Fast quantitative determination of phenolic
compounds in grape juice by UPLC-MS:
method validation and characterization

of juices produced with different grape
varieties

Natalia Alejandra Pisoni Canedo-Reis,
Celito Crivellaro Guerra, Leticia Flores
da Silva, Luisa Carolina Wetzstein, et al.

Journal of Food Measurement and
Characterization

ISSN 2193-4126

Food Measure
DOI 10.1007/s11694-020-00706-8

@ Springer



Your article is protected by copyright and

all rights are held exclusively by Springer
Science+Business Media, LLC, part of
Springer Nature. This e-offprint is for personal
use only and shall not be self-archived in
electronic repositories. If you wish to self-
archive your article, please use the accepted
manuscript version for posting on your own
website. You may further deposit the accepted
manuscript version in any repository,
provided it is only made publicly available 12
months after official publication or later and
provided acknowledgement is given to the
original source of publication and a link is
inserted to the published article on Springer's
website. The link must be accompanied by
the following text: "The final publication is
available at link.springer.com”.

@ Springer



Journal of Food Measurement and Characterization
https://doi.org/10.1007/511694-020-00706-8

ORIGINAL PAPER

®

Check for
updates

Fast quantitative determination of phenolic compounds in grape
juice by UPLC-MS: method validation and characterization of juices

produced with different grape varieties

Natalia Alejandra Pisoni Canedo-Reis'© . Celito Crivellaro Guerra? - Leticia Flores da Silva? -
Luisa Carolina Wetzstein?3 - Carlos Henrique Junges®* - Marco Flores Ferrao* - Ana Maria Bergold’

Received: 16 June 2020 / Accepted: 12 October 2020
© Springer Science+Business Media, LLC, part of Springer Nature 2020

Abstract

A fast method for the simultaneous quantitative determination of 16 phenolic compounds in grape juice by UPLC-MS was
developed and validated. Run time was 4.5 min and the method proved to be specific, linear (r>0.9961), precise (RSD < 5%),
accurate (recovery range was under + 5%) and sensitive with a limit of detection ranging from 0.45 to 35.34 pg L™" and limit
of quantification ranging from 1.35 to 107.08 pg L™'. The validated method was used to characterize 49 grape juice samples
which were produced with different grape varieties. Anthocyanins were the compounds present in the highest amounts on the
analyzed samples and BRS-Violeta was the cultivar that presented the highest quantity of phenolic compounds in its juice.
Exploratory analysis of the obtained results from the characterization of grape juice samples was performed and a tendency
to form groups according to the grape variety used in the elaboration of each juice was observed. Results confirmed that the
UPLC-MS method is effective and suitable for the determination of phenolic compounds in grape juice.
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Introduction

Oxidative stress corresponds to an unbalance between pro-
duction and degradation of oxidative agents such as reactive
oxygen species (ROS) and reactive nitrogen species (RNS)
[1, 2]. Oxidative stress can generate many deleterious con-
sequences related especially to lipid oxidation, protein modi-
fication and DNA damage [1]. Therefore, oxidative stress is
involved in many pathologies such as ischemia and reper-
fusion, atherosclerosis, excitotoxicity, Alzheimer’s disease,
amyotrophic lateral sclerosis, Parkinson’s disease, diabetes
complications, premature aging, among others [2—4].

Phenolic compounds are secondary metabolites biosyn-
thesized in plants as a defense mechanism against biotic
and abiotic stress [5—7]. They are important antioxidant
substances that fight against oxidative stress and reduce its
consequences in the human body. These compounds act
against oxidative stress by suppressing free radical forma-
tion, inhibiting the initiation of chain reactions, intercepting
chain propagations and repairing oxidative processes [1].
They are largely present in grapes and grape-derived prod-
ucts, such as wine and grape juice [8—14].
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Grape juice is mainly produced from Vitis labrusca L.
grapes and their hybrids [15]. These grapes are commonly
called rustic grapes and among the most important varieties
used in the elaboration of grape juice are Bordo, Concord, Isa-
bel, Isabel Precoce (Vitis labrusca) and BRS-Magna and BRS-
Violeta (hybrids of Vitis vinifera L. X Vitis labrusca) [15-19].
The absence of alcohol in grape juice makes its consumption
adequate for the great majority of people, including children
and those who have alcohol-related problems. The nutraceuti-
cal value of grape juice has been studied with greater interest
in the past few years [20-23]. Grape juice consumption has
grown over the years and Brazil is among the countries with
the greatest amount of producers and consumers [24-26]. The
extreme southern region of Brazil is responsible for over 60%
of the country’s grape and juice productions [25]. The grow-
ing availability of grape juice and an increased stimulus to its
consumption especially due to the nutraceutical value of this
drink arouses interest in studying more carefully the phenolic
profile of grape juice.

Folin—Ciocalteu is a traditional method commonly used in
enology for the determination of phenolic compounds. This
method expresses the result of phenolic compounds in a sam-
ple in terms of total phenolic content and, therefore, it is not
a specific method of quantification [27]. Specific methods for
the quantification of phenolic compounds in wine have been
developed [11]. However, although wine and grape juice are
both grape-derived products, they are significantly different.
Wines are generally elaborated with V. vinifera grapes, while
grape juices are, as mentioned before, elaborated with V.
labrusca grapes and their hybrids, which generates a different
phenolic profile. Moreover, the differences between the elabo-
ration processes of these two drinks give them completely dis-
tinct characteristics. In literature, information is available only
on few methods developed and validated for the quantification
of phenolic compounds specifically in grape juice. In most
cases, those methods have a long time of analysis, are not very
sensitive and/or determine only a few compounds [8-10, 13,
28, 29]. Ultra-performance liquid chromatography coupled to
a mass spectrometer (UPLC-MS) is an accurate, sensitive and
fast method of analysis [30, 31]. Therefore UPLC-MS is an
interesting tool to be used for phenolic compound determina-
tion in grape juice.

In this context, this study aimed to develop and validate a
fast quantitative UPLC-MS method for the determination of
phenolic compounds in grape juice and then to apply the vali-
dated methodology in the characterization of different grape
juice samples.

@ Springer

Materials and methods
Chemicals and standards

Formic acid for analysis and methanol LC-MS grade
were supplied by Merck (Darmstadt, Germany). Ultrapure
water was obtained from Fluka Analytical (Munich, Ger-
many) and was used to prepare all solutions. Kaempferol,
(4+)-catechin, myricetin, quercetin, trans-resveratrol, rutin
and taxifolin analytical standards were obtained from
Sigma-Aldrich (St. Louis, MO, USA). Procyanidin B1,
procyanidin B2, (—)-epicatechin, (—)-epicatechin gallate,
(—)-epigallocatechin gallate, cyanidin-3,5-diglucoside,
malvidin-3-0-glucoside, malvidin-3,5-diglucoside and
peonidin-3,5-diglucoside were obtained from Extrasyn-
these (Genay, France).

Grape juice samples

Grape juice samples were obtained from Embrapa (Brazil-
ian Agricultural Research Corporation—Grape and Wine
Research Center) in Bento Gongalves, Rio Grande do Sul,
Brazil. To validate the methodology, integral grape juice
produced from the 2018 harvest using BRS-Magna vari-
ety was employed. The validated method was applied in
the quantitative determination of phenolic compounds in
49 integral grape juice samples (characterization of grape
juice samples). The samples studied belong to four dif-
ferent agronomical experiments conducted by researchers
from Embrapa Grape and Wine Research Center: juices
elaborated with grapes cultivated in the conventional farm-
ing system, juices elaborated with grapes cultivated in the
organic farming system, juices elaborated with grapes cul-
tivated under different levels of soil fertilization and juices
elaborated with grapes from different harvests. This study
focused on the phenolic profile of the evaluated samples;
thus, specific agronomical aspects of the experiments were
not assessed.

Grape varieties used in each juice elaboration (individu-
ally) were either traditional cultivars (Bordo, Concord, Isa-
bel, Isabel Precoce and Niagara Rosada) or cultivars devel-
oped by Embrapa Grape and Wine’s Genetic Improvement
Program (BRS-Carmem, BRS-Cora, BRS-Magna, BRS-
Rubea, BRS-Violeta and Selecao 13). All grape juices
were prepared in an innovative system denominated Inte-
gral Juicer. The Integral Juicer was developed and patented
by researchers from Embrapa Grape and Wine Research
Center with the purpose of offering an appropriate pro-
duction system for small-scale grape juice producers. It
consists of an inclined rotating tank where grapes, already
destemmed and crushed, are put in. The Integral Juicer
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applies thermal processing to extract the juice from the
grapes and guarantee pasteurization [15, 32, 33]. On the
outside wall of the tank, it has a liquid that serves as a
heater for the inside part. The grapes inside the tank are
heated to 80 °C, a process that takes about 2 h to reach that
temperature. When the estimated temperature is reached,
the grape juice is collected on the bottom valve of the
tank [32].

Instruments and conditions

Analyses were performed on a Waters Acquity UPLC Sys-
tem (Milford, MA, USA) equipped with a quaternary solvent
pump, an autosampler, a column oven and a single mass
quadrupole detector (MS). The data analysis was carried out
using Empower 3 software. A Waters Acquity UPLC BEH
C18 column (50% 2.1 mm, 5 pm) was used and it was pro-
tected with a guard column of the same material (5 X 2.1 mm,
5 pm). Mobile phase A (aqueous) consisted of formic acid
and water (2:98 v/v) and mobile phase B (organic) consisted
of methanol, formic acid and water (90:2:8 v/v). The linear
gradient used was: 0 min (min), 15% of B; 1.35 min, 40%
of B; 2.65 min, 65% of B; 3.55 min, 90% of B; 3.90 min,
90% of B; 4.25 min, 30% of B; 4.50 min, 15% of B. The
chromatograms were recorded for 4.5 min. At the end of
each injection, the column was equilibrated with the mobile
phase in its initial condition (15% of B) for 3 min. The flow
rate was 0.45 mL/min and the injection volume was 5 pL.

The MS detector (Waters QDa) was equipped with an
electrospray ionization (ESI) source. The detection was per-
formed based on the molecular weight (monoisotopic mass)
of each compound on monitoring mode Single Ion Record-
ing (SIR). ESI mode (positive or negative) and cone voltage
were selected to obtain a high selectivity for each compound.
Mass-to-charge (m/z) ratio, ESI mode and cone voltage for
each compound are shown in Table 1. The probe temperature
was adjusted to 600 °C, the capillary voltage was — 0.8 kV
in negative mode and+ 1.5 kV in positive mode. Smooth-
ing was programmed in the processing method (Smoothing
Type: Mean, Smoothing Level: 5) in order to obtain the best
peak format.

Standards and sample preparation

Stock and intermediate solutions of non-anthocyanic com-
pounds (flavanols, flavanonol, flavonols and stilbene) were
prepared individually diluting the standards in water and
methanol (50:50 v/v). Anthocyanic standards were prepared
individually diluting the standards in formic acid, water and
methanol (0.05:49.95:50 v/v). The final concentration of
stock solutions was 200 mg L~!. The final concentration
of intermediate solutions was 10 mg L', except for pro-
cyanidin B1 e B2 that had an intermediate concentration of

Table 1 MS detector conditions

Compound Cone voltage ESI m/z
M)

Anthocyanins

Cyanidin-3,5-diglucoside 2 + 611.16

Malvidin-3-O-glucoside 2 + 493.13

Malvidin-3,5-diglucoside 2 + 655.19

Peonidin-3,5-diglucoside 2 + 625.18

Flavanols

(4)-Catechin 15 - 289.08

(—)-Epicatechin 15 - 289.08

(—)-Epicatechin gallate 15 - 441.09

(—)-Epigallocatechin gallate 15 - 457.08

Procyanidin B1 10 - 577.14

Procyanidin B2 10 - 577.14

Flavanonol

Taxifolin 10 + 305.06

Flavonols

Kaempferol 10 - 285.05

Myricetin 10 - 317.04

Quercetin 10 — 301.04

Rutin 10 - 609.15

Stilbene

trans-Resveratrol 15 + 229.08

40 mg L™1. All stock and intermediate solutions were stored
in a freezer (— 20 °C), except for kaempferol’s and querce-
tin’s solutions which were stored in a refrigerator because
precipitation was observed in lower temperatures. Working
standard solutions were prepared freshly at the moment of
use in three separate groups: anthocyanins, procyanidins and
non-anthocyanic compounds (except for procyanidins). They
were diluted to the intended concentration with a solution
that mimics the mobile phase’s initial condition, which is
formic acid, water and methanol (2:84.5:13.5 v/v).

For the method validation, each working standard solution
was prepared at a concentration according to the parameter
evaluated. For the characterization of grape juice samples,
working standard solutions were prepared with a concen-
tration at the center of the calibration curve. Grape juices
were centrifuged at 10,000 rotations per min for 10 min
and the supernatant was then diluted at least five times (to
reach a concentration within the calibration range of each
compound) in formic acid, water and methanol (2:84.5:13.5
v/v). The diluted sample solutions were centrifuged again
as mentioned before and the supernatant injected. Prior to
use, working standard solutions were also centrifuged and
the supernatant injected. The chromatograms obtained for
the standard solutions of the 16 studied phenolic compounds
and their respective retention times are shown in Fig. 1. For
better visualization, chromatograms are divided into two

@ Springer
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Fig. 1 Chromatograms of the studied phenolic compounds and their
corresponding retention time (RT) in minutes (non-anthocyanic com-
pounds are shown in image a and anthocyanins in image b). In order
of elution: procyanidin B1 (PB1): 0.86; (4)-catechin (CAT): 1.27;
procyanidin B2 (PB2): 1.42; cyanidin-3,5-diglucoside (CY): 1.45;
(—)-epigallocatechin gallate (EGG): 1.66; peonidin-3,5-diglucoside

groups, non-anthocyanic compounds (A) and anthocyanins

(B).
Method validation

The International Conference on Harmonization (ICH)
guideline for Validation of Analytical Procedures: Text and
Methodology Q2(R1) [34] and the Brazilian Health Surveil-
lance Agency (ANVISA) resolution for validation of analyti-
cal methods [35] were used as guidance for method valida-
tion. The evaluated parameters were specificity, linearity,
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Minutes

(PE): 1.76; malvidin-3,5-diglucoside (MA): 1.82; (—)-epicatechin
(EPI): 1.83; (—)-epicatechin gallate (EG): 2.21; malvidin-3-O-gluco-
side (OE): 2.29; taxifolin (T): 2.31; rutin (RU): 2.74; trans-resveratrol
(R): 2.85; myricetin (M): 2.99; quercetin (Q): 3.44; kaempferol (K):
3.79

range, precision (repeatability and intermediate precision),
accuracy, detection and quantification limits. Robustness
was evaluated during the development of the analytical
method.

Specificity

MS detector is capable of providing a high degree of speci-
ficity in the identification of compounds of interest. To
assess the specificity of the method, peak purity was evalu-
ated in terms of its base peak mass on scan mode. Base
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peak mass is the most abundant mass corresponding to the
peak of interest and this evaluation can be performed at the
beginning of the peak (leading), on the peak’s apex and on
the final part of the peak (trailing), ensuring that there are
no coelutions. Phenolic compounds not present in the grape
juice sample used for the method validation were evaluated
through spiking the grape juice with standards of those com-
pounds. The base peak mass for each peak of interest was
determined in the grape juice sample.

Linearity

Linearity was evaluated through the preparation of three cal-
ibration curves for each compound with five concentration
levels and prepared on three different days. Concentrations
versus response ratio were plotted for each analyte and linear
regression analysis was performed using the least-squares
method.

Precision

Precision was determined by intra-day (repeatability) and
inter-day (intermediate precision) tests. Repeatability was
conducted through the preparation, on the same day, of three
curves of each compound with three concentration levels
(low, medium and high from the linearity calibration curve).
Intermediate precision was conducted through the prepara-
tion of three curves of each compound with three concentra-
tion levels (low, medium and high from the linearity calibra-
tion curve), prepared twice on two different days and by two
different analysts. The precision results were expressed by
the relative standard deviation (% RSD).

Accuracy

Accuracy was assessed by a recovery study. Three curves of
grape juice spiked with low, medium and high concentration
levels within the calibration range (nine replicates) of each
standard compound were prepared. The native concentra-
tions of each phenolic compound in the grape juice samples
(if present) were considered for the definition of the spiking
levels, avoiding final concentrations out of the linear range.
Recovery was determined comparing the theoretical concen-
tration of the added standard with the measured concentra-
tion on the spiked sample.

Limit of detection and limit of quantification

Limit of detection (LOD) and limit of quantification (LOQ)
were obtained based on the standard deviation of the inter-
cepts and slope from the calibration curve. LOD was cal-
culated as 3.3 times the standard deviation of the intercepts
divided by the slope of the calibration curve and LOQ as 10

times the standard deviation of the intercepts divided by the
slope of the calibration curve.

Exploratory analysis

Exploratory analysis (hierarchical cluster analysis (HCA)
and principal component analysis (PCA)) of the obtained
results in the characterization of grape juice samples was
conducted on Chemostat® free software, available at www.
chemostat.com.br [36]. Forty-nine grape juice samples and
15 variables (phenolic compounds except for kaempferol
that wasn’t found in any sample) were evaluated. For mul-
tivariate analysis, the data were initially autoscaled. Sin-
gular Value Decomposition (SVD) was the algorithm used
in PCA. In HCA, Euclidean distance and complete linkage
method were used.

Results and discussion
Method validation

The obtained values for each parameter studied in the
method validation are shown in Tables 2 and 3.

Specificity and linearity

Apex base peak mass found for each compound is presented
in Table 2. The values found corresponded to those of the
expected ions in question. To guarantee specificity in all
determinations, compounds with the same m/z ratio must
be separated. Isomers (+)-catechin and (—)-epicatechin
(m/z 289.08) and procyanidin B1 and B2 (m/z 577.14) were
completely separated as presented in Fig. 1. Specificity
results found in this study were considered suitable for the
intended purpose. The developed method is fast and able
to specifically determine 16 phenolic compounds in only
4.5 min. Similar studies presented runtimes varying from
25 to 55 min [9, 10].

Calibration ranges and calibration curves equations for
each analyte are presented in Table 2. The calibration range
of each compound was selected taking into consideration the
quantitative results found in previous studies [8—10, 13, 28,
29]. Regarding the correlation coefficient, the closest it is to
unity (r=1), the more evident that the calibration curve is
linear. However, the value of r also depends on the number
of data points used to calculate it. For instance, if only two
points are used, r will be 1, although it could not necessarily
indicate a statistically significant correlation at an adequate
confidence level. That is why at least three points should
be used. In this case, each calibration curve was prepared
with five concentration levels (points). Values obtained for
the correlation coefficient (r) of the 16 phenolic compounds
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Table 2 Specificity, linearity, LOD and LOQ values obtained during method validation

Compound Apex base  Calibration Calibration curve (equation)  Correlation LOD (ugL™") LOQ (ugL™h
peak mass  range (ug L") coefficient (r)

Anthocyanins

Cyanidin-3,5-diglucoside 611.16 100-450 y=2983.52x — 30,666.88 0.9993 12.29 37.24
Malvidin-3-O-glucoside 493.14 40-450 y=8017.51x+3913.45 0.9994 0.45 1.35
Malvidin-3,5-diglucoside 655.17 100-450 y=2932.62x — 36,247.47 0.9988 14.87 45.06
Peonidin-3,5-diglucoside 625.16 100-500 y=3926.09x — 27,356.79 0.9995 15.58 47.22
Flavanols

(+)-Catechin 289.04 50450 y=1082.85x — 10,780.03 0.9991 6.72 20.35
(—)-Epicatechin 289.04 80470 y=1626.70x — 43,841.96 0.9964 25.87 78.40
(—)-Epicatechin gallate 441.07 50450 y=1236.38x — 27,721.99 0.9977 10.61 32.15
(—)-Epigallocatechin gallate ~ 457.07 75-450 y=1224.40x — 44,863.44 0.9990 22.21 67.32
Procyanidin B1 577.15 120-1600 y=287.93x — 14,723.85 0.9995 16.42 49.77
Procyanidin B2 577.15 120-1600 y=238.38x — 18,243.71 0.9985 34.15 103.48
Flavanonol

Taxifolin 304.98 250450 y=2082.00x + 50,600.99 0.9976 35.34 107.08
Flavonols

Kaempferol 284.98 25-200 y=5872.05x — 30,032.02 0.9983 4.01 12.16
Myricetin 317.05 75-450 y=1885.70x — 74,961.90 0.9987 12.02 36.41
Quercetin 301.04 50400 y=3391.52x — 34,913.14 0.9996 7.52 22.80
Rutin 609.22 50450 y=1576.98x — 7306.98 0.9994 4.77 14.47
Stilbene

trans-Resveratrol 229.09 250450 y=1864.18x+33,167.27 0.9961 10.72 32.49

Table 3 Repeatability,

. . o Compound Repeatability (% Intermediate precision Accuracy (% recovery)
intermediate precision and RSD) (% RSD)

accuracy values obtained during

method validation Low Medium High Low Medium High Low  Medium High

Anthocyanins

Cyanidin-3,5-diglucoside 3.62 2.48 1.17 264 043 0.81 101.64 103.23 102.16
Malvidin-3-O-glucoside 1.13 191 1.30 238 4.65 242 103.05 99.32 102.53
Malvidin-3,5-diglucoside 4.09 3.27 1.19 3.86 1.86 0.14 100.22 98.74 99.60
Peonidin-3,5-diglucoside 3.60 0.39 022 024 032 1.75 103.68 103.99  104.55

Flavanols

(+)-Catechin 1.48 0.90 1.22 1.18 3.85 2.02 100.87 99.04 103.63
(—)-Epicatechin 0.62 4.87 434 343 453 436 103.14 98.42 97.32
(—)-Epicatechin gallate 0.63 3.18 296 3.72 249 1.78 103.36 102.65 100.03
(—)-Epigallocatechin gallate 2.32 3.66 0.82 3.39 3.12 2.60  99.15 103.40 103.65
Procyanidin B1 2.52 0.84 0.28 1.09 3.55 426 98.82 96.61 99.53
Procyanidin B2 243 1.65 1.77 4.88 147 436  96.59 100.12 101.50
Flavanonol

Taxifolin 0.35 0.52 149 3.69 297 237 9773 95.33 96.47
Flavonols

Kaempferol 3.93 1.96 0.83 261 0.74 375 99.17  98.99 99.10
Myricetin 0.18 2.39 1.20 2.56 0.16 0.76 103.05 101.31 103.78
Quercetin 3.11 251 1.52 253 4.62 0.41 103.65 95.44 95.13
Rutin 3.84 1.22 1.68 1.69 3.21 444 9746 101.12 97.71
Stilbene

trans-Resveratrol 0.16 0.65 1.26 442 3.75 4.65 98.11 97.97 10245
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evaluated ranged from 0.9961 to 0.9996, being all higher
than 0.990 and, therefore, demonstrating adequate linearity.

Precision and accuracy

The relative standard deviation (% RSD) values obtained
for the precision (repeatability and intermediate precision)
of the 16 phenolic compounds evaluated ranged from 0.14
to 4.88% demonstrating that the method is precise for all the
analytes studied.

Accuracy study showed a recovery range from 95.33 to
104.55% of the spiked standards in the grape juice sample.
These results show that the validated method is accurate for
all 16 phenolic compounds evaluated and are similar to those
obtained in other studies of the same type. For instance,
Padilha et al. [10] obtained recovery values ranging from
94.8 to 105.1%, similar to what was obtained in the present
study, although a little higher than +5%.

Relative standard deviation (% RSD) and recovery (%)
values obtained for each analyte are presented in Table 3.

Limit of detection and limit of quantification

LOD values varied from 0.45 pg L™! (malvidin-3-O-gluco-
side) to 35.34 pg L~! (taxifolin). LOQ ranged from 1.35 to

Grape cultivar cy OE MA PE CAT PB1
GJ1  BRS-Cora 3031 [0 050 0.73 131 2.88
GJ2 Isabel 247 35.59 804 411 5.40 4.02
GJ3 BRS-Violeta 86.06 319 14643 7464 732
GJ4 BRS-Magna 19.40 112 89.31 24.81 14.89 381
GJ5 Bordo 279 18.91 3387 692 482
GJ6  Concord 1381 433 617 884 7.00 664
GJ7 BRS-Rubea 25.00 026 427 0.88 11.61 5.10
GJ8 Isabel Precoce =ean 5439 9.65 6.68 540 3.07
GJ9  BRS-Carmem 303 886 80.71 24.47 1532 6.06
GJ10 Bordo 043-43 uncovered 4.89 1349 9071 18.67 19.45 17.44.
GJ11 Bordo 04343 covered 081 156 13483 423 1.69 247
GJ12 Bordo P1103 uncovered 5.60 2691 | 19839 4265 4.24 4.21
GJ13 Bordo P1103 covered 2.51 6.31 16.39 10.75 17.32
GJ14 Concord 043-43 uncovered 943 699 6.01 670 11.19 14.88
GJ15 Concord 043-43 covered 1265 218 2840 12.22 209 17.68
GJ16 Concord P1103 uncovered 1230 987 14.91 10.64 10.70 13.85
GJ17 Concord P1103 covered 1096 514 2360 891 10.10 14.25
GJ18 BRS-Magna 043-43 covered 1952 060 10612 17.10 7.07 348
GJ19 BRS-Magna P1103 covered 26.32 066 1724 2593 6.03 273
GJ20 Isabel Precoce 04343 uncovered 130 70.84 7.64 743 26.41 16.73
GJ21 Isabel Precoce 04343 covered 094 2246 13.45 8.92 1111 7.72
GJ22 Isabel Precoce P1103 uncovered 142 10725 1042 903 8572 2324
GJ23 Isabel Precoce P1103 covered 081 2222 17.49 764 753 9.14
GJ24 BRS-Violeta 043-43 covered 9555 1.16 12421 6276 6.05 472
GJ25 BRS-Violeta P1103 covered 86.89 076 7734 57.25 7.87 4.10
GJ26 BRS-Cora 04343 covered 18.20 044 225 1.09 106 353
GJ27 BRS-Cora P1103 covered 1154 929 17.10 16.24 178 455
GJ28 Selegéio 13 043-43 covered 2460 3655 11183 3516 861 6.11
GJ29 Selegéo 13 P1103 uncovered 7.46 7236 11134 11138 18.89 11.34
GJ30 Selegdo 13 P1103 covered 7.87 5689 11206 13425 1021 6.03
GJ31 BRS-Rubea 043-43 covered 091 386 2524 19.52 203 641
GJ32 BRS-Rubea P1103 uncovered 3283 304 252 139 8.04 6.80
GJ33 BRS-Rubea P1103 covered 4422 1.35 15.95 203 197 5.60
GJ34 BRS-Carmem 043-43 uncovered 215 7.06 10529 2215 12.22 7.07
GJ35 BRS-Carmem 043-43 covered 151 157 2872 11.75 179 1.38
GJ36 BRS-Carmem P1103 uncovered 213 543 8107 21.71 691 491
GJ37 BRS-Carmem P1103 covered 1.70 4.12 89.71 1.90 1.57
GJ38 Niagara Rosada fertiization 1 436 11.08 1143
GJ39 Niagara Rosada fertiization 2 353 1081 7.58
GJ40 Niagara Rosada fertiization 3 406 1241 1074
GJ41 Niagara Rosada fertiization 4 369 16.25 1271
GJA2 Niagara Rosada fertiization 5 351 15.00 10.93
GJ43 Niagara Rosada fertiization 6 358 952 7.6
GJ44 Bordo 2017 harvest 261 684 115.26 057 262
GJ45 BRS-Magna 2017 harvest 1089 029 5269 784 1.53 394
GJ46 Bordo 2018 harvest 546 802 15825  28.85 149 4.6
GJ47 BRS-Magna 2018 harvest 17.36 060 8367 16.19 16.72 14.99
GJ48 Bordo 2019 harvest 3.7 1487 | 21580 4328 19.74 5.29
GJ49 BRS-Magna 2019 harvest 2151 1.07 11263 2245 7604 16.04

~o I

Fig.2 Heat map of the concentration of phenolic compounds, in
mg L', in grape juice (GJ) samples. <LOQ: under limit of quanti-
fication. ND: not detected. Each value represents mean (n=3). Com-
pounds: cyanidin-3,5-diglucoside (CY); malvidin-3-O-glucoside
(OE); malvidin-3,5-diglucoside (MA); peonidin-3,5-diglucoside
(PE); (+)-catechin (CAT); (—)-epicatechin (EPI); (—)-epicatechin gal-

107.08 pg L~! for the same compounds. The obtained results
are presented in Table 2 and they show that the method vali-
dated presents a significant sensitivity for the determination
of very low concentrations of the evaluated compounds.
Furthermore, the method can be considered more sensitive
than previously reported studies that quantify phenolic com-
pounds in grape juice with LOD ranging from 40 to 850 pg
L~! and LOQ ranging from 50 to 1410 pg L="' [10].

Characterization of grape juice samples

The quantitative results obtained in the characterization of
grape juice samples are shown on the heatmap presented in
Fig. 2. The heatmap color scale varies, in this case, accord-
ing to the concentration of phenolic compounds, from green,
if not detected, to red with the highest concentrations found.

Nine conventional juices were elaborated with Bordo,
BRS-Cora, BRS-Carmem, Concord, Isabel, Isabel Precoce,
BRS-Magna, BRS-Rubea and BRS-Violeta grape varie-
ties. Organic juices were produced using the same cultivars
except for Isabel (only conventional juice) and Selecdo 13
(only organic juice). Selecdo 13 is a temporary name given
to a new selection of grape cultivar that was developed
by the Embrapa Grape and Wine’s Genetic Improvement
Program and is in the final stages of development. Grape

Zanthocyanins Znon-anthocyanic  TOTAL
3165 773 39.38
49.91 15.11 65.01

8878
2225 156.88
18.72 24015
2097 5413
24.02 54.43
1336 8408
2797 145.03
55.34 183.08
732 14876
12.31 285.86
3768 231.84
34.16 63.29
33.47 88.61
3642 84.14
3133 79.94
13.06 156.41
11.06 18121
6278 14969
2676 72.52
154.28 28241
2376 71.92
1445 29813
15.74 237.98
674 2871
934 6351
17.46 22560
3927
18.62
12.55 62.09
2049 60.28
1082 74.36
2313 159.78
407 4762
14.34 12468
375 12914
31.09 3554
24.05 2763
3258 36.70
4432 48.10
3976 4333
2428 27.91
630 153.24
10.64 8234
1039 210.98
40.45 158.27
4672 324.47
11517 27282

I 5.5 o

late (EG); (—)-epigallocatechin gallate (EGG); procyanidin B1 (PB1);
procyanidin B2 (PB2); taxifolin (T); kaempferol (K); myricetin (M);
quercetin (Q); rutin (RU); trans-resveratrol (R). Online Resource 1
presents complete information including standard deviation for each
concentration result (Color figure online)
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varieties cultivated for the organic juices experiment were
graft in two different rootstocks (Paulsen 1103 and VR 043-
43), half of the area was conducted under a plastic cover
and the other half without it. Some of the treatments in this
experiment were not apt for grape juice elaboration and, in
the end, 28 juices were produced.

Selecdo 13 juice presented the highest quantities of phe-
nolic compounds among organic juices, especially due to its
elevated amounts of anthocyanins (malvidin-3,5-diglucoside
and peonidin-3,5-diglucoside). Comparing conventional
and organic juices elaborated with the same grape varieties,
organic juices presented higher quantities of phenolic com-
pounds in Bordo, BRS-Carmem, BRS-Cora, BRS-Magna,
BRS-Rubea, Concord and Isabel Precoce juices. The excep-
tion was the conventional BRS-Violeta juice that showed the
highest concentration of phenolic compounds among all 49
samples analyzed. Phenolic compounds are biosynthesized
in plants when those are under biotic and abiotic stress situ-
ations. Organic agriculture does not use pesticides during
cultivation. Organic grapes are, consequently, more suscep-
tible to the action of pathogens and, therefore, biosynthesize
greater amounts of phenolic compounds [37-39].

In both conventional and organic juices, those elabo-
rated with BRS-Cora (GJ1 and GJ26) presented the small-
est quantities of phenolic compounds. GJ27 (organic BRS-
Cora) presented double the quantity of phenolics compared
to the other two juices elaborated with the same variety, but
that amount is still not very significant when compared to
the other samples of organic juices. Niagara Rosada juices
(elaborated with grapes cultivated under six different levels
of soil fertilization) also showed small quantities of phenolic
compounds, especially anthocyanins. Cyanidin-3,5-digluco-
side is responsible for the pinkish coloration of this cultivar
[40] and is present in higher quantities when compared to
other anthocyanins. Considering non-anthocyanic com-
pounds, catechin, epicatechin and procyanidins B1 and B2
were found in higher quantities. GJ41 (intermediate level of
soil fertilization) showed the greatest amounts of phenolics
of the group.

Regarding juices elaborated with grapes from different
harvests, the samples were prepared at the time of each har-
vest (2017, 2018 and 2019) with Bordo and BRS-Magna
cultivars. Juices elaborated with Bordo grape showed higher
quantities of anthocyanins in all three harvests, while BRS-
Magna juices were richer in non-anthocyanic compounds.
Of all anthocyanins analyzed, maldivin-3,5-diglucoside was
found in greatest levels. Catechin, epicatechin and procya-
nidins B1 and B2 were the non-anthocyanic compounds
found in highest amounts. All samples were analyzed at the
same time (juices had different ages at the time of analy-
sis), limiting the understanding about the influence of each
harvest season on the phenolic profile of the grape juice
samples studied. Nevertheless, it was possible to observe
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that the older the juice, the less phenolic compounds it has.
That is the case found for all phenolics except for myricetin
that presented higher amounts with older juices. A possible
explanation for the increase in myricetin concentration over
time is that the phenolic compounds involved in its biosyn-
thetic pathway, as kaempferol, quercetin and taxifolin, can
go through degradative reactions generating more myricetin
with time [41-43]. Concerning anthocyanins, even though
they represent the final step in the flavonoid biosynthetic
pathway, which yields flavonols and flavan-3-ols at inter-
mediate steps, they are very reactive molecules and may,
with time, generate different anthocyanins not analyzed in
the present study [41-44]. A more specific stability study
should be conducted to better understand the behavior over
time of phenolic compounds in grape juice.

Anthocyanins were the phenolic compounds present in
greatest amount in grape juice samples analyzed. Malvidin-
3,5-diglucoside was the major compound encountered, with
values varying from non-detectable range (Niagara Rosada
juices) to 328.59 mg L~ (BRS-Violeta conventional juice—
GJ3). Peonidin-3,5-diglucoside was the second most abun-
dant anthocyanin with values varying from non-detectable
range (Niagara Rosada juices) to 146.43 mg L~! (BRS-Vio-
leta conventional juice—GJ3). Malvidin-3-O-glucoside and
cyanidin-3,5-diglucoside were found in smaller quantities.
The malvidin-3-0-glucoside concentration ranged from 0.05
(Niagara Rosada juice—GJ39) to 107.25 mg L' (Isabel
Precoce organic juice—GJ22) while cyanidin-3,5-digluco-
side ranged from under LOQ (Isabel Precoce conventional
juice—GJ8) to 95.55 mg L~ (BRS-Violeta organic juice—
GJ24). These results are in accordance with the values found
in other studies regarding grape juice samples from V. labr-
usca and its hybrids [9, 10].

Anthocyanic results also confirm what has been stated
about anthocyanins glycosylation, that in V. vinifera the
glucose molecules are linked to the anthocyanidin to form
3-O-monoglucosides. Conversely, in non V. vinifera, like
V. labrusca and its hybrids analyzed in this study, the gly-
cosylation produces mostly 3,5-diglucosides [45]. This
corroborates with the results encountered in this study
where 3,5-diglucosides anthocyanins are mostly in higher
concentrations than malvidin-3-O-glucoside. The thermal
processing during grape juice elaboration, may also have
some influence on anthocyanins content. Specific studies
have shown that higher temperatures can be responsible for
phenolic degradation (anthocyanins and total phenolic con-
tent), although a temperature of 80 °C for a short period of
time (1 min) does not seem to have a significant effect on
quantitative results [46, 47].

Flavanols or flavan-3-ols were the second most abundant
class of phenolic compounds present in grape juice sam-
ples analyzed. The most abundant flavanol was (+)-cate-
chin ranging from 0.57 (Bordo 2017 harvest juice—GJ44)
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to 85.72 mg L~! (Isabel Precoce organic juice—GJ22).
(+)-catechin was also found in higher levels in BRS-Violeta
juice (GJ3) and BRS-Magna juice (GJ49). The (—)-epicat-
echin concentration ranged from under LOQ (BRS-Violeta
organic juice—GJ24, BRS-Carmem organic juice—GJ35
and GJ37, Bordo 2017 harvest juice—GJ44) to 32.21 mg
L' (Isabel Precoce organic juice—GJ22). On the other
hand, (—)-epicatechin gallate and (—)-epigallocatechin gal-
late were not detected or were under LOQ in most of the
samples analyzed. The highest concentration of (—)-epicat-
echin gallate found was 0.34 mg L™ (Isabel Precoce organic
juice—GJ22). The highest concentration of (—)-epigallocat-
echin gallate found was 0.68 mg L™! (Bordo organic juice—
GJ13). Procyanidin B1 ((+)-catechin and (—)-epicatechin
conjugates) was found in higher concentrations than Procya-
nidin B2 ((—)-epicatechin conjugates), which makes sense
since (+)-catechin was more abundant than (—)-epicatechin.
Procyanidin B1 ranged from 1.38 (BRS-Carmem organic
juice—GJI35) to 23.24 mg L~! (Isabel Precoce organic
juice—GJ22) while procyanidin B2 ranged from under LOQ
(BRS-Carmem organic juice—GJ37) to 9.04 mg L~! (Isabel
Precoce organic juice—GJ22).

In general, (+)-catechin values found in this study were
in accordance with those presented by other similar studies
[10, 13,28, 48]. Regarding the concentration of (—)-epicat-
echin gallate in grape juice samples, Natividade et al. [9]
and Padilha et al. [10] also found low or none. In terms of
procyanidin B1 and B2, the results are in agreement with
other studies that also encountered greater values for pro-
cyanidin B1 [9, 28, 48]. In most cases, the results presented
in this study agree with other studies previously reported for
V. labrusca and its hybrids.

Mpyricetin was the flavonol found in greatest quantity in
grape juice samples analyzed. The highest value of myricetin
encountered was 2.76 mg L~! in BRS-Violeta conventional
juice (GJ3). Quercetin was found in more samples than myri-
cetin, but in smaller quantities. Quercetin’s concentration
was very similar in most of the samples studied, the high-
est quantity of quercetin encountered was 0.46 mg L™! in
three samples elaborated with two grape varieties: Isabel
Precoce organic juice (GJ22) and BRS-Magna 2017 and
2018 harvests (GJ45 and GJ47, respectively). Rutin was not
detected or was under LOQ in almost half of the analyzed
samples. Conventional and organic BRS-Rubea juices (GJ7
and GJ32) presented the highest concentrations of rutin: 0.45
and 0.54 mg L~!, respectively. Kaempferol was not detected
in any of the analyzed samples. All of the studied flavonols
were either not detected or under LOQ in conventional Isa-
bel Precoce juice (GJ8) and in three of four of the organic
BRS-Carmem juices (GJ35, GJ36 and GJ37).

Myricetin, quercetin and rutin values found in this study
were in agreement with those reported by Natividade et al.
[9] and Dutra et al. [39]. No other studies were found

regarding the quantification of kaempferol in V. labrusca
grape juice for comparison.

Taxifolin was only found in Isabel Precoce juices (GJS,
GJ20 and GJ22) with a maximum concentration of 0.81 mg
L~! (GI8). In all the other samples, taxifolin was either
under LOQ or not detected. No other studies were found
regarding the quantification of taxifolin in V. labrusca grape
juice for comparison.

Trans-resveratrol was not detected or was under LOQ
in BRS-Rubea, Concord and Niagara Rosada juices. It was
found in greatest amount in organic Isabel Precoce juice
(GJ22) with 1.53 mg L™!. These results are in accordance
with other studies that also quantified trans-resveratrol
in grape juices produced with V. labrusca grapes and its
hybrids [9, 13, 39].

Exploratory analysis

The quantitative results obtained in the characterization of
grape juice samples were analyzed by HCA and PCA. HCA
and PCA are unsupervised methods of pattern recognition.
HCA objectives to concentrate on the same cluster samples
that are more similar. PCA, on the other hand, shows how
much each variable used contributes to the principal compo-
nents which differentiate the samples from each other [49].
The dendrogram obtained is shown in Fig. 3. PC1 versus
PC2 score biplot (Fig. 4) accounted for 50.85% data variance
(PC1=32.22% and PC2=18.63%). The PCA loadings are
shown in Fig. 5.

Dendrogram analysis shows a tendency to form groups
according to the grape variety used in the elaboration of each
juice. However, Isabel Precoce organic juice (GJ22) is dis-
tinct and, for that reason, it was completely separated from
all the rest. That separation was also evident in PCA score
biplot. Evaluating the influence of each phenolic compound
(Figs. 4, 5), it is possible to observe that GJ22 was different
from other juices especially for its content of (—)-epicatechin
and procyanidins B1 and B2. In fact, GJ22 presented the
highest amounts of those compounds.

Another group of samples was also separated from the
rest, but with a smaller Euclidean distance. BRS-Violeta
juices (GJ3, GJ24 and GJ25), distinct by their elevated
anthocyanic content, and also Bordo and BRS-Magna 2019
harvest juices (GJ48 and GJ49) showing in common a sig-
nificant quantity of malvidin-3,5-diglucoside and/or (+)-cat-
echin and myricetin.

The other samples were primarily separated into two
clusters. All Concord organic juices (GJ14, GJ15, GJ16 and
GJ17) appeared together in the smaller of the two clusters.
Concord conventional juice (GJ6), poorer in phenolic com-
pounds than the others of the same type, especially procya-
nidin B1, was grouped with Niagara Rosada juices. GJ38
and GJ40 (both Niagara Rosada) were found to be more
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Fig.3 Dendrogram of the grape juice samples studied. Each grape
juice label was colored according to the grape cultivar used in its
elaboration: BRS-Cora (dark green): GJ1, GJ26, GJ27; Isabel (light
green): GJ2; BRS-Violeta (purple): GJ3, GJ24, GJ25; BRS-Magna
(light gray): GJ4, GJ18, GJ19, GJ45, GJ47, GJ49; Bordo (red): GJS,
GJ10, GJ11, GJ12, GJ13, Gl44, GJ46, GJ48; Concord (blue): GJ6,

PCA - Scores

PC2-18.63%

PC1-3222%

Fig.4 PCI versus PC2 score biplot for the grape juice samples stud-
ied. Loading vectors (phenolic compounds): cyanidin-3,5-diglucoside
(CY); malvidin-3-0-glucoside (OE); malvidin-3,5-diglucoside (MA);
peonidin-3,5-diglucoside (PE); (4)-catechin (CAT); (—)-epicatechin
(EPI); (—)-epicatechin gallate (EG); (—)-epigallocatechin gallate
(EGG); procyanidin B1 (PB1); procyanidin B2 (PB2); taxifolin (T);
myricetin (M); quercetin (Q); rutin (RU); trans-resveratrol (R). Each
grape juice label was colored according to the grape cultivar used in
its elaboration as described in Fig. 3. Online Resource 2 presents PC1
and PC2 scores for each sample (Color figure online)
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GJ14, GIJ15, GJ16, GJ17; BRS-Rubea (pink): GJ7, GJ31, GJ32,
GJ33; Isabel Precoce (light blue): GI8, GJ20, GJ21, GJ22, GJ23;
BRS-Carmem (orange): GJ9, GJ34, GJ35, GJ36, GJ37; Selegdo
13 (brown): GJ28, GJ29, GJ30; Niagara Rosada (dark gray): GJ38,
GJ39, GJ40, GJ41, GJ42, GJ43 (Color figure online)

similar to each other (smallest Euclidean distance) than all
other juices studied.

Bordo juices (GJ5, GJ12, GJ44 and GJ46), influenced
mostly by cyanidin-3,5-diglucoside, malvidin-3,5-diglu-
coside and peonidin-3,5-diglucoside, showed significant
similarity. On the other hand, GJ11 (Bordo organic juice)
was more similar to BRS-Magna (GJ4, GJ18 and GJ19)
and BRS-Carmem juices, all of them presented intermedi-
ate concentration of most compounds. GJ35, GJ36, GJ37
are slightly different from the rest of this group espe-
cially due to the absence of myricetin and the presence of
trans-resveratrol.

Finally, BRS-Cora juices (GJ1, GJ26 and GJ27), very
poor in most compounds, particularly flavanols, were clus-
tered with BRS-Rubea organic juice (GJ33). The other three
BRS-Rubea juices (GJ7, GJ31 and GJ32) were more similar
to Isabel juice (GJ2) and seem to be influenced mostly by
rutin and taxifolin.

PCA loadings (Fig. 5) indicate how much each vari-
able contributes to differentiate the samples studied. For
instance, positive PC1 scores are associated to samples
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Fig.5 PCI (a) and PC2 (b) loadings for the phenolic compounds studied. Compounds’ labels are described in Fig. 4

containing higher amounts of flavanols, quercetin and/  are differentiated from the rest especially because of
or malvidin-3-0O-glucoside, such as Concord organic  their lower content of diglucosilated anthocyanins, such
juices and Isabel Precoce juices. While positive PC2  as BRS-Cora juices, BRS-Carmem juices, BRS-Rubea
scores are not very significant, negative PC2 scores, on  juices and Niagara Rosada juices.

the other hand, can be associated to grape varieties that
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Conclusion

The validation parameters used to evaluate the proposed
method showed that the method is specific, linear, precise,
accurate and very sensitive with LOD and LOQ in the
order of pg L™! and even ng L™'. The validated method
is fast and determinates, simultaneously, 16 phenolic
compounds belonging to five different classes, including
anthocyanins, in only 4.5 min and does not require com-
plex sample preparation or previous purification.

The applicability of the validated method was verified
through the characterization of 49 samples of grape juice
produced with different grape varieties. Traditional cul-
tivar Bordo and two varieties (BRS-Violeta and Selecao
13) developed by Embrapa Grape and Wine’s Genetic
Improvement Program generated the richest juices in
terms of phenolic compounds, especially anthocyanins.
The anthocyanin found in greatest amounts was malvidin-
3,5-diglucoside while malvidin-3-O-glucoside was found
in smallest concentrations.

Isabel Precoce juice presented the most significant
quantity of non-anthocyanic compounds, especially
(4)-catechin and procyanidin B1. Kaempferol, taxifolin,
(—)-epicatechin gallate and (—)-epigallocatechin gallate
were the phenolic compounds less found in the samples
analyzed. BRS-Cora and Niagara Rosada juices presented
the smallest concentration of the compounds studied.

The validated method proved to be able to evaluate
quantitatively grape juices from the most different natures.
It is a useful tool for studying the phenolic profile of grape
juices, as well as helping to assure the quality of this drink
with important nutraceutical value.
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