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Abstract

The objective of the present study was to evaluate grape juices from different cultivars obtained by two 

different technologies: steam juicer system (S1) and enzymatic system (S2). The beverages were evaluated 

for physicochemical and sensory characteristics and their adequacy to the identity and quality standards of 

whole grape juice. Experiments were carried out in the 2018 and 2019 harvests with the grape cultivars BRS 

Rúbea (RUB), BRS Cora (COR), BRS Violeta (VIO), BRS Carmem (CAR), BRS Magna (MAG), Bordô (BOR), Isabel 

(ISA), Isabel Precoce (IP), Concord (CON), Concord Clone 30 (C30) and SCS 421 Paulina (SCSP). Treatments 

followed factorial design (cultivars x extraction system). S1 resulted in juices with lower soluble solids 

content; on average, a reduction of 3.12 °Brix in 2018 and 2.30 °Brix compared with the original content in 

grapes. Among S1 juices, only VIO and MAG in 2018, and VIO and CAR in 2019 achieved the minimum value 

of soluble solids (14 °Brix) established by the Brazilian legislation. Juices of SCSP and CON in 2018 and C30, 

CON and RUB in 2019 presented values lower than 14 °Brix, independent of the extraction system. S2 juices 

were characterized by higher values of total acidity, soluble solids, reducing sugars, anthocyanins, global 

impression, and equilibrium, as well as lower values of lightness for most of the cultivars.
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Introduction

The elaboration of grape juice is an 
economical alternative for traditional wine 
industries, cooperatives, small producers and 
agro-industries. The production of juices using 
Brazilian grapes has been characterized by 
some distinct profiles. On the one hand, there 
is that represented by large, highly technology-
oriented companies that use heat-exchanger 
extraction known as enzymatic or tube-in-tube 
system; on the other production consisting 
of small family enterprises, which elaborate 
the homemade juices, obtained by the steam 
extraction system (Frölech et al., 2019; Marcon 
et al., 2016).

The steam extraction of grape juice 
represents an alternative for small farmers to 
make the small rural property economically 
viable. It is a widespread system in rural 
properties in the highland region of the State 
of Rio Grande do Sul (Costa et al., 2019; 
Marcon et al., 2013). The key factor that leads 
to the production of grape juice by an extractor 

Resumo

O objetivo deste estudo foi avaliar sucos de uva elaborados com diferentes cultivares pelos sistemas de 

extração a vapor (S1) e sistema enzimático (S2) quanto à qualidade físico-química, sensorial e adequação 

aos padrões de identidade e qualidade para suco de uva integral. Os sucos foram elaborados nas safras 

2018 e 2019 pelos sistemas de S1) e S2 com os cultivares BRS Rúbea (RUB), BRS Cora (COR), BRS Violeta 

(VIO), BRS Carmem (CAR), BRS Magna (MAG), Bordô (BOR), Isabel (ISA), Isabel Precoce (IP), Concord (CON), 

Concord Clone 30 (C30) e SCS 421 Paulina (SCSP). Os tratamentos foram arranjados em esquema bifatorial 

(cultivares x sistemas de extração). Quando empregado o S1, observa-se redução média de 3,12 °Brix em 

2018 e 2,30 °Brix em 2019 nos sucos com relação à uva que lhes originou. No S1, apenas os sucos de VIO 

e MAG em 2018 e VIO e CAR em 2019 atingiram o valor final mínimo (14 °Brix) estabelecido em lei para 

sólidos solúveis. Os sucos dos cultivares SCSP e CON em 2018 e C30, CON e RUB em 2019, apresentaram 

sólidos solúveis baixo do preconizado, independente do sistema de extração. Os sucos obtidos pelo 

S2 caracterizaram-se por valores mais elevados de acidez total, sólidos solúveis, açúcares redutores, 

antocianinas, impressão global e equilíbrio e mais baixos de luminosidade para a maioria das variedades. 

Palavras-chave: Padrões. Identidade. Sólidos solúveis. Suco integral. Arrastre de Vapor. Enzimático.

pan is that the apparatus is simple, relatively 
inexpensive and easy to handle. The resulting 
juice is basically sold at family farming fairs and 
to consumers around the producing property, 
adding value to the raw material and increasing 
household income (Canossa et al., 2017; 
Guerra, Bitarelo, & Ben, 2016).

Although the pans are easy to use, 
have a low cost of implantation and provide 
good quality juices, this process can lead to 
an incorporation of exogenous water, due to 
the condensation of the steam used to extract 
the juice (Bender, Souza, Caliari, Malgarim, & 
Camargo, 2019; Bresolin, Gularte, & Manfroi, 
2013; Marcon et al., 2016). The percentage of 
water incorporation in the juices made through 
the extraction pans varies from 7.56% to 
20.7% (Marcon et al., 2016). The incorporation 
of water in the juice does not constitute health 
problems for the consumer. However, if the 
water added to the juice is not declared, through 
the name of the beverage, the consumers may 
be buying a product that does not meet their 
expectations (Bresolin et al., 2013).
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In 2010, discussions were started 
on the incorporation of water in steam-
extracted juices and the consequence of this 
on the classification of this product under the 
legislation, which defines whole grape juice 
as that which is found in its natural contente 
without the addition of sugar (Decreto nº 8.198, 
2014), therefore, extractor pan juice would be 
classified as nectar, a beverage that contains 
at least 50% grape juice (Instrução Normativa 
nº 24, 2012).

The vast majority of producers, farmers 
who process the raw material they produce, 
were dissatisfied with this new condition, 
considering that this name would depreciate 
the product, which is natural, pure and without 
additives. From then on, research work was 
started to solve this issue, and one of the 
possible solutions would be creating a new 
name, exclusive for the product obtained by 
the steam extraction method (Bresolin et al., 
2013; Roldan, 2016). However, until now, a new 
classification has not been defined for steam-
extracted juices.

Therefore, the objective of this study 
was to evaluate grape juices elaborated 
from different cultivars through the steam 
extraction and enzymatic systems in terms of 
physicochemical and sensory characteristics, 
as well as the adequacy to the identity and 
quality standards for whole grape juice.

Material and Methods

Evaluation was carried out during the 
2018 and 2019 harvests. The grapes used 
were produced in an experimental vineyard of 
the EPAGRI - Agricultural Research and Rural 
Extension Company of Santa Catarina, Videira 
Experimental Station (Videira, SC/Brazil), 
located under coordinates 27º02’27,59” S, 
51º08’04,73” W, at an altitude of 830 meters 
above sea level. According to Köppen, 
the region’s climate is classified as humid 
mesothermal and mild summer (Cfb). The 
average temperature and the accumulated 
precipitation during the months that comprise 
the maturation of the grapes (December to 
March) were 21.4 °C and 252.20 mm in 2018 and 
21.9 °C and 889.80 mm in 2019, respectively.

The grapes evaluated in this study 
were: BRS Rúbea (RUB), BRS Cora (COR), BRS 
Violeta (VIO), BRS Carmem (CAR), BRS Magna 
(MAG), Bordô (BOR), Isabel (ISA), Isabel Precoce 
(IP), Concord (CON), Concord Clone 30 (C30) 
and SCS 421 Paulina (SCSP), produced in 
an experimental vineyard, implanted in 2008 
through the Y-structure conduction system 
under the rootstock VR 043-43 in 3.0 x 2.0m 
spacing, between rows and between plants, 
respectively, adopting the mixed pruning 
system. The cultivar BRS Magna was only 
evaluated in the 2018 harvest due to the high 
incidence of downy mildew in the 2019 harvest, 
which affected the productivity of this cultivar 
in the studied area. The values of soluble solids 
and titratable acidity of the grapes (must) 
before processing are listed in Table 1.
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Table 1
Average values of soluble solids and total acidity, in grapes for juice production in the 2018 and 2019 
harvests

Cultivars
Soluble Solid (°Brix) Total Acidity (mEq.L-1)

2018 2019 2018 2019

C30 15.66 13.02 70.00 75.50

VIO 17.42 15.12 72.52 57.80

IP 16.74 15.40 63.04 72.60

MAG 16.50 - 75.42 -

BOR 14.90 14.50 51.20 57.40

SCSP 14.30 13.74 40.02 55.23

CON 13.50 14.02 82.60 49.00

COR 16.00 15.20 134.42 90.80

RUB 14.70 12.80 100.56 62.40

ISA 16.08 15.80 94.20 60.14

CAR 16.00 15.12 101.30 66.60

C30-Concord Clone 30; VIO- BRS Violeta; MAG- BRS Magna; BOR- Bordô; IP-Isabel Precoce; CON- Concord; SCSP - 
SCS 421 Paulina; RUB- BRS Rúbea; COR- BRS Cora; ISA- Isabel Precoce; CAR- BRS Carmem.

After harvesting, the grapes were taken 
to an experimental winery where juices were 
prepared according to the following steps:

Steam Extraction (S1): The must was 
extracted using a juice extractor or extractor 
pan with a capacity of 20 kg of fruit. Initially, the 
berries were destemmed with the aid of a manual 
destemmer and later placed in a perforated 
container, fitted in the external container and 
both coupled over the water tank, which was 
accommodated on a gas stove, for steam 
generation. After approximately 40 min, the 
wort began to flow through the outlet tube and 
was collected in a container for homogenizing 
the juice, kept on fire to keep the juice warm. 
The bottling of the samples occurred as soon 
as the solid mass was depleted of liquid, and 
the filling occurred at a temperature of 86 °C to 
guarantee microbiological stability.

Enzymatic Extraction (S2): it was 
adapted to simulate a heat exchanger system. 
The berries were destemmed with the aid of 
a manual destemmer, subsequently heated 
to 50 °C, where they remained in constant 
homogenization for approximately 20 min, until 
the must reached the desired temperature 
(50 °C). Then, a commercial thermo-resistant 
enzyme complex was added (Pectinex Ultra 
SP-L) at a concentration of 3 g.hL-1, followed 
by continuous maceration for one hour. 
Subsequently, pressing was performed to 
separate the liquid, which was taken to the 
cold chamber at a temperature of ± 1ºC for 24 
h to decant the solid particles. The following 
day, the juice was transferred, pasteurized and 
bottled at a temperature of 86 °C.

The experimental design used 
was completely randomized, with three 
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replications. The treatments were arranged 
in a two-factor scheme. Treatment factor A 
tested the cultivars (RUB, COR, VIO, CAR, MAG, 
BOR, ISA, IP, CON, C30 and SCSP) and factor B 
the extraction systems (steam and enzymatic). 
Five glass bottles (500 mL) were used for each 
treatment; three of which were chosen at 
random for physicochemical and colorimetric 
analyses and the determination of bioactive 
compounds. The rest of the samples were 
used for sensory analysis.

The soluble solids content (°Brix), 
pH and total titratable acidity (mEq L-1) were 
carried out according to the methodologies 
defined by the Ministry of Agriculture (Instrução 
Normativa n° 24, 2005). For total sugars (g L-1), 
the DNS method described by Maldonade, 
Carvalho and Ferreira (2016), adapted for 
grape juice, was used. The lightness (L*) of the 
juices was determined in a spectrophotometer 
and expressed in the CIELab system, with the 
scale varying from black (0, dark) to white (100, 
light) (Chitarra & Chitarra, 2005).

The content of total phenolic compounds 
was determined spectrophotometrically using 
the Folin-Ciocalteu colorimetric method 
(Singleton & Rossi, 1965), and expressed as 
mg of gallic acid (GAE) L-1. The total content 
of monomeric anthocyanins was determined 
using the differential pH method (Giusti & 
Wrolstad, 2001), the results were expressed as 
mg L-1 of cyanidin-3-glycoside.

The sensory evaluation of the juices 
was performed by mixed quantitative analysis 
(Associação Brasileira de Normas Técnicas 
[ABNT], 2019). The attributes color intensity, 
acidity, sweetness, acidity/sweetness 
equilibrium and global impression were 
evaluated on a nine-point unstructured scale, 
anchored by the extremes “little intense” and 

“very intense”, “low concentration” and “high 
concentration”, “small concentration” and 
“great concentration” and “really disliked” 
and “really liked”. The comprehension of the 
attributes and descriptors by the assessors 
was evaluated during the selection and 
training of the evaluation panel. The training 
was carried out during 6 months before the 
tests. The samples were coded using random 
three-digit numbers, served randomly in 
glasses, at room temperature. The sensory 
panel had 10 trained assessors who agree to 
participate (research approved by the Ethics 
Committee of the Federal University of Pelotas, 
CAAE 92226218.8.0000.5317) and performed 
the sensory tests in individual booths at the 
Beverages Sensory Laboratory at the EPAGRI 
Experimental Station in Videira-SC.

The data obtained were analyzed 
for normality using the Shapiro Wilk test, 
homoscedasticity using the Hartley test; and, 
the independence of residues by graphical 
analysis. Subsequently, the data were 
subjected to analysis of variance using the F 
test (p≤0.05). With statistical significance, the 
effects of varieties and extraction systems 
were compared using the Scott Knott test 
(p≤0.05).

Principal component analysis (PCA) 
was performed using mean values (mean 
performance of each cultivar over the two 
seasons observed, one crop for MAG) using 
the physicochemical and sensory variables. 
The criterion for disposal of the principal 
components (PCs) used was recommended 
by Jolliffe (2002), establishing that a number 
of PCs that includes at least between 70 and 
90% of the total variance should be retained. 
A cluster analysis was also performed on this 
same set of data in order to group individuals 
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according to their main characteristics. For 
these analyses, the software R (R Core Team 
[R], 2020) and the interface RStudio (RStudio 
Team [RStudio], 2020) were used, as well as the 
packages Factominer (Lê, Josse, & Husson, 
2008) and Factoshiny (Vaissie, Monge, & 
Husson, 2020).

Results and Discussion

The results of the physicochemical 
variables showed an interaction between 
the evaluated treatment factors (varieties × 
extraction systems), as listed in Tables 2 and 3.

The pH did not differ between the 
extraction methods for the juices of C30 and 
CAR in 2018. For VIO and IP, the highest pH 
values were obtained in S2 and, while for the 
other cultivars, these occurred in S1. In 2019, 
the extraction system influenced the pH of the 
juices of C30, IP, BOR, CON, RUB and CAR. The 
lowest pH values were obtained in the juices 
of CON (2.96) in S2 in 2018, C30 (2.99), CON 
(2.99) in S1 and RUB (2.97) in S2 in 2019. The 
pH is not a parameter required by legislation; 
however, it is important due to its influence 
on the color and stability of anthocyanins, 
which are more stable in acidic solutions than 
in neutral and alkaline solutions (Malacrida 
& Motta, 2005). Mota et al. (2018) evaluated 
steam-extracted juices of the cultivars IP, CAR, 
BOR, VIO and C30 and pH values ranged from 
3.40 to 3.90. Rizzon and Miele (2012) reported 
an average value of 3.31 for commercial whole 
grape juices. Canossa et al. (2017) obtained pH 
values of 2.93 for CON, 2.99 for IP and 3.16 for 
BOR juices.

The soluble solids content varied 
between cultivars, as well as between 
extraction systems in the evaluated crops 

(Table 2). The juices obtained by S2 showed 
higher values of soluble solids for all cultivars 
in 2018 and 2019. The lowest values were 
obtained in the juices of the SCSP cultivar 
10.70 °Brix and 11.03 °Brix in S1; the highest 
values were 17.90 °Brix and 16.70 °Brix for ISA 
in S2, in 2018 and 2019, respectively.

Rizzon and Link (2006) explain that 
lower values of soluble solids are due to the 
effect of the dilution of the water vapor used in 
heating and in the stream extraction process. 
Marcon et al. (2016) found lower average 
values for juices prepared by an extraction pan 
(12.70 °Brix) compared to those obtained by 
heat exchangers (15.80 °Brix), justifying that 
the lowest results are due to the incorporation 
of 18.6 % of water in the juice when using 
the steam extraction method. Roldan (2016) 
obtained lower soluble solids values in juices 
of the BOR cultivar extracted by different 
extraction apparatus that employ steam 
distillation compared to the enzymatic system, 
justifying the difference by incorporating 0 to 
23% water at the end of the extraction process.

When comparing the soluble solids 
values of grapes (must) before processing 
(Table 1) with the results of the juice (Table 
2), an average reduction of 3.12 °Brix in 2018 
and 2.30 °Brix in 2019 is observed in juices in 
relation to the grapes when S1 is employed. 
These results agree with those described by 
Marcon (2013), who evaluated juices extracted 
by different equipment that use steam as a 
means of heating the grapes. On a laboratory 
scale, the initial mean value was 18.90 °Brix for 
the must of cultivars BOR/CON and 17.70 °Brix 
for ISA, and for juices the values were 15.80 
°Brix for BOR/CON and 14.70 °Brix for ISA, 
showing a decrease of 3.07 °Brix and 3.03 °Brix, 
respectively (Marcon, 2013). Mota et al. (2018) 
found a reduction in °Brix when comparing 
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the grapes with the juice prepared by steam 
distillation for the cultivars IP, CAR, BOR, VIO 
and C30, where the values in the grapes varied 
from 16.90 °Brix for IP to 18.70 °Brix for CAR 
and in the juices the values ranged between 
12.4 °Brix for BOR and 15.00 °Brix for VIO. For 
the juices obtained by S2, the values remained 
very close to those found in the grapes, and 
in some varieties the values of soluble solids 
in the juices were slightly higher than those of 
the musts. This behavior may be the result of 
a higher contente of soluble solids, because 
the juices were under continuous maceration 
during processing in contact with pectinases, 
which facilitates the extraction of the grape 
components into the juice, while the musts 
were obtained by simply crushing the grape 
before processing.

As for the adequacy to identity and 
quality standards for the variable soluble solids 
for whole grape juices, only the juices of VIO 
(14.07 °Brix) and MAG (14.80 °Brix) in 2018 and 
VIO (14.03 °Brix) and CAR (14.03 °Brix) in 2019 
reached the minimum value established (14.00 
°Brix) when elaborated by S1. In the juices 
obtained by S2, the content of soluble solids 
was not met by the juices of SCSP (13.63 °Brix) 
and CON (13.10 °Brix) in 2018, as well as C30 
(12.80 °Brix), CON (13.73 °Brix) and RUB (13.20 
°Brix) in 2019.

The inadequacy of the juices prepared 
by S1 can be justified by incorporating water 
in the process, as discussed above. Borges, 
Roberto, Yamashita, Assis and Yamamotoi 
(2014) explain that in order to reach the value of 
14 °Brix in juices produced in an extraction pan 
by the steam distillation method, it is important 
that the soluble solids content of the must be 
slightly higher, since this method generally 
promotes a small dilution of the must, by adding 

the water vapor, thus reducing the SS contents 
of the juice. As for the juices obtained by S2, 
the values below the minimum defined for 
whole juices can be explained by the difficulty 
of the cultivars to reach the ideal maturation 
in the region of study, due to the high rainfall 
in the maturation period, especially in the year 
of 2019 which presented a higher index from 
December to March. According to Brighenti et 
al. (2018), in the south and southeast regions 
of Brazil, the maturation period of the BOR 
grape coincides with the rainy season and, in 
certain situations, the cultivar does not reach 
a satisfactory soluble solids ratio to produce 
quality juices. Costa et al. (2019) also found 
values below the legislation in BOR (11.37 
and 13.00 °Brix) and CON (13.37 and 13.27 
°Brix) steam-extracted juices produced in 
the Campanha region of Rio Grande do Sul. 
Borges et al. (2014) evaluated the quality of 
the cultivar CON in Rolândia-PR, verifying that 
in the two studied harvests (2010 and 2011) 
the final period of maturation was marked by 
intense rainfall, which may have contributed to 
the must dilution and reduction in the soluble 
solids content. Mandelli (2002) obtained a 
significant negative correlation between the 
contentes of soluble solids and excess water, 
for CON, in Serra Gaúcha (RS).

Regarding total acidity, all juices 
obtained higher values when produced by 
S2 when compared to those produced by S1, 
for all cultivars, with the exception of MAG in 
2018, which showed no difference between 
the extraction systems (Table 2). Regardless 
of the extraction system employed, all juices 
met the legal specification of at least 55 mEq 
L-1, with values ranging from 90.70 mEq L-1 for 
SCSP in S1 to 191.09 mEq L-1 for CON in S2 
in 2018 and 73.91 mEq L-1 for CAR in S1 and 
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165.24 mEq L-1 for COR in S2 in 2019. Costa 
et al. (2019) obtained values of 98.95 mEq L-1 
and 96.35 mEq L-1 for BOR and 88.82 mEq L-1 
and 88.35 mEq L-1 for CON, these results were 
below those verified in the present study for 
both extraction systems, with the exception 
of SCSP (90.70 mEq L-1) and VIO (96.70 mEq 
L-1) juices in 2018 and C30 (91.67 mEq L-1) and 
VIO (92.97 mEq L-1) in 2019, when prepared 
by S1. Bender et al. (2019) evaluated C30 
juices produced in Videira-SC, prepared by an 
adapted system simulating heat exchanger 
and equipment referred to as whole fruit juicer, 
obtaining total acidity values from 162.90 mEq 
L-1 to 175.70 mEq L-1, respectively. Canossa et 
al. (2017) obtained results of 95.68 mEq L-1 for 
CON juices, 109.38 mEq L-1 for IP and 124.79 
mEq L-1 for BOR produced by steam distillation 
in the municipality of Lages-SC.

Rizzon and Link (2006) state that the 
technology used in the processing of juices 
can result in different extraction of substances 
present in the grape skins, leading to important 
variations in the chemical composition of the 
product. Rizzon, Meneguzzo and Manfroi (1998) 
observed that the high acidity comes from the 
content of fixed acids in the skin, released to 
the juice in the elaboration process. The use of 
high temperatures can cause plasmolysis of 
the membrane and rupture of cells in the fruit 
wall, facilitating the release of water, as well 
as the extraction of acids from the skin and 
seeds that contribute to greater total acidity 
(Ribéreau-Gayon, Dubourdieu, Donèche, & 
Lovaud, 2006; Lima et al., 2015; Mota et al., 
2018).

In 2018, all the evaluated juices showed 
higher total sugar contentes when prepared by 
S2 (Table 2). The results were similar in 2019, 
in terms of extraction systems, except for the 
CON cultivar juices (134.30 g L-1; 140.30 g L-1), 

which did not show difference and for C30, 
which had the highest sugar concentration 
in the juices prepared in S1 (135.87g L-1) 
compared to S2 (108.47 g L-1). The highest 
sugar content was found in ISA juices (194.20 g 
L-1) followed by MAG (188.47 g L-1) both made in 
extraction S2 in 2018 and in ISA juices (182.03 
g L-1) also in S2 in 2019. The sugar content of 
grape must represent about 90% to 95% of the 
total soluble solids and the amount of sugar in 
the juice depends on the variety and the level 
of ripeness of the grape (Rizzon et al., 1998); 
thus the higher results for total sugars in S2 
can be justified by the greater extraction as a 
function of the maceration with the addition of 
pectinolytic enzymes which resulted in higher 
contentes of total sugars.

Marcon (2013) found higher values 
in the juices extracted by heat exchanger 
method compared to the steam system. The 
levels of total sugars found in the juices ranged 
from 141.00 g L-1 to 175.00 g L-1 (Bordeaux) 
and from 140.00 g L-1 to 197.00 g L-1 (Isabel), 
indicating a dilution promoted by the steam 
originating in the extraction process. Mota et 
al. (2018) obtained values of 118.10 g L-1 for IP, 
127.60 g L-1 for CAR, 98.5 g L-1 for BOR, 125.40 
g L-1 for VIO and 112.80 g L-1 for C30. Fongaro, 
Cavagnolli and Spada (2016) evaluated the 
database of analysis of grape juices in an 
oenological reference laboratory in Flores da 
Cunha from the years 2012 to 2016, finding 
average values that varied from 133.00 g L-1 in 
2016 to 152.00 g L-1 in 2013 for red juices.

In general, the evaluated juices showed 
greater lightness when prepared by S1 (Table 
3), except for MAG (25.25), which had the 
highest value in S2 in 2018 and BOR (24.23; 
21.02) and RUB (28.85; 27.05) that did not 
differ in 2019. In 2018, the highest lightness in 
S1 was obtained in the CON (61.75) and COR 
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(60.97) juices and the lowest in MAG (18.05). 
In S2 the highest value was in COR (57.77) 
and the lowest being VIO (8.45). In 2019 the 
highest lightness was in CAR (66.09) and C30 
(54.77) in S1 and S2, respectively, the lowest 
result was found in VIO (15.25; 9.59) in both 
extraction systems. The lower the L*value, the 
darker the sample (Bender et al., 2020), which 
proves the greater extraction of compounds 
responsible for color in S2. Marzarotto (2005) 
and Marcon et al. (2013) explain that the juice 
production technology affects the extraction 
of substances present in the grape skins, 
with the most important factors being the 
temperature and the extraction time.

The anthocyanin content showed a 
difference between cultivars and extraction 
systems. VIO juices had the highest contentes 
of total anthocyanins, while the CON, IP, C30 
and ISA cultivars had the lowest values, these 
results were repeated in both extraction 
systems in 2018 and 2019. Similar results 
were found by Lima et al. (2014) who evaluated 
juices of the VIO and IP cultivars in the São 
Francisco Valley and found higher contentes 
of anthocyanins in VIO juices (464.00 mg L-1) 
and lower values in IP (29.00 mg L-1). Nassur, 
Pereira, Alves and Lima (2014) evaluated juices 
from the COR and IP cultivars on different 
rootstocks in Petrolina-PE and found values 
from 22.80 mg L-1 to 168.00 mg L-1 for COR and 
35.12 mg L-1 at 43.53 mg L-1 for PI.

The evaluated juices had a higher 
content of total anthocyanins when prepared 
by S2. The results show that in 2018 the 
content of anthocyanins practically doubled in 
S2 compared to S1 and in 2019 the difference 
was repeated, however, with values lower than 
those of the previous year. In S1, the grapes 
are placed intact in the extraction container, 
and the steam generated by the extractor 

pans increases the surface tension of the skin 
structures and heats the grape, promoting the 
disruption of the skins and depectinization 
of the must, facilitating the dragging of 
compounds present in the skins (Venturin, 
2004), however, once the berry is broken, the 
must/juice flows into the collection container 
and remains in contact with the solid part for 
less time. In S2 on the other hand, the grape is 
previously broken and added with pectinases 
that are associated with the degradation of 
soluble pectin, which facilitates the extraction 
of the compounds from the skins (Lima et al., 
2015) and the must/juice is kept in contact with 
the berries until the moment of pressing which 
allows a greater liquid/solid contact resulting 
in a greater anthocyanins supply in the final 
product.

Another aspect that must be 
considered to justify the distinction in the 
results is the process temperature. Malacrida 
and Mota (2005) explain that the anthocyanins 
are quickly destroyed, at a logarithmic rate, 
by the linear temperature increase during the 
juice processing. Steam extraction subjects 
the juice to temperatures above 80 °C, causing 
anthocyanins to degrade, while in the enzymatic 
extraction method, temperatures above 60 
°C are not used (Lima et al., 2014; Roldan, 
2016). Roldan (2016) found lower values of 
anthocyanins in the juices extracted by steam 
compared to those extracted by the enzymatic 
system, justifying the difference due to the 
probable degradation of these compounds by 
the high temperatures in the extraction.

The content of total phenolic 
compounds showed a statistical difference 
between the extraction systems, except for IP 
juices in 2018 (Table 3). The cultivars VIO, MAG 
and RUB and CON, ISA and CAR showed a higher 
contente of polyphenols in the juices prepared 



Bender, A. et al.

1626 Semina: Ciênc. Agrár. Londrina, v. 42, n. 3, suplemento 1, p. 1615-1634, 2021

by S1 in 2018 and 2019, respectively. Most 
juices had a higher content of total phenolic 
compounds in S2 compared to S1, except for 
the aforementioned cultivars. These results are 
compared with those obtained by Marcon et al. 
(2013), who found that the juices elaborated 
by steam distillation had higher contentes of 
total phenolic compounds in relation to the 
heat exchanger system. The results of Raldon 
(2016) corroborate with Marcon et al. (2013) 
as they demonstrate that the similar amounts 
of phenolic compounds comparing juices 
obtained by steam extraction with those by 
enzymatic method, as these compounds are 
less thermolabile than anthocyanins and do 
not reduces with the use of the steam system. 
Lima et al. (2014) explain that the differences 
in the phenolic composition may be due to the 
different technical preparations, processing 
conditions, cultural practices and grape 
varieties used in the production of juices.

Among cultivars, the highest contentes 
of phenolic compounds were found for MAG in 
S1 and VIO in S2 in 2018 and VIO in 2019 for 
S1 and S2. C30 showed lower results in both 
extraction systems in the two crops studied. 
Burin et al. (2010) and Lima et al. (2014) describe 
that the contente of phenolic compounds in 

commercial grape juices in Brazil vary from 
270 mg L-1 to 3,433.00 mg L-1. All the evaluated 
juices, regardless of the extraction system, 
remained within the average range described 
by the authors. Values ranged from 1,055.93 
mg L-1 for C30 in S1 in 2018 to 3,802.47 mg 
L-1 for VIO in S1 in 2019. Lima et al. (2015) 
evaluated juices produced in the São Francisco 
Valley, and found that the highest contentes 
of phenolic compounds were from VIO and 
MAG juices and the lowest values in PI juices. 
Toaldo et al. (2015) evaluated organic BOR and 
conventional BOR/ISA juices produced in São 
Marcos-RS in an industrial heat exchanger 
system and found values of 3,378.33 mg L-1 
for organic juice and 2,015.00 mg L-1 for the 
conventional system.

For sensory aspects, the color intensity 
showed a correlation with the treatment 
factors (varieties x extraction systems) (Table 
4). The juices of the cultivars VIO, IP, MAG, 
BOR, SCSP and COR did not differ between 
the extraction systems. The juices of the other 
cultivars showed greater color intensity when 
extracted by S2 in the 2018 harvest. In 2019, 
only cultivars C30, IP, CON, ISA and CAR had 
greater color intensity for the juices in S2.
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Table 4
Average values of sensory analysis for color intensity in juices elaborated with different grape cultivars 
in the steam and enzymatic extraction systems in the 2018 and 2019 seasons

Color Intensity

Cultivars 2018 2019

S1 S2 S1 S2

C30 4.36 Db 6.68 Da 4.10 Cb 6.50 Ba

VIO 8.10 Aa 8.45 Aa 7.97 Aa 8.08 Aa

IP 6.67 Ba 7.04 Ba 5.74 Bb 6.93 Ba

MAG 6.67 Ba 7.04 Ba - -

BOR 7.90 Aa 8.25 Aa 8.00 Aa 8.07 Aa

SCSP 7.27 Ba 7.93 Aa 7.73 Aa 8.11 Aa

CON 4.49 Db 5.47 Da 4.30 Cb 5.78 Ba

COR 6.95 Ba 7.18 Ba 7.16 Aa 6.64 Ba

RUB 6.48 Bb 7.52 Ba 7.80 Aa 8.04 Aa

ISA 5.80 Cb 7.22 Ba 5.65 Bb 7.04 Ba

CAR 6.14 Cb 7.60 Ba 4.54 Cb 6.84 Ba

CV(%) 12.99 16.45

C30-Concord Clone 30; VIO- BRS Violeta; MAG- BRS Magna; BOR- Bordô; IP-Isabel Precoce; CON- Concord; SCSP - 
SCS 421 Paulina; RUB- BRS Rúbea; COR- BRS Cora; ISA- Isabel Precoce; CAR- BRS Carmem. S1- Steam; S2- Enzymatic. 
* Means followed by the same upper-case letter in the column do not differ by Scott Knott’s test at 5% significance for 
cultivars within the extraction system. *Means followed by the same lower-case letter in the column do not differ by 
Scott Knott’s test at 5% significance for extraction system within cultivar. 

For the variables acidity, sweetness, 
sweetness/acidity equilibrium and global 
impression, there was no interaction between 
the evaluated factors (varieties x extraction 
systems) and these were analyzed separately 
in the 2018 and 2019 harvests (Table 5). In 
2018, only the sweetness variable showed a 
difference with the extraction systems, with 
the greatest sweetness being observed in S2 
juices, which corroborates with instrumental 
analyses, where the juices extracted by S2 
stood out with the higher levels of soluble 
solids and reducing sugars. In 2019, the 
juices obtained by S2 showed greater acidity 
and global impression and less sweetness. 
The sweetness/acidity equilibrium was not 
influenced by the extraction method.

Concerning the cultivars, the CON 
juices differed from the others due to the higher 
acidity and lower sweetness, sweetness/
acidity equilibrium and global impression in 
2018, corroborating again with the results 
of instrumental acidity analyses. The very 
high acidity and lower sweetness resulted 
in the imbalance between sweet and acid, 
culminating in the lowest global impression. 
Similar results were found by Bender et al. (2019) 
in C30 juices, which showed an imbalance 
due to greater acidity and low sweetness, 
reflected in the global appreciation, in both 
extraction systems. Rizzon et al. (2018) explain 
that a sweetness and acidity equilibrium is 
fundamental for the juice quality, with the sweet 
flavor collaborating with the structure, while 
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the acidity participates in the freshness and 
conservation of the product. High acidity and 
lower global evaluation score for the cultivar 
CON can be attributed to the lack of adequate 
ripening, since it occurs in the rainy season 
and associated with the sensitivity of the berry, 
it results in an early harvest, that is, before the 
grapes reach the ideal harvest point.

In 2019, the cultivars VIO, BOR, COR, 
ISA and CAR were described as presenting the 
greatest sweetness and C30, IP and COM had 
the lowest averages for the global impression. 
Pereira et al. (2008) related the sensory 
characteristic of the juice to the genetic effect 
of the cultivar, characteristics of the climate 
and the soil of the experimental area, grape 
health, as well as the technology used to 
extract and obtain the juice.

The principal component analysis, the 
first two and three dimensions accounted 
for 76.73% and 87.55% of the variance, 
respectively. There was a positive correlation 
with PC1 for equilibrium and global impression, 
and anthocyanins and color intensity, and a 
negative correlation for luminosity, for PC2, a 
positive correlation with acidity (sensory and 
instrumental) was observed (Figures 1a and 
1b).

In the score graph (Figure 1c) and the 
dendrogram (Figure 1d), the most striking 
aspect was the segregation of the samples 
according to the method of extraction in CP1. 
The largest cluster (cluster 2), located on the 
left in the sample graph, included only juices 

obtained by steam distillation, characterized by 
low contentes of soluble solids, color intensity, 
anthocyanins, lower sweetness, global 
impression and total acidity, and high lightness 
(Tables 2,3,4 and 5). The other large cluster 
(cluster 3), located on the right side of the graph, 
was formed only by enzymatic extraction 
samples, which showed high total acidity, 
soluble solids and anthocyanins content, and 
high global impression, equilibrium, and low 
values for luminosity (Tables 2,3 and 5). This 
behavior highlights that the same grape can 
generate different juices when subjected to 
two different extraction systems. It is observed 
that cultivars with greater color and soluble 
solids content had less influence from the 
extraction system.

The exceptions to the formation of only 
two large clusters - one for each extraction 
system - were C30_ 2, CON _2, MAG_1 and 
VIO_1. Therefore, even when submitted to 
S2, cultivars CON and C30, give rise to juices 
(cluster 1, located in the upper left region) 
with higher sensory acidity and total acidity, 
and lower values of equilibrium and global 
impression and more similar to most samples 
from S1. Regardless of the extraction method, 
the MAG and VIO cultivars (cluster 4, located in 
the lower right region) produced similar juices, 
characterized by high values for anthocyanins, 
sweetness, color intensity, pH and soluble 
solids, and low values for lightness and total 
acidity, resembling samples from the enzymatic 
extraction (Figure 1, Tables 2, 3,4 and 5).
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Figure 1: Multivariate analyses a - projection of factor loads (variables) on PC1xPC2 of PCA; b - projection 
of the factor loadings (variables) on PC1xPC3 of PCA; c - projection of the scores (treatments) on PC1xPC2 
of PCA according to the cluster analysis; d - dendogram. Identification of the cultivars BRS Rúbea (RUB), 
BRS Cora (COR); BRS Violeta (VIO); BRS Carmem (CAR), BRS Magna (MAG), Bordô (BOR), Isabel 
(ISA), Isabel Precoce (IP), Concord (CON), Concord Clone 30 (C30) and SCS 421 Paulina (SCSP). 
Identification of extraction systems- S1- Steam; S2- Enzymatic. Instrumental parameters evaluated: 
Luminosity (L*), Soluble Solids (°Brix), Ph, Total Acidity (Total Ac.), Sensory parameters evaluated - Total 
Anthocyanins, Acidity, Color Intensity, Sweetness, Equilibrium and Global impression. 
 

Conclusions 

The enzymatic extraction system resulted in juices characterized by a higher content of soluble 

solids, total acidity, anthocyanins, global impression, equilibrium, and lower luminosity for most varieties. 

When the steam extraction system was used, there was a reduction in the soluble solids content in 

relation to the grape/must. 

When extracted by the steam system, the juices do not meet the identity and quality standards for 

whole grape juice regarding the minimum content of soluble solids, except for the juices of the BRS Violeta 

Figure 1. Multivariate analyses a - projection of factor loads (variables) on PC1xPC2 of PCA; b 
- projection of the factor loadings (variables) on PC1xPC3 of PCA; c - projection of the scores 
(treatments) on PC1xPC2 of PCA according to the cluster analysis; d - dendogram. Identification 
of the cultivars BRS Rúbea (RUB), BRS Cora (COR); BRS Violeta (VIO); BRS Carmem (CAR), BRS 
Magna (MAG), Bordô (BOR), Isabel (ISA), Isabel Precoce (IP), Concord (CON), Concord Clone 30 
(C30) and SCS 421 Paulina (SCSP). Identification of extraction systems- S1- Steam; S2- Enzymatic. 
Instrumental parameters evaluated: Luminosity (L*), Soluble Solids (°Brix), Ph, Total Acidity (Total 
Ac.), Sensory parameters evaluated - Total Anthocyanins, Acidity, Color Intensity, Sweetness, 
Equilibrium and Global impression.
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Conclusions

The enzymatic extraction system 
resulted in juices characterized by a higher 
content of soluble solids, total acidity, 
anthocyanins, global impression, equilibrium, 
and lower luminosity for most varieties.

When the steam extraction system 
was used, there was a reduction in the soluble 
solids content in relation to the grape/must.

When extracted by the steam system, 
the juices do not meet the identity and quality 
standards for whole grape juice regarding the 
minimum content of soluble solids, except for 
the juices of the BRS Violeta and BRS Magna 
cultivars in 2018 and BRS Violeta and BRS 
Carmem in 2019.

The juices of the SCS Paulina and 
Concord cultivars in 2018 and Concord Clone 
30, Concord and BRS Rúbea in 2019 were 
below what is prescribed by law for soluble 
solids regardless of the extraction system 
used.

In general, the cultivars gave origin 
to different juices under different extraction 
methods, these differences are less expressive 
in the BRS Violeta and BRS Magna cultivars.
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