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    Introduction




    The jaboticaba (Plinia sp.), a plant native to Brazil, belonging to the Myrtaceae Juss., is found in several regions of the country (North, Northeast, Central-West, Southeast, South, Northeast and Southeast), and, consequently, different phytogeographic domains (Amazon, Caatinga, Cerrado and Atlantic Forest) (Stadnik et al., 2020).




    This genus has 42 cataloged species, 36 of which are endemic and 20 synonyms. Are they: Plinia ambivalens M. Souza & Sobral; Plinia anonyma Sobral; Plinia callosa Sobral; Plinia clausa Mc.Vaugh; Plinia cordifolia (D.Legrand) Sobral; Plinia coronata (Mattos) Mattos; Plinia delicata Antunes et al.; Plinia edulis (Vell.) Sobral; Plinia espinhacensis Sobral; Plinia grandifolia (Mattos) Sobral; Plinia hatschbachii (Mattos) Sobral; Plinia humaitana M.A.D.Souza & Sobral; Plinia inflata McVaugh; Plinia involucrata (O.Berg) McVaugh; Plinia langsdorffii (O.Berg) Sobral & M.C.Souza; Plinia longa Sobral & M.C.Souza; Plinia longiacuminata Sobral; Plinia marqueteana G.M.Barroso; Plinia martinellii G.M.Barroso & M.Peron; Plinia muricata Sobral; Plinia nana Sobral; Plinia oblongata (Mattos) Mattos; Plinia parvifolia (O.Berg) Stadnik & Sobral; Plinia peruviana (Poir.) Govaerts; Plinia phitrantha (Kiaersk.) Sobral; Plinia pinnata L.; Plinia povedae Sánchez; Plinia pseudodichasiantha (Kiaersk.) G.M.Barroso ex Sobral; Plinia pumila (Gardner) M.C.Souza & Sobral; Plinia rara Sobral; Plinia renatiana G.M.Barroso & Peixoto; Plinia rivularis (Cambess.) Rotman; Plinia rogersiana Mattos; Plinia rufiflora Sobral & M.A.D.Souza; Plinia sebastianopolitana G.M.Barroso; Plinia sessiliflora (O.Berg) Stadnik & Sobral; Plinia silvestris (Vellozo) Mazine & Sobral; Plinia spiciflora (Nees & Mart.) Sobral; Plinia spiritosantensis (Mattos) Mattos; Plinia subavenia Sobral; Plinia tapuruquarana M.A.D.Souza & Sobral; Plinia ybotyrype Stadnik (Stadnik et al., 2020).




    Among this wide variety of species, three stand out the most studied: P. trunciflora (O. Berg) Kausel [synonym: Plinia tapuruquarana M.A.D. Souza & Sobral; or P. tetrapétala L.], Plinia cauliflora (DC.) Berg (Paulista) [synonym: Plinia callosa Sobral; Myrtus cauliflora Mart.; Myrciaria cauliflora (Mart.) O. Berg; Myrtus jaboticaba Vell.; Plinia jaboticaba (Vell.) Kausel; Myrcia jaboticaba (Vell.) Baill; Myrciaria jaboticaba (Vell.) O. Berg; and Eugenia jaboticaba (Vell.) Kiaersk], and Plinia jaboticaba (Vell.) Berg (Sabará) [Plinia involucrata (O.Berg) McVaugh; Myrciaria involucrata O. Berg; Plinia jaboticaba (Vell.) Kausel; Myrciaria jaboticaba (Vell.) O. Berg; Myrcia jaboticaba (Vell.) Baill.] (Citadin et al., 2010; Stadnik et al., 2020). For the purposes of this work, we chose to report the name of the species as mentioned in the original article.




    The complete P. trunciflora chloroplast genome is 159,512 bp long, comprising inverted repeats of 26,414 bp and single copy regions of 88,097 bp (LSC) and 18,587 bp (SSC). When compared with other fruits of the family Myrtaceae, it is observed that P. trunciflora, Eugenia uniflora e Acca sellowiana form a cluster very close to Syzygium cumini, in this way they can easily be compared (Eguiluz et al., 2017).




    The jaboticaba occurs mainly in the Atlantic Forest Biome and in the high-altitude sub-forests, bordering rivers (Suguino et al., 2012). It comes in the form of a tree or shrub, can reach between 10 and 15 meters in height, has a pyramidal shape, long and dense crown, and a smooth trunk with a diameter between 30 and 40 cm, where the berries sprout. The white flowers are pediceled and sessile, with an axillary or stem distribution, and a prolonged hypanthium above the ovary, which persists after anthesis (Stadnik et al., 2020; Suguino et al., 2012). The fruits are globose berries, approximately 3 cm in diameter, persistent calyx, one to two seeds, eugenioid embryo, and flat convex cotyledons (Stadnik et al., 2020; Suguino et al., 2012).




    Fruit maturation is characterized by visible changes in fruit color, pH and firmness, as well as an increase in total anthocyanins, soluble solids, sugars and in pectin activity (Becker et al., 2015; Nascimento et al., 2013; Zhang et al., 2018). Fruits are classified as fully ripe when they are intensely black. Seven days after reaching this stage, the fruits are completely wilted and often rotten. (Nascimento et al., 2013).




    Compounds isolated from the fruit may have anti-inflammatory action, by reducing IL-6, MCP-1, TNF-α, NF-κB, inflammatory infiltrate, and COX-2. Furthermore, in vitro studies have reported that jaboticaba extract may have antiproliferative effect on colon cancer cell (HT29 and HCT116), in NCIH460 (lung carcinoma), MCF-7 (breast carcinoma), HepG2 (hepatocellular carcinoma) and HeLa (cervical carcinoma), and against leukemia (K-562) and prostate cancer cell (PC-3). The consumption of M. cauliflora extract may have hypotensive effects in hypertensive rats, and the intake of M. jaboticaba extract may increase HDL-C in rats fed with high-fat and high-fructose-diet (Schulz et al., 2020).




    The fruit of Plinia sp. presents great commercial potential, being used for manufacturing jam, fermented drinks, vinegar and liqueurs. In addition, they are appreciated in natura, and applied in the pharmaceutical industry, because of their high content of bioactive compounds. The plant is widely exploited ornamentally, because of its exuberant architecture and beauty during flowering and fruiting (Citadin et al., 2010; Suguino et al., 2012). Thus, knowledge about the fruit can contribute to the strengthening of the regional economy and promote the cultivation and exploitation of the product.




    In this context, in recent years there has been a growth in the interest of the scientific community in researching bioactive compounds and their effects on human health, to know the potential of native Brazilian fruit species and increasing their value. Thus, in this study we reviewed the literature regarding nutrients and bioactive compounds of the Plinia sp. fruit, aiming to provide information for further studies.


  




  

    Methods of Research




    This review was carried out according to the methodology described by BRAZIL (2012). Therefore, to describe the nutritional composition and bioactive compounds of jaboticaba, highlighting its nutrients and bioactive compounds, the following combined terms were used: “jabuticaba” OR “jaboticaba” OR “Plinia cauliflora” OR “Myrciaria jaboticaba” OR “Myrciaria cauliflora”, being searched on title, abstract, author-specified keywords or subject matter. The indexing terms used are in the platforms MeSH (Medical Subject Headings) and Emtree. The search was carried out in the databases Science Direct, MEDLINE (via PubMed), and Capes Periodicals. Filters were not used in relation to study types or year. Thus, the search was carried out from the beginning of each database until December 28, 2021 (date of the last search for all databases) and did not impose restrictions on the language of publication. Only original articles were selected.




    Were included articles that described the proximate composition; analyzed the macro and micronutrients; profile of phenolic compounds, carotenoids or volatile organic compounds; and determined the bioaccessibility of those compounds in whole fruit, peel, pulp or seed of any jaboticaba variety. Other eligible studies were included by searching the reference lists of included studies.




    Were excluded studies that described only the antioxidant activity by in vitro methods (DPPH, FRAP, ABTS or ORAC) or only total levels of bioactive compounds; analyzed the by-products (wine, juice, cachaça, vinegar), leaf or bark; reported the application as pigment or coloring or the seedling formation; and carried out studies on encapsulation and production of emulsion, biodisel or nanoparticles. In cases of studies with duplicate results, the most complete work was selected.




    The articles were pre-selected by reading their titles and abstracts, taking into account the eligibility criteria and excluding duplicates. Then, the papers were read in full and used to write this review. Due to the large number of articles on the profile of phenolic compounds, only the most recent literature (last 5 years) was considered. Unless the article was fundamental to the discussion of the results. Other articles were excluded because they did not discriminate which part of the fruit was analyzed (seed, pulp or skin).


  




  

    Results




    Results of the Search




    A total of 139 articles were found in Science Direct, 156 in MEDLINE (via Pubmed) and 188 in Periodicos Capes. However, 253 documents were selected for reading, after excluding repeated articles. Furthermore, after reading the documents completely and applying the inclusion and exclusion factors, a total of 58 articles were reported in this review.




    Macronutrients and Minerals Composition




    The whole fruit of jaboticaba stands out for its high moisture content (79.41 to 87.4 g.100 g-1). At the same time, fruits from the same family have similar moisture contents (Myrcianthes pungens: 83.2 g.100 g-1; Syzygium cumini: 844.7 g.100 g-1) (Seraglio et al, 2018). Furthermore, significant concentrations of total carbohydrates (76.5 to 94.8 g.100 g-1), insoluble fiber (7.9 to 17.0 g.100 g-1) and ash (2.3 to 3.82 g.100 g-1) are observed. The same was reported for the whole fruit of jussara (Euterpe edulis), a fruit of the Myrtaceae family, which stands out for its moisture content (51.9 g.100 g-1), carbohydrates (85.7 g.100 g-1) and total fiber (71.8 g.100 g-1) (Inada et al., 2015).




    In addition, peel and pulp of jaboticaba stands out for significant levels of protein (peel: 1.1 to 8.5 g.100 g-1; pulp: 0.44 to 6.76 g.100 g-1). However, the jussara pulp has higher levels of lipids (46.6 g.100 g-1) and proteins (7.5 g.100 g-1) (Inada et al., 2015) than those found for jaboticaba (Inada et al., 2015).




    The drying temperature of the fruits influences the macronutrient contents. Alves et al. (2014) recommended to dry jaboticaba skin at 30ºC, since this temperature better preserves its nutrients (protein, ash and dietary fibers) at the expense of drying at higher temperatures or even the lyophilization process. However, at 30°C, the stabilization of the moisture content occurred after 64 hours, while at higher temperatures, 45 and 60°C, it occurred after 34 and 32 hours, respectively (Alves et al., 2014). Another factor that can influence nutrient levels is the region of cultivation, as climatic conditions and soil characteristics influenced it (Oliveira et al., 2003; Pereira et al., 2018). The jaboticaba pulp has higher levels of total sugars (79.78 g.100-1 g, d.w. – dry weight) and reducing sugars (64.71 g.100-1 g, d.w.) to the detriment of the other parts of the fruit (peel and seed), standing out for the fructose concentrations (P. jaboticaba: 32.96; P. cauliflora: 38.25 g.100-1 g, d.w.), glucose (P. jaboticaba: 26.40; P. cauliflora: 32.87 g.100-1 g, d.w.) and sucrose (P. jaboticaba: 11.69; P. cauliflora: 9.87 g.100-1 g, d.w.) (Lima et al., 2011a). Furthermore, the P. cauliflora peel has arabinogalactan, a heteropolysaccharide, rich in galactose (67.21%), glucose (15.78%), arabinose (9.78%) and rhamnose (2.26%) (Miranda et al., 2020).




    The levels of sugars and soluble pectin in M. jaboticaba fruits increase during the maturation stages, simultaneously with the decrease in acidity (Becker et al., 2015), since the fruit is climacteric (Vieites et al., 2011). Furthermore, the average pectin content in pulp is 618 mg.100 g-1, and the increase in the percentage of soluble pectin coincides with intense polygalacturonase activity (Becker et al., 2015; Vieites et al., 2011).




    Micronutrients are needed in small concentrations, yet they play important roles in the human body (Shukla et al., 2009). Plant-based foods provide most of the vitamins and minerals. Thus, the nutritional health and well-being of human beings entirely depend on plant foods, either directly or indirectly (Dellapenna, 1999).




     Table 1. Proximate composition (g.100 g-1, dry weight) of jaboticaba.
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            Protein
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            Ashes


          



          	

            Dietary fibers


          



          	

            Carbohydrates


          

        




        

          	

            Soluble


          



          	

            Insoluble


          

        


      



      

        

          	

            Whole fruit


          

        




        

          	

            Inada et al. (2015)1


          



          	

            M. jaboticaba


          



          	

            87.40


          



          	

            5.00


          



          	

            1.80


          



          	

            3.10


          



          	

            38.22


          



          	

            90.10


          

        




        

          	

            Alezandro et al. (2013)


          



          	

            M. jaboticaba


          



          	

            82.00


          



          	

            0.94


          



          	

            0.40


          



          	

            2.90


          



          	

            2.30


          



          	

            17.00


          



          	

            76.50


          

        




        

          	

            Lima et al. (2008)


          



          	

            M. jaboticaba


          



          	

            79.41


          



          	

            0.92


          



          	

            0.42


          



          	

            3.82


          



          	

            2.23


          



          	

            16.63


          



          	

            -


          

        




        

          	

            Gurak et al. (2014)


          



          	

            M. cauliflora


          



          	

            -


          



          	

            0.95


          



          	

            0.65


          



          	

            3.60


          



          	

            3.41


          



          	

            7.90


          



          	

            94.80


          

        




        

          	

            Alezandro et al. (2013)


          



          	

            M. cauliflora


          



          	

            -


          



          	

            1.02


          



          	

            0.55


          



          	

            2.30


          



          	

            1.80


          



          	

            16.10


          



          	

            78.20


          

        




        

          	

            Lima et al. (2008)


          



          	

            M. cauliflora


          



          	

            80.35


          



          	

            0.88


          



          	

            0.44


          



          	

            2.75


          



          	

            3.57


          



          	

            14.27


          



          	

            -


          

        




        

          	

            Peel (epicarp)


          

        




        

          	

            Miranda et al. (2020)1


          



          	

            P. cauliflora


          



          	

            74.8


          



          	

            17.86


          



          	

            5.16


          



          	

            9.92


          



          	

            -


          



          	

            -


          



          	

            75.00


          

        




        

          	

            Dallabona et al. (2020)1


          



          	

            P. cauliflora


          



          	

            4.59


          



          	

            3.60


          



          	

            1.20


          



          	

            2.72


          



          	

            20.892


          



          	

            92.12


          

        




        

          	

            Barros et al. (2019)


          



          	

            P. cauliflora


          



          	

            -


          



          	

            7.66


          



          	

            1.85


          



          	

            2.06


          



          	

            -


          



          	

            -


          



          	

            92.61


          

        




        

          	

            Calloni et al. (2015)


          



          	

            P. trunciflora


          



          	

            75.18


          



          	

            4.03


          



          	

            1.01


          



          	

            2.34


          



          	

            -


          



          	

            -


          



          	

            46.49


          

        




        

          	

            Alves et al. (2014)


          



          	

            P. jaboticaba


          



          	

            -


          



          	

            6.39


          



          	

            0.60


          



          	

            3.09


          



          	

            8.43


          



          	

            29.50


          



          	

            -


          

        




        

          	

            Batista et al. (2017)


          



          	

            M. jaboticaba


          



          	

            14.45


          



          	

            8.04


          



          	

            3.48


          



          	

            3.52


          



          	

            9.92


          



          	

            29.62


          



          	

            -


          

        




        

          	

            Inada et al. (2015)1


          



          	

            M. jaboticaba


          



          	

            80.90


          



          	

            8.50


          



          	

            0.60


          



          	

            4.00


          



          	

            38.402


          



          	

            93.10


          

        




        

          	

            Lenquiste et al. (2015)


          



          	

            M. jaboticaba


          



          	

            -


          



          	

            8.49


          



          	

            3.15


          



          	

            4.46


          



          	

            28.97


          



          	

            9.15


          



          	

            39.43


          

        




        

          	

            Lenquiste et al. (2012)1


          



          	

            M. jaboticaba


          



          	

            -


          



          	

            5.78


          



          	

            2.03


          



          	

            4.16


          



          	

            5.91


          



          	

            23.62


          



          	

            58.42


          

        




        

          	

            Leite-Legatti et al. (2012)1


          



          	

            M. jaboticaba


          



          	

            -


          



          	

            5.78


          



          	

            2.03


          



          	

            4.16


          



          	

            5.91


          



          	

            23.62


          



          	

            -


          

        




        

          	

            Leite et al. (2011)1


          



          	

            M. jaboticaba


          



          	

            -


          



          	

            5.05


          



          	

            1.64


          



          	

            3.89


          



          	

            8.352


          



          	

            -


          

        




        

          	

            Lima et al. (2008)


          



          	

            M. jaboticaba


          



          	

            84.24


          



          	

            1.16


          



          	

            0.57


          



          	

            4.40


          



          	

            6.80


          



          	

            26.43


          



          	

            -


          

        




        

          	

            Gurak et al. (2014)


          



          	

            M. cauliflora


          



          	

            -


          



          	

            1.14


          



          	

            0.98


          



          	

            3.71


          



          	

            12.64


          



          	

            7.70


          



          	

            94.16


          

        




        

          	

            Araújo et al. (2014)1


          



          	

            M. cauliflora


          



          	

            -


          



          	

            1.47


          



          	

            0.88


          



          	

            4.98


          



          	

            29.552


          



          	

            60.33


          

        




        

          	

            Lima et al. (2008)


          



          	

            M. cauliflora


          



          	

            75.84


          



          	

            1.10


          



          	

            0.68


          



          	

            2.88


          



          	

            6.77


          



          	

            27.03


          

        




        

          	

            Pulp (mesocarp)


          

        




        

          	

            Miranda et al. (2020)1


          



          	

            P. cauliflora


          



          	

            84.10


          



          	

            2.52


          



          	

            1.26


          



          	

            1.89


          



          	

            -


          



          	

            -


          



          	

            94.97


          

        




        

          	

            Calloni et al. (2015)


          



          	

            P. trunciflora


          



          	

            86.46


          



          	

            1.55


          



          	

            1.25


          



          	

            1.70


          



          	

            -


          



          	

            -


          



          	

            96.82


          

        




        

          	

            Quatrin et al. (2018)


          



          	

            M. jaboticaba


          



          	

            -


          



          	

            6.76


          



          	

            1.57


          



          	

            3.98


          



          	

            11.22


          



          	

            18.21


          



          	

            58.26


          

        




        

          	

            Inada et al. (2015)1


          



          	

            M. jaboticaba


          



          	

            90.70


          



          	

            3.50


          



          	

            0.20


          



          	

            3.20


          



          	

            0.002


          



          	

            93.10


          

        




        

          	

            Lima et al. (2008)


          



          	

            M. jaboticaba


          



          	

            84.95


          



          	

            0.47


          



          	

            0.06


          



          	

            2.71


          



          	

            1.93


          



          	

            3.30


          

        




        

          	

            Sato & Cunha (2007)


          



          	

            M. jaboticaba


          



          	

            85.51


          



          	

            2.28


          



          	

            0.97


          



          	

            2.35


          



          	

            -


          



          	

            -


          



          	

            -


          

        




        

          	

            Lima et al. (2008)


          



          	

            M. cauliflora


          



          	

            83.91


          



          	

            0.44


          



          	

            0.21


          



          	

            2.90


          



          	

            1.77


          



          	

            2.57


          



          	

            -


          

        




        

          	

            Seed


          

        




        

          	

            Inada et al. (2015)1


          



          	

            M. jaboticaba


          



          	

            58.00


          



          	

            7.10


          



          	

            0.60


          



          	

            2.40


          



          	

            31.802


          



          	

            89.80


          

        




        

          	

            Lima et al. (2008)


          



          	

            M. jaboticaba


          



          	

            71.48


          



          	

            1.17


          



          	

            0.58


          



          	

            2.68


          



          	

            1.40


          



          	

            26.93


          

        




        

          	

            Lima et al. (2008)


          



          	

            M. cauliflora


          



          	

            70.43


          



          	

            1.12


          



          	

            0.53


          



          	

            2.84


          



          	

            0.57


          



          	

            27.16


          



          	

            -
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