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Abstract

To analyze the flavor components in 17 commercially available wine samples from seven grape varieties (Cabernet Sauvignon, Cabernet
Gernischt, Shiraz, Merlot, Pinot Noir, Tempranillo and Chardonnay), comprehensive flavor characterization, volatile and non-volatile compounds
of grape wines were evaluated by headspace solid phase micro-extraction (HS-SPME) coupled with gas chromatography-mass spectrometry (GC-
MS), electronic nose (E-nose), electronic tongue (E-tongue), high performance liquid chromatography (HPLC) and automatic amino acids
analyzer. According to GC-MS analysis, a total of 86 volatile compounds were identified, mainly including alcohols, esters, phenols, terpenes and
norisoprenoids. Results showed that significant differences of contents of free amino acids and radar fingerprint chart of E-tongue technology
were recorded for the 17 grape wines. Moreover, principal component analysis (PCA) of E-nose and E-tongue were used to distinguish the
different grape wines effectively, with the cumulative contribution rate accounting for 92.33% and 91.78%, respectively. The results prove that
sensors W2S and W1W in the E-nose for wines have a higher influence in the current pattern file. The most abundant phenol in 17 wine samples is
catechin. The differences in species and contents of volatile and non-volatile substances give the unique flavor of different grape wines. The
results demonstrated that the above mentioned equipment are useful for in-depth grape wine flavor analysis.
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Introduction

Grape wine is one of the most global widely known and
appreciated alcoholic beverages. Moderate consumption may
have some beneficial effects on human health due to the
high antioxidant activity of winel'l. Aroma, taste, and appear-
ance are three important indicators to evaluate food
quality?l. Among them, the aroma profile of wine is one of
the key factors influencing its quality®®. Understanding con-
sumer preferences and predicting their behavior is a difficult
task for the wine industry. Previous studies*~9 have docu-
mented the organoleptic characteristic such as aroma appre-
ciated by wine consumers. Grape wine is a complex matrix
consisting of a wide range of volatile and non-volatile com-
pounds['l, Although the overall composition of most grape
cultivars is very similar, there are distinct aroma and flavor dif-
ferences between most varieties. These differences can
mostly be attributed to relatively minor variations in the pro-
portion of the compounds that constitute the aroma profile
of the grapel'?l. Especially, the varietal component derived
from grape aroma and aromatic precursors, impart specific
aroma depending on the cultivars characteristics('3'4 Further,
wine flavor is also dependent on fermentation process, stor-
age and aging. The most important aroma substances of wine
have been identified as alcohols, esters, aldehydes, ketones,
acids, terpenes!'?, ethers, lactones, pyrazines, phenolic com-
pounds!'®l and sulfur containing compounds. These sulfur-
containing compounds can have either a positive or negative
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impact on the aroma and flavor of wine, compounds such as
3-mercaptohexanol can impart fruity flavors to a winel'7,
Although some of these compounds are present at low con-
centrations in the grape wine, they normally have a huge
impact on the overall aroma profilel'8l,

Grape wine is well-known for its health benefits, and most
of them are, at least partially, attributed to the presence of
phenolic compounds. It has been reported that moderate
consumption of alcoholic beverages, especially wine, could
protect from cardiovascular disease. This phenomenon
defined as the French paradox was proposed for the first time
by Serge Renaud!'?\. The phenolic compounds originate from
original grape and/or formed during alcohol fermentation.
Additionally, volatile substances present in concentrations at
below their perception threshold may contribute to the final
wine aroma and flavor palette by interactive effects with each
other in various ways other compounds in winel2, Studies
also showed that when the ethanol concentration in wine
was lowered to 7%, a significant increase in the intensities of
the fruity, flowery, and acid flavors and aromas was seen(?'l.

Flavor is responsible for the overall distinctive sensory
properties of grape wine, and is vital in the evaluation of qual-
ity. The subtle differences that distinguish one varietal wine
from another may depend on the concentration and types of
the volatile and non-volatile substances. The quality of wine
can be evaluated through both chemical and sensory analy-
sis. The most widely accepted chemical analytical method to
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detect, identify and quantify flavor compounds is GC-MS
combined with HS-SPME for its high selectivity, sensitivity and
precision!22-24], Equipments such as electronic nose and elec-
tronic tongue consisting of an array of sensors are widely
applied to detect flavor of food by simulating the olfaction
and taste of humans with the advantages of excellent selec-
tivity, high sensitivity, less time-consuming and relatively
lower pricel?>l. Among them, gas sensor arrays are referred to
as electronic nose, with partial specificity and an appropriate
pattern-recognition system, while chemical sensor arrays are
defined as electronic tongue, identifying the five basic tastes
(sweet, salty, sour, bitter, and umami)2¢l. Depending on the
sensing materials, gas sensors of E-nose can be classified into
several types including, metal-oxide semiconductor (MOS),
conducting polymers (CP), quartz crystal microbalance (QCM),
and surface acoustic wave (SAW) sensors?’7l. Among them,
MOS gas sensor is most widely used for E-nose, it was
reported that MOS sensors are sensitive to hydrogen and
unsaturated hydrocarbons or solvent vapors containing
hydrogen atoms!2>l. The common E-tongue has the following
types: potentiometry, voltammetry, and impedance spec-
troscopy!?8l, E-tongue can detect the overall taste of food,
they cannot identify specific compounds. Taste-active com-
pounds, such as free amino acids (FAAs), were responsible for
the characteristic taste of grape wines and also act as precur-
sors to the formation of aromas. Thus, the individual taste
compounds can be determined by amino acid detection. Cur-
rently, E-nose and E-tongue have been widely researched on
quality evaluation of red wine. The E-Nose was revealed like a
powerful tool for the objective differentiation of the wines
obtained from the authorized grape variety in a Protected
Denomination of Origin(2°l. A multi-sensor fusion technology
based on a novel low-cost E-nose and a voltammetric E-
tongue was developed to classify red wines that differ in geo-
graphical origins, brands, and grape varieties3%. Compared to
GC-MS, E-noses do not provide information on the quantity of
the individual volatile compounds but rather a global analy-
sis of the volatile chemical profile so-called ‘fingerprints',
which is more similar to the human olfactory perception(3'32],

There is a growing interest in developing rapid methods for
the analysis of organoleptic properties of grape wine such as
aroma and taste which play a crucial role in consumer prefer-
ences and choicesB33l. Therefore, accurately and efficiently
identifying different wines are of particular importance. In
addition, it is important for quality control, storage, and brand
recognition as well. In the literature, different methods for
wine age prediction3433], the influence of grape maturity on
wine volatiles and the optimum drying time of the grape to
produce sweet wines of higher aromatic quality*¢l were
investigated. However, there are no systematic studies
describing the combined application of HS-SPME-GC-MS, E-
nose, E-tongue, HPLC and amino acids analyzer in grape
wines flavor studies. Hence, we set up a comprehensive
method to analyze the flavor of commercially available grape
wines (Cabernet Sauvignon, Cabernet Gernischt, Shiraz, Mer-
lot, Pinot Noir, Tempranillo and Chardonnay). Principal com-
ponent analysis (PCA) of E-nose and E-tongue was applied to
analyze the difference in volatile and non-volatile organic
compounds of grape wines. The combination of flavor chem-
istry with sensory analysis techniques could provide a
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comprehensive odor and taste characterization of wines,
which could provide an effective method for consumers to
choose their preferred grape wines. The information obtained
in this study would have important referential value for the
flavor research of grape wines.

Materials and methods

Materials

By researching the types of grape wines sold in the local
supermarket in Nanjing, China, 17 commercially available
grape wines from seven different grape varieties (Cabernet
Sauvignon, Cabernet Gernischt, Shiraz, Merlot, Pinot Noir,
Tempranillo and Chardonnay) were studied as experimental
samples (Table 1). HPLC grade methanol, acetic acid, ethyl
acetate and phenolic acid standards (gallic acid, protocate-
chuic acid, vanillic acid, catechin, caffeic acid, syringic acid,
p-coumaric acid and ferulic acid) were purchased from Sigma-
Aldrich Chemical Company (St. Louis, MO, USA). Water was
purified on Simplicity system (Millipore) to prepare the aque-
ous solutions.

Methods

HS-SPME-GC-MS analysis

The volatile compounds of grape wine were determined
using HS-SPME-GC-MS according to the reported methods!37]
with slight modification. The methods have been proved to
develop a derivatization protocol for untargeted GC-MS
analysis.

Grape wine (10 mL) was mixed with 2.0 g sodium chloride.
The mixture was placed in a 20 mL headspace vial, and stirred
at 40 °C for 30 min. To extract volatile compounds from grape
wine, a 50/30 um (DVB/CAR/PDMS) fibre (Supelco, Bellefonte,
USA) was used which was preconditioned at 250 °C for 10
min. The fibre was exposed to the sample headspace and
extracted at 40 °C for 40 min. After extraction, the fibre was
inserted into the splitless injector of the GC-MS (7890A-
5975C, Agilent, USA) to identify the volatile compounds. The
gas chromatograph was equipped with a 5% phenylmethyl

Table 1. The details of the grape wines utilized in the experiment.

Alcohol

gimgleer Grape wine varieties Cogr?;?r/] of content

(V/V %)
1 Cabernet Sauvignon-A China 12.0
2 Cabernet Sauvignon-B China 13.0
3 Cabernet Sauvignon-C China 125
4 Cabernet Sauvignon-D China 12.0
5 Cabernet Sauvignon-E France 12.0
6 Cabernet Gernischt-A China 125
7 Cabernet Gernischt-B China 125
8 Shiraz-A China 13.0
9 Shiraz-B Australia 14.5
10 Pinot Noir-A China 13.0
1 Pinot Noir-B China 12.0
12 Merlot-A Australia 135
13 Merlot-B Australia 14.0
14 Merlot-C Australia 13.8
15 Merlot-D China 125
16 Tempranillo Spain 13.0
17 Chardonnay Australia 13.0
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silicone capillary column (HP-5, 30 m x 0.25 mm X 0.25 um,
Agilent, USA). The injector temperature was 250 °C. The
carrier gas was helium at a constant flow rate of 1.0 mL/min.
Analysis was carried out in the electronic impact mode at 70
eV. The temperature of ionization source and quadrupole was
250 °C and 150 °C, respectively. Detection was performed in
full scan mode, from 29 aum to 550 aum. The identification
was determined using the NIST.08 libraries and the minimum
matching requirement was 80%. The relative content was cal-
culated on the basis of peak area percentage. Each sample
was measured in triplicate.

Analysis of phenolic compounds using HPLC

The extraction method of phenolic compounds referred to
Caceres-Mella et al.l'él. Phenol analysis was carried out with
HPLC (LC-20AD, Shimadzu, Japan).The HPLC system consists
of a diode array detector (SPD-M20A), autosampler (SIL-20A)
and a column oven (CTO-20A). HPLC assay was conducted as
described by Beta et al.38 with some modifications. Their
analysis results verify the validity and universality of the
method. 250 mm x 4.6 mm, 5 um ZORBAX SB-C18 (Agilent,
USA) was used for separation. The mobile phase consisted of
A (0.1% acetic acid in water) and B (0.1% acetic acid in
methanol), and the flow rate was 0.9 mL/min. The contents of
phenolic compounds were quantified using external calibra-
tion curves. The gradient elution program was as follow:
91%-86% A for 0-11 min, 86%-85% A for 11-17 min,
85%-81% A for 17-28 min, 81%-72% A for 28-38 min,
72%-60% A for 38-46 min, 60%-30% A for 46-65 min, and
30%-91% A for 65-75 min. The column oven temperature
was held at 30 °C. The injection volume was set to 20 pL and
detection wavelength was 280 nm. Analyses were performed
in triplicate.

Analysis of free amino acids

The procedures were conducted according to the pub-
lished literature by Xia et al.?%. Ten mL grape wine sample
was mixed with 10 mL sulfosalicylic acid (10%) to precipitate
protein and then centrifuged at 4 °C for 20 min (10,000
rpm/min). Subsequently, the supernatants were filtered with
a 0.45 pm micro-pore filter membrane. The content of free
amino acids in grape wines was detected by automatic amino
acid analyzer (L-8900, Hitachi Ltd. Tokyo, Japan) with a
column packed with Hitachi custom ion-exchange resin 2622
(4.6 mm x 60 mm, particle size 5 pm) and then calculated by
calibrating with standard amino acids (0.1 pmol/mL). Twenty
uL sample solution was injected into the automatic analyzer
to obtain the peak area of each amino acids in grape wine.
Each sample was measured in triplicate. Quantitation was
analyzed by an external standard method and the content of
amino acids in the sample was calculated by the formula as
follows:
Xi X (Vw + Vg)

V() ><\/w

Where M; (mg/L) is the content of amino acid 'i' in samples,
V, (mL) is the volume of sulfosalicylic acid, X; (ng) is the con-
centration of amino acid 'i' detected by the instrument, V,
(pL) is the injection volume, and V,, (mL) is the volume of the
wine sample.

M =

Analysis of E-nose
The analysis of grape wine was performed with a portable
electronic nose PEN 3, (Airsense Analytics GmbH, Germany)
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which was composed of an array of 10 metal oxide semicon-
ductors (MOS). The response characteristics of each sensor
were shown as follows: W1C (aromatic compounds); W5S
(nitrogen oxide); W3C (ammonia and aromatic compounds);
W6S (hydrogen); W5C (olefin and aromatic compounds); W1S
(hydrocarbons); W1W (hydrogen sulphide); W2S (alcohols and
partially aromatic compounds); W2W (aromatic compounds
and organic sulphides); W3S (alkanes (methane, etc.). E-nose
was applied to identify different volatile species. The pattern
recognition software (Win Muster v.1.6.2) was used for data
recording and elaboration.

The E-nose analysis was conducted according to a method
of Liu et all%, 10 mL grape wine was injected into a
headspace vial of 40 mL volume and equilibrated at 25 + 2 °C
for 30 min to reach a steady state. The headspace gas was
pumped through the sensor array for 80 s (injection time)
with a flow rate of 300 mL/min. After sample analysis, the sys-
tem was purged for 100 s with filtered air to enable the sig-
nals to return to the baseline. Each sample was measured in
triplicate.

Analysis of E-tongue

This experiment was conducted with the Taste-Sensing
System SA402B (Intelligent Sensor Technology Co. Ltd. Japan)
according to the method from Liu et al.9. This E-tongue
system was comprised of reference electrodes (Ag/AgCl),
auto-sampler, and sensor array. Taste sensors used in this
experiment include sourness, bitterness, astringency, umami
and saltiness. In this experiment, all the wine bottles were
opened on the same day, and samples were stored at a con-
stant temperature of 25 °C before measurement. After cen-
trifugation at 12,000 rpm for 15 min, 80 mL grape wine was
filtrated, and the supernatant was gained for electronic
tongue determination. Each sample was repeated four times,
and the last three stable sets of data were retained.

Data analysis

All the assays were performed in triplicate for each of grape
wine and the experimental data was expressed as mean va-
lues. The PCA data were organized by Origin 95. Radar finger-
print chart was organized by Excel. Electronic nose measure-
ment of grape wine sample was performed using Win Muster
software (Winmuster1.6.2) for loading analysis. Least signifi-
cant difference (LSD, defined when P < 0.05) were used to
analyze the significant differences among 17 wine samples
via SAS (V8.0, the SAS Institute, USA).

Results and discussion

HS-SPME-GC-MS analysis

A total of 86 volatile flavor compounds were identified in
17 samples from seven kinds of grape wines using HS-SPME-
GC-MS, including 10 alcohols, 44 esters, 14 terpenes and
norisoprenoids, eight hydrocarbons, five acids, one aldehyde,
two phenols, and two other compounds (Supplemental Table
S1). About 46, 41, 45, 45, 59, 16 and 13 kinds of volatile com-
pounds were identified on Cabernet Sauvignon, Cabernet
Gernischt, Shiraz, Merlot, Pinot Noir, Tempranillo and
Chardonnay, respectively. As shown in Fig. 1, the sum con-
tent of esters and alcohols made up the most of total volatile
content. Alcohols were the predominant flavor substances in
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Fig. 1 The relative contents of volatile compounds classes of
seventeen wine samples.

Cabernet Sauvignon-A, Cabernet Sauvignon-D, Cabernet
Gernischt-A, Merlot-A, Merlot-B and Tempranillo with relative
contents of 58.16%, 55.96%, 51.13%, 75.44%, 74.61% and
66.57%, respectively. However, in Cabernet Sauvignon-B,
Cabernet Sauvignon-C, Cabernet Sauvignon-E, Cabernet
Gernischt-B, Shiraz-A, Shiraz-B, Merlot-C, Merlot-D, Pinot Noir-
A, Pinot Noir-B and Chardonnay, esters were found to be the
main volatile compounds. The most abundant volatile com-
pounds of 17 samples were 3-methyl-1-butanol, phenylethyl
alcohol, butanedioic acid diethyl ester, hexanoic acid ethyl
ester and octanoic acid ethyl ester, decanoic acid, ethyl ester.
3-methyl-1-butanol is major contributor to the alcoholic
fraction and it is formed by the deamination and decarbo-
xylation of leucine. 2-Phenylethanol, an alcohol that gives a
pleasant rose aroma can be considered as a component of
the primary aroma. The esters are the largest class of volatile
compounds present in wine. They are responsible for the sec-
ondary and the tertiary aroma of wines. The main volatile
compounds in Cabernet Sauvignon-A and Cabernet Sauvi-
gnon-D were 3-methyl-1-butanol, hexanoic acid ethyl ester
(apple, fruity, sweetish notes), butanedioic acid diethyl ester.
3-methyl-1-butanol and octanoic acid ethyl ester (ripe fruits,
pear, sweety notes) were found to be the major volatile com-
pounds contributing to the flavor of Cabernet Gernischt-A.
Hexanoic acid, 2-methylpropyl ester and 1-Isopropyl-2-
methoxy-4-methylbenzene were the two unique flavor com-
pounds of Shiraz-A. 3-methyl-1-butanol accounts for a rela-
tively high proportion in Merlot-A, Merlot-B and Tempranillo
and high levels of 3-methyl-1-butanol (smokey and unplea-
sant aroma) might contribute negatively to the grape wine
aroma profile. Terpenoids and norisoprenoids have great
benefits for the human body and they contribute to some
highly desirable descriptors such as floral and citrus notest'l.
In the present study, 14 different terpenoids and noriso-
prenoids were identified for the seventeen samples. 6, 5, 5, 6
and 6 kinds of terpenoids and norisoprenoids were identified
on Cabernet Sauvignon-A, Shiraz-A, Merlot-C, Pinot Noir-A
and Pinot Noir-B, respectively. 1,2-dihydronaphthalene-1,1,6-
trimethyl (TDN) which is described as petroleum, kerosene
and diesel was generally detected in all samples except
Cabernet Sauvignon-B. Among 17 grape wines, the variety of
volatile compounds in Pinot Noir was the most abundant.
Hydrocarbons in wine result from the waxy components of
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the grape surface, appear in very small quantities and partici-
pate in the varietal aroma but without any special organo-
leptic significancel*2. Phenolic compounds play a key role in
defining the quality of a red wine, because they participate
directly in color, the antioxidant properties, astringency and
bitterness of the winel'®l. 3-ethylphenol and 2,4-bis(1,1-
dimethylethyl)phenol were detected among the 17 wines.
The proportion between the different volatile compounds is
fundamental in order to impress a harmonious equilibrium to
the grape wine profile. For example, the presence of alcohols
in too high concentrations could be a negative feature since
they may hide the positive contribution of esters or aldehy-
des (floral and fruity).

HPLC analysis

Phenolic acids also contribute to the taste of grape wines.
In this study, eight phenolic acids including gallic acid, proto-
catechuic acid, vanillic acid, catechin, caffeic acid, syringic
acid, p-coumaric acid and ferulic acid were analyzed and the
quantitative results were shown in Table 2. In total, the high-
est concentration of phenolic compounds was observed in
Pinot Noir-A (167.743 £ 2.395 mg/L), while the lowest was in
Chardonnay (48.321 £ 1.628 mg/L). The most abundant phe-
nols in sixteen red wine samples were gallic acid and cate-
chin. Wine made from Pinot Noir grape variety had the high-
est concentration of catechin compared to the other sixteen
wine samples, which is in accordance with the results pub-
lished by Krstonosic et al.l“3l, Concerning other abundant
phenols, protocatechuic acid was detected in a relatively high
concentration (8.658—27.230 mg/L) in seventeen wines. The
observed differences in the phenolic content could be
attributed to many factors, including terroirs, grape maturity,
and varietal characteristics, as well as the applied winemak-
ing technology.

Free amino acids analysis

The amino acids can not only provide nitrogen for the
growth of microorganisms, but also they can bring nice color
for the winel4.. As one of the essential components of grape
wine, amino acids supply diverse tastes which were umami
(monosodium glutamate, MSG)-like (including Asp and Glu),
bitter (including Val, Met, lle, Leu, Phe, His and Arg) and sweet
(including Thr, Ser, Gly and Ala)*3l. In this study, 17 kinds of
free amino acids (FAAs) in seventeen grape wines were
detected. The total content of amino acids varied from
144.702 + 8.589 to 510.153 + 6.708 mg/L as shown in Table 3.
The top five grape wines with the highest total amino acids
were Pinot Noir-A, Tempranillo, Cabernet Sauvignon-A, Pinot
Noir-B and Merlot-B. There was a significant difference
(P < 0.05) in MSG-like amino acids content among Pinot Noir-
A, Chardonnay, Cabernet Sauvignon-D, Cabernet Sauvignon-
B, Cabernet Gernischt-B and Shiraz-B. However, no notable
difference in bitter amino acids was observed among Caber-
net Sauvignon-A, Cabernet Sauvignon-D and Cabernet Sauvi-
gnon-E. The content of essential amino acids among Merlot-
D, Pinot Noir-A and Chardonnay were significantly different
from each other. Cabernet Sauvignon-E, Shiraz-A, Merlot-B
and Pinot Noir-B had little difference in the content of sweet
amino acids. Further, our results revealed that among these
amino acids, glutamic acid, proline, lysine, arginine and ala-
nine predominated. Glutamic acid which has the umami taste

Fan et al. Food Materials Research 2023, 3:9
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can improve the taste of grape infusions. Pinot Noir-A had the
highest content of total amino acids, taste-active amino acids
(MSG-like, bitter and sweet components) and essential amino
acids among seventeen grape wines. Since free amino acids
are precursors of flavor compounds, the different contents of
free amino acids were highly correlated to the complex syn-
thesis of flavor compounds in grape wines. Free amino acids
are closely related to the taste of the grape wines, which
determines the quality of the grape wines.

E-nose analysis

The E-nose was a good method to analyze aroma, as it
could offer a fast and non-destructive method to sense
volatile substances®. PCA was a statistical tool that
explained the differentiation between samples as well as the
relationship between the objects7-41, A clear separation of
the samples into 17 groups was found according to the PCA
plot of the different grape varieties as shown in Fig. 2a. The
principal components PC1 and PC2 represented 73.58% and
18.75% of the total variance, respectively, with the cumula-
tive contribution rate accounting for 92.33%. In general,
when the accumulated contribution of certain principal com-
pounds (PCs) is over 85%, the PCs can represent the original
data. The clusters of the data were divided into three groups
labeled A, B and C. Group A was composed of ten subclusters
without being overlapped. However, they were closer to each
other, indicating that similar volatile ingredients existing in
these ten samples (Cabernet Sauvignon-B, Cabernet Sauvi-
gnon-C, Cabernet Sauvignon-D, Cabernet Sauvignon-E, Mer-
lot-B, Merlot-C, Merlot-D, Cabernet Gernischt-B, Shiraz-B and
Pinot Noir-B). Related to HS-SPME-GC-MS analysis, the differ-
ence in the aroma profile among Chardonnay and other
wines, Chardonnay located in the left-bottom area labeled B
and clearly isolated from the other 16 red wines in PCA plot of
E-nose. Group C was made up of six wine samples including
Cabernet Sauvignon-A, Shiraz-A, Pinot Noir-A, Cabernet
Gernischt-A, Merlot-A, and Tempranillo, clearly isolated from
each other. All of them generate special aroma because of
their unique fermentation process and raw materials. E-nose
is sensitive for obtaining smell information, and slight
changes of flavor could result in different sensors response.
The results illustrate that this non-destructive method by E-
nose is an effective assay for grape wine discrimination.

Linear discriminant analysis (LDA) is frequently used for
classification in food field and its main aim is to find the lin-
ear combinations of noted attributes that can well separate
two or more than two classes of objectsi%, The classification
results of the 17 grape wines on the coordinates based on
first linear discriminant (LD1) and second linear discriminant
(LD2) represented 76.84% and 18.72% of the total variance,
respectively, with the discriminant accuracy accounting for
95.56% are shown in Fig. 2b. The results indicate that the PEN
3 E-nose with LDA is an effective instrument to distinguish
the 17 grape wines via their odors.

Loading analysis is useful to check for the influence of a
sensor on the distribution of data sets. The loading factor
associated to PC1 and PC2 for each sensor is represented in
Fig. 2c. The points in the plot represent the sensors used in
the experiment. The sensor with loading parameters close to
zero for a particular principal component has a low contribu-
tion to the total response of the array, whereas high values
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Evaluation of flavor properties of grape wines
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Fig. 2

indicates a discriminating sensor®'l, It is shown that sensors
W2S and W1W have a higher influence in the current pattern
file while sensors W1S and W2W have relatively low influence.
The detectable compounds by sensors W2S and W1W were
alcohols and sulfur-containing organics. Sensors W1C, W3S,
W5C, W3C, W5S and W6S have closer influence so that they
might be represented by one of the group member and this
group has a minor influence in the current pattern file.

Fifty mL grape wine was put into a beaker of 250 mL vol-
ume, and they were randomly offered to panelists, the aroma
descriptors of samples were recorded by panelists. Panelists
agreed that the aroma of grape wine samples could be
described using five attributes: fruity aroma, floral aroma,
alcoholic aroma, color, and overall acceptability. The intensi-
ties of the aroma attributes were scored using a scale from 0
to 10, the higher scores, the stronger intensities. Each sample
was evaluated three times by each panelist. Data were
expressed as mean. A trained panel quantitated the intensity
of the aroma attributes of tea samples were evaluated by ten
panelists (six females and four males), with aged between 20
and 30 years old. Panelists were trained by a series of impor-
tant grape wine aroma compounds.

The scores of human aroma sensory evaluation analysis are
plotted on the radar chart and shown in Fig. 2d. The result
analysis demonstrated that fruity aroma, alcoholic aroma and
overall acceptability showed significant differences among
Chardonnay and other 16 kinds of red wines in the sensory
evaluation scores. This is consistent with the results analyzed
by E-nose. Shiraz-B exhibited higher level of floral aroma and
fruity aroma which may be related to high relative content of
higher alcohols and esters detected by HS-SPME-GC-MS. In
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addition, Pinot Noir-A and Merlot-D have beautiful color,
which perhaps due to their relatively high phenolic contents
detected by HPLC.

E-tongue analysis

The radar fingerprint chart of E-tongue with different grape
varieties was presented in Fig. 3a. The mainly typical taste of
grape wine includes astringency and sourness. Significant dif-
ference (P < 0.05) was observed in aftertaste-B and sour taste.
However, there was a minor difference on the flavor from bit-
terness, astringency, aftertaste-A richness and umami among
17 grape wines. Further, there was a great correlation
between the E-tongue and the human sensory evaluation
score52l, The values of saltiness and richness of Tempranillo
and Chardonnay were lower than 15 other grape wines.
Astringency taste intensity based on the E-tongue measure-
ment ranged from 1.147 £ 0.045 to 4.400 + 0.046. The bitter-
ness and astringency of grape wines are mainly correlated to
the phenol profilel'®33], Pinot Noir-A exhibited the highest
sourness intensity with a score of —9.733 + 0.207. Cabernet
Sauvignon-E with the highest umami taste levels also
appeared to have the highest saltiness scores. It can there-
fore be concluded that E-tongue could be a rapid method for
taste evaluation in wineries. Consumers can easily choose
their preferred grape wines according to the satisfactory taste
results offered by E- tongue.

For variable reduction and separation into classed, PCA was
used applied54., PCA of non-volatile compounds of 17 sam-
ples from seven kinds of grape varieties were presented in
Fig. 3b. It was observed that variance contribution rates of
PC1 and PC2 were 64.65% and 27.13%, respectively. The
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Fig.3 (a) Radar fingerprint chart of the sensory score, (b) PCA plot of E-tongue data for 17 grape wines.

accumulative variance contribution rate of the first two PCs
was 91.78% (> 85%), which were considered most informa-
tion to represent the entire samples. In the PCA plot, a better
separation effect of 17 grape wines was shown. Tempranillo,
Chardonnay, Shiraz-B, Cabernet Sauvignon-E and Pinot Noir-
A were clearly separated from other wines. Shiraz-A, Merlot-A,
Cabernet Gernischt-A and Cabernet Sauvignon-A were
slightly clustered in the centre of the PCA plot. A group com-
prised of Cabernet Sauvignon-B, Cabernet Sauvignon-C,
Cabernet Sauvignon-D, Pinot Noir-B, Merlot-B, Merlot-C, Mer-
lot-D and Cabernet Gernischt-B was located close together, all
eight samples had positive score values at PC1. For E-tongue
results, the PCA was able to distinguish the 17 wines from
seven grape types completely.

Conclusions

In this study, the volatile and non-volatile flavor compo-
nents of grape wines were analyzed by HS-SPME-GC-MS, E-
nose, E-tongue, HPLC, and automatic amino acids analyzer
techniques. The phenolic substances detected by HPLC are
related to the color of the wine and the content of amino
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acids and phenols affect the taste of the wine, such as bitter-
ness and astringency detected by E-tongue. Meanwhile, the
combined use of HS-SPME-GC-MS and electronic nose tech-
nology analyzes the volatile flavor of 17 wines. The floral
aroma and fruity aroma of the wine are closely related to alco-
hols and esters. Pinot Noir-A had the highest content of bitter
amino acids, phenols and it was clearly separated from other
wines in the PCA plot of E-tongue. The flavor and taste of
Chardonnay showed great significance compared to 16 other
kinds of red wines. Shiraz-B exhibited higher scores of floral
aroma and fruity aroma in sensory evaluation, which may be
related to its relative amount of volatile aroma substance. A
total of 86 volatile compounds were identified among the 17
samples from seven kinds of wine samples. Alcohols and
esters were the main flavor substances. The results clearly
show that it is possible to classify grape wines from seven
varieties by using E-nose and E-tongue. Sensors W2S and
W1W in the E-nose for wines have a higher influence in the
current pattern file. In addition, the PCA results of E-nose and
E-tongue were obtained with the cumulative contribution
rate accounting for 92.33% and 91.78%, respectively. Addi-
tionally, the content of free amino acids especially the

Fan et al. Food Materials Research 2023, 3:9
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taste-active amino acids, exhibited significant difference (P <
0.05). Gallic acid and catechin made up a large percentage of
the grape wines. This study highlighted the usefulness of
combining aroma and taste analysis techniques of grape
wines, which could effectively instruct consumers to choose
their preferred wines. Meanwhile, this research also provided
some efficient methods to monitor grape wine quality in the
actual process of industrialization. The beverage industry can
certainly follow the protocols and parameters presented in
this work in order to make use and apply the techniques
immediately.
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