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Abstract: Background: The genetic diversity of Sardinian pear germplasm has received limited
attention regarding its chemical composition. Understanding this composition can aid in the setting
up of resilient, extensive groves that offer multiple products and ecosystem services. This research
aimed at investigating the antioxidant properties and phenolic compounds of ancient pear cultivars
grown extensively in Sardinia (Italy); Methods: the cultivars Buttiru, Camusina, Spadona, and Coscia
(as a reference) were compared. Fruit samples were manually peeled and cut. Their flesh, peel, core,
and peduncle were frozen separately, lyophilized, and milled before being analysed; Results: The
content of total phenolics (TotP), total flavonoids (TotF), condensed tannins (CT), and antioxidant
capacity in each fruit part varied significantly among the cultivars. The TotP content was high in the
peduncle (42.2-58.8 g GAE kg*1 DM) and low in flesh (6.4-17.7 g GAE kg*1 DM); Conclusions: the
highest values of antioxidant capacity, TotP, NTP, TotF, and CT were found in the flesh of the cultivar
Buttiru and in the peel of the cultivar Camusina. Chlorogenic acid was the major individual phenolic
compound in peel, flesh and core, whereas arbutin was mostly present in the peduncle. Results can
contribute to revise target exploitations of underutilized ancient pear cultivars.

Keywords: rainfed environment; biodiversity; scattered fruit trees; extensive farming; peel; peduncle;
core; flesh; bioactive compounds; chlorogenic acid; arbutin

1. Introduction

Fruit and vegetable phytochemicals play a crucial role in the prevention of chronic
diseases, as obesity, diabetes, cardiovascular diseases, and cancer represent an emerging
global health issue [1].

Pyrus communis L. is a typical crop of temperate climates and its fruit has numerous
health benefits. These benefits are due to their diuretic, antitussive, and anti-inflammatory ac-
tivities, which are useful to prevent several diseases [2]. Pear antioxidant, anti-inflammatory;,
and antiproliferative activities have been demonstrated in vitro [3], and they may improve
the regulation of blood pressure and vascular function in middle-aged and older men, and
in women with metabolic syndrome [4,5]. A metanalysis from Hu et al. [6] reported an
inverse association between pear consumption and the risk of stroke. The compounds
of the greatest interest for their antioxidant and functional properties include phenolic
compounds. The pear is one of the oldest fruit crops that is largely consumed worldwide.
It represents an important source of biologically active substances [3] and is an excellent
source of soluble and insoluble fibres, which are essential for the gut health. The antioxidant
phenolic compounds of pear fruit are mainly concentrated in the peel; they contribute to
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increase endogenous antioxidant systems, preventing the rise of free radicals and therefore
offsetting oxidative stress [2].

Oxidative stress is associated with aging and some pathological situations such as
cardiovascular disease, neurodegenerative syndromes, cancer, and obesity [7]. Additionally,
soluble fibres feed the healthy bacteria in the gut. As such, they are considered prebiotics,
which are associated with healthy aging and improved immunity [8].

The growing ecological awareness in the modern consumer has resulted in a greater
demand for healthier foods. Recent studies carried out in Bosnia Herzegovina and Turkey
have reported a significantly higher concentration of total phenolic compounds in au-
tochthonous pears compared to commercial cultivars [9,10]. Phenolic acids, flavonoids, and
glycosylated hydroquinone (mainly S-arbutin) are the main phenolic compounds in pear
fruit, but considerable variations in quantitative composition depending on pedoclimatic,
agronomic, and storage conditions have been recorded in different cultivars [11]. The
B-arbutin, mainly concentrated in the peel, has been reported to be an effective antibiotic
and skin whitening compound [8]. Chlorogenic acid (5-O-caffeoylquinic acid), the second
most abundant phenolic compound in the flesh and peel has anti-inflammatory and antiox-
idant properties. Epicatechin is the predominant flavonoid present in the pear fruit, with
different biological effects in vitro such as antioxidant, antimicrobial, anti-inflammatory,
anticancer, and cardioprotective activity [8].

The island of Sardinia (Italy), located in the centre of Mediterranean basin, is reported
as one of the five Blue Zones characterized by a high prevalence of long-living individuals,
where life expectancy is higher than other places worldwide [12]. The longevity of the
population is claimed to be related to various factors, such as a healthy and active lifestyle,
based on a traditional diet, low in calories, and rich in plant-based phytonutrients (whole-
meal bread, legumes, vegetables, and fruits) [7]. Due to the geographical isolation, the
wide range of pedoclimatic conditions, and ancient traditions in agropastoral activities [13],
Sardinia has a great plant diversity [14]. In particular, for the genus Pyrus, the long lasting
anthropic and environmental pressure has singled out a great number of domesticated enti-
ties supplying a rich germplasm. Wild pears (mainly Pyrus pyraster L. and P. amygdaliformis
Vill.) and their hybrids are spread all over the island. Traditionally, scattered trees along
the roads, in cleared fields, and at the edges of farmland were trained and/or grafted
with more productive and/or scaled ripening local varieties. The survival of this typical
Sardinian agroecosystem has been warranted by grafting high positioned branches. This
sustainable interaction between animal husbandry and crop production warrants pear
fruit as both a food and feed source. In Mediterranean climates, incorporating pear fruit
as a feed supplement for different classes of animals reared under extensive farming and
rainfed conditions within agro-silvo-pastoral systems, is an essential practice [15]. The local
cultivars, in fact, have a high variability for different agronomic traits such as fruit size,
ripening time, soil adaptability, and resilience to environmental conditions, characterized
by high temperatures and low water availability during the summer [16].

Unfortunately, in the past decades, genetic erosion of pear biodiversity has been ob-
served, due to global trade determinants, aging of the rural population, and the progressive
abandonment of farming practices [17]. The consumption of traditional pear varieties is at
present relegated to local areas where it is still possible to find them.

However, the recovery of neglected and underutilized but well-adapted fruit cultivars,
and the protection of available biodiversity are currently relevant aspects given the growing
attention to sustainable productions.

Furthermore, the desired redesign of current farming systems into resilient and exten-
sive groves can concurrently offer organic food, forage, pharmaceuticals, nutraceuticals,
and multiple ecosystem services [18].

Old varieties have survived for thousands of years, adapting to changing and un-
predictable climates and represent a very important source of genetic diversity in a new
context altered by the effects of climate change.
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Most of the past studies on Sardinia pear biodiversity have been concerned with
the pomological characteristics, aimed at establishing synonyms and/or homonyms and
providing cultivar classification and registration. In addition, chemical analysis such as total
soluble solids, dry matter, and fruit acidity were performed yearly on fruit collected near a
randomized experimental orchard kept under standard management conditions [19,20].

The genetic diversity of domestic and wild Sardinian pear germplasm has been little
studied so far and its chemical and functional composition is still unexplored. Undoubtedly,
the characterization of native pear germplasm is a necessary step for the exploitation of
its nutritional or other uses. To our knowledge, no study has previously reported on the
Sardinian pear phytochemical composition nor on the composition in the different parts of
fruit such as flesh, peel, core, and peduncle. We hypothesized that (i) pear fruit parts are
featured by different phytochemical composition and (ii) pear fruits from ancient varieties
grown as scattered trees are higher in bioactive compounds than a commercial variety from
intensive orchards.

Therefore, the present research is aimed at investigating chemical and antioxidant
properties of ancient pear cultivars grown extensively in Sardinia for their exploitation as a
source of food, feed, and nutraceuticals.

2. Results
2.1. Total Phenolic Content and Antioxidant Capacity

The content of total phenolics (TotP), non-tannic phenolics (NTP), tannic phenolics (TP),
total flavonoids (TotF), condensed tannins (CT), and antioxidant capacity in each fruit part,
namely flesh, peel, core, and peduncle, varied significantly among pear cultivars (Tables 1-4).
Overall, the flesh of Coscia and Spadona varieties had lower content in phenolics (TotP,
NTP, TotF, and CT) and antioxidant capacity (Table 1). The Buttiru flesh showed the highest
values, having approximately double the content of Trolox equivalent antioxidant capacity
(TEAC, both ABTS and DPPH assay), TotP, TotF, and CT compared to Camusina.

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 of the investigated pear cultivars.

TEAC TotP NTP TP TotF CT
(mmol 100 g—1 DM) (g GAEkg1 DM) (gCEkg 1 DM) (gDEkg~1DM)
ABTS DPPH
Camusina 1.5+020b 1.2+£0.02b 8.9+ 0.09b 59 £ 0.36 ab 31+046Db 1.2 +£0.08b 43+012b
Buttiru 27+010a 244+0.09a 177 £0.32a 6.1 £0.78a 11.5+053a 2.7 £0.06 a 82 +0.03a
Spadona 09+0.10c 0.9 £0.06 ¢ 6.7+£0.19¢ 4.6 +£0.12 bc 21+026b 09+0.01c 3.6+036¢
Coscia 0.7 £0.06 0.8+0.07c 6.4+0.28c 42+021c 22+023b 0.6+0.04d 1.6+0.01d
Mean 1.4 1.3 9.9 52 47 7.4 44
In the columns, means followed by the same letter are not significantly different at p < 0.05. Results are expressed
as the mean + SE (n = 3).
Table 2. 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.
TEAC TotP NTP TP TotF CT
(mmol 100 g-1 DM) (g GAEkg~1 DM) (gCEkg-!1DM) (gDEkg~! DM)
ABTS DPPH
Camusina 64+022a 59+029a 403 £0.73 a 151+ 0.08a 253+ 081a 72+0.16a 6.0 £0.03b
Buttiru 55+025b 6.1 £0.55a 36.3+1.19b 9.9 £ 0.75bc 26.3 £0.86 a 62+0.14b 87+042a
Spadona 25+0.06 ¢ 21+0.07b 16.5+0.52c¢ 89+0.28c 77 £0.61b 24+013c¢ 1.24+0.06
Coscia 28+017c¢ 25+0.12b 189 £0.27 ¢ 11.5+0.67b 74+094Db 26+0.14c 19+£001c
Mean 43 42 28.0 11.4 16.7 4.6 44

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

TEAC TotP NTP TP TotF CT
(mmol 100 g—1 DM) (g GAE kg1 DM) (gCEkg~1DM) (g DEkg~1 DM)
ABTS DPPH
Camusina 58+ 0.11b 53+£0.09b 349+121b 89+£014c 260+ 1.15b 70+022b 120+ 044Db
Buttiru 70£0.05a 6.8 £0.10a 404 +£0.59 a 11.6 £0.65a 28.8 £ 0.06 a 8.6 £0.06 a 152+051a
Spadona 2.6 +0.15d 21+0.05d 183 +0.34d 82+0.18c¢ 10.0 £0.18d 29+0.06d 6.5+£0.15d
Coscia 444+005c 34+0.03c 272+ 0.66 ¢ 10.2£0.17b 17.0£0.52¢ 41+0.09c 10.2 £0.03¢c
Mean 5.0 4.4 30.2 9.7 20.5 5.7 10.1
In the columns, means followed by the same letter are not significantly different at p < 0.05. Results are expressed
as the mean + SE (n = 3).
Table 4. 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 peduncle of the investigated pear cultivars.
TEAC TotP NTP TP TotF CT
(mmol 100 g—1 DM) (g GAE kg1 DM) (gCEkg—1DM) (g DEkg~! DM)
ABTS DPPH
Camusina 9.9 +0.41 ab 79+£0.13a 588 £2.29 a 269 +043a 32.0+£2.03b 105+ 0.12a 70£0.05a
Buttiru 104 +£0.05a 81+0.33a 56.8 +0.85a 20.5+0.35b 36.2+1.00 a 11.3+052a 53+0.14b
Spadona 9.2 +0.23 bc 5.6 £0.09b 422 +£0.10b 21.0 £ 0.05b 20.5+0.71d 7.8+ 0.08b 42 +0.06c
Coscia 8.8 +£0.09 c 59 +£027b 454+ 054D 202+£0.21b 253+ 042c 8.3+0.08b 424+037c¢
Mean 9.6 6.9 50.8 222 28.5 9.5 52

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

In all analysed pear cultivars, the TotP content was high in the peduncle, ranging from
42.2 to 58.8 g gallic acid equivalent (GAE) kg_1 dry matter (DM), (Table 4), followed by
the core 18.3-40.4 g GAE kg~! DM (Table 3), peel 16.5-40.3 g GAE kg~! DM (Table 2), and
flesh 6.4-17.7 g GAE kg ! DM (Table 1). The antioxidant capacity showed the same trend.

The peel of Camusina (Table 2) showed the highest antioxidant capacity with the
ABTS assay (6.4 mmol 100 g_1 DM), TotP, NTP, and TotF values, followed by the Buttiru
peel that exhibited the higher CT content (8.7 g delphinidin equivalent (DE) kg~! DM)). It
is worth nothing that the TotP, NTP, and TotF contents of Camusina peel were 4.5, 2.5, and
6-fold higher than the corresponding flesh values. The peel of Spadona and Coscia had
approximately half of the TotP content than Camusina peel, less than half the antioxidant
capacity, and about one third of the TotF content. In addition, the cultivars Spadona and
Coscia had the lowest CT content.

In the cultivar Buttiru, the core distinctly exhibited the highest contents for all the anal-
ysed traits, whereas Spadona showed the lowest, except for NTP values (Table 3). For TotP,
the core concentrations were in the following order Buttiru > Camusina > Coscia > Spadona,
as well as TP, TotF, CT content, and antioxidant capacity.

The pear peduncle in the Camusina and Buttiru cultivars showed higher values for all
parameters compared to Spadona and Coscia (Table 4). In addition, the cultivar Spadona
had the lowest TP values compared with the cultivar Coscia.

Ranking all mean values of each analysed chemical class, reported in Tables 14, it is possible
to note that: for TotP, concentrations were in the following order: peduncle > core > peel > flesh,
whereas for TotF peduncle > flesh > core > peel and for CT core> peduncle > flesh = peel.

2.2. HPLC Analysis of Phenolic Compounds

Five individual phenolic compounds were identified and quantified in the fruit flesh,
14 compounds in the peel, 8 in the core, and 13 in the peduncle (Tables 5-8).
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Table 5. HPLC analysis of individual phenolic compounds (mg g~! DM) in the fruit flesh of the
investigated pear cultivars.

Phenolic Compounds tR. i Amax ** Camusina Buttiru Spadona Coscia
(min) (nm)
Arbutin 5.08 280 021 £0.02a 0.06 +0.001 d 0.09 +0.01 ¢ 0.16 = 0.001 b
Gallic acid 6.50 280 <LOQ <LOQ 0.01 + 0.0003 <LOQ
Chlorogenic acid 10.69 330 0.67 =0.02 a 0.57 & 0.06 ab 048 £ 0.04b 0.50 +0.05b
Catechin 11.40 280 0.04 4 0.001 0.12 4 0.001 nd <LOQ
Epicatechin 13.06 280 0.07 &£ 0.001 0.07 & 0.001 nd nd
Sum 0.99 0.82 0.58 0.66

tr * = retention time; Amax ** = wavelengths of maximum absorption in the UV region. In the rows, means followed
by the same letter are not significantly different at p < 0.05. nd = not detected; LOQ = limit of quantification.
Results are expressed as the mean =+ SE (n = 3).

Table 6. HPLC analysis of individual phenolic compounds (mg g_l DM) in the fruit peel of the

investigated pear cultivars.

tr *

Amax **

Phenolic Compounds . Camusina Buttiru Spadona Coscia
(min) (nm)
Arbutin 5.08 280 1.714+0.10a 0.12 +0.004 d 0.46 +0.01 ¢ 0.85+0.02b
Gallic acid 6.50 280 0.02 4+ 0.0006 a <LOQ 0.02 +0.001 a 0.01 £ 0.0003 b
Chlorogenic acid 10.69 330 1.34 +0.03 a 0.61 £0.05b 0.32 +0.02 ¢ 1.28 £0.05a
Catechin 114 280 0.26 +0.02b 0.37 £ 0.0l a 0.03 £ 0.0003 ¢ 0.03 £ 0.004 ¢
Epicatechin 13.06 280 0.58 +£0.01a 0.35+0.01b 0.11 +£0.01 ¢ 0.07 £ 0.004 d
Rutin 20.4 350 0.37 +0.008 a 0.22 +0.002 b 0.16 + 0.004 ¢ 0.24 +0.006 b
Quercetin 3-galattoside 20.90 350 0.37 £ 0.002 a 0.38 £ 0.004 a 0.12 £ 0.003 b 0.05 + 0.004 ¢
Quercetin 3-glucoside 214 350 nd nd 0.25 + 0.02 nd
Quercetin 3-O-(6"-O-malonyl)-B-glucoside 22.3 350 0.03 £ 0.001 a 0.04 £0.001 a <LOQ <LOQ
Isorhamnetin derivative 22.87 350 0.83 +0.028 a 0.52 +0.004 b 0.09 +0.002d 0.20 + 0.0004 ¢
Isorhamnetin 3-rutinoside 23.09 350 0.62 + 0.036 a 045+ 0.011b 0.14 + 0.002 ¢ 0.18 + 0.005 ¢
Isorhamnetin derivative 234 350 0.21 +0.004 a 0.09 £+ 0.001 d 0.17 £0.011 b 0.11 + 0.002 ¢
Isorhamnetin derivative 23.97 350 0.17 + 0.005 b 0.20 4+ 0.005 a 0.11 £+ 0.001 ¢ 0.05 +0.001d
Isorhamnetin derivative 24.4 350 0.16 + 0.007 ¢ 0.29 £+ 0.001 a 0.23 £ 0.002 b 0.06 £+ 0.001 d
Sum 6.67 3.64 221 3.13

tr * = retention time; Amax ** = wavelengths of maximum absorption in the UV region. In the rows, means followed
by the same letter are not significantly different at p < 0.05. nd = not detected; LOQ = limit of quantification.
Results are expressed as the mean + SE (1 = 3).

Table 7. HPLC analysis of individual phenolic compounds (mg g~! DM) in the fruit core of the
investigated pear cultivars.

Phenolic Compounds tR. i Amax ** Camusina Buttiru Spadona Coscia
(min) (nm)
Arbutin 5.08 280 1.354+0.07 a 1.16 £ 0.02b 0.81 +£0.02 ¢ 1.29 £ 0.08 ab
Gallic acid 6.50 280 0.02+0.0004a  0.02+0.0002a  0.01 &= 0.0008 b <LOQ
Chlorogenic acid 10.69 330 1.61 + 0.001 a 1.26 £ 0.067 b 1.23 £ 0.029b 0.65 £ 0.009 ¢
Catechin 114 280 0.23 £0.011b 0.61 + 0.003 a 0.12 + 0.008 ¢ 0.21 4+ 0.008 b
Epicatechin 13.06 280 0.22 £+ 0.006 b 0.41 +0.035a 0.09 + 0.001 ¢ 0.12 + 0.003 ¢
Di-O-caffeolylquinic acid 23.5 330 0.15 £ 0.001 a 0.06 + 0.002 b 0.04 + 0.0004 ¢ 0.06 + 0.004 b
Flavanol 31.9 280 nd 491 +0.02 nd nd
Flavanol 39 280 0.22 +0.0006b  0.36 = 0.0006 a 0.17 +0.003 d 0.18 & 0.006 ¢
Sum 3.80 8.79 2.47 2.51

tg * = retention time; Amax ** = wavelengths of maximum absorption in the UV region. In the rows, means followed
by the same letter are not significantly different at p < 0.05. nd = not detected; LOQ = limit of quantification.
Results are expressed as the mean =+ SE (n = 3).

The following phenolic groups were detected in the pear fruit: hydroxybenzoic
acid (gallic acid), hydroxycinnamic acid (chlorogenic acid, 3,5-Di-O-caffeoylquinic acid
(3,5-DCQ) and isomers), glycosylated hydroquinone (arbutin), flavan-3-ols (epicatechin
and catechin), and flavonol glycosides (quercetin 3-glucoside, quercetin 3-galattoside and
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quercetin 3-rutinoside, quercetin 3-O-(6"-O-malonyl)-B-glucoside, isorhamnetin 3-rutinoside
and derivative) and flavanol. Molecules were identified by UV spectra and confirmed with
authentic standards.

Table 8. HPLC analysis of individual phenolic compounds (mg g~! DM) in the fruit peduncle of the
investigated pear cultivars.

tr *

Amax **

Phenolic Compounds . Camusina Buttiru Spadona Coscia
(min) (nm)
Arbutin 5.08 280 7.09 £0.28 a 5.11+0.05¢ 749 £031a 6.19 £0.19b
Gallic acid 6.50 280 0.03 +0.001 b 0.03 +0.001 b 0.05 + 0.005 a 0.03 +0.001 b
Chlorogenic acid 10.69 330 264 +0.04a 2.02 +0.05¢ 226 £ 0.05b 255+ 0.11a
Catechin 11.4 280 0.27 +0.002 b 0.39 4+ 0.008 a 0.22 +£0.015¢ 0.20 +0.011 ¢
Epicatechin 13.06 280 0.58 £0.01a 0.52 £0.02a 029 £0.01b 0.57 £0.03 a
Rutin 20.4 350 0.28 £ 0.015a 0.11 4+ 0.003 ¢ 0.05 +0.001d 0.19 +0.005b
Quercetin 3-galattoside 20.90 350 0.31 £+ 0.008 a 0.18 +0.001 b 0.04 +0.001 d 0.06 £ 0.002 ¢
Quercetin 3-glucoside 214 350 0.48 £0.010 a 0.33+0.012b 0.05 +£0.002d 0.11 £ 0.003 ¢
3,5-Di-O-caffeoylquinic acid 22.2 330 0.042 +0.001 b 0.043 +0.001 b 0.051 +0.001 a 0.021 4+ 0.001 ¢
Quercetin 3-O-(6”-O-malonyl)-3-glucoside 22.3 350 0.03 £ 0.001 a 0.03 £ 0.001 a <LOQ <LOQ
Di-O-caffeolylquinic acid 23.5 330 1.26 £0.02a 094 +0.01b 0.47 +0.01 ¢ 0.38 +0.01d
Di-O-caffeolylquinic acid 24.7 330 0.11 +£0.002 b 0.17 +0.004 a 0.099 + 0.003 ¢ 0.039 +0.001 d
Flavanol 39 280 0.28 4+ 0.003 a 0.23 +0.001 ¢ 0.16 +0.002d 0.25 +0.004 b
Sum 13.40 10.10 11.23 10.59

tg * = retention time; Amax ** = wavelengths of maximum absorption in the UV region. In the rows, means followed
by the same letter are not significantly different at p < 0.05. nd = not detected; LOQ = limit of quantification.
Results are expressed as the mean =+ SE (n = 3).

Comparing the examined fruit components, the flesh contained fewer phenolic com-
pounds and in minor amounts. Chlorogenic acid was the most abundant phenolic com-
pound in the flesh, ranging from 0.48 to 0.67 mg g~ ! (Table 5). The cultivar Camusina
showed the highest content. Arbutin was the second most abundant phenolic compound
in the fruit flesh, found in all cultivars. The cultivar Camusina showed the highest content
and the cultivar Buttiru showed the lowest. Flavonol glycosides and flavanols were not
detected in the pear flesh. The highest sum of individual phenolics in the cultivar Camusina,
compared to Buttiru, was not in agreement with the results obtained with Folin-Ciocalteu
colorimetric assay. This discrepancy may be a clue of the presence of antioxidants other
than phenolics in the Buttiru fruit flesh. Spadona was found to be the cultivar with the
lowest content of individual phenolic compounds in the flesh.

Other than the individual compounds in the flesh, four additional molecules were iden-
tified in the peel, namely rutin (quercetin 3-rutinoside), quercetin 3-galattoside, quercetin
3-glucoside, and isorhamnetin 3-rutinoside. Based on the UV spectrum, related to a flavonol
glycosides, other molecules were identified as four isorhamnetin derivatives and quantified
as isorhamnetin 3-rutinoside equivalents (Table 6).

The results indicated that arbutin and chlorogenic acid were the main phenolic con-
stituents in the peel of the analysed pear cultivars, followed by epicatechin and isorham-
netin 3-rutinoside. The cultivar Camusina showed higher content in almost all individual
phenolic content detected, confirming the result obtained with the TotP. On the contrary, the
cultivar Spadona showed lower contents, but it was the only cultivar having the quercetin
3-glucoside in its peel. The cultivar Coscia peel showed valuable contents of arbutin and
chlorogenic acid. For individual phenolic compounds, peel concentration values were in
the following order Camusina > Buttiru > Coscia > Spadona.

Compared to the peel, the core contained a Di-O-caffeolylquinic acid (tr = 23.5)
detected and quantified as 3,5-DCQ equivalents, having the same UV spectrum (Table 7). In
addition, two other molecules, showing the flavanol spectra, were detected and quantified
as epicatechin equivalents. No flavonol glycosides were detected in the fruit core.

In the core, arbutin and chlorogenic acid were the phenolic compounds with a higher
content, followed by catechin and epicatechin. The cultivar Camusina core showed the
highest content in chlorogenic acid and arbutin, whereas the cultivar Buttiru core evidenced
the highest content in catechin and epicatechin (p < 0.05). Furthermore, only in the cultivar
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Buttiru a flavanol tg = 31.9 was present and in large quantities (4.91 mg g~ ! DM), according
to the highest total flavonoid content detected with the spectrophotometric assay (Table 3).
The sum of individual phenolic contents was very similar in the cultivars Spadona and
Coscia. However, their composition was different: the cultivar Coscia showed higher
contents of arbutin, epicatechin, and catechin, whereas the cultivar Spadona was richer in
chlorogenic acid.

A little content of 3,5-Di-O-caffeoylquinic acid was detected in the peduncle, compared
to other fruit parts. In addition to the Di-O-caffeolylquinic acid (tg = 23.5), another molecule
with the same UV spectrum was detected in the peduncle (Table 8). This molecule, only
found in the peduncle, was indicated as Di-O-caffeolylquinic acid (tg = 24.7) and quantified
as 3,5-DCQ equivalents.

Arbutin was the phenolic compound detected in all parts of the fruit, showing
the highest concentration in the peduncle, where it was the most abundant molecule
(7.49-5.11 mg g~ !, Table 8) in the cultivars under study. The peduncles of Spadona and
Camusina cultivars showed the significantly highest arbutin concentration followed by
Coscia and Buttiru. In the peduncle of Spadona, the arbutin concentration was 9-, 16-, and
83-fold higher than in the core, peel, and flesh, respectively.

3. Discussion

Our study evaluated the content of total phenolics, individual phenolics, and the
antioxidant capacity, in different fruit components of three ancient Sardinian pear cultivars
that were selected based on their presence in different representative pedo-climatic areas of
Sardinia, thus meeting the needs of most of the local agro-pastoral systems.

It is known that in the pear fruit the peel has higher phenolic contents than the
flesh [10,21,22] which is also found in the cultivars under study. Pear samples purchased in
a supermarket (without seeds and stalks, i.e., core) evidenced a content of total phenolic of
6.36 mg GAE g~! [23], similar to our results for the Coscia flesh.

The flesh of commercial fruits of five Australian pear cultivars (Rico, Packham’s
Triumph, Beurre Bosc, Winter Nelis, and Josephine de Malines) evidenced a content
of total phenolics and total flavonoids from 1.89 to 3.14 mg g~! and from 0.57 to 1.53,
respectively [24], which are lower than our results. It is worth noting that not only the
cultivars were different, but the samples were extracted with a different solvent and sol-
vent to solute ratio. Another Australian study on different pear cultivars (Packhams’s,
Triumph) [25], showed in their peel a content of TotP and TotF of 4.30 mg GAE g~ ! and
1.07 mg QE g~ ! respectively again lower than our results.

Jiang et al. [26] showed that the phenolic content and antioxidant capacity of four
pear cultivars had a decreasing trend throughout the developmental stages. The study was
performed without partitioning into fruit components (peel or flesh); our results for flesh
are within the range indicated by the authors.

Within the Rosaceae family, peaches and plums are also rich in phenolic compounds [27].
As reviewed by Decros et al. [28], these metabolites exert antioxidant activity on both hu-
mans (after fruit consumption) and fruits to keep their redox homeostasis. Although other
fruits can accumulate more secondary metabolites and display higher antioxidant activity
than pears or apples, the widespread consumption of fruits from Rosaceae family makes
them an important source of antioxidant compounds [27]. The chemical characterization of
peach, pear, and plum, all belonging to the Rosaceae family, evidenced a total phenolics con-
tent of 0.43, 0.29, and 0.62 mg GAE g*1 FW, respectively [27]. These values were lower than
our results, but they performed the experiment on fresh samples, with a different solvent
and extraction method. In the peel of apple cultivars from Germany, Koschonsek et al. [29]
found a total phenolic content that ranged from 521.9 to 1590.5 mg /100 g and an antioxidant
capacity from 2.4 to 12.8 mmol TE/100 g DM. In the flesh of the same apple cultivars the
total phenolic ranged from 143.6 to 361.7 mg/100 g and the antioxidant capacity varied
from 0.8 to 2.3 mmol TE/100 g DM. Therefore, overall higher values of antioxidants were
found in the apple peel than in the flesh in our results for the same fruit components.
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The peduncle is a non-edible part of the pear fruit, whereas the core is edible, but
being cartilaginous and difficult to digest, it is generally discarded together with the seeds.
Conversely, grazing animals can eat the whole fruit from scattered trees, so these fruit
components constitute a good source of phenolic compounds as feed.

Moreover, the peel, core, and peduncle are bio-residue components resulting in pear
juice-processing; therefore, as by-products from the agro-food industry, they can be a source
of phytochemicals and antioxidants, which can be extracted for numerous applications:
food additives, nutraceuticals, or ingredients in cosmetic products [30].

The structural properties and monosaccharides component of dietary fibre in pear
pomace were analysed [31-34]. In the literature there is little information regarding phenolic
compounds in pear pomace. A study demonstrated that the content of phenolic compounds,
flavonoids, catechins, phenolic acids, and antioxidant activities was higher in the peel and
pomace of the Khechechuri pear, native from Western Georgia, compared with the pulp
and juice [35].

Lomba-Viana [36] reported a total phenol content of 29.35 mg GAE 100 g~! and
a DPPH value of 3.62 um TE g~! in the pomace of the pear Rocha cultivar, consisting
mainly of peel and core. These values were lower than our results with respect to the peel,
core, and pulp. In our study, the high amount of phenolics detected in the by-products
(i.e., peel, core, and peduncle of ancient pear cultivars) may be related to the rootstock. In
fact, the rootstock metabolizes high levels of secondary metabolites that are translocated
to the fruit and stored into the fruit, especially in parts that are considered by-products
or waste [37]. Huge quantities of by-products/wastes generated in fruit or vegetable
processing are often discarded, whereas the utilization of bioactive components from by-
products can improve the economic feasibility of the processing industry and help reduce
the environmental pollution [38].

For example, onion peel and skin of whole yellow onions cultivated in Sweden
had total phenolics content ranging from 27.8 to 51.1 and 54.7 to 68.2 mg GAE g~ ! DM,
respectively. A higher total polyphenolic compound content (97.28 mg GAE/g DW) paired
with a valuable content of flavonoids (55.27 mg QE/g DW) was reported in the peel of
yellow onions from Romania [38]. The above-mentioned values of phenolics compounds
and flavonoids were higher than our pear values.

The total phenolics and antioxidant capacity of testa oils from six genotypes of
Cocos nucifera varied from 6.84 to 8.67 mg GAE/100 g and 15.89 to 31.95 (umol TE/g),
respectively [39] which is lower than our results.

Pedo-climatic factors, intended as abiotic stressors, influence secondary metabolism.
Thus, levels and characteristics of metabolites, such as polyphenols, are highly variable
according to the environment. Since the fruits used for our study were harvested from
un-trained trees, we may assume that they were relatively rich in secondary metabolites,
such as antioxidants. This statement is supported by Ref. [40] and is a positive issue for
the dissemination of this innovative in situ preservation of pear biodiversity. In addition,
compared to other rootstocks, wild pear ones are highly resistant to both biotic and abiotic
stresses contributing to the build-up of a secondary metabolite sink in the fruit. As reported
previously in the literature [10,41,42], individual phenolic compounds are distinctive for
each cultivar, and differed between different fruit parts, both for quality and quantity. The
greatest quantity of pear phytonutrients is concentrated in the peel rather than in the pulp,
as reported by several authors [10,42-47].

Our findings regarding the chlorogenic acid content in the flesh are consistent with
those obtained by Oztiirk et al. [10], which reported a content of chlorogenic acid from
15.8 to 891.9 mg kg~ ! in 13 local and 4 international pear cultivars grown in Turkey.
The wide range was dependent solely on varietal characteristics as environmental and
agronomic conditions were the same for all cultivars. A great variation in the content of
chlorogenic acid was also observed by Akagi¢ et al. [9], who studied Bosnian cultivars
from a collection orchard. During two growing years, the chlorogenic acid in the flesh
ranged from 0.46 to 14.94 mg kg~ ! (first year) and from 0.10 to 9.69 mg kg ! (second year),
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and the values were lower than our data. Similar to our results, the same authors did not
detect the flavonol glycoside in the flesh, whereas Oztiirk et al. [10] found p-coumaric and
caffeic acids that were not detected in our study. The arbutin, gallic acid, chlorogenic acid,
catechin, and epicatechin were found in five Australian cultivars as our results, with great
variations among cultivars [24]. The same authors also detected quercetin, kaempferol, and
caffeic acid; conversely, these compounds were not detected in our study.

Again, the arbutin, epicatechin, and chlorogenic acid were the major phenolic com-
pounds found in the pear skin (i.e., peel), which is in line with our results, whereas arbutin
was the highest in the pulp [48]. Galvis-Sanchez et al. [49] found arbutin only in the pear
skin, whereas we found this compound both in the flesh and peel, but with a higher con-
tent in the flesh. Chlorogenic acid is a bioactive compound with anti-inflammatory and
antioxidant activity [8]. Arbutin has a tyrosinase inhibitory activity and interrupts melanin
biosynthesis in epidermal cells; it is an active ingredient in skincare and cosmetic products
as a skin-lightening agent. Arbutin also has antibacterial properties and is commonly used
in the treatment of urinary tract infections.

Brahem et al. [41] identified the quercetin 3-rutinoside, quercetin 3-galattoside, quercetin
3-glucoside, and isorhamnetin 3-rutinoside using a HPLC/ESI-MS2, with the same elu-
tion order detected in our study. In addition, they identified six other molecules as
two isorhamnetin-3-O-rutinosides, two iso-rhamnetin-3-O-hexosides, and two isorham-
netin acetyl hexosides, eluting sequentially as in our experiment. Based on their results,
four molecules, with the same UV spectrum relative to a flavonol glycoside, were iden-
tified as isorhamnetin derivatives. Similar results were described by Kolniak-Ostek and
Oszmianski [42], who identified isorhamnetin 3-O-rutinoside, galactoside, and glucoside
and two isorhamnetin-acylated-hexosides, in pear fruits and leaves. A standardized method
based on liquid chromatography with diode array and electrospray ionization/mass spec-
trometric detection (LC-DAD-ESI/MS) was used to analyse the phenolic compounds in
the skin of 16 pear commercial cultivars [45]. The individual phenolic compounds that we
detected in the peel were also found in this study. Oztiirk et al. [10] found a content of
chlorogenic acid from 21 to 1348.4 mg kg~ ! in the peel; the highest values reported in this
study were comparable to our results. Akagic et al. [9] reported a content of chlorogenic
acid from 2.27 to 359.96 mg kg~ ! in the peel during two years of observations which
is lower than our results. Liaudanskas et al. [23] detected and quantified the quercetin
3-O-(6""-O-malonyl)-B-glucoside in the pear samples of different popular cultivars namely
Conference, Concordia, Grabova, and Patten. Presumably, they found a content lower than
our results because they analysed the entire fruit without distinction between the peel and
the flesh. Lin et al. [45] also detected the quercetin 3-O-(6"-O-malonyl)-B-glucoside in the
peel of P. communis varieties.

Gallic acid was found in peach and pear but not in plum, whereas the chlorogenic acid,
catechin, epicatechin, and quercetin 3-galattoside were found in the three species, [27]. These
phenolic compounds were also found in our study but at higher values; however, we performed
the experiment with freeze dried samples and a different extraction method. Koschonsek
et al. [29] detected gallic acid, chlorogenic acid, catechin, epicatechin, quercetin 3-galattoside,
and rutin in the apple peel, and we detected the same phenolic compounds in the pear peel.

Concerning the core composition, a Di-O-caffeolylquinic acid was identified at a tg
of 23.5 min, eluting after the isorhamnetin 3-rutinoside (tg = 23.09); Kolniak-Ostek [47] in
the pear peel and flesh, and detected the 3—4-Di-O-caffeolylquinic acid after isorhamnetin
3-rutinoside, which is in line with our results for the core. Similarly, Brahem et al. [41] iden-
tified, in the flesh of polish pears, a Di-O-caffeoylquinic acid, eluting near the isorhamnetin-
3-O-rutinoside, but they did not explain the chemical structure. In the three Sardinian
cultivars, the very high concentration of arbutin was the distinctive trait of pear peduncles.
Interestingly, the antioxidant capacity of peduncles showed higher values of ABTS than
DPPH in all analysed cultivars; this trend was not found in the other parts of the fruit. Our
result was confirmed by Takebayashi et al. [50], who showed that arbutin was a weaker
scavenger against DPPH radical, but a more potent scavenger against ABTS cation radical.
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4. Materials and Methods

The pear fruit identification and harvesting were carried out in Sardinia (Italy),
40° N, 8° E, 200 m a.s.l.,, where the climate is Mediterranean with a mild winter. The
location has a subacid, sandy clay loam (Eutric, Mollic Fluvisols), with a long-term average
annual rainfall of 580 mm and a mean annual air temperature of 16.6 °C. In this area, pear
cultivars have been traditionally grown as scattered trees within an agroforestry context
dominated by Mediterranean silvo-pastoral systems.

4.1. Plant Material and Fruit Sampling

From three ancient pear cultivars, namely Buttiru, Camusina, Spadona [51], fruits
were collected at commercial maturity in August, September, October 2021, when relative
humidity was 57, 70, and 75%, respectively. As a control, the Italian Coscia cultivar was
purchased in a supermarket. The choice of these three ancient cultivars (Figures 1-3) is
based on their presence in all representative pedo-climatic and agro-ecosystems of Sardinia,
which warrants a greater significance of the results. In addition, with the aim to extend the
feeding period of the cultivars, we selected a sequential ripening base. The Italian Coscia
cultivar is very common in the market, produced by intensive farming and present in most
fruit producing areas of Sardinia.

Figure 1. Scattered tree of the cultivar Buttiru in a typical rainfed Mediterranean environment in
early September.

Figure 2. Details of the fruits of Camusina cultivar to be harvested in early August.
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Figure 3. Fruits of Spadona cultivar to be harvested in early October.

Fruits, free of defects and mechanical damage, were selected and each subsample was
constituted by 10 homogeneous pear fruits replicated 3 times. They were manually peeled,
and four wedges were cut vertically from each side. The flesh, the peel, the core (without
seeds), and the peduncle (Figure 4) were frozen separately at —20 °C, before being freeze-
dried using a Heto Lyolab 3000 (Heto-Holten A /S, Allered, Denmark) for 80 h (—55 °C).
After lyophilization, the samples were ground in a mill to a fine powder and stored in
total darkness at —20 °C until further analyses. Sample extract preparation procedures
were performed according to Molinu et al. [52], with some modifications. Briefly, 250 mg
of the lyophilized sample was extracted with a 3 mL methanol/water (80:20 v/v) mixture
and subjected to shaking for 24 h in the dark. Homogenates were centrifuged (10 min at
3900 rpm), and the supernatant was filtered using 0.20 um polytetrafluoroethylene syringe
filters and stored at —20 °C before further analysis. Methanolic extracts were then analysed
for antioxidant activity, total phenolics, non-tannic phenolics, tannic phenolics, condensed
tannins, and individual phenolic compounds.

peel

flesh

core

peduncle

Figure 4. Fresh fruit partitioning into the four components for subsample preparation and storage
before chemical analysis.

4.2. Total Phenolic Content and Antioxidant Capacity

Total phenolics (TotP), non-tannic phenolics (NTP), and tannic phenolics (TP) of ex-
tracts were evaluated using spectrophotometric analysis with the Folin—-Ciocalteau reagent,
according to procedures previously described [53]. The results were expressed as g of
gallic acid equivalent (GAE)-kg~! dry matter. Total flavonoids (TotF) were quantified by
colorimetric assay using the AICl3 method, following procedures previously reported [53]
and the results were expressed as g of catechin equivalent (CE)-kg ™! dry matter.

The butanol assay was used for quantification of the extractable condensed tannin
content from the sample, expressed as g delphinidin equivalent (DE)-kg~! DM [54].
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Antioxidant capacity was evaluated by means of the ABTS ((2,2'-azinobis (3-ethylben-
zothiazoline-6-sulfonic acid) diammonium salt)) and DPPH (1,1-diphenyl-2-picrylhydrazyl)
assays, as reported by Sanna et al. [53]. The results were expressed in terms of Trolox
equivalent antioxidant capacity (TEAC), as mmol Trolox equivalents-100 g~ ! dry matter
(mmol TEAC-100 g~! DM).

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

Chromatographic separation was carried out with the RP-HPLC method using an
Agilent 1260 series HPLC instrument (Agilent Technologies, Palo Alto, CA, USA) equipped
with a quaternary pump (G1311B), degasser, column thermostat (G1316A), auto-sampler
(G1329B), and diode array detector (G1315B, DAD). Briefly, the column was a Zorbax
Eclipse plus C18 (250 x 4.6 mm, 5 pm; Agilent); the column temperature was set to
30 °C and the flow rate was 0.8 mL-min~!. The injection volume was 10 uL, and the
detection wavelengths were set to 280, 330, and 350 nm. Elution was carried out with
a binary mobile phase of solvent A (water and 0.1% trifluoroacetic acid) and solvent
B (acetonitrile). Data were processed using the Agilent OpenLAB CDS Chem-Station
edition 2012. Molecule identifications were achieved as a function of the retention time
of available standards, which were selected from the literature concerning their phenolic
composition and their UV absorption spectra, as well as by adding standard solutions to
the sample [55]. Quantification of individual phenolic compounds was performed using
the external standard method curve, obtained with five concentration increments for each
standard. The calibration curves for each standard solution, the limit of detection (LOD)
and the limit of quantification (LOQ) are reported in Table 9. The curves exhibit a correlation
coefficient above 0.9958. LOD and LOQ were established through calibration curves data
based on the standard deviation (S) of the response at low concentration and the slope
(0): LOD=35/0and LOQ =10 S/0. LOD varied from 0.016 pug/mL (0.002 mg g_l DW of
gallic acid) to 0.087 pg/mL (0.003 mg g~! DW of isorhamnetin 3-rutinoside). LOQ varied
from 0.054 pig/mL (0.0015 mg g~ DW of gallic acid) to 0.290 pg/mL (0.008 mg g~! DW of
isorhamnetin 3-rutinoside).

Table 9. Chromatographic parameters of the quantitative evaluation of the phenolic compounds.

Linearity Range LoD LoQ

. . . 2
Phenolic Compounds (ug mL-1) Calibration Curves (ugmL1)  (ugmL-1) R

Arbutin 2.5-300 Y =3.2145x — 0.739 0.071 0.237 0.9997
Chlorogenic acid 0.75-50 Y =32.335x — 51.97 0.027 0.092 0.9958
Gallic acid 1.5-6 Y =18.314x 0.016 0.054 0.9998
Catechin 1-20 Y =7.664x — 1.1724 0.029 0.099 0.9992
Rutin 0.3-20 Y =17.359x + 3.5614 0.017 0.057 0.9991
Epicatechin 2.5-30 Y = 8.1588x — 2.5825 0.073 0.245 0.9967
Quercetin 3-galattoside 5-50 Y =27.129x — 8.2984 0.033 0.110 0.9998
Quercetin 3-glucoside 0.2-20 Y =23.502x — 7.2335 0.038 0.127 0.9992
Quercetin 3-O-(6"-O-malonyl)-p-glucoside 0.5-10 Y =12.63 — 1.8529 0.071 0.2375 0.9999
Isorhamnetin 3-rutinoside 1-30 Y =17.258x — 9.3267 0.087 0.290 0.9987
3,5-Di-O-caffeoylquinic acid 0.6-30 Y =23.741x — 7.5373 0.050 0.168 0.9994

4.4. Data Analyses

The results of chemical determinations carried out on pears samples were subjected to
a one-way analysis of variance, using Statgraphics Centurion XVI version [56] to test the
effect of different cultivars on the following variables: concentrations on total phenolics,
total flavonoids, antioxidant capacity, and individual phenolic compounds. Differences
between means were assessed using Fisher’s least significant difference (LSD) procedure for
means separation. The significance level was fixed at p < 0.05 for all the statistical analyses.
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5. Conclusions

The present study provides new insights regarding antioxidant capacity, total and in-
dividual phenolic compounds in fruit fractions (flesh, peel, core and peduncle) of Sardinian
pear germplasm.

The investigated cultivars differed in the examined traits. In all cultivars, the peel and
peduncle exhibited the highest content of bioactive compounds and antioxidant capacity.
The cultivars Buttiru and Camusina had the highest values. Chlorogenic acid was the major
individual phenolic compound in peel, flesh, and core, whereas arbutin dominated in the
peduncle as the individual phenolic compound with the highest content.

Taken together, the results supplied novel information, which is essential for revising tar-
get valorisations of local pear cultivars and exploiting new promising sources of nutraceuticals.

Based on the results of the present research and on the novel queries, future investiga-
tion will focus on the nutritional and healthy properties of wild pear fruit to establish the
effective benefits in terms of feed supply and ecosystem services attained by grafting with
ancient cultivars.
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