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Abstract


Globe artichoke (Cynara scolymus L.) is considered one of the most significant sources of phenolic antioxidants in nature. However, more than 60% of its total volume is discarded for consumption purposes, making available an abundant, inexpensive and profitable source of natural antioxidants in the discarded fractions. Polyphenolic antioxidants from a South American variety of artichoke agro-industrial discards (external bracts and stems) were obtained by mild extraction processes. Best results were achieved at 40 °C, 75% of ethanol and 10 min of reaction, obtaining 2.16 g gallic acid equivalent (GAE)/100 g of total phenolic compounds (TPC) and 55,472.34 µmol Trolox equivalent (TE)/100 g of antioxidant capacity (oxygen radical absorbance capacity (ORAC)). High-performance liquid chromatography (HPLC) analyses determined that caffeoylquinic acids comprise up to 85% of the total polyphenolic content, and only around 5% are flavonoids. Inulin content in the artichokes residues was recovered (48.4% dry weight (dw)), resulting in an extract with 28% of inulin in addition to the aforementioned antioxidant capacity. The artichoke discard extract in a concentration of 500 mg/L produced a strong decrease in Caco-2 and MCF-7 cancer cell lines viability, whereas healthy fibroblasts maintained their viability when the extract was concentrated at 1500 mg/L. These results suggest that the artichoke extract presents a good anti-proliferative potential effect on Caco-2 and MCF-7 cells.
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1. Introduction


Globe artichoke (Cynara scolymus L.) is a herbaceous perennial plant belonging to the Asteraceae family. The artichoke is considered one of the vegetables with the highest antioxidant capacity and content of polyphenols and presents a significant content of fructooligosaccharides such as inulin. These kinds of compounds provide substantial health-promoting benefits. Artichokes are commercialized fresh, depending on the seasonality of producing countries, although most of the world production of this vegetable is destined to downstream processes, mainly as a canned food [1,2,3]. In this regard, only the heart and some inner bracts of the artichoke are traded as canned products, while 60–85% of the total processed dried matter of the vegetable is discarded [1,4,5,6]. This great volume of discards, comprising substantial amounts of valuable bioactive compounds, seems reasonable to be used as natural materials to make rational use of in a vast number of fields, particularly—and for the reasons mentioned above—as functional ingredients for the food and nutraceutical industries [4,6,7].



In this aspect, different studies [1,4,5,8,9] have shown the potential of polyphenolic compounds found in artichokes, both for their antioxidant activity and as health protectors. Some of the biological properties reported for artichokes are: hypocholesterolemic [1,3,4,8,10], anti-inflammatory [4,5,8,9], anticarcinogenic [8,11,12,13,14], antidyspeptic [15], antiseptic and antibiotic, among other health-benefiting activities [1,4,5,7,8,9,10,16,17,18]. It is also worth noting that extracts from the edible part of artichoke have a positive effect against cancer cell lines, decreasing their viability and/or cellular concentration, particularly in colon and breast cancer cells [12,13,14]. However, this same effect has not yet been studied in industrially produced vegetable discards.



In addition to this, artichokes, mainly in their “heart” fractions, contain inulin, which is a soluble fiber. This compound has applications in the nutraceutical and pharmaceutical industries due to its health-benefiting properties: digestibility, fat absorption, and water and mineral binding capacities [2,4,19]. The prebiotic activity of inulin has been vastly reported, with bifidogenic and lactobacillogenic effects even at low doses [13,20], amongst other activities [2,21]. Because of all the aforementioned properties, it would be interesting to study whether a process developed to recover antioxidants from artichoke discards (bracts) would also allow inulin to be recovered, and if so, to further examine the potential synergetic effect displayed in combination with phenolic compounds.



Previous studies have shown aqueous ethanolic solutions to be efficient in the extraction of polyphenols from artichokes, keeping their antioxidant capacity (AOC) active [12,13]. However, these studies were mainly developed using extracts from the edible fraction of the artichoke; either with different proportions of bracts, receptacles and stems, or from bracts obtained from fresh raw material. Therefore these conditions do not necessarily conform to those of the industrial processes where they are discarded. However, these characteristics do not usually match when the raw material is an industrial discard/byproduct. In addition to this, the aforementioned reports [12,13] do not evaluate the effect of some of the operational conditions of the extraction process on the antioxidant activity of the extract, nor do they evaluate the presence of inuline in the extract.



Consequently, this study aims to establish adequate operational conditions to obtain an extract from artichoke discards characterized in terms of phenolic compounds with AOC and inulin content. We also aim to study its effect on Caco-2 and MCF-7 cancer cell lines, to gain further knowledge about the alternative use of this agro-industrial discard and its subsequent valorization.




2. Materials and Methods


2.1. Raw Material and Reagents


Discarded outer bracts and, in a much lower proportion, stems of artichoke (Cynara scolymus L.), were provided by Penztke factory (San Felipe, Chile). Three batches of discards delivered by the company between September and November (spring) were used. The samples were frozen at −20 °C. Afterwards, equal amounts of each batch were mixed, obtaining a single sample of artichoke discards, which was freeze-dried (−53 °C, 10 mTorr), ground (particle size < 1.4 mm) and finally vacuum-packed to be stored at room temperature until further use.



Artichoke discards were characterized by their proximal composition. Moisture, proteins, lipids, ashes fractions and non-nitrogen extracts were determined according to Association of Official Analytical Chemists (AOAC)(1990) methods. Total dietary fiber was measured using a commercial enzymatic kit (K-TDFR; Megazyme Ltd., Chicago, IL, USA) according to AOAC 991.43 and AOAC 985.29 (1990).



Reagents such as Folin–Ciocalteu phenol reagent, NaCO3, NaOH, ZnSO4 and Vanillin were obtained from Merck (Darmstadt, Germany). Fluorescein, AAPH (2,2-azobis (2 methylpropionamidine) dihydrochloride), phosphate buffered tablets, gallic acid and Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid) were purchased from Sigma-Aldrich (St. Louis, MO, USA). Acetonitrile and formic acid were from Sigma-Aldrich (St. Louis, MO, USA). Ethanol and other solvents were obtained from Merck (Darmstadt, Germany). HPLC standards—chlorogenic acid (3-O-caffeoylquinic acid), neochlorogenic acid (5-O-caffeoylquinic acid), cynarin (1,3-di-O-caffeoylquinic acid) and the flavones luteolin (3′,4′,5,7-tetrahydroxyflavone), apigenin (4′,5,7-trihydroxyflavone) and apigenin-7-O-glucoside—were purchased from Sigma-Aldrich (St. Louis, MO, USA).




2.2. Hydroalcoholic Extraction


The extraction was performed in an orbital shaker at 200 rpm using a 1:20 sample/solvent ratio and ethanol in concentrations of 25%, 50%, 75% and 100% as the extracting solvent. This process was performed at 30 °C, 40 °C, 50 °C and 60 °C of temperature and 10, 20, 40 and 60 min as extraction times. The resultant extracts were recovered by filtration and measured, and the presence of bioactive compounds was analyzed. After the best extraction conditions in this study were selected, the extract was used for the anti-proliferative evaluation. Then the ethanol in the extract was evaporated under vacuum and lyophilized.




2.3. Bioactive Compound Determination


Inulin content determination: Inulin content of the extracts was determined with the vanillin method proposed by Levine and Becker (1959) [22]. Briefly, a deproteinization of the sample was performed by mixing 1 mL of sample, 5 mL of Milli-Q water, 2 mL of ZnSO4·10H2O 10%, and 2 mL of NaOH 0.5 N. The mixture was then filtrated and the volume quantified. In a test tube 2 mL of the filtrate, 0.8 mL of vanillin 1%, and 2.2 mL of sulfuric acid were placed, shaken for 10 s and boiled for 2 min, then cooled down in an ice bath for further 2 min and finally left to stand for 15 min at room temperature. Afterwards, absorbance was read at 520 nm. A standard curve was created using the same procedure with commercial inulin (10–70 µg/mL) as control. The results are expressed as grams of inulin per 100 g of dried weight matter (g Inulin/100 g dry weight (dw)).



Determination of total phenolic content (TPC): TPC was determined according to Soto et al. (2014) [14]. Briefly, 0.5 mL of sample was added to a test tube containing 3.75 mL of distilled water, 0.25 mL of Folin-Ciocalteu reagent 50% and 0.5 mL of sodium carbonate 10%. After shaking, samples were left to stand at room temperature for 1–2 h until measured on a spectrophotometer at a 765 nm wavelength. The obtained absorbance was then interpolated in a calibration curve with gallic acid. The results are presented as milligram equivalents of gallic acid per 100 g of dry weight matter (mg GAE/100 g (dw)).



Determination of antioxidant capacity (AOC): The AOC of the extract was determined by the oxygen radical absorbance capacity (ORAC) technique. The protocol proposed by Garret et al. (2009) [23] was followed—200 µL of fluorescein (108 nM in phosphate buffered saline-PBS, pH 7.4) and 20 µL of the extract were placed in a test tube. The samples were incubated at 37 °C for 10 min, and subsequently, 75 µL of AAPH (79.7 mM in PBS buffer pH 7.4) was added to initiate the reactive oxygen species (ROS) generation. Fluorescence was then monitored for 60 min, using 485/538 nm excitation/emission wavelengths. Results are based on the area displayed under the curve (AUC) as the fluorescence signal decrease, compared to the AUC of a curve made with Trolox as standard antioxidant. The results are expressed as µmol Trolox equivalents per 100 g of dry weight matter (µmolTE /100 g (dw)).



Polyphenol Characterization: The polyphenolic profile of the artichoke extracts was determined using HPLC equipment (Z220 HDm3; Agilent, Santa Clara, CA, USA) with diode array detector (DAD) and a Zorbax Eclipse XDB-C18 column (4.6 mm × 150 mm, 5 µm particle size; Agilent, Santa Clara, CA, USA). The method followed was that proposed by Pandino et al. (2013) [24] with adaptations (for all the standards the limit of quantification used was 10 mg/L); mobile phases were A: 98% H2O with 2% formic acid, and B: 98% acetonitrile with 2% formic acid. A flow rate of 1 mL/min was set throughout the gradient: 5% B for 5 min, 10% B for 10 min, 40% B for 15 min, 90% B for 5 min and back to 5% B for a further 5 min. Apigenin-7-glucoside, Apigenin, Chlorogenic acid, Cynarin and Luteolin were used as standards. The reading wavelength throughout the analysis was 320 nm.




2.4. Carcinogenic Cell Lines Studies


The effect of a selected extract of artichoke bracts on the viability of different cell lines was assessed according to Cobs-Rosas et al. (2015) [25]. Briefly, assays were performed on gingival fibroblasts (Inbiocriotec Ltda; Viña del Mar, Chili) as non-tumoral cell line, MCF-7 breast cancer cells (ATCC® HTB-22™) and Caco-2 colorectal carcinoma epithelial cells (ATCC® HTB-37™). These were grown in a culture flask containing Dulbecco’s Modified Eagle’s Medium (Corning® DMEM; Mediatech Inc, Manassas, VA, USA) supplemented with glutamine 2 mM, 10% fetal bovine serum (FBS; Biological Industries, Connecticut, CT, USA) and penicillin 100 IU/mL, streptomycin 10 μg/mL (Invitrogen®; Thermo Fisher Scientific., Carlsbad, CA, USA) in an incubator (FormaTM; Thermo Fisher Scientific, Waltham, MA, USA) with humidified environment and 5% CO2, at 37 °C. The culture media was replaced when required and trypsinized before the confluence. The cells were cultivated in a plate with 96 flat-bottom wells at a rate of 5 × 103 cells per well.



A lyophilized extract of artichoke discards was resuspended in the produced cell culture and filtrated through a 20 µm filter. The cells were exposed to different concentrations of the extract for 24 h. Subsequently, the media was removed and replaced with 200 µL of a 4 mg/L resazurin solution and incubated in 5% CO2 at 37 °C for 4 h. Fluorescence was measured at 544/590 excitation/emission wavelengths (Appliskan plate reader; Thermo Fisher Scientific, Waltham, MA, USA). The resulting fluorescence detected is proportional to the number of viable cells present.




2.5. Statistical Analysis


The test used to analyze the relation between variables statistically—time and temperature of extraction and concentration of solvent with TPC and AOC obtained in the extracts—was the non-parametric Kruskal–Wallis test. Program R was the statistical platform; p-value < 0.05 was considered statistically significant.





3. Results


3.1. Proximal Characterization


The raw sample had a moisture content of 86%. Figure 1 shows the proximal analysis of a sample of lyophilized artichoke discards on a dry basis. It is worth noting the high amount of fiber found (52.91%), with an insoluble/soluble dietary fiber ratio of 2.3—a value within FAO (Food and Agriculture Organization of the United Nations) and WHO (World Health Organization) recommendations. The sugar content of artichoke discards is about 16%. Inulin content is about 7%.




3.2. Total Phenolic Content (TPC) and Antioxidant Capacity (AOC)


Figure 2 and Figure 3 show the results of TPC as mg GAE/100 g (dw) and AOC as µmol TE/100 g (dw), obtained using different ethanol concentrations, temperatures and times of extraction.



As shown in Figure 2 and Figure 3, extraction conditions at concentrations of 75% Ethanol (EtOH), regardless of time and temperature of extraction from 40 °C upwards, exhibited the highest levels of TPC and AOC in all the cases analyzed in this study. Values of 2461.89 mg GAE/100 g (dw) and 61,014.67 µmol TE/100 g (dw) were obtained for TPC and AOC, respectively, when 60 °C was the temperature applied during the extraction process. However, no significant differences (p-value > 0.05) were observed with the results obtained at 40 °C. On the contrary, when using 25% or 100% ethanol, the worst results in terms of extraction of phenolic compounds and antioxidant activity were observed.



Regarding the effect of the extraction parameter, time of extraction is the variable with the lowest impact on the obtaining of phenolic compounds and AOC, in opposition to that reported by Zuorro et al. (2014) [12]. The concentration of solvent was by far the most conditioning parameter in this study, as can be observed in Table 1. The statistical analysis of results proved the strong relation between both TPC and AOC with the concentration of solvent (p-value < 0.05). The temperature of extraction was also related to TPC and AOC (p-value < 0.05), affecting the latter variable more. On the other hand, as previously mentioned, time of extraction resulted in not being related to TPC nor to AOC (p-value > 0.05).



Thus, the highest influencing parameter is the concentration of solvent, followed by temperature. In contrast, time of extraction does not seem to be related to the extraction efficiency of TPC nor the AOC observed.



The selected parameters in terms of TPC and AOC obtained within our range of study were stated at 75% concentration of solvent, 10 min, 40 °C—TPC: 2155.75 mg GAE/100 g (dw); AOC: 55,472.35 µmol TE/100 g (dw).



Figure 4 shows the correlation between TPC and AOC of the extracts obtained at all the conditions studied. TPC was measured by the Folin–Ciocalteu technique, which measures the TPC (phenolic rings) in a sample, whether these compounds display AOC or not. This technique may detect several interfering compounds, often leading to overestimated results [26,27]. However, as shown in Figure 4, we observe a clear correlation between TPC and AOC displayed in our extracts, in agreement with previous studies [2,8,13,21,24,28,29], suggesting that the AOC displayed in the artichoke is due almost entirely to the phenolic compounds it presents. However, other authors could not prove or did not find a correlation between the phenolic content and the AOC displayed by this vegetable [30,31].




3.3. Artichoke Extract Characterization


The hydroalcoholic extract obtained at best conditions studied—75:25 EtOH: H2O, 40 °C, 10 min of extraction—yielded a 12% (dw) of recovered solid. The polyphenolic profile of the extract characterized by HPLC is presented in Table 2, showing that phenolic compounds of artichoke discard extract are mainly mono- and dicaffeoylquinic acids, comprising more than 85% of all the total phenols present in the sample.



The most abundant polyphenol was identified as a dicaffeoylquinic acid, comprising almost half of the total phenolic compounds found in the extract (about 46%). This compound is probably an isomer of cynarin (1,3 di-O-caffeoylquinic acid) such as 1,5 di-O-caffeoylquinic acid [2,32,33] or 3,5-di-O-caffeoylquinic acid [9,34]. Around 80% of the phenolic compounds identified are dicaffeoylquinic acid and chlorogenic acid (3-O-caffeoylquinic acid).



In a much lesser concentration (around 5%) a flavone was detected. Apigenin-7-glucuronide is reported as one of the most representative flavonoids [2,5,9,33,34] or even the most abundant polyphenol in Italian varieties of artichoke [32].



Together with phenolic compounds, the selected process in this study allows the recovery of inulin at 48.4% (dw) from the total inulin contained in the original raw material (artichoke discards). From the total artichoke discards, the solid fraction obtained corresponded to 12% in the extract, the fraction of inulin in this extract being 28.3%.




3.4. Effect of Artichoke Extracts on the Viability of Cancer Cell Lines


Figure 5 shows the effect of the artichoke extract on the viability of three cell lines, two of them being tumor cell lines. In order to do this, the selected extract previously obtained (extraction conditions: 75% EtOH, 40 °C, 10 min, concentrated and freeze-dried) was used in several concentrations. As shown in Figure 5, at low concentrations, a slight increase in terms of viability is produced in the three cell lines evaluated compared to control cells grown only in media. This was probably due to the presence of other compounds in the extract from natural raw material such as saccharides (inulin and others) that could exert a positive effect on the cell growth, especially on fibroblasts. However, by increasing the concentration of the extract, a drastic decrease in the viability of the carcinogenic lines (Caco-2 and MCF-7) was observed. When the cells are exposed to a concentration of extract of 750 mg/L, maintenance of viability (100%) of fibroblasts is observed, but in the case of MCF-7 breast cancer cells only 26.2% of cells were viable; similarly to what occurs with Caco-2 colon cancer cells, with 47% of viable cells observed. Only by doubling the concentration of the extract to 1500 mg/L was it possible to observe a decrease in the viability of the fibroblasts, probably due to a pro-oxidant action of the extract. Despite the above, it was observed that viability of fibroblasts remained at 54.8% while Caco-2 and MCF-7 were viable in 30.4% and 19.3%, respectively. The great difference between the effective minimum concentration of the extract over fibroblasts and carcinogenic cell lines would allow better control in the dosage of a medical supplement, if a potential pharmacological use of this extract was to be further studied.





4. Discussion


4.1. Artichoke Discards Proximal Characterization


The proximal composition of artichoke residues shows a significant content of mainly insoluble dietary fiber. This characteristic, and the low amount of fat observed (1.3%), make these dried byproducts useful and valuable for industrial manufacture as low fat, high-fiber food ingredients with potential health benefits, reducing the risk of severe disorders, such as obesity, cardiovascular diseases, diabetes, colon-rectal cancer and others [2,13,22]. Even though the proximal characterization of artichoke discards has not been reported, when compared to those reported by Lutz et al. (2011) [31] of artichoke heads, we observe a greater presence of ashes and total carbohydrates (dietary fiber and others: 75.53%) in agro-industrial discards. These differences may be due to the absence in our samples of the receptacle, which is very rich in soluble dietary fiber. Claus et al. (2015) [35], studying artichoke bracts, observed a different content of fiber than that presented in Figure 1, because only crude fiber may have been quantified, the value of which can approximate to the insoluble fiber content (mainly cellulose and lignin) of the materials under analysis. On the other hand, the highly recommended insoluble/soluble dietary fiber ratio presented a value of 2.3, which is much higher than that reported for artichoke heads (0.26: López et al., 1996 [36]).



Regarding inulin, Lattanzio et al. (2009) [4] stated the content of inulin in artichoke ranges from 19% to 34% (dw) and may represent up to 75% of the total glucosidic content. In any case, the percentage content of inulin varies according to the variety and parts of the plant studied and even the geographical locations and harvesting times [2,4]. Although Ruiz-Cano et al. (2014) [2] obtained the highest proportion of inulin in inner bracts (thermally treated), Ceccarelli et al. (2010) [1] reported flower heads to be particularly rich in this polysaccharide in European artichoke varieties. In contrast, this work was conducted on the most external parts of a South American (Chilean) variety.



The low content of inulin in artichoke industrial discards (7%) compared to those reported by the mentioned authors is explained by the lack of receptacle, heart and/or inner bracts of artichoke, fractions which are industrially processed. This result is in agreement with that reported by López-Molina et al. (2005) [19] in artichoke discards, but lower compared to reports from other authors on the edible parts of the plant (heads of the Green Globe variety).




4.2. Total Phenolic Content (TPC) and Antioxidant Capacity (AOC)


The highest result obtained both for TPC and AOC—2461.89 mg GAE/100 g (dw) and 61,014.67 µmol TE/100 g (dw) respectively—was registered at 40 min and 60 °C of temperature. Good recoveries were also obtained in milder conditions—2155.75 mg GAE/100 g (dw) and 55,472.35 µmol TE/100 g (dw) at 40 °C and 10 min of reaction. These results are in line with those reported on European varieties of artichoke by Zuorro et al. (2014) [12]: 2414–3571 mg GAE/100 g in outer bracts and stems, and those by Curadi et al. (2005) [30], who reported 480–2980 mg GAE/100 g in the edible parts of the plant. On the other hand, Ninfali et al. (2005) [28] reported an AOC of 6552 µmol TE/100 g (fresh weight (fw)), which would give a result higher than our values, considering the 86% moisture content in our raw material. For their part, Jiménez-Escrig et al. (2003) [37] reported values of 5040 mg GAE/100 g in the edible parts of the plant, using more aggressive solvents and elaborated extraction protocols.



Regarding the phenolic content according to the part of the plant, some authors reported it to be higher in the heart and inner bracts of artichoke [4,8,10,18,24], while others described the non-edible parts of the plant (outer bracts, leaves and stems) as being more enriched in polyphenolic compounds [6,7,38,39]. The variety of the vegetable and time of harvesting are also important factors to take into account [1,5,10] when comparing results from previous studies, mainly conducted on Mediterranean varieties. All in all, the TPC and AOC values of this study were higher than expected for Green Globe American varieties [1]. Nevertheless, the wide range of factors determining the amount of phenolic compounds obtained (variety, time of harvesting, part of the plant studied, conditioning of raw sample, solvents and extraction techniques used) our results are consistent with those obtained from previous studies with similar characteristics [2,4,8,12,28]. Obtained results show the high content of antioxidants in the extracts from artichoke discards of this study, observing ORAC values much higher than those reported on products considered “superfruits” [40]. These results suggest the enormous potential application of these extracts as antioxidant ingredients and the benefits/suitability of utilizing industrial discards of artichokes.



Both for the recovery of phenolic compounds and the assessed antioxidant activity, it is possible to appreciate that the greatest effect of the operational conditions is related to the concentration of ethanol in the solution, followed by the temperature in the extraction process. In the first case, as expected, the values increased by increasing the concentration of ethanol, due to the polarity of the compounds present in the discards. It is important to remember that the dielectric constant of water and ethanol corresponds to 82 and 24, respectively, so mixtures of these solvents would allow both polar and non-polar compounds to be extracted. In addition to this, it was possible to determine that the pure solvent (ethanol) generated lower results than those obtained with hydroalcoholic mixtures, with the consequent joining and dragging effect of the phenolic compounds from the raw matter. These results contrast with studies by Zuorro et al. (2014) [12], who described the time of extraction as the most affecting parameter in the obtaining of TPC and AOC from outer bracts of artichoke with an aqueous ethanol solution, followed by temperature and sample weight (solvent volume ratio parameters). These differences may be explained by the Italian variety of artichoke studied by this author, in contrast with the South American used in this study. In addition to this, the blanching procedure (85 °C in water, 15 min) implemented by Zuorro et al. (2014) [12], could have contributed to the partial hydrolysis of the cell wall and subsequent release of polyphenols.



On the other hand, by increasing the process temperature between 30 °C and 40 °C an increase in the values of TPC and AOC was observed, due to the higher solubility of the compounds in the extraction solutions. Nevertheless, when increasing the temperature above these values, no improvement in the extraction performance was observed. Temperatures above 40 °C proved efficient to release polyphenols from the plant tissue due to the matrix softening in the hydroalcoholic extract, as previously reported by Lutz et al. (2011) [31]. This process does not seem to happen at lower temperatures, such as 30 °C; hence the poor results of TPC and AOC registered at this temperature in all the concentrations of solvent and times of extraction studied. It is interesting to mention that artichokes possess endogenous enzymes that may affect the presence of phenolic compounds [2,4], which can be inactivated at high process temperatures, such as in the bleaching process, but which also affect the polyphenol stability. In some cases, the loss in the recovery of polyphenolic compounds after the bleaching treatment was reported up to 46% [30], while other authors reported that although some polyphenols were lost, some other types were observed [31].




4.3. Artichoke Extract Characterization


The polyphenol profile shows a high presence of caffeoylquinic and dicaffeoylquinic acids, which is in agreement with studies from previous authors [1,2,4,9,21,33,37].



In the case of dicaffeoylquinic acid (45.97%), however, this compound was not identified as cynarin specifically. Interestingly, the cynarin content in South American varieties of the artichoke is low, as previously reported by Silva da Costa et al. (2013) [3] and Noldin et al. (2003) [41] with Brazilian genotypes. In addition, the lack of blanching procedures could have affected the recovery of cynarin in its natural molecular structure, due to the potential presence of polyphenol oxidase enzyme, which is aggressive with ortho-dihydroxyphenolic compounds, as is the case with cynarin [12,38]. The chlorogenic acid (3-O-caffeoylquinic acid) identified represents a third of the TPC in the extract (around 33%), which is in line with that reported by Schutz et al. (2004) [33] (33.3%) in artichoke heads and slightly lower than that reported by Lattanzio et al. (2009) [4] (39%). Chlorogenic acid was 113.34 µg/mL, within the range of values described by Lombardo et al. (2010) [42] in outer bracts of Italian varieties, and in a higher concentration than that obtained by Garbetta et al. (2014) [9] using a methanolic solution in artichoke heads, although less than reported by Ceccarelli et al. (2010) [1], who also focused on the edible parts of Mediterranean varieties of the vegetable.



Finally, the low concentration of flavones and their derivatives found, compared to previous studies from other authors, support the already stated great diversity of the polyphenolic composition amongst the worldwide varieties of artichoke, different parts of the plant, harvesting times and different extraction procedures [2,5,6,21,33,34,37,43].



Another attractive component in the extract is inulin, in a 28% (dw) concentration.



The multiple reports on the functional properties of inulin would enhance its use as an ingredient to improve digestive deficiencies. Moreover, the presence of inulin in the extract would promote a protective effect on antioxidant polyphenols [44].



It would, therefore, be interesting to study the synergic effects between inulin and phenolic antioxidants, which would enhance both their functional applications [45].




4.4. Effect of Artichoke Extracts on the Viability of Cancer Cell Lines


Low concentrations of extract produced an increase of the viability of three cell lines, probably due to the presence of other compounds that could exert a positive effect on the cell growth, especially on fibroblasts. However, by increasing the concentration of the extract, the carcinogenic lines (Caco-2 and MCF-7) decreased their proliferation. A higher potential resistance of the fibroblasts to the presence of the extract was observed, requiring at least twice the concentration than that for the tumor cells to decrease cell proliferation.



These results are in agreement with those reported by Mileo et al. (2012) [46]. They evaluated the anti-proliferative effect of an extract from the edible part of the artichoke on breast cancer cell lines, observing a dose-dependent effect on the cell line viability and growth, with no effect on healthy breast epithelial cells. However, the assays were conducted using extracts with concentrations up to 800 µM (equivalent to 283.5 mg/L chlorogenic acid).





5. Conclusions


Agro-industrial byproducts of globe artichoke, Cynara scolymus L., are a great source of polyphenolic compounds. An extract rich in polyphenols, mainly mono- and dicaffeoylquinic acids, can be efficiently obtained from these discards through a mild procedure by using an ethanolic solution (50–75%), moderate temperatures (40 °C–60 °C) and short times of extraction (10 min). The concentration of solvent is the parameter with the greatest impact on the obtaining of polyphenols and AOC, followed by temperature. Inulin could also be retrieved from artichoke discards, although present at a naturally low concentration in the raw material. In addition to this, the extract has great anti-cancer potential effects on colon (Caco-2) and breast (MCF-7) cancer cells.



This study allowed the obtaining of an innovative extract with high content in bioactive compounds such as phenolic antioxidants and inulin, as well as a significant anti-proliferative effect on colon (Caco-2) and breast (MCF-7) cancer cells, which enhances its potential benefits for human health. These results promote the valorization of artichoke byproducts for further uses in different food or nutraceutical matrices, and even with pharmaceutical purposes. Since the developed technology is scalable, in subsequent studies the authors aim to study the production of a stabilized ingredient to be used in food matrixes and/or in nutraceutical formulations.
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Figure 1. Proximal analysis of freeze-dried outer bracts of globe artichoke. Results expressed as (%) on a dry basis. Mean ± Standard Deviation (SD). 
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Figure 2. Effect of temperature, time of extraction and solvent composition (hydroalcoholic ethanol) on total phenolic content (TPC) of artichoke discards. GAE: Gallic acid equivalent. Solid/solvent ratio: 1/20; agitation: 200 rpm. Solvent: (a) 25% ethanol; (b) 50% ethanol; (c) 75% ethanol; (d) 100% ethanol. Mean ± SD. 
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Figure 3. Effect of temperature, time of extraction and solvent composition (hydroalcoholic ethanol) on antioxidant activity (oxygen radical absorbance capacity (ORAC)) of artichoke discards. TE: Trolox equivalent. Solid/solvent ratio: 1/20; agitation: 200 rpm. Solvent: (a) 25% ethanol; (b) 50% ethanol; (c) 75% ethanol; (d) 100% ethanol. Mean ± SD. 
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Figure 4. Correlated results for TPC and AOC (ORAC) at all the extraction conditions at the studied parameters: concentration of solvent, temperature and time of reaction. 
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Figure 5. Anti-proliferative effect of artichoke discards extracts (75% EtOH, 40 °C, 10 min) on carcinogenic (MCF-7 and Caco-2) and normal (fibroblast) cell lines. The viability of control process (without the extract) for each cell line is considered 100%. Mean ± SD (standard deviation). 
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Table 1. Kruskal–Wallis statistical analysis of the relation of the parameters studied: concentration of solvent, temperature and time of reaction with TPC and antioxidant capacity (AOC) results.
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	p-Value
	KW Chi





	TPC
	% Ethanol
	2.23 × 10−16
	107.62



	
	Temperature
	1.37 × 10−2
	10.66



	
	Time
	0.96
	0.32



	AOC
	% Ethanol
	2.21 × 10−16
	90.17



	
	Temperature
	1.14 × 10−4
	20.86



	
	Time
	0.78
	1.01










 





Table 2. Polyphenolic profile of artichoke extract obtained at 75:25 ethanol: water, 40 °C, 10 min of reaction.
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	Ax/AT (%)





	Neo-Chlorogenic acid (5-O-Caffeoylquinic Acid)
	2.25 ± 0.25



	Chlorogenic Acid (3-O-Caffeoylquinic Acid)
	32.93 ± 0.72



	Dicaffeoylquinic Acid
	45.97 ± 0.22



	Flavone
	5.36 ± 0.15



	Total 4 Main Compounds
	86.51



	Total Area
	100







Ax: Area of the chromatographic peak for compound x; AT: Total chromatographic area. Mean ± SD.
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