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Abstract

:

Analyses were conducted on extracts from the fruits of P. pyraster and P. ×myloslavensis. Extraction with 80% methanol was performed at room temperature. The total phenolic content was determined by spectrophotometry using the Folin–Ciocalteu reagent, with gallic acid as the reference standard. Phenolic compounds and organic acids were identified on a liquid chromatograph. The antioxidative activity of the extracts was tested in relation to linoleic acid incubation of the emulsions for 19 h based on the neutralization of the DPPH radical (2,2-diphenyl-1-picrylhydrazyl) and the ABTS cation radical (2,2′-azino-bis[3-ethylbenzothiazoline-6-sulfonic acid]) as well as by the ferric reducing antioxidant power (FRAP) assay. The analyses showed that the extract from P. pyraster fruits is characterized by a higher content of phenolic compounds and a higher antioxidative potential compared with that from P. ×myloslavensis. In extracts of both pear species, seven phenolic compounds and four organic acids were identified. The total fiber content in pears of P. pyraster and P. ×myloslavensis was determined at 36.45 g and 24.74 g/100 g d.m. of the pear fruits, of which most comprised the insoluble fraction (32.49 g and 20.86/100 g, respectively). The results of the conducted research are highly significant, as they confirm that pears contain many valuable nutrients and biologically active compounds, including antioxidants and dietary fiber. Adding pear extracts to food products may offer a way to boost their health benefits while also broadening the variety of items that have appealing sensory characteristics. Moreover, research has shown that fruit extracts can help to prolong the shelf life of food products by safeguarding them against lipid oxidation and the decline in their nutritional value.
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1. Introduction


As the World Health Organization (WHO) reports, nutrition is the key factor affecting public health. Some evidence confirms that nutrition can have a positive effect on public health worldwide. This suggests that a suitable diet may prevent or even support the treatment of certain diet-dependent diseases [1]. The recommendation is to consume five servings of vegetables and fruit daily. Such an amount is crucial for the maintenance of a healthy diet by enriching it with essential nutrients, e.g., vitamins, minerals, dietary fiber, and, most of all, antioxidants. It has been shown that the consumption of adequate servings of vegetables and fruit may strengthen the immune system, as well as prevent cardiovascular disease, diabetes, certain cancers, and obesity [2]. Evidence has been shown that confirms an inverse proportional relationship between the incidence of obesity and the antioxidative capacity of the diet [3]. Fruit and vegetables are the main sources of antioxidants, such as polyphenolics, vitamin C, and carotenoids [4]. Antioxidants may inhibit the development of various diseases due to their properties. One of them is the ability to suppress the action of free radicals and prevent their oxidation. Neutralization of free radicals protects cells in the living organism against their detrimental action [5].



Materials rich in nutrients and bioactive compounds showing health-promoting properties also include pear fruits. For example, these fruits contain dietary fiber, minerals (magnesium, calcium, copper, iron, manganese, potassium, phosphorus, sodium, zinc, and iodine) and vitamins (C, E, B1, B2, B3, B6, K, and folic acid) [6,7,8]. Pears constitute a rich source of polyphenols (epicatechins, rutin, and chlorogenic acid) as well as anti-inflammatory triterpenes (ursolic and oleanolic acids). These are contained in both the skin and flesh of fruits; however, higher concentrations of these compounds can be found in the outer layers. The components mentioned above exert a beneficial effect on the human organism. Polyphenols are attributed antioxidative properties, while triterpenes exhibit an anti-inflammatory capacity [7]. Studies have shown that pear fruits can be characterized by an approx. 2-fold greater free radical scavenging capacity compared with peaches and apricots, while this is lower than the capacity of bilberry and cranberry [9]. Fruits of different pear varieties, e.g., Asian (=Japanese, Nashi, Chinese) P. pyrifolia (Burm.f.) Nakai, are rich in pectins. Galacturonic acid is their main structural component. Conducted analyses [10] showed that fruits of the Asian pears ‘Shinseiki’, ‘Chojuro’ and ‘Hosui’ contain from 0.61% to 0.78% pectins. These are beneficial for human health, since pectins constitute soluble (fermentable) dietary fiber, which, among other things, prevents constipation, binds harmful metals, and reduces the risk of cardiovascular disease by reducing the levels of LDL cholesterol.



Currently, in many countries, new species of plants with edible fruits rich in biologically active substances are sought after [11,12]. One of the pear species that deserves particular attention is the European wild pear, P. pyraster (L.) Burgsd. (=P. communis var. pyraster L.). It is found in southern, central, and western Europe. Pyrus pyraster is a type of tree that, when exposed to water shortage, tolerates dry substrates and high temperatures. In view of the documented global effects of climate change, the role of thermophilic tree species in forests will be increasing thanks to their high biocenotic value and adaptability to changing environmental conditions. Pears could be used on a broader scale both in forestry and in agricultural areas, replacing more sensitive tree species [13].



A new pear species is a spontaneous hybrid of the common pear P. communis L. (=P. communis subsp. communis L., P. domestica Medik.) and the willow-leafed pear P. salicifolia Pall., which is alien to Polish flora but which has been planted in European parks since 1780. This hybrid taxon, named Pyrus ×myloslavensis, was recently discovered and described by Antkowiak et al. in 2008 [14], who performed a comparative characterization (with reference to the parent taxa) concerning its flower and fruit morphology, as well as of its leaf morphology and anatomy. The goal of subsequent studies on P. ×myloslavensis was to determine whether the intermediate nature of this taxon would be evident in the pollen and seed anatomy and morphology [15]. In addition, the authors evaluated self-compatibility and crossability based on the observation of pollen tube growth. The investigations were carried out using light, fluorescence, and electron microscopy techniques and flow cytometry. P. ×myloslavensis is a highly interesting object of botanical and pomological research, and the data in this article are new and completely original.



Pear fruits, including those of uncultivated species, deserve greater attention as a valuable raw material for health-promoting food. There are few studies describing the antioxidative action of the polyphenols contained in pear, which may be successfully used in the production of preparations used in the development of new food products. Thus, the aim of the conducted investigations was to determine the phenolic content and antioxidative activity of extracts from P. pyraster and P. ×myloslavensis fruits. Lipid-free model systems (examining the scavenging of 2,2-diphenyl-1-picrylhydrazyl (DPPH), 2,2′ azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) radicals, and the ferric reducing antioxidant power (FRAP)) as well as systems containing emulsified linoleic acid were carried out. Furthermore, the total content of dietary fiber and its fractions was also determined in the pear fruits.




2. Materials and Methods


2.1. Chemicals


The following chemicals were used: 2,2-diphenyl-1-picrylhydrazyl (DPPH), 2,2′ azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS), Folin–Ciocalteu reagent (FCR), 2,4,6-tris(2-pyridyl)-s-triazine (TPTZ), gallic acid (GAE), (±)-6-hydroxy-2,5,7,8-tetramethylchromane-2-carboxylic acid (Trolox), linoleic acid, 2-(N-Morpholino)ethanesulfonic acid (MES), 2-amino-2-(hydroxymethyl)-1,3-propanediol (TRIS) thermostable (Sigma-Aldrich, Darmstadt, Germany), α-amylase, pepsin, amyloglucosidase (Megazyme, Ireland); acetone, acetic acid, sodium acetate × 3 H2O, ethanol, hydrochloric acid, iron(III) chloride hexahydrate, sodium carbonate, potassium persulfate, dipotassium hydrogen phosphate and potassium hydroxide were purchased from POCh (Polskie Odczynniki Chemiczne, eng. Polish Chemical Reagents, Gliwice, Poland). All chemicals and solvents used were of analytical grade.




2.2. Preparation of Extracts


Analyses were conducted on pear fruits collected at the beginning of October 2021 from 5 P. ×myloslavensis trees growing in the garden of the Department of Botany, Poznań University of Life Sciences and 4 P. pyraster trees growing in Poznań county. The relevant environmental parameters of the experimental garden of the Department of Botany of the University of Life Sciences in Poznan, in which the P. ×myloslavensis trees were grown, are shown in Table 1. P. pyraster trees grew in the wild in mid-field woodlots, several kilometers away from P. ×myloslavensis. Pear trees of both species were not fertilized or watered.



In soil, the content of the following minerals was determined in an extract of 0.03 M CH3COOH by the following methods: N-NH4—by the distillation method according to Bremmer with Starck modification; N-NO3—by the potentiometric method using ionoselenium electrodes; P—colorimetrically with ammonium vanadomolybdate; K, Ca, Mg—by the atomic absorption method; pH in H2O—potentiometrically; salt concentration—conductometrically.



The harvested fruits were cut into pieces, and the seeds and pedicels were removed, while overripe fruits were discarded. The fruits were frozen at −80 °C, lyophilized, and ground to produce a powder of uniform grain size. The material was then extracted with 80% methanol in a 1:5 ratio (25 g powder: 125 mL of methanol). Samples were shaken in a water bath at room temperature for 24 h, and then the extract was filtered and subsequently centrifuged for 10 min at 3000 RPM. The supernatant was transferred to a round-bottom flask, and methanol was distilled in a Rotavapor R-215 rotary evaporator (Chemland, Stargard, Poland). The resulting extract was frozen at −30 °C for 24 h and then lyophilized.




2.3. Preparation of the Linoleic Acid Emulsion


A total of 0.5 mL of Tween 20 was added to 5 mL of 1 M K2HPO4 and mixed for 5 min using a magnetic stirrer. Then, after 10 min, 0.5 mg of linoleic acid and 0.4 g of KOH were added and stirred for 2 min. In the next step, 11 mL of 1 M K2HPO4 was added and stirred for 10 min. After the addition of 150 mL of distilled water, the emulsion was stirred for 5 min and adjusted to a pH of 7.2 [16].




2.4. Analytical Methods


2.4.1. Determination of Total Phenolic Compound Content


The FCR (Folin–Ciocalteu reagent) method [17] was used to determine the total level of phenolic substances in the extract. A sample of the extract (0.2 mL containing 0.2–0.5 mg of extract) was mixed with 8.3 mL of distilled water and 0.5 mL of the FCR. The resulting test material was blended with 1 mL of saturated sodium carbonate solution. Subsequently, the mixture was incubated for 30 min at room temperature, and then a reading of the absorbance was carried out at 750 nm (Specord 40). The results are presented in mg of gallic acid equivalent per gram of dry matter extract (mg of GAE/g of d.m. extract).




2.4.2. Analysis of Phenolic Compound Content


Phenolic compounds and organic acids were identified in a ’Acquity UPLC H-class chromatography system (Waters, Milford, MA, USA). Chromatographic separation was performed on a UPLC®BEH C18 column (100 mm × 2.1 mm; particle size 1.7 μm) at 35 °C. The result was expressed in mg/g d.m. extract [18,19].




2.4.3. Determination of Dietary Fiber Content


The contents of insoluble and soluble dietary fiber were determined using the “AOAC Method 991.43 Total, Soluble, and Insoluble Dietary Fiber in Foods” [20]. The analysis involves the use of enzymes such as thermostable α-amylase (Megazyme, Bray, Ireland), pepsin and amyloglucosidase (Sigma-Aldrich, Darmstadt, Germany), which simulate the environment of the human digestive tract. The total dietary fiber content was calculated as the sum of the soluble and insoluble fractions. The results were expressed in mg/1 g d.m. pear. Analyses were performed using the Fibertec System 1023 apparatus by Tecator.





2.5. Antioxidative Activity of the Extract


2.5.1. Scavenging of DPPH Radicals


The capacity of the prepared extract to scavenge the stable free radical 2,2-diphenyl-1-picrylhydrazyl (DPPH) was monitored using the method of Sanchez-Moreno et al. [21]. DPPH (1 mM, 0.25 mL) was dissolved in pure methanol and added to 0.1 mL of pear extracts (0.075–0.15 mg) with 2 mL of methanol. The decrease in absorbance of the resulting solution was determined at 517 nm after 30 min. The results are presented in mg of Trolox/g of d.m. extract.




2.5.2. Scavenging of ABTS Radicals


The radical cation was generated by combining a 7 mM ABTS•+ stock solution with 2.45 mM potassium persulfate in a 1:0.5 ratio (v/v) and allowing the mixture to react for 12–16 h until the reaction reached completion and the absorbance stabilized. The ABTS•+ solution was then diluted with ethanol to achieve an absorbance of 0.700 ± 0.02 at 734 nm for the measurements. The photometric assay involved adding 3.0 mL of ABTS•+ solution to 0.03 mL of the tested samples (concentration range: 0.015–0.15 mg/mL) and mixing for 1 min. Measurements were taken at 734 nm immediately after 6 min of reaction [22]. The results are expressed in mg Trolox per gram of dry matter extract.




2.5.3. Ferric Reducing Antioxidant Power (FRAP)


The FRAP reagent was prepared by combining 300 mM acetate buffer, 10 mL of TPTZ in 40 mM HCl, and 20 mM FeCl3 × 6H2O in a 10:1:1 ratio at 37 °C. Then, 3.0 mL of the FRAP reagent was mixed with 0.1 mL of the extracts at varying concentrations (0.05 mg/mL). The mixture was incubated in the dark at 37 °C for 4 min. The absorbance was recorded at 593 nm [23]. The results are expressed in mM Fe2+/L.




2.5.4. Emulsion System


The ability to inhibit linoleic acid autoxidation was determined using the method developed by Lingnert et al. [16]. This method uses a spectrophotometer to assess the increase in conjugated dienes in 10 mM linoleic acid emulsion at pH 7.2. A dose of 0.2 mL of pear extract was introduced at concentrations of 0.25 and 0.5% into the prepared emulsion. The absorbance of the sample was subsequently measured at wavelength λ = 234 nm immediately after the antioxidants were added. After 19 h of incubation at 37 °C and without access to light another measurement was done. The content of dienes was calculated using the molar absorptivity coefficient according to the Beer–Lambert law: A = ε × c × l, where A is the absorbance; ε is the molar absorptivity coefficient (ε = 2.56 × 104 dm3 · M−1 · cm−1); c is the concentration of peroxides with conjugated dienes (M); and l is the thickness of the absorbing layer (tray thickness = 1 cm).






3. Statistical Analysis


All statistical calculations were performed using Statistica software, ver. 13.3 (StatSoft Inc., Tulsa, OK, USA). The data were expressed as the mean ± standard deviation (SD) of 2 series and 3 independent measurements for each sample (n = 6). To determine whether a random sample came from a population with a normal distribution, the Student’s t-test was applied. In the case where the hypothesis on the normal distribution was rejected, non-parametric statistics were used in further analyses. Correlation and regression analyses between variables were performed. The dependence between variables was presented using Pearson’s linear correlation coefficient.




4. Results and Discussion


4.1. Extraction Efficiency and Total Phenolic Content


The extraction efficiency for fruits of wild pear P. pyraster and P. ×myloslavensis was 3.6% and 5.4%, respectively. Liaudanskas et al. [24] reported that a significant effect on the course of extraction in known European pear cultivars is exerted by time, temperature, and the concentration of the solvent. These authors stated that when ethanol was applied at various concentrations (20–96%), the best extraction capacity was found for the 70% solution. In turn, Patricia and Syaputri [25], when studying contents of bioactive compounds in cultivars of European and Asian pears, used both 80% methanol and ethanol in the extraction process. In both varieties, a better process yield was obtained when ethanol was used instead of methanol. In a study by Guiné et al. [26] on fruits of ‘Joaquina’ P. communis, the mean extraction efficiency before the drying process was 17.23%, while this efficiency increased with a higher temperature (60 °C and 70 °C) and a longer duration of the extraction process.



Another factor affecting the amount of extracted material was the polarity of the solvent. Dai and Mumper [27] showed that the use of methanol as a solvent is more advantageous in the case of phenolic compounds with a lower molecular mass, while it was acetone in the case of polyphenols with a higher molecular mass. Methanol is a polar substance; thus, it effectively extracts the phenolic compounds found in the polar, soluble part. Apart from the polarity and the type of the solvent, the efficiency of extraction is also affected by the type of analyzed material.



Du et al. [28] showed that even when working on one pear cultivar, the results may differ depending on the part of the fruit collected for analysis. The results were compared in terms of the content of phenolic compounds in the endocarp, exocarp, and hypanthium. In all cases, the highest contents were recorded in the exocarp (121.22–153.44 mg GAE/100 g), whereas the lowest were recorded in the hypanthium (56.78–61.22 mg GAE/100 g). Öztürk et al. [29], in their studies, also analyzed different fruit parts of the same pear cultivar. Their investigations showed that a greater proportion of phenolic compounds is found in the skin rather than in the flesh itself.



In this study, the extract from fruits of the wild pear P. pyraster was characterized by a 3-fold greater content of total phenolic compounds compared with that of P. ×myloslavensis fruits (197 mg and 61.7 mg GAE/g d.m. extract, respectively) (Table 2). Kopera and Mitek [30], using 80% methanol extracts from fruits of three cultivars of the Asian pear P. pyrifolia (‘Shinseiki’, ‘Hosui’, and ‘Chojuro’), showed the total content of phenolic compounds to be 102–141 mg GAE/g of d.m. extract, with a process efficiency of 11.9–13.0%. In turn, Wang et al. [31], reported a total content of polyphenols of 1.89–3.14 mg GAE/g d.m. extract in 70% ethanol extracts from the fruits of five P. communis cultivars (‘Beurre Bosc’, ‘Josephinede Malines’, ‘Rico’, ‘Packham’s Triumph’, and ‘Winter Nelis’). It was stated that the total phenolic content in extracts from fruits of P. pyraster and P. ×myloslavensis also exceeds that of ‘Ya Li’ P. bretschneideri (57.5 mg GAE/g d.m. extract), ‘Blanquilla’ P. communis (13 mg GAE/g d.m. extract), and ‘Conference’ P. communis (2.5 mg GAE/g d.m. extract [32]).




4.2. Determination of the Content of Phenolic Compounds and Organic Acids Using HPLC


In extracts from the fruits of P. pyraster and P. ×myloslavensis, a total of seven phenolic compounds (quercetin, catechin, epicatechin, ferrulic, chlorogenic, synapic, and vanillic acids) and four organic acids (citric, maleic, shikimic, and fumaric acids) were detected (Table 3). In the extracts, chlorogenic acid was found in the greatest amounts (0.1225 and 0.0762 mg/g d.m. extract from the fruits of P. pyraster and P. ×myloslavensis, respectively). This acid is a phenolic acid, classified in the group of hydroxycinnamic acids. In turn, among the organic acids, citric acid is found in the greatest amounts (0.0813 and 0.0440 mg/g d.m. extracts, respectively).



Carbonaro et al. [33] showed that among all phenolic compounds, chlorogenic acid is a compound commonly found in pear fruits. Kopera and Mitek [30] provided chemical characteristics of fruits from three of the P. pirifolia Asian pear cultivars (‘Shinseiki’, ‘Hosui’, and ‘Chojuro’). Those authors detected no statistically significant differences between these cultivars in terms of their phenolic acid content. They showed that the fruits of all the cultivars, both in the flesh and the skin, contain p-hydroxycinnamic acid and catechins. In the cultivars ‘Shinseiki’ and ‘Hosui’, the whole fruits also contained cinnamic and pyrocatechuic acid. In addition, var. ‘Hosui’ also contained p-coumaric acid.




4.3. DPPH Radical Scavenging Capacity


A greater DPPH radical scavenging capacity was recorded for the extract from fruits of P. pyraster (289.8 mg Trolox/g d.m. extract) compared with that of the extract from P. ×myloslavensis fruits (134.4 mg/g d.m. extract) (Table 2). Statistical analysis showed that the DPPH radical scavenging capacity in extracts from fruits of P. pyraster and P. ×myloslavensis is strongly positively correlated with their total phenolic content (p < 0.05; r = 0.99; Figure 1). Wang et al. [31] showed that DPPH radical scavenging capacity of ethanol extracts from fruits of five P. communis cultivars (‘Beurre Bosc’, ‘Josephinede Malines’, ‘Packham’s Triumph’, ‘Winter Nelis’, and ‘Rico’) ranged from 5.72 to 3.75 mg ascorbic acid/g d.m. extract. ‘Beurre Bosc’ of the P. communis cultivar showed the greatest DPPH radical scavenging capacity, while this was lowest in P. communis var. ‘Winter Nelis’. Ieguchi et al. [34] determined the DPPH radical scavenging capacity in 29 pear cultivars grown in Japan and Europe; for many cultivars, the results were comparable to those reported by Wang et al. [31]. The potential of the antioxidative capacity is influenced not only by the cultivar but also by the growing conditions, the degree of ripeness of the fruit, and even the conditions of its storage [35]. In turn, Manzoor et al. [36] determined the content of phenolic compounds and the DPPH radical scavenging capacity in the pulp and skin of pear fruits. They showed that both the content of polyphenols and the DPPH scavenging capacity are higher in the skin (49.71%) than in the pulp (27.89%). A strong dependence between total content of phenolic compounds and the DPPH radical scavenging capacity was also confirmed in the study by Li et al. [8]. Choi et al. [37] investigated five different ethanol–aqueous extracts of pear fruits and found that their DPPH radical scavenging capacity ranged from 17.4 to 30.3%. These results were lower compared with the activity of P. pyraster and P. ×myloslavensis when methanol was the extractant.




4.4. ABTS Cation Radical Scavenging Capacity


The extract from P. pyraster fruits showed an ABTS cation radical scavenging capacity of 11.33 mg Trolox/g d.m. of extract, while in the case of P. ×myloslavensis, it was 0.69 mg Trolox/g d.m. of extract (Table 2). The positive value of Pearson’s linear correlation coefficient (p < 0.05; r = 0.99; Figure 1) shows that there is a relationship between the ABTS cation radical scavenging capacity and the content of phenolic compounds in extracts from P. ×myloslavensis and P. pyraster. Also, Batista et al. [38] found a strong correlation (r = 0.99) between the antioxidative capacity of dried fruits of P. communis var. ‘Bartolomeu’ and ‘Amendoa’ and the total content of phenolic compounds. Erbil et al. [39] recorded the ABTS cation radical scavenging capacity in fruits of five Turkish cultivars of P. communis (‘Egirsah’, ‘Gugum’, ‘Deveci’, ‘Kizil’ and ‘Banda’) and found the highest activity in var. ‘Kizil’. In turn, Hu et al. [40] tested fruits of four Australian cultivars of sweet cherry, Prunus avium L. (‘Bing’, ‘Ron’s’, ‘Merchant’ and ‘Lapins’), and found their ABTS radical scavenging capacity to range from 0.51 to 0.37 mg ascorbic acid/g d.m. of extract. The highest ABTS scavenging capacity was recorded in var. ‘Merchant’, while it was lowest in var. ‘Lapins’. Nowak et al. [41] investigated the ABTS cation radical scavenging capacity in the fruit, skin, and leaves of plums extracted using various concentrations of both ethanol and methanol. Their analyses showed that the use of methanol as a solvent was the most effective. They also stated that in the fruit itself, the cation radical scavenging capacity was lower than in the other parts of the plant tested.




4.5. FRAP Reducing Potential


The extract from the fruits of P. pyraster showed reducing potential at 18.2 mM Fe(II). The activity of P. ×myloslavensis fruits was much lower, a value of 0.61 mM Fe(II) (Table 2). Based on the regression and correlation (p < 0.05; r = 0.99) it was stated that the capacity to reduce Fe(III) ions to Fe(II) ions by antioxidants contained in extracts from the fruits of P. pyraster and P. ×myloslavensis is very strongly positively correlated with the total phenolic content. Wang et al. [31] determined the reducing potential using the FRAP test for fruits of five P. communis cultivars (‘Beurre Bosc’, ‘Josephinede Malines’, ‘Packham’s Triumph’, ‘Winter Nelis’, and ‘Rico’) and showed a significantly different (p < 0.05) capacity for reducing Fe(III) ions to Fe(II) ions in the extracts tested. The reducing potential of the extracts ranged from 2.15 to 4.37 mg ascorbic acid/g d.m. of extract. The highest capacity was found for var. ‘Josephinede Maline’, while it was lowest for ‘Winter Nelis’. Jamuna et al. [42] recorded comparable antioxidative activity using the FRAP test for fruits of P. communis, with a reduction potential amounting to 3 mg of ascorbic acid/g d.m. of extract. Bahorun et al. [43], when analyzing lettuce, broccoli, carrot, cauliflower, onion, white cabbage, napa cabbage, chilli peppers, and tomato, showed a strong correlation (r = 0.83) between the investigated factors. Additionally, Dudonne et al. [44] reported an extraordinarily strong correlation between the content of phenols and the antioxidative capacity in the FRAP test (r = 0.906). In the same study conducted on chamomile (Matricaria recutita L.; 0.12 mM Fe (II)) and musk mallow (Abelmoschus moschatus Medik.; 0.08 mM Fe (II)), the results were lower compared with those obtained for extracts from the fruits of P. pyraster and P. ×myloslavensis. Slightly different data was reported by Sagbas et al. [45], who showed a moderate correlation between total phenolic content and the antioxidative capacity in the FRAP test for the pear P. elaeagrifolia Pall. (r = 0.489). In the analysis presented by Gouws et al. [46], a moderate correlation was also obtained between phenolic compounds and the capacity to reduce Fe(III) ions (r = 0.519) in fruits of the Indian fig opuntia.




4.6. Antioxidative Activity in Linoleic Acid Emulsion


The capacity of extracts from fruits of P. pyraster and P. ×myloslavensis to inhibit autoxidation of emulsified linoleic acid was tested at 0.25 and 0.5% addition levels (Table 4). After 19 h of thermal incubation of samples with various levels of pear fruit extracts added, the increase in peroxides with conjugated dienes was by 13.5% up to 80% lower compared with the control. A greater antioxidative activity has been observed for the extract from P. pyraster fruits than for of P. ×myloslavensis. The increased content of peroxides with conjugated dienes in the emulsion system after thermal incubation is very strongly negatively correlated with the concentration of the extracts (p < 0.05; r = −0.94 and p < 0.05; r = −0.84 for P. pyraster and P. ×myloslavensis, respectively). Along with the increase in concentration, a lower increment was recorded in the content of peroxides with conjugated dienes.



Hęś et al. [47] determined antioxidative activity of the aloe vera extract in the linoleic acid emulsion. Their analyses showed that the higher the concentration of Aloe vera extract added to the emulsion system, the lower the content of conjugated dienes after thermal incubation. Thus, an addition of the extract at 0.1–0.5 mg/mL to the emulsion system resulted in a 90% lower increase in conjugated dienes after thermal incubation compared to the control. In turn, addition of the extract at 0.05 mg/mL and 0.06 mg/mL inhibited (by 40% and 57%, respectively) the increase in conjugated dienes in the emulsion system following thermal incubation. Consequently, the results of both the experiment reported by Hęś et al. [47] and this study conclude that the concentration of the extract added to the emulsion system influences changes in the content of conjugated dienes after thermal incubation. The activity of pear extracts can be affected by the methods used for extracting phenolic compounds, the selection of solvents, and the particular part of the fruit from which the sample is taken (e.g., pear skin or pulp). Nevertheless, there is a lack of extensive research in the current literature on the antioxidative potential of pears in model systems, especially in emulsified fat systems, oils, and solid fats. More studies are needed to gain a deeper understanding of the role pear extracts play in these contexts and to investigate their potential for preserving the quality and extending the shelf life of fat-rich food products.




4.7. Dietary Fiber Content


Extracts from the fruits of P. pyraster have been characterized by higher contents of total fiber (36.45 g/100 g sample) and its insoluble fraction (32.49 g/100 g d.m. sample) compared with extracts from the fruits of P. ×myloslavensis (24.74 and 20.86 g/100 g d.m. sample, respectively). On the contrary, pears contain comparable amounts of the soluble fraction (approximately 3.70 g d.m. sample) (Table 5). It is worth noting that the insoluble dietary fiber fraction contains lignin, cellulose, and partially hemicellulose. Research so far has shown that the lignin fraction contains phenolic compounds, which are characterized by high antioxidative activity, as demonstrated through antioxidative activity analyses [48]. In our research, we observed the same trend—the antioxidative activity and the insoluble dietary fiber (IDF) fraction are higher in the P. pyraster sample.



Witkowska et al. [49] determined the total fiber content in Polish (sweet cherries, pears, apples, plums, strawberries, and black currants) and imported fruits (bananas, peaches, oranges, lemons, kiwi, and tangerines). They stated that in Polish fruits, the total content of dietary fiber in sweet cherries and red currants amounted to 1.14 g/100 g and 4.55 g/100 g. In turn, in imported fruits, the total fiber content in tangerines was 1.36 g/100 g and in lemons 2.89 g/100 g, respectively. Therefore, these authors reported a significantly lower total fiber content in the tested fruits compared with that in the lyophilizate produced from the fruits of P. pyraster and P. ×myloslavensis. The ratio of soluble fiber to total fiber in tested samples was 0.10:1 and 0.15:1, respectively, which is lower compared with the 0.39:1 ratio obtained from pear pomace [50,51]. Some tropical fruits show higher fiber contents compared with fruits grown in a temperate climate [52]. Moreno-Hernández et al. [53] analyzed fiber fractions in soursop Annona muricata L. from Mexico. The SDF level was greater (9.31 g/100 g sample) than in the extracts of the fruits of the investigated pears (Table 5). However, the total fiber content turned out to be greater in the tested pear fruits, as in soursop, it was 19.82 g/100 g of sample.





5. Conclusions


Results of research conducted worldwide confirm the health-promoting effect of consuming products rich in polyphenols and their extensive effect on the sensory attributes of food. It has been shown that materials rich in bioactive compounds exhibiting health-promoting properties also include fruits of P. pyraster and P. ×myloslavensis. Extracts from fruits of these pear species showed both high antioxidative potential and considerable dietary fiber content; thus, they may find applications in the food, pharmaceutical, and cosmetics industries. In the form of concentrate, gel, juice, or powder, they may be used as additives to numerous foodstuffs, enhancing their nutritive and health-promoting value while also improving their sensory attractiveness. Extracts from pear fruits may be added to jellies, jams, water, tea, juices, sweets, vitamin-enriched fruit smoothies, non-alcoholic beverages, isotonic drinks (with electrolytes), nutritional drinks and yogurts, as well as cream or cottage cheeses and ice-creams. An added aspect confirming the benefits resulting from the use of pear fruits in the food industry relates to their confirmed antioxidative activity in a linoleic acid emulsion. This property may be used to extend the shelf life of foodstuffs containing emulsified fat. The high content of active compounds in pear extracts makes them effective and safe food additives. However, the available literature is still lacking studies concerning the antioxidative potential of pear fruits in model systems, particularly in emulsified fat systems.



For this reason, exploring the most suitable applications and evaluating their effectiveness in food products with varying levels of processing is crucial. This could lead to the productive use of pears rich in bioactive compounds. The results obtained in this document clearly demonstrate the potential of pear extract to inhibit lipid autoxidation in food products, which justifies the need for further research. Now our attention is focused on the choice of antioxidants best suited for that purpose.
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Figure 1. Correlation between the total phenolic content of P. pyraster and P. ×myloslavensis fruit extracts (mg GAE/g d.m.) (X-axis) and (a) DPPH, (b) the ABTS radical scavenging activity (mg Trolox/g s.m.), and (c) the FRAP reducing potential (mM Fe2+) (Y-axis). 
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Table 1. Air temperature, precipitation, and soil characteristics of P. ×myloslavensis cultivation in 2021.






Table 1. Air temperature, precipitation, and soil characteristics of P. ×myloslavensis cultivation in 2021.





	
Month of Measurement

	
Air Temperature

(°C)

	
Precipitation

(mm)

	
Soil Characteristics

(mg dm−3 Soil)






	
January

	
−0.6

	
80.2

	
N-NH4 + N-NO3

	
12




	
February

	
−0.7

	
33.0

	
P

	
96




	
March

	
3.9

	
30.0

	
K

	
60




	
April

	
6.1

	
65.0

	
Ca

	
2598




	
May

	
12.0

	
66.4

	
Mg

	
155




	
June

	
19.9

	
22.6

	
pHH2O

	
6.85




	
July

	
20.7

	
19.4

	
EC (mS cm−1)

	
0.11




	
August

	
17.5

	
57.2




	
September

	
15.1

	
32.0




	
October

	
9.6

	
34.8




	
November

	
5.5

	
73.8




	
December

	
−0.8

	
29.4




	
Average temperature

	
9.0

	

	

	




	
Total precipitation

	

	
543.8

	

	











 





Table 2. Total content of phenolic compounds and the antioxidative activity of extracts from fruits of Pyrus pyraster and Pyrus ×myloslavensis.
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	Extract from Pear Fruits
	TPC *

(mg GAE/g d.m.)
	DPPH *

(mg Trolox/g d.m.)
	ABTS *

(mg Trolox/g d.m.)
	FRAP *

(mmol Fe2+/L)





	P. pyraster
	197.15
	289.81
	11.33
	18.20



	P. ×myloslavensis
	61.71
	134.39
	0.69
	0.60







* Student’s t-test; normal distribution with dependent estimation of variance (independent t-test by groups; normally distributed); statistical differences significant at p = 0.001.













 





Table 3. Contents of phenolic compounds and organic acids in extracts of Pyrus pyraster and Pyrus ×myloslavensis.
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P. pyraster

	
P. ×myloslavensis






	
Phenolic compounds (mg/g d.m.)




	
Chlorogenic acid

	
0.1225 **

	
0.0762 **




	
(−) Epicatechin

	
0.0235 *

	
0.0133 *




	
Quercetin

	
0.0193 ***

	
0.0086 ***




	
Synapic acid

	
0.0182 **

	
0.0076 **




	
Vanillic acid

	
0.0172 ***

	
0.0016 ***




	
(+) Catechin

	
0.0100 *

	
0.0075 *




	
Ferrulic acid

	
0.0090 **

	
0.0018 **




	
Organic acids (mg/g d.m.)




	
Citric acid

	
0.0813 ***

	
0.0440 ***




	
Maleic acid

	
0.0127 **

	
0.0067 **




	
Fumaric acid

	
0.0023 ***

	
0.0013 ***




	
Shikimic acid

	
0.0016 *

	
0.0008 *








* Student’s t-test; normal distribution with dependent estimation of variance (independent t-test by groups; normally distributed); p = 0.001; ** Normal distribution; Student’s t-test with independent estimation of variance (independent t-test by groups, with separate variance estimates); p = 0.001; *** Non-parametric statistic; Mann–Whitney test; p = 0.05.













 





Table 4. The effect of extracts from fruits of Pyrus pyraster and Pyrus ×myloslavensis on changes in the content of conjugated dienes in a linoleic acid emulsion (10−5 M).
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Extract from Pear Fruits

	
Content of Conjugated Dienes (10−5 M)




	
After Emulsion Preparation

	
After 19 h Emulsion Incubation






	
P. pyraster 0.25%

	
1.11

	
1.73 *




	
P. pyraster 0.5%

	
1.02

	
1.65 ***




	
P. ×myloslavensis 0.25%

	
0.85

	
4.53 *




	
P. ×myloslavensis 0.5%

	
0.86

	
2.40 ***




	
Control

	
1.00

	
5.59








* Student’s t-test; normal distribution with dependent estimation of variance (independent t-test by groups, normally distributed); p = 0.001; *** Non-parametric statistics; Mann–Whitney test; p = 0.05.













 





Table 5. Dietary fiber content in the fruits of Pyrus pyraster and Pyrus ×myloslavensis (g/100 g lyophilized pear sample).
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	P. pyraster
	P. ×myloslavensis





	TDF
	36.45 ***
	24.74 ***



	IDF
	32.49 ***
	20.86 ***



	SDF
	3.75 *
	3.67 *







TDF—total dietary fiber; IDF—insoluble dietary fiber; SDF—soluble dietary fiber. * Student’s t-test; normal distribution with dependent estimation of variance (t-test independent by groups; normally distributed); p = 0.05; *** Non-parametric statistics; Mann–Whitney test; p > 0.05.
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