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Abstract. The use of plants has been increasing by the presence of bioactives,
which is an opportunity in the creation of products such as medicines, food and
cosmetics. Taraxacum officinale (Dandelion) and Melissa officinalis (Toronjil), are
cosmopolitan species with great therapeutic potential, traditionally used for their
anti-inflammatory, antioxidant and antimicrobial activity. Therefore, this research
evaluates the antimicrobial activity of the methanol extracts of Taraxacum offic-
inale and Melissa officinalis on Staphylococcus aureus using in vitro tests. Ana-
lyzes of secondary metabolites were performed by phytochemical screening tests,
as well as the identification of possible compounds responsible for antimicrobial
activity using the Bioautography technique. The phenolic compounds were quan-
tified by the Folin-Ciocalteu assay, and the antimicrobial capacity of the extracts
was evaluated by the Kirby-Bauer method. Phytochemical screening revealed the
presence of alkaloids, flavonoids, saponins, phenols and tannins in both extracts.
Using Bioautography, potentially inhibitory metabolites were identified, including
chlorogenic acid (Rf 0.45), taraxasterol (Rf 0.65), caffeic acid (Rf 0.87), geraniol
(Rf 0.2), citral (0.42) and citronellal (0.8). In addition, a greater number of phe-
nolic compounds (112.20 4 10.13 mg EAG/g MS) was observed in the extract
of Melissa officinalis, while the extract of Taraxacum officinale showed a greater
bacterial inhibition capacity, reaching 65.49%.
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1 Introduction

Plants with healing properties and their derived products have been commonly used by
traditional medicine, thus their relevance as raw material in the production of medicines
in the pharmaceutical industry; hence, their use has been increasing in recent years
[1]. There are several medicinal plants in Ecuador with great therapeutic potential,
mainly with anti-inflammatory, antibacterial, antioxidant, analgesic activity, among oth-
ers. However, some of the species with antimicrobial properties have not been thoroughly
investigated to determine all their benefits [2].
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Staphylococcus aureus, is considered a pathogenic microorganism associated with
localized, invasive and toxin-mediated infections at the level of the dermis, respiratory
tract, bone and less common in the urinary tract, and can cause serious infections if it
enters the bloodstream, raising concern because strains of Staphylococcus aureus are
resistant to several commercial antibiotics [3]. Facing these challenges, contemporary
medicine has directed its efforts to exploring and creating innovative treatments, allow-
ing the investigation of several bioactive compounds present in plant species, which
have been extracted by different methods to be applied in various cosmetic, food and
pharmaceutical formulations.

Due to the growing market demand in the use of medicinal plants, there is the need
to conduct research of introduced plants such as Taraxacum officinale commonly called
“dandelion” and Melissa officinalis known as “toronjil” and compare the antimicrobial
activity of its methanolic extracts on the bacterium Staphylococcus aureus, enabling
the use of existing resources in the country. In addition, it is intended to generate and
provide essential data that may be useful for future research. In this way, the idea is
to take advantage of the richness of the country’s biodiversity, maximizing its possible
applications in various industries, as well as promoting its conservation and use as
alternatives for treating various conditions.

2 Materials and Methods

2.1 Plant Material Conditioning

Twelve kilograms of aerial parts of Taraxacum officinale and Melissa officinalis were
collected and were washed with distilled water. Then, were dried at room temperature
and put in a stove at 40 °C =% 2; both processes were carried out for 24 h. Once dried, the
leaves were pulverized, weighed and placed in paper cases to preserve their biological
characteristics until their use.

2.2 Preparation of Extracts

Cold maceration was done with constant stirring of dry and ground plant material with
absolute methanol in a 1:6 ratio for 72 h. Subsequently, a double filtration was per-
formed; the macerates concentrated in rotavapor at 337 mbar at 50 °C until the complete
elimination of the solvent and the raw extracts were obtained [2]. The concentrated pure
extracts were stored in amber jars and placed in refrigeration for 7 days to ensure the
stability of the secondary metabolites [2, 4].

2.3 Qualitative Characterization

The phytochemical screening of Taraxacum officinale and Melissa officinalis extracts
was carried out by preliminary tests that qualitatively determined the presence of
bioactive compounds that were identified by their coloration and precipitation [5]; the
following process was carried out from the tests described in Table 1.
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Table 1. Phytochemical testing of extracts of Taraxacum officinale and Melissa officinalis leaves.

Compounds Testing

Alkaloids Dragendroff’s essay
Flavonoids Shinoda’s essay

Saponins Fehling reagent test + Nay CO3
Phenols Folin reagent + NayCO3 al 5%
Tannins Ferric Chloride Test

2.4 Quantification of Phenolic Compounds

The phenolic content of the extracts was determined by the Folin-Ciocalteu assay [6, 7];
a calibration curve was carried out with different concentrations of gallic acid from 10
to 100 ppm. The Taraxacum officinale and Melissa officinalis extracts were diluted with
distilled water, the Folin-Ciocalteu 1 N reagent was placed, and the sodium carbonate
solution NapyCO3 (20% w/v) was added. It was kept in the dark for two hours; absorbance
at 760 nm was measured on a UV-Vis spectrophotometer. Results are expressed as (mg
EAG/100 g DM).

2.5 Antimicrobial Activity Assessment Using Bioautography Method

A strain of Staphylococcus aureus ATCC 25923 was used in nutrient broth 4 agar agar
0.3% [8]. It was proceeded to read the optical density of the culture with wavelength
of 600 nm; silica gel plates were prepared, using the thin layer chromatography (TLC)
procedure, they were arranged in saturated chromatographic cameras with mobile phase
of ethyl acetate + methanol (9:1 v/v) [9]. The bands were observed by fluorescence at
254 nm and 366 nm. The plates were prepared in humidity chambers, incubating them
at 25 °C for 90 min. After this time, they were immersed in the bacterial suspension
of Staphylococcus aureus ATCC 25923 for 10 s. They were placed in steam chambers
at 37 £ 2 °C of incubation for 24 h. Finally, the plates were immersed in an aqueous
solution of 0.1% MTT + Triton X-100 dye for 60 s and were incubated in the water
vapor chambers at 37 °C for 1 h. An immersion in 70% ethanol was carried out for 10 s.

2.6 Determination of Antimicrobial Capacity by Kirby-Bauer Method

The antimicrobial sensitivity test was carried out by means of the disk diffusion technique
[10, 11]. A pure strain of Staphylococcus aureus ATCC 25923 was used in blood agar,
colonies were taken and suspended in sterile physiological serum up to a concentration
of 0.5 on the McFarland scale. Sowing was performed with the standardized sample in
Mueller Hinton agar. The disks were placed in the pre-seeded Petri boxes, including
positive control (Vancomycin), and negative control with sterile distilled water. Finally,
it was incubated at 37 °C =+ 2 for 24 h. The diameter of the halos and the percentage of
the inhibition effect were expressed.
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2.7 Statistical Analysis

The normal distribution of the data was evaluated by the Shapiro-Wilk normality test
and Q-Q graph; the ANOVA model was applied with p < 0.05. The assumptions of the
model, assumption of normality and assumptions of homocedasticity of variances were
evaluated by the Shapiro-Wilk and Levene test. When the assumptions were met, the
best treatment was finally determined by Tukey Test.

3 Results

3.1 Extraction of Methanol Extracts

Out of the 100 g of the dried and ground leaves of Taraxacum officinale and Melissa offici-
nalis were obtained by cold maceration with methanol 30 mL of the extract with greenish
brown coloring and 20 mL of the extract with dark green appearance, respectively.

3.2 Qualitative Characterization

The presence of alkaloids in the extracts was identified in Taraxacum officinale, as well
as a moderate presence of saponins, and low presence of flavonoids, and high presence
of flavonoids was observed in Melissa officinalis. Additionally, moderate presence of
phenolic compounds and tannins was identified in both extracts.

The results obtained from the different phytochemical screening assays are presented
in Table 2.

Table 2. Results of Phytochemical Screening

Compounds Methanolic Extracts
Taraxacum officinale Melissa officinalis
Alkaloids +++ +++
Flavonoids + +++
Saponins +++ ++
Phenols ++ ++
Tannins +++ +++

Note: (+++): high evidence; (++): medium evidence; (+): low evidence; (—): negative.

3.3 Antimicrobial Activity Assessment on Staphylococcus aureus
by the Bioautography Method

Using the Bioautography method it was possible to identify the compounds potentially
responsible for the biological activity. Tables 3 and 4 detail the distances traveled by
the substances, the solvent front, the reference front (Rf), the suggested antimicrobial
compound and the color detected at a wavelength of 366 nm (Figs. 1 and 2).

Compounds showing antimicrobial activity were identified using the reference front
value (Rf) [9, 12, 13].



256

N. Gémez et al.

Table 3. Results obtained in the Bioautography with extract of Taraxacum officinale.

Distance traveled | Solvent Front | Reference Front | Compound Color Detected
(cm) (RF)
1|27 0.45 Chlorogenic acid | Blue
2 139 0.65 Taraxasterol Orange
522 0.87 Caffeic acid Reddish brown
Fig. 1. TLC and Bioautography of Taraxacum officinale extract.

Table 4. Results obtained in the Bioautography with extract of Melissa officinalis.
Distance traveled | Solvent front | Reference Front | Compound | Color Detected
(cm) (RF)

1 |12 0.2 Geraniol Blue
2 252 0.42 Citral Blue violet
4.8 0.8 Citronella Reddish coffee
3.4 Quantification of Polyphenolic Compounds

The following results were obtained (Table 5) from the quantification of phenolic
compounds.

3.5 Determination of Antimicrobial Capacity (Kirby-Bauer)

The results of the antimicrobial susceptibility assays revealed that both the disks con-
taining the extract of Taraxacum officinale and Melissa officinalis generated inhibition
halos in the presence of Staphylococcus aureus ATCC 25923 (Table 6), indicating an
inhibitory activity on the bacterium.
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Fig. 2. TLC and Bioautography of Melissa officinalis extract

Table 5. Quantification of polyphenolic compounds in methanol extracts.

Extracts Content of phenolic compounds (mg EAG/g DM)
Melissa officinalis 112,20 + 10,13
Taraxacum officinale 23,07 + 6,87

Note: the values used are the average of 15 samples (£DS).

Table 6. Antimicrobial activity of extracts on Staphylococcus aureus.

Treatments (Methanol extracts) | Inhibition Halo Diameter (mm) | % Inhibition | Groups
Taraxacum officinale 11,22 £ 0,50 65,49 + 5,61
Melissa officinalis 10,44 £ 1,26 53,39 +1,63 |b

Note: the values used are the average of 15 samples (£DS).

The analysis of variance (ANOVA) showed significant difference between treat-
ments (P value = 0.0231). There were no significant deviations from the model assump-
tions (normality and homogeneity of variances). The treatment with Taraxacum offici-
nale extract (Fig. 3) obtained the highest inhibition percentage, because Staphylococcus
aureus is sensitive to the group of phenolic compounds present in the extract.
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Porcentaje de Inhibicién (%)

Exiracto Metandlico de Toronjl Extracto Metanélico de Diente de ledn
Tratamientos

Fig. 3. Effect of methanol extracts of Melissa officinalis and Taraxacum officinale on Staphylo-
coccus aureus.

4 Discussion

Methanol is known to be a highly effective solvent for extracting a wide range of sec-
ondary metabolites from plant material, and it presents a high solubility for a wide variety
of compounds, concluding that a higher extraction efficiency is achieved on the third
day of maceration [14, 15].

According to studies, the use of solvents such as methanol, ethanol and chloroform
favor the entrainment of the alkaloid taraxine, which are found in both species [16]. In a
research that evaluates plant species against pathogenic microorganisms [17], flavonoids
were observed in Taraxacum officinale extracts, results that are consistent with the ones
obtained in this paper, but in low concentrations. This variation could be due to various
factors such as the percentage of the solvent, the chemical composition of the extracts,
the age of the plant or even climatic conditions. On the other hand, in the trial conducted
with Melissa officinalis, a high number of flavonoids was detected, also supported by
studies where they were identified as modifiers of antibiotic activity [14].

From the detection of compounds with antimicrobial properties, in the chemical
analysis of Taraxacum officinale [12] chlorogenic acid is classified as a flavonoid and
is credited with numerous properties, including anti-inflammatory, enzyme inhibitor
and antimicrobial properties. Taraxasterol, a compound mostly present in Taraxacum
officinale, belongs to the group of triterpenoids. This compound has anti-inflammatory,
antioxidant and antimicrobial activity, especially against Staphylococcus aureus with
significant value [18]. In addition, another investigation determined that the main com-
ponents of Melissa officinalis extract were Geraniol, Citronella and Citral [19]. These
components are responsible for antimicrobial activity, indicating the potential of Melissa
officinalis as a promising natural preservative for the food industry.

According to the quantification of polyphenolic compounds, values of 90.1 mg of
GAE/g of dry matter are exposed in extracts of Melissa officinalis obtained by macera-
tion, being similar to the results presented in this research [20]. When Melissa officinalis
is compared with other species studied such as Agastache foeniculum (27.19 mg AG/g),
Lavandula angustifolia (12.44 mg AG/g) and Nepeta cataria (14.66 mg AG/g), this
extract presents a higher concentration [21]. This suggests that the antioxidant prop-
erties of Melissa officinalis leaves may be because of the presence of various phenolic
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compounds (rosmarinic acid, caffeic acid, among others), and vary according to regions.
Therefore, it is essential to consider factors such as the variety used, the region of origin,
extraction conditions, and temperature, as these influence the presence or absence of
compounds with antioxidant capacity.

5 Conclusions

The extracts of Taraxacum officinale and Melissa officinalis contain a variety of sec-
ondary metabolites, including alkaloids, flavonoids, saponins, phenols and tannins, in
varying proportions. From the tests carried out by the Bioautography method, it was
determined that the possible compounds with antimicrobial activity are: chlorogenic
acid, taraxasterol and caffeic acid, in the extract of Taraxacum officinale. On the other
hand, in the extract of Melissa officinalis (grapefruit), geraniol, citral and citronellal
were identified.

Melissa officinalis extract had the highest content of phenolic compounds. In addi-
tion, it was determined that methanol extracts of Taraxacum officinale and Melissa
officinalis showed antimicrobial activity on Staphylococcus aureus. However, through
statistical analysis with a 95% confidence level, it was determined that the methanolic
extract of Taraxacum officinale achieved the highest inhibition percentage.
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