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ABSTRACT

Myrtle (Myrtus communis L., Myrtaceae) is an aromatic Mediterranean shrub whose
leaves are a traditional source of polyphenols. In this study, forty hydroalcoholic tincture
extracts were prepared from fresh and dried myrtle leaves by combining two leaf
conditions, five plant-to-solvent ratios (1:4-1:8, w/v) and four ethanol concentrations
(20, 40, 60 and 80%, v/v) in order to evaluate how these factors govern extraction yield,
phenolic composition and biological activity. Extraction yield ranged from 3.76 to
19.86%, with dried leaves and higher solvent ratios generally giving higher yields. Six
phenolics were quantified by HPLC-DAD; epicatechin (up to 136.26 mg/g) and rutin (up

to 32.36 mg/g) were the dominant constituents, accompanied by gallic acid, catechin,
quercetin 3-O-galactoside and trace kaempferol. The extracts exhibited strong
antioxidant activity in the ABTS, DPPH and CUPRAC assays, with several extracts
being more potent than the reference antioxidants butylated hydroxytoluene (BHT) and
a-tocopherol (a-TOC), particularly in the ABTS and DPPH assays. In contrast, none of
the extracts showed appreciable inhibition of acetylcholinesterase (AChE),
butyrylcholinesterase (BChE), a-amylase or a-glucosidase (all ICso > 200 pug/mL). The
results indicate that hydroalcoholic tincture extracts of M. communis leaves, especially
those obtained from dried leaves at higher ethanol concentrations, are an efficient and
selective source of antioxidant polyphenols, while their cholinesterase- and
carbohydrate-hydrolysing-enzyme-inhibitory potential is negligible under the tested
conditions.

Hydroalcoholic tincture
Myrtus communis L.
Phenolic compounds

INTRODUCTION

Myrtle (Myrtus communis L.) is an evergreen aromatic shrub of the family Myrtaceae that grows spontaneously throughout
the Mediterranean basin, including the coastal and inland regions of Tiirkiye, where it is commonly known as “mersin”
(Kafkas et al., 2013; Yasa et al., 2023; Hazar et al., 2026). Different parts of the plant-leaves, berries, flowers and the
essential oil-have a long history of use in traditional and Unani medicine for the treatment of gastrointestinal disorders,
diarrhoea, inflammation, diabetes, pulmonary and skin diseases, and the leaves and berries are also used to flavour food and
to produce liqueurs (Aidi Wannes et al., 2010; Sisay & Gashaw, 2017). These traditional applications are increasingly
supported by pharmacological studies reporting antimicrobial, antioxidant, anti-inflammatory, antidiabetic and anticancer
activities for myrtle preparations (Sisay & Gashaw, 2017).

The biological activities of M. communis leaves are largely attributed to their rich phenolic fraction, which comprises
hydrolysable tannins (gallotannins), phenolic acids such as gallic acid, flavan-3-ols including catechin and epicatechin, and
flavonol glycosides such as the myricetin and quercetin derivatives (Aidi Wannes et al., 2010; Benchikh et al., 2018). Several
authors have shown that myrtle leaf extracts possess higher total phenolic contents and antioxidant capacities than extracts
of berries, stems or flowers, and that the leaf extracts can match or exceed the radical-scavenging activity of synthetic
antioxidants such as BHT (Aidi Wannes et al., 2010; Snoussi et al., 2021).

The recovery and the qualitative profile of these phenolics depend strongly on the extraction conditions. The physical state
of the raw material (fresh versus dried), the plant-to-solvent ratio and, in particular, the proportion of water and ethanol in
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hydroalcoholic mixtures determine the polarity of the solvent system and therefore the selectivity and efficiency of extraction
(Elboughdiri, 2018; Snoussi et al., 2021). Hydroalcoholic tinctures are a simple, food-compatible and widely used
preparation form, yet the combined influence of leaf condition, solvent ratio and ethanol concentration on the yield, phenolic
profile and bioactivity of M. communis leaf tinctures has rarely been examined systematically within a single experimental
design.

Beyond their antioxidant role, plant phenolics are frequently screened as inhibitors of physiologically relevant enzymes.
Inhibition of AChE and BChE is a strategy in the symptomatic management of Alzheimer-type dementia, whereas inhibition
of the carbohydrate-hydrolysing enzymes a-amylase and a-glucosidase is used to control postprandial hyperglycaemia in
type-2 diabetes (Kim et al., 2000; Bounaas et al., 2025). For M. communis the reported enzyme-inhibitory data are not
consistent: some studies describe pronounced anticholinesterase and antidiabetic effects for methanolic or defatted apolar
fractions, while polar hydroalcoholic extracts often show weak activity, suggesting that the responsible constituents are
extracted only under specific solvent conditions (Bounaas et al., 2025).

Within this context, the present work was designed to (i) prepare a matrix of forty hydroalcoholic tincture extracts from fresh
and dried M. communis leaves using five plant-to-solvent ratios and four ethanol concentrations, (ii) determine the extraction
yield and the HPLC-DAD phenolic profile of each extract, and (iii) evaluate their in vitro antioxidant capacity (ABTS, DPPH
and CUPRAC) and their inhibitory activity towards AChE, BChE, a-amylase and a-glucosidase. The aim was to identify
the extraction conditions that maximise the recovery of antioxidant polyphenols and to clarify the selectivity of myrtle leaf
tinctures between antioxidant and enzyme-inhibitory functions.

MATERIALS AND METHODS

Plant material and chemicals

Leaves of M. communis L (Herbarium Number: AMYO 624). were collected, cleaned and divided into two portions. One
portion was used fresh, while the other was dried before extraction. All solvents and reagents were of analytical or
chromatographic grade. The phenolic standards (gallic acid, catechin, epicatechin, rutin, quercetin 3-O-galactoside and
kaempferol), 2,2-diphenyl-1-picrylhydrazyl (DPPH), 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS),
neocuproine, the reference antioxidants BHT and a-TOC, the enzymes AChE, BChE, a-amylase and a-glucosidase) with
their substrates, and the reference inhibitors galantamine and acarbose, were obtained from commercial suppliers.

Preparation of hydroalcoholic tincture extracts and yield determination

Hydroalcoholic tincture extracts were prepared from both fresh (McF) and dried (McD) leaves. For each leaf condition, the
extraction was carried out at five plant-to-solvent ratios (1:4, 1:5, 1:6, 1:7 and 1:8, w/v) and four ethanol-water
concentrations (20, 40, 60 and 80%, v/v), giving 2 x 5 x 4 = 40 extracts. Each extract was coded according to leaf condition,
ratio and ethanol concentration (e.g., “McF 1:4.20” denotes the fresh-leaf extract obtained at a 1:4 ratio with 20% ethanol).
After maceration, the extracts were filtered and the solvent was removed; the dry extract obtained from a fixed 5 g amount
of leaf material was weighed and the extraction yield was calculated as:

Yield (%) = (mass of dry extract / mass of leaf material) x 100.
HPLC-DAD analysis of phenolic compounds

The phenolic composition of the extracts was determined by high-performance liquid chromatography with diode-array
detection (HPLC-DAD) following the validated method of Tokul-Olmez et al. (2020). Separation was performed on an
Inertsil ODS-3 column (4 pm, 4 mm X 150 mm) using a mobile phase of 0.1% acetic acid and methanol under gradient
elution, at a flow rate of 1 mL/min and a detection wavelength of 254 nm. Compounds were identified by comparison of
retention times with authentic standards and quantified using external calibration curves; the regression equations,
coefficients of determination (R?), linear ranges, limits of detection (LOD) and quantification (LOQ), recoveries and within-
day relative standard deviations (RSD) are given in Table 1. Results are expressed as mg per g of extract.

Table 1. Retention times, calibration curves, coefficients of determination (R?), linearity ranges, LOD, LOQ and recoveries
of the phenolic standards at 254 nm.

Compound RT Calibration R? Linear range  Ama LOD LOQ Recover RSD
(min) equation (ng/mL) (nm) (pg/mL) (pg/mL) y (%) (%)
Gallic acid 5.225 y = 45540x — 84708 0.9995  5.00-62.5 254 4.64 14.06 108.00 2.35
Catechin 0.274 y=2611.2x+74392  0.9998  3.80-1950 254 1.20 3.63 96.14 3.78
Epicatechin 5.278 y=2097.6x +7998.2  0.9999  3.9-500 254 0.95 2.86 101.25 4.00
Rutin 7.527 y =47899x + 56096 0.9995  0.46-235 254 0.43 1.29 99.28 3.01
Quercetin 3-0- g6r  y—68024x+79023  0.9999  1.56-100 254 1.01 3.06 98.57 1.87
galactoside
Kaempferol 2.485 y =92669x + 58328 0.9995  0.50-200 254 0.50 1.53 97.73 1.02

RT: retention time; LOD: limit of detection; LOQ: limit of quantification; RSD: within-day relative standard deviation (n = 7). Individual HPLC-DAD
chromatograms of the 40 extracts are presented in Supplementary Figures S1-S40.
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In vitro antioxidant activity

All measurements were carried out in triplicate on a 96-well microplate reader (SpectraMax 340PC384, Molecular Devices,
USA), using dimethyl sulfoxide (DMSO) as the negative control. For each assay the sample concentration providing 50%
activity (ICso), or 0.5 absorbance (Ao.s) for the CUPRAC assay, was calculated from the dose—response curve constructed
over the concentration range 6.25-400 pug/mL. BHT and a-TOC were used as reference antioxidants.

DPPH radical scavenging activity

The DPPH assay was performed according to Blois (1958) with slight modifications. A volume of 160 puL of 0.004% DPPH
in ethanol was mixed with 40 pL of extract at different concentrations, and the absorbance was measured at 517 nm after 30
min of incubation in the dark.

ABTS radical cation scavenging activity

The ABTS assay was carried out according to Re ef al. (1999) with modifications (Sicak et al., 2021). The ABTS radical
cation was generated by reacting 7 mM ABTS with 2.45 mM potassium persulfate and storing the mixture in the dark at
room temperature for 12 h; it was then diluted with ethanol to an absorbance of 0.700 + 0.025 at 734 nm. A volume of 160
pL of this solution was mixed with 40 pL of extract, and the absorbance was read at 734 nm after 10 min.

Cupric reducing antioxidant capacity (CUPRAC)

The CUPRAC assay was performed according to Apak et al. (2004). To each well, 50 pL of 10 mM Cu(II), 50 puL of 7.5
mM neocuproine and 60 pL of 1 M ammonium acetate buffer (pH 7.0) were added, followed by 40 pL of extract at various
concentrations. After 1 h of incubation, the absorbance was recorded at 450 nm.

In vitro enzyme inhibitory activities
Anticholinesterase activity

Inhibition of acetylcholinesterase (AChE; EC 3.1.1.7) and butyrylcholinesterase (BChE; EC 3.1.1.8) was determined
spectrophotometrically by the method of Ellman et al. (1961), using acetylthiocholine iodide and butyrylthiocholine chloride
as substrates and 5,5'-dithiobis(2-nitrobenzoic acid) (DTNB) as the chromogen; the absorbance was measured at 412 nm.
Galantamine was used as the reference inhibitor.

a-Amylase inhibitory activity

Inhibition of a-amylase was assayed according to Quan et al. (2019). Sample solutions were pre-incubated with a-amylase,
after which starch solution was added; the reaction was stopped with HCI and developed with Lugol’s solution, and the
absorbance was read at 565 nm.

a-Glucosidase inhibitory activity

Inhibition of a-glucosidase was determined according to Kim et al. (2000), using p-nitrophenyl-a-D-glucopyranoside
(PNPQG) as the substrate. After incubation, the reaction was stopped with sodium carbonate, and the absorbance was recorded
at 400 nm. Acarbose was used as the reference inhibitor for both antidiabetic assays. As for the antioxidant assays, ICso
values were obtained from dose—response curves over the range 6.25-200 pg/mL.

Statistical analysis

Antioxidant and enzyme inhibitory assays were performed in triplicate, and the results are expressed as mean + standard
error of the mean (SEM). Extraction yield and HPLC-DAD analyses were performed on single extract preparations generated
under each extraction condition; therefore, these data are presented as single values. Statistical significance (p < 0.05) was
applied only to the biological activity assays.

RESULTS AND DISCUSSION

Extraction yield

The extraction yields of the forty hydroalcoholic tincture extracts are summarized in Table 2. Yields ranged from 3.76%
(McD 1:4.80) to 19.86% (McD 1:8.60), confirming that leaf condition, plant-to-solvent ratio and ethanol concentration all
influenced the amount of extractable material. For the fresh leaves, yields increased fairly consistently with both the solvent
ratio and the ethanol concentration, rising from 4.50% (McF 1:4.20) to 11.44% (McF 1:8.80); the highest fresh-leaf yields
were obtained at 80% ethanol. For the dried leaves, the yields were on average higher and the highest values were recorded
at the larger solvent ratios (1:7 and 1:8), reaching 16-20%. This behaviour is consistent with mass-transfer principles,
whereby a higher solvent-to-solid ratio increases the concentration gradient that drives the diffusion of soluble compounds
out of the plant matrix (Elboughdiri, 2018).

The generally higher yields obtained from dried leaves can be attributed to the disruption of cellular structure during drying,
which facilitates solvent penetration and the release of intracellular solutes. A comparable enhancement of phenolic
extractability after appropriate drying of M. communis leaves has been reported by Snoussi ef al. (2021), who observed that
moderate thermal treatment increased the recovered amounts of total phenols, flavonoids and proanthocyanidins relative to
untreated material, whereas excessively high drying temperatures (>100 °C) reduced them. The variability observed among

675



Yunus Cetintas Int. J. Agric. Environ. Food Sci. 2026; 10(3): 673—681

the dried-leaf extracts at different ethanol concentrations is in line with the general observation that the optimal ethanol
proportion is matrix-dependent and reflects a balance between the solubility of the more polar and the less polar phenolics
(Elboughdiri, 2018; Snoussi et al., 2021).

Table 2. Experimental design and extraction yield of M. communis leaf hydroalcoholic tinctures (5.0 g leaf material per
extract).

Code Extract name Leaf Ratio (w/v) Ethanol (%, v/v) Yield (%)
1 MCcF 1:4.20 Fresh 1:4 20 4.50
2 MCcF 1:4.40 Fresh 1:4 40 4.80
3 MCcF 1:4.60 Fresh 1:4 60 5.82
4 MCcF 1:4.80 Fresh 1:4 80 7.06
5 MCcF 1:5.20 Fresh 1:5 20 5.61
6 MCcF 1:5.40 Fresh 1:5 40 5.49
7 MCcF 1:5.60 Fresh 1:5 60 6.87
8 MCcF 1:5.80 Fresh 1:5 80 8.28
9 MCcF 1:6.20 Fresh 1:6 20 6.04
10 MCcF 1:6.40 Fresh 1:6 40 6.56
11 MCcF 1:6.60 Fresh 1:6 60 8.09
12 MCcF 1:6.80 Fresh 1:6 80 9.65
13 MCcF 1:7.20 Fresh 1:7 20 6.54
14 MCcF 1:7.40 Fresh 1:7 40 6.94
15 MCcF 1:7.60 Fresh 1.7 60 8.71
16 MCcF 1:7.80 Fresh 1:7 80 10.79
17 MCcF 1:8.20 Fresh 1:8 20 7.12
18 MCcF 1:8.40 Fresh 1:8 40 6.72
19 MCcF 1:8.60 Fresh 1:8 60 9.36
20 MCcF 1:8.80 Fresh 1:8 80 11.44
21 McD 1:4.20 Dried 1:4 20 9.03
22 McD 1:4.40 Dried 1:4 40 7.39
23 McD 1:4.60 Dried 1:4 60 5.83
24 McD 1:4.80 Dried 1:4 80 3.76
25 McD 1:5.20 Dried 1:5 20 11.60
26 McD 1:5.40 Dried 1:5 40 11.71
27 McD 1:5.60 Dried 1:5 60 9.89
28 McD 1:5.80 Dried 1:5 80 9.09
29 McD 1:6.20 Dried 1:6 20 8.20
30 McD 1:6.40 Dried 1:6 40 12.76
31 McD 1:6.60 Dried 1:6 60 12.23
32 McD 1:6.80 Dried 1:6 80 8.88
33 McD 1:7.20 Dried 1:7 20 16.22
34 McD 1:7.40 Dried 1:7 40 18.13
35 McD 1:7.60 Dried 1:7 60 14.57
36 McD 1:7.80 Dried 1:7 80 13.42
37 McD 1:8.20 Dried 1:8 20 15.14
38 McD 1:8.40 Dried 1:8 40 18.23
39 McD 1:8.60 Dried 1:8 60 19.86
40 McD 1:8.80 Dried 1:8 80 15.28

Codes 1-20: fresh leaves (McF); codes 21-40: dried leaves (McD). Yield (%) = mass of dry extract / mass of leaf material x 100.
Phenolic composition

Six phenolic compounds (gallic acid, catechin, epicatechin, rutin, quercetin 3-O-galactoside and kaempferol) were quantified
by HPLC-DAD (Table 3); the calibration and validation parameters of the method are given in Table 1. The R? values of all
calibration curves exceeded 0.999, and recoveries ranged from 96.1 to 108.0%, confirming the suitability of the method for
quantification. Epicatechin was by far the most abundant compound, reaching 136.26 mg/g in McD 1:7.80, followed by rutin
(up to 32.36 mg/g) and catechin, while gallic acid and quercetin 3-O-galactoside were present at lower levels; kaempferol
occurred only in trace amounts in some fresh-leaf extracts. The predominance of flavan-3-ols (catechin and epicatechin) and
the flavonol glycoside rutin is in agreement with previous characterizations of myrtle leaf phenolics, in which catechin and
gallic-acid-derived structures are consistently reported among the major constituents (Aidi Wannes et al., 2010; Bounaas et
al., 2025).

A clear effect of ethanol concentration on the phenolic profile was evident, particularly for epicatechin. In the fresh-leaf
extracts obtained at 20% and 40% ethanol, epicatechin was not detected, whereas it appeared and increased markedly at 60%
and 80% ethanol; the same trend was reflected in the catechin contents. This indicates that the recovery of the moderately
lipophilic flavan-3-ols requires a higher proportion of ethanol in the solvent system, in accordance with the principle that
solvent polarity must be matched to the polarity of the target compounds to maximize their solubility (Elboughdiri, 2018).
In contrast, the more polar gallic acid and rutin were extracted across the whole range of ethanol concentrations. The dried-
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leaf extracts contained measurable epicatechin under all conditions and generally showed the highest contents of catechin,
epicatechin and rutin, which is consistent with their higher extraction yields and supports the conclusion that drying improves
the accessibility of these compounds.

Overall, catechin contents varied according to leaf processing and extraction conditions, with the dried-leaf extracts generally
exhibiting higher concentrations than the corresponding fresh-leaf extracts. Together with epicatechin and rutin, catechin
contributed substantially to the phenolic profile of M. communis leaf tinctures, supporting the influence of ethanol
concentration and drying on flavan-3-ol extraction efficiency (Table 3).

Table 3. Phenolic composition of M. communis leaf tincture extracts determined by HPLC-DAD (mg/g extract).

Code Extract name Ga}lllc Catechin  Epicatechin Rutin Quercetfn 3-0- Kaempferol
acid galactoside
1 MCcF 1:4.20 0.40 tr - 0.34 0.94 —
2 MCcF 1:4.40 0.32 tr - 6.96 2.93 -
3 MCcF 1:4.60 1.27 tr 47.54 19.06 3.92 tr
4 McF 1:4.80 2.14 9.83 105.62 24.22 3.39 tr
5 MCcF 1:5.20 0.34 tr - 2.12 1.34 -
6 MCcF 1:5.40 0.64 tr — 10.57 2.95 -
7 MCcF 1:5.60 1.41 7.48 75.47 20.82 3.18 tr
8 MCcF 1:5.80 2.12 28.90 103.66 23.49 2.89 tr
9 MCcF 1:6.20 0.36 tr - 3.94 1.21 -
10 MCcF 1:6.40 0.75 tr - 9.03 2.73 -
11 MCcF 1:6.60 1.14 7.90 93.38 17.36 2.99 tr
12 MCcF 1:6.80 2.11 5.15 97.58 23.04 2.81 tr
13 MCcF 1:7.20 1.54 tr - 3.20 1.31 -
14 MCcF 1:7.40 1.10 0.84 - 11.75 2.05 -
15 MCcF 1:7.60 1.39 2.10 54.50 18.67 3.20 tr
16 MCcF 1:7.80 2.25 6.75 104.92 24.17 2.93 tr
17 MCcF 1:8.20 1.58 tr - 2.77 1.46 -
18 MCcF 1:8.40 1.10 0.12 - 15.27 2.56 -
19 MCcF 1:8.60 1.55 1.23 53.75 19.71 3.33 tr
20 MCcF 1:8.80 2.49 27.25 12.63 26.62 291 tr
21 McD 1:4.20 3.22 2.63 63.90 15.74 1.66 -
22 McD 1:4.40 1.23 5.59 62.73 19.04 2.24 -
23 McD 1:4.60 2.32 8.91 92.80 24.02 3.02 -
24 McD 1:4.80 3.11 9.77 136.26 30.04 3.42 -
25 McD 1:5.20 3.36 18.32 66.94 15.06 1.60 —
26 McD 1:5.40 0.81 4.51 59.07 17.07 2.27 -
27 McD 1:5.60 2.18 8.62 76.05 23.20 2.90 -
28 McD 1:5.80 2.69 3.47 128.52 27.19 3.06 -
29 McD 1:6.20 1.08 342 67.73 9.05 1.55 -
30 McD 1:6.40 1.20 22.36 66.55 19.07 3.03 -
31 McD 1:6.60 2.67 32.26 78.96 23.57 0.29 —
32 McD 1:6.80 342 24.53 132.82 32.36 3.46 -
33 McD 1:7.20 2.40 12.91 65.76 12.93 1.80 -
34 McD 1:7.40 2.59 7.25 87.12 20.30 2.90 -
35 McD 1:7.60 2.69 10.60 97.17 23.50 3.03 -
36 McD 1:7.80 3.20 20.01 124.30 29.78 3.54 -
37 McD 1:8.20 343 22.78 70.64 16.36 2.02 -
38 McD 1:8.40 2.79 6.95 89.19 20.10 3.30 -
39 McD 1:8.60 2.78 9.74 78.00 22.09 3.28 -
40 McD 1:8.80 3.22 6.59 98.61 29.30 4.33 -

tr: trace amount; —: not detected.
Antioxidant activity

The antioxidant activity of the extracts, evaluated by three complementary assays (ABTS, DPPH and CUPRAC), is presented
in Table 4. The extracts displayed strong activity in all three assays. In the ABTS assay the ICsg values of the extracts (0.01-
3.33 ug/mL) were markedly lower (i.e. the activity was higher) than those of the reference antioxidants BHT (32.84) and a-
TOC (37.44), with the dried-leaf extracts being especially potent. In the DPPH assay the ICso values ranged from 5.90 to
25.74 ng/mL; most extracts, and in particular the dried-leaf extracts, were more active than a-TOC (28.24) and comparable
to or more active than BHT (20.45). In the CUPRAC assay the Ags values of the extracts (7.50-24.19 pg/mL) indicated a
high cupric-reducing capacity, of the same order as BHT (8.36) and superior to a-TOC (39.81).

The observation that myrtle leaf extracts can scavenge radicals more effectively than BHT is in agreement with Snoussi et
al. (2021), who reported that ethanolic extracts of M. communis leaves exhibited greater DPPH-scavenging activity than
BHT, and with Benchikh et al. (2018) and Aidi Wannes et al. (2010), who attributed the strong antioxidant capacity of
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myrtle leaves to their high polyphenol content. Across the present data set, the extracts richest in flavan-3-ols and flavonols-
namely the dried-leaf extracts and the fresh-leaf extracts obtained at 60-80% ethanol-were also the most active, which is
consistent with the well-established positive correlation between phenolic content and radical-scavenging capacity in myrtle
and other plant extracts (Snoussi et al., 2021).

From a mechanistic standpoint, the high activity of these extracts can be related to the structural features of their dominant
phenolics. Flavan-3-ols such as catechin and epicatechin possess an ortho-dihydroxy (catechol) B-ring and multiple phenolic
hydroxyl groups that favour both hydrogen-atom transfer and single-electron transfer, the two mechanisms underlying the
DPPH/ABTS and CUPRAC responses, respectively (Rice-Evans et al., 1996). Rutin, although a glycoside, retains the
catechol B-ring of quercetin and is an effective radical scavenger, while gallic acid contributes a highly reactive
trihydroxylated (galloyl) moiety. The combination of these structures accounts for the broad and potent antioxidant response
observed, and the particularly low ABTS ICsovalues are in line with reports that flavan-3-ols are especially efficient towards
the ABTS radical cation (Rice-Evans et al., 1996).

Table 4. Antioxidant activities of M. communis leaf tincture extracts.

Code Extract name  ABTS" (ICso, ng/mL) DPPH" (ICs0, pg/mL) CUPRAC (Aos, ng/mL)
1 MCcF 1:4.20 3.33+0.03 25.74+0.30 18.28+0.03
2 MCcF 1:4.40 2.274+0.01 13.99+0.32 23.06+0.33
3 MCcF 1:4.60 0.91+0.02 8.60+0.23 15.71£0.29
4 MCcF 1:4.80 0.16£0.01 7.12+0.01 13.32+0.24
5 MCcF 1:5.20 2.79+0.01 17.61+0.51 17.09+0.55
6 MCcF 1:5.40 1.95+0.01 11.71+0.22 24.19+0.26
7 MCcF 1:5.60 0.77+0.01 7.72+0.13 17.22+0.46
8 MCcF 1:5.80 0.524+0.01 7.34+0.12 11.24+0.22
9 MCcF 1:6.20 2.63+0.04 14.71£0.14 20.57+0.32
10 MCcF 1:6.40 2.01+0.02 11.99+0.36 15.65+0.04
11 MCcF 1:6.60 0.82+0.03 7.75+0.18 14.92+0.45
12 MCcF 1:6.80 0.18+0.01 6.45+0.03 10.36+0.18
13 MCcF 1:7.20 2.59+0.00 14.41+0.36 18.28+0.24
14 MCcF 1:7.40 1.80+0.02 10.45+0.30 18.71+0.41
15 MCcF 1:7.60 1.02+0.04 8.77+0.15 15.10+0.28
16 MCcF 1:7.80 0.37+0.01 6.28+0.06 11.54+0.20
17 MCcF 1:8.20 2.87+0.01 17.08+0.47 13.59+0.35
18 MCcF 1:8.40 1.50+0.02 8.23+0.18 18.78+0.10
19 MCcF 1:8.60 0.80+0.01 7.75+£0.21 11.01+0.12
20 MCcF 1:8.80 0.72+0.01 7.12+0.13 15.00+0.18
21 McD 1:4.20 0.70+0.00 7.88+0.06 15.38+0.08
22 McD 1:4.40 0.24+0.01 5.94+0.17 12.40+0.16
23 McD 1:4.60 0.19+0.01 5.90+0.12 10.73+£0.14
24 McD 1:4.80 0.51+0.01 6.82+0.21 11.08+0.12
25 McD 1:5.20 0.76+0.01 6.88+0.08 9.63+0.12
26 McD 1:5.40 0.47+0.01 7.04+0.10 9.37+0.13
27 McD 1:5.60 0.59+0.01 6.27+0.08 11.96+0.13
28 McD 1:5.80 0.73+0.01 7.93+0.18 12.20+0.05
29 McD 1:6.20 0.95+0.02 9.01+0.13 17.92+0.28
30 McD 1:6.40 0.02+0.00 6.84+0.12 11.81+0.33
31 McD 1:6.60 0.11£0.00 6.02+0.12 12.50+0.51
32 McD 1:6.80 0.7940.00 7.98+0.19 12.29+0.11
33 McD 1:7.20 0.71£0.02 7.71£0.21 17.04+0.14
34 McD 1:7.40 0.61+0.01 6.73£0.09 9.92+0.10
35 McD 1:7.60 0.04+0.00 6.44+0.06 14.47+0.29
36 McD 1:7.80 0.63+0.01 7.67+0.10 10.73+£0.16
37 McD 1:8.20 0.52+0.01 7.49+0.07 14.30+0.24
38 McD 1:8.40 0.01+0.00 6.55+0.12 7.50+0.09
39 McD 1:8.60 0.30+0.01 6.52+0.13 10.30+0.16
40 McD 1:8.80 0.52+0.01 7.61+0.22 10.10£0.25
Standard BHT 32.84+0.64 20.45+0.38 8.36+0.26
Standard o-TOC 37.44+0.75 28.24+0.52 39.81+0.39

Values are mean = SEM of three measurements; p < 0.05. BHT and a-tocopherol (a-TOC) are reference antioxidants. Concentration range tested: 6.25—
400 pg/mL. For the reference compounds the original values were tabulated in pg/mL.

However, the extracts with the highest cumulative content of the six quantified phenolic compounds (e.g. McD 1:6.80,
196.59 mg/g, Table 3) were not the extracts exhibiting the strongest overall activity across all three assays (ABTS, DPPH,
and CUPRAC). Indeed, the extracts showing the strongest combined activity - McD 1:8.40 (ABTS ICsy: 0.01 ug/mL, DPPH
ICso: 6.55 pg/mL, CUPRAC Ags: 7.50 ug/mL), McD 1:4.60 (ABTS ICso: 0.19 ug/mL, DPPH ICsy: 5.90 pg/mL, CUPRAC
Ags: 10.73 pg/mL), and McD 1:8.60 (ABTS ICsp: 0.30 pg/mL, DPPH ICsp: 6.52 ng/mL, CUPRAC Ays: 10.30 pg/mL) -
reached only 122.33, 131.07, and 115.89 mg/g in cumulative quantified phenolic content, respectively, clearly trailing the
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extracts with the highest phenolic totals. This indicates that antioxidant capacity is not directly proportional to the total
content of the quantified phenolic compounds alone. A similar observation has been reported for mulberry leaf tinctures,
where the extract with the highest quantified content of major phenolic acids (chlorogenic and caffeic acid) did not exhibit
the strongest enzyme inhibitory activity, suggesting that biological activity may be governed by the overall phytochemical
matrix of the extract rather than the absolute abundance of the targeted compounds alone (Cetintas, 2025).

Enzyme inhibitory activities

In contrast to their pronounced antioxidant activity, none of the forty extracts showed appreciable inhibition of the tested
enzymes: the ICso values for acetylcholinesterase, butyrylcholinesterase, a-amylase and a-glucosidase were all above 200
pg/mL, the highest concentration tested (Table 5). Under the same conditions the reference inhibitors were active, with
galantamine giving I1Csy values of 7.25 ug/mL (AChE) and 54.83 ug/mL (BChE) and acarbose giving 76.05 pg/mL (a-
amylase) and 93.18 pg/mL (o-glucosidase). The extracts can therefore be regarded as essentially inactive towards these
enzymes within the studied concentration range.

This lack of activity is noteworthy because some previous studies have reported measurable anticholinesterase and
antidiabetic effects for M. communis leaf preparations. Bounaas et al. (2025), for example, found that a hydromethanolic
extract of myrtle leaves inhibited AChE, BChE, a-amylase and a-glucosidase with ICsg values in the low pg/mL range. The
discrepancy with the present results most likely reflects differences in the extracted constituents. The hydroalcoholic
(ethanol-water) tinctures used here efficiently recover flavan-3-ols, flavonol glycosides and free phenolic acids, which are
strong antioxidants but only modest inhibitors of these enzymes, whereas the apolar and tannin-rich constituents that are
more commonly associated with carbohydrate-hydrolysing-enzyme and cholinesterase inhibition such as
hydrolysable/condensed tannins and triterpenoid or phloroglucinol derivatives are preferentially extracted by methanol or
by less-polar solvents and may be poorly represented in ethanol-water tinctures. Differences in plant origin, dose range and
assay format are additional contributing factors.

From an applied perspective, this selectivity is informative rather than disadvantageous: the studied tinctures behave as
efficient, food-compatible antioxidant preparations with a low likelihood of interfering with digestive carbohydrate
metabolism, which is a desirable profile for use as natural antioxidants in food and cosmetic formulations. Where
anticholinesterase or antidiabetic activity is the objective, the present data suggest that alternative solvents or fractionation
strategies targeting the apolar and tannin-rich fractions of myrtle leaves would be required.

Table 5. Enzyme inhibitory activities of M. communis leaf tincture extracts and reference inhibitors (ICso, pg/mL).

Sample AChE BChE o-Amylase 0-Glucosidase
All extracts (McF and McD, codes 1-40) >200 >200 >200 >200
Galantamine 7.25+0.36 54.83+1.74 NT NT

Acarbose NT NT 76.05+1.67 93.18+1.92

Values are mean = SEM of three measurements; p < 0.05. NT: not tested. Concentration range tested: 6.25-200 pg/mL. All 40 extracts gave ICsy > 200
(highest concentration tested). Reference-inhibitor values are as supplied (pg/mL).

A limitation of the present study is that extraction yield and HPLC-DAD determinations were based on single extract
preparations for each extraction condition. Consequently, statistical comparisons among extraction parameters for these
datasets were not performed, and the reported values should be interpreted descriptively. Future studies including
independent extraction replicates would enable a more robust factorial statistical evaluation of the extraction process.

CONCLUSION

Forty hydroalcoholic tincture extracts of fresh and dried M. communis leaves were prepared and characterized in terms of
extraction yield, phenolic composition and in vitro bioactivity. Leaf condition, plant-to-solvent ratio and ethanol
concentration jointly governed both the yield and the phenolic profile: dried leaves and higher solvent ratios increased the
yield, while higher ethanol concentrations were required to recover the dominant flavan-3-ols catechin and epicatechin. The
extracts were potent antioxidants in the ABTS, DPPH and CUPRAC assays, with several extracts especially those from
dried leaves and from fresh leaves extracted at 60-80% ethanol exceeding the reference antioxidants BHT and a-TOC, in
line with their high contents of epicatechin, rutin and gallic acid. At the same time, the extracts were essentially inactive
against AChE, BChE, a-amylase and a-glucosidase (ICso > 200 pg/mL), indicating a clear functional selectivity towards
antioxidant rather than enzyme-inhibitory activity. Overall, dried M. communis leaves extracted with 60-80% ethanol at a
high solvent ratio represent the most efficient conditions for obtaining antioxidant-rich myrtle tinctures suitable for food and
related applications.
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