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Abstract: The genus Pyrus has a long history in Sardinia (Italy), where two wild pear species (P. spinosa
Forssk. and P. pyraster (L.) Burgsd.) and Pyrus communis L. cultivars are extensively distributed. Even
if neglected, these taxa represent well-adapted key resources for redesigning sustainable farming
systems. This report aims at shedding light on the phenolic fingerprint and antioxidant properties
of wild pear fruits and comparing their traits with those of the studied pear cultivar germplasm
(PCG). Fruits of wild pear species were collected, and flesh, peel, and core subsamples were analyzed.
Moreover, available data from previous research on PCG were analyzed. The contents of total
phenolics (TotP), total flavonoids (TotF), and condensed tannins (CT), as well as the antioxidant
capacity, were similar in the flesh of the two wild species. However, P. spinosa had significantly
higher values of TotP (89 g GAE kg~! DM) and CT (33 g DE kg~ ! DM) in the peel. Eleven individual
phenolic compounds were identified and quantified in the fruit flesh, 14 in both peel and core. For
both wild species, arbutin and chlorogenic acid were the main phenolic compounds, followed by the
quercetin glycosides. Comparing the antioxidant capacity and TotF fruit flesh values of wild pears
with those of PCG, the latter resulted up to 15-fold lower. The wild types showed unique metabolite
profiles. Results support novel insights on the phytochemicals of wild pear fruits.

Keywords: Pyrus spinosa; P. pyraster; peel; core; flesh; bioactive compounds; arbutin; chlorogenic acid;
isorhamnetin derivative; PCA

1. Introduction

Within the Rosaceae family, the genus Pyrus represents one of the oldest and econom-
ically most important fruit crops in the temperate zones after apples (Malus domestica L.)
and before peaches (Prunus persica L.) [1]. There are at least 26 primary Pyrus species,
widely distributed in Europe, Asia, and North Africa [2]. Major centers of diversity include
the Mediterranean basin, Georgia, and Central Asia. Pear crops are thought to have been
cultivated in Europe as early as 1000 BC. More than 5000 cultivars have been identified
around the world. Among wild pear species, Pyrus pyraster (L.) Burgsd. (=Pyrus commu-
nis ssp. pyraster L.) is distributed in southern, central, and western Europe. In southern
Europe, this species is sporadically reported from northern Spain, Sicily, Sardinia, and
Corsica [3]. In contrast, P. spinosa Forssk. is mainly distributed in the Mediterranean region
and Iran [4]. P. spinosa was known as P. amygdaliformis Vill. for the characteristic almond-
shaped leaves [5], which are now referred to as synonyms [6]. Phenotypic and morphologic
variability, as well as the genetic diversity of wild pears in Europe, is not well studied,
as only a few papers cover the genetic diversity of P. pyraster and are usually very local-
ized and conducted on a small number of samples [4,7-9]. A recent paper deals with the
fruit morphological and chemical characteristics of nine natural populations of P. pyraster;
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moreover, the population variability and the relationship between fruit characteristics and
geographical and environmental conditions were also investigated [10].

Within the Mediterranean basin, the island of Sardinia (Italy) is one of the most
important areas for the extension and richness of endemic species and sub-species [11]. In
Sardinia, the genus Pyrus has a long history [8], which involves domestication processes of
three autochthonous species: Pyrus communis L. with many ancient cultivars and two wild
species, P. spinosa and P. pyraster, whose morphological differences are described [6,12].
Wild pears are widespread throughout Sardinia, from coastal to higher elevation (till
1000-1500 m) areas, regardless of soil type [13]; however, P. pyraster is confined to internal
areas [14]. In Sardinia, these two wild species are popularly called “Pirastru” [15], and,
curiously, Pirastru is also a family surname. Thereafter, in this study, we refer to P. spinosa
and P. pyraster as wild pears.

Wild pears have been traditionally used as rootstock to spread, by grafting, germplasm
pear cultivars [13]. Additionally, the small fruits of wild pears are an excellent feed resource
for farm animals, deer, and wild boars. Its wood is very hard, compact, and resistant, and
it is traditionally used for inlay work [14] (Figure 1).

A B

Figure 1. (A): traditional mask from Central Sardinia made of Pyrus spinosa wood, which is wore at
Carnival for evoking ancient farming rites (Courtesy of Leonardo Murgia); (B): scattered plant of
wild pear at flowering in a natural pasture context.

The Sardinian pear germplasm represents a very important source of genetic diversity,
which has been investigated at the molecular level for the first time by Sau et al. [12]. Up
to date, only one paper has reported on the fingerprinting of phenolic compounds and
antioxidant capacity in the fruit fractions of representative ancient pear cultivars grown in
Central Sardinia [16]. No details regarding the bioactive phenolic compounds contained in
the fruit of Sardinian wild pears have been reported so far, to the best of our knowledge.
Undoubtedly, wild pears represent underutilized and neglected fruit species and, at the
same time, are a well-adapted native resource useful to redesign current farming systems
into resilient groves supporting sustainable production and ecosystem services [17,18]. It
has also been recognized that wild pears may represent an excellent tree species to improve
carbon storage and increase biodiversity in pasturelands and agroforestry systems [19].

The amount of phenolic molecules might vary between pear species, cultivars, and
plant organs [20]. Metabolite contents and sensory qualities of leaves and fruits of
P. amygdaliformis grown in the Kurdistan region were studied by Saadatian et al. [20], who
found gallic, caffeic, coumaric, chlorogenic, rosmaric acids, rutin, quercetin, and apigenin
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in its fruit. The presence of phenolic compounds in different plant parts of wild species,
including P. pyraster, was highlighted by Stoenescu et al. [21].

Undoubtedly, the chemical diversity of wild pears remains unexplored in Sardinia
and information on their fruit phenolic composition and antioxidant capacity will be useful
to support the exploitation of nutritional, pharmaceutical, and nutraceutical uses.

With this in mind, this research concerns a specific area of central Sardinia, with the
aim of: (i) revealing the phenolic composition and antioxidant capacity in three fruit parts
(i.e., flesh, peel, and core) from P. pyraster and P. spinosa naturally growing in the selected
area; and (ii) evaluating the relationship between the phenolic fingerprint of fruit from wild
pears and germplasm cultivars already investigated in the same area. As the previously
studied ancient pear cultivars and the wild pears under investigation shared the same
environment, growth season, and analytical methods, some already published results [16]
were used for comparison.

2. Materials and Methods
2.1. Reagents and Standards

Reagents were supplied as follows: sodium carbonate, HPLC-grade acetonitrile, and
methanol by Carlo Erba (Milan, Italy); Trolox, ABTS ((2,2-azinobis (3-ethylbenzothiazoline-
6-sulfonic acid) diammonium salt)); DPPH (1,1-diphenyl-2-picrylhydrazyl), Folin Ciocal-
teau by Merck Life Science S.R.L, (Milan, Italy). Ultrapure water was taken from a Milli-Q
system supplied by Merck Life Science S.R.L (Milan, Italy).

Phenolic standard arbutin, gallic acid, chlorogenic acid, catechin, epicatechin, rutin,
quercetin 3-galattoside, quercetin 3-glucoside, and isorhamnetin 3-rutinoside of analytical
grade were supplied by Merck Life Science S.R.L (Milan, Italy).

2.2. Plant Material

Fruits from a spontaneous flora of P. spinosa and P. pyraster were harvested in Sardinia
(Italy), 40° N, 8° E, 200 m a.s.l. The climate of the site is typically Mediterranean; the mean
annual air temperature is 16.6 °C with a mild winter, and the long-term average annual
precipitation is 580 mm. In the study area, the two abovementioned wild pear species are
largely represented as isolated trees within Mediterranean agroforestry systems. Their
fruits were harvested in November 2021 from 5 different trees for each species in the same
field, under the same environmental, bioclimatic, and agronomic conditions.

Fruits free from defects and mechanical damage were carefully selected for this study.
Each subsample consisted of 30 fruits similar in appearance and characteristics. This
process was replicated three times to ensure the statistical strength of the results.

Sample preparation and extraction were carried out according to Piluzza et al. [16],
and precisely the adoption of the same analytical procedures makes possible the correct
comparison of wild pears with already investigated pear cultivar germplasm. Briefly, fruit
were manually peeled, divided vertically into three components: flesh, peel, and core
(without seeds), and separately frozen at —20 °C. Then, it was freeze-dried at —55 °C for
80 h using a Heto Lyolab 3000. Once lyophilized, the samples were ground into a fine
powder using a mill. To maintain sample quality and integrity, the powdered samples were
stored in total darkness at —20 °C until further analysis. Concerning sample extraction,
250 mg of the lyophilized powder was extracted with a 3 mL methanol/water (80:20 v/v)
mixture and left for 24 h in the dark. After centrifugation (10 min at 3900 rpm) and filtration
(0.20 um polytetrafluoroethylene syringe), the methanolic extracts were stored at —20 °C
until further analysis. Antioxidant capacity, total phenolic content (TotP), non-tannic
phenolics (NTP), tannic phenolics (TP), condensed tannins (CT), and individual phenolic
compounds were evaluated in the methanolic extract of samples.

2.3. Antioxidant Capacity and Total Phenolic Content

Antioxidant capacity was evaluated by means of the ABTS ((2,2'-azinobis (3-
ethylbenzothiazoline-6-sulfonic acid) diammonium salt)) and DPPH (1,1-diphenyl-2-
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picrylhydrazyl) assays [22]. The results were expressed in terms of Trolox equivalent antiox-
idant capacity (TEAC) as mmol Trolox equivalents-100 g ! dry matter (mmol TEAC-100 g~
DM). Spectrophotometric analysis with the Folin—Ciocalteau reagent was used to quantify
TotP, NTP, and TP of extracts, and the results were expressed as g of gallic acid equivalent
(GAE)-kg’l dry matter (DM) [23]. Total flavonoids (TotF) were quantified by colorimetric
assay using the AICl; method, and the results were expressed as g of catechin equivalent
(CE)-kg~! DM [24]. The butanol assay was used for quantification of the extractable CT
from the sample, expressed as g delphinidin equivalent (DE)-kg~! DM [25].

2.4. Analysis of Individual Phenolic Compounds by Reverse Phase-High-Performance Liquid
Chromatography (RP-HPLC)

The individual phenolic compounds were analyzed using an Agilent 1260 series HPLC
instrument (Agilent Technologies, Palo Alto, CA, USA) equipped with a quaternary pump,
degasser, column thermostat, autosampler, and diode array detector. Chromatographic
separation was performed according to Re et al. [25]. The column was a Zorbax Eclipse plus
C18 (250 mm x 4.6 mm, 5 um; Agilent), and the flow rate was 0.8 mL-min~!. The injection
volume was 10 pL, and the detection wavelengths were set to 280, 330, and 350 nm. Data
were processed using the Agilent OpenLAB CDS Chem-Station edition 2012. Molecule
identifications were achieved as a function of the retention time and spectra of available
standards, which were selected from the literature concerning their phenolic composition as
well as by adding standard solutions to the sample. Quantification of individual phenolic
compounds was performed using the external standard curve method, obtained with five
concentration increments for each standard in duplicate and expressed in mg g~! DM. The
calibration curves for each standard solution, the limit of detection (LOD), and the limit of
quantification (LOQ) are reported in Table 54.

2.5. Data Analyses

Data analyses were subjected to a one-way analysis of variance to test the effect of
different wild pear species on the following variables of fruit components: concentrations of
total phenolics, total flavonoids, antioxidant capacity, and individual phenolic compounds.
Differences between means were assessed using the Fisher’s least significant difference
(LSD) procedure for mean separation. The significance level was fixed at p < 0.05 for
all the statistical analyses. On values of flesh, peel, and core from wild pear species,
a linear association between the variables was assessed using the Pearson correlation
coefficient. The analysis was conducted at significance levels of p < 0.05, 0.01, and 0.001. To
summarize the information obtained from analyzing phenolic compounds, the original data
set, which also included PCG plus Coscia cultivar values [16], was analyzed using Principal
Component Analysis (PCA). Univariate analysis and correlation analysis were performed
with Statgraphics Centurion XVI [26]. Pearson linear correlation analysis was performed
with Jamovi software. Additionally, PAST 4.16c software [27] and Jamovi software [28]
were used for principal component analysis (PCA).

3. Results
3.1. Antioxidant Capacity and Total Phenolic Content

The average values and standard deviations of total antioxidant capacity (TEAC), TotP,
NTP, TP, TotE, and CT contents of flesh, peel, and core extracts of wild pears are reported in
Table 1. Overall, the phytochemical contents varied between wild pears. The composition
of the wild pear fruit flesh showed quite similar values, except for the TotF and CT contents,
which exhibited statistically significant variations. P. spinosa had the highest CT content,
whereas P. pyraster was characterized by the highest level of TotF content.

Instead, peel composition showed more statistically significant differences within
species (Table 1). P. spinosa was characterized by higher values of TEAC (DPPH), TotP, TP,
and CT than P. pyraster. The largest differences between species occurred for the CT content,
with P. spinosa having a 2-fold higher content than P. pyraster.
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Table 1. Total antioxidant capacity (TEAC) by ABTS and DPPH methods, total phenolics (TotP),
non-tannic phenolics (NTP), tannic phenolics (TP), total flavonoids (TotF), and condensed tannins
(CT) in the fruit flesh, peel, and core of the investigated wild pear species.

TEAC TotP NTP TP TotF CT
(mmol 100 g~! DM) (g GAE kg~! DM) (g CEkg™! DM) (g DE kg~ DM)
ABTS DPPH
Flesh
P. spinosa 21.14+1.0a 214+ 14a 882+20a 663+ 1.1a 219+ 13a 2054 0.7b 3444+08a
P. pyraster 22.0+0.6a 23.0+02a 88.7+3.1a 67.1+09a 21.6 +3.7a 225+0.1a 28.1+15b
Peel
P. spinosa 19.6 +09a 247 +0.7a 88.7 +25a 449+27a 439 +02a 225+35a 329+08a
P. pyraster 189+ 05a 189+ 1.6b 81.0 £2.8b 481+07a 329 +£22b 173+02a 1424+ 0.8Db
Core
P. spinosa 258 +1.2a 253+1.2a 1072 +23a 654+17a 41.8+1.2b 258 +34a 29.1+12a
P. pyraster 156+ 1.1b 11.8£05b 637+ 11b 143+£09b 4944+08a 135+0.2b 2144+04b

In columns, means followed by the same letter are not significantly different at p < 0.05. Results expressed as the
mean + SD (n = 3).

Statistically significant differences were also detected in the composition of the fruit
core (Table 1). The core of P. spinosa showed the highest antioxidant capacity and TotP and
TotF contents. As already found in the flesh and peel, the core CT content of P. spinosa was
again higher than that of P. pyraster. The differences in phytochemical contents between
species were more evident in the core than in other fruit parts: in P. spinosa, the contents of
TotP, NTP, and TotF were 1.7, 4.6, and 1.9-fold higher than in P. pyraster, respectively.

In P. spinosa, the TotP content in the core reached 107.2 g GAE kg ! DM, followed by
the peel and flesh with values of 88.7 and 88.2 g GAE kg ! DM, respectively (Table 1), and
TotF showed the same trend. Conversely, the TotP content of P. pyraster was high in the
flesh, 88.7 g GAE kg~! DM, followed by the peel and core, 81.0 and 63.7 g GAE kg~! DM,
respectively. The antioxidant capacity followed the same trend.

Comparing the antioxidant capacity and the phenolic content of the two wild Pyrus
spp. with the corresponding traits of P. communis cultivars of germplasm (PCG) grown
in the same study area and previously published [16] (see Tables 51-53 at Supplementary
Materials), it is worth noting that in wild pears the antioxidant capacity (DPPH) and TotF
in flesh (Figure 2A) resulted up to 15-fold greater than in PCG. Unlike flesh, the relative
variation of peel and core (Figure 2B,C) was 2 to 7-fold greater.

A Flesh

[=R o R E R S Y PR

P. spinosa P. pyraster
mABTS m DPPH mTatP m NTP mTP m TotF mCT

Figure 2. Cont.
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Figure 2. Relative variation in antioxidant capacity and phenolic class contents of wild pear fruit for
flesh (A), peel (B), and core (C). Value 1 is the baseline for the same traits of germplasm pear cultivars*
grown in the same study area. * (Mean values from Buttiru, Camusina, and Spadona according to
Piluzza et al. [16]; data are available in Supplemental Materials).

3.2. Analysis of Individual Phenolic Compounds by Reverse Phase-High-Performance Liquid
Chromatography (RP-HPLC)

The concentration of the main individual phenolic compounds in the wild pear extracts
was determined by RP-HPLC. Eleven individual phenolic compounds were identified and
quantified in the fruit flesh, 14 in both peel and core. Arbutin, gallic and chlorogenic
acids, catechin and epicatechin, quercetin 3-galattoside, and quercetin 3-glucoside were
identified with authentic standards and quantified using the external method curve for
each standard. Based on the UV spectra, two molecules were identified as isorhamnetin
derivatives (tg 23.97 and 24.40), quantified as isorhamnetin 3-rutinoside, and one as a
di-O-caffeolylquinic acid derivative (tg 23.50), quantified as 3-5-di-O-caffeolylquinic acid.
Two peaks were identified by the UV spectra as flavanols (tg 31.9 and 39.0) and quantified
as epicatechin equivalents. For both species, arbutin and chlorogenic acid were the main
phenolic compounds quantified in the flesh (Table 2), followed by epicatechin and two
quercetin glycosides. In addition, the molecule identified as a flavanol (tgr = 31.9) was
present in large quantities in the flesh of both species. The sum of the phenolic compound
content showed that the flesh of P. spinosa had higher levels than P. pyraster, and the major
differences found were in the content of arbutin (about 3-fold) and flavanol, tg = 31.9
(almost 2-fold). It is worth noting that the quercetin 3-galattoside and the flavanol tg = 39.0
were detected only in P. spinosa, whereas the isorhamnetin derivative only in P. pyraster.
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Table 2. HPLC analysis of individual phenolic compounds (mg g~! DM) in the fruit flesh of the
investigated wild pear species.

Phenolic Compounds (ntlli{n) 7(\::2;( P. spinosa P. pyraster
Arbutin 5.08 280 2.63 £ 0.01 0.85 £ 0.07 *
Gallic acid 6.50 280 0.01 £ 0.00 0.01 £ 0.00 ns
Chlorogenic acid 10.69 330 1.82 £ 0.08 1.94 £ 0.18 ns
Catechin 11.40 280 <LOQ 0.03 £ 0.00
Epicatechin 13.06 280 0.07 £ 0.00 0.11 £ 0.01 *
Quercetin 3-galattoside 20.90 350 0.05 £ 0.00 ND
Quercetin 3- glucoside 21.40 350 0.04 £ 0.00 0.13 +0.01 *
Di-O-caffeolylquinic acid 23.50 330 0.08 £ 0.00 0.13 £ 0.01 *
Isorhamnetin derivative 23.97 350 ND 0.05 £+ 0.00
Flavanol 31.90 280 17.13 £ 0.67 8.90 + 0.67 *
Flavanol 39.00 280 0.47 £ 0.01 ND
Sum 22.30 12.15

tr = retention time; Amax = wavelengths of maximum absorption in the UV region; * significance at p < 0.05;
ns = not significant; <LOQ = limit of quantification; ND = not detected.

Even in the peel, arbutin and chlorogenic acid were the most representative phenolic
compounds in the analyzed wild pear fruits, followed by the two quercetin glycosides
(Table 3). P. spinosa showed higher contents of arbutin and chlorogenic acid, while the
content of quercetin 3-glucoside was similar between species. As in the flesh and also
in the peel, the flavanol tg = 31.9 was present in large quantity, with the highest content
in P. spinosa. Other than the individual compounds found in the flesh, three additional
compounds were detected in the peel, namely rutin, a flavonol (tg = 18.6) identified by the
UV spectra and quantified as quercetin 3-glucoside, and isorhamnetin 3-rutinoside. On the
contrary, the di-O-caffeolylquinic acid derivative was not detected in the peel. P. spinosa
peel showed a high content of quercetin 3-galattoside, which was not detected in P. pyraster,
as well as rutin and quercetin 3-glucoside. Regarding the sum of individual phenolics in
the peel, again, the highest content was detected in P. spinosa, with the same ratio (1.8-fold
higher) found in the pulp.

Table 3. HPLC analysis of individual phenolic compounds (mg g‘l DM) in the fruit peel of the
investigated wild pear species.

Phenolic Compounds (ntlli{n) 7(\::;;( P. spinosa P. pyraster
Arbutin 5.08 280 4.58 + 0.27 2.96 + 0.10 *
Gallic acid 6.50 280 0.04 4 0.00 0.03 £ 0.00 *
Chlorogenic acid 10.69 330 3.53 4+ 0.05 1.94 £0.10 *
Catechin 11.40 280 ND 0.05 £+ 0.00
Epicatechin 13.06 280 0.27 4+ 0.03 0.12 £ 0.00 *
Flavonol 18.60 350 0.41 4+ 0.04 0.21 +£0.01 *
Rutin 20.40 350 0.19 + 0.03 ND
Quercetin 3-galattoside 20.90 350 1.97 £ 0.07 ND
Quercetin 3 glucoside 21.40 350 0.95 4+ 0.23 1.24 £0.14 ns
Isorhamnetin 3-rutinoside 23.09 350 0.62 £ 0.06 0.54 +0.02 ns
Isorhamnetin derivative 23.97 350 0.55 + 0.04 1.08 £ 0.07 *
Isorhamnetin derivative 24.40 350 0.46 £+ 0.06 1.15 + 0.03 *
Flavanol 31.90 280 14.01 4+ 1.40 6.10 = 0.40 *
Flavanol 39.00 280 0.50 4 0.01 ND
Sum 28.08 15.42

tr = retention time; Amax = wavelengths of maximum absorption in the UV region; * significance at p < 0.05;
ns = not significant; <LOQ = limit of quantification; ND = not detected.
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Compared to the flesh and peel, the core contained a di-O-caffeolylquinic acid (tg = 23.5)
derivative, which was quantified as 3,5-di-O-caffeolylquinic acid equivalent, having the same
UV spectrum (Table 4). As observed in the peel, arbutin, chlorogenic acid, and flavanol
(tr = 31.9) were the most represented compounds in the core of both species. Regarding the
core, P. spinosa showed a 2-fold higher sum of phenolic compounds than P. pyraster, which is
attributable to the high content of arbutin and flavanol (tg = 31.9), 3.1 and 3.5-fold higher than
P. pyraster, respectively.

Table 4. HPLC analysis of individual phenolic compounds (mg g~ DM) in the fruit core of the
investigated wild pear species.

Phenolic Compounds (ntlli{n) 7(\11::1;( P. spinosa P. pyraster
Arbutin 5.08 280 9.04 £+ 0.09 291 +0.11 *
Gallic acid 6.50 280 0.02 4+ 0.00 0.02 £+ 0.00 ns
Chlorogenic acid 10.69 330 2.80 4+ 0.03 2.41 4+ 0.04 *
Catechin 11.40 280 0.08 4 0.00 0.20 4 0.01 *
Epicatechin 13.06 280 0.25 +0.01 0.27 +£0.01 *
Rutin 20.40 350 <LOQ ND
Quercetin 3-galattoside 20.90 350 0.03 £ 0.00 0.04 £ 0.00 *
Quercetin 3-glucoside 21.40 350 0.02 £+ 0.00 0.03 £ 0.00 *
Isorhamnetin 3-rutinoside 23.09 350 0.12 + 0.00 0.26 + 0.01 *
Di-O-caffeolylquinic acid 23.50 330 0.08 4+ 0.01 0.18 +0.01 *
Isorhamnetin derivative 23.97 350 ND 0.06 £+ 0.01
Isorhamnetin derivative 24.40 350 ND 0.06 £+ 0.01
Flavanol 31.90 280 15.59 4+ 0.33 4.37 £ 0.16 *
Flavanol 39.00 280 0.33 +0.01 0.32 +£0.03 ns
Sum 28.36 11.13

tr = retention time; Amax = wavelengths of maximum absorption in the UV region; * significance at p < 0.05;
ns = not significant; <LOQ = limit of quantification; ND = not detected.

The flesh, peel, and core chromatograms of P. spinosa are reported in Figure S1. Compar-
ing the phenolic profiles of the two wild Pyrus spp. with those of PCG [16] (see Tables S5-57
at Supplementary Materials), it was found that flavonol glycosides (isorhamnetin derivative
tr = 23.97), quercetin glycosides (tg = 20.90 and 21.4), and flavanols (tg = 31.9 and 39.0) were
not detected in the flesh of fruit belonging to PCG cultivars, but only in wild pears. Alike,
flavanols were undetected in the peel of the fruit of PCG. Conversely, rutin was present
only in the fruit flesh of PCG and not in the fruit of wild pears; no flavonol glycosides
or quercetin glycosides were detected in the fruit core of PCG. The di-O-caffeolylquinic
acid derivative (tg = 23.5) was instead detected in the core of the fruit of both wild pears
and PCG. When comparing the content of individual phenolic compounds detected in
the fruit of wild pears with the corresponding values in the fruit of PCG, a wide range
(from values close to the baseline up to 21-fold higher) of relative variation was observed
(Figure 3). Additionally, relevant differences were found between the two wild pear species
for the content of arbutin in each fruit component and quercetin 3-galattoside, the latter
only present in the peel of P. spinosa (Figure 3B).

In the same geographical territory, the comparison between the phenolic fingerprinting
and antioxidant capacity results of wild pear fruits and those reported by Piluzza et al. [16]
for P. communis cultivar germplasm evidenced a notably higher content of phenolic com-
pounds in wild pears.



Resources 2024, 13,72

9 of 20

A Flesh

P. spinosa P. pyraster

(=T (I S R 4 [ R e = I X e ]

N Arbutin - m Gallic acid mChlorogenic acid m Catechin W Epicatechin

B Peel

P. spinosa P. pyraster
W Arbutin m Gallic acid W Chlorogenic acid
m Catechin B Epicatechin m Rutin
W Quercetin3-galattoside N Isorhamnetin 3-rutinoside

Figure 3. Cont.

: | P



Resources 2024, 13,72

10 of 20

c Core

P. spinosa P. pyraster

W Arbutin - m Gallic acid ®Chlorogenic acid ® Catechin  ® Epicatechin

Figure 3. Relative variation in the content of individual phenolic compounds of wild pear fruit for
flesh (A), peel (B), and core (C). Value 1 is the baseline for the same traits of ancient pear cultivars*
grown in the same study area. * (Mean values from Butirra, Camusina, and Spadona; source:
Piluzza et al. [16].

3.3. Correlations and Multivariate Analysis

A Pearson linear correlation analysis was performed to explore the potential re-
lationship between the phenolic compounds and antioxidant capacity of wild pears.
(Tables 5 and 6). Interestingly, the correlations between the measured variables differed
between species. In P. pyraster, the Pearson matrix highlighted the closest links between
antioxidant capacity and phenolic classes (Table 5). Several individual phenolic compounds
have also shown a high and significant correlation with antioxidant capacity and phenolic
content, in particular catechin, epicatechin, and quercetin 3-galattoside. On the contrary, in
P. spinosa, the antioxidant capacity (ABTS assay) was mainly linked to TotP and CT, regard-
ing the phenolic compounds, and was linked to catechin and arbutin when considering
individual compounds (Table 6). The antioxidant capacity (DPPH assay) was significantly
linked to TP and CT, and epicatechin, arbutin, and chlorogenic acid, for phenolic classes
and individual phenolic compounds, respectively.

Principal Component Analysis (PCA) was then performed to reveal the interaction
between phenolics and antioxidant capacity within the flesh, peel, and core of wild pears,
and PCG investigated by Piluzza et al. [16]. From the monitored variables, the PCA pro-
vided a first evaluation of the selected traits, visualizing trends in the data and evidencing
three distinctive groupings among the compared Pyrus species. Based on the PCA score
plot shown in Figure 4A, two main groups can be clearly distinguished: the wild types
(P. spinosa and P. pyraster) differed from each other, and both were different from PCG.
Within the PCG, two different groupings were identified: Camusina with Buttiru and
Spadona with Coscia (an Italian cultivar used as a control). Spadona was the closest to
Coscia. Notably, the wild pear group is positioned on the positive side of PC1, while the
cultivated pear group is on the negative side of PC1.



Resources 2024, 13, 72 11 of 20

Table 5. Pearson correlation coefficients between antioxidant capacity, phenolic classes, and individual phenolic compounds of P. pyraster.

P. pyraster 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
1 ABTS —
2 DPPH 0961 _
0.952 0.977
3 TotP ok 3k -
0.964 0.987 0.980
4 NTP *kk *% *%% -
—0942 —-0962 —0.928 —0.983
5 TP *%% *%% *%% k% -
0.967 0.953 0.936 0.967 —0.962
6 TOtF R Lt HAN s LR -
7 CT ns ns ns ns ns ns —
. —0.810 —-0.758 —0.709 —0.759 0.780 —0.896 —0.860
8 Arbutln 3% * * * * 3% *%
9  Gallic acid ns ns ns ns ns ns :?,;906 Oi() 5
Chlorogenic ~ —0.742 —0.819 —0.794 —0.860 0.892 —0.746
10 acid * *% * 3% 3% * ns ns ns -
. —0.886 —0.944 —0960 —0.967  0.940 —0.876 0.918
11 CateChln *% Lt HAN s R *% ns ns ns B
. . —0.869 —0.933 —0948 —0952 0.922 —0.844 0.926 0.996
12 EplcateChln *3% et 2 HAN X% *% ns ns ns R X%k
13 Flavonol ns ns ns ns ns ns :9'869 ns Oil 2 ns ns ns —
Quercetin 3- —0.853 —0916 —0937 —0933 0.896 —0.815 0.910 0.987 0.995
14 galattOSlde *% %% Exx b *% *% ns ns ns %% %% %% ns -
15 Quercetin ns ns ns ns ns ns —0818 ns 0.794 ns ns ns 0.988 ns —
3-glucoside ** * e
Isorhamnetin —0.991 0.859 0.921 0.881 0.835
16 3-rutinoside ns ns ns ns ns ns e P ot ns ns ns o ns P —
Di-O-
17 tfeolvlquini 0.717 —0.669 —0964  0.699 —0.973 —0.732 o
caffeolylquinic  ns ns ns ns ns ns " ns . ns ns ns e * e M

acid
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Table 5. Cont.
P. pyraster 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Isorhamnetin, —0.873 0.800 0.999 0.980 0.884 —0.960
18 . ns ns ns ns ns ns ns ns ns —
deerat_23.97 *3% *% Lt HAA *% R
Isorhamnetin, —0.889 0.831 0.999 0.984 0.901 —0.952  0.998
19 . ns ns ns ns ns ns ns ns ns —
deerat_24.40 *3% *% Lt HAA X% BT Lt
20  Flavanol_31.90 0;2113 0235 0;332 0'234 79;204 0;239 72;?98 ns ns 7(1;837 7(1'*800 ns 70;770 ns ns ns ns ns —
—0.829 —-0.907 —0933 —0.929 0.892 —0.811 0.919 0.992 0.995 0.990 0.696 —0.774
21 Flavan01—39'00 *% %% Ex AN *% *% ns ns *%3% *%% %% ns AN ns ns * ns ns *
*p <0.05,** p < 0.01, ** p < 0.001; ns not significant.
Table 6. Pearson correlation coefficients between antioxidant capacity, phenolic classes, and individual phenolic compounds of P. spinosa.
P. spinosa 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
1 ABTS —
2 DPPH ns —
3 TotP 081 _
4 NTP ns ns ns —
5 TP ns Off 0 ns ns —
6 TotF ns ns ns ns ns —
7 CT 79;834 70*.694 7(3;834 ns ns 70*.722 -
3 Arbutin O.i21 0.Z46 02:17 ns 0.271 0.273 :2.937 o
9  Gallicacid ns ns ns 7,9*,? 2 0'Z30 ns ns ns —
Chlorogenic 0.739 —0.826  0.938 0.905
10 . ns ns ns ns ns
aCld * *3% Hokk %%
11  Catechin 0.921 ns 0.978 ns ns ns —0.906 0.952 ns —

%%

%%

%%

Ll




Resources 2024, 13,72 13 of 20
Table 6. Cont.

P. spinosa 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

12 Epicatechin 0*8*7 7 ns 0;257 ns 0'676 0'293 0;233 ns —
—0.972 0.915 0.811
13 Flavonol ns ns ns o ns ns ns ns - o ns ns —
14 Rut —0.955 0.894 0.802 0.996
utin ns ns ns o ns ns ns ns o e ns ns e —

Quercetin 3- —0.982 0.923 0.809 0.998 0.992
15 galattoside ns ns ns o ns ns ns ns o . ns ns v o

Quercetin —0.930 0.865 0.780 0.988 0.996 0.979
16 3-glucoside ns ns ns o ns ns ns ns . . ns ns v o v

Isorhamnetin —0.961 0.704 0.937 0.898 0.709 0.984 0.983 0.980 0.973
17 3-rutinoside ns ns ns *%% * ns ns ns 4% *% ns * *3%% *kk *%% 4k -

Di-O-

. 0.985 —0.939 —0.819 —0993 —-0984 —0.99 —0.968 —0.977

18  caffeolylquinic ns ns ns I~ ns ns ns ns o " ns ns o o o o o —

acid

Isorhamnetin, —0.977 0.919 0.812 0.999 0.995 0.999 0.985 0983  —0.995
19 deerat 23.97 ns ns ns %% ns ns ns ns 34k *3% ns ns 3434 3% %34 3% %% 3%

Isorhamnetin, —0.966 0.905 0.806 0.998 0.999 0.996 0.992 0.983  —0.990 0.998
20 derivat 2440 ns ns ns *3%% ns ns ns ns %% *3% ns ns %% A% *%% b *%% b *%% -

0.701  —0.764 —0.737  —0.832 -0.826 —0.783 —-0.813 —-0.760 —0.829 —-0.853 0758 —0.777 —0.797

21  Flavanol_31.90 ns ns ns " . ns ns ns . o ns o . o . o o * . . —
22 Flavanol_39.00 _23 62 _22 60 —0.620 ns ns 0;328 _2;882 ns ns _E;,? 4 ns ns ns ns ns ns ns ns ns ns

*p <0.05,**p <0.01, ** p < 0.001; ns not significant.
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Figure 4. Principal component analysis score of samples of Pyrus spp. collected in the same field (A) and factor loading plot of variables (B).
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The results of PCA analysis (Table 7) indicated that a large portion of the variance
(94.35%) could be explained by the first six principal components (PCs). The first PC, with
an eigenvalue of 11.27, captured the most variability (45.08%). The second PC explained
21.66% of the variance, with an eigenvalue of 5.41. The first three PCs together explained
80.11% of the variance.

Among all principal components (PCs), the first one (PC1) was the most important
and closely related to the antioxidant capacity, TotP, TotF, and chlorogenic acid. The
second component (PC2) was mainly influenced by two variables: rutin and isorhamnetin
3-rutinoside. Finally, the third component (PC3) was primarily defined by the levels
of quercetin 3-glucoside and epicatechin. Concerning the fruit components, variations
between species and within species were revealed. The two wild pears showed specific
phytochemical profiles, such that they must be considered distinct entities. Notably, within
the same PCA score plot, it was evident how the fruit fractions were also affected by the
principal components. This was particularly striking for the peel component, which fell
on the positive side of PC2, whereas the core and flesh resided on the negative side. The
characteristics of the chemical traits (Figure 4B) showed that almost all chemical traits
dominated the positive direction of PC1, which was vastly connected to the wild pear
samples. The results of the PCA analysis showed significant variations in the antioxidant
capacity, phenolic classes, and individual phenolic compounds of the wild pears and
the PCG.

Table 7. Eigenvalues and standardized coefficients of the correlation matrix from the principal
component analysis.

PC1 PC2 PC3 PC4 PC5 PCeé
Eigenvalue 11.27 5.41 3.34 1.55 1.32 0.69
Variance (%) 45.08 21.66 13.38 6.19 5.30 2.75
Cumulative (%) 45.08 66.73 80.11 86.30 91.60 94.35
Variables Loadings
TotP 0.28 —0.04 0.09 —0.16 0.11 —0.03
NTP 0.25 —0.09 0.01 —0.37 0.04 —0.09
TP 0.25 0.06 0.18 0.22 0.17 0.08
ABTS 0.28 —0.07 0.06 —0.20 0.11 —0.01
DPPH 0.29 —0.05 0.02 —0.18 0.03 —0.10
TotF 0.28 —0.06 0.07 —0.16 0.05 —0.05
CT 0.27 —-0.12 0.11 —0.04 —0.07 —0.22
Arbutin 0.24 —0.04 0.09 —0.06 —0.07 0.23
Gallic acid 0.24 0.12 —0.03 0.16 —0.13 0.44
Chlorogenic acid 0.28 —0.01 0.05 0.09 —0.11 0.18
Catechin —0.02 0.11 0.35 0.42 0.33 —0.20
Epicatechin 0.09 0.25 0.36 0.20 0.11 0.04
Flavonol 0.20 0.15 —0.29 0.23 —0.18 —0.14
Rutin —0.01 0.38 0.12 —0.14 —0.29 0.12
Quercetin 3-galattoside 0.16 0.20 —0.09 0.22 —0.49 —0.25
Quercetin 3-glucoside 0.18 0.15 —0.36 0.09 0.15 0.04
Quercetin 3-O-(6"-O-malonyl)-B-glucoside —0.04 0.31 0.24 —-0.16 0.11 —0.44
Isorhamnetin derivative (tg = 22.87) —0.05 0.35 0.25 —-0.21 0.00 —0.06
Isorhamnetin derivative (tg = 23.40) —0.08 0.32 0.15 —0.26 —0.13 0.41
Isorhamnetin 3-rutinoside 0.14 0.37 —0.04 0.01 0.04 0.01
Di-O-caffeolylquinic acid 0.10 —0.24 0.28 0.12 0.22 0.31
Isorhamnetin derivative (tg = 23.97) 0.15 0.22 —0.31 0.04 0.32 0.00
Isorhamnetin derivative (tg = 24.40) 0.13 0.23 —0.31 0.01 0.37 0.02
Flavanol (tg = 31.90) 0.26 —0.11 0.04 —0.16 —0.15 -0.17
Flavanol (tg = 39.00) 0.20 —-0.12 0.15 0.35 —0.26 —0.09
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4. Discussion

Wild pears are valuable native resources with high exploitation potential due to their
useful traits for both humans and the environment [10,20,29]. Wild pears are important for
forestry, ecological conservation, and ornamental purposes, and they also provide genetic
resources for cultivated pear varieties and pear breeding [7,30] as well as rootstocks. Addi-
tionally, wild pears exhibit traits such as cold and drought resistance, disease resistance,
and high adaptability [1]. Leaf and fruit morphometric studies on the two species have
been carried out by Vidakovi¢ et al. [9,10]. Pear fruits are rich in phenolic compounds and
are excellent sources of phytochemicals and natural antioxidants. Phenolic compounds are
commonly found in both edible and non-edible parts of pear plants, and they have been
reported to have multiple biological effects [30].

Papers reporting on P. spinosa or P. pyraster fruit phenolic composition are modest, but
none of them investigated the phenolics allocated in the different parts of pear fruit. To
our knowledge, this is the first study regarding total and individual phenolic compounds
in different fruit parts (e.g., flesh, peel, and core) of P. pyraster and P. spinosa from the
Mediterranean area. The available literature mainly deals with the genetic characterization
of wild pear species or with the chemical characterization of different organs of the pear
tree [7,12,31]. In fruit peel extracts of Pyrus spp. from China, Li et al. [32] found a TotP
content ranging from 263.6 to 1121.5 mg of gallic acid 100 g~! dry weight (DW), while
TotF ranged from 281.2 to 1682.7 mg of rutin 100 g~! DW, which are lower than our
results. It is worth noting that both Pyrus spp. and the methodology of sample preparation
and extraction were different. In the peel and flesh of P. ussuriensis, TEAC values with
DPPH assay ranged from 13.5 to 36.9 and from 3.1 to 8.7 umol TE g~ !, respectively [30],
highlighting variations in antioxidant capacity between peel and flesh as our results but
with lower values. Fatty acid components, the antimicrobial activity of fruit seed and pulp
of P. spinosa, as well as the antioxidant activity, were evaluated by Ozderin [4]; however, a
different analytical approach does not allow direct comparison with our data on antioxidant
capacity. Tzanakis et al. [33] investigated the TotP in P. amygdaliformis (=P. spinosa) fresh
entire fruits from Greece and found TotP values from 165 to 846 mg kg~ ! of fresh weight,
lower than our results. The difference in the values may be explained because they analyzed
the entire fruit without distinction between peel and flesh and also fresh fruit instead of
freeze-dried samples. Other studies on Pyrus spp. take into account different organs of
the pear tree, like leaves and bark. The total phenolics in leaves of P. spinosa populations
from different Greek locations were evaluated by Alexandri et al. [5]; their values ranged
from 6.25 to 46.32 mg GAE g~ ! of fresh weight and were much lower than in fruits.
Usjak et al. [34] investigated barks of P. pyraster and P. spinosa and found a content of total
phenolics of 533.4 and 436.2 mg GAE g~ !, respectively, values being much higher than
in fruits. According to Kundakovi¢ et al. [29], the methanolic extracts of leaf and bark
from P. pyraster exhibited significant cytotoxic effects towards human melanoma Fem-x
cells, whereas the corresponding methanolic extracts of P. spinosa did not show cytotoxic
activity against the Fem-x and human embryonic lung fibroblast MRC-5 cell lines. The same
authors evidenced that the entire wild pear’s fruit extracts and the arbutin standard showed
antibacterial activity against all bacteria species, demonstrating that the arbutin contained
in wild pear extracts possessed biological activity. As the relationship between the fruit
phenolic contents of wild pears and pear cultivar germplasm was already investigated [16]
in the same area, our research revealed key differences. The greatest differences between
wild and cultivated species referred to the phytochemical partitioning among the three
examined fruit components, in terms of both qualitative and quantitative variations. The
PCG flesh was relatively poor in TotP and individual phenolic compounds compared to the
peel and core, the latter being the richest in phenolics (Tables 51-57). On the contrary, the
two wild pear species exhibited very similar antioxidant capacity, TotP and TotF content, in
both flesh and peel, whereas the TP content was lower in the flesh than in the peel.

Phenolic acids are biologically active molecules; they are present in a wide range of
plants and have commercial value in the cosmetic, health, and medicine industries due to their
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antiaging, antitumor, antimicrobial, and anti-inflammatory properties. Contardi et al. [35]
supported the importance and role of hydroxycinnamic acids in treating dermatological
conditions (burns, wound healing, psoriasis, dermatitis, inflammation) and mentioned chloro-
genic acid as being beneficial for prolonging the shelf life of food due to its antibacterial and
antioxidant properties.

According to Kolniak-Ostek [36], P. communis fruits contain phenolic compounds such
as hydroxycinnamic acids (primarily chlorogenic acid), hydroquinones (arbutin being the
most abundant), flavanols (catechin, epicatechin, and procyanidins), and flavonols (mainly
quercetin and isorhamnetin glycosides). In the entire fruits of P. pyraster, Stoenescu et al. [21]
detected gallic acid 0.2 mg g~! and chlorogenic acid 0.51 mg g~; our results evidenced a
higher content of chlorogenic acid in the flesh, peel, and core 1.9, 1.9, and 2.4-folds, respec-
tively. The same authors did not detect neochlorogenic, vanillic, caffeic, or siringic acids, in
agreement with our results. In P. amygdaliformis (=P. spinosa) fruit (without distinction of
peel and pulp) from Iraq, Saadatian et al. [20] found gallic and chlorogenic acids and rutin,
but with values lower than our results. Peel and flesh extracts from Pyrus spp. originating
from China were analyzed by Li et al. [32]. The study identified chlorogenic acid and ar-
butin as the most abundant compounds, as our results show, along with phenolic acids such
as p-coumaric, vanillic, gallic, and ferulic acids. It is worth noting that p-coumaric, vanillic,
and ferulic acids were not detected in our study, but they analyzed different Pyrus species.

Concerning the two flavanols detected at tg 31.9 and 39.0 in the chromatogram reg-
istered at 280 nm in all examined fruit parts, we hypothesize that these peaks could be
oligomeric compounds formed from catechin and epicatechin molecules. The literature
supports our hypothesis; in fact, Jeong et al. [37] isolated from the fruit peels of P. pyrifolia
five proanthocyanidins, two dimers, and three trimers of catechin and epicatechin, and
their structures were determined by nuclear magnetic resonance and mass spectrometry.
Wang et al. [30] identified seven flavanols, and among these, one procyanidin dimer and
one procyanidin trimer were found in five different Australian grown pear varieties. In
addition, He et al. [38] detected five procyanidin dimers in pear juices. The same authors af-
firmed that procyanidins were the predominant phenolic group in pear fruit (as supported
by our quantitative analysis results, where the flavanols weigh from 40 to 80% of the total
estimated phenolic content for pulp, peel, and core), and their concentration can exceed
90% of total quantified phenolic compounds. The same results were previously reported
by Braham et al. [39] in European and Tunisian pear cultivars and in pear fruits, juices, and
pomaces of Plant De Blanc and De Cloche ripe and overripe pear cultivars [40]. Further-
more, five individual phenolic compounds were detected in PCG flesh (Table S5) compared
to eleven molecules identified in the flesh of wild species (Table 2). Within individual
phenolics, arbutin had a notably higher content in the three examined fruit fractions of wild
pears compared to PCG fruits (Figure 3). Otherwise, the content of quercetin 3-galattoside
in P spinosa peel substantially differed from that of PCG fruits. Finally, all the examined
fruit components of wild pears contained a great quantity of flavanol at tg 31.9, which was
detected in much lower concentrations only in the core of Buttiru among PCG (Table S7).
The differences in qualitative and quantitative values, compared with literature data, could
be explained by genetic factors as well as environmental and pedoclimatic conditions. All
these factors can influence the levels and detection of metabolites [9,41]. In our research,
sampling of both wild and domesticated pear fruit was carried out at the same site, so the
variability due to agronomic and environmental conditions was negligible. The comparison
of the antioxidant capacity, phenolic classes, and individual phenolic compounds of wild
pear fruit with the corresponding traits in PCG evidenced relevant differences both in
quantitative and qualitative terms at species level inside the Pyrus genus, highlighting the
remarkable phytochemical content of wild pears compared to P. communis cultivars. The
PC analysis indicated good separation of the pear samples in the score plot. Notably, the
PCG samples formed a separate cluster from the two wild pear groups, maintaining their
distinct characteristics; the replicates clustered tightly in the score plot, indicating consistent
results within each treatment group. However, only a few variables showed significant
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differences in their contribution (loading values) across the three main components (PC1,
PC2, and potentially PC3). This identified differences within our dataset warranting further
investigation in the antioxidant capacity, phenolic fingerprinting, and content of pear fruit
for the classification and differentiation between domestic and wild species. Starting from
the hypothesis that the phenolic profile might differentiate between species, as highlighted
by several authors [32,42,43], our study suggests the usefulness of characterizing species
and highlighting a greater phenotypic proximity among the accessions belonging to the
same geographical area [44].

5. Conclusions

The results obtained from this research provide novel information on phenolic com-
pounds in the flesh, peel, and core of P. pyraster and P. spinosa fruits and evidence the
high variability between species. Our study confirms the effectiveness of chemometric
approaches in distinguishing between Pyrus species. Notably, the investigated wild pear
species emerged as promising sources of health-promoting phenolic compounds. The two
wild pear species demonstrated a different antioxidant capacity and content of phenolic
compounds at the level of species and fruit components (flesh, peel, and core). Moreover,
the multivariate analysis also revealed the great differences between P. communis. The
comparison between Pyrus spp. in the same geographical territory highlighted that the
wild pear species were richer in phenolic compounds than P. communis cultivars.

Due to the potential health benefits and applications in food science and cosmetics,
wild pear fruits hold promise as functional foods, dietary supplements, and even as a
source of antioxidants for the cosmetic industry.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/resources13060072/s1, Table S1: Total antioxidant capacity (TEAC)
by ABTS and DPPH methods, total phenolics (TotP), non-tannic phenolics (NTP), tannic phenolics
(TP), total flavonoids (TotF), and condensed tannins (CT) in the fruit flesh of the investigated pear
cultivars; Table S2: Total antioxidant capacity (TEAC) by ABTS and DPPH methods, total phenolics
(TotP), non-tannic phenolics (NTP), tannic phenolics (TP), total flavonoids (TotF), and condensed
tannins (CT) in the fruit peel of the investigated pear cultivars; Table S3: Total antioxidant capacity
(TEAC) by ABTS and DPPH methods, total phenolics (TotP), non-tannic phenolics (NTP), tannic
phenolics (TP), total flavonoids (TotF), and condensed tannins (CT) in the fruit core of the investigated
pear cultivars; Table S4: Chromatographic parameters of the quantitative evaluation of phenolic
compounds; Table S5: HPLC analysis of individual phenolic compounds (mg g~ DM) in fruit
flesh of the investigated pear cultivars; Table S6: HPLC analysis of individual phenolic compounds
(mg g~! DM) in fruit peel of the investigated pear cultivars; Table S7: HPLC analysis of individual
phenolic compounds (mg g~! DM) in fruit core of the investigated pear cultivars; Figure S1: HPLC
chromatogram at 280 nm of Pyrus spinosa peel (A), flesh (B), and core (C) 1: arbutin, 2: gallic
acid, 3: chlorogenic acid, 4: catechin, 5: epicatechin, 6: flavonol (tg: 18.60), 7: rutin, 8: quercetin
3-galattoside, 9: quercetin 3-glucoside, 10: isorhamnetin 3-rutinoside; 11: di-o-caffeolylquinic acid,
12: isorhamnetin derivative (tg: 23.97), 13: isorhamnetin derivative (tg: 24.40), 14: flavanol (tg: 31.90),
and 15: flavanol (tg: 39.00).
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