tocopherol 63.0 60.1 85.9 86.4 86.2 87.5 86.1 87.0
BHA 82.1 82.1 85.8 85.8 86.3 86.3 86.7 86.7
BHT 40.8 40.8 59.3 59.3 65.1 65.1 79.0 79.0

*CHCI; chloroform; MeOH methanol.

Table 3. Cupric ions’ (Cu?*) reducing capacity of the extracts by CUPRAC method.
TEACcurrac (mmol TR/g)

Antioxidants MeOH CHCls

Satureja hortensis 0.41+0.02 0.30+£ 0.01
Satureja cuneifolia 0.51+ 0.07 0.50+ 0.02
Negative control 0.11+0.01 0.16+ 0.01
a-Tocopherol 0.95+0.14 0.95+ 0.06

In the treatment of AD, acetylcholinesterase inhibitor tablets which can have negative side effects,
are used. To avoid these side effects, natural chemicals with antioxidant and anticholinesterase properties
are preferred [56]. It has been suggested that antioxidants may play an important role as neuroprotective
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agents in the early stage of AD [57] and Satureja species are important sources of antioxidant phenolic
compounds. Therefore, it can be said that the antioxidant potential of Satureja species can be used to
prevent the development of Alzheimer's disease and neuronal degeneration [58-59].

Similar to the antioxidant capacity, when the cholinesterase enzyme inhibition capacities of the
extracts were examined, it was observed that S. cunefolia showed a relatively better inhibition for both
AChE and BChE enzymes, yet this potential was very low in comparison to galanthamine. The results of
inhibition values can be seen in Table 4.

There are two studies examining the inhibition effect of S.cuneifolia species on AChE and BChE
enzymes, one of which examined the inhibition capacities of essential oil [34] and the other of water and
methanol extracts [2]. Taslimi et al. (2020) reported that the inhibition value of the methanol extract
against BChE enzyme (ICso: 23.17 mg/mL) was remarkable [2], while Orhan et al. (2008) found that the
essential oil obtained from S. cuneifolia exhibited a very significant inhibitory activity against both
enzymes (AChE: 86.5%, BChE:98.4%) [34]. In the study investigating the inhibition of amyloid beta
protein, which has preventive and/or therapeutic potential for AD, it was emphasised that S. hortensis
showed a significant inhibition among the other Lamiaceae species studied (ECso: 0.049 + 0.056 mg/ml)
and rosmarinic acid isolated from the ethanol extract was the most important reason for this inhibition
[57].

Table 4. Acetylcholinesterase (AChE), and butyrylcholinesterase (BChE) enzymes’ inhibition
(%) of the extracts (mg/mL)

AChE BChE
(inhibition%) (inhibition%)
Sample Name MeOH CHCls MeOH CHCls
Satureja hortensis 25.3+2.4 19.3+2.8  1.1%0 4.8+2.9
Satureja cuneifolia 414421 225#31 2.0+1.1 30.5+1.9
Galantamine 96.8+1.3 83.3+0.7

This study is the first study in which the inhibition value of S. hortensis against AChE and BChE
enzymes was determined, and it was concluded that S. hortensis has inhibitory properties against the
AChE enzyme, albeit weakly. In the study in which the AChE enzyme inhibition effect and antioxidant
capacity of Lamiaceae species growing in Croatia were investigated, the inhibition values of the most
common hydroxycinnamic acid derivatives (such as caffeic, ferulic, p-coumaric and chlorogenic acid,
rosmarinic acid) were also examined, and it was shown that those rich in these components showed higher
inhibition and higher antioxidant capacity value [60]. In parallel with this study, more remarkable results
were obtained in our study in terms of both antioxidant and enzyme inhibition values of S. cuneifolia,
which contains more hydroxycinnamic acid derivatives (Table 1).

4. Conclusions

In conclusion, this study investigated the antioxidant and anti-Alzheimer's capacities of methanol
and chloroform extracts of two of the most widely used and traded Satureja species. Since it has been
reported in many studies that secondary metabolites, especially phenolic compounds, carried by plants
are mainly responsible for these two activities, the phenolic compound contents of these species were
analyzed by LC/HRMS. The method used for this analysis was validated and its parameters were
determined. Since methanol dissolves a wide range of bioactive substances, including phenolics,
flavonoids, alkaloids, and terpenoids, methanolic extracts of plants are extensively researched for their
antioxidant qualities. Medium- to low-polarity biocomponents can be extracted from plants using low-
polarity solvents such as petroleum ether and chloroform. It contains mostly fatty acids, some alkaloids,
phenolic derivatives, and terpenoids. For this reason, their activity results are not as high as polar extracts.
The high effectiveness of the chloroform extract in the activity results obtained in this study showed that
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the nonpolar components contained in this plant are also important. This is the first report for the phenolic
component analysis of chloroform extracts of the studied species and it was found that this extract was
richer in phenolic components, especially for S. cuneifolia species. For the methanol extracts, a more
detailed phenolic component determination was provided by using different standards in addition to the
components determined in previous studies. According to the results obtained, both extracts of S.
cuneifolia were found to be rich in phenolics, especially the potential BChE enzyme inhibition value and
cupric ion scavenging value of the chloroform extract were found to be remarkable. The anti-Alzheimer
capacity of S. hortensis was also determined for the first time against AChE and BChE enzymes. Both
species should continue to be used as rich phenolic sources and potential antioxidant support in our daily
diets. Especially the potential of S. cuneifolia against AD should be investigated in more detail, and studies
including isolation-structure-activity are necessary for both species, which are rich sources of phenolic
compounds.
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