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Jaboticaba has been studied extensively, mainly in the context of its phenolic composition. Although there are
several varieties, research has been concentrated on Sabara and Paulista due to their greater dispersion. This
study aimed to characterize five jaboticaba varieties in terms of their anthocyanin and nonanthocyanin phenolic
compositions and their antiproliferative action on tumor cells of breast and prostate cancer. The most abundant
anthocyanins were cyanidin-3-glycoside and delphinidin-3-glycoside. Three myricitin derivatives, 14 quercetin

derivatives (including free quercetin), 13 ellagic acid derivatives (including free ellagic acid) and 4 methylellagic
acid derivatives were detected. The variety that showed the best antiproliferative action was Pintada (PFP),
which was harvested in the 2015 crop. The phenolic compounds showed differences in different crop years
however, samples from both years decreased cellular proliferation.

1. Introduction

“Jaboticaba” as it is popularly known, is a Brazilian berry species
cultivated throughout the country [1]. Its pulp presents desirable sen-
sory characteristics and high concentrations of iron, copper, manganese,
and vitamin C [2]. Moreover, fruits of jaboticaba are rich in phenolic
compounds, mainly anthocyanins (responsible for its intense dark peel),
flavonols, and hydrolyzable tannins (ellagitannins, gallotannins), which
exhibit activity against free radicals resulting in potent antioxidant ac-
tivity [3].

Usually, the peel is not consumed due to its stiffness and astringent
taste thus the peel is responsible for the generation of large amounts of
residues in the manufacture of products derived from jaboticaba fruit
[4]. Use of the peel (up to 35% of the fruit weight) as a source of
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antioxidants is a sustainable alternative, and it has been used in food
industries to produce jams, ice cream, and beverages [1,3,5].
Currently, there is growing interest in the antioxidant activity of the
phytochemicals present in the diet since they play a very important role
in an organism’s defense [6]. According to Inada et al. [2], several
studies show that jaboticaba presents in vitro and in vivo biological
activities, which have been mainly associated with its phenolic com-
pounds. Furthermore, phenolic compounds from jaboticaba extracts
appear to contribute to potential health benefits, such as diabetes con-
trol and prevention of cardiovascular diseases and neurological disor-
ders [7]. Thus, jaboticaba fruits have been consumed as a source of
nutrients and bioactive compounds, and not only for their sensory
properties and personal preference [6]. Additionally, there is evidence
not only of the antioxidant capacity of jaboticaba fruits but also of the
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Table 1
Climate parameter per month in cultivar regions for the crop years.
Region Parameter Crop year Month Annual
Jan Feb Mar Apr May Jun Jul Ago Sep Oct Nov Dec
Lagoa Branca Temperature (°C) 2014 25.3 27.2 25.2 22.1 19.8 19.7 18.6 20.9 22.8 24.6 23.3 23.6 22.8
2015 25.8 23.7 22.5 22.3 19.5 19.3 20.0 21.7 22.9 25.1 23.7 23.8 22.5
Rainfall (mm) 2014 50.6 49.4 9.4 70.2 25.8 7.8 43.2 0.0 59.8 61.2 219.0 116.8 59.4
2015 58.4 217.2 220.4 25.6 0.6 0.0 0.0 13.6 119.0 90.2 175.4 95.0 84.6
Aracoiaba da Serra Temperature (°C) 2014 24.8 25.2 23.0 20.9 18.5 18.0 17.0 18.4 20.7 22.3 21.9 23.1 21.2
2015 25.1 22.9 22.0 20.8 18.4 17.7 17.3 19.3 209 22.3 22.5 23.7 21.1
Rainfall (mm) 2014 79.4 157.8 109.6 88.2 27.4 15.2 26.8 40.8 832 19.8 151.2 227.8 85.6
2015 199.8 242.0 165.0 33.8 66.8 5.8 124.0 19.2 190.4 100.6 284.2 72.8 125.4

effects of these compounds on different types of cancer [8,9] and the
immune system [10,11].

Cancer in the broader sense refers to more than 277 different types of
cancer disease. It is a serious problem affecting the health of all human
societies and is considered the second leading cause of mortality
worldwide [12]. Prostate cancer is the second most common and fifth
most aggressive neoplasm among men worldwide. It is known that one
man in 25 worldwide is likely to receive a prostate cancer diagnosis
within his lifetime [13]. Another cancer of great worldwide occurrence
is breast cancer. According to Heer et al. [14] among women, breast
cancer is the most common malignant disease worldwide, accounting for
24% of new cancer cases.

Natural products, especially of plant origin have continuously served
as major sources of drugs against diseases such as cancer, diabetes, and
microbial infections among others. Currently, over 60% of anticancer
drugs are derived from plants [15]. Thus, the control and treatment of
cancer have prompted researchers to seek new control strategies, aimed
at the improvement of nonconventional therapies [16]. Hou et al. [17]
showed that anthocyanin cyanidin-3-glycoside can inhibit the prolifer-
ation of breast cancer cells and similar results were described by Fang
[18]. Moreover, the potential of jaboticaba peel to inhibit tumor cell
growth was observed in four different tumor cell lines (lung, breast,
hepatocellular, and cervical carcinoma) [4]. The breast cancer cell
lineage used in many studies is MDA-MB-231. According to Fung et al.
[19], this cell lineage is more susceptible to dietary interventions than
other lines. A possible synergistic effect between anthocyanin and ella-
gitannin metabolites in reducing MDA-MB-231 cell proliferation was
reported by Teixeira et al. [20].

Considering all possible health benefits of anthocyanin and non-
anthocyanin phenolic compounds, the identification and quantification
of these compounds in foods is extremely important. To carry out these
studies with sensitivity and efficiency, it is necessary to use modern
techniques [21,22]. Therefore, advanced separation techniques such as
high-performance liquid chromatography (HPLC), coupled to photo-
diode array detection (PDA) and/or to mass spectrometry (MS) have
been used to analyze anthocyanins and nonanthocyanin phenolic com-
pounds that always coexist in plant extracts [23]. Thus, the present
study was performed using HPLC coupled to a UV-vis diode array de-
tector (DAD) in tandem with an electrospray ionization multidimen-
sional mass spectrometry (ESI-MS™) detector.

The present study aimed to characterize the phenolic profiles of five
jaboticaba peel varieties (in two crop seasons): Myrciaria jaboticaba
(Vell.) O. Berg., popularly known as jaboticaba Sabara, Myrciaria cau-
liflora (DC.) O. Berg., popularly known as jaboticaba Paulista, Myrciaria
coronata Mattos, popularly known as jaboticaba Coroada, Hibrida
(Myrciaria cauliflora (DC.) O. Berg) and Pintada (Plinia spp.). Further-
more, the bioactive potential of jaboticaba peel extracts was also
assessed to decrease the proliferation of breast and prostate cancer cells.

2. Materials and methods
2.1. Chemicals

All solvents were HPLC-MS quality, all chemicals were analytical
grade (> 99%), and water was ultrapure (Milli-Q Direct 3 system (Mil-
lipore, Billerica, MA, USA)). To identify phenolic compounds, com-
mercial standards from Phytolab (Vestenbergsgreuth, Germany):
malvidin-3-glycoside chloride and (-)-gallocatechin; Extrasynthese
(Genay, France): cyanidin-3-glycoside chloride, quercetin, myricetin
and quercetin-3-glycoside; and Sigma-Aldrich (Tres Cantos, Madrid,
Spain): (+)-catechin and (-)-gallocatechin 3-gallate were used. Some
other, noncommercial flavonol standards (myricetin 3-glucoside and
quercetin 3-glucuronide) were previously isolated from ‘Petit Verdot’
grape peel [24].

Quantification (mg kg of dry peel) was express as the most repre-
sentative compounds for each family of phenolic compounds equivalent:
cyaniding-3-glycoside was used for anthocyanins; ellagic acid for ellagic
acid and methylellagic acid derivatives; quercetin-3-rhamnoside for
flavonols, flavonol 3-glycoside and its free-aglycones; (4)-catechin for
flavan-3-ols (total proanthocyanidins); corresponding standards for
flavan-3-ol monomers and dimers; and the total using the sum of
(+)-catechin equivalents.

2.2. Samples

Sabara (Myrciaria jaboticaba (Vell.) O. Berg) (SF) and Paulista
(Myrciaria cauliflora (DC.) O. Berg) (PF) jaboticaba samples were pro-
vided by the Faggan Farmers Group, located in Lagoa Branca, Sao Paulo
(21°46°26" S, 47°05°11" W and 684 m of elevation) in October 2014 and
2015. Other samples of Sabara (Myrciaria jaboticaba (Vell.) O. Berg)
(SFP), Coroada (Myrciaria coronata Mattos) (CFP), Hibrida (Myrciaria
cauliflora (DC.) O. Berg) (HFP) and Pintada (Plinia spp.) (PFP) were
provided by F.P. Frutas e Plantas, located in Aracoiaba da Serra, Sao
Paulo, (23°30°19" S, 47°36°51" W and 625 m of elevation), in October
2014 and 2015. The region of Lagoa Branca showed average annual
temperatures of approximately 22.5°C (2014) and 22.8°C (2015) and
average annual rainfall of approximately 59.4 mm (2014) and 84.6 mm
(2015). In the region of Sabard, the average annual temperatures were
approximately 21.2°C (2014) and 21.1°C (2015), and the average annual
rainfall was approximately 85.6 mm (2014) and 125.4 mm (2015). Both
locations have a tropical climate. More detailed climatological data for
the crop years are reported in Table 1.

Fruits were harvested at the maturity index, determined according to
the external color, when they were dark purple and full-ripe. Jaboticaba
samples were selected after ascertaining the presence of defects or dis-
ease, washed, and manually peeled off to separate flesh and peels, which
were frozen at -22 °C, freeze-dried, vacuum-packed and stored at -22 °C.
The freeze-dried samples were ground to a fine and homogeneous
powder to be used to prepare the extracts.
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2.3. Preparation of extracts and chromatographic analysis

The extracts of the five jaboticaba varieties were prepared according
to Paludo et al. [25]. The extracts were dried in a speed vac (Eppendorf
Vacufuge Plus Vacuum Concentrator, Eppendorf) and resuspended in a
specific solvent mixture for each chromatographic trial.

For anthocyanin compound analysis, the peel extracts were resus-
pended in HC1 0.1 N (1:10, v/v), filtered through a polyester membrane
(0.20 pm, Chromafil PET 20/25, Macherey-Nagel, Diiren, Germany),
and directly injected into the HPLC equipment.

To reduce the interference of anthocyanin compounds in flavonol
analysis, the extracts from five jaboticaba varieties were previously
purified by solid-phase extraction (SPE) according to Castillo-Munoz
et al. [24] with some adaptation. The extracts were passed through
cartridges (6 mL, 500 mg, Bond Elute Plexa PCX, Agilent®); the
anthocyanin-free fractions were eluted in ethanol. These eluates were
dried in a rotary evaporator (35 °C), redissolved in 1.5 mL of 20%
methanol, and directly injected into the HPLC equipment.

For flavan-3-ol isolation, monomers, B-type dimers, and polymeric
proanthocyanidins were isolated from peels of the five jaboticaba vari-
eties using SPE C18 (Sep-Pak Plus C18, Waters Corp., Milford, MA; 820
mg). A mixture of 2 mL of peel extract and 12 mL of ultrapure water was
passed through a C18 cartridge previously conditioned with 5 mL of
methanol and 5 mL of water. After the cartridge was dried under
reduced pressure, methanol (15 mL) and ethyl acetate (5 mL) were
added to recover adsorbed phenolics. Later, the solvent was evaporated
in a rotary evaporator (35 °C), and the residue was dissolved in meth-
anol (2 mL) and stored at -18 °C until needed.

2.4. Tannins condensed by precipitation with methylcellulose

The tannins were quantified according to the method for condensing
tannins by precipitation with methylcellulose [26].

2.5. HPLC-DAD-ESI-MSn identification and quantification of phenolic
compounds from five jaboticaba varieties

2.5.1. Analysis of anthocyanins

HPLC separation, identification and quantification of the anthocya-
nins were performed in an Agilent 1100 Series liquid chromatograph
equipped with an ion trap mass spectrometer. First, 10 pL of extract was
injected on a C18 reverse-phase column (Zorbax Eclipse, 2.1 x 150 mm;
3.5 um particle size, Agilent) at a controlled temperature of 40 °C [27].
The solvents used were a mixture of water:acetonitrile: formic acid
(88.5:3:8.5, v/v/v, solvent A; 41.5:50:8.5, v/v/v, solvent B) with a flow
rate of 0.19 mL min!. The linear solvent gradient for anthocyanin
analysis was 0 min, 6%; 10 min, 30%; 30 min, 50%; 34 min, 100%; 36
min, 100%; and 42 min, 6%. The ESI-MS/MS parameters were as fol-
lows: positive ionization mode; dry gas, Ny, 11 L min'!; drying temper-
ature, 350 °C; nebulizer, 65 psi; capillary, -2500 V; capillary out, 70 V;
skimmer 1, 20 V; skimmer 2, 6 V; and scan range, 50-1200 m/z. For
quantification we used the extracted chromatograms obtained at 520
nm, and the total anthocyanin concentration is expressed as
cyanidin-3-glycoside equivalent (mg kg™ of dry peel).

2.5.2. Analysis of nonanthocyanin

To analyze nonanthocyanin compounds, the same equipment
described for anthocyanin analysis was used. First, 20 pL of SPE extract
was injected on a C18 reverse-phase column (Zorbax Eclipse, 2.1 x 150
mm; 3.5 um particle size, Agilent) at a controlled temperature of 40 °C
[27]. The solvents used were solvent A (acetonitrile:water:formic acid,
3:88.5:8.5, v/v/v), solvent B (acetonitrile:water:formic acid,
50:41.5:8.5, v/v/v), and solvent C (methanol:water:formic acid,
90:1.5:8.5, v/v/v). The flow rate was 0.19 mL min'l, and the linear
solvent gradient was 0 min, 98% A and 2% B; 8 min, 96% A and 4% B;
37 min, 70% A, 17% B, and 13% C; 51 min, 50% A, 30% B, and 20% C;
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51.5 min, 30% A, 40% B, and 30% C; 56 min, 50% B and 50% C; 57 min,
50% B and 50% C; 64 min, 98% A and 2% B. For quantification we used
the extracted chromatograms obtained at 360 nm, and the total con-
centrations of flavonols and ellagic derivatives were expressed as
quercetin-3-rhamnoside (mg kg™ of dry peel) and ellagic acid (mg kg™
of dry peel) equivalents, respectively.

2.5.3. Identification and quantification of flavan-3-ol monomer content
and the total content and structural characteristics of oligomers
(proanthocyanidins) using multiple reaction monitoring (MRM) in HPLC-
DAD-ESI-MS/MS

The individual contents of flavan-3-ol monomers were analyzed
directly in the extracts. Structural information and estimation of the
total proanthocyanidin (PA) content were obtained following the acid-
catalyzed depolymerization method and were assisted by pyrogallol
[27-29].

2.6. Antiproliferative activity in tumor cell lines

The extracts of the five varieties of jaboticaba peel were prepared
according to Paludo et al. [25]. The extracts were dried in a speed vac
(Eppendorf Vacufuge Plus Vacuum Concentrator, Eppendorf) and
resuspended in ultrapure water/dimethylsulfoxide (DMSO). For this
study cellular lineages established from prostate (DU-145) and breast
cancers (MDA-MB-231) were used. Stock cultures were maintained in
RPMI culture medium with 1 g/L glucose containing 10% fetal bovine
serum (FBS) and supplemented with 1% penicillin-streptomycin. Cell
lineages were kept in a humidified oven at 35 °C and 5% CO,. Cell
lineages were obtained from American Type Culture Collection (ATCC)
(Rockville, MD) and kindly provided by Prof. Dr. Hernandes Faustino de
Carvalho, Universidade Estadual de Campinas, UNICAMP, SP, Brazil.

Cell lineages of prostate (DU-145) and breast cancers (MDA-MB-231)
were plated at a concentration of 9 x 10* cells per well (well trays = 96)
and filled with 100 pL of culture medium (with FBS). After 24 hours, the
culture medium was changed, and the cells were subjected to treatments
with jaboticaba peel extracts at concentrations of 2.5, 25, 50 and 250 pg
mL L. Cells were treated with doxorubicin for 24,48 [6,11] or 72 hours.
The extracts were diluted in culture medium without FBS, and the final
concentration of DMSO was at most 0.2% to avoid harming cellular
viability. Control groups consisted of cells cultivated in culture medium
with DMSO and without FBS.

After each incubation period, the cell viability was assessed with the
colorimetric thiazolyl blue tetrazolium bromide method (mitochondrial
activity assay (MTT)), which is based on the cleavage of tetrazolium salt.
This cleavage produces formazan, which is insoluble in water and pre-
sents a blue color. The formazan is then solubilized in isopropanol and
its absorbance is measured in a spectrophotometer. The formazan pro-
duced in this reaction is directly proportional to the number of viable
cells present in the culture medium at the moment, MTT is added [30].
Here 10 pL of solution prepared from 5 mg mL™' MTT was added to the
culture medium. Then, the plate was kept in a humidified oven (95%) at
37 °C and 5% CO; for three hours, after wich 100 pL of acidified iso-
propanol (isopropyl alcohol and hydrochloric acid) was added. Readings
were performed after 10 min at 540 and 570 nm in a microplate reader
[31].

2.7. Statistical analysis

Analysis of variance (ANOVA) was applied to the experimental data,
and the averages were compared by Tukey’s test and the Student-
Newman-Keuls test with a 5% significance level (a = 0.05) using the
statistical software Statistica 7.0 (Statsoft Inc., Tulsa, OK, U.S.A). For
cellular trials, the inhibitory concentration that decreased the amount of
reactive species in the tested medium by 50% (ICsp) was determined
using Graph Pad Prism 5 software. Phenolic compound groups also
underwent principal component analysis (PCA) using the statistical
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Table 2

Anthocyanin and nonanthocyanin phenolic compounds identified by HPLC-

DAD-ESI-MS/MS in the peels of five jaboticaba varieties.

Peak Assignation” Rt UV-vis MS Ms? (m/2)
(min) (nm) (m/z)
Flavonols
4 M-hex-1 (M- 20.5 255; 265 479.2 316.9; 315.8
3-gal) sh; 305 sh;
352
2 M-hex-2 (M- 19.0 352,0 479.4 316.8; 315.8
3-glu)
5 M-rhm 24.6 255 sh; 463.4 316.7; 316.0
261; 305
sh; 348
9 Q-hex-1 (Q-3- 27.5 256 sh; 463.4 300.8; 300.1
gal) 262; 305
sh; 352
11 Q-hex-2 (Q-3- 29.6 353,0 463.4 300.8; 300.0
glu)
17 Q-gleu (Q-3- 39.6 352,0 463.4 300.8; 300.0
glucur)
12 Q-pent-1 30.6 351,0 433.2 300.8
13 Q-pent-2 32.3 354,0 433.3 300.8
14 Q-pent-3 33.2 256; 262 433.4 300.8
sh; 310 sh;
350
15 Q-rhm (Q-3- 35.0 255; 260 447.4 300.8
rhm) sh; 305 sh;
348
16 Q-galloyl- 37.9 357,0 585.2 (433.4); 300.9
pent-1
18 Q-galloyl- 40.7 357,0 585.2 (433.4); 300.9
pent-2
23 Q-cm-hex-1 47.6 255 sh; 609.3 463.0; 301.0
265; 295
sh; 314;
352 sh
24 Q-cm-hex-2 47.7 265sh; 295  609.3 462.9; 300.9
sh; 314;
352 sh
22 Q-fer-hex-1 47.0 255; 265 639.2 476.9; 462.9;
sh; 300 sh; 314.9; 300.8
325; 352 sh
25 Q-fer-hex-2 49.3 255; 265 639.2 477.0; 462.9;
sh; 295 sh; 315.1; 300.9
328; 352 sh
19 Free-Q 44.7 255; 265 301.0 299.8; 270.8;
sh; 300 sh; 254.7; 228.8;
371 178.7; 150.7
Ellagic derivatives
1 EA-Hex 15.6 254; 292 463.2 300.8
sh; 345 sh;
360
3 EA-pent-1 19.4 253; 292 433.3 300.8; 299.8
sh; 345 sh;
358
7 EA-pent-2 26.3 254; 295 433.4 300.7
sh; 348 sh;
359
8 EA-rhm-1 27.2 254; 261 447.5 300.8
sh; 303 sh;
348 sh; 359
10 EA-rhm-2 28.5 254; 260 447.4 300.6; 299.9
sh; 290 sh;
348 sh; 362
20 EA-ac-thm-1 45.8 252; 262 489.3 299.8; 300.8
sh; 308 sh;
345 sh; 361
sh; 376
26 EA-ac-rhm-2 50.0 254; 260 489.3 299.8; 300.8
sh; 295 sh;
336 sh; 345
sh; 358
27 EA-valeryl- 52.9 254; 260 531.4 488.9; 470.8;
rhm-1 sh; 300 sh; 300.8; 299.8
348 sh; 361
28 55.2 531.2
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Table 2 (continued)

Peak Assignation” Rt UV-vis MS MS? (m/z)
(min) (nm) (m/2)
EA-valeryl- 254; 260 488.9; 470.8;
rhm-4 sh; 300 sh; 300.8; 299.8
348 sh; 361
30 EA-valeryl- 57.8 254; 260 531.3 470.9; 300.8;
rhm-2 sh; 305 sh; 299.7
355 sh; 373
31 EA-valeryl- 57.9 254; 260 531.3 488.9; 471.0;
rhm-3 sh; 300 sh; 300.8; 299.8
348 sh; 361
33 EA-caprilyl- 60.3 256; 265 573.3 531.5; 513.0;
rhm sh; 297 sh; 300.7; 299.8
345 sh; 360
6 Free-EA 25.5 253; 292 301.3 300.8; 256.8;
sh; 355 sh; 228.7; 184.7
367
32 Me-EA- 59.4 253; 265 545.5 503.3; 485.0;
valeryl-rhm sh; 290 sh; 470.0; 442.3;
348 sh; 365 314.9; 299.9
34 Me-EA- 61.6 255; 265 587.6 544.9; 527.0;
caprilyl-rhm sh; 297 sh; 467.1; 315.2;
344 sh; 357 314.0; 300.1
21 Me-EA-rhm 46.8 253; 262 461.4 314.9; 300.3
sh; 290 sh;
352 sh; 365
29 Me-EA-ac- 57.0 253; 260 503.2 460.7; 442.9;
rhm sh; 290 sh; 428.2; 314.8;
351 sh; 365 299.9
Anthocyanins
a dp-3-gle 6.207 287; 523 465 303
b cy-3-gle 9.284 280; 516 449 287
c pt-3-glc 11.124 284; 506 479 317
d pg-3-gle 11.224 283; 520 433 271
e pn-3-glc 12.925 283; 518 463 301
f dp-3-acglc 14.393 280; 524 507 303
g cy-3-acgle 16.127 281; 519 491 287
h dp-3-cmgle 18.185 299; 528 611 303
i cy-3-cmgle 20.313 284; 314 595 287
sh, 440 sh;
520
j cy-3-fergle 20.86 270; 331, 625 287
440 sh; 520

# M (myricetin derivatives): M-hex-1 (myricetin-hexose), M-hex-2 and M-rhm
(myricetin-rhamnoside); Q (quercetin derivatives): Q-hex-1 (quercetin-hexose),
Q-hex-2, Q-glcu (quercetin-glucuronide), Q-pent-1, Q-pent-2 and Q-pent-3
(quercetin-pentose isomers), Q-rhm (quercetin- rhamnoside), Q-galloyl-pent-1
and Q-galloyl-pent-2 (quercetin-galloyl-pentose isomers), Q-cm-hex-1 and Q-
cm-hex-2 (quercetin-coumaroyl-hexose isomers), Q-fer-hex-1 and Q-fer-hex-2
(quercetin-feruloyl-hexose isomers), and Free-Q (free-quercetin); EA (ellagic
acid): EA-hex (ellagic acid-hexose), EA-pent-1 and EA-pent-2 (ellagic acid-
pentose isomers), EA-rhm-1 and EA-rhm-2 (ellagic acid-rhamnoside isomers),
EA-ac-rhm-1 and EA-ac-rhm-2, (ellagic acid-acetyl-rhamnoside isomers), EA-
valeryl-rhm-1, EA-valeryl-thm-4, EA-valeryl-rhm-2 and EA-valeryl-rhm-3 (ella-
gic acid-valeryl-rhamnoside isomers), EA-caprilyl-rhm (ellagic acid-caprilyl-
rhamnoside), and Free-EA (free-ellagic acid); Me-EA (methylellagic acid): Me-
EA-valeryl-rhm (methylellagic acid-valeryl-rhamnoside), Me-EA-caprilyl-rhm
(methylellagic acid-caprilyl- rhamnoside), Me-EA-rhm (methylellagic acid-
rhamnoside), and Me-EA-ac-rhm (methylellagic acid-acetyl-rhamnoside); hex:
hexose; pent: pentose; rhm: rhamnosis; gal: galactose; glu: glucose; ac: acetic
acid; cm: p-coumaric acid; fer: ferulic acid; dp: delphinidin; cy: cyanidin; pg:
pelargonidin; pn: peonidin; pt: petunidin; glc: glycoside; cmgle: coumaryl-
glicoside; acglc: acetylglicoside; ferglc: feruloylglycoside.

software SAS 9.0 (SAS Institute, Cary, NC, U.S.A) and SPSS Statistics
(IBM Corporation, NY, U.S.A.).

3. Results and discussion

3.1. Nonanthocyanin phenolic compounds from peels of five jaboticaba
varieties

Applying HPLC procedures to nonanthocyanins phenolic compounds



Table 3

Anthocyanin and nonanthocyanin phenolic compounds contents obtained by HPLC-DAD-ESI-MS/MS for the peels of five jaboticaba varieties (mean + standard deviation, n = 3).

Non-anthocyanin phenolic compounds

Peak Assignation'

SF molar%

PF molar%

SFP molar%

PFP molar%

HFP molar%

CFP molar%

2014 Crop 2015 Crop 2014 Crop 2015 Crop 2014 Crop 2015 Crop 2014 Crop 2015 Crop 2014 Crop 2015 2014 Crop 2015 Crop
Crop
4 M-hex-1 ND 0.96 £0.05b ND ND 1.10 + 0.35 +0.03d ND 1.55+0.33a 0.58 + 0.02 ¢ ND 1.32+ 0.88 +£0.15b
0.04 b 0.24 a
2 M-hex-2 ND ND ND ND ND ND 5.54 +1.69b 14.28 + 1.06 a ND ND ND ND
5 M-rhm 26.18 £+ 2436 £2.20 3893+ 27.14+1.12 3212+ 29.26+0.69b 8.14 + 1.41g 14.70 + 2.35f 21.04 £ 0.47 e 16.64 + 37.43+  29.44 + 2.86 bc
2.22cd d 0.67 a cd 1.36 b c 0.51f 3.30a
9 Q-hex-1 215+ 2.37+0.33d ND ND 2.29 + 6.74 £ 0.42 ¢ 9.21 £ 0.49b 1.40 +0.18 e 13.22 4+ 0.52 a ND ND ND
0.27d 0.08 d
11 Q-hex-2 11.30 = 13.49+£0.86 6.97 + 10.12+1.51 11.30 + 10.09+0.61d 13.63+0.46 15.36 £1.79b 4.87 £+ 0.04f 6.29 + 18.10 = 18.22 + 0.52a
0.68 d c 1.06 e d 0.13d c 0.11e 0.67 a
17 Q-glcu ND ND ND ND 0.40 + ND ND ND 1.90 + 0.03 b 5.69 + ND ND
0.0l e 0.05¢
12 Q-pent-1 1.65 + 1.54 + 6.52 + 7.83 £0.27 1.63 + 2.07 £0.6lef 4.124+0.42d 2.72+0.81e 4.70 £ 0.18 cd 497 + 0.76 + 1.56 + 0.50fg
0.07fg 0.13fg 0.45b a 0.09fg 0.20 ¢ 0.11g
13  Q-pent-2 2.07 + 1.88 +0.23 6.94 + 9.22 +2.35 2.10 + 3.65+0.21d 578+0.51c 830+0.85ab 5.78 £ 0.39 ¢ 9.07 + 0.75 + 211+0.11de
0.26de de 1.62bc a 0.16de 0.40 a 0.10e
14 Q-pent-3 6.71 + 9.60+2.72d 15.02+ 21.97 +£5.05 8.38 + 6.71 + 0.45 25.19 +£2.18 21.20 +1.76 b 4.21 £0.33e 6.04 + ND ND
0.86de 1.32¢ ab 093de de a 0.38de
15 Q-rhm 2719+ 2216 +198 19.64+ 20.75+1.22 21.67+ 20.08+0.64d 8.48 +1.54e 3.88 + 0.86f 23.84+051bcd 26.31 + 26.46 +  38.43 +233a
2.08 b cd 4.76 d d 0.92cd 0.86 bc 2.74bc
16 Q-galloyl-pent-1 1.00 + ND 3.59 + ND 0.86 + 0.25+0.03¢c  0.69+0.21b 1.37 £0.19b 0.43+0.15¢ 0.37 + ND ND
0.09bc 1.28 a 0.01bc c 0.10 ¢
18 Q-galloyl-pent-2 1.56 + 1.58+0.33b ND ND 1.77 £ 0.78 £ 0.12 ¢ ND ND 0.22 +£0.02d 0.43 + 9.76 + 6.98 +4.81 a
0.05b 0.08 b 0.04 d 0.07 b
23  Q-cm-hex-1 0.77 + 1.524+0.03b ND 2.93 + 0.69 1.54 + 1.58+£0.05b 1.30+0.67b 1.32+0.06bc 1.02+0.05bcd 0.59 + 1.76 + 1.78 £ 0.24 b
0.04cd a 0.03 b c 0.01d 0.16 b
24  Q-cm-hex-2 ND 0.52+0.04c ND ND 0.66 + 0.95 £ 0.03 a ND ND 0.95 +£0.01 a 0.41 + ND ND
0.07 b 0.01d
22  Q-fer-hex-1 ND ND 235+ ND ND ND 2.19 £ 0.57a ND ND ND ND 0.57 £ 0.03 b
0.20 a
25 Q-fer-hex-2 ND ND ND ND ND ND 0.87 £ 0.11a ND ND ND ND ND
19 FreeQ 19.37+ 19.25+293 ND ND 14.10 + 17.08 £1.10a 10.11 +4.32 ND 6.15+1.61c 7.31 + 8.96 + ND
3.64a a 245ab be 2.82¢c 3.06 ¢
Total flavonols (mg kg'1 DW 349.59 + 679.57 + 121.67 + 140.84 + 648.81 + 1147.87 + 449.06 + 241.56 + 42.82f 1195.21 + 60.42 b 1521.29 + 522.67 + 469.98 + 28.63 d
skin, eq Q-rhm) 13.33 e 37.11c 6.87 g 891g 13.87 ¢ 27.04 b 146.24 d 58.10 a 69.61 d
1 EA-hex 6.99 + 6.43+0.17b 1.41 + 4.04 £1.22 6.24 + ND 2.45+0.01d ND 12.44 £ 0.25a ND 5.70 £ ND
0.37b 0.10e c 0.11b 1.47 b
3 EA-pent-1 1.95 + 2.04+0.21b ND ND 2.50 + ND ND ND ND ND 1.57 + 1.58 £0.02 ¢
0.11b 0.09 a 1.09d
7 EA-pent-2 18.21 + 19.94 + 0.66 13.60 + 20.31 £+ 3.78 17.85 + 36.59+1.74c ND 44.84 £1.96 b 36.42 + 0.59 ¢ 50.33 £ 24.58 + 4991 +£3.32a
0.79 e e 1.18f e 0.35e 1.11a 3.96d
8 EA-rhm-1 0.28 + 0.54 +0.09e 2.05+ 3.97 + 0.98 0.21 + ND 0.67 + 0.37 e ND 6.04 £ 0.10 a ND 3.21 + ND
0.01le 0.18d b 0.01e 0.68 ¢
10 EA-rhm-2 3.21 + 3.23+0.16b 6.13 + 4.19 + 1.03 3.78 + 2.19+0.39bc  16.89 + 3.68 1.34 +0.44cd 2.51+0.05bcd ND 0.65 + ND
0.05bcd cd 0.12b bce 0.23b d a 0.28d
20 EA-ac-rhm-1 0.38 + 0.41+0.01b 1.67 + 1.32 £ 0.44 0.46 + 0.78 + 0.05 b 1.31 £ 0.66a 0.60 + 0.05bc ND ND 0.41 + 0.30 £ 0.02bc
0.04bc c 0.08 a a 0.02bc 0.17 ¢
26 EA-ac-rhm-2 0.92 + 1.09 £0.05 3.00 + 2.09 + 0.89+£0.01e 0.82 + ND 1.29+£0.0¢c 0.26 + 0.12f ND ND 0.19 + 0.0f
0.05 e d 0.02 a 0.06 b 0.02 e
27  EA-valeryl-rhm-1 0.27 + 0.21 £ 0.01 0.55 + 0.16 + 0.20+0.01b 0.23 + 0.63 + 0.38 0.20 £ 0.01b 0.26 + 0.14 b ND ND 0.21 £ 0.01 b
0.00 b b 0.01 a 0.01 b 0.01 b a

(continued on next page)
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Table 3 (continued)

Non-anthocyanin phenolic compounds

Peak Assignation'

SF molar%

PF molar%

SFP molar%

PFP molar%

HFP molar%

CFP molar%

2014 Crop 2015 Crop 2014 Crop 2015 Crop 2014 Crop 2015 Crop 2014 Crop 2015 Crop 2014 Crop 2015 2014 Crop 2015 Crop
Crop
28 EA-valeryl-rhm-4 0.37 + 0.38 £0.01 0.56 + 0.16 + 0.20£0.00e 0.36 & ND 0.40 £ 0.01 b ND ND ND ND
0.02cd bec 0.01a 0.0f 0.01d
30 EA-valeryl-rhm-2 0.27 + 0.30 £ 0.02 0.86 + 0.43 + 0.34+0.06¢c 0.25 + ND 0.22 +£0.01 e ND ND ND ND
0.00de cd 0.07 a 0.02b 0.0lde
31 EA-valeryl-rhm-3 ND ND 0.55 + 0.32 £ 0.27 +£0.03 ¢ ND ND ND ND ND ND ND
0.01 a 0.02 b
33  EA-caprilyl-rhm 0.81 + 0.96 + 0.04 1.80 + 1.03 +£0.0 0.83+0.02d 1.05 + ND 0.68 £ 0.03 e ND ND ND ND
0.03d c 0.07 a b 0.06 b
6 Free EA 66.29 + 64.41 + 69.71 + 60.51 + 66.15 + 0.74 57.74 + 73.60 + 49.40 £4.03de 4256+ 0.75e 49.66 + 63.31 £5.71a 48.00 +£3.00 e
1.38abc 1.33abc 3.22ab 4.38bc abc 1.66cd 11.07 a l.11de be
Total EA derivatives (mg kg™ DW skin, 960.30 + 1265.60 + 472.16 + 1659.65 + 1314.49 + 1123.68 + 376.57 + 1210.01 +19.94 ¢ 462.41 + 23.98 f 683.33 + 10.22 e 1497.69 + 1372.42 + 15.80 b ¢
eq. EA) 37.50d 22.60bc 7.15f 61.32a 25.83bc 60.95cd 120.05 f 337.12ab
32 Me-EA-valeryl-rhm ND 47.27 + ND ND ND ND ND ND ND ND ND ND
0.43a
34 Me-EA-caprilyl-rhm 43.25 + 52.72 + 49.19 + 60.87 + 100.00 + 100.00 + ND 7297 £1.94b ND ND ND ND
1.52f 0.43d 1.19e 5.25¢ 0.00 a 0.00 a
21 Me-EA-thm 56.74 + ND ND ND ND ND ND ND ND ND ND ND
1.52a
29 Me-EA-ac-thm ND ND 50.80 + 39.12 + ND ND ND 27.02 £1.94d 100.00 £ 0.00a ND ND ND
1.19b 5.25¢
Total Me-EA derivatives (mgkg! DW  6.19 + 5.39+0.17 5.17 + 8.26 + 2.79 + 0.04 2.58 + ND 9.58 + 0.78 a 0.04 + 0.00 f ND ND ND
skin, eq. EA) 0.15¢ d 0.14d 0.52b e 0.03 e
Flavan-3-ols monomers
(+)-catechin 53.15 + 61.76 + 4579 £+ 69.05 + 59.54 + 3.84 62.73 + 49.73 + 39.30 £ 2.54 € 48.48 £ 6.53cde 52.76 + 62.13 £ 1.58a 60.79 + 7.86abc
5.65bcd 3.50ab 511de 7.48a abe 3.55ab 247bcde 3.53bcd b
(—)-gallocatechin 36.61 + 27.85 + 40.35+ ND 28.95 + 2.03 26.99 + 29.18 + 22.26 £3.76 b 41.37 £ 7.43 a 33.66 + 25.74 £ 2.21a 25.30 £+9.56 ab
342ab 6.48ab 8.24a ab 411lab 7.62ab 6.29ab b
Epicatechin 3-gallate 4.59 + 6.74 +£1.65 10.45+ 2414+ 5.64+0.21e 8.70 6.31 +1.43 24.68 £1.70 b 9.04 £0.58cde 10.78 + 12.57 £1.07 c 28.88 +1.87 a
0.68f def 0.83cd 3.94b f 1.04cde ef 1.69 ¢
Gallocatechin 3-gallate 1.51 + 1.90 £ 0.13 ND 10.15 + 2.33+£0.53¢ 3.22 + ND 12.67 +2.35a 1.69+0.18cd 3.80 + ND 10.12 £ 1.22b
0.23d cd 1.30b d 0.25¢ 1.66 ¢
Epigallocatechin 3-gallate 6.08 + ND 6.31 + ND 2.87+0.77b ND ND ND ND ND ND ND
1.04 a 2.21a
Total monomers (mg kg" DW skin, 0.21 + 0.14 + 0.03 0.08 + 0.03 + 0.15 + 0.01 0.12 + 0.02b 0.06 + 0.01 0.04 + 0.01 f 0.19 + 0.03 a 0.11 + 0.10 + 0.01d 0.03 + 0.01 f
eq. Catechin) 0.03a be 0.02de 0.01f b cd ef 0.02cd
Proanthocyanidins
mDP 11.37 + 1.924+0.04 235+ 1.82 + 4.66 £0.58b 2.84 + 2.54 + 0.41 2.18 £ 0.07 ¢ 2.84+0.17c 3.04 + 275+0.86¢c 176+ 0.27 c
1.14a c 0.54 ¢ 0.10 ¢ 0.30c c 0.83 ¢
Galloylation % 2.45 + 5.95+0.79 8.80=% 8.03 + 4.51+0.47b 5.80 = 3.95+0.91 8.21 £ 097 a 8.67 £ 0.13 a 8.81 + 4.67 +1.42bc 571 +£0.34ab
0.39¢c ab 2.28 a 1.70 a c 1l.44ab be 1.74 a
Prodelphinidin % 26.23 + 21.02 + 2253+ 19.59 + 27.49 + 0.62 24.26 + 20.48 + 26.60 £ 2.42ab 25.88+040ab 2051+ 22.27 £3.77a 22.24 +4.43ab
0.60ab 0.19ab 3.72ab 357b a 2.37ab 2.72ab 1.20ab b
Total Proanthocyanidins (mg kg'1 6.15 + 1.10 £ 0.11  0.59 + 0.51 + 2.56 + 0.56 1.73 + 0.57 +0.07 0.52 + 0.03 d 2.07 + 0.42b 2.27 + 1.61 +0.84bc 0.56 + 0.03 b c
DW skin, eq. Catechin) 0.61 a cd 0.01d 0.10d b 0.62bc d 0.37 b d
Anthocyanin phenolic compounds
Peak Assignation ' SF molar% PF molar% SFP molar% PFP molar% HFP molar% CFP molar%
2014 Crop 2015 Crop 2014 Crop 2015 Crop 2014 Crop 2015 Crop 2014 Crop 2015 Crop 2014 Crop 2015 Crop 2014 Crop 2015 Crop
a dp-3-glc 16.46 + 0.43 12.62 + 27.15 + 15.40 + 14.53 + 13.97 + 15.16 + 23.13 £0.09b 15.67 + 0.20 d 13.99 + 13.87 +0.23 12.21 + 0.06 i
c 0.07h 0.22a 0.33ed 0.19f 0.05g 0.35e 0.27g g
b cy-3-gle 82.52 + 0.37f 86.31 + 72.13 + 83.76 + 84.63 + 0.21 84.83 + 0.06 84.15 + 76.21 + 0.09g 83.26 £ 0.15 e 84.91 £+ 0.26 85.09 + 0.20 86.80 + 0.04 a
0.11b 0.27h 0.36 d c c 0.35d c c
[ pt-3-glc ND 0.36 +£0.01 b 0.36 £ 0.09 b 0.27 + 0.006 ¢ 0.36 + 0.03 b 0.46 £ 0.04 a

(continued on next page)
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Table 3 (continued)

Non-anthocyanin phenolic compounds

CFP molar%

HFP molar%
2014 Crop

PFP molar%

2014 Crop

SFP molar%

PF molar%

SF molar%

Peak Assignation'

2014 Crop 2015 Crop

2015 Crop 2015

2014 Crop 2015 Crop

2014 Crop 2015 Crop

2014 Crop 2015 Crop

Crop

0.29 + 0.008

bec

0.21 +

0.05 + 0.001

0.17 +£ 0.01

0.23 +£0.02c 0.24 +

0.009 cd
ND

0.001cd

0.21 £ 0.01a 0.13 +

ND

ND ND ND

ND

0.14 £+ 0.009 0.07 + 0.007

ND

ND

pg-3-gle

d

0.007 b

0.35+ 0.01 b 0.40 +

0.27 £ 0.003 0.21 £ 0.01 g

0.31 + 0.00 d 0.22 + 0.01g

0.20 £+ 0.003g

0.16 +
0.002h

0.33 +£0.002 0.33 £+ 0.004
ND

0.26 +
0.00f
ND

ND

pn-3-glc

e

cd

c

0.005 a
ND

ND ND

ND 0.10 + 0.007

ND

0.06 + 0.001

ND ND

ND

dp-3-acglc

f

0.11 £0.01 b 0.11 + 0.003 b

0.34+£0.04a

0.39 £0.07 a

0.09 +0.01 b 0.12 +0.03  0.11 £ 0.02 ND 0.16 + 0.06 0.15+0.02b 0.16 + 0.03 ND

cy-3-acgle

g

0.05+0.00b ND

ND ND 0.21 £+ 0.02 ND ND 0.03 + 0.003 ND ND ND ND

dp-3-cmgle

h

0.18 + 0.003 0.11 + 0.003 ¢

ND

0.07 + 0.006 d

0.12 +£0.001 0.12 + 0.004 0.13 +£0.01 ND

0.28 + 0.02 0.30 + 0.02

a

0.10 £ 0.01 ¢ 0.11 +

cy-3-cmgle

0.002 ¢
ND

0.04 &+ 0.006 ND

ND ND

ND

0.03 £+ 0.006

ND

ND

0.10 +
0.004 a

ND

cy-3-fergle

j

4613.01 + 307.74 e

7198.46 +
211.69 ¢

4553.73 + 304.71 e 5880.23 +

6341.68 + 3237.88 + 355.60f

685.69 d

10546.4 +  1496.53 + 1663.47 + 7659.33 + 12174.33
68.86g

289.98 b

4295.63 +
593.16 e

Total mg kg™ DW skin,

113.85d

1210.97 ¢ +480.39 a

25.91g

Eq. Cy-3-glc

M myricetin derivatives, Q: quercetin derivatives, EA: ellagic acid, Me-EA: methylellagic acid, hex: hexose, pent: pentose, rhm: rhamnosis, gal: galactose, glu: glucose, ac: acetic acid, cm: p-coumaric acid, fer: ferulic
acid, dp: delphinidin, cy: cyanidin, pg: pelargonidin, pn: peonidin, pt: petunidine, glc: glycoside, cmglc: coumaryl-glicoside, acgle: acetylglicoside, fergle: feruloylglycoside. Means followed by the different letters in the

same row differ by t test’s p > 0.05. ND: non-detected.
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resulted in the identification of several flavonoids, ellagic acid, and
methylellagic acid. Among the identified flavonoids, quercetin and
myricetin derivatives were the most numerous. As shown in Tables 2
and 3, the identified and quantified compounds were three flavonol
derivatives from myricetin (M), 14 flavonol derivatives from quercetin
(Q), 13 derivatives from ellagic acid (EA), and four derivatives from
methylellagic acid (Me-EA), which are described in Table 2.

The flavan-3-ol monomers that were identified and quantified were
the phenolic compounds catechin, gallocatechin, epicatechin 3-gallate,
gallocatechin 3-gallate and epigallocatechin 3-gallate. Three proan-
thocyanidins were estimated: mDP, galloylation (%) and prodelphinidin
(%).

The major compound derivative from myricetin was M-rhm (peak 5),
which presented an m/z ratio of 463 and an MS/MS fragmentation of
316. These results are in agreement with Neves et al. [32]. The jaboti-
caba varieties that presented the highest concentration of this com-
pound in the peel were PF and CFP, both harvested in the 2014 crop
season, whereas the lowest concentrations were recorded in PFP in both
crop seasons and HFP in the 2015 crop season. Silva et al. [33] found
0.06 pg mL™ myricetin in Sabara jaboticaba peels; on the other hand,
Inada et al. [34] reported 4.3 mg myricetin per 100 g of dried peel in
Sabara jaboticaba.

Peak 14, which presented a m/z ratio of 433 and an MS/MS frag-
mentation of 301, was a quercetin derivative (Q-pent-3). Peak 15 (m/z
447/301) was also a quercetin derivative (Q-rhm). These results are in
agreement with Neves et al. [35] Q-pent-3 and Q-rhm were the most
representative quercetin derivatives in the five studied jaboticaba va-
rieties. PFP in both crop seasons and PF harvested in 2015 presented the
highest Q-pent-3 concentrations. On the other hand, this compound was
not detected in the CFP jaboticaba variety. However, CFP presented the
highest Q-rhm concentration, whereas the SFP and PF varieties in both
crop seasons presented the lowest concentrations of this compound.

Paulista and Sabard jaboticaba fruits presented, in molar percent-
ages, 11.6 and 12.6% Q-pent-3 and 26.5 and 26.9% Q-rhm, respectively
[32], similar to the molar percentage values reported in the present
study for the same jaboticaba varieties. In Sabara jaboticaba peel ex-
tracts, da Silva et al. [33] reported that the quercetin content was 0.09
ug mL!, whereas Inada et al. [34] reported 3.5 mg of quercetin per 100 g
of peel in the same jaboticaba variety, and Wu et al. [36] detected 11.57
mg of quercetin per 10 g of jaboticaba fruit extracts in Sabara
jaboticaba.

The total flavonols (myricetin and quercetin derivatives) were
expressed in mg per kg of dried peels as equivalents of Q-rhm. The
highest total flavonol content was recorded in HFP jaboticaba harvested
in 2015. In contrast, the PF jaboticaba variety presented the lowest
concentration of total flavonols in both crop seasons. However, in all
jaboticaba varieties studied, there were high concentrations of myr-
icetin and quercetin derivatives, as well as total flavonols. Due to the
wide variety of standards used to express the concentrations of these
compound classes, as well as the numerous techniques used to perform
the chromatographic analyses, comparison with results reported in
other studies would is not satisfactory.

Among ellagic acid (EA) derivatives, the principal compound
recorded in all studied jaboticaba varieties was free ellagic acid (m/z
301/257). These m/z and fragmentation values were also described by
Neves et al. [32]. PFP and PF jaboticaba varieties, both harvested in the
2014 crop season, presented the highest free EA concentrations. On the
other hand, HFP jaboticaba in both crop seasons and the PFP and CFP
jaboticaba harvested in 2015 showed the lowest free EA concentrations.
The molar percentages of free EA reported in Paulista and Sabara
jaboticaba fruit extracts were 64.7 and 72.4%, respectively [32]. Similar
results were described in our study for peel extracts from Paulista and
Sabara jaboticaba. Alezandro et al. [37] reported that Sabara jaboticaba
had 40 mg of EA per 100 g of dried sample. Greater concentrations were
reported by Plaza et al. [38] and Inada et al. [34] in the same variety:
142.8 and 178 mg of EA per 100 g of dried samples.
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Table 4
Total condensed tannins contents in the peels of five jaboticaba varieties (mean
+ standard deviation, n = 3) '.

2014 Crop 2015 Crop

123.72+9.44A d
137.42+20.07A c d
180.20+8.33A b
57.18+4.48A e
109.32+5.94A d
115.61+7.89A d

134.35+18.28A cd
183.70+5.08 B b
194.30+28.47A a b
217.37+4.84B a
155.32+13.96 B ¢
113.80£13.92A d

Sabard Fagan (SF)
Paulista Fagan (PF)
Sabara F.P (SFP)
Pintada F.P (PFP)
Hibrida F.P (HFP)
Coroada F.P (CFP)

T Mean values expressed in mg g of DW peels, eq. Epicatechin. Columns
followed by the same capital letters did not differ statistically (comparison be-
tween crop seasons, p < 0.05), and rows followed by the same lower-case letters
did not differ statistically (comparison among varieites, p < 0.05).

The total content of ellagic acid derivatives (mg kg ! of dried peel,
eq. EA) was measured in all studied varieties but was highest in PF
jaboticaba harvested in 2015 and in CFP jaboticaba harvested in 2014.
The PF, PFP and HFP jaboticaba varieties harvested in 2014 presented
the lowest concentrations of total ellagic acid. In Paulista and Sabara
jaboticaba fruits, Neves et al. [35] reported a total concentration of
ellagic acid equivalents of 152.7 and 294.3 mg kg™!. The concentrations
reported by Neves et al. [32] are lower than those recorded in this study,
possibly due to the plants’ environmental conditions and cultural
practices.

Methylellagic acid derivatives (Me-EA) were also detected, with
substituents similar to those found for ellagic acid derivatives. Quanti-
tatively, all jaboticaba varieties presented higher concentrations of
ellagic acid derivatives than methylellagic acid derivatives. In PFP
(2014 crop season), HFP (2015 crop season) and CFP (2014 and 2015
crop seasons), Me-EA derivatives were not detected. The highest con-
centration of total Me-EA was recorded in PFP jaboticaba harvested in
2015. Me-EA (EA equivalent) total concentrations of 2.85 and 1.96 mg
kg! jaboticaba fruits were reported for Paulista and Sabara jaboticaba
[32]. The results presented by the authors were considerably lower than
the results found for the same varieties in the present study.

A few condensed tannins (flavan-3-ols) were detected. Catechin was
the main monomeric flavan-3-ol detected in all jaboticaba varieties, and
the varieties that presented the highest concentrations of this compound
were PF (harvested in 2015), SFP and CFP (both harvested in 2014 and
2015). On the other hand, PF (harvested in 2014) and PFP (harvested in
2014 and 2015) jaboticaba varieties presented the lowest concentrations
of catechin. In Sabara jaboticaba, da Silva et al. [33] reported a catechin
concentration of 0.13 pg mL? in peel aqueous extract.

The total monomeric flavan-3-ols were expressed as catechin
equivalents in mg kg 1 of dried peel. The varieties that presented the
highest concentration were SF and HFP, both from the 2014 harvests.
The 2015 PF and CFP and both PFP crops presented the lowest con-
centrations of this compound.

The reaction with pyrogallol induces the depolymerization of
condensed tannin molecules. After this reaction, the catechin concen-
tration increased, suggesting that these compounds can be polymerized
in the form of larger molecules. Polymerization is related to loss of
astringency [39], which is favorable for improving fruit flavor. It is
especially interesting that this was observed in Sabara jaboticaba, which
is widely used in technological procedures to manufacture food
products.

The main proanthocyanidin isolated was prodelphinidin. No studied
jaboticaba varieties differed statistically in their concentrations of these
compound. The total proanthocyanidinins (catechin equivalents) were
expressed in mg kg™l dried peel. SF jaboticaba harvested in 2014 had the
highest concentration of total proanthocyanidinins. PF and PFP jaboti-
caba (in both crop seasons) presented the lowest concentrations of
proanthocyanidinins. In Sabara jaboticaba a proanthocyanidin A2 con-
centration of 0.12 pg mL™ peel aqueous extract has been reported [33].

The total condensed tannin content (Table 4) was also measured, and
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the varieties that presented the highest concentration were SFP and PFP,
both from the 2015 harvest, while PFP (2014 crop season) showed the
lowest content of this compound.

Analyses of total flavan-3-ols (total proanthocyanidins) and total
condensed tannins were performed because although these de-
nominations are theoretically equivalent, the structural complexity of
the polymerized flavan-3-ols is enormous, and these denominations try
to describe a complex group of substances with chemical properties that
differentiate them. Thus, proanthocyanidins are polymers of flavan-3-
ols, which are depolymerized under strong oxidative conditions (6 N
HCl medium and temperature at 100 °C for 2 hours). This behavior
shows the proanthocyanidins in which the flavan-3-ol units are bound
by "B-type" bonds (interflavan bonds between positions C-4 and C-8,
especially the different flavan-3-ol molecules). This type of bond breaks
down in the depolymerization assay with pyrogallol. There are also
other types of interflavan bonds, such as those of type "A", which do not
break under the conditions of the pyrogallol assay. The condensed tan-
nins, however, are polymers of flavan-3-ols, which have the property of
precipitating proteins and other polymers, such as methylcellulose. For
this reason, we performed a precipitation assay with methylcellulose to
estimate the total content of condensed tannins. Oligomers (polymers
with few structural units) only cause precipitation of methylcellulose.

For all nonanthocyanin phenolic compounds, differences were
observed between the harvest years in most of the samples studied. This
occurred due to the edaphoclimatic factors that strongly influenced the
synthesis of these compounds in the plants; in 2014, a severe drought
occurred throughout Brazil. Thus, the fruits collected in the 2014 har-
vest suffered a much greater stress than the fruits collected in the harvest
of 2015, which was a relatively normal year in terms of rainfall. Studies
report that abiotic factors such as temperature, exposure to UV light, and
drought stress, among others, can corroborate the accumulation of
several phenolic compounds [40,41].

3.2. Anthocyanin phenolic compounds from peels of five jaboticaba
varieties

The identified anthocyanins were delphinidin-3-glycoside (dp-glc),
cyanidin-3-glycoside  (cy-glc),  petunidin-3-glycoside  (pt-3-glc),
pelargonidin-3-glycoside (pg-3-glc), peonidin-3-glycoside (pn-3-glc),
delphinidin-3-acetylglycoside (dp-3-acglc), cyanidin-3-acetylglycoside
(cy-3-acglc), delphinidin-3-coumaroylglycoside (dp-3-cmglc),
cyanidin-3-coumaroylglycoside  (cy-3-cmglc) and  cyanidin-3-
feruloylglycoside (cy-3-ferglc). The presence of anthocyanins derived
from the anthocyanidins delphinidin (Dp), cyanidin (Cy), petunidin (Pt),
pelargonidin (Pg) and peonidin (Pn) was detected by molecular frag-
mentation, resulting in ions with m/z values of 303, 287, 271, 317 and
301, respectively.

The identification of monoglycosylated structures occurred due to
the fragmentation patterns observed in the MS/MS spectra, in which
only one type of fragment was observed, characterizing the loss of a
neutral fragment corresponding to one glucose (162 Da). In the case of
cy-3-coumaroylglycoside, the loss of a neutral fragment corresponding
to cumaroylglycosis (308 Da) was observed. The identification of cy-3-
coumaroylglycoside was confirmed by the corresponding UV-Vis spec-
trum, in which a typical peak of coumaryl residue appeared at 314 nm.
All results from the identification of anthocyanin phenolic compounds
can be found in Table 2. The chromatogram of these compounds is
available in Fig. 1.

The most commonly detected anthocyanin was cy-3-glc, followed by
dp-3-glc. These results corroborate those obtained by Inada et al. [34],
Leite-Legatti et al. [6] and Plaza et al. [38]. The same result was reported
for pn-3-glc in jaboticaba fruits by Neves et al. [35]. CFP jaboticaba
harvested in 2015 presented the highest concentration of cy-3-glc, and
PF jaboticaba harvested in 2014 showed the lowest concentration of this
compound. For dp-3-glc, the highest concentration was recorded in PF
jaboticaba harvested in 2014, whereas the lowest concentration of this
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Fig. 1. Anthocyanins profile (DAD, 520 nm) recorded in SFP jaboticaba peels
from the 2015 crop (all anthocyanins).

compound was observed in CFP jaboticaba harvested in 2015 (Table 3).

Neves et al. [35] reported cy-3-glc and dp-3-glc molar percentages of
75.1 and 23.7% in Paulista jaboticaba peels and 80.5 and 18.4% in
Sabara jaboticaba peels, respectively. These results corroborate those
recorded in the present study. Alezandro et al. [37] reported 123 mg of
cy-3-glc per 100 g of dried sample and 23.5 mg of dp-3-glc per 100 g of
dried sample in Sabar jaboticaba. Silva et al. [33] found 8.96 pg mL™!
(cy-3-glc) and 0.465 ug mL™! (dp-3-glc) in Sabara jaboticaba peels. Inada
et al. [34] reported values of 1261 mg of cy-3-glc per 100 g of dried peel
and 269 mg of dp-3-glc per 100 g; and Wu et al. [36] reported 29.80 mg
of cy-3-glc per 10 g of jaboticaba fruits and 7.36 mg per 10 g of dp-3-glc.

Anthocyanin phenolic compounds were expressed in cy-3-glc
equivalents (mg kg ! of dry peel). SFP jaboticaba harvested in 2015
presented the highest concentration of total anthocyanins whereas the
lowest concentration of this compound was recorded in PF jaboticaba
from both crop seasons. In Paulista jaboticaba, Neves et al. [32] reported
331.7 mg of cy-3-glc eq. per kg of fruits and 1057.7 mg of cy-3-glc eq.
per kg of fruits. These results are lower than those found in the present
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study.

For the anthocyanin phenolic compounds, the same phenomena
mentioned above for nonanthocyanin phenolic compounds were
observed. That is, differences were observed between the years of har-
vest in most of the samples studied. This was due to edaphoclimatic
factors that strongly influence the synthesis of these compounds in
plants. Many phenolic compounds are synthesized by the phenyl-
propanoid pathway. Under drought conditions, some genes encoding
this pathway are regulated, stimulating the biosynthesis of compounds
such as anthocyanins. A review on this topic shows that many plant
species increase the contents of phenolics, flavonoids, and anthocyanins
under drought stress. On the other hand, UV light also enhances
phenolic accumulation [41].

3.3. Principal component analysis (PCA) of anthocyanin and
nonanthocyanin phenolic compounds from peels of five jaboticaba
varieties

Principal component analysis was used in this work to compare the
samples in relation to the analyzed compounds. As there were 36 sam-
ples and the number of variables was relatively large, the use of tables
alone without the application of PCA would be laborious and in some
cases very difficult.

The results obtained for the analysis of anthocyanins were organized
in a data matrix where all of the samples of the different varieties
analyzed in the two harvests were listed in the rows and the 10 antho-
cyanins found were listed in the columns, creating a 36 x 10 matrix
(samples x variables). The data matrix was used in the PCA, and the
different varieties were used as a class in the score graphic (Fig. 2(a)) to
determine if there was a difference and what variables were responsible
for this difference based on the loading plot analysis (Fig. 2(b)). The
preprocessing used was self-scaling, and the number of main compo-
nents used was 4, which explained 86.5% of the variation in the data.

The first principal component (PC1) represented 45.3% of the total
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Fig. 3. (a) Scores (PC1xPC2) of nonanthocyanin phenolic compounds from five
jaboticaba varieties, 2014 crop (S1) and 2015 crop (S2). (b) Loading graphic
(PC1xPC2) of nonanthocyanin phenolic compounds from five jaboticaba vari-
eties, 2014 crop (S1) and 2015 crop (S2).

variation. PC1 divided all jaboticaba varieties as a function of the
different crop seasons; this effect was more evident in the PF jaboticaba
samples. However, PC1 could be used to explain the PF sample replicates
from the 2014 crop. The 2014 crop was predominantly on the right side
of the graphic, except for PFP jaboticaba, which showed the highest
proportions of cy-3-cmgle, dp-3-cmgle, cy-3-fergle and dp-3-glc. The
second principal component explained HFP jaboticaba from the 2015
crop. In relation to anthocyanin groups, these samples (PF jaboticaba
from the 2014 crop and HFP jaboticaba from the 2015 crop) differed
from the other analyzed samples.

The PF sample from the 2014 crop contained high values of the
anthocyanins cy-3-cmglc, dp-3-cmglc, cy-3-fergle and dp-3-glc, as veri-
fied in the loading graphic (Fig. 2(b)). However, in the 2015 crop, this
did not hold true for the same variety. The HFP sample presented high
dp-3-acglc, cy-3-acglc and pg-3-glc concentrations when harvested in
2015, which was not true for the first harvest (2014 crop).

Principal component analysis was also used for better visualization
of nonanthocyanin phenolic compounds. In this case the data matrix
used was 36x42 dimensions: 36 samples and 42 variables (non-
anthocyanic phenolic compounds). The data were self-scaled prior to
analysis, and the number of principal components used was 5, which
explained 71% of the data variation. The scores and loading graphics are
available in Fig. 3(a) and (b), respectively.

By analyzing the score graphic (Fig. 3(a)), a trend of separation be-
tween the different varieties of jaboticaba analyzed in relation to non-
anthocyanin phenolic compounds was observed. PF jaboticaba (2014
crop) showed the greatest difference in relation to the other analyzed
varieties. In addition, the CFP jaboticaba (for both crops) showed a
subtle difference from the other samples. Another relevant piece of in-
formation that can be obtained from the graphic of scores (Fig. 3(a)) is
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the difference in PC1 between the different harvests. All samples from
2014 are shifted to the right of the graphic. In regard to the compounds
that were responsible for this differentiation (loading graphic analysis —
Fig. 3(b)), it can be seen that the weights for most of the compounds
were close, and it was not possible to identify a single compound that
was responsible for the differentiation among samples.

A third PCA was performed using the total compounds: anthocyanin
phenolic compounds and nonanthocyanin phenolic compounds (flavo-
nols, ellagic acid derivatives, methylellagic acid derivatives, monomers
of flavan-3-ols, proanthocyanidins and condensed tannins) from
different jaboticaba varieties (2014 and 2015 crops). The data matrix
used in this analysis comprised 36 lines (samples) and 7 variables
(36x7). The preprocessing used was self-scaling, and the number of
components used was 4, which explained 90% of the total variation in
data. Fig. 2(c) and (d) show the scores and loading graphics for PCA
(PC1xPC2xPC3). The percentage of variation explained was 37%, 23%
and 19% for PC1, PC2 and PC3, respectively.

By analyzing the score graphic (Fig. 2(c)), it can be seen that the SF
and SFP samples (both crops) were well grouped, and the loading
graphic shows that the variables responsible for this grouping were
anthocyanins, flavonols, ellagic acid derivatives and condensed tannins.
In addition, the PFP and PF jaboticaba varieties from the 2015 crop
showed differences relative to the others due to the proanthocyanidins
and methylellagic acid derivatives. All of the other samples presented
contrasting behavior to that of the SF and SPF jaboticaba varieties that
is, they had a smaller influence in relation to the total compounds
considered in the analysis.

Regarding both crop seasons, the crops showed great differentiation
in certain varieties, e.g., the PFP jaboticaba variety, and for other
jaboticaba varieties this differentiation was more subtle, e.g., the HFP
jaboticaba variety. However, it must be noted that it was possible to
observe this distinction between the different crops in all varieties.

3.4. Anti-proliferative activity on prostate and breast tumor cells

The potential of jabuticaba peel extracts to inhibit tumor cell growth
was evaluated in two different tumor cell lines (prostate (DU-145) and
breast (MDA-MB-231)) and the results obtained are available in Table 5.

The extracts obtained from 2015 showed a greater decrease in
cellular proliferation in DU-145 and MDA-MB-231 tumor cells at the
three treatment times tested (24, 48 and 72 hours). For DU-145, the best
treatment times were 48 and 72 hours. PFP jaboticaba extracts from
2015 presented the highest efficiency at all studied times for controlling
DU-145 and MDA-MB-231 tumor cell proliferation, whereas unsatis-
factory results were recorded for this same jaboticaba variety harvested
in 2014. In MDA-MB-231 tumor cells after 24 and 48 hours of treatment,
the extracts of peel from all jaboticaba varieties analyzed in both crop
seasons were more efficient in controlling cellular proliferation than the
drug doxorubicin. Previously, the antiproliferative effect of the Sabara
jaboticaba peel extract (polar extraction with 80% ethanol) in a breast
cancer cell lineages (MCF-7) and prostate cancer line (PC-3) was ach-
ieved with 181.2 GI50 pg mL! extract and > 250 GI50 pg mL™! extract,
respectively [6]. In breast carcinoma (MDA-MB-231) cells, there was a
decrease in carcinogenic cells at concentrations of 1000 mg mL™! and
500 mg mL ™! [42]. Additionally, Albuquerque et al. [4] observed that
the antiproliferative activity of jaboticaba peel against MCF-7 (breast
carcinoma) tumor cells was also achieved at 300 Glsp pg mL'l_ Thus, the
results obtained for the two cell linages analyzed are very promising,
since all varieties analyzed in both crops showed an effect of decreasing
cellular proliferation however, pharmacological activity is not yet fully
elucidated and more investigative studies need to be performed. This
encourages new studies to derive a drug from this fruit which is so well
known and abundant in Brazil.
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