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Abstract

:

Anthocyanins are flavonoids with an antioxidant effect. They are the pigments that give rich colours to berries, red onions, pomegranates, and grapes. In addition to acting as antioxidants and fighting free radicals, anthocyanins may offer anti-inflammatory, anti-viral, and anti-cancer benefits. Among various types of fruits, blackberries and grapes are distinguished by their rich content in polyphenols, including anthocyanins. The purpose of this study was the identification and quantification of the anthocyanins in black grape skins and blackberries, but also the determination of the total phenolic content and total antioxidant capacity. The grape skins and blackberry extracts were prepared by an ultrasound-assisted acidified ethanol and methanol extraction method, with the 80% methanol solution being the most effective. Alcoholic extracts of blackberries and grape skins were analysed by the HPLC-DAD-MS method. There were five glycosylated anthocyanin compounds in blackberries, eight glycosylated anthocyanins compounds, and seven fragments of anthocyanin derivatives in grape skins identified. It was concluded that the anthocyanin profile of blackberries and grapes revealed mainly anthocyanin monoglycosides and acetylglycosides. Cyanidin-3-glucoside was the main component (86.49%) in blackberries, while, in the grape skins, the main component was delphinidin-3-O-glucoside (about 40.64%). Principal component analysis (PCA) was carried out on the basis of the 13 identified compounds in order to separate the extracts and describe the anthocyanins characteristics of different groups, the findings being in agreement with the experimental results. Compared to methanol extracts, ethanol extracts showed higher antioxidant activity, being related to the total phenolic content for the blackberries. Overall, the obtained results indicated that the blackberries and grapes skins possessed a high antioxidant content, similar to other berries, highlighting their potential use as fresh functional foods or fruit-derived products.
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1. Introduction


One of the most numerous and ubiquitous group of plant metabolites is represented by phenolic compounds constituting an integral part of the human diet. Beside their primary potent antioxidant activity, these compounds display a wide variety of biological functions, mainly related to the intervention in all stages of cancer development including initiation, promotion, progression, invasion, and metastasis [1,2]. Due to their phenolic content, many extracts from plants and fruits have been shown to reduce the oxidative stress-associated inflammatory diseases and cancer [3,4,5], and therefore it may exhibit synergy or additive biological effects due to the unique combination of polyphenols in the extracts prepared from various vegetal samples, using different extraction methods [6,7,8].



Anthocyanins, a group of natural pigments from the flavonoid family, are natural water-soluble compounds widely distributed in fruits and berries [9,10]. They are responsible for the blue, red, and purple colours of many fruits, flowers, and vegetables. These polyphenolic substances are glycosides of polyhydroxy- and polymethoxy-derivatives of 2-phenylbenzopyrylium or the flavylium ion [11,12]. Anthocyanidins are known as the aglycones, being classified as 3-hydroxyanthocyanidins, 3-deoxyanthocyanidins, and O-methylated anthocyanidins, while anthocyanins can be found as anthocyanidin glycosides or acylated anthocyanins. The most common anthocyanidins are Cyanidin, Delphinidin, Malvidin, Pelargonidin, Peonidin and Petunidin (Figure 1). Acylated anthocyanins were also identified in plants, being classified into acryl anthocyanins, coumaroyl anthocyanins, caffeoyl anthocyanins, and malonyl anthocyanins [13].



The literature mentions that fruit-berries (such as blackberries, raspberries, blueberries, red or black berries, and red or black grapes) are rich in anthocyanins [14], natural antioxidants which annihilate action of free radicals, combat oxidative stress, and prevent the occurrence of neuro-degenerative diseases, cardiovascular disorders, and early aging [15,16]. Among different types of fruits, black grape skins and blackberries are distinguished for their high content in anthocyanin pigments [17,18]. Many studies suggest potential health benefits of anthocyanins [16,18], but also their use in industry, as natural colorants [18].



For a long period of time, researchers have been investigating the total phenolic content of different berry fruits. Previous research has indicated that the amount and composition of bioactive compounds (e.g., flavonoids, total phenolics, and acids) in blackberry were primarily determined by the genotype of the plant [19]. It was observed that wild-grown blackberry fruits contained higher levels of total phenolics and antioxidant capacity than cultivated blackberry fruits [20]. An important element that influences the biochemical composition of blackberries is determined by the environment, which includes climate parameters (such as light intensity and temperature) but also agricultural factors (such as soil characteristics and plant development stage), among others [21,22]. It has also been shown in previous research that abiotic conditions have an impact on the quality of fruit, particularly on the useful components of different berry fruits [23]. In response to the above extrinsically conditions, the plant produces defence responses (molecular, physiochemical, physiological, and/or morphological), which include different genes activities that ultimately lead to the synthesis of secondary metabolites with antimicrobial and antioxidant properties [24]. Recently, fruits’ antioxidant capacity has attracted much attention as a potentially valuable marker for determining fruit quality [25]. There is a direct relationship between antioxidant capacity and the availability of efficient oxygen radical scavengers (e.g., vitamin C and phenolic compounds), which play a key role in managing oxidative reactions in the human body and possess anti-carcinogenic properties. Consequently, research studies regarding these attributes have been primarily motivated by the intent to explore new sources of natural antioxidants for use in food supplements or other food applications. In this regard, berry fruits are a very valuable resource due to their phytochemical composition, nutritional value, and antioxidant properties, all of which make it a valuable resource.



Lately, research targeted the analysis of the composition and antioxidant properties of different berry fruits (such as blackberries and grapes) in order to discover the optimal extraction methods of the active compounds. The conventional solvent extraction is the most used technique for the extraction of antioxidant compounds [26], although new non-conventional procedures have been applied as environmentally friendly options, such as microwave, ultrasound, or pressure-assisted extraction, applied alone or combined with the solvent method, in order to decrease energy and solvent demand [27]. This is also the case of the present study, in which the solvent extraction is combined with ultrasonication in order to improve the yields of extraction, but also to reduce the procedure requirements in terms of energy and solvent quantity. Practically, the combination of a classical method and a non-conventional one represents both a novelty and an advantage of this study.



Over the last years, the analytical techniques saw increased development, contributing to a better knowledge of polyphenols and anthocyanins. Once liquid chromatography mass spectrometry (LC/MS) and multiple mass spectrometry (MS/MS and MSn) techniques were developed in the 1990s, polyphenols structures began to be elucidated [28,29]. Various investigations on anthocyanins from grapes and wine have been developed since, making possible the better understanding of their involvement in wine making and aging [14,15]. Additionally, because of the widespread consumption of different berry fruits and the potential benefits they may possess related to human health and preventive medicine, studies such as the present approach are both significant and beneficial to the scientific community.



The objective of this work was the development of a reverse-phase, high-performance liquid chromatography (RP-HPLC) method coupled with diode array (DAD) and mass spectrometer (MS) detection in order to separate, identify, and quantify flavonoid glycosides from blackberries and black grape skins, but also to elucidate the relationship between antioxidant activity and the levels of total anthocyanin and total phenolic content.




2. Materials and Methods


2.1. Raw Materials and Extraction Procedures


Grapes (Othello) and wild blackberries fruit samples (Rubus Fruticosus) were collected from Iasi County, Moldavia region, Romania.



Fresh, ripe fruit samples were frozen and stored in the freezer at −20 ± 1 °C until use. Approximately 30 g of the frozen sample (grape skin and blackberry) were blended to produce a thick puree and then homogenised in 150 mL ethanol or methanol (Sigma Aldrich—Steinheim, Germany) containing HCl (0.01%) (Sigma Aldrich—Steinheim, Germany) using a shaker (Heidolph Unimax 1010, Heidolph Instruments GmbH & Co.—Schwabach, Germany) for dispersion. The samples were then placed in an ultrasonic bath (Elma S 60 H, Elma Hans Schmidbauer GmbH & Co. KG, Singen, Germany) for 40 min at room temperature. The supernatants were collected after filtration and concentrated at 37 °C under reduced pressure in a rotary evaporator (Buchi Rotavapor R-100, BUCHI Labortechnik AG, Flawil, Switzerland). The concentrate extracts were resuspended in ultrapure water produced with a Milli-Q Millipore system (Bedford, MA, USA) in order to obtain stock solutions, and then they were stored at −20 °C for further characterization. The grape skins and blackberries puree was used to prepare various extracts with different solvent combinations of ultrapure water–methanol or ethanol (acidified with 0.01% HCl v/v) to investigate the influence of the solvent on the properties of the extracts. Briefly, 10 g of puree were mixed with 50 mL of extraction solvent. The water–methanol or ethanol (acidified with 0.01% HCl) ratios were: 100/0, 75/25, 50/50, 25/75, 0/100. These two solvents were selected due to some observed aspects: (i) most studies showed that methanol offered the best extraction solvent for polyphenols; (ii) ethanol was chosen because it is non-toxic and the extracts will be further used to evaluate their antiproliferative effect, the methanol being not an option for this kind of study; (iii) both solvents were compared in order to evaluate the degree of extraction; and (iv) they are cheap and easy to handle compared to other solvents (such as ethyl acetate) [30].




2.2. Total Polyphenolic Content


Total phenolic content was estimated using the Folin–Ciocalteu method for total phenolic [31]. Folin–Ciocalteu method determines -OH groups based on the fact that light absorption increases as the number of -OH groups in a sample increases. Phenolic compounds react with Folin–Ciocalteu’s reagent only under basic conditions (adjusted by a sodium carbonate solution to pH = 10). Briefly, diluted samples were mixed with Folin–Ciocalteu reagent (0.1 N) (Sigma Aldrich—Steinheim, Germany) and then treated with a saturated solution of sodium carbonate (Merck—Darmstadt, Germany) to maintain the reaction pH at 10. The absorbance was measured at 765 nm with a Specord 250 UV-VIS Spectrophotometer (Analytik Jena AG—Jena, Germany) after incubation for 2 h at room temperature. Total phenolic content was calculated as Gallic acid equivalent based on the standard curve with a Gallic acid standard prepared in corresponding conditions (Figure 2).




2.3. HPLC-DAD-MS Method


The fruits extracts were subjected to chromatographic separation using Agilent 1200 Series HPLC—DAD (Agilent Technologies—Santa Clara, CA, USA) system, using a reversed-phase chromatography column (Zorbax 300 Extended-C18, 4.6 × 150 mm, 5 mm) (Agilent Technologies—Santa Clara, CA, USA), solvent degasser, binary pump, automatic injector (range of up to 100 samples), and UV-VIS detector DAD (diode array detector). To identify the anthocyanin extracts components, an Agilent 6500 Series Accurate-Mass Quadrupole Time-of-Flight (Q-TOF) LC/MS QLC/TOF MS was used (Agilent Technologies—Santa Clara, CA, USA). The extracts were separated at room temperature by injecting a volume of 10 μL concentrated sample and filtered through a PTFE filter of 0.2 μm (Millipore—Merck, Darmstadt, Germany), with a flow rate of 1 mL/min (with splitter to 7:3 mass spectrometer) using several solvent systems and gradient programs. To separate and identify anthocyanins, it was used the following gradient program: isocratic 2% B, 0–7 min, 2–20% B, 7–22 min, 20–30%B, 22–30 min, 30–40%B, 30–40 min, 40–2%B from 40–42 min, and the column equilibration 2% B for another 5 min, where (A) is a mixture of ultrapure water produced with a Milli-Q Millipore system (Bedford, MA, USA): formic acid (99:1, v/v) (Sigma Aldrich—Steinheim, Germany), and (B) is a mixture of acetonitrile (Sigma Aldrich—Steinheim, Germany):solvent A (80:20, v/v). Solvents were filtered and degassed before use. The separation was monitored by a UV-VIS DAD detector at 520 nm; an LC system was directly connected to the electrospray ionization source (ESI) mass spectrometry. Conditions selected in Q/TOF MS were: ESI in positive mode, drying gas flow (N2) 6 L/min gas temperature 220 °C; nebulisers pressure of 15 psig, capillary voltage 4200 V; fragmentation voltage of 200 V; and the compounds were investigated on the m/z 100–3000. The data were processed using the MassHunter Workstation software.




2.4. Monomeric Anthocyanin and Polymeric Colour Measurement


Anthocyanin content was determined by the pH differential method based on the property of anthocyanin pigments to change the colour with pH, described by Giusti and Wrolstad [32]. Total anthocyanin content was calculated as the content of cyanidin-3-glucoside (MW = 449.2 g/mol, anthocyanin dominant in blackberries) by using a molar extinction coefficient of 26,900 cm−1/mgL and the content of delphinidin-3-glucoside (MW = 465.2 g/mol, anthocyanin dominant in grape skins) by using a molar extinction coefficient molecular 34,700 cm−1/mgL as follows:


   Anthocyanin   content        mg  L    =   A × MW × DF × 1000   / ε × 1    



(1)




where A = (A510nm − A700nm)pH 1.0 - (A510nm − A700nm)pH 4.5, MW = 449.2, and ε = 26,900 for cyanidin-3-glucoside, respectively, and MW = 465.2, ε = 34,700 for delphinidin-3-glucoside where DF = dilution factor.



Colour density and polymeric colour were calculated using absorption at 420, 510, and 700 nm with and without bisulphite treatment. The percentage of polymeric colour was determined by the ratio of polymerized colour to colour density.




2.5. Trolox Equivalent Antioxidant Capacity (TEAC) Assay


The antioxidant activities of the extracts were determined using TEAC assay. The TEAC assay for the extracts was carried out using a Specord 250 UV-Vis Spectrophotometer following a procedure from literature [33] with minor modification. ABTS•+ was produced by reacting 7 mM ABTS with 2.5 mM potassium persulfate for 18 h in the dark at room temperature. The ABTS•+ solution was diluted with water to an absorbance of 0.70 at 734 nm and equilibrated at 25 °C. Samples of 20 µL or Trolox standards in ethanol were added to 980 µL of diluted ABTS•+ solution. The absorbance readings were taken continuously for 7 min at 734 nm and 25 °C. The standard curve was generated based on the percentage of the blank absorbance by Trolox at 7 min versus Trolox concentration. The total antioxidant capacity (TAC) per gram of blackberry and grape skin concentrates was calculated as Trolox equivalent (TE), C (μM TE) = (% of inhibition—Intercept)/Slope), based on the percentage of inhibition of the blank absorbance by samples at 7 min, using the following equation:


   TAC         μ mol   TE     g   concentrate   extract      =    C       μ M   TE     x   Volume       μ L   concentrate   stock       Weight       g   dried   concentrate   extract       



(2)








2.6. Statistical Analysis


The obtained results were statistically processed using XLSTAT Addinsoft 2014.5.03 software version (Addinsoft, New York, NY, USA). The correlation coefficients and their statistical significance were determined using Pearson’s correlation analysis, while for identifying unsupervised grouping of the samples, principal component analysis (PCA) was performed.





3. Results


This study provides a comprehensive evaluation of GSE and BE from Romania-grown black grapes’ skin and blackberries including extraction methods and characterization. Solvent extraction of phenolic compounds from fresh, dried, or freeze-dried fruit materials has been the most common method in fruit sample preparation. The solvents generally used were methanol, ethanol, acetone, water, and their mixtures. To obtain high yield of anthocyanins in the extract, solvents were usually mildly acidified to facilitate the liberation and solubilisation of anthocyanins from the fruit tissue and to stabilize anthocyanins as well. The relative recovery efficiency between solvents varied with different plant materials. For example, it was found that methanol was 20% more effective than ethanol and 73% more effective than water in recovering anthocyanins from grape pomace [34]. However, water was more effective in recovering anthocyanins from purple corn waste than acidified water or ethanol [32]. In addition to the solvent system, other factors such as temperature and time are important. It has been reported that elevated temperature improves extraction efficiency due to enhanced solubility and the diffusion rate of compounds into the solvent. However, high temperature accelerates anthocyanin degradation in the extraction process. A few extraction technologies, such as pressurized liquid extraction, have been developed to enable the rapid extraction of anthocyanins and other phenolics at high temperatures (>50 °C) [35], and they were found to be successful in retarding anthocyanin degradation during processing. It was also found that ultrasound-assisted solvent extraction was more efficient for extracting anthocyanin than conventional solvent extraction due to the strong disruption of the fruit tissue under ultrasonic acoustic cavitation [36].



An ultrasound-assisted acidified ethanol and methanol extraction method was used for grape skin and blackberry extracts preparation. Total anthocyanin (TA) and phenolic content (TC), polymeric colour (PC), and the total antioxidant activity (TAC) of the grape skin and blackberry extracts are shown in Table 1.



Using the same extraction method, it was found that the total anthocyanin and phenolic content, polymeric colour, and total antioxidant activity were comparable between grape skin and blackberry extracts. It was found that blackberries had a higher content of both polyphenols and anthocyanins and significantly increased polymeric colour, both for extraction with ethanol and methanol, but the TAC values were higher for ethanol extracts than the methanol extracts. In addition, the percentage of polymeric colour was about 45% higher for blackberries and about 35% for ethanolic extracts, indicating that more polymeric browning products were extracted from blackberry than grape skin.



To investigate the effect of the extraction solvents with different ethanol to water ratios on the properties of the extracts, a series of GSE and BE were prepared from grape skin puree and blackberry puree using a solvent system with 0 to 100% ethanol content and two (one for grape skin and one for blackberry) extracts with 80% methanol content. As shown in Figure 3, the GSE and BE obtained using solvents with 25–70% ethanol contained about the same content in total polyphenols, the largest amount being obtained when 50% ethanol was used, while the same amount was obtained when 80% methanol was used for blackberries. For both blackberries and grapes, 80% methanol was the most effective, but in order to further study biological effects (such as anti-tumour effect), it is indicated to use ethanol, methanol being toxic for living beings.



In order to test this hypothesis, the GSE and BE different solvent extractions HPLC profiles were investigated. Figure 4 presents ESI/MS mass spectra for grape skin extract and the HPLC profile that showed thirteen picks, four of them being of high intensity (peaks 3, 4, 11, and 12), while the blackberry extracts profile showed six picks, one major (pick 1) and one unidentified (peak 6), as presented in Figure 5.



Peaks identification was carried out based on the molecular weight and structural information obtained from their MS spectra, in addition to their retention times from HPLC-UV-visible spectra (Table 2) [14].



Delphinidin-3-O-glucoside (peak 3, Figure 3) was the main component (40.64%) in GSE with the respective parent and daughter ion pairs (m/z 469/303), and Cyanidin-3-glucoside (peak 1, Figure 4) was the main component (86.49%) in BE with the respective parent and daughter ion pairs (m/z 453/287). The other three major peaks (peak 4, 17.82%; peak 11, 9.71%; and peak 12, 6.01%) revealed the m/z values of 453/287, which were identified as cyanidin-3-glucoside 535/287, and 807, 617, 601 which were identified as malvidin derivatives. As shown in Table 2, all molar masses are higher for almost all compounds, e.g., molar mass for cyanidin-3-glycoside is 449, and the mass spectrum shows 453 and the corresponding 287 for cyanidin. This may be due to the presence of deuterium atoms. The MS/MS spectrum of the ion at m/z, for example, shows ions at m/z 186 for grape skin extract and m/z 228 for blackberry extract. Substitution of a D for H leads to the fragment ion at m/z 186 corresponding to C2HDO loss, while the ion at m/z 228 could correspond to losses of H2O. Fragmentations were definitively confirmed by accurate mass measurements.



In order to separate these extracts and describe the anthocyanins characteristics of different groups, a principal component analysis (PCA) was carried out on the basis of the 13 identified compounds. PCA was applied to the raw data in order to reduce the number of dimensions of the system. A total of four principal components with eigenvalues >1 was obtained, explaining 100% of the total variance for the Othello grape skin extract. PC1 and PC2 possessed relatively high percentages of variance (57.17 and 19.53%, respectively). PC1 was mainly represented by delphinidin derivatives (D1, D2, and D3), M3 and M4 malvidin derivatives, and Cyanidin-3-glucoside-ethyl-coumaroyl. PC2 consisted primarily of the M1, C4, M5, and M6 malvidin derivatives, the first two with negative PC2 values. Figure 6 show the distribution of samples along these two principal components as well as the component weights of anthocyanins. On these biplots we can visualise sample differences, positive or negative correlations between anthocyanins, and the relationships that may exist between some groups of extracts and specified anthocyanins.



Thus, Figure 6 shows that PC1 allowed the clustering of extracts of S3, S4, and S2 because of their high relative concentrations in M1, M4, M5, D1, D2, and D3. On the opposite side of PC1, the S1 extract is located and could be related to the cyanidin derivatives. According to the Pearson analysis, the C3-D2, C3-M3, D1-D3, D1-D4, D2-M3, D3-M1, D3-M4, and M2-M3 variables groups were identified as strongly positive correlated, while the C3-D1, C3-D3, C3-M1, D1-D2, D1-M3, D2-D3, D2-M4, D3-M3, and M3-M4 groups present strong negative correlation. Among the five different extracts, S3, S4, and S2 are associated with the majority of this correlations, indicating that these mixtures are the most appropriate for the Othello grape seeds’ anthocyanins extraction. These findings are in agreement with the results obtained in the investigation of the total polyphenols. The same principle was applied for the blackberry samples that have been subjected to the same types of extractions, observing that a good anthocyanin extraction yield was achieved for the 50–50% mixture.



For the determination of the antioxidant activity of grape skin and blackberry extracts (Table 1), the ABTS method was used. The assay was based on the relative ability of antioxidants to scavenge the cation radical ABTS•+ [37].



The highest TAC (µmol Trolox g−1GSE and/or BE) value was observed in the blackberry extract (264.27). Compared to methanol extracts, ethanol extracts showed higher antioxidant activity (264.27 toward 189.30 for blackberry and 216.19 toward 168.26 for grape skin). Equivalents of standards were calculated on the basis of standard regression line for gallic acid (R2 = 0.9973) and the standard regression line of Trolox was used to calculate TEAC (Trolox equivalent antioxidant capacity) (R2 = 0.9921). Percentage of inhibition was high in the case of both grape skin extract (Figure 7) and blackberry extract (Figure 8).



The TAC value can be considered as a stoichiometric number that can be correlated with a Trolox value of one. Indeed, many studies reported TAC values that depended not only on the phenolic content, but also on the phenolic compounds type and the reaction mechanisms [38]. This may suggest that TP can not be singularly used to explain the determined antioxidant activities of the extracts, which are in fact mixtures of various compounds with variable activities.



Figure 9 presents the correlations between TP, TA, PC, and TAC as a function of the extraction method.



It can be observed that the highest TP values were obtained when 50% ethanol and 80% methanol were used as solvents for blackberries. At the same time, when 80% methanol was used, the TA, PC, and TAC decreased. In the case of black grape skins, the highest values of TP were observed when 80% methanol was used, but with a trade-off regarding the TA, PC, and TAC values. When 50% ethanol was used, the TP was lower, but it was observed increased values for TA, PC, and TAC.



Previous studies have reported that the higher phenolic content in the extracts resulted in higher antioxidant activity, which was in agreement with a positive correlation between TP and antioxidant activity [39,40]. So, in order to obtain the detail correlations between antioxidant capacity and the TPC, the correlation analyses were conducted (Table 3).



The significant correlations between the antioxidant properties and TP were found. The TP was highly associated with scavenging ability against ABTS (r = 0.977) for blackberries ethanolic extract. So, the data indicated that the phenolic compounds were considered responsible for effective antioxidant properties.



When compared with other methods [41,42], the developed HPLC method has one major advantage, allowing a proper separation of more anthocyanins from all berries extracts. This separation is also due to the selected extraction methods. Compared with other studies, it was observed that the ethanol and methanol extraction methods improved the antioxidant capacity of the grape skins, from 200 µM Trolox/g extract [42] to 216 µM TROLOX/g extract. Additionally, it was observed that the total phenolic content increased from 12.3 mg GAE/g extract to 14 mg GAE/g ethanolic extract and 21 mg GAE/g methanolic extract. Despite there being a lack of information regarding the studied grapes (Othello type), it was demonstrated that they contain important amounts of polyphenols, and further studies should be performed in order to be able to use them as fresh functional foods or fruit-derived products.




4. Conclusions


The purpose of this research was to obtain, study, and compare some red grape skin and blackberry extracts from Romania-grown fruits that contain high amounts of anthocyanins and polyphenols with high antioxidant activity potential. For grape skins and blackberries extracts, ultrasound-assisted acidified ethanol and methanol extraction methods were used. It was found that the total anthocyanin and phenolic content, polymeric colour and total antioxidant activity were comparable between grape skins and blackberries extracts. Compared to grape skins, blackberries had a higher content of both polyphenols and anthocyanins and significantly increased polymeric colour both for extraction with ethanol and methanol, but the TAC values were higher for ethanol extracts than the methanol extracts. In addition, the percentage of polymeric colour was about 45% higher for blackberries and about 35% for grape skins extracts, indicating that more polymeric browning products were extracted from blackberries than grape skins.



The effect of the extraction solvents was investigated using different ethanol- (0 to 100% ethanol) to-water ratios on the properties of the extracts and, also, using 80% methanol content. In the range of 25–70% ethanol, the polyphenols amount was almost the same, the largest amount being obtained when 50% ethanol was used. For both blackberries and grapes, the methanol 80% has been shown to be the most effective, but to study the biological effects (such as anti-tumoral), the use of ethanol should be indicated, due to the toxicity of the methanol.



For the identification and quantification of the flavonoid glycosides from blackberries and black grape skins, a reverse phase high performance liquid chromatography (RP-HPLC) method was used coupled with diode array (DAD) and mass spectrometer (MS) detection. After the identification and quantification of the extracts, thirteen peaks for grape skins and five peaks for blackberries were obtained. Cyanidin-3-glucoside was the main component (86.49%) in blackberries, in accordance with the literature [43]. In the grape skins the main component was delphinidin-3-O-glucoside (about 40.64%). The obtained results indicated that the studied samples presented a high antioxidant content, similar to berries and other common fruits that have been reported as presenting a high antioxidant composition, this finding indicating their potential use as fresh functional foods or fruit-derived products (e.g., juices and fruit drinks). Because of their antioxidative potential, bioactive compounds from grape skin, framed as waste in some food industries, are not only critical elements of low-cost natural foods that are suitable for human consumption, but also have the potential to be valuable ingredients in the pharmaceutical industry.
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Figure 1. General structure for anthocyanin pigments (A and B rings were labelled). 
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Figure 2. Folin–Ciocalteu Gallic Acid Standard Curve. 
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Figure 3. Variation in polyphenol content by solvent concentration. 
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Figure 4. The total ESI/MS positive—ion mode analysis and HPLC profile of Othello grape skin extract. The red numbers represents the peak number so that it can be identified in Table 2. 
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Figure 5. The total ESI/MS positive—ion mode analysis and HPLC profile of blackberry extract. The red number represents the peak number so that it can be identified in Table 2. 






Figure 5. The total ESI/MS positive—ion mode analysis and HPLC profile of blackberry extract. The red number represents the peak number so that it can be identified in Table 2.



[image: Applsci 12 00936 g005]







[image: Applsci 12 00936 g006 550] 





Figure 6. Distribution patterns of 13 variables and 5 different extracts belonging to the Othello grape samples in the two-dimensional space of PC1 and PC2 (the abbreviations of variables are presented in Table 2). 
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Figure 7. Percentage inhibition for grape skin extract in ABTS+ scavenging activity. 
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Figure 8. Percentage inhibition for blackberry extract in ABTS+ scavenging activity. 
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Figure 9. Correlation between TP, TA, PC, and TAC. 
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Table 1. Composition and characterization of grape skin and blackberry extracts.
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	Raw Material
	TC (mg/g)
	TA

(mg/g)
	PC

(%)
	TAC

(µmol TE/g Extract)





	Blackberry puree (50% EOH)
	25.83
	18.80
	15.88
	264.27



	Grape skin puree (50% EOH)
	14.00
	11.06
	8.97
	216.19



	Blackberry puree (80% MeOH)
	26.40
	13.90
	10.30
	189.30



	Grape skin puree (80% MeOH)
	21.30
	7.65
	5.22
	168.26
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Table 2. Peak assignment, retention time, mass special data, and percentage of grape skin and blackberry anthocyanins detected by HPLC and Electrospray Ionization-MS.
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Peak Number

	
RT

(min)

	
m/z

	
Mass Assignment

(M+ Sau [M + H]+)

	
Abv. *

	
Anthocyanin Content (%)






	
Othello grape skin extract




	
1

	
13.9

	
633

	
Malvidin-Delphinidin (MvDp_ fragment)

	
M1

	
1.87




	
2

	
15.1

	
617

	
Malvidin-Cyanidin (MvCy) fragment

	
M2

	
1.87




	
3

	
16.2

	
469/303

	
Delphinidin-3-O-glucoside

	
D1

	
40.64




	
4

	
17.6

	
453/287

	
Cyanidin-3-O-glucoside

	
C1

	
17.82




	
5

	
18.2

	
453/287

	
Cyanidin-3-O-galactoside

	
C2

	
5.75




	
6

	
19.7

	
467/303

	
Delphinidin-3-O-glucoside

	
D2

	
5.44




	
7

	
21.5

	
511/303

	
Delphinidin-3-(6-O-acetylglucoside)

	
D3

	
4.25




	
8

	
23.2

	
779/287

495

	
Malvidin-Cyanidin (MvCy) fragment + glucose (G)

Malvidin-3-O-glucoside

	
M3

	
4.75




	
9

	
24.7

	
763

	
Cyanidin-3-glucoside-Ethyl-coumaroyl (Cy-3-glc-Ethyl-C)

	
C3

	
1.16




	
10

	
25.1

	
763

617

	
Cyanidin-3-glucoside-Ethyl-coumaroyl (Cy-3-glc-Ethyl-C)

Malvidin-Cyanidin (MvCy) fragment

	
C4

	
0.53




	
11

	
25.8

	
807

617

	
Malvidin-3-glucoside-8- vinyl(epi)catechin (Mv-3-glu-8-vinyl(epi)catechin)

Malvidin-Cyanidin (MvCy) fragment

	
M4

	
9.71




	
12

	
26.8

	
601

	
Malvidin-3-(6-O-acetylglucoside) pyruvate

	
M5

	
6.01




	
13

	
28.1

	
645

	
Malvidin-Petunidin fragment (MvPt)

	
M6

	
0.16




	
Blackberry extract




	
1

	
18.0

	
453/287

	
Cyanidin-3-O-glucoside

	
Cb1

	
86.49




	
2

	
19.7

	
437/303

	
Delphinidin-3-xyloside

	
D b1

	
0.26




	
3

	
20.7

	
422/287

	
Cyanidin-3-O-arabinoside

	
Cb2

	
6.40




	
4

	
21.4

	
540/287

	
Cyanidin-3-malonyl-glucoside

	
Cb3

	
2.15




	
5

	
22.9

	
598/287

	
Cyanidin-3-rutinoside

	
Cb4

	
4.57








* Abv.—abbreviation.
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Table 3. Pearson’s correlation coefficients for total phenolic content (TP) and antioxidant activity.






Table 3. Pearson’s correlation coefficients for total phenolic content (TP) and antioxidant activity.












	Blackberries (50% EOH)
	TP
	TA
	PC
	TAC





	TP
	1.000
	0.728
	0.615
	0.977



	TA
	
	1.000
	0.845
	0.711



	PC
	
	
	1.000
	0.601



	TAC
	
	
	
	1.000



	Grape skins (50% EOH)
	TP
	TA
	PC
	TAC



	TP
	1.000
	0.790
	0.641
	0.648



	TA
	
	1.000
	0.811
	0.512



	PC
	
	
	1.000
	0.415



	TAC
	
	
	
	1.000



	Blackberries (80% MeOH)
	TP
	TA
	PC
	TAC



	TP
	1.000
	0.527
	0.390
	0.717



	TA
	
	1.000
	0.741
	0.734



	PC
	
	
	1.000
	0.544



	TAC
	
	
	
	1.000



	Grape skins (80% MeOH)
	TP
	TA
	PC
	TAC



	TP
	1.000
	0.359
	0.245
	0.790



	TA
	
	1.000
	0.682
	0.455



	PC
	
	
	1.000
	0.310



	TAC
	
	
	
	1.000
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