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Abstract

:

Edible nuts are an important component of a healthy diet, and their frequent consumption has beneficial impact on human health, including reducing the risk of cardiovascular and neurodegenerative diseases. Moreover, various factors, including cultivar, climate, soil characteristic, storage and treatment have influence on the chemical composition of nuts. Therefore, nine tree nut types and peanuts commonly available on Polish market were evaluated for phenolic profile and mineral elements content. The concentration of individual phenolic compounds, including flavonoids, aromatic acids and caffeic acid phenethyl ester (CAPE) was determined by ultra-high pressure liquid chromatography, while the content of macro-elements and trace minerals was analyzed by atomic absorption spectrometry. The phenolic profile of analyzed nuts substantially varied depending on the type of nut. The highest total content of all analyzed flavonoids was determined in walnuts (114.861 µg/g), while the lowest in almonds (1.717 µg/g). In turn, the highest total content of all tested aromatic acid was determined in pecans (33.743 µg/g), and the lowest in almonds (0.096 µg/g). Epicatechin and cinnamic acid were detected in the highest concentration in tested nuts. Moreover, in examined nuts (except walnuts and Brazil nuts), the presence of CAPE was confirmed. The tested nuts were also characterized by wide variation in element concentrations. Almonds contained high concentration of macro-elements (13,111.60 µg/g), while high content of trace elements was determined in pine nuts (192.79 µg/g). The obtained results indicate that the tested nuts are characterized by a significant diversity in the content of both phenolic compounds and minerals. However, all types of nuts, apart from the well-known source of fatty acids, are a rich source of various components with beneficial effect on human health.
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1. Introduction


Edible nuts are an important component of a healthy diet, and their consumption is increasing worldwide as more and more people recognize the need for a healthy lifestyle [1,2]. The most consumed nuts in the world include, among others almonds, Brazil nuts, pecans, walnuts, cashews, macadamia nuts, hazelnuts, pine nuts and pistachios [3]. Peanuts are also very popular, although they belong to legumes, due to the similar nutritional composition to nuts, they are classified by consumers and nutritionists in this group of products [4]. Literature data and clinical trials suggest that frequent nut consumption has a beneficial impact on human health, including reducing risk of cardiovascular diseases, obesity, type-II diabetes, various types of cancer or neurodegenerative diseases [2,4,5,6,7,8]. Moreover, nuts exhibited antioxidant and antimicrobial properties, including activity against Staphylococcus aureus, Bacillus cereus, Escherichia coli or Klebsiella pneumonia [9,10,11].



The beneficial effect of nut consumption on human health is related to the diversified chemical composition. Of course, the exact chemical composition of the nuts varies according to the type. In addition, literature reports indicated that various factors, including cultivar, climate, soil characteristic, storage and treatment (e.g., temperature and roasting time), influence the chemical composition of nuts [9,12,13,14]. However, in general, nuts are known as a rich source of unsaturated fatty acids and proteins [15]. Nuts, with the exception of chestnuts, which contain low level of fats, have a high total fat content, ranging from 46% (cashews, pistachios) to 76% (macadamia nuts) [16]. Among unsaturated fatty acids, oleic, linoleic and α-linolenic acids are the prominent in all types of nuts [16,17]. In addition, nuts are good source of phytochemicals, including vitamins (e.g., niacin, tocopherols and folic acid) and minerals, such as calcium, magnesium, potassium, selenium or iron [16,18]. Macro-elements have many functions in the human body, including the initiation of the production of hormones (along with vitamins) or accelerate metabolic processes [19]. In turn, trace elements are components of hormones and enzymes, and are involved in immune regulation, nerve conduction or muscle contractions [19,20]. According to literature reports, various types of nuts contain both macro- and microelements, including Ca, Mg, K, Zn, Cu, Mn and Fe [1,18]. In addition, Brazil nuts are a rich source of selenium, and one Brazil nut may contain up to 400 μg of Se [21].



Phenolic compounds are a group of nut components that may be considered to be a major phytochemicals for health benefits and characterized by wide pharmacological activity, including anticancer, antioxidant, anti-inflammatory, antimicrobial and antiviral [22,23,24,25]. The regular intake of polyphenols may prevent cardiovascular and neurodegenerative diseases and also reduce the risk of diabetes and several other diseases and physiological syndromes [22,24,26]. In different types of nuts, various individual phenolic compounds have been identified. However, the most commonly determined phenols in nuts are gallic acid, ellagic acid and catechin [9,14,27]. Among flavonoids in nuts, epicatechin, quercetin, naringenin, kaempferol, isothamnetin, galangin and apigenin have also been identified [14,27,28,29]. In turn, aromatic acids identified in nuts include caffeic, coumaric, ferulic, vanillic and syringic acids [3,14,29].



The aim of this study was to determine the phenolic profile and the content of mineral elements in nuts. Nine commonly consumed tree nuts, namely pecans, walnuts, cashews, macadamia nuts, hazelnuts, almonds, Brazil nuts, pistachios and pine nuts and peanuts, available on the Polish market were used for the research. In nut samples, the concentration of individual phenolic compounds, including flavonoids, aromatic acids and caffeic acid phenethyl ester (CAPE), was determined by ultra-high pressure liquid chromatography. In turn, the content of mineral elements, including macro-elements and trace minerals in nuts was determined by atomic absorption spectrometry. To the best of our knowledge, this article is the first to report on the phenolic profile and mineral content of nuts available on the local market. In addition, the results could expand existing knowledge concerning the chemical composition and presence of phytochemicals in nuts and may be of interest to various groups of scientists, including biochemists, food scientists and nutritionists.




2. Results


2.1. Concentration of Phenolic Compounds


The concentrations of phenolic compounds, including flavonoids, phenolic acids and caffeic acid phenethyl ester in common edible nuts available on Polish market are presented in Table 1 and Table 2.



The phenolic profile of analyzed nuts was very varied depending on the type of nut. Pecan nuts were characterized by the greatest diversity of identified flavonoids—9 out of 12 analyzed flavonoids were determined in this type of nuts. In contrast, only three flavonoids were identified in Brazil nuts—epicatechin, pinostrobin and galangin. The highest total concentration of all analyzed flavonoids was determined in walnuts and amounted to 114.861 µg/g. The studies by Yang et al. showed that among the ten examined types of nuts, walnuts were characterized by the highest total flavonoid content [7]. In contrast, the lowest total amount of flavonoids was analyzed in almonds and amounted to 1.717 µg/g. All nut samples (except almonds) were characterized by the highest content of epicatechin, from 114.296 µg/g (walnuts) to 1.162 µg/g (pine nuts). The most abundant phenol in walnuts was epicatechin, which constituted about 85% of the content of all determined flavonoids. Epicatechin is one of the most abundant plant phenols in human diet with prominent biological properties, such as antioxidant, anti-inflammatory, antitumor and anti-diabetic [30,31,32]. Moreover, epicatechin has beneficial effect on nervous system and enhances muscle performance, improves cardiac function following protect the cardiovascular system [30,31,33]. The concentration of catechin was also detected at a high level in six among ten analyzed nuts, with concentrations from 0.722 µg/g for almonds to 22.263 µg/g for cashew nuts. Catechin is characterized by outstanding pharmacological effects, including anticancer, antioxidant, anti-inflammatory, hepatoprotective, anticoagulant, antihypertensive, anti-arthritis, antidiabetic, neuroprotective and memory-enhancing properties [34,35]. Moreover, catechin isolated from cashew nut shells showed activity against clinical isolates of MRSA (methicillin-resistant Staphylococcus aureus) [36].



Galangin was the only flavonoid identified in all examined nut samples. Its highest concentration was detected in macadamia nuts (2.276 µg/g) and the lowest content in pistachios (0.007 µg/g). Literature data describe galangin as a strong anticancer and antimicrobial agent. The molecular pathways of this flavonoid are involved in suppressing various malignancies, including osteosarcoma and cancer of the lung, stomach and liver [23,37,38]. In turn, antimicrobial activity of galangin involved various strains of bacteria and fungi, such as S. aureus, E. coli, K. pneumonia, Bacillus subtilis and Candida albicans [39,40,41]. Moreover, besides activity against amoxicillin-resistant E. coli and penicillin-resistant S. aureus, galangin was able to reverse bacterial resistance to antibiotics [42,43]. In most of the tested nut samples, trace amounts of apigenin, kaempferol and pinostrobin were also determined. Only, the concentration of pinostrobin, which showed that biological activity, such as anticancer and antiviral, was detected in pecan nuts at higher level (6.355 µg/g) than other nuts [44]. Additionally, the amount of apigenin and kaempferol in pecan nuts was higher than in other samples. The remaining analyzed flavonoids were found in less than half of the nuts and were detected in trace amounts.



The content of aromatic acids (Table 2) in nuts, both in terms of quality and quantity, was very diversified. The most frequently determined aromatic acid, which was identified in nine out of ten tested nuts (except walnuts) was sinapic acid, and its concentration ranged from 0.050 µg/g for macadamia nuts to 10.373 µg/g for pecan nuts. Sinapic acid is known for its biological properties, including antioxidant, anti-inflammatory, anticancer and antimicrobial activity [45,46]. In at least half of the analyzed nuts various concentrations of vanillic, syringic, caffeic and cinnamic acids were detected. In turn, hydroxycinnamic acid was identified in trace amounts only in two types of nuts—hazelnuts and pine nuts. The highest total concentration of all analyzed aromatic acids was determined for pecan nuts and amounted to 33.743 µg/g. In turn, the lowest total content of analyzed acids was determined in almonds and was 0.096 µg/g. In addition, only three acids were identified in almonds: caffeic, sinapic and ferulic. The highest concentration among analyzed acids was detected for cinnamic acid in pecan nuts and was 12.774 µg/g. All of determined aromatic acids in nuts are characterized by biological activity, including neuroprotective activity (caffeic, ferulic, sinapic, coumaric and syringic acids), antioxidant activity (caffeic, cinnamic, ferulic and vanillic acids), hepatoprotective effect (syringic acid), antitumor activity (cinnamic acid) and antiviral action (caffeic and coumaric acids) [47,48,49,50].



In examined nut samples (except walnuts and Brazil nuts), the presence of CAPE was detected in concentration from 2.959 µg/g (pecan nuts) to trace amounts in pistachio nuts (0.012 µg/g), as showed in Table 2. CAPE is an ester of caffeic acid with multiple pharmacological activities, including great therapeutic effect in various types of cancer and protective effects on nervous system [51,52].



Literature data report large diversity in concentration of phenolic compounds, including flavonoids and aromatic acids among various types of nuts [3,29]. The most frequently identified flavonoids in nuts are catechin and epicatechin, which have been identified in hazelnuts, almonds, peanuts, pecans, walnuts and pine nuts [27,28,53,54,55,56]. In tested nuts, catechin was not identified in pecans, walnuts, hazelnuts, Brazil and macadamia nuts, while epicatechin was not detected only in almonds.



Pecans were characterized by the greatest variety of determined flavonoids among all tested nuts. Literature data indicate that pecans from Mexico contained ellagic acid, gallic acid, protocatechuic acid, p-hydroxybenzoic acid and catechin, and nuts form USA included gallic acid, catechin and ellagic acid; however, content of these phenols varied depending on cultivars [9,28,57]. The presence of caffeic and coumaric acids, which are also found in the tested nuts, was confirmed in three varieties of Texas pecans [28]. Additionally, in pecans from Turkey, the presence of syringic acid, quercetin, naringenin and kaempferol was confirmed, similar to their presence in the tested nuts [58]. In various cultivars of hazelnuts from different countries (including France, Hungary or Spain) catechin (in concentration range 1.9–26.3 µg/g) was detected in contrast to the tested nuts and the presence of epicatechin was confirmed (in concentration range 0.2–7.9 µg/g), similar to analyzed hazelnuts [27]. Moreover, according to the literature data, naringenin, quercetin, kaempferol and syringic acid were identified in hazelnuts, as well as, contrary to the analyzed nuts, caffeic, coumaric and vanillic acids [10,59,60]. The examined walnuts were characterized by a high concentration of epicatechin (114.296 µg/g) and content of catechin under detection limit. In turn, in walnuts from USA catechin was determined only in three from twelve tested cultivars in a concentration range 0.59–47.91 µg/g, while epicatechin was identified in ten from twelve cultivars in a concentration range 1.95–13.22 µg/g [55]. According to literature reports, ferulic, caffeic and cinnamic acids were detected in walnuts, which were also determined in the examined nuts, as well as sinapic, vanillic and syringic acids, rutin and naringenin, which were not detected in the nuts from this research [61]. Moreover, literature data indicate that, among flavonoids, naringenin was determined in almonds and pistachios, quercetin in Brazil nuts, pistachios, cashews, pine nuts and peanuts, rutin in almonds, taxifolin in pine nuts, kaempferol in cashews and peanuts, genistein in pistachios and apigenin in almonds. In turn, vanillic acid was identified in almonds and Brazil nuts; cinnamic acid in Brazil nuts and cashews; coumaric acid in Brazil nuts, cashews and peanuts; syringic acid in Brazil nuts, cashews and pine nuts; and gallic and ellagic acids were determined in Brazil nuts, peanuts, cashews and pine nuts [14,29,53,54,56,62,63,64,65,66]. Moreover, in most of the tested nuts, the presence of CAPE was found, a significant concentration of which was determined for pecans and peanuts. To the best of our knowledge, the presence of CAPE in edible nuts has not been previously reported.




2.2. Concentration of Mineral Elements


In tested nuts, the content of macro-elements and trace minerals was analyzed, and the results are presented in Table 3 and Table 4, respectively. The concentration of molybdenum and lead in all tested nut samples was under detection limit of atomic absorption spectrometry.



The content of macro-elements varied considerably among the type of tested nuts. Generally, the highest content of macro-elements was found in almonds (13,111.60 µg/g). The highest concentration of Ca was determined in almonds (1650.14 µg/g), Mg in Brazil nuts (5157.08 µg/g) and K in pistachios (6512.42 µg/g), while the highest amount of Na was found in hazelnuts (2861.86 µg/g) and pine nuts (2876.45 µg/g). The lowest micro-elements content was found in pecans and macadamia nuts. Macadamia nuts were characterized by the lowest concentration of potassium, while pecans contained the lowest content of calcium and magnesium among all tested nuts.



The concentration of Ca in tested nuts, except almonds, was lower than in nut samples from various countries, including Serbia, RPA, Chile, USA or Brazil [1,18,21,67,68,69]. The calcium content in tested almonds was higher in nuts from Serbian market (1491–1506 µg/g) and lower than in samples from RPA (5392.4 µg/g) and USA (3550 µg/g) [1,18,67]. The magnesium content in examined cashews (3449.93 µg/g), peanuts (2307.71 µg/g), hazelnuts (3168.56 µg/g) and pine nuts (4372.49 µg/g) was higher than in nuts from Serbian market (cashews, 2297–2444 µg/g; hazelnuts, 1497–1524 µg/g; peanuts, 2036–2079 µg/g) and from Brazilian pine nuts with Mg content equal 513 µg/g [18,68]. In contrast, the Mg content in macadamia nuts, pecans and pistachios from Polish market was lower than it concentration in nuts described in literature data [1,18]. The examined almonds, Brazil nuts and walnuts were characterized by higher Mg content compared to nuts from Serbian market and lower than examined in nuts from RPA [1,18]. The concentration of sodium and potassium in examined nuts varied depending on nut type, which confirmed statistical analysis. Literature data also confirms the large variation in the content of these macronutrients in the samples of nuts from different region of the world. The Na content was in a range from 50.8 µg/g for Brazilian pine nuts to 6848 µg/g for Serbian peanuts, while K concentration was determined in a range from 37.52 µg/g (peanuts from Serbia) to 8704.6 µg/g (Brazilian pine nuts) [18,68,70].



The concentration of trace elements in tested nuts varied depending on their type. Generally, the highest content of trace elements was found in pine nuts (192.79 µg/g) while the lowest concentration was determined for pistachios (93.24 mg/g). The Zn content in examined nuts was in a range from 22.87 µg/g (macadamia nuts) to 73.24 µg/g (pine nuts). The high amount of zinc was previously found in pecans (137.86 µg/g) and Brazil nuts (110.31 µg/g), while the low it content was confirmed in almonds (33.9 µg/g), hazelnuts (32.2 µg/g), peanuts (26.5 µg/g) and walnuts (22.6 µg/g) [1,12,71]. Copper was characterized by wide concentration variation among the type of nut samples analyzed, with concentration ranging from 7.41 µg/g (macadamia nuts) to 23.08 µg/g (cashews). According to literature data, the content of Cu in macadamia nuts ranged 3.41–18.96 µg/g, while Cu amount in cashews was in a range 23.08–28.57 µg/g [1,18,67]. Moreover, the high Cu content was found in walnuts (59.14 µg/g), hazelnuts (59.40 µg/g) and Brazil nuts (59.44 µg/g) [1,71]. The Mn content in examined nuts was determined in range from 10.89 µg/g for pine nuts to 54.93 µg/g for hazelnuts. In general, manganese was determined in different samples of nuts in various concentrations, including the content in macadamia nuts (88.64 µg/g), pecans (192.60 µg/g), almonds (3.9 µg/g) and Brazil nuts (only 3.40 µg/g) [1,12,18]. Large diversity in the Mn content in nut samples was observed by Wuillound et al., where content of this micro-elements ranged from 9 µg/g (cashews) to 4780 µg/g (almonds) [72]. Cashews were characterized by the highest Ni content (17.98 µg/g), while peanuts by the lowest Ni amount (8.80 µg/g) among all examined nuts. The nickel concentration determined in tested nuts was higher than in nut samples described in literature data, which was in a content range from 0.10 µg/g (pine nuts) to 7.33 µg/g (cashews) [18,73,74]. In turn, Wuillound et al. analyzed nine different type of nuts and stated high content of trace elements, such as Cu ranging from 186 µg/g (cashews) to 309 µg/g (pine nuts), Ni in concentration range from 44 µg/g (pine nuts) to 141 µg/g (cashews) and Zn content in a range from 189 µg/g (black walnuts) to 671 µg/g (pine nuts) [72]. The concentration of iron determined in tested nuts was in a range from 32.41 µg/g for macadamia nuts to 76.53 µg/g for pine nuts. According to literature reports, the Fe content in edible nuts was in a range from 19.60 µg/g (pine nuts) to 105.86 µg/g (pecans) [1,74]. However, the most frequently the Fe concentration in various nut samples was in the range 40–80 µg/g, and at this content level was determined in almonds, Brazil nuts, cashews, pistachios, walnuts and macadamia nuts [1,12,18,68]. In tested nuts, selenium was determined in all samples in trace amounts (0.88–1.14 µg/g), except for Brazil nuts, which had a higher Se content (11.27 µg/g). Trace content of selenium was also reported in almonds, walnuts, pistachios, hazelnuts and cashews [1,18,67,71]. In turn, the Se content in Brazil nuts was in a range from 0.7635 µg/g (nuts from Serbian market) to 38.7 µg/g (nuts from Northeast Brazil) [18,73]. Moreover, the presence of Cr was confirmed in trace amounts in Brazil nuts and pistachios, while Co in a concentration range 0.05–1.80 µg/g was determined in macadamia nuts, hazelnuts, almonds, pistachios, pine and Brazil nuts. Trace amounts of Co were also reported in Brazil nuts, cashews, peanuts, almonds, hazelnuts and pistachios, while trace content of Cr was determined in almonds, Brazil nuts, peanuts, macadamia nuts and pecans [1,12,18,74].





3. Materials and Methods


3.1. Nut Samples


The material used in the research was nine different types of edible nuts and peanuts available on the Polish market. Samples included raw pecans (Carya illinoinensis), toasted peanuts (Arachis hypogaea), raw walnuts (Juglans regia), raw cashews (Anacardium occidentale), raw macadamia nuts (Macadamia tetraphylla), raw hazelnuts (Castanea sativa), raw almonds (Prunus amygdalus), raw pine nuts (Genus pine), raw Brazil nuts (Bertholletia excels) and toasted pistachios (Pistacia vera). All nut samples were purchased from a local store with healthy food. After shell removal, the nut samples were ground in a Fritsch type 15 laboratory mill (IKA Werke, Staufen im Breisgau, Germany).




3.2. Ultra-High Pressure Liquid Chromatography (UPLC)


The ground nut samples (5 g) were added to 15 mL of methanol (Sigma-Aldrich, Steinheim, Germany) and sonicated for 1 h in temperature 25 °C. The nut extracts were centrifuged (Universal 320, Andreas Hettich GmbH & Co. KG, Tuttlingen, Germany) at 6000 rpm for 10 min at room temperature, and the supernatants were collected. The supernatants were mixed with 10 mL of n-hexane (Sigma-Aldrich, Steinheim, Germany) for 3 min in a vortex apparatus. Next, the methanol and hexane layers were separated, and the procedure was repeated three times with fresh portion of n-hexane. The methanol extracts were concentrated in a rotary evaporator (Buchi Labortechnik AG, Flawil, Switzerland) at 50 °C. The dry residue was then dissolved in methanol and analyzed on UPLC based on method described in literature [75].



The concentration of phenolic compounds (apigenin, catechin, epicatechin, rutin, myricetin, pinocembrin, pinobanksin, pinostrobin, naringenin, quercetin, galangin, kaempferol, CAPE, caffeic acid, ferulic acid, vanillic acid, syringic acid, sinapic acid, coumaric acid, hydroxycinnamic acid, cinnamic acid) was determined using the Aquity UPLC chromatograph (Waters, Manchester, MA, USA) equipped with a photodiode detector (PDA eλ Detector) (Waters, Manchester, MA, USA) and coupled to an electrospray ionization triple-quadrupole mass spectrometer (TQD) (Waters, Manchester, MA, USA). The nut extracts were filtered through a 0.20 µm syringe filter (Chromafil, Macherey-Nagel, Duren, Germany) before analyses. The compounds were separated at 25 °C on a Waters ACQUITY UPLC HSS T3 column (150 mm × 2.1 mm/ID, with 1.8 µm particle size) (Waters, Manchester, MA, USA). Gradient elution was applied using water containing 0.1% HCOOH (A) and acetonitrile containing 0.1% HCOOH (B) with the flow rate of 300 µL/min. The solvent gradient was modified as follows: 0–5 min 25% B, 5–20 min 40% B, 20–30 min 60% B, 30–35 min 90% B, and 35–40 min 100% B, followed by a return to the initial conditions. All samples were injected in triplicate. The phenolic compounds present in the samples were characterized according to their UV–Vis spectra and identified by their mass spectra and retention times in comparison with those of commercial standards. Limit of quantitation (LOQ) of the analytes was assessed by comparing the peak height to the baseline noise. The ratio of the peak height to baseline noise (signal-to-noise ratio) used for the estimation of the quantitation and detection limit were 10:1 and 3:1, respectively. The limit of detection (LOD) (in ng/g) for individual compounds was 1.5 (caffeic acid, sinapic acid, ferulic acid, quercetin, galangin), 3.0 (coumaric acid, hydroxycinnamic acid, cinnamic acid), 4.5 (CAPE, pinocembrin, apigenin, kaempferol, naringenin, vanillic acid, syringic acid), 6.0 (rutin, pinostrobin), 8.0 (catechin, pinobanksin) and 12.0 (epicatechin, myricetin). The percent relative standard deviation (%RSD) of the repeatability of the method, determined according to the peak area, did not exceed 3.97%. The obtained results confirm that this method can be used for the quantitative analysis of phenolic compounds.




3.3. Atomic Absorption Spectrometry (AAS)


The ground nut samples (0.5 g) were mineralized in nitric acid (8 mL) (Sigma-Aldrich, Steinheim, Germany) using the Mars Xpress mineralization system (CEM International Corporations, Matthews, NC, USA), following the three-step program (400 W, 100 °C for 2 min, 600 W, 160 °C for 5 min and 1600 W, 200 °C for 10 min). The digested solutions were filtered using filter paper and diluted to 50 mL with deionized water. This procedure was repeated three times for each sample.



The concentration of 14 elements, namely zinc (Zn), copper (Cu), manganese (Mn), magnesium (Mg), cobalt (Co), potassium (K), sodium (Na), iron (Fe), selenium (Se), calcium (Ca), lead (Pb), nickel (Ni), chrome (Cr) and molybdenum (Mo) in nut samples was analyzed according to the method described in the literature [76]. The determination was performed using an AA280 FS/Z AA spectrometer (Agilent Technologies, Santa Clara, CA, USA) equipped with a single-element hollow cathode lamp. The calibration curve for each element was prepared with five replicates based on a series of freshly prepared standard solutions obtained from stock standards (Sigma-Aldrich, Steinheim, Germany). The results were expressed as the average values from three simultaneous measurements.




3.4. Statistical Analysis


Statistical analyses included factorial one-way ANOVA, followed by Tukey’s honest significant difference (HSD) test at α = 0.05. All the statistical analyses were performed using the TIBCO Software Inc. Statistica version 13.1 (Palo Alto, CA, USA).





4. Conclusions


The study presents the phenolic profile and mineral content in nine commonly consumed tree nuts and peanuts available on the Polish market. The phenolic profile of examined nuts was significantly varied depending on the type of nut. Pecans were characterized by the greatest diversity of individual flavonoids, containing nine out twelve analyzed compounds. In contrast, only three flavonoids were identified in Brazil nuts—epicatechin, pinostrobin and galangin. The highest total content of all analyzed flavonoids was determined in walnuts (114.861 µg/g), while the lowest in almonds (1.717 µg/g). Epicatechin was the most abundant flavonoids in nuts, except almonds, which did not it contain. Galangin was the only flavonoid identified in all examined nuts, with concentration range from 0.007 µg/g (pistachios) to 2.276 µg/g (macadamia nuts). In turn, sinapic acid was the most frequently identified aromatic acid in tested nuts. It was detected in all nut samples (except walnuts) in a concentration range from 0.050 µg/g (macadamia nuts) to 10.373 µg/g (pecans). The highest total content of all tested aromatic acid was determined in pecans (33.743 µg/g), while the lowest in almonds (0.096 µg/g). In addition, in almonds, only three aromatic acids were identified: caffeic, sinapic and ferulic. The cinnamic acid was detected in the highest concentration among all analyzed aromatic acids, and in pecans its concentration was 12.774 µg/g. Moreover, in examined nuts (except walnuts and Brazil nuts), the presence of CAPE, which exhibits multiple biological properties, was confirmed. The content of mineral elements in nuts varied considerably among the type of tested nuts. The highest content of macro-elements was found in almonds (13,111.60 µg/g), while the lowest in pecans (5425.39 µg/g) and macadamia nuts (6446.19 µg/g). In turn, the highest content of trace elements was determined in pine nuts (192.79 µg/g), while the lowest were in pistachios (93.24 µg/g). Moreover, the content of lead and molybdenum in all tested nuts was below the detection limit of AAS.



The obtained results indicate that the tested nuts are characterized by a significant diversity in the content of both phenolic compounds and minerals. However, all types of nuts, apart from the well-known source of fatty acids, are a rich source of various components with beneficial effect on human health. The results presented in this study could expand the existing knowledge of the chemical composition and presence of phytochemicals in nuts. The results may also be of interest to various groups of scientists, including biochemists, food scientists and nutritionists. In addition, the article can provide consumers with valuable information that can help them choose a specific type of nut, not only taking into account the taste but also the properties of their ingredients.
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Table 1. The concentration of flavonoids in nuts.






Table 1. The concentration of flavonoids in nuts.





	Concentration

(µg/g Fresh Weight)
	Pecan
	Peanut
	Walnut
	Cashew
	Macadamia
	Hazelnut
	Almond
	Pine
	Brazil
	Pistachio





	Catechin
	nd
	8.072 b ± 0.131
	nd
	22.263 a ± 0.249
	1.063 c ± 0.057
	nd
	0.722 c ± 0.056
	0.947 c ± 0.061
	nd
	2.216 c ± 0.229



	Epicatechin
	81.582 b ± 5.954
	4.843 b ± 0.164
	114.296 a ± 20.867
	24.173 b ± 3.044
	4.885 b ± 0.111
	5.625 b ± 0.369
	nd
	1.162 b ± 0.085
	7.280 b ± 0.215
	2.405 b ± 0.138



	Rutin
	nd
	nd
	nd
	0.130 ± 0.007
	nd
	nd
	0.110 ± 0.009
	nd
	nd
	nd



	Myricetin
	1.230 ± 0.081
	nd
	nd
	nd
	nd
	nd
	nd
	nd
	nd
	1.196 ± 0.105



	Pinobanksin
	nd
	0.446 b ± 0.042
	nd
	nd
	0.031 d ± 0.007
	0.188 c ± 0.017
	nd
	nd
	nd
	0.637 a ± 0.037



	Naringenin
	0.116 c ± 0.011
	nd
	nd
	0.021 d ± 0.005
	nd
	0.370 b ± 0.027
	0.496 a ± 0.021
	nd
	nd
	nd



	Quercetin
	0.065 b ± 0.003
	nd
	nd
	nd
	nd
	0.027 b,c ± 0.004
	0.010 c ± 0.002
	0.065 b ± 0.005
	nd
	0.641 a ± 0.037



	Pinocembrin
	0.055 ± 0.005
	nd
	nd
	nd
	nd
	nd
	nd
	0.069 ± 0.006
	nd
	nd



	Apigenin
	0.074 a ± 0.005
	nd
	0.027 c ± 0.004
	0.046 b ± 0.005
	0.019 c ± 0.003
	0.020 c ± 0.005
	nd
	0.031 c ± 0.004
	nd
	nd



	Kaempferol
	0.282 a ± 0.018
	0.115 b ± 0.008
	nd
	0.010 e ± 0.003
	0.017 e ± 0.002
	0.042 d ± 0.003
	0.007 e ± 0.001
	0.071 c ± 0.002
	nd
	0.006 e ± 0.001



	Pinostrobin
	6.335 a ± 0.316
	nd
	0.484 b ± 0.021
	0.352 b,c ± 0.016
	0.388 b ± 0.022
	0.206 b,c ± 0.016
	0.361 b ± 0.019
	0.257 b,c ± 0.012
	0.312 b,c ± 0.009
	nd



	Galangin
	1.169 b ± 0.063
	0.227 c ± 0.021
	0.054 c ± 0.005
	0.010 c ± 0.002
	2.276 a ± 0.247
	0.018 c ± 0.001
	0.011 c ± 0.001
	1.215 b ± 0.108
	0.035 c ± 0.004
	0.007 c ± 0.001



	Sum of flavonoids
	90.908
	13.703
	114.861
	47.005
	8.679
	6.496
	1.717
	77.057
	58.307
	31.738







Expressed as average ± standard deviations. Values denoted with identical letters do not differ significantly; nd—the content under detection limit of UPLC.
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Table 2. The concentration of phenolic acids and CAPE in nuts.
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	Concentration

(µg/g Fresh Weight)
	Pecan
	Peanut
	Walnut
	Cashew
	Macadamia
	Hazelnut
	Almond
	Pine
	Brazil
	Pistachio





	Vanillic acid
	1.040 c ± 0.055
	0.951 c,d ± 0.080
	nd
	nd
	3.164 a ± 0.144
	nd
	nd
	2.154 b ± 0.179
	0.684d ± 0.023
	0.158 e ± 0.008



	Syringic acid
	6.581 a,b ± 0.176
	7.404 a ± 0.336
	nd
	4.285 d ± 0.367
	3.249 e ± 0.688
	0.766 f ± 0.041
	nd
	5.389 c ± 0.168
	nd
	5.768 b,c ± 0.219



	Caffeic acid
	2.950 b ± 0.153
	nd
	5.280 a ± 0.227
	0.012 d ± 0.002
	0.240 d ± 0.015
	nd
	0.050 d ± 0.003
	0.166 d ± 0.027
	1.124 c ± 0.117
	nd



	Sinapic acid
	10.373 a ± 0.817
	0.648 c ± 0.040
	nd
	0.125 c ± 0.035
	0.050 c ± 0.004
	3.431 b ± 0.373
	0.016 c ± 0.004
	0.096 c ± 0.012
	0.124 c ± 0.010
	0.282 c ± 0.020



	Coumaric acid
	0.055 d ± 0.004
	0.965 b ± 0.043
	1.265 a ± 0.064
	0.018 d ± 0.002
	nd
	nd
	nd
	nd
	nd
	0.499 c ± 0.020



	Hydroxycinnamic acid
	nd
	nd
	nd
	nd
	nd
	0.318 ± 0.014
	nd
	0.295 ± 0.016
	nd
	nd



	Ferulic acid
	nd
	0.141 b ± 0.010
	1.648 a ± 0.057
	0.002 c ± 0.000
	nd
	nd
	0.030 c ± 0.002
	nd
	nd
	0.112 b ± 0.010



	Cinnamic acid
	12.774 a ± 2.240
	0.493 b ± 0.012
	0.716 b ± 0.024
	0.126 b ± 0.007
	0.055 b ± 0.006
	0.055 b ± 0.005
	nd
	nd
	nd
	0.114 b ± 0.012



	Sum of phenolic acids
	33.743
	10.602
	8.909
	4.568
	6.758
	4.570
	0.096
	8.100
	1.932
	6.933



	CAPE
	2.959 a ± 0.129
	2.135 b ± 0.144
	nd
	0.108 c ± 0.007
	0.153 c ± 0.015
	0.056 c ± 0.005
	0.090 c ± 0.013
	0.114 c ± 0.013
	nd
	0.012 c ± 0.002







Expressed as average ± standard deviations. Values denoted with identical letters do not differ significantly; nd—the content under detection limit of UPLC.
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Table 3. The content of macro-elements in nuts.
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	Concentration

(µg/g Fresh Weight)
	Pecan
	Peanut
	Walnut
	Cashew
	Macadamia
	Hazelnut
	Almond
	Pine
	Brazil
	Pistachio





	Ca
	388.84 g ± 0.46
	412.32 g ± 2.55
	728.69 e ± 18.63
	289.99 h ± 1.52
	464.99 f ± 2.23
	1218.96 b ± 12.37
	1650.14 a ± 19.86
	216.40 i ± 5.03
	1029.52 c ± 12.50
	873.01 d ± 7.84



	Mg
	1568.10 g ± 7.38
	2309.71 e ± 2.64
	2346.47 e ± 67.65
	3449.93 c ± 24.40
	1881.94 f ± 37.74
	3168.56 d ± 21.72
	4206.70 b ± 40.79
	4372.49 b ± 126.19
	5157.08 a ± 77.94
	1427.22 g ± 50.74



	K
	2974.32 h ± 28.86
	5405.35 b,c ± 37.53
	3664.43 g ± 50.12
	4996.21 e ± 38.18
	2473.88 i ± 26.15
	5533.51 b ± 33.38
	5157.81 d ± 15.20
	5349.90 c ± 33.07
	4302.67 f ± 20.44
	6512.42 a ± 71.48



	Na
	494.13 g ± 7.71
	1110.56 f ± 16.12
	285.50 h ± 16.19
	1160.56 f ± 7.92
	1625.38 d ± 15.72
	2861.86 a ± 14.69
	2096.95 c ± 20.24
	2876.45 a ± 26.19
	1429.01 e ± 12.49
	2446.28 b ± 10.06



	Sum of macro-elements
	5425.39
	9237.94
	7025.09
	9896.69
	6446.19
	12,782.89
	13,111.60
	12,815.24
	11,918.28
	11,258.93







Expressed as average ± standard deviations. Values denoted with identical letters do not differ significantly.
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Table 4. The content of trace elements in nuts.
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	Concentration

(µg/g Fresh Weight)
	Pecan
	Peanut
	Walnut
	Cashew
	Macadamia
	Hazelnut
	Almond
	Pine
	Brazil
	Pistachio





	Zn
	59.90 b ± 0.78
	39.02 e ± 0.61
	39.47 e ± 0.49
	56.42 c ± 0.49
	22.87 h ± 0.18
	30.69 f ± 0.15
	37.82 e ± 0.11
	73.24 a ± 0.79
	50.68 d ± 0.15
	24.63 g ± 0.12



	Cu
	13.56 d ± 0.36
	9.52 e,f ± 0.18
	10.16 e ± 0.15
	23.08 a ± 0.54
	7.41 g ± 0.21
	16.80 c ± 0.15
	9.89 e ± 0.19
	16.40 c ± 0.21
	19.88 b ± 0.17
	8.98 f ± 0.08



	Mn
	34.44 c ± 0.19
	17.80 f ± 0.34
	45.08 b ± 0.20
	21.55 e ± 0.13
	44.40 b ± 0.43
	54.93 a ± 0.53
	25.79 d ± 0.33
	10.89 h ± 0.38
	13.25 g ± 0.09
	12.81 g ± 0.15



	Ni
	13.34 b,c ± 0.39
	8.80 f ± 0.18
	11.76 d,e ± 0.50
	17.98 a ± 0.23
	10.65 e ± 0.39
	14.40 b ± 0.80
	12.57 c,d ± 0.30
	14.22 b ± 0.49
	16.98 a ± 0.20
	13.26 b,c ± 0.24



	Se
	1.14 b ± 0.01
	0.98 b ± 0.01
	1.08 b ± 0.03
	0.87 b ± 0.01
	0.97 b ± 0.04
	0.88 b ± 0.16
	0.98 b ± 0.03
	1.04 b ± 0.01
	11.27 a ± 0.52
	1.10 b ± 0.02



	Fe
	39.39 d ± 2.18
	31.92 f ± 3.64
	37.80 d,e ± 1.14
	68.78 b ± 0.52
	32.41 f ± 0.45
	41.12 d ± 0.03
	50.78 c ± 0.30
	76.53 a ± 0.79
	33.53 e,f ± 0.14
	30.27 f ± 0.55



	Cr
	nd
	nd
	nd
	nd
	nd
	nd
	nd
	nd
	0.55 ± 0.42
	1.32 ± 0.37



	Co
	nd
	nd
	nd
	nd
	0.27 d ± 0.03
	0.05 ± 0.01
	0.25 c.d ± 0.10
	0.47 c ± 0.14
	1.80 a ± 0.18
	0.87 b ± 0.09



	Sum of trace elements
	161.77
	108.04
	145.35
	188.68
	118.98
	158.87
	138.08
	192.79
	147.94
	93.24







Expressed as average ± standard deviations. Values denoted with identical letters do not differ significantly; nd—the content under detection limit of AAS.
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