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Abstract: Myrtus communis L., as a wild underutilized fruit, was analyzed for its physic-
ochemical properties and bioactive composition, revealing a high anthocyanin content
principally concentrated in the peel. Therefore, the anthocyanin extraction conditions
through ultrasound-assisted extraction from Myrtus communis L. fruit peels (MCP), consid-
ered a by-product, were optimized using response surface methodology (RSM), evaluating
four independent extraction variables with total anthocyanin content as the response cri-
terion. As a result, optimal extraction conditions were determined to be 20 min, pH 6,
500 W, and 19.68 g/L, yielding a total anthocyanin content of 47.51 mg cya-3-glu/g. In
addition, the optimized colourant extract presented a higher content of bioactive com-
pounds compared to the fruit itself, with 1.4 times higher polyphenols and 1.8 times higher
total anthocyanin content, with malvidin-3-O-glucoside as the predominant anthocyanin,
evidencing the effectiveness of the proposed extraction process. In conclusion, applying the
optimal extraction conditions for MPC enables the production of an extract with remarkable
anthocyanin content and other phenolic compounds, making it an excellent candidate as a
natural food colourant.

Keywords: natural colourant; anthocyanins; bioactive compounds; Mirtle; extraction
optimization

1. Introduction
Colourants are additives widely used by the food industry, applied to enhance, im-

prove or restore the colour lost during the production process. They have become one of
the principal additives since colour is a decisive parameter in the acceptance or rejection
of a food product; colour can generate an idea of its taste, freshness, or composition [1–3].
Colourants can be classified as artificial, generated synthetically, and natural, obtained
from vegetables, animals, or minerals; the former being the most used by the food industry
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due to their high stability, strong colour, and low prices. However, in recent years, different
research has evidenced the possible link between artificial colourants, especially the azo
ones, with urticaria, allergies, and, in the worst cases, attention deficit and hyperactivity
disorder (ADHD), evidenced mostly in kids [4–7].

In addition to the evidence of side effects due to the consumption of artificial
colourants, awareness among human beings regarding the importance and influence that
food has on their well-being has been increasing. This led to the demand of healthier food
products, made without additives, or at least with natural ones that do not generate side
effects [8].

As a result of the above, research on natural colourants has become an important field,
covering the search for new sources or matrices for natural colourant obtention or extrac-
tion, their characterization, the optimization of their extraction from each matrix, to the
improvement of their stability through different methods as encapsulation, co-pigmentation
among others. The principal problem with natural colourants is that their stability can
be affected by different factor such as pH, light, and the presence of oxygen, among oth-
ers [2,9]. The principal natural colourants are based in anthocyanins, carotenoids, betalains,
or chlorophylls, the former being the most abundant and consequently the most studied,
with more than 700 different anthocyanins reported to date [10–12]. However, natural
colourants based on anthocyanins exhibit high instability to factors such as temperature
and light, resulting in their degradation and loss of colouration. In addition, their colour is
largely dependent on the pH of the medium, with most colourants based on anthocyanins
producing shades of red. These limitations drive the ongoing search for new sources of
anthocyanins that offer improved stability and a broader range of colours [10,13].

Myrtle (Myrtus communis L.) is an evergreen shrub from the Myrtaceae family, native
to Mediterranean countries, typically growing 1 to 5 m tall. This shrub features abundant
branches with green lanceolate leaves, white flowers, and blueish-black berry fruits, up to
1 cm, with whitish pulp and light brown seeds. In Spain and other Mediterranean countries,
M. communis has been used traditionally as a spice, in the production of alcoholic beverages
and for medicinal purposes, such as antidiarrheic, anti-inflammatory, and for the treatment
of skin allergies and respiratory infections [14,15]. This species has been widely studied,
principally regarding its essential oil composition due to its importance in the perfume
industry, where myrtenyl acetate, limonene + 1,8-cineole, α-pinene, and linalool have been
reported as the principal essential oils found in the fruit [14,16]. Additionally, M. commu-
nis fruits present a rich composition, containing representative amounts of dietary fibre
(17.4 g/100 g), proteins (1.66–4.17 g/100 g), and minerals like iron (1.60–2.56 mg/100 g)
and potassium (478–549.9 mg/100 g) [15,17], as well as different bioactive compounds,
with total phenolic content ranging between 88.47 and 48.96 mg/100 g and anthocyanins
ranging from 4.07 to 242 mg/100 g [18]. Due to its rich composition, different biological
activities have been linked to M. communis fruits, such as anti-inflammatory, antiseptic,
antimicrobial, and hypoglycaemic [19,20].

The growing demand for natural colourants has led to the development of differ-
ent extraction methodologies such as maceration [21], ultrasound-assisted extraction
(UAE) [22,23], microwave-assisted extraction (MAE) [24], and supercritical fluid extrac-
tion (SFE) [25], among others. Among these, UAE has emerged as a standout technique
due to its consistently excellent results. For example, UAE has demonstrated superior
performance in extracting anthocyanins from grape pomace when compared to macera-
tion [26], possibly because maceration often requires high temperatures that can degrade
anthocyanins. Similarly, UAE has outperformed MAE in extracting anthocyanins from
common beans (Phaseolus vulgaris L.) yielding higher concentrations [27].
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UAE has stood out for its work mechanism based on cavitation, where the ultrasound
waves allow the liberation of the colourant molecules by generating the rupture of the
tissue. This approach allows superior anthocyanin extraction within significantly shorter
times compared to other methods, while also reducing the use of solvents and aligning with
the principles of green chemistry [28,29]. While some studies have examined extraction
methods for M. communis (e.g., MAE) to better characterize its bioactive compounds and
essential oils, no optimization has been performed to develop a natural food colourant
candidate [30–32].

In response to the problems linked to the use of artificial colourants and the rising
demand for natural food colourants and healthier food products, this study aims to deter-
mine the optimal extraction conditions for anthocyanins from M. communis using response
surface methodology (RSM) to generate a candidate of novel food natural colourant, while
also characterizing the fruit and optimized extract in terms of physicochemical properties
and bioactive compounds. Both the extraction conditions and the chemical composition
are protected by a Spanish patent application that has been published under number
ES2990137A1, filed at the Spanish Patent Office.

2. Materials and Methods
2.1. Samples

Mature fruits of M. communis L. were harvested in Spain at two different locations
during 2021 and 2022 (Table 1), following the harvesting permission for 2021 Ref. PN-
NC_032021 and Ref. ABSCH-IRCC-ES-257749-1, and for 2022 Ref. PN-NC_022022 and
Ref. ABSCH-IRCC-ES-262067-1 issued by the Spain Ministry of Agriculture, Fishier and
Food (MAPA). In a representative amount of the fruits, the physicochemical (moisture, pH
and titratable acidity) characterization was carried out. The peel, treated as a by-product,
was separated from the rest of the fruit, frozen, and freeze-dried at −80 ◦C (±5 ◦C) and
0.029 mbar (Freezone; 4.5 L; LABCONCO, Fort Scott, KS, USA). The four freeze-dried
samples, two from each location per year, were mixed and milled using IKA Multidrive
Basic (BS000; Barcelona, Spain). Then it was passed through a 0.150 mm mesh to obtain
a fine solid particle with a size under 0.037 mm obtaining a homogeneous and represen-
tative powdered sample, which presented a moisture content of 6.28 ± 0.38 g/100 g. The
powdered samples were stored in the absence of light at −20 ◦C until analysis.

Table 1. Myrtus communis L. fruits and their collection sites and coordinates.

Location 1 Location 2
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The different analytical methods were carried out in the following Myrtus communis
samples (Figure 1):

(1) Fresh fruit sample (MCF, M. communis whole fruit) for initial physicochemical charac-
terization was analyzed in the

(2) M. communis freeze-dried fruit peels (MCP), as a pool sample, for the determination
of the optimal extraction conditions and developing an optimized colourant extract.

(3) M. communis freeze-dried fruit peels (MCP) and in the optimized colourant extract
(MCE, M. communis extract) for the determination of bioactive compounds, namely
anthocyanins characterization, total polyphenols and phenolic families.
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2.2. Determination of the Optimal Extraction Conditions Through RSM
2.2.1. Experimental Design

Based on preliminary studies, the factors selected for the evaluation of their combined
influence on the anthocyanin extraction, and therefore as independent variables, were: time,
evaluated at five levels (2.5–20 min); ultrasound power evaluated at 3 levels (250–500 W);
solid–liquid ratio (S/L) evaluated at two levels (16.33–33.33 g/mL); and extraction solvent
pH, also evaluated at 2 levels (3.0–6.0), generating a total of 60 possible combinations, each
of which was carried out in duplicate, resulting in a total of 120 assays (Table 2).

Table 2. Experimental design for the optimization of the anthocyanin extraction through ultrasound
assisted extraction in MCP sample.

Code pH P (W) t (min) S/L
(mg/mL) Code pH P (W) t (min) S/L

(mg/mL)
1 3 250 2.5 33.33 31 6 250 2.5 33.33
2 3 250 5 33.33 32 6 250 5 33.33
3 3 250 10 33.33 33 6 250 10 33.33
4 3 250 15 33.33 34 6 250 15 33.33
5 3 250 20 33.33 35 6 250 20 33.33
6 3 400 2.5 33.33 36 6 400 2.5 33.33
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Table 2. Cont.

Code pH P (W) t (min) S/L
(mg/mL) Code pH P (W) t (min) S/L

(mg/mL)
7 3 400 5 33.33 37 6 400 5 33.33
8 3 400 10 33.33 38 6 400 10 33.33
9 3 400 15 33.33 39 6 400 15 33.33
10 3 400 20 33.33 40 6 400 20 33.33
11 3 500 2.5 33.33 41 6 500 2.5 33.33
12 3 500 5 33.33 42 6 500 5 33.33
13 3 500 10 33.33 43 6 500 10 33.33
14 3 500 15 33.33 44 6 500 15 33.33
15 3 500 20 33.33 45 6 500 20 33.33
16 3 250 2.5 16.66 46 6 250 2.5 16.66
17 3 250 5 16.66 47 6 250 5 16.66
18 3 250 10 16.66 48 6 250 10 16.66
19 3 250 15 16.66 49 6 250 15 16.66
20 3 250 20 16.66 50 6 250 20 16.66
21 3 400 2.5 16.66 51 6 400 2.5 16.66
22 3 400 5 16.66 52 6 400 5 16.66
23 3 400 10 16.66 53 6 400 10 16.66
24 3 400 15 16.66 54 6 400 15 16.66
25 3 400 20 16.66 55 6 400 20 16.66
26 3 500 2.5 16.66 56 6 500 2.5 16.66
27 3 500 5 16.66 57 6 500 5 16.66
28 3 500 10 16.66 58 6 500 10 16.66
29 3 500 15 16.66 59 6 500 15 16.66
30 3 500 20 16.66 60 6 500 20 16.66

2.2.2. Ultrasound-Assisted Extraction Process

The ultrasound extraction process was carried out in the M. communis peel sample
(MCP), which corresponds to the combined freeze-dried fruit peel samples from the two
different locations collected in two consecutive years.

For each of the ultrasound-assisted extraction tests carried out to determine the optimal
conditions of anthocyanin extraction, the subsequent procedure was followed: to 0.250 g
of powdered M. communis peel sample (MCP), the corresponding quantity of extraction
solvent (S/L ratio from 16.66 to 33.33; ethanol/water 80:20 (v/v)) was added, adjusted
to the corresponding pH value (solvent pH from 3 to 6), according to the experimental
design (Table 2). It was mixed and submitted to ultrasound with a Sonic Dismembrator
model 705 (Fisherbrand, Pittsburg, PA, USA) (ultrasound power and time according to
the experimental design). Then, the sample was centrifugated at 3500 rpm for 5 min and
the supernatant was collected. A representative amount of the supernatant was used
for the determination of the total anthocyanin content (Section Determination of Total
Monomeric Anthocyanin) and the colour parameters (Section Individual Anthocyanin
Profile) as explained in the responses criteria. The rest of the supernatant was rotatory
evaporated (Rotavapor R-114; BÜCHI) for the elimination of the ethanol, then the aqueous
extract was frozen at −20 ◦C and freeze-dried at −80 ◦C and 0.029 mbar (Freezone; 4.5 L;
LABCONCO) for the obtention of a solid extract (optimized colourant extract, MCE).

2.2.3. Responses Criteria Used to Evaluate the Extraction Process

Total anthocyanin content and the colour parameters saturation index (C*) and
hue (h) were chosen as the response criteria for the evaluation and determination of
the optimal condition of extraction of the anthocyanins from M. communis, which were
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carried out according to Section Determination of Total Monomeric Anthocyanin and
Section 2.3.2, respectively.

2.2.4. Mathematical Model Through Response Surface Methodology (RSM)

Response Surface Modelling (RSM) was used to analyze the combined effect of dif-
ferent experimental variables on the response of anthocyanin content. The independent
factors considered were pH (X1), ultrasound power used (X2), time (X3), and solid/liquid
ratio (X4). The RSM was constructed by fitting the experimental data to the following
second-order polynomial equation:

Y = b0 + ∑n
i=1 biXi+∑n−1

i = 1
j > 1

∑n
j=2 bijXiXj+∑n

i=1 biiX2
i (1)

where Y denotes the response variable, namely total anthocyanin content. The coeffi-
cients b0, bi, bij, and bii represent the constant, linear, interaction, and quadratic effects,
respectively. Here, n stands for the total number of variables, which is 4 in this case. The
NonlinearModelFit function from Mathematica (Version 11.1.1.0, Wolfram Research Inc.,
Champaign, IL, USA) was used to find the value of the RSM coefficients. The coefficient of
determination (R2) and adjusted R2 returned by the NonlinearModelFit function were used
to assess the accuracy of the model.

The fitted model was further used to find the experimental conditions of extraction,
resulting in an optimal value of anthocyanin content. The FindMaximum function (also
from Mathematica) was used with default parameters constraining the potential values
of the experimental variables within the ranges defined by the minimum and maximum
values observed in the experiments: 3 ≤ X1 ≤ 6, 50 ≤ X2 ≤ 100, 2.5 ≤ X3 ≤ 20 and
16.6 ≤ X4 ≤ 33.3 (as observed in Table 2).

2.3. Analytical Determinations
2.3.1. Physical–Chemical Analysis

The fresh whole fruits of M. communis (MCF) were subjected to a physical–chemical
analysis in terms of moisture, pH, and titratable acidity. Moisture was determined according
to the AOAC 984.25 method [33]. pH was determined according to the AOAC 981.12
method [33] with a pH-metre Basic 20+, Crison. The titratable acidity was carried out
through acid-base volumetry according to the AOAC 942.15 method [33]. ◦Brix was
measured by refractometry at 20 ◦C (932.14C, A.O.A.C., 2006) in an Atago refractometer.
All determinations were carried out in triplicate.

2.3.2. Colour Characterization: CIELAB Parameter

Colour parameters were analyzed in the M. communis peel sample (MCP) and in the
optimized colourant extract (MCE), as well as in each of the 120 assays carried out for the
extraction optimization. CIELAB parameters were measured by the tristimulus colorimetry
method [34]. For the freeze-dried peel sample and its optimized extract, the powdered
sample was placed in a cylindrical cuvette of 5 × 1.3 cm up to full coverage of the base. For
the measurement of the extraction optimization, 15 mL of each assay was placed in the
cuvette. In both cases, the cuvette was placed in a colorimeter colorflex, Hunterlab under
the following parameters: CIE L*a*b* colour space, illumination C, 10◦ and 45/0◦ geometry.
Saturation index (C*) and hue (h) were determined from parameters a* and b* according to
the following equations:

C*ab = (a*2 + b*2)1/2 (2)

Hab = arctan (b*/a*) (3)
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2.3.3. Anthocyanin Characterization: Total Monomeric Anthocyanin and Individual
Anthocyanin Profile
Determination of Total Monomeric Anthocyanin

The total anthocyanin content (TAC) was determined in MCP and MCE, as well as
in each of the 120 assays carried out for the extraction optimization. TAC was carried
out by the pH differential method [35] with some modifications. For the determination
of the optimal extraction, 100 µL of each assay was used; in the case of the M. communis
peel sample (MCP) and optimized colourant extract (MCE), the determination was made
through QUENCHER methodology [36]. Therefore, 10 ± 0.1 mg of each sample was
used. Briefly, 10 mL of either KCl (Panreac, Barcelona, Spain) buffer (pH 1) or CH3CO2Na
(Panreac, Barcelona, Spain) buffer (pH 4.5) was added to the sample, homogenized by
vortexing, and after 15 min of orbital shaking, it was centrifugated for 5 min at 7000 rpm
and filtered. Finally, the absorbance of the supernatant was measured at 510 and 700 nm in
a UV–Vis microplate reader (Synergy HTX, Biotek; Santa Clara, CA, USA). A calibration
curve of cyanidin-3-O-glucoside (3.125 to 500 µg/mL) was obtained; thus, the results were
expressed as milligrams of cyanidin-3-glucoside (Sigma-Aldrich, Schnelldorf, Germany)
per grams of sample (mg cya-3-glu/g, dw).

Individual Anthocyanin Profile

The individual anthocyanin profile was identified and quantified in MCP and MCE.
For the individual anthocyanin profile determination and quantification, the extract was
dissolved in water (10 mg/mL) and filtered through a PVDF filter disc of 0.22 µm. For
the identification of the individual anthocyanins, the dissolved extract was injected into
an HPLC equipment (Dionex Ultimate 3000 UPLC, Thermo Scientific, San Jose, CA, USA)
coupled to a diode array detector (280, 330, 370, and 520 nm wavelengths) and an electro-
spray ionization mass spectrometer (Linear Ion Trap LTQ XL, Thermo Scientific) working in
positive mode, utilizing an AQUA® reverse phase C18 column (5 µm, 150 mm × 4.6 mm,
Phenomenex; Alcobendas, Spain) at 35 ◦C for compound separation, following the gradient
previously described by Gonçalves et al. [37]. The anthocyanin identification was carried
out by comparison of the retention time, UV-Vis, and mass spectra with authentic standards
and the literature data.

For the individual anthocyanins’ quantification, the dissolved extract was injected
into UHPLC equipment (series 1290 Infinity II, Agilent Technologies, CA, USA) coupled to
a diode array detector (DAD, series 1260 Infinity II, Agilent Technologies, CA, USA), as
described by Vega et al. [38]. For compound separation, a Poroshell 120 SB-C18 column
(4.6 mm × 75 mm; 2.7 µm; Agilent InfinityLab, Madrid, Spain) was used at 35 ◦C following
the gradient previously described [38]. The quantification was carried out with ten level cal-
ibration curves obtained from pure standards (delphinidin-3-O-glucoside: y = 1042.533x +
9.285, cyanidin-3-O-glucoside: y = 1228.550x + 2.808, petunidin-3-O-glucoside: y = 821.793x
+ 2.358, pelargonidin-3-O-glucoside: y = 1362.533x + 7.749 and malvidin-3-O-glucoside:
y = 1009.467x + 6.306) (Sigma-Aldrich, Schnelldorf, Germany). The results were expressed
as milligrams per gram of sample (mg/g, dw).

2.3.4. Determination of Total Polyphenols by QUENCHER Methodology

The total polyphenols (TP) were determined in MCP and MCE through the Fast Blue
BB methodology [39,40] with some modifications. In brief, 1 ± 0.5 mg of the sample,
0.4 mL of 0.1% Fast Blue BB (Sigma-Aldrich, QuentinFallavier, France), 0.4 mL of 5%
NaOH (Panreac, Barcelona, Spain), and 4 mL of distilled water were added, homogenizing
by vortex after each reagent addition. After 45 min of orbital shaking the sample was
centrifugated at 6500 rpm for 10 min, filtered, and the absorbance was measured at 420 nm
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in a UV–Vis microplate reader (Synergy HTX, Biotek; Santa Clara, CA, USA). A calibration
curve of gallic acid (0.625 to 160 µg/mL) was obtained; therefore, the results were expressed
as milligrams of gallic acid (Sigma-Aldrich, QuentinFallavier, France) equivalent per gram
of sample (mg GAE/g dw).

Determination of Hydroxybenzoic Acids by QUENCHER Methodology

The hydroxybenzoic acids (HBC) were determined in MCP and MCE according to
Bonoli et al. [41] with some modifications. In brief, 1 ± 0.5 mg of the sample, 0.5 mL of
distilled water and 4 mL of 3% formic acid (Scharlau, Sentmenat, Spain) were added, and
it was homogenized by vortexing. After 15 min of orbital shaking, it was centrifugated
at 6500 rpm for 5 min, filtered, and the absorbance of the supernatant was measured at
280 nm in quartz cuvettes using a UV–Vis microplate reader (Synergy HTX, Biotek; Santa
Clara, CA, USA). A calibration curve of gallic acid (3.125 to 400 µg/mL) was obtained, and
then the results were expressed as milligrams of gallic acid equivalent per gram of sample
(mg GAE/g dw).

Determination of Hydroxycinnamic Acids by QUENCHER Methodology

The hydroxycinnamic acids (HCC) were determined in MCP and MCE according to
Bonoli et al. [41] with some modifications. Briefly, 1 ± 0.5 mg of the sample, 0.5 mL of
distilled water, and 4 mL of methanol were added; it was homogenized by vortexing, and
after 15 min of orbital shaking it was centrifugated at 6500 rpm for 5 min. Finally, the
supernatant absorbance was measured at 320 nm in a UV–Vis microplate reader, (Synergy
HTX, Biotek; Santa Clara, CA, USA). A calibration curve of ferulic acid (3.125 to 200 µg/mL)
was obtained; hence, the results were expressed as milligrams of ferulic acid equivalent per
gram of sample (mg FAE/g dw).

Flavonols by QUENCHER Methodology

Flavonols (FC) were determined in MCP and MCE according to Bonoli et al. [41]
with some modifications. Briefly, 0.5 mL of distilled water and 4 mL of methanol were
added to 1 ± 0.5 mg of the sample; it was homogenized by vortexing, and after 15 min of
orbital shaking it was centrifugated at 6500 rpm and filtered. Lastly, the absorbance of the
supernatant was measured at 370 nm with an UV–Vis microplate reader, (Synergy HTX,
Biotek; Santa Clara, CA, USA). A calibration curve of quercetin (3.125 to 250 µg/mL) was
obtained; hence, the results were expressed in milligrams of quercetin (Scharlau, Sentmenat,
Spain) equivalent per gram of sample (mg QE/g, dw).

2.4. Statistical Analysis

All the analyses were carried out in triplicate and the results are presented as means
values ± standard deviation. Student’s t-test was used to compare and identify the dif-
ferences among the sets of means. All the analyses were performed using the XLSTAT
programme (Addinsoft, 2024, New York, NY, USA).

3. Results and Discussion
3.1. Physicochemical Characterization of M. communis Fresh Fruits

As a first approach, the physicochemical properties and the colour parameters of
M. communis fresh fruits (MCF) were determined in terms of moisture, pH, titratable
acidity, Brix degrees, and colour parameters. M. communis fruits presented a moisture of
71.39 g/100 g of fruit, which is in accordance with previous data reported, which range
from 61.7 to 75.7 g/100 g. In the same way, the obtained pH of 5.26 is in the range previously
reported (4.37–6.56) [17,42]. Moreover, 58.47 mL of NaOH was needed for the neutralization
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of the acids present in 100 g of the fruits. ºBrix of 7.17 was obtained, evidencing an optimal
maturity stage [17,42–44]. Regarding the colour parameters, measured by the CIEL*a*b*
system, a low luminosity (L*: 34.14) was obtained, with an a* parameter of 9.97, indicating
tones of red, and a b* parameter of −1.24, indicating tones of blue, evidencing a strong
purple colour with a C* of 10.29 and a h of −0.11.

3.2. Determination of the Optimal Extraction Conditions Through RSM

The efficiency of anthocyanin extraction can be affected by several independent factors,
including the nature of the anthocyanins; therefore, it becomes necessary to optimize the
extraction process for each fruit and to evaluate each parameter independently. Therefore,
the experimental domain of four factors was evaluated, meaning, that each factor was
studied at different levels while maintaining the other factors constant. Specifically, pH
and S/L ratio were evaluated in two factors: 3 and 6, and 16.66 and 33.33, respectively; the
power of ultrasound in a three-level range, 250, 400, and 500 W; and time in a five-level
range of 2.5, 5, 10, 15, and 20 min. Therefore, a total of 60 tests were obtained due to the
different combinations of variables; moreover, each test was carried out in duplicate for a
total of 120 assays. For each of these, the total monomeric anthocyanin content as well as
the colour characteristics were determined (Table 3).

The response variables demonstrated notable variability, especially the colour parame-
ters. More specifically, total anthocyanin content values ranged from 852.77 to 1106.55 mg
cya-3-glu/g, while L* parameter values ranged from 5.24 to 23.01, a* parameter values
from 17.27 to 40.11, and b* parameter values from 1.58 to 14.34. This extensive colour
variability was also evident in chroma (17.37 to 42.13) and hue values (5.03 to 22.40). Given
the wide range of colour parameters obtained and their sensitivity to external factors like
pH, the extraction conditions were optimized with a focus on maximizing anthocyanin
yield; therefore, total anthocyanin content was chosen as the primary criterion.

Table 3. Independent variable used in each test of the experimental design and the results obtained
in each response criteria evaluated.

Independent Variables Evaluated

Code TAC
(mg cya-3-glu/g) L* a* b* C* h RGB

1 9.54 ± 0.00 11.46 ± 0.08 36.96 ± 1.92 13.25 ± 0.21 38.93 ± 1.87 19.84 ± 0.76
2 9.33 ± 0.01 12.81 ± 0.41 38.58 ± 0.38 13.24 ± 0.29 40.89 ± 0.38 18.94 ± 0.35
3 9.21 ± 0.51 13.67 ± 0.37 39.14 ± 0.58 13.29 ± 0.46 41.50 ± 0.54 18.87 ± 0.58
4 8.55 ± 0.03 14.02 ± 0.56 39.26 ± 0.85 13.01 ± 0.60 41.22 ± 0.60 18.50 ± 1.20
5 9.21 ± 0.08 12.84 ± 0.45 38.67 ± 0.36 13.37 ± 0.13 40.99 ± 0.30 18.99 ± 0.22
6 9.50 ± 0.19 13.30 ± 0.12 39.29 ± 0.35 13.46 ± 0.77 41.45 ± 0.57 18.68 ± 0.80
7 9.36 ± 0.23 12.74 ± 0.70 38.16 ± 0.61 13.31 ± 0.39 40.32 ± 0.74 19.24 ± 0.28
8 9.36 ± 0.08 13.17 ± 0.14 38.52 ± 0.59 13.47 ± 0.62 40.66 ± 0.72 19.20 ± 0.66
9 9.48 ± 0.81 12.80 ± 0.47 38.26 ± 0.21 13.35 ± 0.52 40.46 ± 0.28 19.02 ± 0.50
10 9.58 ± 0.45 13.14 ± 0.59 38.40 ± 0.05 13.03 ± 0.49 40.55 ± 0.18 18.65 ± 0.69
11 10.36 ± 0.22 12.61 ± 0.41 37.56 ± 0.12 13.52 ± 0.19 39.98 ± 0.07 19.81 ± 0.27
12 10.10 ± 0.05 13.28 ± 0.12 38.66 ± 0.56 13.22 ± 0.72 41.04 ± 0.69 18.96 ± 0.78
13 9.18 ± 0.30 13.39 ± 0.30 38.22 ± 1.12 12.96 ± 0.77 40.57 ± 1.31 18.76 ± 0.65
14 9.00 ± 0.75 13.00 ± 0.15 37.48 ± 0.24 12.55 ± 0.36 39.55 ± 0.33 18.63 ± 0.37
15 9.37 ± 0.57 12.56 ± 0.84 38.48 ± 1.30 14.13 ± 0.16 40.80 ± 1.23 20.34 ± 0.71
16 9.09 ± 0.08 6.87 ± 0.56 29.71 ± 0.24 8.33 ± 0.15 30.90 ± 0.26 15.69 ± 0.22
17 8.69 ± 0.40 6.50 ± 0.12 29.77 ± 0.43 8.30 ± 0.22 31.06 ± 0.31 15.61 ± 0.26
18 9.21 ± 0.66 6.31 ± 0.02 28.45 ± 0.30 7.42 ± 0.34 29.39 ± 0.28 14.89 ± 0.42
19 8.89 ± 0.00 6.00 ± 0.40 28.93 ± 0.62 7.67 ± 0.34 29.83 ± 0.71 14.77 ± 0.35
20 8.53 ± 0.35 6.39 ± 0.17 29.33 ± 0.40 7.99 ± 0.25 30.54 ± 0.26 15.30 ± 0.47
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Table 3. Cont.

Independent Variables Evaluated

Code TAC
(mg cya-3-glu/g) L* a* b* C* h RGB

21 10.09 ± 1.29 6.65 ± 0.38 28.05 ± 0.26 7.49 ± 0.25 29.03 ± 0.28 14.95 ± 0.58
22 9.45 ± 0.07 6.09 ± 0.18 27.84 ± 0.40 7.22 ± 0.29 28.83 ± 0.45 14.61 ± 0.46
23 9.30 ± 0.36 5.82 ± 0.38 28.70 ± 0.48 7.36 ± 0.22 29.54 ± 0.52 14.37 ± 0.29
24 8.77 ± 0.28 6.04 ± 0.20 27.85 ± 1.24 6.89 ± 0.35 28.47 ± 1.30 13.88 ± 0.33
25 9.39 ± 0.04 6.79 ± 0.21 28.31 ± 1.05 7.11 ± 0.60 29.37 ± 1.20 14.25 ± 0.61
26 8.97 ± 0.16 6.14 ± 0.28 28.02 ± 1.03 6.82 ± 0.26 28.70 ± 1.24 13.44 ± 0.93
27 9.77 ± 0.35 6.59 ± 0.15 27.37 ± 0.98 6.61 ± 0.53 27.99 ± 1.09 13.65 ± 0.72
28 9.29 ± 0.06 6.06 ± 0.49 28.50 ± 0.25 7.07 ± 0.11 29.34 ± 0.24 13.95 ± 0.33
29 9.00 ± 0.14 6.43 ± 0.36 27.65 ± 0.98 6.10 ± 0.08 28.16 ± 1.16 12.25 ± 0.36
30 10.15 ± 0.62 5.94 ± 0.40 27.27 ± 0.96 6.41 ± 0.57 28.25 ± 0.99 13.23 ± 0.86
31 9.14 ± 0.40 22.66 ± 0.21 18.13 ± 0.34 2.14 ± 0.17 18.21 ± 0.38 6.61 ± 0.34
32 9.39 ± 0.31 20.26 ± 0.46 18.35 ± 0.13 2.13 ± 0.09 18.45 ± 0.15 6.57 ± 0.23
33 10.44 ± 0.39 22.58 ± 0.36 17.60 ± 0.29 1.73 ± 0.15 17.64 ± 0.28 5.73 ± 0.28
34 11.07 ± 0.65 21.49 ± 0.52 17.90 ± 0.25 2.75 ± 0.11 18.08 ± 0.28 8.80 ± 0.33
35 10.63 ± 0.22 21.02 ± 0.28 17.99 ± 0.34 2.33 ± 0.18 18.11 ± 0.35 7.53 ± 0.64
36 10.02 ± 0.07 21.02 ± 0.62 18.31 ± 0.32 1.94 ± 0.08 18.38 ± 0.37 5.91 ± 0.26
37 10.65 ± 0.54 21.58 ± 0.35 18.20 ± 0.32 3.37 ± 0.21 18.53 ± 0.31 10.36 ± 0.81
38 9.96 ± 0.06 19.94 ± 0.88 18.23 ± 0.32 4.59 ± 0.42 18.86 ± 0.20 13.90 ± 1.28
39 10.06 ± 0.60 20.25 ± 0.47 18.54 ± 0.12 2.34 ± 0.10 18.67 ± 0.12 7.19 ± 0.36
40 10.16 ± 0.24 20.86 ± 0.75 18.28 ± 0.22 4.62 ± 0.23 19.27 ± 0.79 15.47 ± 0.64
41 10.02 ± 0.19 20.16 ± 0.28 18.12 ± 0.24 5.42 ± 0.03 18.98 ± 0.04 17.13 ± 0.11
42 9.76 ± 0.67 19.50 ± 0.18 18.84 ± 0.14 3.36 ± 0.06 19.14 ± 0.22 9.80 ± 0.18
43 10.20 ± 0.01 20.81 ± 0.22 18.03 ± 0.23 4.95 ± 0.20 18.66 ± 0.10 15.75 ± 1.61
44 10.01 ± 0.01 20.34 ± 0.05 18.41 ± 0.69 4.52 ± 0.08 19.35 ± 1.30 14.78 ± 0.23
45 10.28 ± 0.04 21.15 ± 1.04 18.18 ± 0.25 2.69 ± 0.07 18.34 ± 0.26 8.43 ± 0.18
46 10.70 ± 0.20 7.12 ± 0.59 22.14 ± 0.31 3.35 ± 0.24 22.47 ± 0.19 8.38 ± 0.75
47 9.72 ± 0.59 8.45 ± 0.08 21.92 ± 0.57 3.48 ± 0.05 22.08 ± 0.45 9.44 ± 0.20
48 9.83 ± 0.60 8.01 ± 0.07 22.50 ± 0.43 3.26 ± 0.16 22.80 ± 0.44 8.29 ± 0.51
49 9.66 ± 1.39 7.14 ± 0.17 22.21 ± 0.72 4.65 ± 0.42 22.86 ± 0.75 11.94 ± 0.68
50 10.02 ± 0.52 7.70 ± 0.33 22.27 ± 0.14 3.85 ± 0.14 22.58 ± 0.16 9.73 ± 0.28
51 9.79 ± 0.09 7.12 ± 0.30 21.98 ± 0.51 3.16 ± 0.26 22.31 ± 0.52 8.18 ± 0.61
52 9.93 ± 0.67 7.25 ± 0.27 22.44 ± 0.48 4.13 ± 0.25 22.76 ± 0.55 10.32 ± 0.49
53 9.99 ± 1.22 7.74 ± 0.19 21.57 ± 0.09 4.08 ± 0.28 21.93 ± 0.08 10.54 ± 0.68
54 10.17 ± 0.04 7.45 ± 0.34 21.69 ± 0.40 3.83 ± 0.26 21.92 ± 0.24 10.23 ± 0.72
55 10.13 ± 1.34 7.46 ± 0.35 21.61 ± 0.27 3.87 ± 0.15 21.92 ± 0.26 10.25 ± 0.47
56 9.86 ± 0.31 7.46 ± 0.13 21.11 ± 0.56 3.69 ± 0.27 21.47 ± 0.66 9.97 ± 0.54
57 10.50 ± 0.02 7.42 ± 0.18 21.47 ± 0.29 4.15 ± 0.19 21.95 ± 0.27 11.03 ± 0.37
58 10.90 ± 0.34 7.42 ± 0.34 22.02 ± 0.47 4.33 ± 0.30 22.34 ± 0.50 10.97 ± 0.52
59 11.04 ± 0.87 7.79 ± 0.21 21.82 ± 0.40 4.80 ± 0.29 22.26 ± 0.43 12.29 ± 0.61
60 10.19 ± 0.70 7.28 ± 0.38 21.48 ± 0.81 3.98 ± 0.32 21.96 ± 0.91 10.45 ± 0.95

TAC: total anthocyanin content; cya-3-glu: cyanidin-3-O-glucoside; L*: luminosity; a*: red–green; b*: yellow–blue;
C*: chroma; h: hue. RGB: colour obtained with red-green-blue model.

The results from each experiment (Table 3) were used to build a Response Surface
Model (RSM) to extend the findings beyond the selected conditions and to gain a deeper
understanding of the factors affecting anthocyanin concentration. For this the coefficients
of the second-order polynomial equation (Equation (4)) were calculated resulting in the
following model:

Y = 603.765 + 49.9719X1 + 2.78618X2 − 8.49634X3 + 8.3743X4 − 1.0871X2
1 − 0.000574667X2

2
+0.110137X2

3 − 0.0681449X2
4 − 0.200884X1X2 + 1.29339X1X3 − 0.445722X1X4

−0.0105695X2X3 − 0.0387428X2X4 + 0.0427951X3X4

(4)
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where X1 refers to the pH, X2 to the ultrasound power used, X3 to time, X4 to the solid/liquid
ratio, and Y represents the anthocyanin content. The values of the coefficient of determi-
nation (R2) and adjusted R2 were 0.998475 and 0.997966, respectively, demonstrating an
excellent fit of the model.

In this modelling approach, the magnitude of the coefficients indicates the strength
and type of relationship each variable has with the response variable (Y). Variables with
larger absolute coefficients have a more significant impact on the results, considering the
magnitudes of the variables. In the developed model, pH (X1) and its linear term exhibit
the most substantial effect on the response variable, followed by the linear terms of time
(X3) and the solid/liquid ratio (X4). Interestingly, the interaction between time and pH (X1

X3) presents a higher value after the linear terms. Contrary to the expected, the anthocyanin
content increases with higher pH levels (Figure 2). For the time variable, although the linear
term has a negative effect, this is offset by the quadratic and interaction terms, resulting in
an overall increase in anthocyanin content. A similar but less pronounced effect is observed
for the solid/liquid ratio.

Using the developed response surface method, the optimal experimental conditions to
achieve the highest anthocyanin content were identified within the established experimental
range. According to the optimization procedure, the maximum anthocyanin content of
10.51 mg cya-3-glu/g was achieved at pH 6, with an ultrasound power of 100 W, an
extraction time of 20 min, and a solid/liquid ratio of 19.6756 mg/mL.
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Figure 2. Response surface graphs of the combined effect of the independent variable (pH, ultrasound
power used (P), extraction time (t) and solid/liquid ratio (S/L)) on total anthocyanin content (in
mg cya-3-glu/g; Y-axis). Excluded variables in each graph were positioned at their optimal values.
(A): combined effect of pH (X-axis) and P (Z-axis); (B): combined effect of pH (X-axis) and t (Z-axis);
(C): combined effect of pH (X-axis) and S/L (Z-axis); (D): combined effect of P (X-axis) and t (Z-axis);
(E): combined effect of P (X-axis) and S/L (Z-axis); (F): combined effect of t (X-axis) and S/L (Z-axis).
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3.3. Anthocyanin Characterization in M. communis Peel Sample (MCP) and Its Optimized
Colourant Extract (MCE)

The total monomeric anthocyanin (TAC) was determined in MCP and MCE, obtaining
contents of 25.53 mg cya-3-glu/g (dw) and 47.51 ± 1.50 mg cya-3-glu/g (dw), respectively.
The TAC values of M. communis fruit samples were remarkably superior to those previously
reported for two different cultivars harvested in two different years in Italy, which presented
a range from 0.029 to 10.11 mg/g (dw) [18]. Moreover, the TAC values of the optimized
extract surpassed previous reports, with values ranging from 0.13 to 8.99 mg/g (dw) in
extracts of fruits collected in Italy [45]. In addition, the anthocyanin recovery yield was
notably enhanced compared to previously reported extraction methods. For instance,
Bouaoudia-Madi et al. [31] compared conventional solvent extraction with microwave-
assisted extraction, evidencing a 1.3-fold increase in the anthocyanin content. Similarly,
González de Peredo et al. [46] proposed an ultrasound-assisted extraction, yielding slightly
better recovery rates than the Bouaoudia-Madi et al. method. In addition, the remarkably
high anthocyanin content in MCE can be evidenced when compared to extracts from other
matrices known for their high anthocyanin levels. For example, an optimized extract from
wild blackberry fruits (Rubus fruticosus L.) presented a TAC of 11.2 mg cya-3-glu/g (dw),
which is lower than the value observed in MCE [47].

The individual anthocyanin profile was identified in MCE, evidencing a chromato-
graphic profile with the presence of 10 anthocyanins (Figure 3). Moreover, Table 4 contains
the tentative identification and quantification of anthocyanin compounds in the fruit sample
and in the optimized colourant extract. Peaks 2 (delphinidin-3-O-glucoside), 4 (cyanidin-3-
O-glucoside), 5 (petunidin-3-O-glucoside), and 8 (malvidin-3-O-glucoside) were identified
by comparison with authentic standards. These compounds showed [M+] at m/z 465, 449,
479, and 493, as well as a unique MS2 fragment of 303, 287, 317, and 331, respectively. In all
cases, neutral losses of 162 Da, corresponding to the loss of a hexose unit were observed,
confirming the identification made with authentic standards.

The other peaks were identified by comparing the compounds’ fragmentation patterns
with the available literature data. Peak 1 showed an [M]+ ion at m/z 627 and a fragment ion
at m/z 303, indicating a delphinidin aglycone after the loss of two hexose units ([M-324]+).
Based on this evidence and prior identification of anthocyanins of this fruit, peak 1 was
tentatively identified as delphinidin-O-diglucoside [19,32].

Peak 3 exhibited an [M]+ ion at m/z 449, yielding a fragment ion at m/z 287, which
is consistent with cyanidin after the loss of a hexose unit (162 Da). As peak 4 has been
unequivocally identified as cyanidin-3-O-glucoside, the sugar moiety in compound 3 was
designated as galactoside, another common hexose found in foods [48]. Previous studies
have reported that galactose-linked compounds elute earlier than glucose-linked ones [48].
Consequently, peak 3 was assigned as cyanidin-3-O-galactoside [19,32].

Peak 6 ([M]+ at m/z 655) showed a fragment ion at m/z 331 in its MS² spectrum,
characteristic of malvidin after the neutral loss of two hexose units ([M-324]+). Thus, it was
identified as malvidin-O-dihexoside. Peak 7 ([M]+ at m/z 463) exhibited a fragment ion at
m/z 271 in the MS² spectrum, which is characteristic of pelargonidin, and was designated
as a pelargonidin derivative.

Peaks 9 ([M]+ at m/z 449) and 10 ([M]+ at m/z 463) produced fragment ions at m/z
317 and m/z 331, respectively, suggesting the loss of a pentose group ([M-132]+). Based on
these fragmentation patterns and prior identification of anthocyanins in M. communis fruits,
peaks 9 and 10 were tentatively identified as petunidin-3-O-arabinoside and malvidin-3-O-
arabinoside, respectively [32,49].
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nidin, petunidin, pelargonidin, and malvidin derivatives, the latter being the most preva-
lent. Malvidin-3-glucoside was the predominant anthocyanin with 6.00 mg/g of fruit, 
closely followed by delphinidin-3-glucoside (5.48 mg/g of fruit) and petunidin-3-gluco-
side (5.48 mg/g of fruit), which agrees with what was previously reported by Messaoud 
et al. [49]. Nonetheless, the content of each anthocyanin found in this work was higher 
than previously reported by the same author. Additionally, MCE showed an increase in 
the quantity of each anthocyanin, evidencing the success of the extraction optimization 
process, with a total of identified and quantified anthocyanins of 35.39 mg/g of extract, 
which is 1.7 times higher than the total identified and quantified in MCP (20.62 mg/g of 
fruit). 

Table 4. Individual anthocyanin identification and quantification of Myrtus communis peel sample 
(MCP) and optimized colourant extract (MCE). 
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1 A 4.91 523 627 303 Delphinidin-O-diglucoside 0.11 ± 0.00 b 0.19 ± 0.00 a 
2 A 5.53 523 465 303 Delphinidin-3-O-glucoside 5.48 ± 0.01 b 9.41 ± 0.01 a 
3 B 6.82 516 449 287 Cyanidin-3-O-galactoside 0.34 ± 0.00 b 0.58 ± 0.00 a 
4 B 7.62 516 449 287 Cyanidin-3-O-glucoside 0.95 ± 0.01 b 1.63 ± 0.01 a 
5 C 8.93 524 479 317 Petunidin-3-O-glucoside 5.48 ± 0.02 b 9.41 ± 0.03 a 
6 D 9.69 524 655 33 Malvidin-O-dihexoside 1.15 ± 0.00 b 1.97 ± 0.01 a 
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Figure 3. Chromatographic profile at 520 nm of the anthocyanin compounds in Myrtus communis
optimized colourant extract (1: delphinidin-O-diglucoside; 2: delphinidin-3-O-glucoside 3: cyanidin-
3-O-galactoside; 4: cyanidin-3-O-glucoside 5: petunidin-3-O-glucoside; 6: Malvidin-O-dihexoside;
7: pelargonidin derivative; 8: malvidin-3-O-glucoside; 9: petunidin-3-O-arabinoside; 10: malvidin-3-
O-arabinoside).

Overall, the anthocyanin variety in MCP was evident, including delphinidin, cyani-
din, petunidin, pelargonidin, and malvidin derivatives, the latter being the most preva-
lent. Malvidin-3-glucoside was the predominant anthocyanin with 6.00 mg/g of fruit,
closely followed by delphinidin-3-glucoside (5.48 mg/g of fruit) and petunidin-3-glucoside
(5.48 mg/g of fruit), which agrees with what was previously reported by Messaoud
et al. [49]. Nonetheless, the content of each anthocyanin found in this work was higher
than previously reported by the same author. Additionally, MCE showed an increase in the
quantity of each anthocyanin, evidencing the success of the extraction optimization process,
with a total of identified and quantified anthocyanins of 35.39 mg/g of extract, which is
1.7 times higher than the total identified and quantified in MCP (20.62 mg/g of fruit).

Table 4. Individual anthocyanin identification and quantification of Myrtus communis peel sample
(MCP) and optimized colourant extract (MCE).

Peak Rt UV [M]+ MS2 Tentative Identification

Quantification
(mg/g, dw)

M. communis Peel
Sample (MCP)

M. communis
Extract (MCE)

1 A 4.91 523 627 303 Delphinidin-O-diglucoside 0.11 ± 0.00 b 0.19 ± 0.00 a

2 A 5.53 523 465 303 Delphinidin-3-O-glucoside 5.48 ± 0.01 b 9.41 ± 0.01 a

3 B 6.82 516 449 287 Cyanidin-3-O-galactoside 0.34 ± 0.00 b 0.58 ± 0.00 a

4 B 7.62 516 449 287 Cyanidin-3-O-glucoside 0.95 ± 0.01 b 1.63 ± 0.01 a

5 C 8.93 524 479 317 Petunidin-3-O-glucoside 5.48 ± 0.02 b 9.41 ± 0.03 a

6 D 9.69 524 655 33 Malvidin-O-dihexoside 1.15 ± 0.00 b 1.97 ± 0.01 a

7 E 12.65 517 463 271 Pelargonidin derivative 0.40 ± 0.00 b 0.69 ± 0.00 a

8 D 14.01 526 493 331 Malvidin-3-O-glucoside 6.00 ± 0.01 b 10.30 ± 0.01 a

9 C 15.47 526 449 317 Petunidin-3-O-arabinoside 0.53 ± 0.00 b 0.90 ± 0.00 a

10 D 20.26 528 463 331 Malvidin-3-O-arabinoside 0.18 ± 0.00 b 0.31 ± 0.01 a

In the peak column, each capital superscript letter means de calibration curve used for quantification.
A—delphinidin-3-O-glucoside (y = 1047.4x + 8.3518); B—cyanidin-3-O-glucoside (y = 1217.5x + 3.2479);
C—petunidin-3-O-glucoside (y = 832.74x + 2.6594); D—malvidin-3-Oglucoside (y = 1011x + 6.8629);
E—pelargonidin-3-O-glucoside (y = 1371.9x + 7.8528). Different small superscript letters in each line mean
statistically significant differences (p < 0.05) compared by Student’s t-test.
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3.4. Total Polyphenols and Phenolic Families in M. communis Peel Sample (MCP) and Its
Optimized Colourant Extract (MCE)

MCP and MCE were characterized for total phenolic content and different phenolic
families, as shown in Table 5. In general, the hydroethanolic extraction process carried out
was highly efficient, producing an extract rich not only in anthocyanins but also in a wide
range of other phenolic compounds.

A total of 190.23 mg GAE of phenolic content/g (dw) was found through Fast Blue BB
methodology in MCP. This value was higher than previously reported by other authors
from fruits collected in Tunisia or Turkey, whose content ranged from 5.31 to 63.2 mg
GAE/g of fruit [17,20,43,49]. This observed difference can be attributed to several factors:
firstly, the use of the Fast Blue BB method instead of the traditional Folin–Ciocalteu method,
commonly employed for the determination of total polyphenols. This method can be prone
to overestimation, as the Folin–Ciocalteu reagent can be reduced by other agents such
as sugars or vitamins [50]. Secondly, the use of the QUENCHER methodology provides
more reliable results, as it allows the solid sample to be in direct contact with the reagents,
enabling the quantification of both soluble and insoluble compounds [40]. Finally, it is
well-established that wild fruits collected from natural habitats present a wider variety and
higher levels of bioactive compounds, as secondary metabolites serving as a protective
response to environmental stress [51].

Among the phenolic families, hydroxybenzoic acids were most abundant with
34.99 mg GAE/g, followed by flavonols with a content of 10.61 mg QE/g, while hy-
droxycinnamic acids were the least abundant with a content of 9.35 mg FAE/g. These
results align with those previously reported by other authors, such as Messaoud et al. [49],
who reported values of flavonols of 3.5 mg CE/g, (dw) for fruits collected in Tunisia.

MCE presented a significative enhancement in the content of bioactive compounds
compared to MCP, where all the families increased by 1.4 to 1.8 times. Moreover, MCE
presented the same phenolic profile as MCP, evidencing a successful extraction of most
bioactive compounds. The total phenolic content (TPC) exhibited a notable value of
271.18 mg GAE/g of optimized colourant extract, surpassing previously reported figures,
such as those from fruits collected across seven different locations in France (21.84 to
67.43 mg/g of extract) [52]. Other authors have reported TPC values from 0.02 to 4.57 g
GAE/L for aqueous and ethanolic extracts from fruits collected in Italy. Hydroxybenzoic
acids (HBC) emerged as the predominant phenolic family, followed by flavonols content
(FC), while hydroxycinnamic acids (HCC) were the least representative in MCE. Notably, FC
values obtained were superior to those reported for different extracts from fruits gathered
in seven locations in France, with values ranging between 5.19 and 15.21 mg/g (dw) [52].

The determination of several of these phenolic families has not been reported; there-
fore, there are no available data for direct comparison. However, the contents found in
this work for MCP exceeded those reported for other fruits known for their high con-
tent of bioactive compounds, especially anthocyanins. For example, highbush blueberry
(Vaccinium corymbosum L.) from four different cultivars presented values of TPC between
15 and 55 mg GAE/g (dw) and HCC between 3 and 6 mg/g (dw) [53]. Similarly, black
chokeberry (Aronia melanocarpa (Michx.) Elliott) presented content of HCC between 1.16
and 2.31 mg/g (dw) and FC between 0.57 and 1.26 mg/g (dw) [54]. Blackcurrant (Ribes
nigrum L., cultivars Ojebyn and Titan) presented values of HBC between 0.06 and 0.12 mg
GAE/g (dw), HCC between 0.58 and 0.93 mg CAE/g (dw), and FC between 0.72 and
0.87 mg RE/g (dw) [55].
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Table 5. Chemical composition and bioactive properties of Myrtus communis L. fruit and the opti-
mized extract.

M. communis Peel (MCP) M. communis Extract (MCE)

Total phenolic (mg GAE/g, dw) 190.23 ± 15.13 b 271.18 ± 22.89 a

Hydroxybenzoic acids (mg GAE/g, dw) 34.99 ± 1.56 b 44.96 ± 0.59 a

Hydroxycinnamic acids (mg FAE/g, dw) 9.35 ± 0.39 b 17.57 ± 1.52 a

Flavonols (mg QE/g, dw) 10.61 ± 0.48 b 20.33 ± 1.63 a

GAE: Gallic acid equivalent; cya-3-glu: cyanidin-3-O-glucoside; FAE: ferulic acid equivalent, QE: quercetin
equivalent. Different small superscript letters in each line mean statistically significant differences (p < 0.05)
compared by Student’s t-test.

4. Conclusions
M. communis fruit peel sample (MCP), treated as a by-product, presented remarkable

anthocyanin content and an intense dark purple colour. Using Response Surface Methodol-
ogy (RSM), the optimal extraction conditions were determined as 20 min, pH 6, ultrasound
potence of 500 W, and an S/L ratio of 19.68 g/L for maximizing anthocyanin extraction
from MPC through ultrasound-assisted extraction.

The optimized colourant extract (MCE) obtained presented a polyphenol content of
271.18 mg GAE/g and a total anthocyanin content of 47.51 mg cya-3-glu/g, establishing an-
thocyanins as the predominant bioactive compound. This anthocyanin content represents a
1.86-fold increase compared to MCP, evidencing the effectiveness of the optimized extrac-
tion process. The analysis of the individual anthocyanin profile revealed a diverse range of
compounds, including derivatives of delphinidin, cyanidin, petunidin, pelargonidin, and
malvidin, with malvidin-3-O-glucoside being the most abundant (10.30 mg/g of extract).

In conclusion, this study presents an optimized ultrasound-assisted extraction method
to obtain an extract rich in anthocyanins and other bioactive compounds from M. communis
fruit peels. The optimized extract demonstrates strong potential as a natural food colourant,
offering both vibrant purple coloration and a high concentration of anthocyanins and
phenolic compounds
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