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This work shows the application of 'H NMR spectroscopy and chemometrics for quality control of grape juice. A wide range of
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quality assurance parameters were assessed by single "H NMR experiments acquired directly from juice. The investigation revealed

that conditions and time of storage should be revised and indicated on all labels. The sterilization process of homemade grape juices

was efficient, making it possible to store them for long periods without additives. Furthermore, chemometric analysis classified the

best commercial grape juices to be similar to homemade grape juices, indicating that this approach can be used to determine the

authenticity after adulteration.
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INTRODUCTION

Grape juice is a nutritious beverage and an important natural sour-
ce of flavonoids and phenolic compounds' that may reduce occurrence
of several chronic diseases such as cancer and arthritis, and free radical
formation.!? Similar to red wine, grape juice has a vasodilator effect
that protects against coronary disease without the negative impacts
of the alcohol (i.e., ethanol). Thus, grape juice can be consumed by
children and individuals with hypertension or diabetes® as a source
of polyphenols for abstemious individuals. Furthermore, grape juice
provides sufficient amounts of absorbable trans-resveratrol, thereby
reducing the risk of atherosclerosis and eliminating the need for
additional sources of polyphenols.*

Since grape juice consumption is significantly increasing around
the world,>® development of analytical approaches for assess the
quality of grape beverages are essential for guaranteeing their heal-
thfulness and authenticity. Most studies of grape juice described in the
literature have focused on determining its chemical composition.*!!
Only a few studies have been dedicated to grape juice quality con-
trol such as evaluating integral, sweetened, and reprocessed juices,
or evaluating nectars and beverages using physicochemical, HPLC,
GC, and atomic absorption methods in association with multivariate
analyses.® A study evaluated soluble solids, pH, vitamin C content, and
levels of reducing, non-reducing and total sugars for three different
Brazilian brands.'? Other study evaluated the influence of cultivars
in the composition of homemade grape juice.'* Research efforts have
also focused on assessing the relationship between cultivars and flavor
characteristics® and organic acids content that are directly associated
to quality, authenticity, and biological process of grape juices and
wines,'* and contamination by ochratoxin A.!5!¢

The traditional methods employed for the quality control of be-
verages are quite tedious, time- and chemical-consuming as well as
involve several sample pre-treatment steps to isolate the compounds
under investigation. Because there is a need for chemical standards,
increased efforts have been directed toward the development of more
rapid, precise, and informative analytical methods that permit direct
investigation of foods and beverages without isolation and/or purifi-
cation processes that alter the nature of the sample or result in the loss
and/or dilution of compounds. In this way, NMR-based methods are
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recognized as versatile analytical tools for quality control assessment
of foods and beverages, and have the advantage of simultaneously
detecting all compounds in a single NMR experiment acquired
directly from the sample. For example, a simple 'H NMR spectrum
can provide both qualitative and quantitative information about the
sample under investigation. In recent years, NMR-based methods
have been applied to characterize many food and beverage, including
olive oil,'"" fruit juices,”®* coffee,** wine?*?’ and beer.”**° Some
applications include assessment of malic and lactic acid levels during
the fermentation of grapes,®' changes in the chemical composition of
mango during ripening,” spoilage and the microbial contamination of
mango juices,* cultivar discrimination based on metabolic profile of
mango juices,* fermentation process of sorghum?* and identification
and quantification of chemical compounds in vinegars.*> Moreover,
NMR-based methods, combined with multivariate analyses (che-
mometric), have successfully been used for the quality control of
foods and beverages, including authenticity determination of grape,®®
orange and cherry juices,?>* coffee** and olive oil,*’*® and determina-
tion of geographical origins of red wines,” olive 0il,** coffee** and
wheat flour.?”’#? Furthermore, these methods have been employed to
discriminate different apple varieties used in apple juice production?!
and to discriminate sugarcane according to cultivar.* Another study
that shows the great potential of NMR-based methods combined with
chemometrics is the in vitro anti-TNFa activity screening that was
performed for different grape and berry types.*

The aim of this work was to develop an NMR-based method for
quality control assessment of both commercial and homemade grape
juices by directly analyzing the juice without any sample pre-treatment.

EXPERIMENTAL
Samples

Commercial grape juice samples from different regions were
purchased from local markets and classified into four groups based
on addition of sucrose (i.e., sweetened) and/or preservatives.

Homemade grape juice samples, without addition of sugar or
preservatives, were obtained directly from producers in Curitiba,
Brazil. According to the producers, the bottles and stoppers used
for grape juice storage were previously sterilized in boiling water.
Following the sterilization step, the fresh juice was immediately
transferred into the hot bottles, which were then closed and stored at
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room temperature. The whole process was performed over a stove
to maintain an ascendant hot-air flow, and avoid contamination by
microorganisms. As the contents of closed hot bottles began to cool,
the bottles were sealed owing to a reduction in internal pressure.

NMR analyses of all grape juices were performed immediately
after the bottles had been opened. Then, samples were separated into
two groups: one group was stored at room temperature, while the
other was stored under refrigeration. Every three days-storage new
NMR analyses were collected for 15 days. Moreover, fresh homemade
grape juices were stored at room temperature for 5 months and every
month some bottles were submitted for NMR analyses.

NMR analyses

The '"H NMR spectra of grape juices were acquired at 295 K
on a Bruker AVANCE 400 NMR spectrometer, operating at 9.4 T,
observing 'H at 400.13 MHz, which was equipped with a 5-mm
multinuclear direct detection probe. Aliquots of 0.6 mL were sam-
pled and filtered through a cotton plug directly into NMR tubes. On
the other hand, homemade juices required vacuum filtration prior to
adding them to the NMR tubes. Next, three drops of a D,O solution
containing 0.1% 2,2,3,3-tetradeuterium-3-(trimethylsilyl)propionic
acid sodium salt (TMSP-d,) were added for the NMR chemical shift
reference and spectrometer lock. The 'TH NMR spectra were recorded
with water signal suppression by selective low-power irradiation at
H,O resonance frequency during the relaxation delay using Bruker
zgpr pulse sequence. Each NMR spectrum was acquired with 90°
pulse excitation, 128 scans, 64K data points distributed in a spectral
width 3634 Hz (~ 9.0 ppm), providing a digital resolution of 0.12
Hz, 7.0 s acquisition time, and 1.0 s recycle delay. The free induction
decays (FIDs) were multiplied by a factor of 0.3 Hz prior to Fourier
transform with aid of Bruker TopSpin software. All 'H NMR chemical
shifts are given in ppm () related to TMSP-d, signal at 0.00 ppm
as internal reference. The assignments of the signals in the 'H NMR
spectra were performed by comparison with reported data?>*? and with
aid of 'TH-"H NMR correlation maps from COSY NMR experiments,
which were acquired using the DQF-COSY pulse sequence with a
spectral width 4400 Hz (~11.0 ppm) in both dimensions, resulting in
4K data points and 16 transients in t2 per each of 256 increments in t,.

Chemometric analyses

Principal components analyses (PCA) were performed over 'H
NMR spectra. Initially, the spectra were binned into continuous bu-
ckets 0.05 ppm width between 0.5 and 9.00 ppm, thereby resulting
in 170 NMR variables. The area under each bucket was determi-
ned by the special integration mode in Bruker AMIX software.*
However, only segments between 1.5 and 3.0 ppm were used in the
PCA. Therefore, the final number of NMR buckets (i.e., variables)
considered in PCA was 30. Bucketing method permits the spectra
complexity reduction (i.e., data points), thereby generating a more
manageable data set. For example, a '"H NMR spectrum acquired
with 65,536 data points distributed over a spectral width of 10 ppm
can be reduced to 200 buckets of 0.05 ppm width. This approach
has the advantage of eliminating the need for phase and baseline
corrections, and minimizing drifts in the "H NMR chemical shifts
due to differences in pH or concentration.’! The segment areas were
then normalized and scaled to the total spectrum area.

RESULTS AND DISCUSSION

The presence of ethanol in grape juice samples is indicative
of the fermentation process caused by microorganisms, which is a
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consequence of either inefficient sterilization in raw production or
later contamination. Moreover, high ethanol contents can be harmful
to abstemious individuals. Therefore, in this work, commercial and
homemade grape juices were initially evaluated for the presence of
ethanol by means of 'H NMR spectroscopy. Note that the samples
were obtained directly without any pre-treatment.

The commercial samples were divided into four groups based on
the varying levels of sucrose (sweetened) additive and/or preservatives
to evaluate its influences on the fermentative process. Homemade
samples had no added sucrose or preservatives.

Most of '"H NMR spectra from commercial samples showed a
triplet at 1.18 ppm (Figure 1) from methyl group of ethanol. High
ethanol contents were observed mainly in those with addition of
sucrose (sweetened) and without preservatives. This finding is the
first indication that sugar (as an additive) from sugarcane (i.e., su-
crose) promotes the fermentative process in grape juices. However,
sweetened ones with preservatives showed lower ethanol contents,
while ethanol was either insignificant or undetectable in unsweetened
with preservatives. This indicates that preservatives can minimize
fermentation in grape juice, and suggests that the fermentative process
starts during the raw production stage due to microbial contamination
before bottles are sealed or properly sterilized. These hypotheses were
supported by the investigation of a commercial grape juice (sweetened
and without preservatives) that showed higher ethanol contents in
all the evaluated samples. High ethanol content, in some grape juice
brands, may be due to in Brazil they are made in same facilities as
wine, in which the fermentative process requires microorganisms.
Therefore, addition of preservatives should be a standard practice,
at least for sweetened grape juices.

Instructions on the labels of commercial grape juice bottles
distributed throughout Brazil revealed a lack of standardization re-
garding optimal storage conditions and duration of product viability
after opening of the bottles. Labels, from brand to brand, reported
considerably different optimal storage times that ranged from 5 to
15 days. Moreover, 40% of the commercial brands did not mention
storage time, and few brands recommended refrigeration after opening
the bottles. Therefore, ethanol production was evaluated by "H NMR
spectroscopy according to sample storage time and conditions. After
the bottles were first opened, samples were stored either at room tem-
perature or under refrigeration for 15 days to evaluate the influence
of high temperatures on the fermentative process.

A significant increase in ethanol content was observed in commer-
cial samples stored at room temperature after 6 days, whereas those
kept under refrigeration had an insignificant increase after 12 days
(Figure 1). This result supports that warmer temperatures enhance the
fermentative process in grape juices. The highest increment in etha-
nol content was observed in sweetened juices without preservatives,
indicating that addition of sucrose enhances fermentation in grape
juices. This finding is supported by a decrease of sucrose signals
(doublets at 4.21 and 5.41 ppm)?' with a simultaneous increase in
ethanol signal (triplet at 1.18 ppm) during storage (Figure 2). On the
other hand, grape juice samples with no sucrose added showed no
significant ethanol production during storage, either at room tempera-
ture or under refrigeration. Furthermore, sweetened and unsweetened
juices with preservatives showed lower ethanol production than those
without preservatives. A decrease in the signal of fructose (doublet
at 4.11 ppm), a natural sugar in grapes, was also observed, which
demonstrates that the fermentative process is slower without sucrose
addition (Figure 2). These findings indicate that storage times for
opened grape juice bottles need to be reduced. Recommendations
for storing grape juices under refrigeration should be consistent,
especially for sweetened ones.

In southern Brazil, the consumption of grape juice is considerable,
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Figure 1. Representative '"H NMR spectra (3.85-1.0 ppm) showing ethanol production in a commercial grape juice brand with addition of sucrose without

preservatives under refrigeration or at room temperature (~20 °C)

and many traditional families make their own grape juice during
harvest season and store it for the year. Therefore, homemade grape
juices were evaluated for ethanol production by '"H NMR spectra
during storage, prior to opening the bottles at room temperature, and
under refrigeration after opening the bottles.

The 'H NMR spectra of unopened homemade grape juices stored
for five months at room temperature revealed no increase in ethanol
content (Figure 3). After the bottles had been opened, homemade
juice samples were stored under refrigeration for 15 days, similar
to commercial ones. The '"H NMR analysis showed no increase in

M

ethanol content during storage time. When homemade grape juices
were compared to commercial samples without addition of sucrose
and preservatives, the intensification of the ethanol signal in the 'H
NMR spectra was observed for commercial juices but not for home-
made juices (Figure 4). This shows that the sterilization process of
homemade grape juice, as described in the experimental section, is
very efficient in comparison with the industrial method. Therefore,
it is possible to store homemade grape juices for a long time prior
to consumption, both before and after the bottles are opened. These
observations support the hypothesis of possible yeast contamination
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Figure 2. Representative 'TH NMR spectra showing ethanol production (triplet at
5.41 ppm) in sweetened commercial grape juice. In the bottom spectrum, the H,O
of the sucrose signals

3.0 25 2.0
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1.18 ppm) with the consequent sucrose consumption (doublets at 4.21 and
signal was eliminated by zgpr pulse sequence to allow a better visualization
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Figure 3. Representative 'H NMR spectra (3.85-1.00 ppm) showing ethanol
production in homemade grape juice at room temperature

during production of commercial grape juices and/or failures in
sterilization process.

The 'H NMR analyses allowed also to verify the occurrence
of acetic fermentation in commercial and homemade grape juices,
through acetate signal (singlet at 2.07 ppm). When the bottles were
first opened, acetate content was very low in both commercial and
homemade samples. No increase in acetate signal was observed during
storage time, regardless of storage conditions. A slight increase was
observed after several months of storage for one sample that was con-
siderably manipulated (the bottle was repeatedly opened and closed).
Thus, this result is likely due to contamination with acetic bacteria.

The amino acid alanine was present in all grape juices investiga-
ted, as evidenced by the doublet at 1.48 ppm in the '"H NMR spectra.
However, a high alanine concentration was found in a commercial
brand. According to Gil and others,* the fruit ripening process is
accompanied by a significant increase in alanine content relative to
the total sugar content. In that case, grapes in an advanced ripening
stage may produce the specific juice.

The '"H NMR spectra was also able to identify some inconsisten-
cies between the chemical composition of some commercial grape

Commercial

After 15 days

Just after opening

. e

-
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juices brands and those provided in their respective labels. The first
inconsistency was related to addition of citric acid as an acidifier.
Only one of the commercial brands stated the presence of citric acid
on the label (Figure 5, A). However, this substance was found in the
'H NMR spectra by the doublets at 2.77 and 2.96 ppm in other brands
(Figure 5, B and C). This is evident by comparing their 'H NMR
spectra with that from a homemade juice sample, in which only the
malic acid signals (double doublets at 2.72 and 2.87 ppm), a natural
compound from grapes, are observed (Figure 5, D).

The second inconsistency was the addition of sugar from sugarcane
(i.e., sucrose), which carried the specification of “unsweetened”” on the
labels of some juices. However, the 'H NMR spectra of some samples
(Figure 5, F and G) showed sucrose signals (doublets at 4.21 and 5.41
ppm), which were not present in homemade juices (Figure 5, H).

A third inconsistency was related to the presence of preservatives.
The presence of sodium benzoate was detected by the multiplets at
7.51-7.55, 7.66-7.70, and 8.01-8.04 ppm in their 'H NMR spectra,
particularly in commercial brands whose labels specified absence
of preservatives.

Chemometric analyses

Chemometric analyses have the advantage of considering all
variables together and show high-correlation variables in few new
components. Therefore, PCA was applied to 'H NMR spectra to
reduce the number of variables (i.e., data points) without any infor-
mation loss and to establish which samples had similar properties.
Moreover, the results can be graphically represented with clear vi-
sualize patterns. The PCA was performed in the 1.5-3.0 ppm region
of the '"H NMR spectra, corresponding to amino acid and acetate
signals. This region was chosen because amino acids best represent
the authenticity of grape juices, whereas any adulteration would
introduce changes in their 'H NMR profile. Moreover, this region
is free of intentional alterations, such as addition of sucrose and
preservatives, or ethanol, which results only from the fermentation
process and has no relationship with grape juice authenticity. PCA
had allocated the two best commercial grape juices evaluated by
consumers closer to those homemade (natural) than the others (Figure
6). This result shows that 'H NMR allied to chemometric analyses
could be a useful tool for verifying the authenticity of commercial
grape juices. Moreover, adulterations such as dilution will modify the
composition, and a classification model can be developed to recognize
authentic grape juices.

CONCLUSIONS
This investigation showed that "H NMR spectroscopy combined

Homemade
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Figure 4. '"H NMR spectra for commercial and homemade grape juices just after the bottles had been opened and 15-day after storage time
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Figure 5. Representative 'H NMR spectra showing the inconsistencies between
chemical compositions and the information provided on labels of commercial
grape juices. A-D, Citric acid detection in samples B and C (with no specifica-
tion of citric acid addition on the labels) in comparison with acidified com-
mercial (A) and homemade (D) samples. E-H, Sucrose detection in samples F
and G (specified as unsweetened on the labels) in comparison with sweetened
commercial (E) and homemade (H) samples
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Figure 6. PC1 (64.61%) versus PC2 (20.45%) scores plot of the chemometric
analysis over '"H NMR spectra of grape juice, showing in PCI1 the similar-
ity between the commercial (V, O, %, O and <) and the homemade ()
grape juice samples
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with chemometric, can be a valuable tool for quality control of grape
juices, and it most likely could become a high-throughput push-button
NMR tool. The main advantage is that the "H NMR spectra can be
easily obtained directly from the samples without the need for sample
pre-treatment, making it possible to examine the entire spectrum and
search for patterns emerging from the data.
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