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Abstract: Myrtle (Myrtus communis L.) is an aromatic and medicinal plant spreading in the Mediter-
ranean area. The main uses of myrtle plants are liqueur and essential oil production with several
biological properties. A large part of the properties of these products is due to phenolic compounds.
Twenty-two myrtle cultivars originating from several areas of Sardinia Island and cultivated at the
same site were analysed for phenolic compounds determination. Pearson’s correlation was used to
investigate a possible correlation between phenolic compounds content observed in the cultivation
site and historical agrometeorological parameters in the sites of cultivar origin. Hierarchical cluster
analysis (HCA) and principal component analysis (PCA) were applied to data to evaluate the charac-
terization of myrtle cultivars based on the relationship between sites of origin with their climate traits
and phenolic compounds content as recorded in the same field of comparison. Anthocyanins are
negatively correlated with minimum, maximum, and average temperatures of some months. Total
phenols content decreases with high temperatures in the summer months. Rainfall affected mainly
tannins content. Two principal components explained about 79% of the variability and allowed the
classification of cultivars into four groups, while cultivars from Laconi, Siniscola and Cuglieri sites
were not included in any group. The HCA allowed the subdivision of the wild populations into
three clusters.

Keywords: myrtle berry; chemometric analyses; phenolic compounds; climatic parameters

1. Introduction

The content and composition of plant phenolic compounds can be influenced by
genotype, growth factors, state of plant (plant age, phytosanitary status, development, and
ripening stages), agricultural management, postharvest conditions, and food processing
methods. Moreover, the plants increase the accumulation of these compounds under
environmental stresses [1,2]. Among growth factors, climatic conditions (e.g., temperature,
radiation, and rainfall) of plant habitat, play a key role in plant metabolism.

Most phenolic compounds originated from phenylpropanoid metabolism. Phenylala-
nine is a common substrate of phenolic compounds, and subsequently, there are different
branches of the metabolism leading to different compounds, through reactions catalysed
by several enzymes.

It has been well proven that climate traits can influence the phenolic compounds’
biosynthesis as well as their accumulation and qualitative composition in plant organs.
Guo et al. [3] suggested that the increase in phenolic compounds concentration during
biotic and abiotic stresses was due to an increase in PAL gene expression and PAL enzyme
activity, thus providing the substrate for other reactions.
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Several studies are based on the influence of one or more environmental factors on lev-
els of gene expression involved in this pathway according to experiments carried out under
controlled conditions, while other observations are based on the simple influence of the envi-
ronmental factors as recorded in growing localities. In red orange, low-temperature storage
(4 ◦C) increased 40 times with respect to control storage (25 ◦C) transcription levels of
genes directly involved in anthocyanins biosynthesis: PAL (phenylalanine ammonia-lyase),
CHS (chalcone synthase), DFR (dihydro-flavonol reductase), and UFGT [4]. Anthocyanin
biosynthesis in some apple cultivars was positively affected by UV-B radiation [5], while
low temperatures reduced anthocyanins genes transcripts in apple peel [6]. Moderate
levels of water stress, also, affected gene expression levels. In the “Tannat” grape cultivar, a
low leaf water potential during harvest time increases CHS, DFR, and F3H (flavanone 3-
hydroxylase) gene expression with consequently higher anthocyanins content [7]. Another
research on grapes showed early and high expression levels of F3H, DFR and UFGT (antho-
cyanidin 3-O-glucosyltransferase) flavonoids and anthocyanins genes when water stress
was present [8]. Water stress led to the synthesis of ABA with consequent accumulation
of anthocyanins [8]. Additionally, condensed tannins are affected by water stress [9]. The
growing season can affect phenolic compound accumulation. Xu et al. [10] showed higher
total phenols and anthocyanins content in grape berries during the winter season with
respect to the summer one. In pigmented lettuce leaves phenols and flavonoid content was
affected by radiation and temperature [11]. In grapes, when the maximum temperatures
do not overcome 35 ◦C the anthocyanins accumulation is favoured [12].

A comparative study on Prunella vulgaris L. plants, cultivated in Italy and Hungary,
showed that total phenols content was higher in the Italian population, characterised by
higher average temperatures in spring and winter with respect to Hungary [13].

The profile and the concentration of secondary metabolites may be used as a genotypic
marker, to identify the site of origin of the cultivars or as an index of produce quality.
Phenolic compound accumulation depends on the interaction among genotype and envi-
ronmental factors whereas some quality aspects can be specific for the genotypes [9]. For
example, phenolic compound profiles can be used as botanic and geographic markers in
Polish honey [14]. Derived products obtained with kiwifruit cultivars, originating from
five China regions, can be tracked using their phenolic profile [15].

Myrtle berry contains high amounts of phenolic compounds that have been ascribed as
responsible for their antioxidant and biological properties [16–19]. Myrtle is a thermophilic
specie, that spontaneously spreads in the coastal areas of southern Italy and in Sardinia,
limiting its area below 800 m of altitude [20]. Myrtle has a good capacity for adaptation
to adverse conditions, like other shrubs of the Mediterranean area. In Sardinia, berries,
and leaves (to a less extent), are used for liqueur production, and widely exported to
other countries. During the domestication process, spontaneous germplasm variability in
Sardinia was evaluated by analysing populations from many areas [21]. Afterwards, the
most interesting cultivars were agamically propagated and cultivated in an experimental
field [20]. During this process, the influence of geographic locality and long-historical
temperature and rainfall data on myrtle genetic variability was studied by Mele et al. [22].

Iranian myrtle chemotypes were classified according to the bioactive compounds
of essential oils and natural habitats [23]. In myrtle berries, Barboni et al. [19] showed
that polyphenols content is affected by sampling site and year. To prevent food fraud, it
is necessary to characterize food’s geographical origin and its quality with appropriate
techniques [24]. In previous research on myrtle [25], chemometrics tools, such as principal
component analysis (PCA) and hierarchical cluster analysis (HCA) were used to evaluate
the influence of environmental and geographical area on berries’ chemical composition.
These authors based on the concentrations of total phenols, total anthocyanins and antho-
cyanins profile classified 14 myrtle Spanish ecotypes into two clusters separated according
to the geographical area [25]. The berry anthocyanins profile of Sardinian myrtle selected
cultivars, also, was used to evaluate the origin geographical influence [26].
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The Sardinian climate is typically maritime Mediterranean, characterized by rainy
and mild winters and by dry and hot summers [27]. In winter and autumn, the highest
rainfall occurs, with annual averages of 733 mm [28]. Caloiero et al. [28] studying Sardinian
rainfall data from 1922 to 2011, observed a reduction of rainfall in winter and an increase in
the summer months. Regarding temperatures, the average annual temperature is 23 ◦C
with extreme values below 0 ◦C in winter and over 40 ◦C in summer, as reported by
Caloiero et al. [28]. In Sardinia, the altitude ranged from sea level to 1834 m above sea
level [28]. Moreover, the rainfall is affected by the orography. The orography of Sardinia
consisted of two flat areas, in the northwest and in the south and by mountains and alluvial
valleys [29].

The aim of this study was to evaluate the effect of climatic parameters of the sites of
origin of 22 selected cultivars of myrtle on the concentration of total phenols, anthocyanins,
and tannins in berries as recorded in the same collection field. The agrometeorological
parameters of a twenty-three-year period for each origin site were considered, and their in-
fluence on phenolic compounds was evaluated using hierarchical cluster analysis, principal
component analysis and Pearson’s correlation analysis.

2. Materials and Methods
2.1. Plant Material and Agrometeorological Data

Berries were collected from plants growing in the same experimental field of the University
of Sassari (Province of Oristano, Central Western Sardinia 39◦54′12′′ N, 8◦37′19′′ E).

The ripe berries of 22 myrtle (Table 1) cultivars originating from nine areas of Sardinia
(Italy: from 38◦51′ to 41◦15′ N, and from 8◦8′ to 9◦50′ E) were analysed (Figure 1). Ten
cultivars were selected from the Rumanedda site, four cultivars were from Capoterra, and
two cultivars were from Bosa site. For the other sites one cultivar was analysed (Cuglieri,
Laconi, Isili, Siniscola, Telti and Monti).

Table 1. Analysed cultivars and its sites of origin in Sardinia as reported in the Figure 1. The altitudes
and coordinate of the in sites of origin are reported.

Site of Origin Altitude
(m a.s.l.) WGS84 Cultivar

Rumanedda 45 8.35484044,
40.68616703

“Grazia”, “Angela”,
“Simona”,

“Giovanna”, “Lelia”,
“Tonina”,

“Giuseppina”,
“Ilaria”, “Erika”,

“Piera”
Monti 506 9.193589, 40.482492 “Luisa”

Telti 103 9.35427989,
40.87739254 “Ana”

Siniscola 40 9.69324407,
40.57296208 “Carla”

Bosa 83 8.49761184,
40.29915939 “Nadia”, “Marta”

Cuglieri 235 8.56761404,
40.18907507 “Maria Antonietta”

Laconi 707 9.05133847,
39.85371886 “Sofia”

Isili 523 9.10765215,
39.74006983 “Rosella”

Capoterra 151 8.96688623,
39.17913536

“Maria Rita”,
“Barbara”, “Daniela”,

“Giusy”
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Figure 1. Sites of origin map of the studied cultivars correspond to the pale blue points. The red
point corresponds to the repository of Fenosu experimental station.

The cultivars derived from a domestication process that began in 1995 in Sardinia,
Italy [30]. This process included in situ biometric and morphological study of 130 candi-
date mother plants, selected and sampled in different locations of Sardinia. From these
130 candidate selections, after softwood cutting propagation and nursery management,
42 cultivars were selected to constitute a comparison field in 1998. Softwood cuttings were
treated with 1.0% of indole butyric acid and placed in a rooting perlite bed for 3–4 weeks.
After rooting, cuttings were placed in pots, and after one year of nursery growth, planted
in the catalogue field. Here, plants were arranged in rows 3.15 m from each other, while on
the row the distance was 1 m. The field was managed with total grassing and irrigation
supply with a drip system for a season volume of 1.250 m3 per hectare.

In the experimental field, each selected cultivar was represented by a single plot of
20 plants. Each plot was divided into 3 sub-plots each comprising 5 plants. The remaining
5 plants in the plot were not considered in the sampling because they were border plants.
From each sub-plot, 50 berries were randomly sampled, each constituting one biological
replicate for a total of 3 biological replicates. “Grazia” and “Angela” cultivars showed
unpigmented berries at ripe, while all other cultivars have pigmented berries.

For each cultivar, berries ripening time was established after a preliminary study on
the maturation dynamic of berries during five seasons. The study of ripening time of berries
of every cultivar was established after a preliminary study of the maturation dynamic of
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berries during five seasons. According to the study of Fadda and Mulas [31] the optimal
harvest time is scheduled when the anthocyanins content of berries reaches the maximum
peak and the tannins significantly decreased. This critical point is accompanied for every
cultivar by particular intensity of peel colouration, partial pulp colouration, and reduction
of the peduncle retention force. Unpigmented cultivars showed peel colour turning from
light green to yellow and a significant reduction of the peduncle retention force. After these
statements’ myrtle berries were sampled and analysed for the present study in the years
2010, 2011 and 2012. Considering the absence of statistically significant differences among
the three years (Table S1), only the data from 2011 were used for the present elaboration.

Twenty-three-year meteorological data, from 1988 to 2011, were used for the analysis.
Data were obtained from website Hydrographic Service of the region Sardinia using histori-
cal records of nine meteorological stations associated with the sites of origin of cultivars [32].
Agrometeorological data were maximum, minimum, and average monthly temperatures,
annual average temperature, and monthly and annual rainfalls (Tables S2–S5). In addition,
the altitude of each locality has been evaluated.

2.2. Preparation of Extracts

The extract for the determination of phenolic compounds was prepared by mixing
10 g of grounded berries in 100 mL of acidified methanol (1% HCl). The mixture was stirred
for 12 h in the dark at room temperature and then filtered to remove solid biomass.

2.3. Determination of Total Phenols, Tannins, and Anthocyanins

Total phenols content was determined using the Folin–Ciocalteu colourimetric method [33],
apportioning some modifications. A mixture, with 0.5 mL of methanolic acidified extract, 35 mL
of deionized water and 2.5 mL of Folin–Ciocalteu reagent, was incubated for 3 min at room
temperature. Then, 5 mL of sodium carbonate solution (20% in water) was added to the mixture.
The solution was incubated at 70 ◦C for 20 min and deionized water was added to bring a final
volume of 50 mL. Absorbance reading was carried out 750 nm, using a CARY 50 Scan Uv–Vis
VARIAN (Amsterdam, The Netherlands) spectrophotometer. Total phenols concentration was
expressed as mg of acid gallic eq. (GAE)/100 g of fresh weight (FW). Total tannins and total
anthocyanins were determined as reported by Fadda and Mulas [31].

For tannins determination, ethanol (2 mL) and vanillin solution (4 mL) (1% vanillin in
70% sulphuric acid) were added to the diluted extract (4 mL). After 30 min of incubation the
absorbance was read at 500 nm using CARY 50 Scan Uv–Vis VARIAN spectrophotometer
(Amsterdam, The Netherlands). For calibration curve a range of 0.05–0.5 mg/mL of catechin
was used, and the results were expressed as mg of catechin (CE)/100 g FW.

To determine total anthocyanins content, an aliquot of 1 mL of the appropriately
diluted extract was added to the reaction solution containing 1 mL of acidified ethanol and
10 m of HCl 1 N. After 30 min of incubation, the absorbance was read at 525 nm against a
prepared blank containing 1 mL of diluted extract, 1 mL of acidified ethanol and 10 mL of a
pH 3.5 buffer solution. The plotted absorbance of malvidin solutions ranging from 0.05 to
0.5 mg/mL was used to calculate the calibration curve. The results were expressed as mg
of malvidin 3-glucoside (M3G)/100 g FW.

2.4. Statistical Analysis

A one-way ANOVA (cultivar fixed variable) was performed using the MSTAT-C pro-
gram (Michigan State University, East Lansing, MI, USA). Mean separation was performed
by Tukey’s test (p < 0.05) and correlation test (R) at two levels of significance p < 0.05 and
p < 0.01 was carried out.

PCA and HCA were applied using data phenolic compound content analysed (total
phenols, anthocyanins, and tannins) and all agrometeorological parameters using SIMCA
software (Sartorius Company, Goettingen, Germany).
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3. Results
3.1. Concentration of Phenolic Compounds

The highest content of total phenols was found in the unpigmented “Angela” cultivar
with 4299.25 mg GAE/100 g FW. In the cultivars originating from the Rumanedda group,
“Ilaria” and “Grazia” showed the highest values, with 861.84 and 2098.57 mg GAE/100 g
FW, respectively, while for the other cultivars the content ranged from 861.64 for “Lelia” to
1710.68 mg GAE/100 g FW for “Tonina” (Figure 2).
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Figure 2. Total phenols content in berries of 22 myrtle cultivars. The results are expressed as means
and standard deviation of three biological replicates. Histograms labelled with different letters
indicate values significantly different (p < 0.05) according to the Tukey test. Hyphen separate a
continuous range of letters.

Cultivars from Capoterra had a concentration of total phenols close to about 900 mg
GAE/100 g FW, except for “Giusy”, which showed a content of 1884.20 mg GAE/100 g FW.
For “Sofia” cultivar total phenols content was 1369.54 mg GAE, for “Nadia” of 2334.72 mg
GAE/100 g FW, and for “Marta” 1076.01 mg GAE/100 g FW. Other observed values were:
2611.90, 1339.07, 1053.15, 1060.83 and 2199.73 mg GAE/100 g FW, respectively, for “Maria
Antonietta”, “Rosella”, “Carla”, “Luisa” and “Ana” (Figure 2).

Total anthocyanins were not detected in unpigmented “Grazia” and “Angela” culti-
vars. The pigmented cultivars with the highest anthocyanin content were “Piera” with
1245.03 mg and “Rosella” with 876.29 mg M3G/100 g FW. The range of other cultivars
varied from 342.80 mg M3G/100 g FW for “Giusy” to 864.41 mg M3G/100 g FW for “Marta”
(Figure 3).

Regarding tannin content, “Angela” showed the highest value with 456.55 mg CE/100 g FW,
while the lowest one has been detected in “Giusy” with 46.23 mg CE/100 g FW. The content of
the other cultivars was comprised between 456.55 for “Angela” and 53.75 for “Giuseppina” mg
CE/100 g FW (Figure 4).

3.2. Agrometeorological Parameters of the Sites of Origin of the Cultivars

The sites of origin were located in a wide range of altitudes, from 40 m a.s.l. for
Siniscola to 707 m a.s.l. for Laconi. Laconi, Monti and Isili sites were situated at the highest
altitudes, respectively, at 707, 523 and, 506 m a.s.l. Rumanedda site was situated at 45 m
a.s.l., while Capoterra and Cuglieri were at 151 and 235 m a.s.l (Table 1).
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Regarding temperatures, the highest values were recorded for all collection sites from
June to September. The highest temperature (33.3 ◦C) was recorded in Capoterra in August,
whereas the lowest maximum temperatures were recorded in Isili (9.5 ◦C) and Telti (9.9 ◦C)
in January (Table S2).
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The lowest minimum temperatures were recorded in the Laconi site (1.5 ◦C) in
February. The highest minimum values were reported for Capoterra in August (21.8 ◦C)
(Supplementary Table S3). The average temperatures ranged between a minimum of
6.10 ◦C recorded for Laconi in January and a maximum of 24.6 ◦C for Capoterra in August
(Table S1).

Supplementary Table S4 reports the trend of average, minimum, maximum tem-
perature, and rainfall for each site (Rumanedda, Capoterra, Laconi, Bosa, Cuglieri, Isili,
Siniscola, Monti, and Telti).

The average monthly rainfall varied between 46.2 mm for Capoterra and 152.2 mm
for Cuglieri. November and December are the months with high mm of rainfall recorded,
however, in July and August, the minimum rainfalls were registered. At the Rumanedda
(RUM group) site the amount of rainfall was highest in November (113 mm) and low in July
(5 mm). The same trend was reported for the Capoterra site with max rainfall of 79.7 mm
and a minimum of 4.4 mm. The monthly rainfall at the Laconi site was relatively high,
except in July and August months. In some sites, such as Telti, Monti and Siniscola, the
rainfall was lower in June than in August while as found for the other sites the maximum
was reached in winter months.

3.3. Correlations between Phenolic Compounds and Agrometeorological Data and
Chemometric Analysis

The content of total phenols was negatively correlated with maximum temperatures in
June (p < 0.05), July (p < 0.01), and August (p < 0.05). The content of tannins was negatively
correlated with rainfall in March (p < 0.05), April (p < 0.01), September (p < 0.05), and
November (p < 0.05) (Table 2). The altimetry of the site of origin was positively related to
the content of anthocyanins (p < 0.05), and negatively to tannins content (p < 0.05) (Table 3).

Table 2. Correlation of average, maximum and minimum temperature and rainfall parameters with
total phenols, anthocyanins and tannins in myrtle berry using a Pearson’s correlation at two levels of
significance (** p < 0.05, * p < 0.01).

T Mean

J F M A M J J A S O N D

Total phenols 0.009 −0.019 −0.045 −0.044 −0.086 −0.04 −0.216 −0.192 −0.104 −0.077 0.015 0.013
Anthocyanins −0.287 * −0.245 * −0.218 −0.208 −0.194 0.199 −0.097 −0.104 −0.161 −0.189 −0.261 * −0.270 *

Tannins 0.155 0.157 0.120 0.116 0.058 0.157 −0.145 −0.121 0.062 0.108 0.175 0.185

T max

J F M A M J J A S O N D

Total phenols −0.062 −0.063 −0.071 −0.062 −0.083 −0.276 * −0.353
** −0.254 * −0.108 −0.055 −0.038 −0.040

Anthocyanins −0.236 −0.216 −0.191 −0.173 −0.159 −0.034 −0.013 −0.140 −0.194 −0.254 * −0.264 * −0.260 *
Tannins 0.185 0.201 0.203 0.215 0.200 −0.019 −0.184 −0.178 0.139 0.161 0.176 0.185

T min

J F M A M J J A S O N D

Total phenols 0.113 0.114 0.1 0.099 0.046 −0.012 −0.017 −0.023 0.011 0.063 0.106 0.112
Anthocyanins −0.300 * −0.272 * −0.28 4* −0.274 * −0.250 * −0.260 −0.153 −0.158 −0.191 −0.222 −0.263 * −0.261 *

Tannins 0.128 0.155 0.104 0.139 0.092 0.048 0.059 0.036 0.123 0.153 0.172 0.191

Rainfall

J F M A M J J A S O N D

Total phenols −0.065 −0.089 −0.115 −0.156 0.194 0.227 −0.097 −0.073 −0.109 0.124 0.214 −0.037
Anthocyanins 0.1333 0.164 0.069 0.130 −0.034 −0.016 0.256 * 0.213 0.218 0.035 0.017 0.174

Tannins −0.186 −0.206 −0.253 * −0.320
** 0.096 0.156 −0.188 −0.127 −0.287 * 0.208 0.244 * −0.140
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Table 3. Correlation among total phenols, anthocyanins and tannins content and altitude using a
Pearson’s correlation. ** p < 0.05, * p < 0.01.

Total Phenols Anthocyanins Tannins Altitude

Total phenols −0.53 ** 0.72 ** −0.14
Anthocyanins −0.49 ** 0.27 *

Tannins −0.27 *

Anthocyanin content in ripe berries was negatively correlated with the average tem-
peratures of January, February, November, and December (p < 0.05); and with maximum
temperatures of October, November, and December (p < 0.05) (Table 2). Moreover, an-
thocyanins content was negatively correlated with minimum temperatures in January,
February, March, April, May, November, and December (p < 0.05), and positively with the
rainfall in July (p < 0.05) (Table 3).

Chemometric analysis was carried out to evaluate the correlation between pheno-
lic compounds in myrtle berries and the site of origin of cultivars considering some
climatic traits.

The PCA allowed us to identify two main components that explained 79.07% of the
total variability (Figure 5). The first component (PC1) contributed to 69.5% of the total
variability while the second component (PC2) contributed 10.2%. In addition, PCA allowed
the separation of samples into four main groups according to the area of origin. “Sofia”,
“Carla” and “Maria Antonietta” cultivars were not included in any of these groups.
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Figure 5. Principal component analysis using climatic data site of origin of cultivars and total phenols,
anthocyanins, and tannins content of berries.

The HCA was carried out to evaluate the Euclidean distance among cultivars. Based
on similarity, three clusters were identified. The first cluster included cultivars originating
from Rumanedda, Capoterra, Siniscola and Bosa. The second cluster included only “Sofia”
cultivar originating from Laconi, while the third one included cultivar originating from
Isili, Monti and Telti (Figure 6). With HCA populations were divided into three clusters.
“Maria Elisa” “Rosella”, “Luisa”, and “Ana” belong to the same cluster. “Maria Antonietta”,
“Nadia” and “Marta” belong to another cluster, while all other cultivars are combined in a
single cluster.
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Figure 6. Hierarchal cluster analysis using climatic data sites of origin of cultivars and total phenols,
anthocyanins, and tannins content of myrtle berries.

4. Discussion

In this research, 53 agrometeorological variables were considered to evaluate the influ-
ence of the environment on the concentration of total phenols, anthocyanins, and tannins in
myrtle berries. The relationship between berry quality and climatic parameters was investi-
gated using historical meteorological data of the Sardinian region (Tables S2–S5). There are
significant differences among cultivars and berry content of total phenols, anthocyanins
and tannins, and these differences were also found among cultivars originating from the
same area (Figures 2–4). It has been described that bioactive compound content in maqui
fruit was affected both by genotype and growing locality [34]. Thus, studying climatic
traits of growing locality and their influence on the accumulation of these compounds
can be useful to choose the cultivation site to obtain fruit with high phenolic compounds
production. The analysed cultivars originated from nine Sardinian localities with different
thermal and rainfall trends (Table 1).

Despite the peel of pigmented berry genotypes being rich in anthocyanins (Figure 3),
a negative correlation between total phenols and anthocyanins was found (−0.53, p < 0.05),
suggesting that tannins more than anthocyanins might give a greater contribution to total
phenols. This was confirmed by the positive correlation calculated between total phenols
and tannins (0.72, p < 0.05). Moreover, it is important to point out that we analysed the
whole berry including seeds rich in tannins. Tannin content was also negatively correlated
with anthocyanins content (−0.49, p < 0.05).

The total phenols content was negatively correlated with maximum temperatures in
June (−0.276, p < 0.05), July (−0.353, p < 0.01), and August (−0.254, p < 0.05). In leaves, high
temperatures lessen total phenol content, due to photosynthesis reduction [11]. Treatment
with high temperatures in apple decreases total phenols content, leading to oxidation and
loss of nutritional values [35]. Shaded conditions decrease the photosynthetic activity with
a consequent low substrate for the biosynthesis of secondary metabolism [36].

Anthocyanin’s content was more affected by temperature than total phenols. Antho-
cyanin content was negatively correlated with the average temperatures of winter months
such as January (−0.287, p < 0.05), February (−0.245, p < 0.05), November (−0.261, p < 0.05),
and December (−0.270, p < 0.05). Moreover, a negative correlation between maximum
temperatures of October, November and December and anthocyanins was found. A neg-
ative correlation was also found between minimum temperatures of January, February,
March, April, May, November, and December with anthocyanins content. From this work,
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it emerged that in myrtle berries the accumulation of anthocyanins is affected negatively
by temperature parameters.

In grape berries, high temperatures negatively affected the anthocyanins accumula-
tions [12,37], due to a lower anthocyanin gene expression level or anthocyanins degradation.
Another study on grapes indicated that anthocyanin accumulation is negatively related to
temperature from veraison to ripening, showing that the cultivars respond in a different
way to climatic parameters [38]. In pomegranates, anthocyanin accumulation was inversely
correlated to season temperatures, and also qualitative composition was affected by climate
conditions. The authors have found that the glycosylation of anthocyanins depends on
temperatures [39].

Total phenols in this work are not affected by rainfall unlike anthocyanins and tannins
content. Anthocyanins were positively correlated with rainfall of July (0.256, p < 0.05).
Summer months in Sardinian are characterised by dry summers with scarce rainfalls. We
suppose that a moderate supply of water can favour anthocyanins accumulation in myrtle
rather than high rainfall, although we found a significant correlation only with the rainfall
of July. As previously reported for temperature, the influence of rainfall on anthocyanins
accumulation and other compounds is largely dependent on cultivars [9]. Previous works
showed the positive effects of low precipitation levels on anthocyanins accumulations [9,37].
Ferrer et al. [37] suggested that the anthocyanins increase is associated with water stress
and may be also dependent on a cloudy day and a lower light. Correlations between rainfall
over several months and tannin content were found. Tannins are negatively correlated with
rainfall of March (−0.253, p < 0.05), April (−0.320, p < 0.01), and September (−0.287, p < 0.05)
and positively with November (0.244, p < 0.05). As reported previously, temperatures did
not affect the tannin content in myrtle. According to our results, previous work showed
that factors such as water availability or light had more effect on tannins accumulations
than temperature [40]. In contrast to our work, Bucchetti et al. [41] found that water stress
increases the tannins content to a lesser extent than anthocyanins accumulation.

Altitude is a key parameter affecting the bioactive compounds in fruit and in other
plant organs. Sites located at high altitudes are characterized by low temperatures and
high light availability. An influence of altitude on anthocyanins and tannins myrtle content
was found, and altitude is positively correlated to anthocyanins content (0.265, p < 0.05)
and negatively with tannins content (−0.274, p < 0.05). According to our result, the tannin
content of full-ripe pomegranate was negatively correlated with altitude [42]. A positive
correlation between altitude and tannin content in bilberry fruit was found, despite the
explanations of this correlation must be clarified [43]. In our work, plants that evolved
or were selected from high altitude regions, when grown among other cultivars from
other altitudes all at the same site, show greater anthocyanin expression. The influence of
altitude on the phenolic compound’s accumulation is different among species. Moreover,
differences for the same species were found by different authors. For example, in bilberry
fruit light availability affected positively anthocyanins synthesis [36]. Contrarily, a negative
correlation between altitude and anthocyanins synthesis in bilberry and in common elder
was found by Rieger et al. [44] Instead, in another study on bilberry, Roslon et al. [45]
found differences among anthocyanin content in cultivars grown in different habitats but
no correlation with altitude was found. Anthocyanin’s concentration increased with rising
altitudes in Vaccinium uliginosum berry [46] and in apple peel [47].

In addition to climate, other abiotic factors may also influence the content of secondary
metabolites. From this point of view, myrtle is a species that has a well-defined range,
making these variables less relevant than the climatic factor. In wild populations, myrtle
prefers neutral and sub-acidic soils, with an elevation range below 800 m a.s.l. Moreover, it
is sensitive to strong winds and demanding for soil moisture content.

The PCA allowed us to explain about 80% of the variability with two main components.
The first main component (PC1) contributes to 69.5% of the total variability while the second
component (PC2) contributes to 10.2% of the variability. In addition, it allowed samples to
separate into four groups according to origin area. Cultivars originating from the Capoterra
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area belong to the same groups, as well as cultivars originating from Capoterra and Bosa
sites. Populations originating from Telti, Monti and, Isili are grouped in the same group
(Figure 5), while cultivars from Laconi, Siniscola and Cuglieri sites are not classified in
any group.

The myrtle cultivars were divided into three clusters using HCA (Figure 6). The first
cluster includes cultivars originating from Laconi (“Maria Elisa”), Isili (“Rosella”), Monti
(“Luisa”) and Telti (“Ana”). These localities are located at the highest altitude, ranging from
707 m a.s.l to 523 m a.s.l, only the sampling of “Monti” is situated at 103 m a.s.l. Monti and
Telti are located at about 8 km of distance, but the sampling in Monti was carried out at the
lowest point of the area. The second cluster includes three cultivars “Nadia” and “Marta”
originating from Bosa and, “Maria Antonietta” from Cuglieri. The populations originating
from Rumanedda, located at 45 m a.s.l. (“Grazia”, “Angela”, “Simona”, “Giovanna”,
“Lelia”, “Tonina”, “Giuseppina”, “Ilaria”, “Erika”, “Piera”) and Capoterra, located at 151 m
a.s.l. (“Maria Rita”, “Barbara”, “Daniela”, “Giusy”) are included in the same cluster.

A preliminary study on gene expression in myrtle berries analysing two cultivars from
the same area of origin was carried out [48]. To better understand the relationship between
the environment and phenolic compounds in myrtle plants, studies at the molecular level
are necessary. A future step is to study gene expression levels involved in flavonoids and
anthocyanins biosynthesis in plants growing in different areas and their relationship with
climatic parameters. These studies will provide information on the cultivation of myrtle
genotypes with high potential for the production of bioactive compounds.

5. Conclusions

In this study, we have evaluated the influence of climatic traits of the sites of origin of
22 myrtle cultivars actually growing in the same field on berries’ total phenols, anthocyanins
and tannins. Phenolic compounds contribute to the biological properties of the myrtle
plant, as well as to the organoleptic characteristics and stability of myrtle liqueur. The
overall results indicated that the high temperature of the site of origin has a negative effect
on phenolic compound accumulation. The anthocyanins content increase with altitude
and are negatively affected by temperatures. The main climatic parameter affecting tannin
content in myrtle berries was rainfall. Moreover, with multivariate analysis, a correlation
between the climatic parameters of the origin site and the phenolic compounds analysed
was found. This information is useful for the choice of cultivation site for myrtle biomass
for the pharmaceutical and food industries.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/horticulturae8100928/s1, Table S1. ANOVA analysis output of
myrtle berry composition according to a split-plot design, using the cultivars and the years as main
sources of variability. Table S2. Average monthly temperatures, from January to December, collected
for a period of twenty years (1988–2011) for all sites of origin of the analysed cultivars. Table S3.
Maximum monthly temperatures, from January to December, collected for a period of twenty years
(1988–2011) for all sites of origin of the analysed cultivars. Table S4. Minimum monthly temperatures,
from January to December, collected for a period of twenty years (1988–2011) for all sites of origin of
the analysed cultivars. Table S5. Monthly rainfall, from January to December, collected for a period
of twenty years (1988–2011) for all sites of origin of the analysed cultivars.
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