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The objective of this study was to assess the content of bioactive compounds, organic acids and antioxidant
capacity of grape juices from Isabel Precoce, BRS Carmem, BRS Cora and IAC 138-22 Maximo varieties grown on
the 'TAC 766’ and 'TAC 572’ rootstocks under tropical conditions in Brazil. In general, the color attributes of the
'Isabel Precoce' juice were inferior to those of the other juices due to their low anthocyanin content. In contrast,
TAC 138-22 Méximo' juices showed the highest content of most individual anthocyanins, flavonols, trans-re-
sveratrol and total phenolic compounds, and thus, higher antioxidant capacity. Except for 'BRS Carmem’, all the

juices presented higher sugar accumulation when 'TAC 766’ was used. This rootstock also contributed to the
accumulation of t-resveratrol and most of individual anthocyanins in the TAC 138-22 Maximo' juices. However,
the monomeric anthocyanin content was higher in 'BRS Carmem' juices when 'TAC 572’ rootstock was used.

1. Introduction

The consumption of whole grape juice in Brazil increased by 570%
in just 10 years, from 15.8 million liters in 2005 to 90.3 million liters in
2014 (Ibravin, 2015). The growing interest and good acceptance of
grape juices by Brazilian consumers is mainly related to the several
health benefits, which is due to the biological activity of the phenolic
compounds present in grape juice, including antioxidant, cardiopro-
tective, anticancer, anti-inflammatory and antimicrobial properties and
subsequent benefits to human health (Granato, Carrapeiro, Fogliano, &
Van Ruth, 2016). The main phenolic compounds present include an-
thocyanins, flavanols, flavonols, stilbenes and phenolic acids (Lima
et al., 2014).

The bioactive composition of the juice is mainly dependent on the
grape used in its elaboration. Each variety has an individual phenolic
composition. However, the concentration of these compounds may vary
depending on a series of factors, such as the species, the cultural
practices adopted in the vineyard, the climatic conditions of the region
and even the maturation stage of the grape at harvest moment (Barcia,
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Pertuzatti, Gomez-Alonso, Godoy, & Hermosin-Gutiérrez, 2014; Burin,
Ferreira-Lima, Panceri, & Bordignon-Luiz, 2014; Koyama et al., 2014;
Lima et al., 2014).

The cultivation of grapes for juice production in Brazil is primarily
concentrated in the south region, under subtropical (Cfa) or temperate
(Cfb) conditions, with average annual temperatures around 17 °C.
However, it has expanded to tropical regions, such as the northwest of
the state of Sao Paulo (Aw), Brazil, located to 20° 20’S, 49° 58’0, where
the mean annual temperature is around 24.1 °C. This has been possible
due to the development of new hybrid varieties adapted to the hottest
regions in Brazil (Camargo, Maia, & Ritschel, 2008). Among these new
grapes are 'Isabel Precoce', a somatic mutation of 'Isabel' (Camargo,
2004), 'BRS Cora' and 'BRS Carmem', developed by Empresa Brasileira
de Pesquisa Agropecuaria (Embrapa), and the TAC 138-22 Méximo',
developed by the Instituto Agronémico (IAC).

Brazil has also invested in the development of rootstocks adapted to
the Brazilian tropical regions, combining vigor with resistance to high
temperatures and the main pests and diseases associated with the
grapevine. Among these rootstocks are TAC 766’ (medium vigor) and
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'TAC 572’ (high vigor), which were also developed by the genetic im-
provement program of IAC (Maia & Camargo, 2012).

Studies have indicated that the scion-rootstock interaction can in-
fluence the quality of the grape, leading to different profiles of bioactive
phenolic compounds in the grapes and, consequently, in their juices and
wines (de Sa Borges, da Silva, Roberto, de Assis, & Yamamoto, 2013;
Nassur, Pereira, Alves, & Lima, 2014; Silva et al., 2017). However, no
information was found in the literature on the effects of Brazilian
rootstocks on the chemical composition of grape juices produced from
new grape hybrid varieties. Thus, the objective of this study was to
evaluate the profile of bioactive phenolic compounds, organic acids and
antioxidant capacity in grape juices produced from new hybrid varieties
grown on different rootstocks.

2. Material and methods
2.1. Chemicals

Ethanol, sulfuric acid, potassium persulfate and Folin-Ciocalteu re-
agent were obtained from Merck (Darmstadt, Germany). Trolox (6-hy-
droxy-2,5,7,8-tetramethylchroman-2-carboxylic acid), 2,2-diphenyl-1-
picrylhydrazyl (DPPH), 2,2-azino-bis(3-ethylbenzthiazoline-6-sulfonic
acid) (ABTS), glucose and fructose were obtained from Sigma-Aldrich
(St. Louis, MO, USA). Methanol and acetonitrile were obtained from
J.T. Backer (Mexico). Purified water was obtained from a Milli-Q®
System (Millipore, Bedford, MA, USA). Malvidin 3,5-diglucoside, mal-
vidin 3-glucoside, cyanidin 3,5-diglucoside, cyanidin 3-glucoside, peo-
nidin 3-glucoside, delphinidin 3-glucoside, pelargonidin 3-glucoside,
petunidin 3-glucoside, kaempferol 3-glucoside, myricetin, isorhamnetin
3-glucoside, quercetin (dihydrate), rutin, isoquercetin (quercetin-3-O-
glucopyranoside), gallic acid, cinnamic acid, p-coumaric acid, chloro-
genic acid, caffeic acid, trans-resveratrol, (-)-epicatechin gallate and
(-)-epigallocatechin gallate were obtained from Extrasynthese (Genay,
France). Malic, citric, lactic, acetic and tartaric acids were obtained
from Vetec Chemistry Ltda (Rio de Janeiro, Brazil).

2.2. Experimental location, grape varieties and growing conditions

Grapes were harvested from an experimental vineyard located in
Votuporanga (latitude 20°20’S, longitude 49°58'W; elevation 525 m),
northwest region of the State of S3o Paulo, Brazil. According to the
Koppen classification, the climate is type Aw, i.e., tropical climate with
dry winter. An automatic meteorological station (Campbell Scientific®,
Logan, UT, USA) installed in the experimental area recorded meteor-
ological conditions during the study period. The mean temperature was
24.1 °C, the minimum average was 16.6 °C and the maximum average
was 31.7 °C. The average annual rainfall was 1495 mm, with a tendency
for concentrated rainfall in the summer months. The soil was classified
as Argissolo Vermelho-Amarelo (equivalent to Ultisol, USDA soil tax-
onomy) according to previously published criteria (Embrapa, 2006).

One Vitis labrusca L., 'Isabel Precoce', and three hybrid grapes, 'BRS
Carmem' (Muscat Belly A x H 65.9.14), 'BRS Cora' (Muscat Belly
A x H. 65.9.14) and 'TAC 138-22 Maximo' (Seibel 11342 X Syrah),
were grown on the rootstocks TAC 766’ Campinas (106-8 Mgt x V.
caribaea) and 'IAC 572’ Jales (V. caribaea x 101-14 Mgt).

The 3-year-old vines were trained on a unilateral cordon system
(1 m above the soil) with vertical shoot positioning by means of iron
wires and spaced 2.0 X 1.1 m apart. Winter pruning was performed in
August 2015 and the grapes were harvested in December 2015, when
they reached the technological maturation stage. More details on the
grape growing conditions are described by da Silva et al. (2018).
Classical techniques were used to determine the pH, soluble solids and
titratable acidity in grape samples. Values ranged from 3.18 to 3.29 for
pH, 14.3 to 15.5 °Brix for soluble solids and from 0.66 to 1.14% tartaric
acid for titratable acidity.
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2.3. Grape juice processing

Grape juices were produced by hot extraction without bagasse
pressing. The grapes were manually destemmed and crushed in a
manual crusher machine. No enzymatic mixture based on pectinase was
added. Grapes were hot-macerated in a water bath at 60 = 2°Cfor1h,
under constant stirring. After maceration the juice was separated by
draining and a light pulp crushing. The juice was homogenized, pack-
aged through hot filling of amber glass bottles (215 mL capacity) and
then subjected to pasteurization at 80 °C for 3 min. The filled bottles
were closed, tumbled, labeled and cooled. The closed bottles were
stored under refrigeration (6 + 2 °C) for 30 days prior to analysis.

Eight grape juices were produced from combinations of four grape
varieties, Isabel Precoce (IP), BRS Carmem (CM), BRS Cora (CR) and
IAC 138-22 Méximo (MX), and two rootstocks, TAC 766’ Campinas
(7 66) and TAC 572’ Jales (57 2). They were coded as follows: IP-766,
IP-572, CM-766, CM-572, CR-766, CR-572, MX-766 and MX-572. Each
juice was prepared in triplicate.

2.4. Quality analysis — classic parameters and color measurements

The classic analysis of the grape juices was performed by de-
termining the pH using a potentiometer pH analyzer (Tecnal®,
Piracicaba, SP, Brazil), the soluble solids (°Brix) with a digital re-
fractometer (Reichert®, model r2i300, Buffalo, NY, USA), the titratable
acidity, expressed as g of tartaric acid per 100 mL ™" of grape juice, and
the soluble solids/titratable acidity (SS/TA) ratio, according to the
methodology described by International Organization of Vine and Wine
(O1v, 2011).

Color measurements were determined using a Konica Minolta® di-
gital colorimeter, model CR-400 (Konica Minolta Sensing, Inc., Osaka,
Japan). The color coordinates of the grape juices were computed ac-
cording to the CIELAB scale. Color results were expressed as the fol-
lowing parameters: lightness (L*), ranging from 0 to 100, i.e., from
black to white, respectively; chroma (C*), which indicates color purity
or saturation, the distance from gray (achromatic) toward a pure
chromatic color; and hue angle (h°), which indicates sample color (0°,
90°, 180° and 270° correspond to red, yellow, green and blue, respec-
tively). Color measurements were also determined using the spectro-
photometric absorbance of the grape juices at 420, 520, 620 nm by
UV-Visible spectrophotometry (Instrutherm®, Sao Paulo, SP, Brazil),
which were expressed as color intensity (CI = Asz0 + As2o + Ae2o) and
tint (T = A420/As20), following the methodology described by Glories
(1984).

2.5. Organic acids and sugars determined by HPLC

Organic acids (tartaric, malic, citric, lactic and acetic acids) and
individual sugars (glucose and fructose) were determined using an
Agilent HPLC system, model 1260 Infinity LC (Agilent Technologies,
Santa Clara, CA, USA) coupled to a diode array detector (DAD, G1315D
model) and refractive index detector (RID, G1362A model), according
to the methodology described by Coelho et al. (2018). Separation of the
compounds was performed on a Hi-Plex H ion exchange column
(300 x 7.7 mm, 8.0 um internal particles) protected by a PL Hi-Plex H
(5 x 3mm) guard column (Agilent Technologies, Santa Clara, CA,
USA). The phase was 0.004 mol L.~ H,SO, in ultrapure water.

2.6. Total phenolic compounds and total monomeric anthocyanins

The total phenolic compounds content of the grape juices was de-
termined by the Folin-Ciocalteu spectrophotometric method (Singleton
& Rossi, 1965). The absorbance value at 765nm was compared to a
calibration curve and the results were expressed as mg of gallic acid
equivalent (GAE) per liter of grape juice (mg L~ 1. The total monomeric
anthocyanins content was determined using the pH-differential method
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(Lee, Durst, & Wrolstad, 2005) and expressed as malvidin 3,5-digluco-
side equivalents in mgL~'. Both analysis techniques were performed
using an Instrutherm® UV-Vis UV 2000A spectrophotometer.

2.7. Individual phenolic compounds determined by HPLC

The determination of the individual phenolic compounds was per-
formed in a Waters liquid chromatograph, model Alliance e2695,
equipped with a diode array detector (Waters, Milford, MA, USA) as
described by Natividade, Corréa, de Souza, Pereira, & Lima (2013). The
column used was a Gemini-NX C18 (150 mm X 4.60 mm, with 3 ym
internal particles) and the pre-column was a Gemini-NX C18
(4.0 mm X 3.0 mm), both manufactured by Phenomenex (USA).

2.8. Antioxidant capacity in vitro

The in vitro antioxidant capacity was determined using the ABTS
radical scavenging method (Kim, Guo, & Packer, 2002) and DPPH ra-
dical scavenging method (Re et al., 1999). For the analysis, the grape
juice samples were diluted with ultrapure water until inhibition of the
DPPH and ABTS radicals between 20 and 80% was obtained. The DPPH
and ABTS radical solutions at 1 mM were prepared in ethanol and di-
luted to an absorbance of 0.900 * 0.050 (A =734nm) and
0.700 = 0.050 (A = 517 nm), respectively. The absorbances were de-
termined before and after the addition of grape juice using a UV-Vis
2000A spectrophotometer (Instrutherm®, Sao Paulo, SP, Brazil). In the
DPPH method, absorbance was measured at time t = 0 and t = 30 min
after addition of the sample. In the ABTS method, the absorbance was
determined at time t = 0 and t = 6 min after addition of the sample. For
both methods, the analytical standard Trolox was used to construct the
calibration curves and the results were expressed as equivalents of
Trolox per liter of grape juice (mM TEACL ™).

2.9. Experimental design and statistical analysis

Means were subjected to analysis of variance (one-way ANOVA) and
compared applying the Tukey test (p < 0.05) using the SISVAR, ver-
sion 5.4, statistical program (Lavras, MG, Brazil). Principal component
analysis (PCA) was conducted using XLSTAT statistical software, ver-
sion 19.4 (Addinsoft, NY, USA), and applied to all analytical data col-
lected for the grape juices. Pearson’s correlation analysis was also
performed to determine the relation between phenolic compounds and
in vitro antioxidant capacity.

3. Results and discussion
3.1. Classic parameters and color measurements

The 'TAC 572’ rootstock provided higher pH values than TAC 766’,
except for the 'BRS Cora' grape juice (Table 1). In contrast, for the 'BRS
Cora' and 'TAC 138-22 Maximo' grape juices the soluble solids content
was higher when 'TAC 766’ was used. The highest soluble solids values
were obtained for the CR-766 and MX-766 juices, with means of 16.3
and 15.7 °Brix, respectively. Nevertheless, all grape juices reached the
minimum soluble solids content of 14.0 °Brix, established by Brazilian
regulations for whole grape juices (Brasil, 2000).

Despite the high soluble solids content, the grape juices CR-572 and
CR-766 maintained high levels of titratable acidity, with 1.45 and
1.26 g 100mL™ !, respectively. These results corroborate results re-
ported by Lima et al. (2014), who found high acid contents (1.06 g
100 mL™1) in 'BRS Cora' juices produced in the Vale do Sio Francisco
(Northeast, Brazil), even with the high soluble solids content (21.0
°Brix), and noted that this grape variety is naturally richer in acids.
Because of the high titratable acidity, the CR-572 juice presented the
lowest SS/TA ratio (10.7). Low values for this ratio were also found for
the juices of CR-766 and IP-766, with averages of 13.0 and 14.3,
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respectively. These values are below the minimum limit established by
Brazilian regulation for whole grape juices, which is 15.0 (Brasil, 2000).
Regarding the color parameters, all grape juices assessed presented
lightness (L*) of around 21.0, which shows that the juices had high
color intensity. The IP-766 and IP-572 grape juices presented the
highest chroma (C*) values, with an average of 3.11. High C* values
indicate juices with less intense color and vividness. This was evidenced
by the negative correlation coefficient between C* and color intensity
(CD (r= —0.92,p < 0.01; data not shown). In fact, the IP-766 and IP-
572 juices presented the lowest CI values of the juices studied, with
means of 8.25 and 7.02, respectively. In contrast, the highest CI was
obtained for the MX-766 juice (27.2), which differed significantly from
the others, including the MX-572, with a value of 23.6. These are high
values for grape juices, since reported CI values for Brazilian com-
mercial grape juices range from 5.37 to 21.1 (Burin et al., 2010).

3.2. Organic acids and sugars

Tartaric and malic acids were the main organic acids detected in
every grape juice assessed (Table 2). This is consistent with reports in
the literature that tartaric and malic acids can account for more than
80% of the organic acids found in grapes (Conde et al., 2007; Jackson,
2000).

In the 'Isabel Precoce' juices the tartaric acid content was higher
than malic acid content while the opposite scenario was observed for
the 'BRS Cora' juices. These organic acids were found in similar pro-
portion in the juices 'BRS Carmem' and TAC 138-22 Méaximo'. This
difference occurs as a function of the grape genetic characteristics and
its interaction with climatic conditions during grape ripening (Liu, Wu,
Fan, Li, & Li, 2006).

The citric acid content in the grape juices was on average 10.6 and
10.7 times lower than the content of the tartaric and malic acids, re-
spectively, ranging from 0.13 to 0.48 gL~ '. This result is similar to
those obtained by Coelho et al. (2018) and Lima et al. (2015) for grape
juices produced from hybrid grape varieties. Although in a lower con-
centration, citric acid plays an important role in inhibiting the growth
of yeasts in beverages (Silva et al., 2015). In addition, studies have
demonstrated the importance of this organic acid in relation to its
protective effects on myocardial ischemia/reperfusion injury (Tang
et al., 2013).

No lactic acid was found in any of the juices and acetic acid was not
detected in the 'Isabel Precoce' and 'BRS Cora' juices. However, a small
concentration of acetic acid was detected in the CM-766, MX-766 and
MX-572 juices (0.66, 0.64 and 0.54 mg L~ !, respectively). These values
are slightly above the maximum limit established by Brazilian legisla-
tion, which is 0.50 gL~! (Brasil, 2000). In general, this acid is asso-
ciated with the contamination of grapes or juices by acetic bacteria
(Jackson, 2000).

The sum of the glucose and fructose contents in the grape juices
ranged from 124 to 151 gL~ 1 (Table 2). These values are in accordance
with Brazilian legislation, which establishes a maximum limit of sugars
of 200 g L™ ! (Brasil, 2000). With the exception of 'BRS Carmem' juice,
every grape variety had higher glucose and fructose contents when
combined with the TAC 766’ rootstock. This might be related to the
different vigor levels of the rootstocks. The vigor conferred by the
rootstock to the scion can influence the water and nutrient absorption
capacity. In addition, its interaction with the canopy can alter the
content of primary metabolites of the vines (Jungmin Lee & Steenwerth,
2013). The rootstock has also been found to affect the sugar content in
'Concord' grape juices in Southern Brazil, where higher glucose and
fructose contents were found using the 'Paulsen 1103’ (less vigorous)
rootstock in relation to 'VR 043-43’ (more vigorous). However, the
opposite occurred in juices of the 'Bordd' grape (Barros et al., 2014).
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Table 1
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Chemical properties and color attributes in grape juices elaborated from 'Isabel Precoce', 'BRS Carmem', 'BRS Cora' and 'TAC 128-22 Méximo' grapes grown onto 'TAC

766’ and TAC 572’ rootstocks under tropical conditions in Brazil.

Scion/rootstock combinations  Isabel Precoce BRS Carmem BRS Cora IAC 138-22 Maximo

IAC 766 IAC 572 IAC 766 IAC 572 IAC 766 IAC 572 IAC 766 IAC 572
Chemical properties
pH 3.21 + 0.02¢ 323 = 0.03° 3.44 = 0.01° 3.57 + 0.01° 313 = 0.02° 3.07 = 0.01f 321 * 0.02¢ 3.27 + 0.01°
Soluble solids’ 14.9 + 0.17°% 144 + 0.17% 151 + 0.32°¢ 149 * 0.15°° 16.3 = 0.06° 154 + 0.55> 157 = 0.29*® 14.2 + 0.06°
Titratable acidity” 1.05 + 0.09° 0.83 + 0.00¢  0.88 + 0.05¢ 0.68 + 0.00° 1.26 + 0.03°> 1.45 * 0.04 091 + 0.03¢ 0.85 * 0.03¢
SS/TA ratio® 14.3 + 1.44° 17.3 £ 017°  17.1 + 1.21° 21.8 + 0.15% 13.0 + 0.28° 10.7 + 0.69¢ 17.2 + 0.80° 16.7 + 0.43°
Color attributes
Lightness 21.4 + 0.07° 21.4 + 0.28°  20.8 + 0.09°®  20.7 = 0.05" 20.9 *+ 0.14® 209 + 0.05®® 20.8 + 0.30°®> 21.0 = 0.37%
Chroma 3.11 + 0.18° 3.10 = 0.32°  1.73 = 0.05° 1.57 £ 0.00*  1.61 + 0.11° 1.51 = 0.04" 1.09 * 0.11¢ 1.28 + 0.00*
Hue angle 12.0 * 0.71° 12.4 + 0.89°  3.09 = 1.41¢ 1.73 + 0.49¢ 139 £ 1.72° 173 + 1.39° 332 + 6.29° 254 = 1.31°
Color intensity 8.25 + 0.37¢ 7.02 * 0319 17.7 + 0.85¢ 16.1 + 0.74¢ 242 * 1.02° 235 + 075" 272 + 0.48°  23.6 * 0.48"
Tint 0.50 = 0.02° 0.52 = 0.03®  0.65 = 0.02° 0.65 * 0.03° 0.45 = 0.01°  0.43 = 0.01° 043 * 0.01° 0.44 * 0.01°

Mean values are reported as the mean =+ standard deviation (n = 3).
(@ < 0.05).

1 Soluble solids expressed as °Brix.

2 Titratable acidity expressed as g 100 mL ™" of tartaric acid.

3 Soluble solids/titratable acidity ratio.

Table 2

Different letters within a row indicate a significant difference according to Tukey’s test

Organic acids and sugars in grape juices elaborated from 'Isabel Precoce', 'BRS Carmem', 'BRS Cora' and TAC 128-22 Maximo' grown onto 'TAC 766’ and 'IAC 572’

rootstocks under tropical conditions in Brazil.

Scion/rootstock combinations  Isabel Precoce BRS Carmem BRS Cora IAC 138-22 Maximo

IAC 766 IAC 572 IAC 766 IAC 572 IAC 766 IAC 572 IAC 766 IAC 572
Organic acids (g L™%)
Tartaric 401 * 0.15*  3.96 * 0.20° 3.31 + 0.46°> 278 + 0.60°¢ 259 + 0.37*¢ 295 * 0.06° 232 + 020 213 + 0.06¢
Malic 2.66 + 0.02°¢ 247 * 0.03% 3.00 + 0.34° 2.39 + 0.33% 4,09 + 0.03° 496 + 0.01° 244 = 0.03°  2.24 + 0.02%
Citric 0.30 + 0.00°  0.24 = 0.00¢ 0.19 + 0.01°  0.13 + 0.03° 0.44 + 0.03° 0.48 + 0.04° 026 = 0.01°Y 0.22 + 0.00%
Acetic ND ND 0.21 + 0.00°  0.66 + 0.01° ND ND 0.64 + 0.03°  0.54 * 0.00°
Lactic ND ND ND ND ND ND ND ND
¥ Organic acids 6.96 + 0.17 6.67 + 0.17 6.70 + 0.78 5.96 + 0.24 7.12 + 0.32 8.39 + 0.03 5.67 + 0.14 5.14 + 0.08
Sugars (g L_l)
Glucose 73.8 * 0.11*  71.0 * 0.26™ 69.2 + 1.00%¢ 71.2 + 0.23" 73.8 * 0.31% 69.0 + 1.97¢ 742 * 0.217 65.1 + 0.69°
Fructose 70.2 + 0.11°  68.0 + 0.28% 66.2 + 1.01°  69.1 + 0.16°Y  76.9 + 0.33? 71.7 + 1.42°  66.6 = 0.15°  59.2 + 0.37
¥ Sugars 144 + 0.00 139 + 0.46 135 * 2.01 140 * 0.33 151 + 0.64 141 + 2.81 141 + 0.35 124 + 0.85

Mean values are reported as the mean = standard deviation (n = 3). Different letters within a row indicate a significant difference according to Tukey’s test

(p < 0.05).
ND - not detected.

3.3. Anthocyanins profile

Anthocyanins were the phenolic compounds present in highest
proportion in the grape juices, ranging from 76.6 to 94.0% of the total
phenolic content quantified by HPLC (Table 3).

Juices MX-766 and MX-572 presented the highest content of an-
thocyanins, with 661 and 582 mg L.~ %, respectively. Of these, more than
50% corresponded only to malvidin 3,5-diglucoside (359 and
346 mgL~ !, respectively). No reports of the levels of individual an-
thocyanins in TAC 138-22 Méximo' grape juice could be found in the
literature. However, the contents observed in this study are higher
compared with grape juices obtained from other Vitis labrusca and hy-
brids varieties (de Sa Borges et al., 2013; Lima et al., 2015; Silva et al.,
2016). This includes the anthocyanin content (464-669 mg L™Y re-
ported for BRS Violeta grape juice produced in Vale do Sao Francisco
(Lima et al., 2014; Natividade et al., 2013). The 'BRS Violeta' ('BRS
Ribea' x TAC 1398-21") has been considered by Brazilian researchers a
very interesting grape for the elaboration of red wines and grape juices
due to the high color intensity, which improves the product, and high
antioxidant capacity (Rebello et al., 2013). Thus, the TAC 138-22
Méximo' is noteworthy as an additional option for Brazilian wine-
growers, with great potential to improve the color of grape juices and
red wines from other varieties.

The contents of malvidin 3-glucoside, delphinidin 3-glucoside,
peonidin 3-glucoside, pelargonidin 3-glucoside and petunidin 3-gluco-
side in MX-766 juice was significantly higher than in MX-572 juice. This
shows a strong influence of the rootstock on the TAC 138-22 Méximo'
grape, with greater affinity observed for TAC 766’. It is still not well
understood how the rootstock affects the biosynthesis and the content
of these compounds. Previous studies on 'Cabernet Sauvignon' (V. vi-
nifera) show that this effect is linked to the expression of genes related
to flavonoid biosynthesis (VviPAL3-like, VviCHS3, WViLAR2 and
WiIUFGT) (Corso et al., 2016).

'Tsabel Precoce' grape juices provided the lowest content of antho-
cyanins. Nevertheless, the anthocyanins content found for the IP-766
and IP-572 grape juices in this study were higher than those observed
by Nassur et al. (2014) and Lima et al. (2014) in grape juices from the
same variety. Although Isabel Precoce is a Vitis labrusca cultivar, the
main anthocyanin detected in the juices was malvidin 3-glucoside,
which is consistent with other studies in the literature (Natividade
et al., 2013; Silva et al., 2016).

The grape juices from 'Isabel Precoce' presented a total monomeric
anthocyanins (TMA) content around 5.6 times lower than 'TAC 138-22
Maximo' juices, with averages of 174 and 981 mgL ™", respectively. In
both 'Isabel Precoce' and TAC 138-22 Méximo' juices no effect of the
rootstocks was detected. Similar results were obtained for 'Concord'
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Table 3
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Phenolic compounds in grape juices elaborated from 'Isabel Precoce', 'BRS Carmem', 'BRS Cora' and TAC 128-22 Méximo' grown onto TAC 766’ and 'IAC 572’

rootstocks under tropical conditions in Brazil.

Scion/rootstock combinations  Isabel Precoce BRS Carmem BRS Cora IAC 138-22 Maximo

IAC 766 IAC 572 IAC 766 IAC 572 IAC 766 IAC 572 IAC 766 IAC 572
Anthocyanins’
Malvidin 3,5-diglc 14.8 * 0.49° 145 + 0.38° 167 * 7.06" 175 * 10.4° 427 + 150° 125 + 0.26° 359 + 18.8% 346 + 3.01°
Malvidin 3-glc 52.2 + 2.27° 446 * 414° 370 + 0.62¢  2.37 x 0.32¢ 1.80 + 0.60¢ 213 * 0.32¢ 132 * 9.55% 101 + 0.60°
Cyanidin 3,5-diglc ND ND ND ND 28.5 + 1.02° 251 * 0.45° 293 * 0.35°  2.83 + 0.23°
Cyanidin 3-glc 4.43 + 0.21¢ 3.03 + 0.649 145 + 0.67° 139 + 0.82° 11.2 + 0.65°  10.6 + 0.21° 26.8 + 1.35* 251 * 0.15°
Delphinidin 3-glc 537 + 0.35¢ 317 + 1.19¢ 347 + 057¢ 287 = 021 759 + 494° 772 + 1.42° 51.9 = 3.37°  37.2 * 0.23°
Peonidin 3-glc 11.7 # 0.55° 970 = 0.70°  0.97 = 0.21°  0.83 * 0.06° 1.23 * 0.06° 1.43 + 0.06° 5.87 + 0.40°  4.67 = 0.06%
Pelargonidin 3-glc 820 = 0509 533 + 1.86% 1.26 + 0.36°  0.69 = 0.03°  23.3 + 0.26° 21.4 = 0.53° 529 * 4.42° 384 x 0.32"
Petunidin 3-glc 0.40 = 0.00°  0.25 + 0.05° 13.4 + 0.65° 14.6 = 0.89° 8.60 = 0.36° 847 + 0239 288 + 1.57* 262 + 0.15"
£ Anthocyanins 97.1 = 16.9 80.5 = 14.8 204 * 57.5 210 * 60.4 155 + 25.9 148 + 25.4 661 = 118 582 + 114
% of total composition 76.60 77.28 90.42 90.58 83.13 81.58 94.03 93.13
Flavonols'
Kaempferol 1.07 + 0.15®®  0.90 + 0.10> 0.73 = 0.15*  0.60 + 0.10° 0.10 + 0.00¢ 013 = 0.06¢ 1.33 + 0.31°  0.50 = 0.10%¢
Myricetin 0.10 % 0.00° 0.10 = 0.00°  0.10 = 0.00°  0.10 * 0.00° 0.10 = 0.00°  0.10 * 0.00° 0.63 + 0.06°  0.70 + 0.00%
Isorhamnetin 0.27 = 0.06"  0.23 + 0.06"° 240 + 0.44° 217 * 0.42° ND ND ND ND
Rutin 0.20 * 0.00° 0.17 * 0.06°  0.80 + 0.10°  0.83 * 0.12¢ 1.03 + 015 1.23 * 0.15° 3.50 = 0.20®  3.87 * 0.06
Quercetin ND ND ND ND ND ND 0.10 = 0.00°  0.10 % 0.00°
Isoquercetin 6.53 + 1.07° 597 + 050 337 + 0.75°  3.57 + 0.95%  7.33 + 0.49" 967 + 0.87° 132 *+ 1.34* 153 + 0.36°
¥ Flavonols 817 + 2.77 7.37 = 2.53 7.40 = 1.35 7.27 + 1.41 8.57 + 3.49 11.1 + 462 187 + 5.42 20.5 * 6.44
% of total composition 6.44 7.07 3.27 3.13 4.60 6.15 2.67 3.28
Stilbene'
trans-resveratrol 0.30 = 0.00°  0.23 + 0.06f 053 + 0.12°¢  0.43 = 0.06% 070 + 0.00° 0.70 = 0.00° 237 * 0.12°  1.87 * 0.06"
% of total composition 0.24 0.22 0.24 0.19 0.38 0.39 0.34 0.30
Phenolic acids’
Gallic acid 5.97 + 0.21° 430 = 026> 447 = 057° 460 = 0.10° 613 + 0.23°  6.03 = 0.12° 4.83 = 031"  4.27 * 0.06"
Caffeic acid 10.2 + 0.53% 8.03 + 0.25°  1.53 + 0.15°  1.70 * 0.10° 5.87 * 0.25° 473 = 0.06° 503 + 0.25¢  4.83 = 0.15¢
Cinnamic acid 0.23 = 0.06°  0.20 + 0.00° 0.80 + 0.009  0.80 = 0.00¢ 430 + 0.10° 4.00 = 0.10° 1.87 = 0.15°  1.80 * 0.10°
Chlorogenic acid 1.53 * 0.15% 1.60 + 0.36°  0.47 + 0.06"°  0.43 + 0.06°  0.43 = 0.06® 0.43 + 0.06° 0.60 + 0.17°  0.40 + 0.00"
p-Coumaric acid 0.20 * 0.00° 0.20 * 0.00° 1.73 + 0.15>  1.87 * 0.21° 2,00 + 0.10° 210 = 0.10® 4.00 + 0.17°  3.97 * 0.15%
% Phenolic acids 18.1 * 4.37 14.3 * 3.34 9.00 + 1.58 9.40 + 1.63 18.7 + 2.48 17.3 = 2.21 16.3 = 1.95 15.3 * 1.88
% of total composition 14.30 13.76 3.98 4.05 10.06 9.56 2.33 2.45
Flavanols'
(-)-Epic. gallate 217 + 0.32%¢ 127 + 0.32¢ 233 + 040 217 + 0.35°° 237 + 038 277 + 0.12° 150 + 0.10°Y 1.80 = 0.10°¢
(-)-Epig. gallate 0.90 = 0.10°  0.47 + 0.06 240 + 0.20° 260 = 0.20°  1.03 + 0.21°¢  1.43 = 0.25° 297 * 0.50°® 3.47 * 0.35"
X Flavanols 3.07 = 0.90 1.73 * 0.57 4.73 = 0.05 4.77 + 0.31 3.40 = 0.94 420 = 0.94  4.47 = 1.04 527 + 1.18
% of total composition 2.42 1.66 2.09 2.05 1.83 2.32 0.64 0.84
TMA? 186 * 9.1° 162 + 21.3° 836 + 23.1¢ 890 = 14.1° 831 * 10.9° 765 = 11.2¢ 995 + 9.3° 966 + 1.9°
TPC® 1004 * 16.3¢ 9139 = 39.7¢ 2008 + 56.1° 2039 * 41.9° 2128 * 23.4° 2141 + 38.7° 3485 * 23.4° 3469 + 52.8°

+

Mean values are reported as the mean
(p < 0.05).

standard deviation (n = 3). Different letters within a row indicate a significant difference according to Tukey’s test

Nomenclature of abbreviations: glc, glucoside; digle, diglucoside; Epic, (-)-Epicatechin gallate; Epig, (-)-Epigallocatechin gallate; ND, not detected; X, total com-

pounds quantified by HPLC in each phenolic class.
! Expressed as mgL™ 1.

2 TMA, total monomeric anthocyanins quantified by the technique of difference in pH and expressed as equivalent to malvidin 3,5-diglucoside.
3 TPC, total phenolic compounds measured with Folin-Ciocalteau reagent and expressed as mgL ™! equivalent to gallic acid.

grape juices combined with TAC 766’ and 'AC 572’ rootstocks in
southern Brazil (de Sa Borges et al., 2013). In contrast, CM-572 juice
presented higher TMA content than CM-766 juice, while a higher
content of these pigments was found in the CR-766 juice compared to
CR-572 juice. Nassur et al. (2014) found for the grape juice produced
from the 'BRS Cora'/'IAC 572’ combination a content of anthocyanins
greater than that of the 'BRS Cora'/'TAC 766’ juice. These results suggest
that the content of anthocyanins in grape juice is not only dependent on
the isolated effect of the rootstock on the scion but is also influenced by
the scion-rootstock genetic interaction.

The grape juices of 'BRS Carmem', 'BRS Cora' and TAC 138-22
Méximo' presented higher TMA content than those reported in the lit-
erature for Brazilian juices produced from Vitis labrusca and hybrid
grapes, for which values ranging from 15.4 to 617 mgL~* have been
reported (de Sa& Borges et al., 2013; Lima et al., 2014; Nassur et al.,
2014; Padilha et al., 2017; Silva et al., 2016). The TMA content in the
same grape juices was also higher compared to commercial grape juices
produced in Spain (129-535 mg L™1) (Moreno-Montoro, Olalla-herrera,
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Gimenez-Martinez, Navarro-alarcon, & Rufidn-Henares, 2015).
3.4. Flavonols and trans-resveratrol

Grape juices MX-766 and MX-572 presented the highest content of
flavonols, with a mean of 19.6 mgL~", of which 72% (14.3mgL™!)
corresponded to isoquercetin (Table 3). This compound was also pre-
dominant in 'BRS Cora', 'Isabel Precoce' and 'BRS Carmem' juices, al-
though at lower concentrations, with averages of 8.50, 6.25 and
3.47 mg L™, respectively. The total content of flavonols determined by
HPLC in this study was superior to values previously published by Lima
et al. (2014, 2015) and Natividade et al. (2013). However, these au-
thors did not determine the isoquercetin content.

The MX-766 juice presented the highest t-resveratrol content, which
differed significantly from that of the other juices, including the MX-
572 (2.37 and 1.87 mg L ™1, respectively). These values are higher than
those reported in the literature for grape juices from 'Isabel Precoce',
'BRS Cora', 'BRS Violeta' and 'Bordd, in which contents ranging from
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Fig. 1. In vitro antioxidant capacity of grape juices elaborated from Vitis labrusca and hybrid grape varieties grown on 'TAC 766’ and 'IAC 572’ rootstocks under

+

tropical conditions in Brazil. Vertical bars represent the mean value
indicate a significant difference according to Tukey’s test (p < 0.05).

0.00 to 1.10 mg L~ ! were detected (Dani et al., 2007; Lima et al., 2014;
Natividade et al., 2013; Silva et al., 2016).

On average, grape juices from 'BRS Cora', ' BRS Carmem' and 'Isabel
Precoce' had trans-resveratrol contents of 0.70, 0.48 and 0.27 mgL™?,
respectively (Table 3). The t-resveratrol is currently one of the most
studied phenolics and has been associated with several beneficial ef-
fects on human health with properties including bactericidal, fungicidal
and anticancer activity as well as cardioprotective action (Ali, Maltese,
Choi, & Verpote, 2010). Grape juices with high levels of this compound,
such as those investigated in this study, might be a good source of re-
sveratrol for the consumer, especially for abstainers.

3.5. Phenolic acids and flavanols

The content of phenolic acids corresponded to 2.33-14.3% of the
total phenolic compounds (Table 3). Gallic and caffeic acids were the
main phenolic acids found in all of the grape juices analyzed. In gen-
eral, the content of phenolic acids observed in this study was below the
average found for Brazilian commercial grape juices, in which the
average contents of gallic, caffeic, chlorogenic and p-coumaric acids is
9.56, 5.81, 27.9 and 7.24mg LY, respectively (Margraf, Santos,
Andrade, Van Ruth, & Granato, 2016). In contrast, the contents of
gallic, caffeic and p-coumaric acids in the juices obtained in this study
are higher than those found in commercial juices from Spain, that is,
2.00, 0.65 and 0.62mgL™"!, respectively (Moreno-Montoro et al.,
2015).

Regarding the total amount of flavanols in the grape juices, the
highest (-)-epigallocatechin gallate content was detected for MX-572
and MX-766 juices, with an average of 3.22mg L~ '. The (-)-epicatechin
gallate was present in similar concentrations in all juices analyzed, with
an average of 2.05mgL ™! (Table 3). This value is similar to those re-
ported for grape juices from V. labrusca and hybrid grape varieties
(Lima et al., 2015; Silva et al., 2016).

3.6. Total phenolic compounds

The total phenolics compounds (TPC) concentration measured by
spectrophotometry differed significantly (p < 0.05) among the grape
juices analyzed (Table 3). Grape juices MX-766 and MX-572 presented
the highest phenolic content, with an average of 3477 mgL~'. The TPC
contents for 'BRS Cora' and 'BRS Carmem' juices were similar (average
of 2079 mgL ™). These values exceed the TPC content in 'Isabel Pre-
coce' grape juices (959 mgL™1), as expected. The new hybrid grape
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standard deviation (n = 3). Different letters within each method analyzed (DPPH and ABTS)

varieties evaluated in this study were developed to have high antho-
cyanin content, which is the major technical deficiency associated with
'Tsabel' grapes, the main Brazilian grape used in juice production.

The TPC content in 'BRS Cora' and 'BRS Carmem' grape juices is
similar to values reported for other grape juices from hybrid varieties
produced in different regions in Brazil, which range from 779 to
2647 mg L~ ! (de S4 Borges et al., 2013; Lima et al., 2015, 2014; Padilha
et al., 2017; Silva et al., 2016). However, the phenolic content detected
in TAC 138-22 Méximo' grape juice is above the maximum value re-
ported by the cited authors, indicating that this juice is a potential
source of phenolic compounds for the consumer. The importance of the
phenolic composition in grape juice is mainly related to its contribution
to the sensory quality of the juice in relation to the color and flavor, as
well as its antioxidant capacity (Granato et al., 2016).

Regarding the rootstocks, no effect of TAC 766’ or 'TAC 572’ on total
phenolic compounds in the grape juices was detected in this study. In a
previous study, the same rootstocks did not influence the phenolic
content in Concord grape juice elaborated in the southern region of
Brazil (de Sa Borges et al., 2013).

3.7. Antioxidant capacity in vitro

The in vitro antioxidant capacity of the grape juices was determined
using the DPPH and ABTS radical scavenging methods. Significant
differences (p < 0.05) between the grape juices were detected using
both methods (Fig. 1). The antioxidant capacity ranged between 7.33
and 17.2mM TEAC L™ ! when measured by the DPPH method and 5.59
to 23.6mMTEACL™' according to the ABTS method. For both
methods, the highest and lowest values were found in the grape juices
'TAC 138-22 Maximo' and 'Isabel Precoce', respectively.

Based on the ABTS results for all grape juices analyzed, the root-
stocks had no effect on the antioxidant capacity. Similarly, the results
obtained with the DPPH method showed no influence of the TAC 766’
and TAC 572’ rootstocks on the antioxidant capacity of 'Isabel Precoce'
and 'BRS Carmem' grape juices. Similar results were obtained for
'Concord' grape juices, also considering the TAC 766’ and 'TAC 572’
rootstocks, with AOX values of 11.9 and 10.9 mM TEACL ™!, respec-
tively, being reported (de Sa Borges et al., 2013). However, on applying
the DPPH method, the MX-572 juice presented a higher AOX value
(17.2mMTEACL™") than the MX-766 juice (16.2mMTEACL™"). Si-
milarly, the combination with the TAC 572’ rootstock provided a higher
AOX value in the case of 'BRS Cora' juices, with mean values of 15.7 and
14.4mM TEACL™! for CR-572 and CR-766 juices, respectively. Thus,
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Table 4
Pearson's correlation analysis between phenolic compounds in grape juice and
in vitro antioxidant activities measured by the DPPH and ABTS methods.

Phenolics compounds DPPH ABTS

Pearsonr  p Value Pearsonr  p Value
Anthocyanins
Malvidin 3,5-diglc 0.591 0.123 0.861° 0.006
Malvidin 3-gle 0.256 0.501 0.585 0.128
Cyanidin 3,5-diglc 0.416 0.306 0.049 0.907
Cyanidin 3-glc 0.832" 0.009 0.978" < 0.001
Delphinidin 3-glc 0.694 0.056 0.449 0.264
Peonidin 3-glc —0.646 0.083 —0.402 0.325
Pelargonidin 3-glc 0.713" 0.047 0.816" 0.014
Petunidin 3-glc 0.813" 0.014 0.973" < 0.001
Flavonols
Kaempferol -0.376 0.354 0.001 0.994
Myricetin 0.623 0.099 0.862" 0.006
Isorhamnetin —0.169 0.689 —0.157 0.711
Rutin 0.804" 0.017 0.956" < 0.001
Quercetin 0.619 0.102 0.865" 0.006
Isoquercetin 0.658 0.076 0.754" 0.031
Stilbene
trans-resveratrol 0.742" 0.035 0.924° 0.001
Phenolic acids
Gallic acid 0.007 0.989 —0.305 0.960
Caffeic acid —0.545 0.163 —0.482 0.226
Cinnamic acid 0.662 0.734 0.342 0.406
Chlorogenic acid —0.886" 0.003 —0.716" 0.046
p-Coumaric acid 0.927¢ 0.001 0.997¢ < 0.001
Flavanols
(-)-Epicatechin gallate 0.255 0.545 -0.139 0.740
(-)-Epigallocatechin gallate 0.716" 0.046 0.867° 0.005
Total monomeric anthocyanins 0.917% 0.001 0.862" 0.006
Total phenolics compounds 0.918" 0.001 0.996" < 0.001
DPPH - 0.904" 0.002

@ Significant correlations at 1% probability of error (p < 0.01).
b Significant correlations at 5% probability of error (p < 0.05).

the results indicate that the scion-rootstock interaction can have a
greater influence on grape juice antioxidant capacity than the isolated
effect of the rootstock.

The AOX values for the 'BRS Cora' and 'BRS Carmem' juices were
similar to those of commercial grape juices elaborated from new hybrid
grape varieties in Vale do Sao Francisco, Brazil. For these commercial
juices the AOX ranges were 10.0-14.4 and 12.5-18.1 mM TEACL ™%,
measured by the DPPH and ABTS methods, respectively (Padilha et al.,
2017). However, the TAC 138-22 Maximo' juices presented AOX values
similar to those reported for commercial grape juices produced in
Spain, with values of 15.1 to 27.1 mM TEAC L~! (Moreno-Montoro
et al., 2015).

3.8. Pearson's correlation analysis

Pearson's correlation analysis was performed to investigate the
contribution of the phenolic compounds to the in vitro antioxidant ca-
pacity (DPPH and ABTS) of grape juices (Table 4). For discussion pur-
poses the positive correlation coefficients (r) were considered, with
significance set at 1% probability of error (p < 0.01). The number of
compounds that met these conditions was higher when the ABTS
method was used.

On applying the DPPH method, significant correlations (p < 0.01)
were detected only for cyanidin 3-glucoside (r = 0.83) and p-coumaric
acid (r = 0.93). However, on applying the ABTS method, significant
correlations were detected for malvidin 3,5-diglucoside (r = 0.86), cy-
anidin 3-glucoside (r = 0.98), petunidin 3-glucoside (r = 0.97), myr-
icetin (r = 0.86), rutin (r = 0.96), quercetin (r = 0.87), p-coumaric acid
(r = 0.99) and (-)-epigallocatechin gallate (r = 0.87).
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The correlation coefficients for the relation between the antioxidant
capacity values obtained by the DPPH and ABTS methods and total
monomeric anthocyanins were r = 0.92 and 0.86, respectively, and for
the total phenolic compounds were r = 0.92 and 0.99, respectively, all
significant at 1% probability of error. This high correlation between
total phenolic compounds and antioxidant capacity results for the grape
juices corroborates the findings of other studies (Lima et al., 2014; Silva
et al., 2016), evidencing the biological properties responsible for the
beneficial effects on the health of the consumer.

3.9. Principal component analysis

Principal components analysis (PCA) was performed on the dataset
of the results for the eight grape juices, from the combination of four
grape varieties and two rootstocks, for the 41 traits assessed (classical
parameters, color attributes, organic acids, sugars, individual and total
phenolic compounds and antioxidant capacity). The total variability
was explained by seven principal components (PCs). Of these, the first
two (PC1 and PC2) accounted for 73.43% of the total variation (Fig. 2).

PC1, which explained 45.25% of the total variation, was effective in
separating the juices MX-766 and MX-572 from the others (Fig. 2A).
The examination of the PC1 loadings (Fig. 2B) suggests that this se-
paration is due to ABTS antioxidant capacity, total phenolic com-
pounds, p-coumaric acid, cyanidin 3-glucoside, petunidin 3-glucoside, t-
resveratrol, DPPH antioxidant capacity, quercetin, myricetin, epigallo-
catechin gallate, malvidin 3,5-diglucoside, color intensity, total mono-
meric anthocyanins, pelargonidin and isoquercetin. The PC1 scores and
loadings suggest that the concentrations or values of these compounds
were highest for TAC 138-22 Méaximo' juices and lowest for 'Isabel
Precoce' juices, which were located on the negative side of PC1 axis.
The opposite was observed with regard to tartaric acid and chroma,
which also made a notable contribution to the separation of the grape
juices in PC1, however, with negative loadings. The PC1 scores and
loadings suggest that all of these compounds were present at inter-
mediate and similar levels in the 'BRS Carmem' and 'BRS Cora' juices,
which were centered on the PC1 axis.

The PC2 accounted for 28.18% of the variability and was effective
in separating the CR-572 and CR-766 juices from the others. The ex-
amination of the PC2 loadings indicates that this separation is mainly
due to cyanidin 3,5-diglucoside, delphinidin 3-glucoside, cinnamic
acid, gallic acid, titratable acidity, citric acid, malic acid and soluble
solids. On the negative side of PC2, the loadings responsible for the
separation corresponded to pH and the SS/TA ratio. The PC2 scores and
loadings suggest juices CR-572 and CR-766 had low values for the pH
and SS/TA ratio. However, these juices presented the other compounds
mentioned in higher concentration than the 'Isabel Precoce', 'BRS
Carmem' and TAC 138-22 Méximo' grape juices. Therefore, the prin-
cipal components analysis was efficient in confirming the results pre-
sented herein.

4. Conclusions

The grape juices produced from new hybrid varieties presented
different profiles of bioactive phenolic compounds and antioxidant
capacity, which was due mainly to genetic characteristics of each grape
variety. The TAC 138-22 Maximo' grape juices showed a higher content
of individual and total anthocyanins, flavonols, t-resveratrol and total
phenolic compounds and thus greater in vitro antioxidant capacity was
measured compared with the other juices analyzed. In general, the 'BRS
Cora' and 'BRS Carmem' juices provided similar values for phenolic
content and antioxidant capacity. The high contents of phenolic com-
pounds and color attributes presented by these three hybrids make
them good alternatives to be used to produce grape juices with high
quality, individually or in combination with other cultivars.

Several compounds were influenced by the rootstock, but with
variations among the grape varieties. The TAC 766’ rootstock favored
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Fig. 2. Plots of the principal component analysis of chemical profile data for eight grape juices elaborated from Vitis labrusca and hybrid grape varieties grown on TAC
766’ and 'TAC 572’ rootstocks under tropical conditions in Brazil. PC1/PC2 scores (A) and loadings plot (B) accounted for 73.43% of the total variation. Samples:
Isabel Precoce [IP], BRS Carmem [CM], BRS Cora [CR], IAC 138-22 Méximo [MX], IAC 766 rootstock [766], IAC 572 rootstock 572. Trait abbreviations: soluble
solids [SS], titratable acidity [TA], ratio [Rt], lightness [L*], chroma [C*], hue angle [h°], color intensity [CI], tint [T], tartaric acid [Tac], malic acid [Mac], citric
acid [Cac], acetic acid [Aac], glucose [Glc], fructose [Frt], malvidin 3,5-diglucoside [Mv35], malvidin 3-glucoside [Mv3], cyanidin 3,5-diglucoside [Cy35], cyanidin
3-glucoside [Cy3], delphinidin 3-glucoside [Df3], peonidin 3-glucoside [Peo], pelargonidin 3-glucoside [Peg], petunidin 3-glucoside [Pet], kaempferol [Kp], myr-
icetin [Mr], isorhamnetin [Isor], rutin [Rt], quercetin [Qc], isoquercetin [Isoq], gallic acid [Gal], caffeic acid [Caf], cinnamic acid [Cin], chlorogenic acid [Clo], p-
coumaric acid [Coul, trans-resveratrol [Rvt], (-)-Epicatechin gallate [Epc], (-)-Epigallocatechin gallate [Epg], total monomeric anthocyanins [TMA], total phenolics
compounds [TPC], DPPH antioxidant capacity [DPPH], ABTS antioxidant capacity [ABTS].

the accumulation of sugars in the juices 'Isabel Precoce', 'BRS Cora' and
'TAC 138-22 Méximo'. This rootstock also contributed to the accumu-
lation of anthocyanins and t-resveratrol in the TAC 138-22 Maximo'
juices and of phenolic acids in the 'Isabel Precoce' juices.
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