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Abstract

:

Myrciaria floribunda, also known as rumberry, is a tree native to the Brazilian Atlantic Forest, where its fruits have the potential for commercial use. This study evaluates the antioxidant potential, determines the phytochemical profile, and chemically characterizes the rumberry fruit. Accessions were sampled from the Rumberry Active Germplasm Bank of the Federal University of Alagoas, Brazil. Physical characteristics, chemical characteristics, and phenolic compound content were analyzed. Chemical profile characterization was carried out using PSMS. Accessions had an average weight of 0.86 g. Accession AC137 presented a higher pulp yield (1.12 g). AC132 and AC156 had larger fruits, AC137 showed greater firmness (5.93 N), and AC160 had a higher and total phenolic content ratio (279.01 ± 11.11). Orange-colored accessions scored higher in evaluated parameters, except for AC160 for phenolic content. Thirty-two compounds were identified on positive ionization mode and 42 compounds on negative ionization mode using PSMS. Flavonoids, followed by the derivatives of benzoic acid, sugars, and phenylpropanoids, were the most prominent. Myricitrin, quercitrin, and catechin stand out as flavonoids that have been reported in previous studies with antioxidant and antimicrobial properties, in addition to health and therapeutical benefits, demonstrating the potential of the rumberry fruit.
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1. Introduction


Myrtaceae is one of the most representative families of Angiosperms, distributed throughout Australia, South America, Tropical America, and Southeast Asia, though mainly found in tropical and subtropical regions. In Brazil, the family is considered one of the most economically important, occupying the eighth position regarding the number of species. In the country’s Northeast region, specifically in the state of Alagoas, there are records of over 1800 species of angiosperms, 11 of which are endemic to the region [1].



Brazil stands out as one of the largest producers of fresh fruit. It has a sizeable territorial extension with favorable climatic conditions for producing native and exotic fruit species, among them the rumberry, known as cambuí natively. Many native species are still unknown to the general public but have great economic potential for fresh or processed fruit marketing. Among the native fruits with great potential for industrialization is the rumberry (Myrciaria floribunda). The Brazilian name “cambuí” is of indigenous origin, meaning “shedding leaf”, a designation given to specimens belonging to the genera Myrcia and Myrciaria [1,2].



The rumberry tree is a fruit tree that grows naturally in a wide range of environments, distributed throughout Northeast and Northern South America and Central America. In Brazil, this species can be found in the Atlantic Forest biome in the Northeastern region, more abundantly in the states of Alagoas and Sergipe [3]. The species has several botanical synonyms as Eugenia floribunda H. West ex Willd., Eugenia oneillii Lundell, Eugenia protracta Steud., Eugenia salzmannii Benth., Myrciaria mexicana Lundell, Myrciaria oneillii (Lundell) I.M. Johnst, Myrciaria protracta (Steud.) O. Berg, Myrciaria salzmannii (Benth.) O. Berg, Myrciaria uliginosa O. Berg, Myrciaria verticillata O. Berg, Myrciaria ciliolata (Cambess) O. Berg, and Myrciaria tenuiramis O. Berg [1,2,3].



Rumbery’s trees are shrub or tree that has potential for ornamental use. Its fruits are suited for human consumption in natura or processed in the form of beverages (liqueurs, juices, soft drinks), jams (jellies and ice creams), frozen, dehydrated, or freeze-dried. Fruits are small globular berries of up to 13 mm in diameter varying in color, with yellow, orange, red, or purple coloration when ripe, depending on the plant. The peel is relatively thin, and the fruit has excellent pulp yield, characterized as juicy with a sweet, astringent flavor and a much-appreciated characteristic aroma and taste regionally [4,5].



Rumberry fruits present physical and physicochemical characteristics according to maturity. It is rich in sugars, vitamin C, bioactive compounds such as flavonoids, carotenoids, and phenolic compounds, demonstrating an excellent antioxidant potential [6]. Many medicinal properties are attributed to the chemical composition of the essential oils of the leaves, flowers, and stems of the rumberry tree, which can provide antimicrobial, antitumor, and anticholinesterase activities [6].



Rumberries have numerous accessions in germplasm banks with potential use. However, few studies are available related to physical, physicochemical, chemical properties, and fixed compounds present in the fruit. Thus, making it important to research and characterize these aspects, as the lack of information regarding the fruit leads to market devaluation rumberries and its industrialized products. Research that presents new information on the subject can substantiate and encourage its cultivation and consumption in a market with consumers eager for new flavors, natural products, and foods rich in nutritional characteristics such as the rumberry.



This work characterizes the fruit of different accessions of rumberry differentiated by peel color (orange, red, and purple), assessing their physicochemical properties, phenolic compounds, antioxidant activity, and analyzing constituent fixed compounds by paper spray mass spectrometry (PSMS).




2. Results and Discussion


2.1. Physicochemical Characteristics


Table 1 presents the physical parameters analyzed on fruits of different accessions of rumberry (Myrciaria floribunda). Results show the fruits had an average weight of 0.86 g, with a variation of FW (fruit weight) from 0.56 to 1.32 g, for SW (seed weight), the value ranged from 0.13 to 0.30 g, while PW (pulp weight) ranged from 0.42 to 1.12 g.



Earlier studies characterizing rumberry fruits observed lower mean values than those found in this study, reporting mean fruit weights of 0.52, 0.61, and 0.68 g for purple, red and orange colors, respectively [7]. Quality attributes researched in two other genotypes of rumberry trees found higher mean weight values in purple-colored fruits (0.69 g) [3].



Other studies carried out with rumberries show an average reported weight of 0.77 g and 0.14 and 4.0 g for fruits of Myrciaria tenella and Eugenia uniflora L., respectively [8]. Average weights of around 1.10 g are reported in the literature, a value above that observed in this study [9].



The number of seeds varied from one to two seeds per fruit, accessions AC92, AC112, AC132, AC136, AC137, and AC156 were observed to have two seeds per fruit. Pulp yield (PY) was higher than average for the accessions AC132, AC137, and AC156, at 0.88, 1.12, and 0.89 g, respectively.



Most rumberry fruits have one seed per fruit, with some authors reporting up to two seeds per fruit. However, the number of seeds cannot be relied on as a standard for estimating pulp yields in blackberries, for instance, (Rubus spp.), which the number of seeds does not directly correlate with fruit mass [10].



In this study, rumberry fruits with two seeds showed higher pulp yield than fruits with only one seed, except for accession AC92, which was observed to have a 0.47 g yield.



On average, longitudinal diameters (LD) and transverse diameters (TD) were 10.90 and 9.85 mm. Fruits from accessions AC132 and AC156 had the largest LD, reaching 12.76 and 12.00 mm, respectively. For TD, observed values were 11.32 and 11.59 mm. The ratio between the longitudinal and transverse diameter (LD/TD) averaged 1.11 mm, showing that the rumberry fruits have a slightly elliptical or oval shape (LD/TD > 1), with values closer to 1 indicating more roundedness.



Similar results were found in studies evaluating the physical characteristics of rumberry genotypes obtained in the southern region of the State of Alagoas. The variations in the dimensions of LD were observed ranging from 9.30 to 12.18 mm (red and yellow genotypes) and a TD ranging from 8.39 to 10.75 mm (red and purple genotypes). Morphometric characteristics in eleven rumberry accessions native to Alagoas have been reported with an average of 8.86 mm for longitudinal diameter and 9.45 mm for transverse diameter [11]. Lower TD and LD findings with values ranging from 7.51 to 11.90 mm in length and 6.60 to 10.70 mm in width are also observed [8].



Fruit firmness ranged from 1.53 N to 5.93 N, with AC136 standing out for its higher firmness. Aspects of fruit quality of jabuticaba’s trees (Myrciaria jaboticaba), a species belonging to the same genus as rumberries, have firmness readings ranging from 3.16 to 5.24 N. This characteristic can be associated with the progressive loss of fruit firmness, as a result in the softening of the pulp. Consequently, the decomposition of cell wall components, breaking down cellulose, hemicellulose, and pectin [12].



Values higher than those found in this study were found when morphologically and chemically characterizing fruits of cambuci (Campomanesia phaea), observing a firmness of 19.54 N. Higher firmness of fruits implies fewer losses in quality, thus supporting longer transport chains up until reaching the consumer market. Firmness is, therefore, an important property of fresh fruits [13].



Considering the physical-chemical attributes, rumberry fruit accessions had an average pH of 3.53, as shown in Table 2, considered acidic, i.e., with pH below 4.5. Acidic pH values in rumberries were also observed by other authors who found average pH values of 3.44; 3.90; from 3.87 to 4.37, and from 3.28 to 3.35 [3,7].



Studies carried out with other Myrtaceae also show similar results to those found in this work. Varieties of jabuticaba (Myrciaria grandifolia and Myrciaria jabuticaba) have been found to have pH values of 3.39 and 3.10, respectively [14]. In cabeludinha (Myrciaria glazioviana) fruits, the pH value is reported at around 3.66 [15]. The literature presents data showing myrtle berries (Eugenia gracillima Kiaersk.), with a pH of 3.73 and a pH of 3.77 for gabiroba (Campomanesia adamantium (Cambess.) O. Berg) [2,16].



Soluble solids content ranged from 11.30 to 14.80 °Brix. These values were similar to findings with 12.96 °Brix for red-colored fruits and 15.76 for yellow-colored fruits [9]. Orange and purple rumberries have been reported in the literature with 12.62 and 16.31 °Brix, respectively [7].



Works with Eugenia uvalha Cambess have found values closer to 6.90 °Brix. However, variations in Campomanesia phaea fruits are reported ranging from 7.30 to 13.30 °Brix [13]. Physicochemical characteristics of Myrciaria dubia fruits from Tarapacá (Amazonas—Colombia) and from the Amazonian fruit tree Germplasm Bank of Agrosavia (Meta—Colombia) have lower values (7.49 and 10.9 °Brix) when compared to those reported in this study, which demonstrates that the contents of soluble solids in Myrtaceae can be quite variable [17].



However, fruits with high levels of °Brix are desirable for consumption in natura and industrialization, as they provide higher yields after processing due to a greater amount of nectar produced per amount of pulp. High soluble solids content also indicates that the fruit has a low preservation potential. The sugars excess may be associated with rapid deterioration and fermentation and, consequently, reduced shelf life. For industrial processing, fruits with higher acidity are used, because it reduces the action of microorganisms and avoids the need for preservatives [18].



Titratable acidity (TA) evaluated in rumberry accessions showed fruits with an average of 4.03% citric acid, with accessions AC132 and AC153 having the highest percentages, with values of 4.78% and 5.65% of citric acid, respectively (Table 2). Results were higher than previously reported values of 0.75% (red), 1.07% (purple) and 1.60% (orange), 1.09% (purple), respectively, and close to that determined by works which reported higher values of 4.97% in fruits of camu-camu (Myrciaria dubia) [3,9].



SS/TA ratio showed values ranging from 2.34 (AC153) to 4.55 (AC160), values close to those found in fruits of cambucizeiro (Campomanesia phaea) and pitangueira (Eugenia uniflora L.) and higher than fruits of camu-camu (Myrciaria dubia) [13].



The SS/TA ratio stands out as the best criterion or indicator to evaluate the taste of the fruits. This ratio is more efficient than considering only the levels of sugar and/or acidity quantified in isolation. The balance between sugars with the acids of the fruits gives a taste balance that is determinant for the overall quality of the product.




2.2. Total Phenolic Compounds


Phenolic compounds content in different rumberry accessions ranged from 78.79 to 279.01 mg of EAG 100 g−1, with AC160 having the highest content of total phenolic compounds, followed by AC137 and AC136 (Table 3). Fruits of the same genus as rumberries have phenolic compound contents of 1480.57 mg of gallic acid L−1 as observed in Myrciaria jabuticaba and 249.82 mg of gallic acid L−1 in Myrciaria grandifolia [14].



Camu-camu (Myrciaria dubia), another Myrtaceae species, has been found to have values of around 2393.72 mg/100 g of fresh weight. Still, some studies report values ranging from 2625.4 to 1237.86 mg of catechin 100 g−1, in fruits of the same species, which can also range down to 369 mg EAG 100 g−1 [19].



Levels of phenolic compounds obtained in this study with rumberry were higher than those found in other native fruits from Brazil, such as jabuticaba (128.3 mg EAG 100 g−1 of fresh matter), pitanga (95.9 mg EAG 100 g−1 of fresh matter), araçá vermelho (88.0 mg EAG 100 g−1 of fresh matter), araçá amarelo (72.3 mg EAG 100 g−1 of fresh matter), guabiroba (81.7 mg EAG 100g−1 of fresh matter), and butia (63.2 mg EAG 100 g−1 of fresh matter). Antioxidant activity of extracts of araçá (Psidium cattleianum), butia (Eriospatha butia), pitanga (Eugenia uniflora) and blackberries (Rubus sp; cv. Xavante and Cherokee) collected in the southern region of Brazil found total phenolic content ranging from 359.5 to 816.5 mg EAG 100 g−1 fresh weight [20]. The content of total phenolic compounds varies according to the type of resource [19].



Fruits are rich in water-soluble compounds, including phenolic compounds. These secondary metabolites are widely used in the food industry to prevent lipid oxidation and reduce cancer incidence [9]. Furthermore, phenolic compounds are associated with a significant contribution to the antioxidant property of fruits [5].



Phenolic compounds take part in flavor perception, shelf life, and biological activity as functional foods, and particularly influence nutritional value and sensory quality, confers color, texture, bitterness, aroma, astringency, and oxidative stability to foods. These compounds are the most abundant antioxidants and are usually found in leaves, seeds, and fruits in varying concentrations. The concentration of these compounds can vary depending on the species, part of the fruit, crop management, geographic and environmental conditions to which they are exposed (sun exposure), and the physiological and genetic factors of the plant.




2.3. Chemical Profile by Paper Spray Mass Spectrometry


It was possible to identify 74 compounds in rumberry fruits, comprising flavonoids, phenylpropanoids, ellagitannins, lignans, sugars, fatty acids, phenolic acids, carboxylic acids, benzoic acid derivatives, galotannins, steroids, amines, and cyclitols. Forty-two compounds are identified in the negative ionization mode and 32 in the positive ionization mode, as presented in Table 4 and Table 5. Detected compounds were tentatively identified based on mass fragmentation data compared to those already reported in the literature.



Tentative identification of compounds in the negative ionization mode found flavonoids (16), phenylpropanoids (6), benzoic acid derivatives (7), ellagitannins (3), lignans (3), sugars (2), fatty acid (1), phenolic acid (1), carboxylic acid (1), galotannin (1), and cyclitol (1).



Table 4 shows that among the chemical classes found, flavonoids were the most predominant compounds, especially quercetin-3-glucoside, myricetin rhamnoside, isoquercitrin, hyperin, and myricitrin, which were present in all evaluated accessions.



The ion with [M − H]− at m/z 463 and its fragmentation of m/z 301 was tentatively identified as quercetin-3-glucoside, corresponding to the aglycone of quercetin following the loss of a hexose ([M – H − 162]−). This result corroborates studies identifying phenolic compounds in grumixama fruit pulp (Eugenia brasilienses Lam.) employing HPLC-ESI-MS/MS [21]. This flavonoid was also identified in studies of the chemical profile of grumixama fruits using paper spray mass spectrometry [22].



The ion with [M − H]− at m/z 463 upon fragmentation led to the formation of aglycone at m/z 317 ([M – H − 146]−) after the loss of one deoxyhexose unit (146 Da), which was tentatively identified as myricetin rhamnoside, rhamnose being the only deoxyhexose found in the fruit flavonoids [23]. Previous studies reported the presence of this substance in jambolão fruit (Syzygium cumini) when determining phenolic compounds by HPLC-DAD-MS/MS [24].
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Table 4. Chemical profile of Myrciaria floribunda fruits identified by PS-MS on negative ionization mode.






Table 4. Chemical profile of Myrciaria floribunda fruits identified by PS-MS on negative ionization mode.





	
No

	
Identification

	
Formula

	
m/z [ ]

	
MS/MS

	
Accession

	
Ref.




	
AC67

	
AC92

	
AC112

	
AC132

	
AC136

	
AC137

	
AC153

	
AC156

	
AC160






	
Flavonoids

	




	
1

	
Reynoutrin

	
C20H18O11

	
433

	
301

	
X

	

	

	
X

	
X

	
X

	

	

	

	
[25]




	
2

	
quercetin pentoside

	
-

	
433

	
301

	
X

	

	

	
X

	
X

	
X

	

	

	

	
[26]




	
3

	
quercetin 3-O-ramnoside

(quercitrin)

	
C21H20O11

	
447

	
301

	
X

	

	
X

	

	
X

	

	

	

	
X

	
[21]




	
4

	
myricetin-arabinoside/

xylopyranoside isomer

	
C20H17O12

	
449

	
316, 317

	

	
X

	

	
X

	

	

	

	

	

	
[25]




	
5

	
quercetin-3-glucoside

	
C21H20O12

	
463

	
301

	
X

	
X

	
X

	
X

	
X

	
X

	
X

	
X

	
X

	
[21]




	
6

	
hyperinine

	
C21H19O12

	
463

	
300, 301

	
X

	
X

	
X

	
X

	
X

	
X

	
X

	
X

	
X

	
[25]




	
7

	
myricetin-ramnoside

	
C21H20O12

	
463

	
317

	
X

	
X

	
X

	
X

	
X

	
X

	
X

	
X

	
X

	
[24]




	
8

	
myricitrin

	
C21H19O12

	
463

	
445, 316, 317, 301

	
X

	
X

	
X

	
X

	
X

	
X

	
X

	
X

	
X

	
[21]




	
9

	
quercitrin

	
C21H20O11

	
477

	
301

	
X

	

	
X

	

	
X

	

	

	

	
X

	
[25]




	
10

	
myricetin hexoside isomer

	
-

	
479

	
316, 317

	
X

	
X

	
X

	

	
X

	

	
X

	
X

	
X

	
[25]




	
11

	
Myricetin glucoside

	
-

	
479

	
317

	
X

	
X

	
X

	

	
X

	

	
X

	
X

	
X

	
[24]




	
12

	
Kaempferol-3-O-malonylglucoside

	
-

	
533

	
-

	

	
X

	
X

	
X

	

	
X

	

	

	

	
[27]




	
13

	
procyanidin A2

	
C30H24O12

	
577

	
577

	

	

	

	

	

	

	

	

	
X

	
[28]




	
14

	
cyanidin-3-O-rutinoside

	
C27H31O15+

	
593

	
-

	

	

	

	
X

	

	

	

	

	

	
[27]




	
15

	
methyl-dihydromyricetin

diglucoside

	
-

	
657

	
495

	

	

	

	

	

	

	

	

	
X

	
[24]




	
16

	
quercetin derivate

	
-

	
867

	
-

	
X

	

	

	

	
X

	

	

	

	

	




	
Phenylpropanoids

	




	
17

	
caffeic acid

	
C9H8O4

	
179

	
179, 135

	
X

	

	
X

	

	
X

	
X

	
X

	

	
X

	
[29]




	
18

	
caftaric acid

	
C13H12O9

	
311

	
-

	
X

	
X

	
X

	
X

	
X

	
X

	
X

	

	
X

	
[27]




	
19

	
p-coumaric acid hexoside

	
-

	
325

	
183

	
X

	

	
X

	
X

	
X

	
X

	
X

	
X

	
X

	
[27]




	
20

	
caffeoyl-D-glucose

	
-

	
339

	
-

	
X

	
X

	

	
X

	

	

	
X

	

	
X

	
[5,27]




	
21

	
caffeoyl hexose

	
C15H18O9

	
341

	
179

	

	
X

	
X

	

	

	
X

	

	

	

	
[29]




	
22

	
chlorogenic acid

	
C16H18O9

	
353

	
353

	

	

	

	

	

	
X

	

	

	

	
[21,30]




	
Benzoic acid derivates

	




	
23

	
ellagic acid glycoside

	
C20H16O13

	
721

	
-

	

	

	

	

	

	

	

	

	
X

	
[27]




	
24

	
ellagic acid pentoside

	
-

	
895

	
-

	

	

	

	
X

	

	

	

	

	

	
[27]




	
25

	
syringic acid hexoside

	
-

	
359

	
197

	

	

	

	

	

	
X

	

	

	

	
[27]




	
26

	
O-pentosyl ellagic acid

	
-

	
433

	
301

	
X

	

	

	
X

	
X

	
X

	

	

	

	




	
27

	
ellagic acid pentoside

	
-

	
433

	
301

	
X

	

	

	
X

	
X

	
X

	

	

	

	
[25]




	
28

	
digaloyl acid

	
-

	
339

	
339

	
X

	
X

	

	
X

	

	

	
X

	

	
X

	
[30]




	
29

	
ellagic acid derivate

	
-

	
585

	
415

	
X

	
X

	

	

	
X

	

	

	

	

	
[25]




	
Fatty acids

	




	
30

	
eicosanoic acid

	
C20H40O2

	
311

	
293

	
X

	
X

	
X

	
X

	
X

	
X

	
X

	

	
X

	
[29]




	
Phenolic acids

	




	
31

	
dimethyl ellagic acid hexoside

	
C22H22O13

	
491

	
475

	
X

	

	

	
X

	

	
X

	

	

	

	
[27]




	
Carboxylic acid

	




	
32

	
citric acid

	
C6H8O7

	
191

	
111

	
X

	
X

	
X

	
X

	
X

	
X

	
X

	
X

	
X

	
[2,30]




	
Galotanin

	




	
33

	
Quercetin galloyl hexoside isomer

	
-

	
615

	
463

	

	
X

	
X

	
X

	

	

	
X

	
X

	

	
[25]




	
Ellagitannins

	




	
34

	
galoyl hexoside ellagic acid

	
-

	
615

	
463, 301

	

	
X

	
X

	
X

	

	

	
X

	
X

	

	
[21]




	
35

	
pedunculagin isomer I

	
-

	
783

	
419

	

	

	

	
X

	
X

	

	

	

	

	
[31]




	
36

	
teligramadine I

	
C34H26O22

	
785

	
301

	
X

	
X

	
X

	

	

	
X

	

	

	

	
[21]




	
Lignans

	




	
37

	
cyclo-lariciresinol Hexoside

	
-

	
521

	
359

	

	

	
X

	

	

	
X

	

	

	

	
[29]




	
38

	
conidendrin

	
C20H20O6

	
355

	
337

	
X

	

	
X

	
X

	
X

	
X

	
X

	
X

	
X

	
[29]




	
39

	
pinoresinol

	
C20H22O6

	
357

	
311

	
X

	

	

	

	
X

	

	

	

	

	
[31]




	
Cyclitol

	




	
40

	
quinic acid

	
C7H12O6

	
191

	
111, 173

	
X

	
X

	
X

	
X

	
X

	
X

	
X

	
X

	
X

	
[32]




	
Sugars

	




	
41

	
sucrose

	
C12H22O11

	
377

	
341

	

	

	
X

	

	

	
X

	

	

	

	
[27]




	
42

	
hexose

	
C6H12O6

	
215

	
179

	

	

	

	

	
X

	

	

	

	

	
[27]








Compounds identified by other authors in different Myrtaceae species: [28] Cuadrado-Silva, Pozo-Bayón e Osorio. (2017); [24] Faria et al., (2011); [29] Mariano et al., (2020); [31] Mena et al., (2012); [23] Pereira et al., (2017); [27] Rodrigues et al., (2021); [32] Salvador et al., (2011); [25] Santos (2019); [30] Santos et al., (2018); [5] Silva et al., (2019); [21] Teixeira et al., (2015).
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Table 5. Chemical profile of Myrciaria floribunda fruits identified by PSMS on positive ionization mode.






Table 5. Chemical profile of Myrciaria floribunda fruits identified by PSMS on positive ionization mode.





	
No.

	
Identification

	
Formula

	
m/z [ ]+

	
MS/MS

	
Accession

	
Ref.




	
AC67

	
AC92

	
AC112

	
AC132

	
AC136

	
AC137

	
AC153

	
AC156

	
AC160






	
Flavonoids




	
1

	
catechin

	
C15H14O6

	
290

	
-

	
X

	
X

	

	
X

	

	
X

	
X

	
X

	
X

	
[33]




	
2

	
catechin

	
C15H14O6

	
291

	
273

	

	

	

	

	

	

	

	

	
X

	
[22]




	
3

	
peonidine 3-O-glucoside

	
C22H23O11+

	
301

	
-

	

	

	

	
X

	

	

	

	

	

	
[29]




	
4

	
diosmetin

	
C16H12O6

	
301

	
-

	

	

	

	
X

	

	

	

	

	

	
[22]




	
5

	
quercetin

	
C15H10O7

	
302

	
-

	

	

	

	

	

	
X

	

	

	

	
[33]




	
6

	
petunidin

	
C16H13O7+(Cl−)

	
317

	
-

	
X

	

	
X

	
X

	
X

	
X

	
X

	
X

	

	
[29]




	
7

	
miricetin

	
C15H10O8

	
318

	
-

	

	
X

	
X

	

	

	
X

	
X

	
X

	

	
[33]




	
8

	
stigmasterol

	
C29H48O

	
413

	
-

	

	
X

	

	

	

	

	

	

	

	
[29]




	
9

	
quercetin derivate

	
-

	
867

	
-

	

	
X

	

	

	
X

	

	

	

	

	
[34]




	
10

	
epicatechin gallate

	
-

	
442

	
-

	

	

	

	

	

	

	

	

	
X

	
[21]




	
11

	
cyanidin 3-galactoside

	
-

	
449

	
-

	

	
X

	

	

	

	
X

	
X

	

	
X

	
[22]




	
12

	
myricetin pentoside

	
-

	
450

	
-

	

	

	

	

	

	
X

	

	

	
X

	
[35]




	
13

	
epigallocatechin gallate

	
C22H18O11

	
457

	
-

	

	
X

	

	
X

	
X

	

	
X

	

	

	
[21]




	
14

	
delphinidine hexoside

	
-

	
465

	
303

	

	
X

	

	

	

	

	

	

	

	
[21]




	
15

	
myricetin-ramnoside

	
-

	
465

	
303

	

	
X

	

	

	

	

	

	

	

	
[27]




	
16

	
myricetin-glucoside

	
-

	
481

	
-

	
X

	

	
X

	
X

	
X

	
X

	

	
X

	

	
[22]




	
17

	
myricetin-3-glucoside

	
-

	
481

	
-

	
X

	

	
X

	
X

	
X

	
X

	

	
X

	

	
[29]




	
18

	
myricetin-3-glcA

	
-

	
495

	
-

	

	

	

	

	

	
X

	

	

	

	
[22]




	
19

	
catechin dimer

	
-

	
579

	
-

	

	

	

	

	

	

	

	
X

	

	
[21]




	
20

	
apigenin neohesperidoside I

	
-

	
579

	
-

	

	

	

	

	

	

	

	

	
X

	
[29]




	
21

	
quercetin-3-O-[6-(3-hydroxy-3-

methyl) glutaroyl-â-galactoside

	
-

	
593

	
-

	

	
X

	

	
X

	

	

	

	

	

	
[29]




	
22

	
rutin

	
C27H30O16

	
611

	
-

	

	

	

	

	
X

	

	

	

	

	
[33]




	
23

	
petunidin-diglucoside

	

	
641

	
-

	
X

	
X

	

	
X

	

	
X

	
X

	

	

	
[36]




	
24

	
cyanidin-3-(p-hydroxybenzoyl)-

(oxaloyl)diglucoside-5-glucoside

	

	
970

	
-

	

	

	

	
X

	

	

	

	

	

	
[35]




	
Benzoic acid derivates




	
25

	
Galloylpyrogallol

	
-

	
279

	
-

	

	

	

	

	

	

	

	

	
X

	
[29]




	
26

	
galloyl-glucose esther

	
-

	
355

	
-

	

	

	

	

	

	

	

	

	
X

	
[22]




	
27

	
ellagic acid hexoside

	
-

	
927

	
-

	
X

	

	

	
X

	

	

	

	

	

	
[21]




	
Sugars




	
28

	
glucose

	
C6H12O6

	
219

	
-

	
X

	
X

	
X

	
X

	
X

	
X

	
X

	
X

	
X

	
[27]




	
29

	
sucrose/hexose

	
-

	
381

	
219

	
X

	
X

	
X

	
X

	

	
X

	
X

	
X

	
X

	
[27]




	
Steroids




	
30

	
stigmasterol

	
C29H48O

	
413

	
-

	

	
X

	

	

	

	

	

	

	

	
[35]




	
Phenylpropanoids




	
31

	
dihydrosynapic acid

	
-

	
475

	
457

	

	
X

	

	

	

	

	

	

	

	
[22]




	
Amines




	
32

	
gomfrenin

	
-

	
551

	
-

	

	
X

	

	

	
X

	
X

	
X

	

	

	
[37]








Compounds identified by authors in different Myrtaceae species: [34] Alves et al., (2017); [37] García-Cruz et al., (2021); [36] Li, Zhang e Seeram. (2009); [29] Mariano et al., (2020); [22] Ramos et al., (2020); [27] Rodrigues et al., (2021); [35] Sharma et al., (2015); [33] Siebert et al., (2017); [21] Teixeira et al., (2015).











While in the composition of myrtle (Myrtus communis L.) leaf extracts obtained through different extraction techniques (supercritical extraction, conventional extraction, and ultrasonic extraction) employing HPLC-MS, differences were observed in the types of compounds obtained. The compound myricetin rhamnoside was nevertheless present in all extracts regardless of the technique used.



Studies of plant species native to Brazil from four different genera (Plinia, Myrciaria, Psidium, and Eugenia) of Myrtaceae, identified the ion at m/z 463 as hyperin for the species Myrciaria floribunda and Myrciaria glomerata. In contrast, for the species Eugenia uniflora the compound was identified as isoquercitrin, and both ions showed identical mass fragmentation (m/z 301 and 300) [25].



The peak m/z 447 signal points to the presence of a rhamnoside unit, suggesting identifying the substance as quercetin 3-O-ramnnoside (quercitrin) upon fragmentation at m/z 301. The occurrence of this flavonoid (quercitrin) has been previously recorded in Myrtaceae species, as reported in fruits of the species Eugenia invlucrata DC and fruits of the species Eugenia punicifolia [22,26].



The antioxidant capacity of leaves found in Eugenia chlorophylla, Eugenia pyriformis, Myrcia laruotteana, and Myrcia obtecta species reported two of the flavonoids identified in this work (myricitrin and quercitrin) with antioxidant and antimicrobial activities. Furthermore, associated quercetin with antiglycant activity [32].



Flavonoids are phenolic compounds synthesized by plants as secondary metabolites. These metabolites are found in plants’ leaves, flowers, roots, and fruits in glycosylated form and may or may not be attached to sugars (rhamnose, rutinose, and glucose). Flavonoids act in plants as protection against UV radiation, protection against microorganisms, enzyme inhibition, antioxidant and antibiotic action, and reproductive functions because the colored compounds, such as the red and blue colors present in some flowers, attract pollinating insects [38].



Phenolic compounds have become of great interest in research due to their beneficial health properties, among which is a great antioxidant capacity to delay or inhibit the oxidation of molecules inside the human body that cause stress and some diseases, such as cancer. Furthermore, phenolic compounds possess biological activities with effects such as antimicrobial, anti-inflammatory, and vasodilatory action within the body [38,39].



Phenylpropanoids which were most abundant in the rumberry fruits were tentatively identified as caffeic acid (m/z 179), caftaric acid (m/z 311), p-coumaric acid hexoside (m/z 325), caffeoyl-D glucose (m/z 339), caffeoyl hexose (m/z 341), and chlorogenic acid (m/z 353), the latter only found in fruits of accession AC137. Orange fruits had the highest number of compounds detected.



The peak with m/z 179 had a fragmentation pattern of m/z 179 and m/z 135 [M − H-44]− identified as caffeic acid, resulting from the loss of a mass of 44 u, corresponding to one carbonyl group unit. The [M − H]− ion of m/z 311 was identified as caftaric acid, corroborating the studies performed a study where changes in bioactive compounds from cagaita pulp were evaluated (Eugenia dysenterica) [27].



The [M − H]− ion of m/z 325 showed MS/MS fragmentation at m/z 183, suggesting the identification of the substance as a p-coumaric acid hexoside, which corresponds to a hydroxycinnamic acid conjugated to a hexose [5]. The [M − H]− ion of m/z 353 showed m/z of 353 as the MS/MS fragmentation pattern, thus proposing chlorogenic acid as the signature compound.



Phenolic compounds identified as caffeic acid and chlorogenic acid showed considerable antioxidant activity in the extracts analyzed from Myrciaria and Eugenia plants [32]. In addition, other studies have reported antimutagenic, anticancer, and anti-inflammatory properties [40].



The peak at m/z 339 was classified as caffeoyl-D-glucose due to the conjugated form of caffeic acid with a hexose. This conjugated substance in cagaita fruits (Eugenia dysenterica) was also found employing paper spray mass spectrometry (PSMS) [41].



Compounds derived from benzoic acids were the third most predominant class in the composition of the chemical profile of the rumberry fruit. Compounds were identified as an ellagic acid glycoside, ellagic acid pentoside, syringic acid hexoside, O-pentosyl ellagic acid, ellagic acid pentoside, digaloyl acid, and ellagic acid derivative, which presented the ions with peaks at m/z 721, 895, 359, 433, 339, and 585.



The [M − H]− ion of m/z 433 presented the fragmented ion at m/z 301, thus being identified as ellagic acid pentoside. The identification of this substance was confirmed by works carried out in Plinia edulis, Eugenia luschnatiana, and Syzygium jambos. This compound is also identified at 895 m/z [27].



Three classes of acids were identified in the rumberry fruit, corresponding to the compounds oxo-dihydroxy eicosanoic acid (fatty acid), dimethyl ellagic acid hexoside (phenolic acid), and citric acid (carboxylic acid). The peak with m/z 311 and fragment m/z 293 was identified as eicosanoic acid, as with findings on pera do cerrado constituents (Eugenia klotzschiana) [29].



The peak at m/z 491 has not yet been reported in rumberry fruits. However, further studies identified this ion as a hexoside of dimethyl ellagic acid for Eugenia dysenterica [27]. This substance contributes to the characterization of flavor. Some studies have associated phenolic acids such as this compound with high antioxidant capacity, antimutagenic properties, anticarcinogenic, and the ability to alter gene expression.



The ion with [M − H]− at m/z 191 can be identified as citric acid, a carboxylic acid that was tentatively identified based on its MS/MS fragmentation pattern at m/z 111 [M − H-80]−, being consistent with data described in the scientific literature [5,38,40].



The three ellagitannins are prominent in rumberries corresponded to the pedunculagin I isomer, telimagrandin I, and ellagic acid galoyl hexoside. Identification of ions was confirmed by MS/MS fragmentation pattern. The m/z 615 ion upon MS/MS fragmentation at m/z 463 and m/z 301 was tentatively identified as galoyl hexoside ellagic acid, resulting from the loss of a galoyl group and a hexose unit (162). Whereas the [M − H]− ion of m/z 785 was identified as telimagrandin I by its MS/MS fragmentation at m/z 301, characteristic of the loss of the galoyl group from casuarictin. As for the [M − H]− ion at m/z 783, was identified by its MS/MS fragment at m/z 419 as a pedunculagin I isomer.



The presence of these compounds in grumixama fruits (Myrtaceae: Eugenia brasiliensis Lam.), employing HPLC-ESI-MS/MS. Myrtaceae is known to have species-rich in ellagitannins (ETs), which have demonstrated antioxidant activities and antimutagenic and anticarcinogenic effects [21].



Substances classified as lignans correspond to the [M − H]− ions of m/z 521, m/z 355, and m/z 357 tentatively identified as lariciresinol, conidendrin, and pinoresinol cycle hexoside, respectively. These compounds have been previously described in species of Eugenia klotzschiana and Punica granatum L. [29].



The [M − H]− ion of m/z 191 suggests the presence of quinic acid, or scopoletin acid, or citric acid. However, ion identification was only achieved after its fragmentation at m/z 111 and m/z 173. In the case of scopoletin, the substance produced a single fragmented ion at m/z 176 and was thus disregarded as there was no evidence of this fragment. On the other hand, citric acid showed the same fragment at m/z 111 as quinic acid and was, therefore, differentiated by its fragmented ion at m/z 173, which gives it the name quinic acid. This substance has been confirmed previously by other authors [38,40].



According to the fragmentation profile presented in Table 4, the ions with m/z 215 and m/z 377 were identified by their fragments at m/z 179 and m/z 341, respectively, as hexose and sucrose, compounds recognized as sugars. Sucrose was also identified in cagaita pulp with peel, with reports of these two sugars for the same species [27].



As for the tentative identification of compounds in the positive ionization mode, the chemical profile of Myrciaria floribunda fruits was represented by flavonoids (24), benzoic acid derivatives (3), sugars (2), steroids (1), phenylpropanoids (1), and amines (1).



Among the chemical classes found, flavonoids were the most abundant as with negative ionization mode, with catechin (m/z 290), petunidin (m/z 317), myricetin (m/z 318), myricetin-glucoside (m/z 481), myricetin-3-glucoside (m/z 481), and petunidin-diglucoside (m/z 641) as the compounds that stood out the most as they were identified in most of the accessions (Table 5).



Catechin and cyanidin 3-galactoside were the only compounds that were present in the orange (AC67, AC92, AC137, and AC156), red (AC132 and AC153), and purple (AC160) fruit varieties. Catechin has been described previously in grumixama leaves (Eugenia brasiliensis), identified by the [M − H]+ ion of m/z 290. Pulps of the same species had the presence of catechin identified with the ion at m/z 291 and fragment at m/z 273, another species of the Myrtaceae family [22,33].



The presence of catechins in the extracts of red and yellow araçá trees have been found with 36,225 and 34,396, 20,748 mg g−1, respectively [42]. For the jabuticabeira hybrid, catechin quantification was lower (20,748 mg g−1). Studies have reported the catechin as possessing therapeutic effects due to its health-related benefits, such as antioxidant, antifungal, antitumor properties as well as an insect repellent [43]. Catechins are one of the most studied antioxidants [44].



Detection of the cyanidin 3-galactoside identified by the ion with m/z 449 confirms the presence of anthocyanins in rumberry fruits [22]. This anthocyanin is classified as a flavonoid and has been reported previously in camu-camu fruits (Myrciaria dubia), with values of 30–54 mg/100 g fresh peel and in jabuticaba fruits (Myrciaria cauliflora), with values of 1.6 to 2.1 g/100 g dry weight [45].



As for benzoic acid derivates, purple fruits (AC160) showed the compounds galoylpyrogallol (m/z = 279) and galoyl-glucose esther (m/z = 355), while orange (AC67) and red (AC132) fruits had the compound ellagic acid hexosides (m/z = 927). These compounds have already been reported in fruits of other Myrtaceae, such as the species Eugenia klotzschiana and Eugenia brasiliensis [21,22,29].



Ions with [M − H]+ at m/z 219 and m/z 381 were tentatively identified as sugars. Sucrose was detected with the highest concentration in Campomanesia lineatifolia fruits, followed by fructose and glucose [46].



A steroid and a phenylpropanoid were also identified only in orange-colored fruits (AC67). The steroid with [M − H]+ at m/z 413 corresponded to the compound identified as stigmasterol, which was reported in studies with jamun fruits (Eugenia jambolana) [35]. The ion with [M − H]+ at m/z 475 corresponded to the compound dihydrosynaptic acid, identified in other works with Myrtaceae by its fragment at m/z 457 [22].



Some phenylpropanoids, such as eugenol, have demonstrated various pharmacological activities, such as anti-inflammatory, antitumor, antibacterial, antifungal, antipyretic, anesthetic, and analgesic activities [47]. Studies have also revealed that many chronic diseases such as cardiovascular diseases, type II diabetes, and various types of cancer can have their chance of development reduced with the use of phenylpropanoids [48].





3. Materials and Methods


3.1. Sample Acquisition


Ripe fruits of rumberry (Myrciaria floribunda (H. West ex Willd.) O. Berg) of different accessions, differentiated by their orange (AC67, AC92, AC112, AC136, AC137, AC156), red (AC132, AC153), and purple (AC160) coloration were collected from the Active Germplasm Bank of Cambuí (BAG—Cambuí, Brazil) of the Federal University of Alagoas (UFAL), Rio Largo, State of Alagoas (latitude 09°28′42″ S, longitude 35°51′12″ W, altitude 127 m). According to the Köppen classification, the climate of the region is type “As”, i.e., tropical climate with the rainy season in the fall/winter and dry in the summer, average annual precipitation of 1150.2 mm, with November and December being the driest months and July and August the rainiest [49].



Fully ripened fruits were hand-harvested in the early morning hours. After harvesting, they were stored in polyethylene bags, labeled, and packed in insulated boxes with ice for later transport to the Plant Biotechnology Laboratory of CECA/UFAL. In order to eliminate impurities, where they were selected according to the physiological maturation stage, washed in running water, and sanitized with 20 mL of sodium hypochlorite (1%).




3.2. Physicochemical Characterization


For physical analyses, 128 fruits from each of the nine accessions were evaluated. Fruit weight (FW), seed weight (SW), and pulp weight (PW) were evaluated in grams; longitudinal diameter (LD) and transverse diameter of the fruit (TD) were expressed in millimeters, determined using an analytical balance (BEL Engineering®-Mark 1300—Monza, Milano, Italy) with the precision of 0.01 g and digital pachymeter (Jomarca-150 mm) with a sensitivity of 0.01 mm; Number of seeds per fruit (NS) was determined by manual counting, and fruit firmness was determined with a digital penetrometer (Instrutherm PTR-300) with a 3 mm diameter tip, with results expressed in Newton (N).



After measuring, fruits were stored in the freezer at −18 °C until the physical-chemical analyses. In order to determine pH, SS, AT, and SS/AT ratio, M. floribunda fruits were taken from the freezer and left to thaw at room temperature. The pulp was then extracted with a mortar, and seeds were discarded.



A digital pH meter (model Mfa-210) was used, calibrated with pH 4.0 and 7.0 buffer solutions, according to the Adolfo Lutz Institute methodology. Soluble solids (SS) were quantified in a digital HAND-HELD pocket refractometer (model PDR-50B), with results expressed in °Brix, according to AOAC method 932.12. Titratable acidity (TA) was quantified by titration, transferring to a 250 mL Erlenmeyer flask approximately 2.0 g of pulp, which was diluted in 50 mL of distilled water and added three drops of phenolphthalein and then titrated with 0.1 N NaOH solution. Results were expressed in g of citric acid/100 mL (%). The SS/AT ratio was determined by the quotient between the values of soluble solids and titratable acidity.




3.3. Total Phenolic Compounds and Paper Spray Mass Spectrometry


Samples of 0.5 g of previously homogenized rumberry pulp were added in 2 mL Eppendorf wrapped with aluminum foil, to which 1 mL of methanol/water solution (50:50, v/v) was added. The sample was mixed on a vortex for 20 s and incubated for 1 h at room temperature, protected from light. After the incubation time, samples were centrifuged for 15 min at 4 °C with a rotation of 15,000 rpm, and the obtained supernatant was transferred to the same 5 mL volumetric flask. Subsequently, 1 mL of acetone/water (70:30, v/v) was added to the same Eppendorf vial, and the complete homogenization and resting process was repeated. Solutions were centrifuged again under the conditions mentioned earlier, and the supernatant obtained was then transferred again to the volumetric flask (5 mL) of the first supernatant. They were then mixed, and the volume was completed with deionized water [50].



Extracts were stored in 2 mL Eppendorf vials at freezing temperature until the time of use to determine the phenolic compound content and PS-MS chemical profiling.



3.3.1. Total Phenolics


A volume of 300 µL of sample extracts, 3.5 mL of distilled water, and 250 µL of Folin-Ciocalteu reagent were mixed in a test tube and incubated at room temperature for 3 min, then 500 µL of sodium carbonate solution (7.5%) was added. After 1 h of incubation in the dark, the samples were read at 750 nm, and the data were expressed in mg gallic acid (EAG)/100 g−1 of pulp. Total phenolic compounds were quantified in a spectrophotometer at 750 nm absorbance, using a standard curve prepared with gallic acid (GAE—gallic acid equivalent).




3.3.2. Paper Spray Mass Spectrometry


Pulps were analyzed using an ambient paper spray ionization source in a Thermo Fisher LCQ FLEET ion-trap mass spectrometer (Thermo Scientific, San Jose, CA, USA). Analyses were performed in triplicate in positive and negative ionization modes. For PS-MS analyses, a 2 µL sample volume and 40 µL of methanol were added to a triangular chromatographic paper (equilateral, 1.5 cm lengthwise) positioned 10 mm away from the mass spectrometer inlet [5,22,51].



A high voltage was then applied to the paper held by a copper clamp and attached to a three-dimensional moving platform for data acquisition. Instrumental conditions of operation were: PSMS source voltage equal to +4 kV (positive mode) and −3 kV (negative mode); capillary voltage of 40 V; transfer tube temperature of 275 °C; tube lens voltage of 120 V; mass scanning range of 100 to 1000 m/z in positive and negative modes.



Ions were fragmented using collision energies from 15 to 45 eV. Tentative identification of the compounds was carried out using a comparison of the m/z ratios of the data obtained from the literature associated with instrumental readings and subsequent fragmentation employing sequential mass spectrometry.





3.4. Statistics


The experimental design was entirely randomized for physical and physical-chemical analyses, each treatment consisted of four repetitions of thirty-two fruits for each accession. Results were submitted to analysis of variance using the software Sisvar version 5.7. Means were compared using the Scott–Knott test (p ≤ 0.05). Total phenolic compounds were evaluated using central tendency measurement, using Microsoft Office Excel® v. 16.0 (Microsoft, Redmond, WA, USA). PS-MS spectra, both positive and negative ionization mode, were processed using Xcalibur v. 2.1 (Thermo Scientific, San Jose, CA, USA) and Microsoft Office Excel®.





4. Conclusions


Rumberry fruits of the different accessions evaluated are relatively small and oval-shaped, each containing 1 to 2 seeds. Accessions AC132, AC137, and AC156 had higher fruit weight, and accessions AC132 and AC156 were largest by size. Access AC137 had the highest fruit pulp yield. Fruits from access AC160 had a higher soluble solids/titratable acidity ratio and higher total phenolic content.



The chemical profile of rumberry fruits using paper spray mass spectrometry proved to be fast and efficient since several phenolic compounds responsible for the antioxidant and phenolic activity of the fruits were identified. However, orange-colored fruits stood out among other accessions, as in both negative and positive ionization, flavonoids were the main identified constituent compounds.



Physical, physicochemical, and chemical composition was similar to that of fruits from other species of the Myrtaceae family. Such characteristics serve as a reference in future works of characterization of rumberry. Further studies should be carried out to improve knowledge of its agro-industrial characteristics.
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Table 1. Physical characteristics of fruits of nine accessions of Myrciaria floribunda, differentiated by their orange, red, and purple coloration.
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Accessions

	
Parameters




	
FW (g)

	
SW (g)

	
PW (g)

	
NS

	
LD (mm)

	
TD (mm)

	
Shape (mm)

	
Firmness (N)






	
AC-67

	
0.73 a

	
0.18 b

	
0.55 a

	
1.37 a

	
10.71 b

	
9.75 b

	
1.10 c

	
1.53 a




	
AC-92

	
0.61 a

	
0.14 a

	
0.47 a

	
1.52 b

	
9.86 a

	
8.56 a

	
1.15 e

	
2.36 b




	
AC-112

	
0.83 a

	
0.24 c

	
0.58 a

	
1.73 b

	
10.96 b

	
10.02 b

	
1.09 c

	
4.16 c




	
AC-132

	
1.18 b

	
0.30 d

	
0.88 a

	
1.67 b

	
12.76 d

	
11.32 c

	
1.13 d

	
1.75 a




	
AC-136

	
0.76 a

	
0.18 b

	
0.59 a

	
1.52 b

	
11.03 b

	
9.84 b

	
1.12 d

	
5.93 d




	
AC-137

	
1.32 b

	
0.20 b

	
1.12 a

	
1.71 b

	
11.06 b

	
9.61 b

	
1.15 e

	
3.56 c




	
AC-153

	
0.56 a

	
0.14 a

	
0.42 a

	
1.15 a

	
9.75 a

	
9.12 a

	
1.07 b

	
4.50 c




	
AC-156

	
1.18 b

	
0.29 c

	
0.89 a

	
1.78 b

	
12.00 c

	
11.59 c

	
1.04 a

	
2.80 b




	
AC-160

	
0.57 a

	
0.13 a

	
0.45 a

	
1.01 a

	
9.94 a

	
8.85 a

	
1.12 c

	
4.17 c




	
Mean

	
0.86

	
0.20

	
0.66

	
1.49

	
10.90

	
9.85

	
1.11

	
3.42




	
CV (%)

	
43.62

	
17.08

	
57.43

	
14.12

	
4.08

	
4.50

	
1.04

	
16.80




	
Standard Error

	
0.19

	
0.02

	
0.19

	
0.11

	
0.22

	
0.22

	
0.01

	
0.29








Scott–Knott test. Means followed by the same letter in the column do not differ statistically (p ≤ 0.05). FW: fruit weight; SW: seed weight; PW: pulp weight; NS: number of seeds; LD: longitudinal diameter; TD: transversal diameter; shape: relation between the variables LD/TD.
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Table 2. Physicochemical characteristics of fruits from nine accessions of Myrciaria floribunda, differentiated by their orange, red, and purple coloration.
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	Accessions
	pH
	SS
	AT
	SS/AT





	AC-67
	3.40 a
	14.10 c
	3.80 b
	3.84 c



	AC-92
	3.58 b
	13.13 b
	4.23 b
	3.11 b



	AC-112
	3.70 b
	12.90 b
	4.13 b
	3.13 b



	AC-132
	3.26 a
	11.30 a
	4.78 c
	2.38 a



	AC-136
	3.43 a
	14.80 c
	3.35 a
	4.45 d



	AC-137
	3.61 b
	14.80 c
	3.78 b
	3.95 c



	AC-153
	3.48 a
	13.18 b
	5.65 d
	2.34 a



	AC-156
	3.61 b
	12.85 b
	3.48 a
	3.71 c



	AC-160
	3.70 b
	13.70 c
	3.05 a
	4.55 d



	Mean
	3.53
	13.42
	4.03
	3.49



	CV (%)
	3.27
	7.30
	9.01
	14.48



	Standard Error
	0.06
	0.49
	0.18
	0.25







Scott–Knott test. Means followed by the same letter in the column can be grouped together (p ≤ 0.05). pH: potential of hydrogen; SS: soluble solids (°Brix); TA: titratable acidity (% of citric acid); SS/AT: ratio between the two variables.
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Table 3. Mean values and standard deviation of values of total phenolic compounds in different rumberry accessions.
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	Accessions
	Total Phenolics (mg Gallic Acid. 100 g−1 of Fresh Matter)





	AC-67
	162.33 ± 1.52



	AC-92
	136.79 ± 4.97



	AC-112
	78.79 ± 1.52



	AC-132
	202.85 ± 6.35



	AC-136
	204.77 ± 0.88



	AC-137
	254.70 ± 8.19



	AC-153
	128.91 ± 2.30



	AC-156
	115.95 ± 8.35



	AC-160
	279.01 ± 11.11







Data are presented as the means of the results of triplicate sample analysis ± standard deviation.
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