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Abstract: In recent decades, the food production chain has undergone transformations that have 

profoundly affected the way food is supplied, causing changes in the quality of the final products. 

Moreover, biodiversity is seriously threatened worldwide, and the valorization of local germplasm 

is a priority goal for most sectorial policies in Europe and elsewhere. Southern Italy and the 

Mediterranean basin present a vast heritage of fruit tree cultivars that is gradually being lost. 

Through this work, we aim to valorize a well-adapted local pear cultivar named Petrucina from the 

Salento area (southeastern Italy, Apulia region), which has never been studied before in detail. With 

this aim, the nutritional and nutraceutical features of pear flesh were characterized and compared 

with a reference pear cultivar that is widespread and well-known in Europe (cv. ‘Conference’). 

Petrucina fruits have shown a peculiar aromatic compound profile, and a content of up to 398.3, 

30.9, and 4.7 mg/100 g FW of malic acid, citric acid, and ascorbic acid, respectively, much higher 

than that of Conference fruits. Additionally, Petrucina flesh presents a more than triple total 

phenolic content and an antioxidant activity more than double that of Conference, making Petrucina 

a true functional food that deserves wide appreciation. 
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1. Introduction 

The Italian peninsula is considered an important hub of plant biodiversity, partly 

because of its geomorphologic diversity and its latitude extension. About 10,000 plant 

species have been recorded in Italy [1], presenting levels of species, habitat, and endemism 

in Europe [2,3]. The industrial revolution led to the emergence of specialized cropping 

systems, often based on the use of genetically uniform plants in monoculture systems to 

achieve high and consistent yields over time and to enable mechanization. Despite the 

great economic benefits brought by this trend, the past 150 years have seen a severe 

reduction in the number of plant species, increasing genetic erosion, and increasing 

vulnerability of the ecosystems [4]. Recently, the awareness of these issues has led to 

greater a�ention being paid to biodiversity conservation, and community policies and 

grants are also moving in this direction [5]. The valorization of typical genetic resources 

is part of this process. A local variety is defined as a variable population that has adapted 

to the environmental conditions of a growing area (thus tolerant to specific biotic and 

abiotic stresses, and therefore sufficiently productive), that has not been the subject of 

formal breeding, and whose products have been appreciated locally so as to receive a 

specific name. Over time, the local variety becomes part of the knowledge and habits of a 
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population that continues its cultivation, although the yield is lower than that of 

widespread commercial cultivars [6]. However, there is growing consensus that 

native/local fruits and vegetables are important contributors to a varied and functional 

diet [7,8]. Moreover, there is a great interest in searching for foods with high contents of 

specific functional compounds, and there are several examples of local fruit, such as 

apples, that show be�er nutritional and nutraceutical properties in comparison with 

modern commercial cultivars [9,10]. Works have been published on local pear varieties 

from various regions of Italy [11–13], but the bibliography is scarce regarding pears 

particular to Salento. This subregion is a peninsula located at the extreme southeast of the 

country that has undergone partial agricultural modernization so that it currently 

represents an important local germplasm reservoir. Oral tradition reports the presence of 

a cultivar widespread in the provinces of Lecce, Brindisi, and Taranto called Petrucina, 

sometime also reported as the ‘Piticina’ or ‘San Pietro’ pear [14]. Li�le is known about it, 

and this name has never been mentioned as a synonym or ancestor of patented cultivars 

or characterized landraces. However, it is known that, throughout Salento, several farmers 

or garden owners claim to have pear trees called Petrucina. This fruit is part of the local 

tradition, and it is known for its initial astringency and high sweetness after full ripeness. 

For these reasons, it is commonly used for jam production after a period of post-harvest 

storage to reduce astringency. It is mentioned in local cookbooks [15] and in volumes on 

local flora [16]. In 2021, it was included in the list of the Italian Traditional Agri-food 

Products (PAT) [17], reporting that the fruits are small in size but particularly sugary, with 

white grainy flesh and a green/yellow peel with shades of red at full ripening, flowering 

in the first half of March, and reaching fruit maturation in the first half of July [17]. 

However, nobody has ever characterized it from a biochemical point of view. Thus, the 

aim of this work is to analyze this pear cultivar for its nutritional and nutraceutical 

features, and to promote its cultivation in an area of southern Italy unsuitable for the 

cultivation of commercial pear varieties. 

2. Materials and Methods 

2.1. Plant Material 

Local Petrucina pears (Figure 1) were harvested on 12 July 2023 from private parcels 

located in rural contexts in the municipalities of Campi and Surbo (Lecce Province, Italy). 

The fruits had a homogeneous appearance and three pears from each locality were 

analyzed the day after (t0). Then, other pears were left in the dark at 26 °C and 60% RH, 

and analyzed in triplicate after 7 (t7) and 14 days (t14). The cv. ‘Conference’ (Figure 2) was 

chosen as the reference, being the primary cultivar at the European level (EU28, before 

Brexit) [18]. Fruits were purchased from a local market because no commercial pear 

varieties are grown in the region due to the hot climate and low summer rainfall. In this 

case, the analyses were performed within 24 h (t0) of purchase and after 7 (t7) and 14 days 

(t14), respectively. 
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Figure 1. Petrucina pears. The images in the same column represent opposite sides of the same fruit 

(with the red-peeled side in the lower row). From left to right: t0 (a,b), t7 (c,d), t14 (e,f). 
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Figure 2. Conference pears. The images in the same column represent opposite sides of the same 

fruit. From left to right: t0 (a,b), t7 (c,d), t14 (e,f). 

2.2. Morphological Parameters and Fruit Quality Analyses 

For each fruit, length and diameter were measured with a dial caliper, and fresh 

weight was measured with an analytical balance (B3001-S, Me�ler Toledo, Columbus, 

OH, USA). Firmness was measured with a force gauge penetrometer (FM200, PCE 

Instruments Ltd., Southampton, UK) with a 6 mm metallic tip. The dry weight (DW) of 

the flesh was determined at 105 °C until constant weight, using a thermo-ventilated oven. 

The following equation was used for calculation: 

DW (%) = (W1 × 100)/W2 (1)

where W1 is the weight after drying and W2 is the weight of the original sample. 

Each fruit was peeled, cut into smaller pieces, and the central core removed. A part 

of the aliquoted flesh was stored at −80 °C until analyses. Another part was immediately 

homogenized employing a HOMEX 6 instrument (Bioreba, Reinach, Swi�erland); total 

soluble solids were measured with a digital refractometer (PDR-70, XS instruments, Carpi, 

MO, Italy), while total titratable acidity (TTA) was measured by titration of 10 mL of juice. 
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Sugars (D-glucose, D-fructose, and sucrose) and organic acids (L-malic acid, citric 

acid, and ascorbic acid) were quantified with commercial enzymatic kits (K-SUFRG, K-

LMAL, K-CITR, K-ASCO, respectively, Megazyme Int., Wicklow, Ireland), reading 

absorbances with a JASCO V-550 UV/VIS spectrophotometer (Mary’s Ct, Easton, MD, 

USA). 

2.3. Antioxidant Compounds Extraction and Analyses 

Flesh stored at −80 °C was ground under liquid nitrogen and 500 mg of the powder 

was immediately mixed with 5 mL of the extraction solvent (60% methanol, 39% water, 

1% formic acid) in 15 mL tubes. These were left for 20 min in a thermostatic ultrasonic 

bath (DU-45, Argo Lab, Carpi, Modena, Italy) set to 40 kHz and 40 °C. Then, the samples 

were centrifuged, the liquid phase was collected, and the pellet discarded. These extracts 

were used to determine antioxidant activity, total phenolic content, condensed tannin 

content, and HPLC analyses. 

The total phenolic content (TPC) was determined using the spectrophotometric 

Folin–Ciocalteu method, as indicated in Negro et al. [19]. Absorbance was measured with 

a JASCO V-550 UV/VIS spectrophotometer at 765 nm, and data were expressed as gallic 

acid equivalent (GAE) per mg/g dry weight (DW). Antioxidant activity was determined 

in vitro by evaluation of the free radical scavenging activity using DPPH assay (2,2-

diphenyl-1-picrylhydrazyl (DPPH)) [20], ABTS assay (2,2′-azinobi-(3-

ethylbenzothiazoline-6-sulfonic acid (ABTS)) [20], and FRAP assay (ferric reducing 

antioxidant power) [21]. Calculations of antioxidant values were realized after drawing a 

standard curve with different concentrations of 6-hydroxy-2,5,7,8-tetramethylchroman-2-

carboxylic acid (Trolox) [21]. Inhibition of free radical DPPH was expressed as EC50 (µg 

of fresh weight of pear flesh in methanol 60%). Condensed tannin content was determined 

using the acidified vanillin method [20]. ABTS and FRAP results were reported as µmol 

of Trolox equivalents (TE) per 100 g of fresh weight of pear flesh. 

2.4. HPLC/DAD/TOF 

Phenolic compounds were identified by an Agilent 1200 liquid chromatography 

system (Agilent Technologies, Palo Alto, CA, USA) equipped with a standard 

autosampler, following the protocol reported in Negro et al. [20]. The HPLC column was 

an Agilent extended C18 (1.8 µm, 2.1 × 50 mm). Separation was carried out at 40 °C with 

a gradient elution program at a flowrate of 0.5 mL/min. The mobile phases consisted of 

water plus 0.1% formic acid (A) and acetonitrile (B). The following multistep linear 

gradient was applied: 0 min, 5% B; 13 min, 25% B; 19 min, 40% B. The injection volume in 

the HPLC system was 5 µL. The HPLC system was coupled to a diode array detector 

(DAD, 1260 Infinity, Agilent Technologies) reading at 280 nm and an Agilent 6320 TOF 

mass spectrometer equipped with a dual electrospray ionization (ESI) interface (Agilent 

Technologies) operating in negative ion mode. Detection was carried out within a mass 

range of 50–1700 m/z, and the mass spectrometer conditions were as follows: capillary 

voltage 3.0 kV in negative mode; nitrogen as the nebulizer and desolvation gas; drying 

gas temperature 300 °C; drying gas flow 12 L/min; nebulizing gas pressure 40 psig; finally, 

the source temperature was 120 °C. Mass Hunter software version B.07.00 (Agilent 

Technologies) was used to process the mass data of the molecular ions. Accurate 

measurements of the mass corresponding to each total ionic current (TIC) peak were 

obtained with a pump (Agilent G1310B) introducing a low flow (20 µL/min) of a 

calibration solution containing internal reference masses at m/z 112.9856, 301.9981, 

601.9790, and 1033.9881, and using a dual nebulizer ESI source in negative ion mode [20]. 

2.5. Gas Chromatography/Mass-Spectrometry 

Volatile organic compounds (VOCs) emi�ed by whole pears were analyzed by the 

SPME method, essentially as previously reported [22]. Fruits were sealed in a 780 mL 
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capacity glass jar, whose lid was modified to allow the insertion of the syringe, 

maintaining airtightness. After sealing, the SPME syringe was inserted, and the fiber 

(50/30 µm divinylbenzene/carboxen/polydimethylsiloxane, Supelco/Merck KGaA, 

Darmstadt, Germany), which was previously conditioned for 5 min at 235 °C in the gas 

chromatograph injector, was exposed overnight at room temperature to absorb the 

volatile compounds. 

Subsequently, the fiber was inserted into the injector port of a gas chromatography with 

a mass spectrometry detector (Agilent 7890B coupled with MS single quadrupole Agilent 

5977A), and the desorption of the volatile compounds was performed at 235 °C for 4 min. 

At this point, the chromatographic run was started by employing an Agilent HP-5 ms 

column (30 m × 0.25 mm, 0.25 µm); the temperature was raised from 60 °C to 230 °C with 

a constant increase of 3 °C/min, with a helium (purity > 99.999%) constant flow of 1.0 

mL/min. Compounds were identified by library search and analytical standards. The mass 

spectrum of an unknown compound was searched in a data-processing system [23]. 

Substances with a score above 800, both for identity and purity, were putatively identified 

after comparing the detected compound with the one in the NIST Computational 

Chemistry Comparison and Benchmark database [23]. Retention index (RI) was obtained, 

as reported by Zhao et al. [24], in comparison with the retention times of a series of C8–

C20 alkanes separated under the GC-MS conditions mentioned above, and the following 

formula was applied: 

RI = 100 ×  � +
100 (�a −  �n)

�n+1 −  �n
 (2)

where ta is the retention time of the unknown peak a; tn is the retention time of n-alkane 

Cn; tn+1 is the retention time of n-alkane Cn+1; n = carbon number of the alkane that elutes 

before the unknown peak a. 

2.6. Sensory Test 

A sensory test, as described by Min Allah et al. [25] with some modifications, was 

conducted by 5 University of Salento employees, 3 women and 2 men. Tasters were chosen 

randomly and without any kind of tasting technique background; it was intentionally 

decided to obtain feedback comparable to that of ordinary consumers. The test was 

conducted on both Petrucina and Conference pears. Fruits were peeled, cut into equal 

form/size slices, placed in two unlabeled dishes, and administered randomly so that the 

panelists would hopefully not immediately recognize the source. They were asked to taste 

and assign a score (0, 1, 2, 3, 4, 5, corresponding, respectively, to absent, very low, low, 

medium, high, very high) to the intensity of five different sensory perceptions (sweetness, 

acidity, astringency, aroma, crunchiness). Finally, they were asked to assign a score to the 

general pleasantness (from 0 to 5). The results were reported as the average of the scores 

assigned by each taster. 

2.7. Statistics 

All data were reported as the mean ± standard deviation (SD), with at least three 

replications for each sample. Statistical evaluation was conducted by a one-way analysis 

of variance (ANOVA) and Tukey’s test for honestly significant differences (HSD) to 

discriminate among the mean values. All statistical analyses were performed using the R 

software (version 4.0.3, R Core Team [26]). 

3. Results 

3.1. Morphological Parameters 

The measurements confirmed the smaller size of the Petrucina pear compared with 

the Conference pear (about half the length and about five times less weight) (Table 1). 
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Table 1. Morphological parameters of fruits. 

Cultivar Length (cm) Diameter (cm) Fresh Weight (g)  

Petrucina 5.3 ± 1.3 b 4.3 ± 0.7 b  39.2 ± 5.1 b 

Conference 12.0 ± 0.6 a 6.8 ± 0.4 a 261.3 ± 33.5 a 

Values are the mean ± standard deviation (n = 9). The statistically significant difference between each 

cultivar and each time was assessed by one-way ANOVA followed by Tukey’s post hoc test (HSD). 

Means in a column with different le�ers differ at p < 0.05. 

3.2. Fruit Quality Analyses 

Just after harvest, the Petrucina pear presented a firmness of 45.1 N and a juice Brix 

degree of 14.5, while a Conference pear with a similar firmness had a Brix degree of 10.2 

(Table 2). After 7 and 14 days in controlled conditions, Petrucina juice reached 17.0 and 

19.5 ° Brix, respectively, while the firmness of the fruit decreased to 26.3 and 16.7, 

respectively. The Conference pear, after 14 days, reached, at most, 15.5 ° Brix and 9.0 N 

firmness. 

Table 2. Ripening indexes in fresh fruits. 

Cultivar Stage Dry Weight (%) 
Total Soluble Solids 

(°Brix) 

Total Titratable 

Acidity (g Malic Acid/L) 
Firmness (N) 

Petrucina 

t0 15.1 ± 1.1 ab 14.5 ± 0.2 d 1.8 ± 0.1 a 45.1 ± 6.6 a 

t7 18.2 ± 1.5 a 17.0 ± 0.3 b 1.6 ± 0.1 b 26.3 ± 4.4 bc 

t14 18.8 ± 1.9 a 19.5 ± 0.6 a 1.2 ± 0.1 c 16.7 ± 2.3 cd 

Conference 

t0 11.2 ± 0.9 c 10.2 ± 0.1 f 1.5 ± 0.1 b 44.3 ± 4.9 a 

t7 14.1 ± 1.2 bc 13.2 ± 0.2 e 1.2 ± 0.2 c 32.1 ± 4.1 b 

t14 15.6 ± 1.5 ab 15.5 ± 0.4 c 0.9 ± 0.1 d  9.0 ± 2.0 d 

Values are the mean ± standard deviation (n = 3). The statistically significant difference between each 

cultivar and each time was assessed by one-way ANOVA followed by Tukey’s post hoc test (HSD). 

Means in a column with different le�ers differ at p < 0.05. 

Regarding sugar development, different pears presented distinct trends; in fact, 

while in the Petrucina pear the D-glucose content decreased as days went by, in the 

Conference pear it increased (Figure 3a). D-fructose content, however, remained 

approximately stable for the Petrucina pear but increased as the Conference pear ripened 

(Figure 3b). For both kinds of fruit, the sucrose content increased over time, but in 

Petrucina the increase results were higher, reaching 4.70 g/100 g FW at t14 (Figure 3c), 

more than three times the content recorded just after harvest (1.34 g/100 g FW). 
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Figure 3. Sugar content (g) in 100 g of fresh weight of flesh: (a) D-glucose, (b) D-fructose, (c) sucrose. 

The statistically significant difference between each cultivar and each time was assessed by one-way 

ANOVA followed by Tukey’s post hoc test (HSD). Different le�ers correspond to statistically 

significant differences (p < 0.05). 

In the case of organic acid content, the difference among cultivars was more 

prominent (Figure 4). L-malic acid had an increase at t7 and then remained stable in 

Petrucina but decreased gradually for Conference. Concerning ascorbic acid, its values 

started from 4.7 mg/100 g FW at t0, diminished to 2.6 mg/100 g FW at t7, and then changed 

to 3.4 mg/100 g FW for Petrucina, while dropping slightly for Conference, starting from 

approximately 2 mg/100 g FW. The difference between cultivars was significant at t0 and 

t14, with content doubled in Petrucina. Really interesting was the difference in citric acid 

content between the two cultivars, approximately six times greater in Petrucina than 

Conference at all stages. 
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Figure 4. Organic acid content (mg) in 100 g of fresh weight of flesh: (a) L-malic acid, (b) citric acid, 

(c) ascorbic acid. The statistically significant difference between each cultivar and each time was 

assessed by one-way ANOVA followed by Tukey’s post hoc test (HSD). Different le�ers correspond 

to statistically significant differences (p < 0.05). 

3.3. Antioxidant Compounds Extraction and Analyses 

Petrucina fruit presented a higher content of total phenolic compounds and 

condensed tannins than Conference fruit, statistically significant at all stages (Figure 5). 

The Conference pear had less than a third of total phenolic compounds compared with 

the Petrucina pear and one-third of condensed tannins on average. In the Petrucina pear, 

the highest level of both phenolic compounds and tannins was registered at t7. 
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Figure 5. Content of (a) total phenolic compounds (TPC, expressed as gallic acid equivalents, GAE) 

and (b) condensed tannin content (expressed as catechin equivalents, CaE) expressed as mg/g of 

fresh weight of flesh. The statistically significant difference between each cultivar and each time was 

assessed by one-way ANOVA followed by Tukey’s post hoc test (HSD). Different le�ers correspond 

to statistically significant differences (p < 0.05). 

Consistently, the results from each antioxidant activity test showed that it was 

considerably higher in the case of Petrucina flesh without significant changes from t0 to t14 

(lower EC50 values for DPPH assay and higher values for ABTS and FRAP assays); instead, 

for Conference flesh, the lower antioxidant activity decreased from t0 to t14 (Table 3). 

Table 3. Antioxidant activity assays: DPPH, ABTS, FRAP. 

Variety  
DPPH 

(EC50, µg FW) 

ABTS 

(µmol TE/100 g FW) 

FRAP 

(µmol TE/100 g FW) 

Petrucina 

t0 135.4 ± 5.4 d 177.0 ± 7.6 a 231.1 ± 5.3 a 

t7 141.4 ± 4.2 d 197.4 ± 6.5 a 243.3 ± 8.7 a 

t14 156.1 ± 3.1 d 197.2 ± 9.4 a 233.9 ± 4.8 a 

Conference 

t0 238.1 ± 12.1 c 128.4 ± 7.3 b 174.6 ± 8.8 b 

t7 282.6 ± 8.5 b 79.2 ± 5.8 c 98.9 ± 5.3 c 

t14 340.0 ± 13.6 a 66.8 ± 2.1 c 74.4 ± 12.7 d 

Values are the mean ± standard deviation (n = 3). The statistically significant difference between each 

cultivar and each time was assessed by one-way ANOVA followed by Tukey’s post hoc test (HSD). 

Means in a column with different le�ers differ at p < 0.05. 

HPLC/DAD/TOF 

Figure 6 shows the analyses conducted at t14 when fruits were consumed. The 

analyses pointed out the presence of eight main compounds in the flesh of the Petrucina 

pear, of which only five were detected in the flesh of the Conference pear (Figure 6, Table 

4). Both chromatograms show that the main compound was caffeoylquinic acid (3), 

followed by feruloyl quinic acid (7) in Petrucina, while quinic acid was the main 

compound in the flesh of the Conference pear. 
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Figure 6. HPLC/DAD chromatogram of pear flesh of (a) Petrucina and (b) Conference pear at t14. 

The peak numbers refer to the compounds listed in Table 4. 

Table 4. Compounds [M-H]− identified by HPLC/DAD/TOF in pear flesh. In the last two columns, 

+ or − indicates the presence or the absence in the flesh of Petrucina (Pet) and Conference (Con) pear. 

N RT Name m/z Exp m/z Calc Δ ppm [M-H]− Ref. Pet Con 

1 0.589 Quinic acid 191.0213 191.0197 5.49 C7H11O6 [27–29] + + 

2 2.598 Hydroxybenzoic acid 137.0244 137.0244 0.59 C7H5O3 [28] + − 

3 4.006 Caffeoylquinic acid 353.0886 353.0878 −1.35 C16H17O9 [27–30] + + 

4 4.535 Procyanidin dimer 577.1348 577.1351 0.97 C30H25O12 [27–30] + + 

5 4.987 Coumaroylquinic acid 337.0926 337.0929 2.57 C16H17O8 [27–29] + − 

6 5.31 (+)-Catechin 289.0716 289.0718 0.35 C15H13O6 [26–29] + + 

7 7.14 Feruloyl quinic acid 367.1029 367.1035 −1.19 C17H20O9 [26–29] + + 

8 7.423 Gallocatechin-3-O-glucose 481.0962 481.0988 0.22 C21H21O13 [28] + − 

The results indicated that the flesh of Petrucina contained a higher level of secondary 

metabolites in comparison with the flesh of Conference, suggesting that the local pear of 

Salento—adapted to a hot and dry summer climate—produced additional specific 
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secondary metabolites. The three compounds detected only in Petrucina—phenolic 

compound hydroxybenzoic acid, quinic acid derivate coumaroylquinic acid, and flavan-

3-ol gallocatechin-3-O-glucose—are known as inducers of resistance and scavengers 

against oxidative stress in plants; together with caffeoylquinic acid—the more abundant 

secondary metabolite in Petrucina flesh—they are considered beneficial for human health. 

3.4. GC/MS 

The analyses of the volatile organic compounds (VOCs) emi�ed by the pears (shown 

in Figure 7) were realized from fruits at t7, because this stage should represent a plausible 

flavor profile at the time of product selection/purchase by the consumer. Therefore, Figure 

7 is representative of the results of GC/MS analyses, which were essentially similar at the 

three stages. Even in this case, we detected more volatile chemical compounds by 

analyzing fruits from Petrucina than from Conference (23 compared with 13, Table 5). The 

two pears had nine compounds in common. In both cases, the main compound was α-

farnesene (Figure 7), with a relative peak area of 40.9% and 65.9% for Petrucina and 

Conference, respectively. It is a linear sesquiterpene derived from the cytosolic mevalonic 

acid pathway and is found as two different isomers: E,E-α-farnesene and Z,E-α-farnesene. 

Other sesquiterpenes were detected: copaene (only in Conference), α-himachalene, (+)-

ledene (only in Petrucina), and α-bergamotene and γ-bisabolene (in both cultivars). Only 

in Petrucina, two isomers of bisabolene were found, with the remarkable percentages of 

1.3% and 2.6%. The second more abundant compound was ethyl (E,Z)-2,4-decadienoate 

for Petrucina and methyl (E,Z)-2,4-decadienoate for Conference. Compared with these, 

most other volatile compounds emi�ed by the pears were fa�y acid esters. Figure 7 

demonstrates the complexity of the VOCs produced by the Petrucina pear. 



Foods 2024, 13, 1528 13 of 20 
 

 

 

Figure 7. Chromatograms of volatile compounds emi�ed by whole pears. (a,b) Petrucina; (c,d) 

Conference; (b) and (d) are restricted sections of the chromatogram (a) and (c), respectively. The 

peak numbers refer to the compounds listed in Table 4. 
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Table 5. Volatile organic compounds (VOCs) emi�ed by whole fruits. Numbers in the Petrucina and 

Conference columns indicate the relative area (%) of the peaks. 

No. RI Compound Name 
Peak Area (%) 

Petrucina Conference 

1 996 Ethyl hexanoate 0.7  

2 1011 Hexyl acetate 9.5 2.8 

3 1093 Ethyl 2,4-hexadienoate 0.8  

4 1156 1-octene, 3-(methoxymethoxy)- 3.0  

5 1187 Butyl hexanoate  2.6 

6 1196 Ethyl octanoate 1.0  

7 1227 Hexyl 2-methyl butyrate 0.5 1.1 

8 1246 Ethyl-(E)-2-octenoate 0.6  

9 1376 Copaene  0.9 

10 1380 Cyclohexanebutanol, 2-methyl-3-oxo-, cis-  0.8 

11 1394 Methyl (E,Z)-2,4-decadienoate 1 2.2 10.5 

12 1428 Unknown 0.5  

13 1457 Ethyl (E,Z)-2,4-decadienoate isomer 1 2 2.2 0.7 

14 1463 Unknown 2.6 0.9 

15 1471 Ethyl (E,Z)-2,4-decadienoate isomer 2 2 21.4 8.1 

16 1498 α-bergamotene 2.2 1.0 

17 1510 α-farnesene 3 40.9 65.9 

18 1517 α-himachalene 0.8  

19 1534 (+)-ledene 0.5  

20 1549 Unknown 0.5  

21 1557 Unknown 0.4  

22 1562 γ-bisabolene isomer 1 4 1.3 0.8 

23 1595 γ-bisabolene isomer 2 4 2.6  

24 1837 Unknown 0.8  

25 1928 Methyl palmitate 0.5  

26 1990 Ethyl palmitate 0.5  

27 2140 Oleic acid  1.1 
1 The odor description of methyl (E,Z)-2,4-decadienoate (2,4-decadienoic acid, methyl ester) is fruity 

(pear, lemon), waxy [31]; 2 the odor description of ethyl (E,Z)-2,4-decadienoate (2,4-decadienoic acid, ethyl 

ester) is green, waxy, pear, tropical [31]; 3 the odor description of α-farnesene is woody, green, herbal, 

citrus [31]; 4 the odor description of γ-bisabolene is fruity, balsamic, woody, citrus, terpenes [31]. 

 

3.5. Sensory Test 

The sensory test results highlighted that the Petrucina pear results were unpleasant 

just after harvest (score of 1.6/5), with most intensity towards the perceptions of acidity 

and astringency (Figure 8a); in fact, astringency and acidity were perceived as very high 

by five out of five and four out of five tasters, respectively. Then, at t7 and t14, the scores 

assigned to these two perceptions progressively decreased, and those assigned to 

sweetness and pleasantness increased, reaching the values awarded to the Conference 

pear. It was interesting that the perception of aroma (which was greater than in the 

Conference pear) reached an average score of 4.8/5 and 3.8/5 for Petrucina and 

Conference, respectively (Figure 8c), and for crunchiness (average score 2.6 for Petrucina 

and 2.0 for Conference). 
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Figure 8. Radar chart on sensory test on Petrucina and Conference flesh at (a) t0, (b) t7, and (c) t14. 

Scores from 0 to 5 correspond to the intensity of the perception (absent, very low, low, medium, 

high, very high). 

 

4. Discussion 

Morphological analysis has confirmed that the Petrucina pear is a small fruit, thus, in 

principle, poorly suited for the market (despite the presence of the red-shaded side of the 

peel appearing a�ractive), but biochemical analysis has shown that this pear possesses a 

number of interesting characteristics. At harvest, Petrucina presents a similar flesh 

firmness to Conference, and a higher total soluble solids content but, interestingly, it was 

unpleasant in the sensory test (two tasters considered Petrucina’s pleasantness as very low 

and three considered it as low, while a medium pleasantness was assigned to Conference, 

Figure 8a) maybe due to the high levels of tannins and citric acid combined with a low 

level of total sugars (Figures 3–5). At t7, the sweet perception increased but some 

astringency remained, influencing the general pleasantness (rated as medium by four out 

of five tasters, Figure 8b). At t14, the flesh of Petrucina resulted as sweet and pleasant, with 

an average score of 5 for both, corresponding to very high perceptions, and for Conference 

(Figure 8c). These observations were consistent with the total soluble solids content 

measurements. In fact, 14.5 °Brix and 19.5 °Brix were recorded for Petrucina at t0 and t14, 

respectively, while for Conference it moved from 10.2 °Brix to 15.5 °Brix. The result was a 
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sharp increase in the taster’s perception of sweetness and appreciation as days went by 

after harvest for Petrucina. The increase in Brix degree was probably due to the increased 

sucrose content as D-glucose decreased, and the D-fructose remained approximately stable 

during the ripening phase. It cannot be ruled out that these changes resulted from the 

synthesis of sucrose from D-glucose and D-fructose, as reported by Lee et al. [32], who 

reported a positive correlation between the activity of the enzyme sucrose phosphate 

synthase and cell wall invertase. Regarding organic acids, in Petrucina, L-malic acid 

unexpectedly increased at t7, and then slightly decreased, yet citric acid (whose content 

was significantly higher than in Conference) did not show significant changes. Ascorbic 

acid had a significant reduction at t7 and then increased again; in general, it remained 

higher than in Conference. Cascia and colleagues [33] observed the post-harvest ascorbic 

acid content in fruits of three pear cultivars, noticing a general reduction except for a slight 

increase after two weeks, as in our results. Other authors [34] examined the behavior of 

three pear cultivars (two Asian cultivars, KS9 and KS13, and one European cultivar, 

Shahmiveh) during post-harvest storage at 1 °C, showing in KS9 an accumulation of malic 

acid after one month and then a decline after two and four months. This trend could be 

comparable to that observed for Petrucina, even if, in our case, the modifications occurred 

more quickly (maybe due to the different storage temperature). At the same time, the 

authors observed a progressive reduction of malic acid in the remaining two cultivars (like 

in Conference) [34]. Lindo-García et al. [35] suggested that the pear ripening pa�ern is 

cultivar-dependent, which affects the time and the trend of maturation after harvest. The 

observations on Petrucina and KS9 were consistent with the evidence of Akhavan and 

Wrolstad [36] regarding the organic acid trends during shelf-life storage in the Bartle� 

pear harvested at an immature stage. They observed an initial accumulation of malic acid 

and then a reduction, as shown for Petrucina (Figure 4). These results are promising for 

the high content of ascorbic acid or vitamin C (whose importance in human health is well 

documented [37]), while the presence of high amounts of phenolic compounds makes it 

more interesting due to their high antioxidant activity, remaining at high levels even at t7 

and t14 (Table 3). Though it is broadly reported that phenolic compounds tend to decrease 

during ripening and storage [38] (as occurred in Conference, Figure 5a), different 

behaviors could be observed, depending on genotype and environmental conditions. In 

fact, if some authors reported a progressive decline in phenolic content during long 

storage at 0.5 °C [39], others observed a discontinuous course during shelf life at room 

temperature [40], as in this case. Wang and colleagues [41] reported an increase in total 

phenolic content during the first week after harvest and then a rapid reduction. They 

suggested that the synthesis of phenolic compounds can be promoted and regulated by 

gene coding for enzymes involved in phenylpropanoid metabolism, maybe activated in 

connection with the positive effect of phenolic compounds in preventing or reducing the 

effects of stresses caused by both biotic and abiotic factors. Focusing on qualitative 

analysis of phenols, caffeoylquinic acid corresponds to the main peak after the HPLC/MS 

analysis on flesh of both cultivars, as reported by Kolniak-Ostek [27]. Caffeoylquinic acid 

is also called chlorogenic acid and is part of the hydroxycinnamic acid family. It presents 

a considerable antibacterial activity [42] and possesses several beneficial effects for human 

health, like hepatoprotective, cardioprotective, neuroprotective, and general anti-

inflammatory action [43]. It is one of the most important phenolic acids assimilable with 

diet [44]. Commisso et al. [45] stated that chlorogenic acid is a phenolic compound scarcely 

accumulated in market available cultivars and, instead, it is abundant in local pear 

varieties. The compounds found in the flesh of the Petrucina pear have also been found in 

the flesh of the Radana pear by other authors [27], except for quinic acid, found only in 

the peel, and hydroxybenzoic acid, not found. In addition, Wang and colleagues [29] 

detected each compound found in this work (Table 4) in the pulp of different cultivars of 

Australian pears, excluding quinic acid. Hudina et al. [46] reported the results of HPLC 

analyses on the flesh of the Conference pear and the phenolic profile was similar to that 

observed in our results (differing only for arbutin and feruloyl quinic acid) [46]. Also, in 
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apple, some authors found a higher number of phenolic compounds and greater 

antioxidant activity in local cultivars than in those easily available on the market [47]. It is 

well known that polyphenols influence the taste of food and, in general, its sensory 

perception [48], thus the complexity of the Petrucina phenolic profile can provide 

feedback in terms of consumer appreciation. In addition, the flavor (determined by the 

volatile compounds) is also crucial for consumer purchase choice regarding fruit [49]. The 

VOCs found in higher concentrations are α-farnesene and ethyl (E,Z)-2,4-decadienoate for 

both pears, while, in the case of Petrucina, hexyl acetate also showed a discrete relative 

peak area (9.8%) (Table 5). α-farnesene, which provides a woody green herbaceous odor 

with a lavender and citric background [31], has been indicated as a major volatile of intact 

pears by other authors [50]. At the same time, α-farnesene plays an important role in 

plant–insect interactions [51]. The esters of 2,4-decadienoate are molecules responsible for 

providing some of the most distinctive odors of the aroma in several pear varieties [52]. 

The pure ethyl (E,Z)-2,4-decadienoate smell green, waxy, pear, apple, sweet, fruity, and 

tropical [31]. Hexyl acetate was found as one of the main VOCs of Pyrus communis [53] 

and it provides a fruity aroma (with apple, pear, and banana nuances) with green and 

fresh notes [31]. In Petrucina, its relative content in term of peak total area was three time 

greater than in Conference (Table 4). In addition, two isomers of γ-bisabolene were 

detected in Petrucina. This molecule provides a balsamic, citric, terpenes, fruity aroma 

[31,54] and it has been proven that it has anticancer potential [55]. Other interesting 

compounds identified exclusively in Petrucina were ethyl hexanoate, ethyl 2,4-

hexadienoate, ethyl octanoate, ethyl-(E)-2-octenoate, ethyl palmitate, and methyl 

palmitate. These compounds contribute to creating a complex aromatic profile in the 

Petrucina pear, although present only in traces. The odor type of ethyl hexanoate, ethyl 

2,4-hexadienoate, and ethyl-(E)-2-octenoate is fruity, with a tendency to pineapple, anise, 

and pear, respectively [31]. Ethyl octanoate, ethyl palmitate, and methyl palmitate, 

instead, contribute to providing a waxy and fa�y aroma [31]. Ethyl hexanoate and ethyl 

octanoate were found by GC analyses in different cultivars of Pyrus communis grown in 

Brazil [56]. Qin and colleagues [57] analyzed the volatile compounds of 33 different 

cultivars of Pyrus ussuriensis grown in China: interestingly, they detected the presence of 

ethyl 2,4-hexadienoate in only 3 cultivars. In this work, the presence of ethyl and methyl 

palmitate was not reported; these compounds were emi�ed, instead, by Egyptian pears 

[58]. 

5. Conclusions 

Considering the interest toward local germplasm recovery and promotion, this work 

provides information useful for the valorization of a local pear cultivar, typical of the 

Salento area, southeastern Italy. The results collected support the view that local fruit 

cultivars, compared with modern cultivars, possess higher nutritional and nutraceutical 

characteristics. For this reason, the Petrucina pear is a candidate worthy of belonging to 

the functional food category because of its high content of assimilable substances such as 

nutrients, vitamins, and antioxidant compounds and other secondary metabolites whose 

intake is closely related to reducing the incidence of various diseases and increasing life 

expectancy. Moreover, the intriguing aromatic profile provides further opportunity for 

this product to be accepted by consumers [58], as long as the time between harvest and 

consumption is correctly managed. In fact, consumer appreciation depends on the level 

of ripeness of the fruits (being very low at an early stage of ripening). On the other hand, 

the possibility of maintaining high levels of antioxidant activity during ripening makes 

post-harvest storage possible without compromising the beneficial characteristics and 

may allow the Petrucina pear to be appreciated as a typical product. Lastly, the 

perspective of obtaining some fruit products from traditional crops (adapted for many 

years to the local environment and, therefore, requiring low input) to be sold in the local 

market, thus avoiding long-distance transportation, could be a strategy for providing 
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healthy food in compliance with environmental issues, according to the principles of the 

‘farm to fork strategy’ promoted by the European Union. 
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