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Abstract: The objective of the present work was to optimize the extraction of phytochemicals from
Hamelia patens Jacq. by ultrasound-assisted extraction. Taguchi L9 orthogonal array was used to
evaluate the factors solid/liquid ratio (1:8, 1:12, and 1:16), extraction time (10, 20, and 30 min), and
ethanol concentration (0, 35, and 70%). Total polyphenols were the response variable. Chromato-
graphic fractionation using Amberlite XAD-16 was carried out and the total polyphenols, flavonoids,
and condensed tannins were quantified. The redox potential, the reduction of the 2,2-diphenyl-1-
picrylhydrazyl (DPPH), and the lipid oxidation inhibition were determined. Anti-bacterial activity
was evaluated. The phytochemicals were identified by liquid chromatography coupled to mass
spectrometry. Optimal extraction conditions were a solid/liquid ratio of 1:16, ethanol of 35%, and
10 min of ultrasound-assisted extraction. Maximum polyphenol content in the crude extract was
1689.976 ± 86.430 mg of gallic acid equivalents (GAE)/100 g of dried plant material. The purified frac-
tion showed a total polyphenols content of 3552.84 ± 7.25 mg of GAE, flavonoids 1316.17 ± 0.27 mg
of catechin equivalents, and condensed tannins 1694.87 ± 22.21 mg of procyanidin B1 equivalents, all
per 100 g of purified fraction. Its redox potential was 553.93 ± 1.22 mV, reducing 63.08 ± 0.42% of
DPPH radical and inhibiting 77.78± 2.78% of lipid oxidation. The polyphenols demonstrated antibac-
terial activity against Escherichia coli, Klebsiella pneumonia, and Enterococcus faecalis. The HPLC-ESI-MS
analysis revealed the presence of coumarins, hydroxycinnamic acids, and flavonoids.

Keywords: flavonoids; hydroxycinnamic acid; coumarins; antioxidants; antimicrobial; Taguchi
methodology

1. Introduction

In recent years, the food, cosmetic and pharmaceutical industries have commonly per-
formed extractions of bioactive compounds obtained from natural sources [1,2]. Hamelia patens
Jacq. (Rubiaceae) has been reported to possess compounds with important bioactivities,
because it has been used in traditional Mexican medicine [3–5]. It has been reported to
possess several bioactivities in vitro and in vivo, including antihemorrhagic [6], hepato-
protective, antioxidant [7], antihyperglycemic [8], and antibacterial [5] properties, among
others. The tested extracts contained phytomolecules such as epicatechin, chlorogenic
acid [8], rutin, isoquercetin and soyasaponin Bb, which were first identified in the leaves
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of the plant [9]. However, the obtention of bioactive compounds depends mostly on the
extraction method and the solvent used.

The extraction procedures of bioactive compounds commonly involve the use of
organic solvents, steam distillation, high hydrostatic pressures, or countercurrent extrac-
tion. The main disadvantages of these procedures are their requirements, including large
amounts of organic solvents, energy, time, and the low yields sometimes obtained [10,11].
In recent years, the usage of clean extraction technologies, including ultrasound-assisted
extraction, supercritical fluid extraction, and accelerated microwave extraction, has been
widely promoted. Ultrasound-assisted extraction (UAE) is the least expensive and most
efficient method for the obtention of bioactive compounds, such as aromatic, essential oils,
polyphenols, isoflavonoids, saponins, pigments, and sugars. The UAE must be used when
the elevated temperatures of conventional procedures affect the stability of the active com-
ponents [12,13]. The UAE is an example of an alternative extraction technique that offers
many advantages, including high efficiency and productivity, low energy expenditure, and
a reduction in solvent consumption, among others [14–16].

To select the appropriate conditions for the extraction of compounds, bioactive sta-
tistical strategies have been employed [14,17,18]. The Taguchi methodology is a robust
optimization strategy focused on the use of many simultaneous parameters and small
experimental trials [19,20]. The methodology includes the usage of orthogonal arrays that
allow cost and time reduction [21]. In addition, the robust design improves the quality of
the tested processes due to the versatile analyzing models. For that reason, the methodol-
ogy is considered better than factorial and fractional factorial designs due to the extent of
information obtained from the analysis of very few experimental runs [12].

The objective of the present work has been to optimize the extraction of phytochem-
icals from H. patens leaves by using the ultrasound-assisted extraction method and the
Taguchi methodology. Likewise, biological activities (antioxidant and antimicrobial) and
the characterization of phytochemicals by high-resolution liquid chromatography coupled
to mass spectrometry with electrospray ionization (HPLC-ESI-MS) were performed.

2. Results
2.1. Optimization of Polyphenols Extraction

The Taguchi methodology is a robust way for finding the optimal extraction condi-
tions. Table 1 shows the experimental results by using the L9 (33) orthogonal array. The
conditions from treatment number 7 and 9 resulted in a good polyphenols extraction yield
(1636.80 ± 79.20 and 1652.33 ± 1.33 GAE mg/100 mg, respectively). The higher yield was
obtained in treatment 9. All the results were expressed as gallic acid equivalents per 100 g
of dried plant material. It is worth mentioning that the content of total polyphenols was
the phytochemical of interest for this study.

Table 1. Experimental matrix for the orthogonal array L9 (33) and total content of polyphenols for
the experimental treatments.

Run Solid/Liquid Ratio (w/v) Time (min) Ethanol (%) Total Content of Polyphenols (GAE mg/100 g) *

1 1:8 10 0 1074.16 ± 75.87
2 1:8 20 35 956.28 ± 61.56
3 1:8 30 70 868.05 ± 31.28
4 1:12 10 35 1196.54 ± 27.45
5 1:12 20 70 1191.95 ± 9.98
6 1:12 30 0 912.07 ± 93.34
7 1:16 10 70 1636.80 ± 79.20
8 1:16 20 0 1048.09 ± 86.52
9 1:16 30 35 1652.33 ± 1.33

* Gallic acid equivalents mg/100 g of dry material.
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The experimental data presented in Table 1 was considered to carry out the statistical
analysis using the analysis mode of higher the better from the Taguchi methodology. The
analysis of variance (ANOVA) shows the influence of every factor on the process (Table 2).
In the present work, the most important factor was the solid/liquid ratio (54.09%), followed
by the ethanol concentration (17.09%). It indicates that the amount of vegetal material and
the solvent concentration must be taken into consideration for the extraction process of
polyphenols from H. patens.

Table 2. Analysis of variance.

Effect SS Df MS F p Contribution (%)

Solid/liquid ratio 367,362.70 2 183,681.40 3.39 0.23 54.09
Time 87,467.16 2 43,733.58 0.81 0.55 12.88
Ethanol concentration 116,086.30 2 58,043.14 1.07 0.48 17.09
Error 108,233.50 2 54,116.77 15.94
Total 679,149.66 8 100.00

SS = Standard deviation; df = degrees of freedom; MS = Mean square; F = Test F; p = p-value.

Figure 1 shows the performance of the three factors at their different levels. The
solid/liquid ratio performance indicates that by increasing the ratio, a higher response is
obtained. On the contrary, the time of extraction has a better performance at the lowest
level. The ethanol concentration showed a quadratic effect, indicating that the optimal
concentration for the best extraction of polyphenols is 35%.
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Figure 1. Individual factors performance at different levels. The continuous line represents the mean
of all the treatments (1170.70 GAE mg/100 g of dried plant material) and the red dashed lines are the
±2 standard error of all the treatments.

The optimal extraction conditions for the polyphenols from H. patens are shown in
Table 3. According to the software Statistica 7, a solid/liquid ratio of 1:16, a sonication time
of 10 min, and 35% of ethanol predicts the extraction of 1675.23 mg of polyphenols. The
experimental validation improved the expected result from the software. It resulted in the
extraction of 1689.98 ± 86.430 GAE mg/100 g of dried material.
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Table 3. Optimal extraction conditions.

Factor Level Value Effect Size Standard Error

Solid/liquid ratio 3 1:16 275.04 134.31
Time (min) 1 10 131.81 134.31

Ethanol concentration (%) 2 35 97.69 134.31

Expected 1675.23

Experimental validation (GAE mg/100 g) 1689.98 ± 86.43

2.2. Characterization of Phytochemicals Extracted from H. patens

The extracted polyphenols from H. patens were partially purified by open-column
chromatography using Amberlite XAD-16 as the stationary phase. The ethanolic fraction
containing the extracted phytochemicals was recovered. A recovery yield of 1.7% of dried
fractionated phytochemicals from H. patens leaves was obtained.

A screening of the main chemical groups of the phytochemicals extracted from
H. patens was carried out. In this qualitative test, the presence of alkaloids, sterols, flavonoids
coumarins, and phenolic hydroxyls was found. However, the presence of unsaturation
groups, sesquiterpenolactones, saponins, and cardiotonic glucosides was not found.

Table 4 shows the quantitative characterization of the phenolic content and antioxidant
activities of the phytochemicals extracted per 100 g of purified polyphenol fraction. A
total polyphenols content of 3552.84 ± 7.25 was found, expressed as gallic acid equivalents
of milligrams per 100 g of purified polyphenol fraction. The flavonoids content and the
condensed tannins were evaluated as catechin (CatE) and procyanidin B1 (PC-B1E) equiva-
lents, respectively. The total phenolic acids content shows interesting results regarding their
value as antioxidative agents. They have important redox potential (553.93 ± 1.22 mV),
DPPH radical reduction (63.08 ± 0.42%), and lipid oxidation inhibition (77.78 ± 2.78%).

Table 4. Quantitative characterization of the phenolic content and antioxidant activities of the purified
polyphenolic fraction of H. patens.

Test Result

Total polyphenols (GAE mg/100 g *) 3552.84 ± 7.25
Flavonoids (CatE mg/100 g *) 1316.17 ± 0.27
Condensed tannins (PC-B1E mg/100 g *) 1694.87 ± 22.21

Redox potential (mV) 553.93 ± 1.22
DPPH reduction (%) 63.08 ± 0.42
Half-maximal inhibitory concentration (IC50) (mg/L) 67.49
Lipid oxidation inhibition (%) 77.78 ± 2.78

* Data are expressed per 100 g of purified polyphenol fraction; GAE: Gallic acid equivalents; CatE: Catechin
equivalents; PC-B1E: Procyanidin B1 equivalent.

Despite the good antioxidant activity of H. patens polyphenols, the inhibition of Gram-
negative and Gram-positive bacterial strains resulted in null for most of the tested strains
(Table 5). Both Gram-positive and Gram-negative bacteria were selected for the devel-
opment of the study: Pseudomonas aureuginosa ATCC 10145, Enterobacter cloacae (Clinical
isolate), Escherichia coli ATCC 15597, Escherichia coli β-lactamase negative, Klebisella pneumo-
niae, Staphylococcus aureus ATCC 29213, Staphylococcus epidermidis and Enterococcus faecalis
ATCC 19433. Most of the strains were inhibited by the control treatment, except E. cloacae
(Clinical isolate) and S. aureus ATCC 29213. However, reliable results were obtained against
the Gram-negative E. coli β-lactamase negative, K. pneumoniae and the Gram-positive E. fae-
calis, reaching inhibitions of 90.5, 75.0 and 80.0%, respectively. Furthermore, low amounts
of total polyphenols were found to be minimum inhibitory concentrations for the three
later strains.
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Table 5. Inhibitory effect of purified polyphenol fraction of H. patens against Gram-negative and
Gram-positive bacteria.

Strain Control Inhibition *
(mm)

H. patens
Polyphenols

Inhibition ** (mm)

H. patens
Polyphenols

Inhibition *** (%)

Minimum Inhibitory
Concentration

(µg/mL)

Gram-negative bacteria
P. aureuginosa ATCC 10145 30.00 0.00 0.00 -
E. cloacae (Clinical Isolate) 0.00 0.00 0.00 -
E. coli ATCC 15597 25.00 0.00 0.00 -
E. coli β (-) 21.00 19.00 90.50 94.00
K. pneumoniae 12.00 9.00 75.00 250.00

Gram-positive bacteria
S. aureus ATCC 29213 0.00 0.00 0.00 -
S. epidermidis 20.00 0.00 0.00 -
E. faecalis ATCC 19433 25.00 20.00 80.00 125.00

* Ciprofloxacin 100 µg/mL in DMSO 70%. ** Purified phytochemicals fraction from H. patens 1000 µg/mL in
DMSO 70%. *** Compared against positive control.

2.3. HPLC-ESI-MS Characterization

The purified polyphenol fraction extracted from H. patens was submitted for an HPLC-
ESI-MS/MS analysis. The results showed the presence of 10 ionized compounds (Table 6,
Figures 2 and S1). The tentative identification of the compounds was based on the ionization
of the masses and their fragmentation pattern. In addition, the results were compared
against data previously reported in the literature. The presence of hydroxycinnamic
acids, coumarins, an alkaloid, and flavonoids (flavanols, flavones, and flavonols) in both
glycosylated and aglycone forms was identified.
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Table 6. HPLC-ESI-MS identification of phytochemicals extracted from H. patens.

Peak No. Retention
Time (min) UV λmáx (nm) M.W. [M-H]− m/z Fragments (m/z)2 Tentative Identification Molecular

Formula Phenolic Group References

1 15.90 281, 329 354.31 352.9 191.05, 192.03, 179.10, 173.10 Scopoletin-7-O-glucoside isomer C16H18O9 Coumarin [22]
2 18.44 281, 329 354.31 352.9 191.05, 192.03, 179.10, 173.10 Scopoletin-7-O-glucoside isomer C16H18O9 Coumarin [22]

3 19.78 281 578.5 576.9 407.04, 424.98, 451.12, 289.12,
299.10 (E)Cat–(E)Cat (Epicatechin) C30H26O12 Proanthocyanidin [23]

4 21.38 281 290.26 288.9
245.96, 255.94, 256.98, 227.02, 229,
266.92, 241.03, 213.07, 239.03, 199,

163.02, 197.05, 240.00, 228.10
(Epi) Catechin C15H14O6 Flavonoid [24]

5 25.27 258, 360 594.5 593.0 353.12, 383.01 Apigenin-6,8-C-di-glucoside
(Vicenin II) C27H30O15 Flavonoid [25]

6 27.81 266, 351 610.5 609.0 301.11, 300.15, 302.13, 271.09,
255.10, 343.10

Quercetin-deoxyhexosyl-
hexoside C27H30O16 Flavonoid [23]

7 29.35 268, 352 594.5 593.0 383.01, 353.12 Apigenin 6,8-di C-glucoside
(Vicenin II isomer) C27H30O15 Flavonoid [26]

8 30.37 245, 333 594.5 593.0 285.1, 284.12, 286.09, 255.12, 327.11,
257.13, 256.14 Kaempferol-3-O-rutinoside C27H30O15 Flavonoid [27]

9 31.67 239 396 395.0 363.05, 380.10, 319.11, 381.01,
364.08, 325.15, 320.10, 211.95 Unknown - [28,29]

10 36.14 239 342.30 340.9

216.98, 219.01, 230.98, 179.03,
177.02, 218.00, 296.97, 322.88,
191.05, 280.96, 281.97, 190.07,
220.05, 216.10, 231.95, 203.00

Caffeic acid-O-glucoside C15H18O9
Hydroxycinnamic

acid [30]
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3. Discussion
3.1. Total Polyphenols Content

The obtained data in all conditions (total polyphenols expressed as mg of GAE/100 g)
were analyzed in terms of the higher the better, due to the interest in obtaining the highest
concentration of polyphenols in the shortest time with the least amount of solvent. The
solid/liquid ratio had the higher percentage of contribution (54.09%), indicating that this
factor is the most important in the extraction process of polyphenols from H. patens. Socas-
Rodríguez et al. [31] propound that ethanol is the best option for the extraction of bioactive
compounds in the food industry, specifically phenolic compounds, since it is biologically
safe, is related to these compounds, and is also considered a GRAS (generally recognized
as safe) product.

To validate the optimal extraction condition, the extract was prepared in triplicate and
the total polyphenol content was determined for each extract. The predicted value was
1675.23 GAE mg/100 g, while the experimental validation result was 1689.98 ± 86.43 GAE
mg/100 g. Fontanills et al. [5] reported 212.73 mg of polyphenols per g of dry material
in methanolic extracts of H. patens. They mentioned that the use of methanol instead
of ethanol enhances the extraction of phytochemicals. However, they carried out the
extraction by maceration. Another study carried out by Giraldo Vásquez and Ramírez
Aristizabal [32] in methanolic extracts of Palicourea guianensis, known as “cafecillo” in the
Rubiaceae family, reported 1047 GAE mg/100 g. Although the authors used the ultrasound-
assisted extraction method, large amounts of methanol (100 g of material in 1 L of methanol,
six successive extractions of 20 min) were used. Therefore, the results obtained in the
present work demonstrate the efficiency of the process for the extraction of phytochemicals
in the leaves of H. patens; since this process was carried out in a short period, a very low
concentration of organic solvent was required.

3.2. Characterization of Extracted Bioactive Compounds
3.2.1. Chemical Identification and Antioxidant Properties

In the purified phytochemicals fraction of H. patens, the chemical groups of alkaloids,
sterols, flavonoids, coumarins, and phenolic hydroxyls were identified. These results are
largely in agreement with those reported by Noor et al. [4] and Rubio Fontanills et al. [5],
who report the presence of alkaloids, tannins, glycosides, saponins, steroids, flavonoids,
terpenoids, and coumarins in ethanolic extract.

The content of total polyphenols, flavonoids, and condensed tannins in the purified
phytochemicals fraction of H. patens was determined. All studies were performed in
triplicate, obtaining an average total polyphenol content of 3552.84 ± 7.25 mg of gallic
acid equivalents per 100 g of purified H. patens phytochemicals. Regarding flavonoid
content, an average of 1316.17 ± 0.27 mg of catechin equivalents/100 g of the purified
phytochemicals fraction of H. patens was obtained. This result differs from that reported
by Rugeiro-Escalona et al. [8], who reported 399 mg of quercetin/100 g of extract. This
difference may be due to uncontrolled external factors, such as the time of leaf collection,
soil type or climatic conditions, as well as the method used for the determination, the
type of solvent, and the standard utilized. In the determination of condensed tannins,
an average of 1694.87 ± 22.21 mg PC-1/100 g of the purified phytochemicals fraction of
H. patens was obtained. These results also differ from those reported by Rugeiro-Escalona
et al. [8]. They reported 291.3 mg of catechin equivalents/g of phytochemicals purified from
H. patens. It is worth mentioning that the antioxidant activity of the purified phytochemicals
fraction of H. patens may be mainly due to the presence of procyanidins, since according
to Vázquez-Flores et al. [33], the antioxidant property of condensed tannins in vitro and
in vivo indicates that they are effective free radical scavengers, which prevent tissue oxida-
tion better than vitamin C, vitamin E, and β-carotene. The results obtained from the purified
phytochemicals fraction confirm that H. patens is an excellent source of phenolic compounds
such as phenolic acids and flavonoids; these are the main antioxidant properties.
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Table 4 shows the redox potential, percentage reduction of the DPPH radical, IC50, and
the percentage inhibition of lipid oxidation, respectively. In the determination of the redox
potential of the purified phytochemicals fraction of H. patens, a value of 553.93 ± 1.22 mV
was obtained, which means that the purified phytochemicals fraction of H. patens has good
antioxidant activity. According to the results obtained by Van Dijk et al. [34], excellent an-
tioxidant activity is considered to be when oxidation potentials below 600 mV are obtained.
Reyes et al. [35] reported high antioxidant activity with redox potentials below 500 mV in
infusions of Spondias purpurea L. (yellow plum). In a study by Muedas-Taipe et al. [36], in
ethanolic extracts of Bauhinia guianensis var. kuntiana Aubl, they concluded that at low oxi-
dation potentials (140 to 150 mV), the polyphenols showed good antioxidant activity. The
DPPH radical scavenging showed 63.08± 0.42% of free radical reduction. Sánchez Balcázar
and Tanta-Flores [37] reported an 81.70% antioxidant capacity by the DPPH radical method
in the ethanolic extract of blueberries. On the contrary, Peláez-Gutiérrez [38] suggests that
the fractions obtained from the extract Palicourea guianensis Aubl. from the Rubiaceae family
are below 50% reduction, which reveals that they did not present good antiradical capacity.
Regarding the IC50, it was found that 67.49 mg/L of the purified phytochemicals fraction
of H. patens can reduce the 50% of the DPPH radical. Kaushik and Singh [39] reported a
concentration of ethanolic extract of H. patens of 116 mg/L to reduce 50% of the DPPH
radical. Pacheco Coello et al. [40] report that artisanal green tea requires a concentration of
160.3 mg/L to reduce 50% of the DPPH radical.

Finally, it was found that the purified phytochemicals fraction of H. patens presents the
ability to inhibit 77.78 ± 2.78% of lipid oxidation, a very similar result to that reported for
the ethanolic extract of Laurus nobilis (76.86%) [17]. Furthermore, comparing the outcome
with the ascorbic acid control (92% of inhibition), the application of H. patens polyphenols
can be focused to inhibit the oxidation of oily systems [41]. This property can be attributed
to the presence of flavonoids, such as catechin and quercetin, in the purified phytochemicals
fraction of H. patens.

3.2.2. Antibacterial Activity of the Purified Phytochemicals Fraction of H. patens

As was previously mentioned, the purified polyphenols from H. patens only showed
an inhibitory effect on three of the bacteria studied: β-lactamase negative Escherichia coli,
Klebsiella pneumoniae, and Enterococcus faecalis. These results differ from those reported
by Rubio Fontanills et al. [5] and by Wong-Paz et al. [42], who observed inhibition with
H. patens extract of Staphylococcus aureus and Staphylococcus epidermidis, Salmonella typhi,
Salmonella paratyphi, and Escherichia coli. This may be attributed to the solvent used to
solubilize the tested compounds, since 70% dimethyl sulfoxide was used in this study
and not 70% ethanol as the other studies used. Ethanol has been reported to have an
antimicrobial effect [43,44].

Regarding the minimum inhibitory concentration of the studied bacteria, it was found
that for the inhibition of K. pneumoniae, the highest concentration of the purified phytochem-
icals fraction was required (250 µg/mL). Meanwhile, the lowest concentration (94 µg/mL)
was used on E. coli β-lactamase negative. Vargas-Sánchez et al. [45] reported that the inhi-
bition of the enzyme DNA gyrase, a fundamental enzyme for the process of transcription
and DNA replication in bacteria, such as E. coli [46], is due to the action of quercetin and
apigenin, compounds present in the phytochemicals purified from H. patens. Additionally,
Pájaro et al. [47] reported that the flavonoids contained in the ethanolic extract of the petiole
of Rheum rhabarbarum (rhubarb) have antibacterial activity against K. pneumoniae. The
ability of the purified phytochemicals fraction of H. patens to inhibit bacterial growth was
demonstrated using concentrations from 94 to 250 µg/mL, which were attributed to the
presence of detected phenolic compounds such as quercetin, apigenin and coumarins.

3.3. HPLC-ESI-MS Analysis

Once the different chemical groups present in H. patens were screened, they were iden-
tified by HPLC-ESI-MS analysis. Previous studies carried out by our research group have
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demonstrated the presence of compounds such as Kaempherol-3-O-rutinoside, procyanidin
B2, and epicatechin in H. patens extracts obtained by Soxhlet, percolation, and macera-
tion [40]. Ten phenolic compounds were tentatively detected in the purified phytochemicals
fraction of H. patens (Table 6).

The identification of the ionized compounds was based on the search for the main
molecular ions and some of the fragments obtained from databases and scientific articles. In
the chromatogram (Figure 2), peaks 1 and 2 represent the isomers of a coumarin, Scopoletin-
7-O-glucoside, both peaks present a precursor m/z of 352.9 and its fragment m/z 191.05,
which led to its tentative identification according to that reported by Rigane et al. [22] who
first identified it in leaves of Calendula officinalis L. cultivated in Tunisia (North Africa).
Yerlikaya et al. [48] reported a compound of m/z 355 ionized in positive mode as Scopoletin-
7-O-glucoside in Coronilla varia L. extracts; this m/z also agrees with coumarin found in
the purified phytochemicals fraction of H. patens. Erb et al. [49] report that coumarins
present bactericidal and fungicidal activity, as well as several pharmacological proper-
ties that could help in the treatment of diseases such as cancer, Alzheimer’s or acquired
immunodeficiency syndrome.

The ion found with m/z 576.9 (peak 3) corresponds to two Epicatechin units confirmed
with a fragment of m/z 407.04 [21]. Peak 4 at m/z 288.9 was identified as (Epi)-Catechin
according to its 245.96 fragmentation pattern [24]. The compounds in peaks 5 and 7 rep-
resent the same parent ion with m/z 593. Mass spectrometry data showed ion fragments
of m/z 383.01 and m/z 353.12, which are characteristic of di-C-glycosylflavone fragmenta-
tions [26]. This indicates the presence of apigenin as an aglycone and two hexose residues.
Therefore, the compounds were identified as the isomers of 6,8-di-C-glycosylapigenin, also
known as Vicenin II [25,50]. These flavonoids, specifically of the flavone type, could bestow
anti-inflammatory and healing properties on the plant [51].

A glycosylated flavonoid with m/z of 609 was tentatively identified as Quercetin-
deoxyhexosyl-hexoside (peak 6), where the ion fragment with m/z 301.11 contributed to its
identification. Di Majo et al. [52] argue that this type of flavonols contribute to reducing
the risk of cardiovascular diseases, and they are also good antioxidants and antimicrobial
agents. Vicente et al. [53] found that the chemical structure of quercetin confers antioxidant
properties, since it acts as a protector against oxidizing species; in addition the consumption
of quercetin in the diet is attributed to anticarcinogenic properties. Vargas-Sánchez et al. [45]
pointed out that flavonoids such as quercetin and apigenin act by inhibiting the DNA gyrase
of some Gram-positive and Gram-negative bacteria.

Peak 8 showed an ion of m/z 593 and it was tentatively identified as Kaempferol-
3-O-rutinoside, the fragmentation gave the aglycone anion of m/z 285.1 [27,54]. This
flavonol-type flavonoid contributes to the reduction of cardiovascular diseases [55].

According to the database ReSpect for Phytochemicals [29] and Hernández et al. [28], the
parent ion with m/z 395 may correspond to an alkaloid (peak 9). However, the information
could not be corroborated since no fragments were reported for the MS2 analysis; for
that reason, it was considered an unknown compound. Regarding peak 10, it represents
a precursor ion of m/z 340.9, and the database ReSpect for Phytochemicals [29] indicates
that it is a phenylpropanoid. Among the phenylpropanoids, there are compounds such
as trans-cinnamic acid, p-coumaric acid, its derivatives (caffeic acid), and coumarins.
Olennikov et al. [30] identified a similar precursor ion indicating that it could be caffeic
acid-O-glucoside. However, this could not be verified since the fragmentation pattern did
not coincide with that reported by the aforementioned author. The results of the HPLC-ESI-
MS2 analysis indicated that H. patens is a rich source of phenolic compounds that exhibit
anti-inflammatory, wound healing, antioxidant and antimicrobial properties, which could
be used in foods and/or drugs that would have the ability to reduce oxidative stress.
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4. Materials and Methods
4.1. Plant Material and Extracts

Leaves of H. patens (Voucher HPHP-SP-102, deposited at Centro de Investigación
Reserva de la Biosfera Mapimi) were collected from domestic yards in Ciudad Valles, S.L.P.
in Mexico (Latitude: 21◦59′41′′ North, Longitude: 99◦0′39′′ West) during the months of
June and July 2020. The leaves of H. patens were dried in a conventional oven (Linder-
berg/Blue, USA), at 55 ◦C for 48 h, until they reached a constant weight. The samples were
pulverized with a blender (Osterizer, Mexico) to a particle size of 0.8 mm and stored at
room temperature until use. The extracts were obtained by ultrasound in an ultrasonic
bath (model 2510, BRANSON, CT, USA) using different extraction variables, according to
Taguchi’s experimental design.

4.2. Optimization of Extraction Conditions

For selecting the better extraction conditions of bioactive compounds from H. patens
leaves, three factors with three levels each were tested (Table 7).

Table 7. Factors considered for the optimization of extraction conditions.

No. Factor Level 1 Level 2 Level 3

1 Solid/liquid ratio (w/v) 1:8 1:12 1:16
2 Extraction time (min) 10 20 30
3 Ethanol concentration (%) 0 35 70

The studied conditions were generated according to the Taguchi robust design, origi-
nated by using the Statistica 7 program (Statsoft, Tulsa, OK, USA). The experimental matrix
was an L9 (33) orthogonal array showing nine experimental runs derived from the three
factors and the three levels (Table 7) [12]. The extraction was performed at room temper-
ature (25 ◦C) using the dried milled material (0.8 mm particle size) under the conditions
depicted in Table 1.

4.3. Quantification of Total Polyphenols Content

The crude extracts obtained in each trial were assayed for quantifying the total polyphe-
nols content according to the method referred to by Nossa González et al. [56] as follows:
125 µL of sample, 500 µL of distilled water and 125 µL of Folin–Ciocalteu reagent were
added in a test tube. The solution was left for 6 min at room temperature to react. Then,
1.25 mL of Na2CO3 solution (7%) and 1 mL of distilled water were added. The mixture was
left to react at room temperature (25 ◦C) for 90 min. The reaction was monitored at 760 nm
in a UV-vis spectrophotometer (Genesis 10, Thermo Scientific, Waltham, MA, USA). The
gallic acid standard curve (0–100 µg/mL) was used as a reference [57]. The results were
expressed in GAE/100 g of dried plant material.

4.4. Optimization of the Extraction Conditions

The obtained results from the experimental matrix (Table 1) were entered into Statistica
7 (Statsoft, Tulsa, OK, USA) to obtain the optimum extraction conditions. The function the
higher the better was selected from the three categories (the lower the better, the higher the
better, and the nominal the best) of quality characteristics in Taguchi methodology. It is
expressed as the loss function L(y) = k × (1/y2) and represented as follows:

E[L(y)] = −10 ∗ Log10[(1/n) ∗∑(1/y2
i )] (1)

The factor −10 ensures that this ratio measures the inverse of “bad quality” and n
represents the number of samples.
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For significant factors, the percentages of their contributions were determined from
Equation (1).

P =
SSi
SST
∗ 100% =

SSi −MSi ∗ d fi
SST

∗ 100% (2)

where SSi (square sum of i factor), SST (total square sum), MSi (mean square of i factor),
and dfi (degrees of freedom of i factor) were obtained from the ANOVA.

To validate the result obtained in the previous step, the extract was obtained in
triplicate using the optimal conditions predicted by the software, and total polyphenols
were quantified.

4.5. Concentration of Total Polyphenols by Open-Column Chromatography

Once the optimal extraction conditions were defined, the polyphenols were concen-
trated using an open chromatographic column (25 mm × 1000 mm) packed with Amberlite
XAD-16N (Sigma-Aldrich, St. Louis, MO, USA). The separation and purification of the
bioactive compounds were carried out using the methodology of De la Rosa Hernández [58].
Firstly, an elution with water was carried out to remove water-soluble compounds, and
then an elution with 70% ethanol was performed to recover a fraction rich in bioactive
compounds. The aqueous fraction was discarded and the ethanolic fraction was recovered
and concentrated in a rotavapor. The purified ethanolic fraction obtained was called the
purified polyphenol fraction, and it was stored at 4 ◦C until use. It is worth mentioning that
only the extract obtained under the expected extraction conditions (previous point) was
concentrated and purified, and only a single fraction of purified polyphenols was obtained;
this was characterized and its biological activity was measured.

4.6. Characterization of Bioactive Compounds

To characterize the bioactive compounds present in the purified phytochemicals frac-
tion of H. patens, phytochemical screening was performed [59]. In addition, the quantifica-
tion of total polyphenols [56], flavonoids [60], and condensed tannins [61] was determined.
The results were expressed in mg GAE, mg CatE, and mg PC-B1E per 100 g of the purified
phytochemicals fraction of H. patens, respectively. Furthermore, a phytochemical sieve
was performed using the methodology of Chigodi et al. [59] to qualitatively identify the
chemical groups found in the fractionated phytochemicals.

Antioxidant Activities

The antioxidant and antimicrobial properties of the purified phytochemicals fraction
of H. patens were tested. The antioxidant properties were evaluated by measuring the
redox potential [62], the reduction of the 2,2-diphenyl-1picrylhydrazyl radical (DPPH) [12],
and the lipid oxidation inhibition [63]. The antimicrobial properties were evaluated via
analyzing the inhibitory effect and the minimum inhibitory concentration (MIC) [64].

For both the characterization and the determination of antioxidant activity, a solu-
tion of the purified phytochemicals fraction of H. patens at a concentration of 1 mg/mL
was prepared.

4.7. Identification of Phytochemicals by HPLC-ESI-MS2

The obtained extracts for validation were analyzed via Reverse Phase High-Resolution Liq-
uid Chromatography, using a similar method to that reported by Aguilar-Zárate et al. [65].
It employed multi-module equipment that includes a ternary pump (Varian ProStar 230I,
USA), autosampler (Varian ProStar 410, USA), and photodiode array detector (PDA) (Var-
ian ProStar 330, USA). Ten micro-liters of every sample were submitted to a Denali C18
column (150 mm × 4.6 mm, 3.1 µm, Grace, USA) that was placed into an oven adjusted
to 30 ◦C. Solvent A was acetic acid 3% and solvent B was acetonitrile. The flow rate was
kept at 0.2 mL/min and the PDA was adjusted to 280 nm for the monitoring of phenolic
compounds. The applied gradient was as follows: initial, 3% B; 5–15 min, 16% B linear;
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15–45 min, 50% B linear. The column was then washed and reconditioned. Data were
processed using the software Workstation Multi-Instrument (Version 6.2).

Tandem analysis, from HPLC to mass spectrometry, was carried out. The liquid
chromatograph mass spectrometer was equipped with an electrospray source (Varian
500-MS, USA). All the samples were ionized in negative mode [M-H]-, and nitrogen, and
helium were used as nebulizing and damping gases. The configuration of the ion source
was a spray voltage of 5.0 kV, capillary voltage of 90 V, and temperature of 350 ◦C. Data
collection and the process were performed by MS Workstation software (version 6.9) in the
m/z range 50–2000. Selected precursor ions were fragmented in the order of MS2 [61]. The
collision energy was fixed at 30 eV.

4.8. Inhibitory Effect and Minimum Inhibitory Concentration (MIC)

To study the antimicrobial activity of the purified phytochemical fraction of H. patens,
the inhibitory effect was measured based on the technique described by Sánchez-Recillas
et al. [64], with certain adaptations. Both Gram-positive and Gram-negative bacteria (Pseu-
domona aureuginosa, Enterobacter cloacae, Escherichia coli, Escherichia coli β-lactamase negative,
Klebisella pneumoniae, Staphylococcus aureus, Staphylococcus epidermidis and Enterococcus fae-
calis) were selected for the development of the study. This type of bacteria produces major
infections in the human organism and is indicative of contamination in food.

To determine the MIC of the purified polyphenol fraction of H. patens for bacteria
that presented inhibition, the microdilution method described by Ramírez and Marin-
Castaño [66] was used with some modifications, using a plate of 96 wells (12 mm × 8 mm).

4.9. Statistical Analysis

The results of the total phenolic content were analyzed using the software Statistica
7 (Statsoft, Tulsa, OK, USA). The analysis of variance (ANOVA) was determined based
on experimental results. The expected optimum condition shown by the software was
experimentally validated and the bias of the predicted response from the actual data was
calculated. All the experimental trials were performed in triplicate. All the data were
shown as the mean ± standard deviation.

5. Conclusions

The ultrasound-assisted extraction, combined with the Taguchi methodology, is effi-
cient tool for the optimization of the extraction of phytochemicals from H. patens leaves. The
purified polyphenols had both antioxidant and antimicrobial activities. These biological
properties must be attributed to the presence of phenolic acids and flavonoids identified
by HPLC-ESI-MS2. The detected phytochemicals were glucocafeic acid, scopolentin-7-O-
glucoside, flavonoids, flavanols, such as epicatechin, flavones, such as apigenin adducts,
flavonols, such as kaempferol and quercetin glycosides, and an alkaloid. These largely
justify the antimicrobial and antioxidant properties of H. patens leaves. The present work
describes the phytochemicals found in H. patens, proposing its ethnobotanical uses in
therapeutic agents, food preservatives, and antioxidants.

Supplementary Materials: The following supporting information can be downloaded at:
https://www.mdpi.com/article/10.3390/molecules27248845/s1, Figure S1. Mass spectrum of identi-
fied compounds. (A,B) are Scopoletin-7-O-glucoside isomer, (C,E) Cat–(E)Cat (Epicatechin), (D) (Epi)
Catechin, (E,G) Apigenin-6,8-C-di-glucoside (Vicenin II), (F) Quercetin-deoxyhexosyl-hexoside, (H)
Kaempferol-3-O-rutinoside, (I) Unknown, (J) Caffeic acid-O-glucoside.
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2. Kiziltas, H.; Goren, A.C.; Alwasel, S.H.; Gulcin, İ. Sahlep (Dactylorhiza osmanica): Phytochemical Analyses by LC-HRMS,
Molecular Docking, Antioxidant Activity, and Enzyme Inhibition Profiles. Molecules 2022, 27, 6907. [CrossRef]

3. Ahmad, A.; Pandurangan, A.; Singh, N.; Ananad, P. A Mini Review on Chemistry and Biology of Hamelia patens (Rubiaceae).
Pharmacogn. J. 2012, 4, 1–4. [CrossRef]

4. Noor, G.; Ahmad, M.A.; Ahsan, F.; Mahmood, T.; Arif, M.; Khushtar, M. A Phytochemical and Ethnopharmacological Recapitula-
tion on Hamelia patens. Drug Res. 2020, 70, 188–198. [CrossRef]

5. Rubio Fontanills, Y.; Valdivia Ávila, A.L.; Camacho Campos, C.; Matos Trujillo, M.; Sosa del Castillo, M.; Pérez Hernández, Y.
Phytochemical Composition and Antibacterial Activity of Hamelia patens Jacq Leaf Extracts. Biotecnol. Veg. 2018, 18, 37–45.

6. Mushtaq, Z.; Iqbal, T.; Ahmed, N.; Jamil, A. Antioxidants from Selected Indigenous Plants Possessing Cyclotides. Oxid. Commun.
2017, 40, 102–119.

7. Perez-Meseguer, J.; Delgado-Montemayor, C.; Ortíz-Torres, T.; Salazar-Aranda, R.; Cordero-Perez, P.; de Torres, N.W. Antioxidant
and Hepatoprotective Activity of Hamelia patens Extracts. Pak. J. Pharm. Sci. 2016, 29, 343–348. [PubMed]

8. Rugeiro-Escalona, C.; Ordaz-Pichardo, C.; Becerra-Martínez, E.; Cruz-López, M.d.C.; López-y-López, V.E.; Mendieta-Moctezuma,
A.; Maldonado-Mendoza, I.; Jiménez-Montejo, F.E. Diabetes and Metabolism Disorders Medicinal Plants: A Glance at the Past
and a Look to the Future 2018. Evid.-Based Complement. Altern. Med. 2018, 2018, 9. [CrossRef]

9. Maamoun, M.A.I.; El-Sawi, S.A.; Motawae, H.M.; Fekry, M.I.; Kawy, M.A.A. Chemical Characterization of Constituents Isolated
from Hamelia patens and Investigating Its Cytotoxic Activity. Egypt. J. Chem. 2019, 62, 1685–1697. [CrossRef]

10. Corrales, M.; Fernández García, A.; Butz, P.; Tauscher, B. Extraction of Anthocyanins from Grape Skins Assisted by High
Hydrostatic Pressure. J. Food Eng. 2009, 90, 415–421. [CrossRef]

11. Belova, V.; Voshkin, A.A.; Payrtm, A. Solvent Extraction of Some Lanthanides from Chloride and Nitrate Solutions by Binary
Extractants. Hydrometallurgy 2009, 97, 198–203. [CrossRef]

12. Vázquez-Sánchez, A.Y.; Aguilar-Zárate, P.; Muñiz-Márquez, D.B.; Wong-Paz, J.E.; Rojas, R.; Ascacio-Valdés, J.A.; Martínez-Ávila, G.C.G.
Effect of Ultrasound Treatment on the Extraction of Antioxidants from Ardisia compressa Kunth Fruits and Identification of
Phytochemicals by HPLC-ESI-MS. Heliyon 2019, 5, e03058. [CrossRef] [PubMed]

13. Martínez-Ávila, G.C.G.; Aguilar-Zarate, P.; Rojas, R. Currently Applied Extraction Processes for Secondary Metabolites from
Lippia turbinata and Turnera diffusa and Future Perspectives. Separations 2021, 8, 158. [CrossRef]

14. Wong Paz, J.E.; Muñiz Márquez, D.B.; Martínez Ávila, G.C.G.; Belmares Cerda, R.E.; Aguilar, C.N. Ultrasound-Assisted Extraction
of Polyphenols from Native Plants in the Mexican Desert. Ultrason. Sonochem. 2015, 22, 474–481. [CrossRef]

15. Pingret, D.; Fabiano-Tixier, A.S.; Farid, C. Ultrasound-Assisted Extraction. In Natural Product Extraction: Principles and Applications;
Rostagno, M.A., Prado, J.M., Eds.; RSC Publishing: Cambridge, UK, 2013; Volume 1, pp. 89–112.

16. Picó, Y. Ultrasound-Assisted Extraction for Food and Environmental Samples. TrAC-Trends Anal. Chem. 2013, 43, 84–99. [CrossRef]
17. Muñiz-Márquez, D.B.; Martínez-Ávila, G.C.; Wong-Paz, J.E.; Belmares-Cerda, R.; Rodríguez-Herrera, R.; Aguilar, C.N. Ultrasound-

Assisted Extraction of Phenolic Compounds from Laurus nobilis L. and Their Antioxidant Activity. Ultrason. Sonochem. 2013, 20,
1149–1154. [CrossRef] [PubMed]

18. Muñiz-Márquez, D.B.; Wong-Paz, J.E.; Aguilar-Zárate, P.; Sepúlveda, L.; Buenrostro-Figueroa, J.; Ascacio-Valdés, J.A.;
Aguilar, C.N. Effect of Ultrasound on the Extraction of Ellagic Acid and Hydrolysis of Ellagitannins from Pomegranate Husk.
Environ. Technol. Innov. 2021, 24, 102063. [CrossRef]

19. Aguilar-Zarate, P.; Cruz-Hernandez, M.A.; Montañez, J.C.; Belmares-Cerda, R.E.; Aguilar, C.N. Enhancement of Tannase
Production by Lactobacillus plantarum CIR1: Validation in Gas-Lift Bioreactor. Bioprocess Biosyst. Eng. 2014, 37, 2305–2316.
[CrossRef]

20. Ávila-Hernández, J.G.; Aguilar-Zárate, P.; Carrillo-Inungaray, M.L.; Michel, M.R.; Wong-Paz, J.E.; Muñiz-Márquez, D.B.;
Rojas-Molina, R.; Ascacio-Valdés, J.A.; Martínez-Ávila, G.C.G. The Secondary Metabolites from Beauveria bassiana PQ2 Inhibit the
Growth and Spore Germination of Gibberella moniliformis LIA. Braz. J. Microbiol. 2022, 53, 143–152. [CrossRef]

21. Phadke, M.S.; Dehnad, K. Optimization of Product and Process Design for Quality and Cost. Qual. Reliab. Eng. 1988, 4, 105–112.
[CrossRef]

http://doi.org/10.1016/j.sajb.2022.10.048
http://doi.org/10.3390/molecules27206907
http://doi.org/10.5530/pj.2012.29.1
http://doi.org/10.1055/a-1131-7856
http://www.ncbi.nlm.nih.gov/pubmed/27005511
http://doi.org/10.1155/2018/5843298
http://doi.org/10.21608/ejchem.2019.10112.1667
http://doi.org/10.1016/j.jfoodeng.2008.07.003
http://doi.org/10.1016/j.hydromet.2009.03.004
http://doi.org/10.1016/j.heliyon.2019.e03058
http://www.ncbi.nlm.nih.gov/pubmed/31890972
http://doi.org/10.3390/separations8090158
http://doi.org/10.1016/j.ultsonch.2014.06.001
http://doi.org/10.1016/j.trac.2012.12.005
http://doi.org/10.1016/j.ultsonch.2013.02.008
http://www.ncbi.nlm.nih.gov/pubmed/23523026
http://doi.org/10.1016/j.eti.2021.102063
http://doi.org/10.1007/s00449-014-1208-3
http://doi.org/10.1007/s42770-021-00668-z
http://doi.org/10.1002/qre.4680040205


Molecules 2022, 27, 8845 14 of 15

22. Rigane, G.; Ben Younes, S.; Ghazghazi, H.; Ben Salem, R. Investigation into the Biological Activities and Chemical Composition of
Calendula officinalis L. Growing in Tunisia. Int. Food Res. J. 2013, 20, 3001–3007.

23. de Souza, L.M.; Cipriani, T.R.; Iacomini, M.; Gorin, P.A.J.; Sassaki, G.L. HPLC/ESI-MS and NMR Analysis of Flavonoids and
Tannins in Bioactive Extract from Leaves of Maytenus ilicifolia. J. Pharm. Biomed. Anal. 2008, 47, 59–67. [CrossRef] [PubMed]

24. Rockenbach, I.I.; Jungfer, E.; Ritter, C.; Santiago-Schübel, B.; Thiele, B.; Fett, R.; Galensa, R. Characterization of Flavan-3-Ols in
Seeds of Grape Pomace by CE, HPLC-DAD-MS n and LC-ESI-FTICR-MS. Food Res. Int. 2012, 48, 848–855. [CrossRef]

25. El Sayed, A.M.; Ezzat, S.M.; El Naggar, M.M.; El Hawary, S.S. In Vivo Diabetic Wound Healing Effect and HPLC–DAD–ESI–
MS/MS Profiling of the Methanol Extracts of Eight Aloe Species. Rev. Bras. Farmacogn. 2016, 26, 352–362. [CrossRef]

26. Benayad, S.; Gómez-Cordovés, C.; Es-Safi, N.E. Characterization of Flavonoid Glycosides from Fenugreek (Trigonella foenum-
graecum) Crude Seeds by HPLC-DAD-ESI/MS Analysis. Int. J. Mol. Sci. 2014, 15, 20668–20685. [CrossRef]

27. Souilem, F.; Dias, M.I.; Barros, L.; Calhelha, R.C.; Alves, M.J.; Harzallah-Skhiri, F.; Ferreira, I.C.F.R. Phenolic Profile and Bioactive
Properties of Carissa macrocarpa (Eckl.) A.DC.: An in Vitro Comparative Study between Leaves, Stems, and Flowers. Molecules
2019, 24, 1696. [CrossRef]

28. Hernández, L.; Carranza, P.; Cobos, L.E.; López, L.I.; Ascasio, J.A.; Silva Belmares, S.Y. Bioguided Fractionation from Solanum
elaeagnifolium to Evaluate Toxicity on Cellular Lines and Breast Tumor Explants. Vitae 2017, 24, 124–131. [CrossRef]

29. ReSpect for Phytochemicals. Available online: http://spectra.psc.riken.jp/menta.cgi/respect/search/fragment?hideGraph=
hideGraph&openList=openList&filter=2&peak=407.04424.98451.12289.12299.1&fpeak=01101&tolerance=0.5&polarity=
Negative&positiveAdducts=&negativeAdducts=1&neutralAdducts=&threshold=20 (accessed on 4 June 2021).

30. Olennikov, D.N.; Chirikova, N.K.; Kashchenko, N.I.; Nikolaev, V.M.; Kim, S.W.; Vennos, C. Bioactive Phenolics of the Genus
Artemisia (Asteraceae): HPLC-DAD-ESI-TQ-MS/MS Profile of the Siberian Species and Their Inhibitory Potential against
α-Amylase and α-Glucosidase. Front. Pharmacol. 2018, 9, 756. [CrossRef]

31. Socas-Rodríguez, B.; Torres-Cornejo, M.V.; Álvarez-Rivera, G.; Mendiola, J.A. Deep Eutectic Solvents for the Extraction of
Bioactive Compounds from Natural Sources and Agricultural By-Products. Appl. Sci. 2021, 11, 4897. [CrossRef]

32. Giraldo Vásquez, L.M.; Ramírez Aristizabal, L.S. Evaluation of Antioxidant Activity of Palicourea Guianensis (Rubiaceae) Extracts.
Rev. Cuba. Farm. 2013, 47, 483–491.

33. Vázquez-Flores Alma, A.; Emilio, Á.-P.; Alberto, L.-D.J.; Abraham, W.-M.; De la Rosa Laura, A. Hydrolyzable and Condensed
Tannins: Chemistry, Advantages and Disadvantages of Their Intake. Tecnociencia Chihuah. 2012, 6, 84–93.

34. Van Dijk, C.; Ebbenhorst-Selles, T.; Ruisch, H.; Stolle-Smits, T.; Schijvens, E.; Van Deelen, W.; Boeriu, C. Product and Redox
Potential Analysis of Sauerkraut fermentation. J. Agric. Food Chem. 2000, 48, 132–139. [CrossRef]

35. Reyes, A.; Arias, L.E.; Pimentel, D.J.; Carrillo, M.L. Antioxidant Activity and Microencapsulation of Yellow Plum (Spondias
purpurea L.) Infusions. Wulfenia J. 2015, 22, 351–357.

36. Muedas Taipe, G.; La Rosa Toro Gómez, A.; Robles Caycho, J. Electrochemical Evaluation of the Antioxidant Activity of Alcoholic
Extract of Bauhinia guianensis Var. Kuntiana Aubl. Rev. Soc. Química Perú 2008, 74, 233–246.

37. Sánchez Balcázar, D.; Tanta Flores, M. Comparación de La Actividad Antihemolítica y Antioxidante In Vitro Entre El Fruto
de Vaccinium floribundum “Pushgay” y El Fruto de Vaccinium corymbosum “Arándano”. BSc. Thesis, Universidad Privada
Antonio Guillermo Urrelo, Cajamarca, Perú, February 2020.

38. Peláez Gutiérrez, E.C. Actividad Antioxidante Del Extracto En Diclorometano de Palicourea guianensis Aubl. (Rubiaceae). BSc.
Thesis, Universidad Tecnológica de Pereira, Pereira, Colombia, January 2009.

39. Kaushik, C.; Singh, M.V. An Updated Phytopharmacological Review on Hamelia patens Jacq. Int. J. Pharmacogn. 2020, 7, 52–61.
[CrossRef]

40. Pacheco-Coello, F.; Peraza-Marrero, M.; Orosco-Vargas, C.; Ramirez-Azuaje, D.; Pinto-Catari, I. Determination of Total Phenolic
Compounds and Evaluation of the Antioxidant Activity of Commercial and Artisanal Green Tea Traded in Maracay, Venezuela.
Rev. Boliv. Química 2020, 37, 28–33. [CrossRef]

41. Isaza Maya, Y.L.; Restrepo Molina, D.A.; López Vargas, J.H. Efecto de la Inclusión de un Extracto de Cereza (Prunus avium L.)
sobre el Estado de Oxidación y las Características Fisicoquímicas y Sensoriales de Salchichas Tipo Frankfurt. Rev. Fac. Nac. Agron.
2012, 65, 6541–6552.

42. Wong-Paz, J.E.; Rubio-Contreras, C.; Reyes-Munguía, A.; Aguilar, C.N.; Carrillo-Inungaray, M.L. Phenolic Content and An-
tibacterial Activity of Extracts of Hamelia patens Obtained by Different Extraction Methods. Braz. J. Microbiol. 2018, 49, 656–661.
[CrossRef]

43. Capra, V. Ethyl Alcohol as an Antiseptic and Disinfectant. 2020. Available online: https://aafh.org.ar/upload1/wf4x19dV4S7
aGcKOWGInexh1yosx4Zd2hFQMgEbF.pdf (accessed on 5 October 2021).

44. Kampf, G.; Kramer, A. Epidemiologic Background of Hand Hygiene and Evaluation of the Most Important Agents for Scrubs and
Rubs. Clin. Microbiol. Rev. 2004, 17, 863–893. [CrossRef]

45. Vargas-Sánchez, R.D.; Torrescano-Urrutia, G.R.; Mendoza-Wilson, A.; Vallejo-Galland, B.; Acedo-Félix, B.; Sánchez-Escalante, J.;
Peñalba-Garmendia, M.; Sánchez-Escalante, A. Mechanisms Involved in Antioxidant and Antibacterial Activity of Propolis. Rev.
Cienc. Biol. Salud Biotecnia 2014, 16, 32–37.

46. Calvo, J.; Martínez-Martínez, L. Antimicrobial Mechanisms of Action. Enferm. Infecc. Microbiol. Clínica 2009, 27, 44–52. [CrossRef]
47. Pájaro, N.P.; Granados Conde, C.; Torrenegra Alarcón, M.E. Antibacterial Activity of the Ethanolic Extract of the Petiole from

Rheum rhabarbarum. Rev. Colomb. Cienc. Químico-Farm. 2018, 47, 26–36. [CrossRef]

http://doi.org/10.1016/j.jpba.2007.12.008
http://www.ncbi.nlm.nih.gov/pubmed/18215490
http://doi.org/10.1016/j.foodres.2012.07.001
http://doi.org/10.1016/j.bjp.2016.01.009
http://doi.org/10.3390/ijms151120668
http://doi.org/10.3390/molecules24091696
http://doi.org/10.17533/udea.vitae.v24n2a05
http://spectra.psc.riken.jp/menta.cgi/respect/search/fragment?hideGraph=hideGraph&openList=openList&filter=2&peak=407.04 424.98 451.12 289.12 299.1&fpeak=01101&tolerance=0.5&polarity=Negative&positiveAdducts=&negativeAdducts=1&neutralAdducts=&threshold=20
http://spectra.psc.riken.jp/menta.cgi/respect/search/fragment?hideGraph=hideGraph&openList=openList&filter=2&peak=407.04 424.98 451.12 289.12 299.1&fpeak=01101&tolerance=0.5&polarity=Negative&positiveAdducts=&negativeAdducts=1&neutralAdducts=&threshold=20
http://spectra.psc.riken.jp/menta.cgi/respect/search/fragment?hideGraph=hideGraph&openList=openList&filter=2&peak=407.04 424.98 451.12 289.12 299.1&fpeak=01101&tolerance=0.5&polarity=Negative&positiveAdducts=&negativeAdducts=1&neutralAdducts=&threshold=20
http://doi.org/10.3389/fphar.2018.00756
http://doi.org/10.3390/app11114897
http://doi.org/10.1021/jf990720t
http://doi.org/10.13040/IJPSR.0975-8232.IJP.7(3).52-61
http://doi.org/10.34098/2078-3949.37.1.4
http://doi.org/10.1016/j.bjm.2017.03.018
https://aafh.org.ar/upload1/wf4x19dV4S7aGcKOWGInexh1yosx4Zd2hFQMgEbF.pdf
https://aafh.org.ar/upload1/wf4x19dV4S7aGcKOWGInexh1yosx4Zd2hFQMgEbF.pdf
http://doi.org/10.1128/CMR.17.4.863-893.2004
http://doi.org/10.1016/j.eimc.2008.11.001
http://doi.org/10.15446/rcciquifa.v47n1.70656


Molecules 2022, 27, 8845 15 of 15

48. Yerlikaya, S.; Baloglu, M.C.; Altunoglu, Y.C.; Diuzheva, A.; Jekő, J.; Cziáky, Z.; Zengin, G. Exploring of Coronilla varia L. Extracts
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