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Preface to the Series

Methods and Protocols in Food Science series is devoted to the publication of research
protocols and methodologies in all fields of food science. The series is unique as it includes
protocols developed, validated, and used by food and related scientists as well as theoretical
basis provided for each protocol. Aspects related to improvements in the protocols, adapta-
tions, and further developments in the protocols may also be approached.

Methods and Protocols in Food Science series aims to bring the most recent develop-
ments in research protocols in the field as well as very well-established methods. As such, the
series targets undergraduate, graduate, and researchers in the field of food science and
correlated areas. The protocols documented in the series will be highly useful for scientific
inquiries in the field of food sciences, presented in such way that the readers will be able to
reproduce the experiments in a step-by-step style.

Each protocol will be characterized by a brief introductory section, followed by a short
aims section, in which the precise purpose of the protocol is clarified. Then, an in-depth list
of materials and reagents required for employing the protocol is presented, followed by a
comprehensive and step-by-step procedures on how to perform that experiment. The next
section brings the dos and don’ts when carrying out the protocol, followed by the main
pitfalls faced and how to troubleshoot them. Finally, template results will be presented and
their meaning/conclusions addressed.

The Methods and Protocols in Food Science series will fill an important gap, addressing
a common complaint of food scientists, regarding the difficulties in repeating experiments
detailed in scientific papers. With this, the series has a potential to become a reference
material in food science laboratories of research centers and universities throughout the
world.



Preface

Wine is a globally consumed and appreciated high-quality beverage with a very complex
chemical composition achieved through a very careful process involving the selection of the
vine and grape varieties and the use of appropriate viticulture and winemaking techniques. A
large array of many different types of chemical compounds and their correct proportion
determine its quality. Therefore, their analysis through the application of robust and
rigorous procedures is essential to prove wine safety, quality, and authenticity.

Some rapid and classical “wet chemistry” methods commonly used for wine analysis
include measurement of pH, titratable and volatile acidity, soluble solids, sulfur dioxide,
ethanol, and molecular spectroscopy methods (total phenolic, anthocyanins, color, a-amino
acids, and enzymatic-coupled reactions). Many of these methods are used for routine
analysis in many labs and even in the own cellar. Most of these procedures are compiled as
standard methods for wine analysis by different international organizations (e.g., Interna-
tional Organisation of Vine and Wine). Additionally, many indirect spectroscopy techniques
and sensor-based methods are being gaining in popularity to quantify different types of
chemical compounds. To do so, commercial instruments are currently available.

However, for a precise wine chemical analysis, more sensitive and specific instrumental
methods are necessary. These techniques will become even more relevant in the upcoming
years since the oenological sector will have to face new challenges associated to climate
change (introduction of new grape varieties, adaptation of fermentative processes and new
microorganisms, new oenological additives), reduction in the use of preservatives, and /or
the verification of wine’s varietal authenticity and the confirmation of geographic origin.
These are only some examples of the toughest challenges for wine analytical chemists and
control laboratories. In this sense, they will require very precise cutting-edge analytical
procedures and techniques to ensure wine safety, quality, and authenticity. Therefore,
techniques based in mass spectrometry and new holistic approaches (metabolomics, volati-
lomics) are very sensitive and promising tools for wine testing.

Moreover, in recent years, the application of sensory sciences has proved to be essential
to understand the sensory meaning of the chemical changes in sensory perception and
consumer response. In this sense, together with the application of the well-established
descriptive sensory analysis, new rapid techniques for sensory profiling and hedonic/prefer-
ence and emotional tests are providing crucial information in product development. In
addition to this, well-known (time-intensity) and more recent methods (temporal domi-
nance sensations) that allow us to monitor the evolution of sensory perception through wine
tasting combined with new in vivo analytical tools are becoming more and more used in
order to understand the relationship between wine chemistry and the sensory experience
during wine tasting.

The objective of this book is to provide to the reader a wide spectrum of instrumental
and sensory methods that currently used for wine testing. The first part of the book
(Chaps. 1-9) is focused on instrumental methods, while the second part of the book is
aimed to provide a selection of sensory procedures (Chaps. 10-16), and Chap. 17 is related
to the application of gas chromatography-olfactometry combining both approaches.
Selected well-validated and published procedures are described by experts on the different
topics, providing an introduction, including a specific application in wine, listing all the
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materials and reagents and comprehensively describing all the procedures step-by-step.
Additionally, a large number of notes giving tips on troubleshooting and for avoiding
known pitfalls are included.

This book will intend to compile the state of the art in instrumental and sensory wine
testing procedures for a broad range of wine applications. This, will be useful for young
researchers (i.e., graduate students, postdoctoral) and all researchers from industry or
academia who are either still at the begin of their academic career or senior scientists who
are in search for new challenges in a new field hitherto unfamiliar to them.

Coordinated by Maria Angeles Pozo-Bayon and Carolina Muiioz Gonzalez from the
Spanish National Council of Research (CSIC), this book brings together the collaboration
of many recognized scientists around the world, to whom we would like to thank their
valuable contribution for making possible this book.

Madrid, Spain Maria Angeles Pozo-Bayon
Carolina Muioz Gonzales
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DNA-Based Methods for Wine Traceability and Varietal
Authentication Using Single Nucleotide Polymorphism
Genotyping Assays

Paolo Boccacci and Giorgio Gambino

Abstract

The final characteristics of a wine are strongly influenced by must varietal composition. Further, wine
quality and value can be heavily modified if grape varieties other than those expected/allowed are used,
especially in the case of monovarietal wines. Thus, genetic traceability is an important tool used to protect
the authenticity of commercial wines against fraud. Single nucleotide polymorphisms (SNPs) are a
promising molecular marker class to reach this aim in wines. In this chapter, we have reported a DNA
extraction protocol and SNP TagMan® genotyping assays for varietal identification and wine authentica-
tion, developed for Vitis vinifera L. ‘Nebbiolo’ musts and wines.

Key words DNA extraction, Genetic traceability, Grapevine, Quantitative polymerase chain reaction
(qPCR), SNPs, TagMan® probe, Wine

1 Introduction

The vinification process and the geographical origin of the grapes
are two important parameters of wine quality. Nevertheless, the
final characteristics of the wine are strongly influenced by must
varietal composition, especially in monovarietal wines, for which
only one cultivar is used. Thus, wine authenticity and market price
can be heavily modified if grape varieties other than those allowed
by the production regulations are employed.

Traditional approaches used for the varietal identification and
authenticity of musts and wines are based on methods that associate
chemical composition with variety and production area [ 1-3]. Nev-
ertheless, chemometric approaches are often expensive in terms of
time and resources, and they present some inaccuracies caused by
the great influence of viticultural and winemaking methods on the
qualitative and quantitative composition of wine [1]. Therefore,

Maria Angeles Pozo-Bayén and Carolina Mufioz Gonzalez (eds.), Wine Analysis and Testing Techniques,
Methods and Protocols in Food Science, https://doi.org/10.1007/978-1-0716-3650-3_1,
© The Author(s), under exclusive license to Springer Science+Business Media, LLC, part of Springer Nature 2024
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the results cannot be considered reliable if the models are applied to
commercial wines [4].

DNA typing has proved to be a valuable technique for accu-
rately identitying cultivars due to its independence from external
conditions and its high discriminating power. By extracting DNA
from must and wine and using molecular markers amplified by
polymerase chain reaction (PCR), it is possible to identify the
grape variety used in winemaking. However, the results can be
very different depending on the wines, the DNA extraction tech-
nique, the type of marker, and the amplification technique used.
Among the available DNA markers, microsatellites or simple-
sequence repeats (SSRs) represent the most common markers
used in grapevine for fingerprinting [5]. Thus, nuclear and chloro-
plast SSR markers have been used to identify cultivars, analyzing
residual grape DNA extracted from mono-varietal and multi-
varietal musts and wines [6—15]. All authors obtained positive
results in must analysis but reported reproducibility problems for
the systematic authentication of finished experimental and /or com-
mercial wines. The main limiting factors were the low DNA quality
and quantity, mainly due to DNA degradation during the wine-
making processes, reduction of DNA quantity by clarification and
filtration of wines, presence of yeasts” DNA, and PCR inhibitors,
such as polyphenols, polysaccharides, and proteins.

Single-nucleotide polymorphisms (SNPs) are considered the
newest type of molecular marker for grapevine identification.
They are particularly interesting because are most abundant in the
genome and have the potential to become a valid alternative to
SSRs [16]. Moreover, SNPs can be employed to overcome the
degradation limitations, allowing DNA amplification using more
sensitive techniques, such as quantitative real-time polymerase
chain reaction (qPCR). Although SNP information content is
lower compared with SSRs and many SNP makers are required
for varietal identification, several genome sequencing or
re-sequencing of different grape cultivars, such as Vitis vinifera
L. cv ‘Nebbiolo’ [17], have allowed the identification of several
mutations and polymorphisms between different genotypes.
Therefore, SNPs have also been used for genetic traceability of
varieties in wine [10, 18, 19].

In our protocol, the most eftective approach is the analysis of a
limited number of SNP markers using qPCR, which allows the
identification of a specific cultivar within a group of genotypes
[20, 21]. It was developed for the varietal identification and
authentication of ‘Nebbiolo’-based wines, such as Barolo and Bar-
baresco, using SNP TagMan® genotyping assays, based on two
SNP markers (SNP_15082 and SNP_14783) that were sufficient
to distinguish ‘Nebbiolo’ from a group of 1157 true-to-type gen-
otypes [20]. Moreover, the high sensitivity of the assays allowed
identifying, for the first time, mixtures of 1% and 10% of ‘Barbera’
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in ‘Nebbiolo’ musts at the end of maceration and of malolactic
fermentation, respectively, as well as contamination of 10-20% of
‘Barbera’ in ‘Nebbiolo’ experimental wines [20].

2 Materials

2.1 DNA Extraction
Protocol

2.2 SNP Genolyping
Assay

. Extraction buffer: 1 M Tris—HCI, 1.4 M NaCl, 20 mM EDTA

(pH 8.0), 3% w /v cetyltrimethylammonium bromide (CTAB),
autoclaved at 120 °C for 20 min and stored at room
temperature.

. p-mercaptoethanol, stored at 4 °C.

. Chloroform—isoamyl alcohol (24:1 v/v), stored at room

temperature.

. 10% w /v cetyltrimethylammonium bromide (CTAB), stored at

room temperature.

. Ethanol, stored at —20 °C.

6. TE buffer: 10 mM Tris—-HCI (pH 8.0) and 1 mM EDTA

(pH 8.0), stored at room temperature.

7. Proteinase K (20 mg/mL), stored at —20 °C.

11.

. Phenol:chloroform:isoamyl alcohol (25:24:1), stored at 4 °C.
. Ammonium acetate (7.5 M), stored at 4 °C.
10.

70% ethanol prepared with autoclaved ultrapure water and
stored at —20 °C.

DNA extraction NucleoSpin® Plant Kit (Macherey-Nagel,
Diiren, Germany) (see Note 1).

. TagMan® Environmental Master Mix 2.0 (Thermo Fisher

Scientific, Waltham, MA, USA) (se¢ Note 2).

. TagMan® SNP Genotyping Assay mix (Thermo Fisher

Scientific, Waltham, MA, USA), containing premixed forward
and reverse primers, VIC probe, and FAM probe (Table 1) (see
Note 2).

. Sterile ultrapure water.

3 Methods

3.1 Wine Sample
Preparation

. Transfer the wine from the glass bottle into a plastic bottle and

store at —20 °C (see Note 3).

. After at least 2 days, thaw and homogenize vigorously the wine

sample by shaking the bottle several times (see Note 4).
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Table 1

Primers and probes specific for ‘Nebbiolo’ used for SNP genotyping

Length
of the
Allele Allele fragment
ID marker Nebbiolo  non-Nebbiolo D oligo Primer and probe sequences 5'-3' (bp)
SNP_14783 G A For GAGCACAATCAACAATTATCCA 83
TTT
Rev TGGTTGTGTTAATAGCAGGCAA
Probe FAM-TAAAAAAGTGTTAAGGTGA
Allele A TAAT-NFQ
Probe VIC-TAAAAAAGTGTTAAGGT
Allele G GATGAT-NFQ
SNP_15082 T C For TCTCTTCTGGCATGGAAATCAAT 89
Rev TAGATTACGGGCCAAGCTGA
Probe FAM-TCTCATTTTCCTCATTAT-
Allele T NEQ
Probe VIC-TCTCATTTTCCTCATCATG-
Allele C NFQ
3. Collect 100 mL of wine in two separate 50 mL tubes.

3.2 DNA Extraction

4. Centritfuge at 4000 g for 1 h at 4 °C.

. Discard the supernatant and continue with the DNA extraction

or store the pellet at —20 °C until all the necessary samples have
been prepared.

. Preheat the water bath to 65 °C and precool centrifuge at 4 °C

(see Note 5).

. Prewarm at 65 °C the extraction buffer and add

B-mercaptoethanol (10 pL for 1 mL of extraction buffer)
before use (see Note 6).

. Use 5 mL of prewarmed extraction buffer containing

B-mercaptoethanol for each wine sample and dissolve the pellet
by vortex (see Note 7).

. Incubated at 65 °C for 1 h, with mixing every 10-15 min.
. Add 5 mL (1 volume) of chloroform:isoamyl alcohol (24:1),

vortex vigorously, and centrifuge at 8000 4 for 10 min at 4 °C
(see Note 8).

. Transfer the aqueous phase (top layer) from each tube into a

new 16 mL tube, taking care to leave behind the bottom layer
and the debris-filled interface, and mix with 0.1 volume of 10%
CTAB prewarmed at 65 °C (see Note 9).

. Add 1 volume of chloroform:isoamyl alcohol (24:1), vortex

vigorously, and centrifuge at 8000 4 for 10 min at 4 °C.
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10.
11.

12.

13.

14.
15.

16.

17.

18.

1.
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. Recover the aqueous phase (top layer) from each tube into a

new 16 mL tube, taking care to leave behind the bottom layer
and the debris-filled interface, and add 2 volumes of cold
ethanol. Mix by inverting the tube and incubate at —25 °C
overnight.

. The next day, preheat the water bath to 48 °C and precool the

centrifuge at 4 °C.
Centrifuge at 10,000 g for 30 min at 4 °C.

Eliminate supernatant and resuspend the pellet in 250 pL of
TE bufter. Transfer each sample from the 16 mL tube to the
2 mL tube. Add 20 pL of Proteinase K (20 mg/mL) and
incubate at 48 °C for 30 min.

Add 1 volume (270 pL) of phenol:chloroform:isoamyl alcohol
(25:24:1), vortex vigorously, and centrifuge at 11,000 g for
15 min at 4 °C (see Note 10).

Recover the aqueous phase (top layer) from each tube into a
new 2 mL tube, taking care to leave behind the bottom layer
and the debris-filled interface (se¢ Note 11). Add 2 volumes of
cold ethanol and 2.5 M of ammonium acetate 7.5 M. Mix by
inverting the tube and incubate at —25° for at least 2 h.

Centrifuge at 22,000 g for 30 min at 4 °C.

Eliminate supernatant, wash the pellet with 500 pL of 70% cold
ethanol, and centrifuge at 22,000 4 for 10 min at 4 °C.

Eliminate supernatant and dissolve the pellet in 100 pL of
ultrapure sterile water.

Finally, add 65 pL of cold ethanol and 115 pL of Buffer PC
from NucleoSpin® Plant Kit. Load samples onto the Nucleos-
pin® Plant IT Column (green ring) and process according to
the manufacturer’s instructions. Perform the final elution in

45 pL of Buftfer PE and store at —20 °C (see Note 12).

Quantification of the DNA using a NanoDrop spectrophotom-
cter (see Note 13).

Thaw the DNA samples and sterile ultrapure water at room
temperature and thaw the qPCR reagents in ice. Vortex
and spin.

. For each wine sample, prepare a mix containing: 2.25 pL. of

sterile ultrapure water, 5 pL. TagMan® Environmental Master
Mix 2.0 (see Note 14), 0.25 pL of 40x TagMan® SNP Geno-
typing Assay, containing premixed forward and reverse primers,
VIC probe and FAM probe (see Note 15). Vortex and spin.

. Distribute 7.5 pLL mix per reaction in a PCR plate or in 0.2 mL

strip PCR tubes.
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Fig. 1 SNP genotyping in ‘Nebbiolo’ wines. (a) Scatterplot of TagMan®
SNP_14783 genotyiping assay with ‘Nebbiolo’ wines. (b) Relative fluorescence
unit (RFU) of the TagMan® SNP_14783 probe tagged with VIC dye (allele G
‘Nebbiolo’). The yellow line in the amplification plot indicates the RFU level of
‘Barbera’ (non-‘Nebbiolo’ control), above which, it was possible to detect
‘Nebbiolo’ wines. The control DNA from ‘Nebbiolo,” ‘Barbera’ (homozygous
non-‘Nebbiolo’ genotype), and ‘Freisa’ (heterozygous genotype) were extracted
from leaves

4. Add 2.5 pL. of DNA extracted from each wine sample (see
Note 16). Spin plate or tubes using a plate centrifuge.

5. Run the PCR on a thermal cycler for real-time PCR with the
following conditions: initial denaturation step at 95 °C for

10 min, followed by 55 cycles of 95 °C for 15 s, and 60 °C
for 1 min.

6. Allelic discrimination plots (Fig. 1) are constructed following
the instruction manual of the thermocycler manufacturer.
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4 Notes

. For final DNA purification, NucleoSpin® Plant Kit (Macherey-

Nagel, Diiren, Germany) is recommended due to the good
quality of the DNA obtained. However, this kit could be
replaced by another commercial kit for DNA extraction from
plant tissue.

. The TagMan® Master Mix indicated is the enzyme that gives

the best performance with the protocol reported. It is theoret-
ically possible to use other TagMan®™ Master Mix from different
companies, but it will probably be necessary to re-calibrate the
PCR reaction parameters. In addition, the indicated TagMan®
SNP Genotyping Assay is strongly recommended because these
probes use Minor Groove Binder (MGB) technology and are
particularly effective for discriminating between highly homol-
ogous allelic sequences. However, it would be possible to use
other probes from different companies, but it will probably be
necessary to recalibrate the PCR reaction.

. Storage of wine samples at —20 °C contributes to initial pre-

cipitation of nucleic acids, combining the low temperature with
the presence of alcohol in the wine, which occurs until com-
plete sample freezing.

. While thawing the wine sample, more homogeneous wine

aliquots are obtained by shaking or inverting the bottle several
times.

. The DNA extraction protocol was previously reported [20, 21]

and it was developed from the CTAB-based method reported
by Siret et al. [22] and modified by Agrimonti and
Marmiroli [12].

. The step using p -mercaptoethanol should be performed under

a fume hood.

. DNA extraction starts from 100 mL for wine, centrifuged in

two 50 mL tubes. Then, the 5 mL of prewarmed extraction
buffer containing p-mercaptoethanol required should be
divided equally (2.5 mL) into the two 50 mL tubes. After
dissolving the pellet from each of the two 50 mL tubes in
2.5 mL of extraction buffer containing p-mercaptoethanol,
transfer and combine everything in a single 16 mL tube.

. Chloroform:isoamyl alcohol (24:1) and phenol:chloroform:

isoamyl alcohol (25:24:1) should be used under a fume hood.

. The high concentration of CTAB (100 g per L) used in this

solution causes precipitations during storage. Therefore, the
solution should be preheated to 65 °C until the CTAB has
dissolved.



10

Paolo Boccacci and Giorgio Gambino

10.

11.

12.

13.

14.

15.

l6.

Phenol extraction is crucial for good DNA extraction from
wine samples [23].

During the recovery of the aqueous phase, it is essential to
avoid subsequent contamination by phenol. This reagent has a
maximum absorbance at 270/275 nm, which is close to the
DNA absorbance (260 nm). Phenol contamination can bias
DNA quantification with higher yields and purity due to an
upward shift in the absorbance value at 260 nm. Moreover,
PCR reaction can be inhibited by the presence of phenol.

The final purification using a commercial DNA extraction kit
helps in reducing the level of contaminants and PCR inhibi-
tors, such as polyphenolic compounds, proteins, and
polysaccharides.

The DNA quality and quantity is generally estimated using a
NanoDrop spectrophotometer by determining the spectro-
photometric absorbance of the samples at 230 nm (polysac-
charides), 260 nm (nucleic acids and phenolic compounds),
and 280 nm (proteins) and the ratios of Ayeg 4280 and Azeo,
a230- Nevertheless, several previous works [13, 24] reported
the presence of yeast DNA and phenolic substances in the
DNA extracted from the wine. Thus, the data obtained with
Nanodrop quantification are overestimated and spectrophoto-
metric quantification is often not reliable for the quantification
of grapevine DNA in wine. Alternatively, can be adopted a
more specific quantification of grapevine DNA-based on the
qPCR amplification of the endogenous gene of V. vinifera
Vv NCED2 using TagMan® probes [6, 13, 20, 21, 24].

The TagMan® Environmental Master Mix 2.0 (Thermo Fisher
Scientific, Waltham, MA, USA) may be replaced by another
TagMan® Master Mix, from a different manufacturer, with
good tolerance to PCR inhibitors.

In Table 1 was reported an example of TagMan® SNP geno-
typing assays specific for ‘Nebbiolo’ wines [20, 21]. The pro-
tocol can be applied to other wines from different cultivars
after the identification and validation of specific SNPs. In addi-
tion, for different wines, it may be necessary to slightly modify
the DNA extraction protocol.

For each wine sample, analyze at least three replicates obtained
from three different DNA extractions.
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Optimization of Microbial DNA Extraction from Wine, Juice,
and Sap for Community-Based Genome Studies

I. Nyoman Sumerta, Jean-Luc Legras, Kate Howell, and Di Liu

Abstract

Obtaining high-quality DNA for diversity analysis from plant-based samples is challenging due to the
presence of inhibitors, such as phenolics which are naturally abundant in plant tissues. Phenolics can hinder
DNA extraction processes causing degradation, enzymatic inhibition, and oxidation, leading to low yield
and purity DNA for analysis of microbial communities. Modifying the extraction method by performing a
pre-treatment step to reduce the concentration of phenolics will be crucial before the extraction process of
plant-based samples. Here we describe the addition of polyvinylpolypyrrolidone (PVPP) to bind phenolics,
which is then discarded from the extraction process. DNA extraction process is completed by following
commercially available extraction kits for efficient release of high-quality DNA for downstream analyses.
This method can be used for extracting DNA from plant-derived liquids (grape juice, must, wine; also
xylem/phloem sap inside the plant) for genomic studies.

Key words DNA extraction, Genomics, Polyphenols, Polyvinylpolypyrrolidone, Grape, Wine,
Xylem/phloem sap

1 Introduction

Assessing microbial communities directly from the environment
has received huge attention in genomics. It contributes to a deeper
insight of the ecological process that benefits food industries with
applications widespread for agricultural, health, and environmental
analyses [1-3]. Using advanced technology in genomics to reveal
microbial communities improves the scalability and accuracy
uncovered by traditional microbiological methods, which were
largely based on the ability of the microorganism to be cultured
in the laboratory [1, 4]. To ensure accurate representation, DNA
extraction is the crucial stage to determine the quantity, quality, and
validity of the microbial composition analyzed by microbiome
sequencing like next-generation sequencing (NGS).

Obtaining good DNA quality for revealing the microbial
community is challenging. Isolating sufficient yield of sequencing
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quality DNA depends on the type of samples and the extraction
method [5], and affects not only the quantity and quality of DNA
but also downstream molecular analyses [6, 7]. Methods have been
developed to obtain a good yield of DNA into extraction Kkits
providing efficiency and reproducibility [8]. On the other hand,
each type of sample has inhibitors that determine DNA vyield qual-
ity. For instance, a sample from plant materials contains some
metabolites that could interfere the DNA extraction, such as poly-
saccharides and phenolics compounds that should be removed to
optimize the DNA vyield and downstream analyses [8—10]. If those
substances remain after extraction, they would inhibit enzymatic
activities [8, 9]. For example, those inhibitors could prevent the
binding of taq-polymerase during PCR and hinder the enzymatic
modification of restriction endonuclease digestion [11]. The pres-
ence of phenolic substances also leads to DNA degradation [10].

In food and beverage production, the application of genomics
data to reveal the microbial communities has provided deep infor-
mation about the fermentation microecology [12]. The fermenta-
tion of plant products contains many inhibitor compounds; thus,
it is challenging to obtain an appropriate genetic material. Different
plant materials have inhibitors in various concentrations, such as
polysaccharides and secondary metabolites which could affect the
yielded DNA quality [13], and the choice of DNA extraction
method would affect community diversity index values [5]. Samples
of grape juice, must, wine fermentation and also xylem/phloem sap
inside the plant (e.g., grapevine, palm) are rich in polysaccharides
and phenolics which need to be removed to obtain good quality
DNA for downstream molecular applications. With several
strategies, cetyl-trimethyl ammonium bromide (CTAB) in buffer
extraction can remove the polysaccharides [9, 14, 15], and
the combination of sodium chloride, potassium acetate, and iso-
propanol can precipitate  DNA from polysaccharides [13],
2-mercaptoethanol protects DNA from oxidation and degradation,
and polyvinylpolypyrrolidone (PVPP) contributes to polyphenols
removal [9, 16]. In samples with high content of polyphenols,
PVPP can tightly bind to polyphenols and separate these complexes
from non-phenolics compounds [16, 17].

DNA extraction kits provide time efficiency and allow modifi-
cations to improve the DNA yield that suits downstream applica-
tions. DNA extraction kits are used for investigating microbial
communities in next-generation sequencing giving reproducibility
between extractions and allowing extraction from a wider range of
sample types [18]. A wide range of kits that could extract different
types of samples is helpful for scalability samples in microbial com-
munity studies [5]. Our previously published works have combined
the application of PVPP during sample preparation to remove
phenolic compounds as an extraction step prior to a standard kit
protocol and achieved good quality data [19, 20]. Therefore, we



High-Quality DNA from Grape and Wine-Related Samples 15

described the techniques used for wine, juice, and sap samples in
the study of Liu et al. [19] in this optimization protocol. DNA was
isolated from pellets after centrifugation, washed with PVPP for
several times, extracted with commercial kit, and finally the quality
and quantity of DNA were assessed using gel visualization, Nano-
drop, and Qubit measurements.

2 Materials

2.1 DNA Exaction Kit
DNeasy PowerSoil Kit
(Qiagen, Cat. No.
12888-100)

22 0.1 MPBS
(Phosphate-Buffered
Saline), pH 5.2

2.3 1% PVPP
(Polyvinylpoly-
pyrrolidone) (Sigma-
Aldrich, Gat. No.
81420-500G or
ThermoFisher
Scientific Cat. No.
J62417)

2.4 1x TAE (Tris-
Acetate-EDTA) Buffer

Prepare all materials and store them at appropriate temperatures.
All materials can be stored at room temperature, excepting electro-
phoresis dye and ladder at —20 °C and Qubit standards at 4 °C.
Follow all instructions and waste management procedures for haz-
ardous materials.

» This protocol uses DNeasy PowerSoil kit* as an example but also
works for other commercial DNA exaction kits (please follow
manufacturer’s instructions accordingly), for example,
FastDNA™ Kit.

A little modification at the beginning before following the man-
ufacturer’s instructions (see Subheading 3.2).

» Take 80 mL of double distilled water in a volumetric flask.

* Add 2.0214 g of sodium phosphate dibasic heptahydrate to the
solution.

* Add 0.3394 g of sodium phosphate monobasic monohydrate to
the solution.

» Adjust solution to pH 5.2 using HCl or NaOH.
» Add distilled water until the volume is 100 mL.

+ Sterilize by filtration using a 0.22 pm membrane.

* Add 1.0 g of PVPP to an appropriate flask and add 0.1 M PBS to
100 mL volume.

»  Mix and store at 4 °C.

» Prepare stock solution in 1.0 L of 10x TAE.

» Add 48.5 g of Tris to volumetric flask and dissolve with 800 mL
of distilled water.

* Add 11.4 mL of acetic acid glacial.
* Add 20 mL of 0.5 M EDTA (pH 8.0).
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2.5 SYBR™ Safe Gel
Staining (Invitrogen,
Cat. No. $33102 or
GLPBIO Cat. No.
GC12792)

2.6 1.5% Agarose

2.7 6% Loading Dye

2.8 1 kb DNA Ladder

Mix thoroughly and add distilled water to 1.0 L.
Store the stock solution at room temperature.

For 1x TAE, dilute the stock solution at 1:10 factor.

Environmentally safe and less hazardous gel stain for DNA
compared to ethidium bromide and light sensitive (store in the
dark container at room temperature).

Alternatively, other similar gel stains are also available, for
instance, GelRed® nucleic acid gel stain.

Prepare 0.75 g of Agarose to the flask and add 50 mL of 1x
TAE solution.

Mix thoroughly and microwave for 1 min.

Wait until slightly warm (£50 °C) and add 5 pL of gel staining
(SYBR safe).

Shake roundly until agarose solution is stained thoroughly.

Pour agarose solution into the electrophoresis tray and set
the comb.

Leave for 20 min at room temperature or 10 min at 4 °C fridge
to harden the gel.

The loading dye is used when running the electrophoresis.

Pipette mixing the DNA with loading dye before loading to the
gel wells (see Subheading 3.3)

For referencing the DNA quantity. Mostly the ladder is colorless
and mixed with loading dye (2:1) before loading to the gel wells.

(b) Qubit bufters and standards (Invitrogen, Cat. No. Q33230 or

Fisher Scientific Cat. No. 15880210)

* There are two standards and working buffer to run the
qubit measurement (see Subheading 3.4.2).

3 Methods

3.1 Sample
Preparation

DNA isolation using a commercial kit, DNeasy PowerSoil, with
some modifications in sample preparation before following manu-
facturer’s instructions.

1.
2.

Thaw the frozen samples at 4 °C.

Centrifuge liquid samples of wine, juice, and sap at 10,000 x »4
for 10 min.

. Remove supernatant or transfer to another tube for further

analysis.



3.2 DNA Extraction

10

11.

12.

13.
14.

15.

16.
17.

18.

19.
20.

21.

22.

23.

24.

25.

High-Quality DNA from Grape and Wine-Related Samples 17

. Wash pellets with the 500 pL pre-cooled 1% PVPP in 0.1 M

PBS (see Note 1).

. Vortex for 15 s.
. Centrifuge the mixture at 10,000 x 4 for 10 min.

. Remove the supernatant and return to step 4 (pipette mixing

with pellet if required).

. Repeat steps 4-6 for 2-3 times (see Note 2).
. Store the pellet at —20 °C for the next analysis.

. Transfer 200-300 pL of extraction buffer taken from the
PowerBead Tube to the pellet, and pipette-mixing thor-
oughly. Then, retransfer to the PowerBead Tube (se¢ Note 3).
Add 60 pL of Solution Cl1 to the PowerBead Tube and vortex
for 10 s. If precipitated, heat solution C1 at 60 °C.

Vortex horizontally the PowerBead Tubes for 10 min or Bead
beater in 2000 Hz for 2 min.

Centrifuge the PowerBead at 10,000 x g4 for 30 s.

Prepare a new 2 mL Collection Tube and transfer
400-500 pL of supernatant to prepared Collection Tube.

Add 250 pL of Solution C2 and vortex briefly. Put in chiller
for 5 min incubation to optimize solution C2 precipitation to

organic and inorganic contaminants such as protein and cell
debris.

Centrifuge the collection tubes at 10,000 x g for 1 min.
Transfer up to 600 pL of supernatant to a new 2 mL Collec-
tion Tube. Avoid the pellet while pipetting.

Add 200 pL of Solution C3 and homogenize briefly. Put in
chiller for 5 min incubation to optimize solution
precipitation.

Centrifuge the collection tubes at 10,000 x 4 for 1 min.

Transfer 750 pL of supernatant to a new 2 mL Collection
Tube, avoid the pellet while transferring.

Mix Solution C4 by shaking and add 1200 pL to the superna-
tant. Vortex briefly.

Add 675 pL mixed solution from step 12 to MB Spin Column
and centrifuge at 10,000 x g for 1 min. Discard flow-through.
Repeat this step twice until all of mixed solution is processed.
Add 500 pL of Solution C5. Centrifuge at 10,000 x 4 for 30 s.

Discard the flow-through. Centrifuge again at 10,000 x 4 for
1 min.

Put MB Spin Column into a new 2 mL Collection Tube by
avoiding any splashes of Solution C5 and dry it up for 5 min.
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3.3 Gel Imaging

26. Add 50-100 pL of Solution C6 or alternatively used DNA-free

27.

29.

30.

31.

32.

33.

34

PCR-grade water to the center of the white filter membrane of
MB Spin Column. Ensure the entire membrane is wet to have
better yield.

Centrifuge a at 10,000 x g4 for 30 s. Discard the MB spin
column from collection tube. The eluted DNA is now ready
for quality check and then store at —20 °C or —80 °C for
further downstream applications.

. Prepare gel agarose and 1x TAE solution (see

Subheading 2.6).

Add 5 pL of SBYR™ safe to the warm gel mixture (see Note
4).

Pour the agarose on a gel tray with comb. Wait until the agar
hardens.

Release the comb and put the gel to the electrophoresis
chamber containing 1x TAE, make sure the gel soaks properly
until no air bubbles in wells.

Prepare parafilm to mix 1 kb ladder and 6x loading dye. Load
2.5 pL of loading dye onto parafilm and add with 5 pL ladder
or cach sample. Pipette mixing thoroughly (see Note 5).
Load to the well in agarose gel and run to the electrophoresis
apparatus for 60 min with 75 Voltage.

Visualize the DNA on GelDoc (Fig. 1).

(b)

1 kb ladder

15,000 bp kg

e

o
-
-
—
--
—
-
—
—
-
-
-

Fig. 1 Gel electrophoresis of extracted DNA from (a) wine ferment samples and
(b) fermented palm sap samples. All genomic DNA work for the following library
construction process



3.4 DNA Quantity and
Quality Measurement

3.4.1 Nanodrop

3.4.2  Qubit
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Fig. 2 DNA quality assessed by Nanodrop spectroscopy in sample number 80.
Value A260/280 indicates the absorbance ratio of DNA purity that generally takes
value at ~1.8-2.0 while A260/230 indicates less contaminants in the range of
2.0-2.2 (see Note 7)

Table 1
DNA quality and quantity from measurement by Nanodrop and Qubit (see
Note 9)

Nanodrop

#Sample Concentration (ng/pL) A260/280 A260/230 Qubit (ng/plL)

80 58.596 1.883 2.123 33.6
86 34.965 1.908 2.273 17.5
88 29.284 1.929 2.262 15.1
89 52.801 1.921 2.195 29

Prepare sample for measurement in Nanodrop.

* Prepare a blank solution for Nanodrop measurement, using the
elution buffer (see Note 6).

» Load 1 drop (approximately 1.5 pL.) of blank, measure, and then
follow with each sample of interest.

* The quality of DNA is visualized in Fig. 2 and the quantification
values are in Table 1.

* Prepare samples for measurement in Qubit.
» Prepare 2 tubes for 2 qubit standards (Std 1 and Std 2).
* Add 10 pL of each standard to each tube (sec Note 8).
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Add 190 pL of Working solution (maximum amount is sup-
posed to 200 pL).

Vortex briefly.

As for the sample, add 198 pL of working solution to the tube
and add 2 pL of sample. Vortex briefly to mix.

Measure the DNA concentration noting the 2 pL dilution on
qubit machine.

Result for qubit measurement is presented in Table 1.

4 Notes

. Store in a chiller or ice before application to minimize the

contamination and stabilize the chemical compounds.

. The repetition will give a maximum binding of PVPP to reduce

phenolic content. Time of repetition depends on the type of
sample and possible content of polyphenols. More repetitions
will be needed if more polyphenols are suspected.

. Homogenizing sample and buffer lysis is crucial in this step.

Substances in the PowerBead Tube ensure that the contami-
nants are dissolved and prevent DNA degradation.

4. SYBR safe is sensitive to the light, store in a dark container.

. Mixing loading dye and DNA is important to ensure DNA is

evenly distributed throughout the loading dye, which contains
tracking dyes and a density agent. The tracking dyes help
visualize the DNA migration during gel electrophoresis, while
the density agent helps the DNA sink into the well of the gel.
Proper mixing also prevents air bubbles from forming in the
loading mixture, which can interfere with the migration of
DNA fragments during electrophoresis.

. Blank solution for Nanodrop can be C6 solution or DNA-free

water.

. Qubit only shows DNA concentration. Otherwise, Nanodrop

can describe  DNA purity by the absorbance ratio at
260,280 nm and 260,230 nm. The purity of DNA is at of
~1.8 and ~2.0 is for RNA. A 260,/280 ratio of ~1.8-2.0 is
generally accepted as “pure” for genomic DNA. If the ratio is
out of range, contaminants such as protein and phenol may
present that can absorb wavelength at or near 280 nm. The
second ratio also indicates purity, which is commonly expected
at 2.0-2.2. If the ratio is lower than expected, contaminants
may absorb wavelength at 230 nm.

. Qubit standards are light sensitive and must be stored at 4 °C.
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9. If the yield of DNA concentration is low, put the eluted DNA
into vacuum concentrator machine or conducting classical
method like ethanol precipitation will be helpful. Here are
general steps for ethanol precipitation:

(a) Add 2.5 volumes of ice-cold ethanol absolute (>99%) to
the DNA sample.

(b) Add 0.1 volume of 3 M sodium acetate (pH 5.2) to the
sample and mix well by inverting the tube several times.

(c) Place the sample in a —20 °C fridge for 1-2 h to allow the
DNA to precipitate.

(d) Centrifuge the sample at maximum speed (14,000 % g4) for
10-15 min at 4 °C.

(e) Carefully remove the supernatant without disturbing the

(h)

DNA pellet as much as possible.

Wash the pellet with ice-cold 75% ethanol to remove any
remaining salt.

Centrifuge again at maximum speed (14,000 x g). Discard
supernatant carefully and air-dry or vacuum-dry the
pellet.

Resuspend the DNA pellet in an appropriate volume of
sterile TE buffer or DNA-free water.

The amount of ethanol and sodium acetate added can vary

depending on the amount and type of DNA sample. It is
important to use ice-cold ethanol and to centrifuge the sample
at 4 °C to ensure maximum DNA precipitation.
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Fluorescence Spectroscopy for Red Wine Authentication

Ranaweera K. R. Ranaweera, Adam M. Gilmore, and David W. Jeffery

Abstract

The molecular fingerprint obtained from fluorescence spectroscopy has been used in combination with
chemometrics for the authentication of red wine according to region, variety, and vintage. The approach
relies on dilution of a small amount of wine prior to absorbance-transmission and fluorescence excitation-
emission matrix (A-TEEM) analysis, which provides UV /Vis spectra and fluorescence landscapes for
determining wine color parameters and for authentication. This protocol describes pre-operation checks,
sample preparation and spectral analysis, data pre-treatment, and examination, along with parallel factor
analysis for fluorophore assignment and extreme gradient boosting discriminant analysis for classification,
while highlighting key points in the overall methodology.

Key words A-TEEM, Authenticity, Excitation-emission matrix, Extreme gradient boosting,
Fluorophore, Machine learning, Parallel factor analysis, Provenance

1 Introduction

There are many approaches that can help detect wine fraud arising
from adulteration or substitution of variety, region, or vintage
[1]. Non-targeted spectroscopic techniques that provide a product
“fingerprint” are attractive due to their rapid and user-friendly
nature, with fluorescence spectroscopy being particularly appealing
due to the high level of sensitivity and selectivity it ofters [2 ]. Similar
in some respects to UV /Vis spectroscopy, which can also be used
for wine authentication, the fluorescence technique involves elec-
tronic transitions of molecules via absorption of light with wave-
lengths in the UV and visible range (190-800 nm). Being a type of
luminescence, it relies on excitation at certain wavelengths (Aey),
whereby molecules absorb photons, and detection of light emission
at longer wavelengths (A.,,,) from the thermally equilibrated excited
state, with the release of photons rapidly returning the molecule to
the ground electronic state [3].

Fluorescence spectroscopy detects fluorophores—in contrast
to chromophores with UV /Vis—although these can typically be
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the same types of molecules, such as aromatic compounds and
those with conjugated double bonds (phenolics, amino acids, vita-
mins, porphyrins [4]) typically present in grape and wine
[5, 6]. The technique yields excitation and emission spectra that
characterize the unique properties of fluorophores, either as indi-
vidual spectra or as a fluorescence landscape in the form of an
excitation-emission matrix (EEM) [4]. It is possible to collect
NIST-traceable fluorescence EEMs by accurately correcting spec-
tral properties and secondary factors associated with Rayleigh and
Raman scattering, and inner filter effects [7]. Intact food systems
(including opaque solids or turbid liquids) can be measured using
the front-face technique (typically with 30° illumination angle),
which analyses fluorophores in their native environment but can
be prone to signal distortion by strong absorbance and light scat-
tering. In contrast, the classical right-angle technique (0° illumina-
tion angle) is more sensitive and selective, especially when used with
dilute samples where both absorbance and fluorescence intensities
are proportional to the fluorophore concentration, that is, under
Beer-Lambert linear conditions [3, 5].

Combining UV /Vis and fluorescence, a spectroscopic tech-
nique known as absorbance-transmission and fluorescence
excitation-emission matrix (A-TEEM) uses the classical sample
geometry to provide absorbance data along with fluorescence
EEMs using an Aqualog instrument [8]. This provides five para-
meters that are compound (and solvent) specific: absorbance gives
extinction and spectral shape information; fluorescence yields infor-
mation on quantum efficiencies (relating absorbance to fluores-
cence intensity) along with excitation and emission spectra. Data
from A-TEEM have been combined with chemometrics and
machine learning algorithms to generate accurate classification
models for wine authentication by grape variety, production region,
and year of vintage [9-12]. This simple approach involves sample
dilution, recording of spectral data with an Aqualog spectropho-
tometer, spectral correction, and unfolding of EEMs into a
two-way array, data pre-processing and compression, then model-
ing based on sample class. The fundamental protocols are described
for sample preparation, instrument operation for A-TEEM data
acquisition, and data analysis including machine learning techni-
ques associated with classification of red wine.

2 Materials

» Absolute ethanol, (UV Optical or HPLC chromatography
grade), 37% analytical grade hydrochloric acid (HCI), and
water purified through a Milli-Q purification system.
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Type 1FL (4-way clear, spectral range 200-2500 nm, path
length 10 x 10 mm, chamber volume 3500 pL) macro fluores-
cence cuvette (Helma or Firefly Scientific).

Glass storage vials with PTFE lined screw cap, 12 mL.

External water bath or thermoelectrically cooled cuvette holder
(optional; to equilibrate temperature and circulator for sample
chamber to 20 °C, HORIBA Instruments Inc., Piscataway, NJ,
USA).
Aqualog UV-800C spectrofluorometer (HORIBA Instruments
Inc.).

Fast-01 (10 mL vials, up to 24) or Fast-02 (2 mL vials, up to 96)
autosampling unit (HORIBA Instruments Inc.), each with an
80 pL flow cell with 1 ¢cm transmission and 0.5 ¢cm fluorescence
optical path to facilitate inner filter effect (IFE) correction.

3 Methods

3.1 Acidified Ethanol
Solution Preparation
for Sample Dilution

3.2 Wine Sample
Preparation

. Measure 500 mL of ethanol (UV Optical or HPLC grade) and

500 mL of ultrapure water (Milli-Q, 18.2 MQ.cm) in a mea-
suring cylinder and transfer to a 1 L beaker with a magnetic
stirrer bar.

. Add a few drops of 1.0 M HCI to adjust the pH to 2.0 using a

pH electrode while stirring with a magnetic stirrer.

. Use vacuum filtration apparatus and a 0.45 pM PTFE filter

membrane or a 0.2-0.45 pM PTFE syringe-mounted filter. In
cither case, rinse the filter set-up with 100 mL of the acidified
ethanol solution and discard it to ensure no extractable UV
absorbing or fluorescing materials are present in filtrate (which
could lead to a blank with unacceptable background signals).
Filter the remaining solution and transfer the contents to a
clean screw cap bottle.

. Transfer 1 mL of the wine to a 1.5 mL Eppendorf tube and

centrifuge at 9300 rcf for 10 min. Dilute the sample by pipet-
ting the required supernatant volume of the centrifuged sample
(example dilutions indicated below) into a 12 mL glass vial and
adding filtered 50% (v/v) ethanol pH 2.0 solution, to obtain a
diluted sample that fits within the Beer-Lambert concentration
relationship (see Note 1).

Red wine: 150-fold dilution (40 pL wine: 5960 pL
solvent).

White wine: 50-fold dilution (120 pL wine: 5880 pL
solvent)



26 Ranaweera K. R. Ranaweera et al.

3.3 Pre-operation
Routine Calibration
Check

Fig. 1 4-Way clear 1-cm path length quartz fluorescence cuvette used for
analysis of diluted red wine samples

2. Vortex the diluted and capped samples for 60 s and sonicate for
10 min to degas the mixture. Transfer 3000 pL of the degassed
sample to a quartz fluorescence cuvette (Fig. 1) containing a
mini magnetic stirrer bar.

3. Prepare a blank sample in the same manner by pipetting
3000 pL of 50% (v/v) ethanol pH 2.0 solution into a clean
glass vial, vortex the capped vial for 60 s, sonicate for 10 min,
and transfer 3000 pL to a quartz fluorescence cuvette contain-
ing a stirrer bar.

Samples can be prepared ahead of time to equilibrate and
stored in acid-washed brown glass vials sealed with a screw cap.
The preparation to analysis time lag should be limited (e.g., no
more than 2 h) and consistent within a batch of samples for analysis
to minimize the effects of oxidation.

1. To assess the wavelength calibration and instrument sensitivity,
“Water Raman SNR and Emission Calibration” needs to be
undertaken before starting the analysis.

2. Ensure the Aqualog has been ON for a minimum of 45 min
and up to an hour to allow the lamp to warm up and stabilize.

3. Place the sealed water standard shown in Fig. 2a (10 mm
quartz cuvette filled with high-pure water reference material,
Starna Scientific Ltd.) into the sample chamber. It will click
into place and be the same as shown in Fig. 2b.
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Fig. 2 Sealed water standard sample holder (a) side view and (b) in position
within the instrument

Check cuvette for dust, fingerprints, etc., and wipe with
lint free cloth and 96% ethanol if needed.

4. With the sealed water standard in position, run Water Raman
SNR and Emission Calibration using the Aqualog (HORIBA
Instruments Inc.) instrument control software (Collect >
Aqualog Service Only). After around 60 s, the system will
prepare a report assessing the peak position and the signal-to-
noise ratio (SNR). The water Raman peak should occur at
397 nm and the SNR ratio must be above 20,000. A PASS/
FAIL result will be provided for both parameters, as shown in
Fig. 3. Monochromator adjustment may be required if the
Raman peak wavelength fails and the xenon lamp may need
changing it SNR fails. However, the quality of the water used
for the calibration check is an important consideration and
should be free of dissolved organic matter—general laboratory
water is not sufficient.

5. Before analyzing samples, generate a Raman Scattering Unit
(RSU) factor (RU icon in the Aqualog software) for fluores-
cence data normalization according to the water Raman peak
area, using the sealed water standard and following settings:

Integration time: 10 s.
CCD Increments: 8 pixels (approx. 4.66 nm).
Gain: Medium.

6. When the RSU analysis is complete, the normalization factor
needs to be adjusted in the RSU Adjust tab of the workbook to
match with the integration time to be used for Sample Q
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3.4 Sample Analysis
for a Single Cuvette

1.

operation (generally 0.1-0.2 s for red wine to avoid CCD
detector saturation). The subsequent RSU Adjust area value
will automatically recalculate for the new integration time,
providing a normalization factor relevant to the sample set for
post-processing the spectral data.

The instrument sample compartment, sample and solvent
materials should all be at room temperature (25 °C). After
the pre-operational procedures, remove the water standard
cuvette from the chamber and place the sample holder in the
chamber as shown in Fig. 4. Test blank and sample cuvettes for
optical cleanliness and absorbance and fluorescence baseline
performance (see Note 2).

. Prior to placing the cuvette in the sample holder chamber,

check for air bubbles in the sample. If any bubbles are evident,
carefully tap the cuvette to remove them before inserting the
cuvette into the chamber shown in Fig. 4. Before data acquisi-
tion, stir the sample cuvette in the sample chamber for
1-2 min, and keep the stirrer on at medium speed (5-6)
while running the analysis to ensure consistency within the
sample. The speed at which the sample should be mixed
depends on the viscosity of the sample (se¢ Note 3).

. Make sure that the sample chamber door is properly closed

during the analysis to avoid any outside light entering the
chamber.

. Samples can be analyzed as a batch using “Sample Q method.”

Scan settings from the menu need to change as follows:

Integration time: Integration (s) = 0.2 (that is the same inte-
gration time used to determine the RSU Adjust area).
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Fig. 4 Images of sample compartment showing (a) front view and (b) top view
with location for the cuvette in the center within the instrument

Wavelength Settings:

Excitation Wavelength = 700 nm (High) and 240 nm (Low)
with 5.00 nm (Increment).

Emission Wavelength = 829 nm (High) and 247 nm (Low)
with 4.66 nm (8 pixels) (Increment).

Saturation mask width = 10 nm.
CCD Gain = Medium.

5. The Aqualog software allows for selection of different post-
processing options (Data Processing menu) for IFE, Rayleigh
masking (RM) first and second order (sum of slit widths should
be 12 nm) and normalization (to the specific RSU Adjust area
obtained earlier). There are EEM interpolation options to
make the data comparable with other Aqualog instruments.

6. Sample analysis must initiate with a blank sample (sez Note 2)
and be followed with the diluted wine samples. Sample table
configuration needs to be set up according to the number of
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Fig. 5 Waterfall plot of (a) blank, (b) wine sample, and (¢) wine sample corrected for IFE, RM, and normalized
according to RSU

samples to be analyzed. Generally, for each 10 samples, a blank
needs to be run prior to the analysis of another 10 samples. The
Aqualog software will undertake the pre-processing of data at
the time of data collection and provides the corrected EEM
data based on IFE, RM, and normalization according to the
post-processing options. Blanks, samples, and corrected EEMs
can be visualized with waterfall plots (Fig. 5) to provide a
convenient initial check of the data.

7. Itis important to pay attention to indications of contamination
(see Notes 2 and 4). Cuvettes and water or solvent/acid
sources can have contaminations associated with them. Most
sample contaminations are in the region of the excitation below
300 nm and emission below 400 nm (Fig. 6).

8. If there is any indication of contamination in the waterfall or
contour plots, cuvette cleanliness or the purity of the dilution
solvent needs to be checked, because any signal in the “blank”
file will be automatically subtracted from the samples in the
batch. Contamination can also be indicative if sample measure-
ments have negative absorbance values. In that case, it is
recommended to prepare the blank with a clean or new glass
vial and rerun the batch. Ultimately, it is advisable to carefully
check the blank sample (se¢ Notes 2 and 4) to identify and
rectify any issues prior to diluting wine samples for analysis.
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Fig. 6 Contour plots of EEM spectra for a blank run showing (a) uncontaminated blank and (b) contaminated

blank

3.5 Sample Analysis 1.

for Multiple Samples
with Fast-01
Autosampling Unit

Turn on unit, check connections to flow cell, waste, and rinse
reservoir. Collect RSU unit as above (Subheading 3.3) using
standard single-cell sample holder. Replace the sealed water
standard sample holder with Fast-01 water-jacketed sample
drawer and flow cell. In the Sample Q method, scan settings
need to enable for the “Injector.” On the injector, set up the
method as in Fig. 7.

. Transfer 10 mL aliquots of blank solvent and diluted samples to

new clean vials, seal with cap/septum and place in sample racks
for analysis (see Note 4). Fit the cooling lid cover in place and
close lid to maintain temperature and darkness for sample vials.
Review details in the configuration, vial trays, and blank /sam-
ple groups as required for the batch analysis.

. Before running the samples, fill the rinse reservoir with 50%

ethanol pH 2 solvent and Run:
(a) Wash Needle (1x).
(b) Wash Loop (3x%).

. When analysis is complete, replace and fill the rinse reservoir

with suitable solvent (e.g., 20% v/v aqueous isopropanol) and
run as above to clean the autosampler.

3.6 Dala Processing Origin OEM software (OriginLab Corporation, Northampton,
MA, USA) incorporated into the Aqualog software undertakes
processing based on the method settings and provides corrected
data based on IFE, RM, and normalization. A general check of
absorbance and fluorescence data integrity and evaluation of out-
liers should be undertaken prior to further treatment of the data
(see Note 5).
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3.6.1 PARAFAC Modeling
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Fig. 7 Aqualog Sample Q method set up for multiple sample analysis using the
Fast-01 autosampler

EEM data obtained from the Aqualog is arranged in three-way
arrays; sample x excitation wavelength X emission wavelength
(3D). Using Solo software package (Eigenvector Research, Inc.,
Manson, WA, USA), parallel factor analysis (PARAFAC) is used to
decompose EEMs and facilitate the evaluation of putative fluoro-
phore identities according to the components in the sample. First-
order and second-order Rayleigh filters are applied to EEM data
(e.g., = 16 nm and + 32 nm, respectively) based on sample proper-
ties. The filtered values (greater than or equal to the values set in the
Aqualog software for RM, Subheading 3.4) can be replaced by the
software with either missing data or interpolation from either side
of the scatter band. EEM data is normalized to an area of one and
non-negativity constraints are applied to intensity, emission, and
excitation wavelengths (nm). The number of components required
for the model can be selected; typically, wine data can be analyzed
using four or five components. To evaluate and validate PARAFAC
models, it is recommended to follow tutorial publications
[13, 14]. Conventionally, the key goodness of fit parameters for
PARAFAC models include the core consistency values and split-half
matching analysis. Core consistency close to 100% is optimal for a
stable model or a similarity above 90% in the split half analysis
indicates the same (Fig. 8).
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Similarity measure of splits and overall model 91.9%
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Fig. 8 Split-half analysis for (a) excitation and (b) emission of the five compo-
nents from the PARAFAC model obtained using EEM data, showing the overall
model plus two subsets of the data (Set 1 and Set 2). The x-axis shows the
wavelength channel number (based on the excitation and emission ranges used
for the analysis) and the y-axis shows the loading values. The overlap of the
overall model and Sets 1 and 2 shows that very similar excitation and emission
loadings are obtained in each case, thus verifying the model is stable with the
chosen number of components. (Reprinted from Ranaweera et al. [10]. Copyright
(2021), with permission from Elsevier)

1. Prior to classification modeling of wine samples according to
grape variety, production region, and year of vintage, 3D EEM
data need to be reshaped to 2D (excitation wavelength values
multiplied by emission wavelength values) (see Note 6). For
unsupervised pattern recognition, cluster analysis with parti-
tional k-means can be applied and exploratory data analysis can
be carried out with principal component analysis (e.g., [11]).

2. For classification, supervised multivariate methods can be
employed for wine authentication purposes, such as partial
least squares discriminant analysis (PLS-DA), linear discrimi-
nant analysis (LDA), and support vector machine (SVM). Clas-
sification models built with the extreme gradient boosting
(XGBoost) algorithm (Fig. 9), based on a boosted decision
tree approach, tend to yield higher accuracy in classification
(e.g., [9]), although the potential for overfitting with super-
vised machine learning techniques needs to be controlled
[15, 16].
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Fig. 9 XGBDA analysis of EEM data for Cabernet Sauvignon wines from different
regions showing error-free classifications in class CV predicted most probable
for Bordeaux, Coonawarra, Margaret River, and Yarra Valley. (Reprinted from
Ranaweera et al. [9]. Copyright (2020), with permission from Elsevier)

3. Using Solo software (see https: //wiki.cigenvector.com/index.
php?title=Main_Page for user guides), application of XGBoost
discriminant analysis (XGBDA) for unfolded EEM data first
involves PLS compression using 10 latent variables, with mean
centering pre-processing and decluttering with generalized
least squares weighting at 0.2 to both calibrate and cross-
validate (k = 10, Venetian blinds procedure). With large
enough data sets, data can be split into training and test sets
of an appropriate proportion, such as based on the number of
features in the model (e.g., [17]) to assist with model optimi-
zation and validation. ASTM E2617 also offers recommenda-
tions for minimum sample numbers for calibration and
validation sets [18]. The XGBDA modeling occurs with the
xgboost algorithm and gbtree booster with basic parameters
applied as follows: eta = 0.1, max_depth = 2, and
num_round = 300.

4. To maximize performance of the model, absorbance and EEM
data from A-TEEM can be combined into a multi-block data
set (e.g., using Solo + MIA software). The combination (incor-
porating the five parameters mentioned in the Introduction)
has shown a slight improvement in score probabilities for
regional classification [12] and was useful for precise
sub-regional classification [11], due to the better supporting
the decomposition of specific components present in the sam-
ples (in other words, enhancing the molecular fingerprint). A
grid search can be undertaken to tune the pre-processing
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Confusion matrix results for XGBDA analysis of multi-block data (absorbance + EEM) for Australian
Cabernet Sauvignon wines according to their GI?

Region N Sensitivity%  Specificity% Error% Precision% F1 Score
Barossa Valley 56 100.00 100.00 0.00 100.00 1.00
Clare Valley 16 100.00 100.00 0.00 100.00 1.00
Eden Valley 24 100.00 100.00 0.00 100.00 1.00
Frankland River 14 100.00 100.00 0.00 100.00 1.00
Langhorne Creek 50 100.00 100.00 0.00 100.00 1.00
Margaret River 34 100.00 100.00 0.00 100.00 1.00
McLaren Vale 50 98.00 100.00 0.23 100.00 0.99
Riverland 168 100.00 99.64 0.23 99.41 0.99
Wrattonbully 20 100.00 100.00 0.00 100.00 1.00
Murray Darling 10 100.00 100.00 0.00 100.00 1.00

Data from Ranaweera et al. [10]. Copyright (2021), with permission from Elsevier

*Sensitivity (true positive rate): proportion of positive cases that were correctly identified = 100 x TP/(TP + FN);
Specificity (true negative rate): proportion of negative cases that were classified correctly = 100 x TN/(TN + FP);
Misclassification error: proportion of samples which were incorrectly classified = 100 x (1-accuracy), where accu-
racy = (TP + TN)/(TP + TN + FP + FN); Precision: proportion of positive cases giving a true positive
result = 100 x TP /(TP + FP); F1 Score: harmonic mean of precision and sensitivity = 2TP/(2TP + FP + FN)

options and hyperparameters during model optimization,
either using the Solo model optimization tool (see https://
wiki.eigenvector.com/index.php?title=Modeloptimizergui)
or undertaking this manually.

. Class predictions from the XGBDA model can be selected

based on classification rules “class predict strict” (probability
> threshold value of 0.5) or “class predict most probable”
(highest probability). Confusion matrices are used to evaluate
the performance of the models based on values for true positive
(TP), false positive (FP), true negative (TN), and false negative
(FN) for each class. For example, Table 1 shows the confusion
matrix results for classifying Cabernet Sauvignon wines accord-
ing to their geographical indication (GI) using fused EEM and
absorbance data sets.

4 Notes

1. A primary condition for accurate A-TEEM spectroscopy of

wine (or grape extracts) is to ensure all dissolved components
are in the linear Beer-Lambert absorbance range from around
240-530 nm. This can be accomplished by a making a serial
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dilution and plotting the absorbance values at all wavelengths
as a function of dilution factor. A general rule of thumb for
most chromophoric dissolved natural substances in wine is that
A280 must be at least 0.2 but not more than 1.0 OD ¢cm™*. For
most intense red wines, this typically involves dilution of at least
100-fold, and for white wines at least 50-fold.

. When using cuvettes (4 mL, 4-way clear quartz, transmission

200-2500 nm) for analysis it is reccommended to keep at least
one “check” cuvette free from sample exposure (only ever
containing dilution solvent but well cleaned and carefully
stored between uses) for performing the sample cuvette clean-
liness check. Conduct a standard blank A-TEEM scan on the
check cuvette then use a previously cleaned cuvette, that is one
to be used for further sample evaluation but filled only with
solvent for the “sample” scan. Evaluate the resulting absor-
bance spectrum: the absorbance mean should be 0 cm™! with
a baseline noise envelop of <0.01 AU and no significant sys-
tematic deviations from the mean. Additionally, inspect the
processed EEM contour plot to ensure all regions of the
EEM are free of any significant positive or negative deviations,
that is only exhibiting random noise with a mean of 0. When
possible, it is also recommended to use the same dilution
solvent and cuvette for the blank measurement, then spike
and mix in the wine (or grape extract) into that solvent with
stirring for the sample measurement; this helps subtract and
eliminate cuvette- and solvent-dependent artifacts.

. It is reccommended to start the stirrer motor on a slow speed,

watching to ensure the magnetic stirrer bar engages and is
stirring correctly. If the stirrer bar begins “jumping” this can
disturb the signal being recorded.

. Similar to working with cuvettes as explained in Note 2, when

using an autosampler unit (Fast 01 or Fast 02) it is advisable
prior to the first runs of samples to thoroughly prime and rinse
the system and flow cell with dilution solvent and prepare a
blank solvent vial in duplicate. Measure the blank with the first
vial and use the second vial for the “sample” to evaluate the
signal baseline for absorbance and fluorescence, as explained in
Note 2. Repeat this process with care to purge all air bubbles if
baseline specifications are not met. It is also critical that the
solvent used for rinsing between samples matches the solvent
used to dilute /dissolve the samples; ideally, the solvent batches
would be prepared together. Mismatching solvents can lead to
refractive index changes at the sample-solvent interfaces as well
as possibly thermal reactions, which can lead to poor and
variable sample elution properties.
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5. After collecting a set of A-TEEM scans it is highly recom-
mended to separately import the time-date stamped Processed
EEM (*PEM.dat) 3-way files and absorbance (*ABS.dat) files
into Eigenvector Solo as X-block data sets to inspect for base-
line issues and other possible outlier conditions. The baseline
integrity of the absorbance spectra files is very important
because these values are incorporated into the inner filter effect
correction algorithm for the PEM files. It is possible to remove
individual outliers by excluding them within the Edit Data
window, but care should be taken to identify, if possible, the
reason for outlier behavior. The absorbance spectra should all
show a similar baseline with a value around 0 OD cm™! at
wavelengths >700 nm. Any significant deviations of the base-
line or offset for the absorbance spectra could be a reason to
reject both the *ABS.dat and *PEM.dat data sets and diagnose
and remedy the cause of the problem. The most common
causes of baseline issues are: (1). Air bubbles in the cuvettes
or Fast-01 flow cell; (2). Mismatching of blank and sample
solvents; (3). Improper placement of the cuvettes or flow cell
in the optical path; (4). Light leaks into the sample compart-
ment; (5). Mechanical issues with the instrument or
autosampler.

6. When unfolding the three-way *PEM.dat file set (X-block)
into a 2-way array, it is important to use the “Unfold Multi-
way” command in the Edit Data window and select/enter one
mode to remain unfolded. This preserves the excitation x
emission wavelength coordinate metadata as well the data
ranges masked or excluded in the 3-way data format. It is also
important to check that any classification ID information
assigned in the 3-way data set is properly preserved and or
re-entered after the unfolding step, before saving the 2-way
X-block. If the class information is altered or deleted during
unfolding, the Delete Class option can be used to re-enter the
correct values.
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Mass Spectrometry-Based Methods
for the Characterization of Wine Flavonoids

Ignacio Garcia-Estévez, Erika Salas, Maria Teresa Escribano-Bailon,
and Cristina Alcalde-Eon

Abstract

Mass spectrometry is one of the most sensitive techniques that can be used in wine analysis. The use of
different mass spectrometric approaches allows one to obtain a clearer vision of the chemical complexity of
wine. There are different mass spectrometry approaches that can be used for flavonoid characterization,
such as mass spectrometry using electrospray ionization (ESI), which can be useful for both, identify and
quantify flavonoids, or matrix-assisted laser desorption ionization-time of flight (MALDI-TOF) mass
spectrometry that allows characterizing complex mixtures of flavonoids.

Key words Anthocyanin, Flavonol, Flavanol, ESI-MS, MALDI-TOF, Quantification, Identification,
Phenolic compounds, Wine analysis

1 Introduction

Flavonoids are the most important compounds regarding the
organoleptic properties of wine, such as color, bitterness or astrin-
gency. Mass spectrometry (MS) equipped with mild ionization
techniques, such as electrospray ionization (ESI-MS), can be used
to perform the qualitative and quantitative study of flavonoids in
wine. In ESI-MS, the ionization process is done at room tempera-
ture and at atmospheric pressure. ESI-MS also allows the detection
of multicharged ions in the positive ion mode ([M+zH]*")/z or
negative ion mode ([M—zH]|*")/z. Besides, increasing the voltage
in the ion source favors the formation of fragment ions (MS-MS),
which gives supplementary information about the structure of the
molecule. Fragment ions can be a very useful tool for determining
molecular structure as they arise from the well-determined breaking
of chemical bonds. However, the structural complexity of flavo-
noids makes this a difficult task. For instance, with regards to wine
flavan-3-ols (also known as flavanols), their structural features make

Maria Angeles Pozo-Bayén and Carolina Mufioz Gonzalez (eds.), Wine Analysis and Testing Techniques,
Methods and Protocols in Food Science, https://doi.org/10.1007/978-1-0716-3650-3_4,
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their characterization in wine samples a difficult task. These com-
pounds are formed by four basic sub-units, which are isomeric two
by two, that is, (epi)catechins ((E)C) and (epi)gallocatechins
((E)GC), that can polymerize through different types of bonds,
giving rise the so-called proanthocyanidins. The most abundant
proanthocyanidins result from the condensation of flavan-3-ols
units by a B-type bond, which is C-C bound that can occur
between the C4 of the upper unit and the C8 or C6 of the lower
unit. Furthermore, proanthocyanidins can be divided into two
different groups: procyanidins, which are formed just by (epi)-
catechin units and prodelphinidins, which contain in their structure
(epi)gallocatechin units, only or along with (epi)catechin units.
Within this last group, we could differentiate between pure prodel-
phinidins, which contain just (epi)gallocatechin units, and mixed or
double mixed oligomeric prodelphinidins, which contain one (epi)-
gallocatechin or two (epi)gallocatechin units in their structure
along with (epi)catechin units. Moreover, a galloyl residue can be
linked to the hydroxyl group at C3 of the epi(gallo)catechin units.
As a result, for a given polymerization degree, that is, the number of
sub-units forming the proanthocyanidins, the number of different
structures of flavan-3-ol that can exist in wine is high.

Along with this high chemical similarity among flavonoid com-
pounds, the complexity of wine samples makes it advisable to
combine MS analysis with a previous separation technique, usually
high-performance liquid chromatography (HPLC), which, in turn,
can be equipped with a diode-array detector to provide additional
information (HPLC-DAD). In those cases, mass spectrometers are
mostly coupled to the chromatography systems via the UV-vis cell
outlet. Thus, with this combination of techniques the different
wine constituents will be separated in the HPLC system depending
on their affinity to the stationary or to the mobile phase and will
enter the mass spectrometer quite isolated, allowing the analysis of
a large number of wine constituents, including minority com-
pounds that would probably have been ignored in a direct injection
of the sample into the mass spectrometer. HPLC-DAD-ESI-MS
has been widely used for flavonoid characterization since it provides
the means to make peak assignments and acquire quantitative data
by relying on mass spectral data.

This approach is very complementary to MALDI-TOF
(Matrix-Assisted Laser Desorption Ionization— Time of Flight)
analysis, which is the ideal technique for the analysis of complex
mixtures as it produces only a singly charged molecular ion for each
parent molecule. Thus, complex mixtures of polyphenols from
fruits or beverages can be analyzed by MALDI-TOF, such as the
native flavonoids from grape that are still present in wine, which can
also change and react with other native polyphenols and be trans-
tormed (during wine-making and aging) in the complex mixture of
derived flavonoids present in wine.
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An important difference between ESI-MS and MALDI-TOF is
that, sometimes, when analyzing highly concentrated flavonoid
solutions (even pure standards) you can detect stacking in ESI-
MS, which is double (or sometimes even triple) of the flavonoid
m/z. This fact can be related to the high concentration of the
analyte in the ion source. Stacking has not been reported to occur
in MALDI-TOF analysis. Although MALDI-TOF is usually used in
proteomics analysis, its application in wine analysis is not yet widely
developed.

In this chapter, the main characteristics of different methodol-
ogies set up for flavonoid characterization in wine samples based on
both ESI and MALDI-TOF mass spectrometry are described.

2 Materials

2.1 Simultaneous
Analysis of
Anthocyanins and
Anthocyanin-Derived
Pigments and
Flavonols by HPLC-
DAD-ESI-MS"

2.2 Flavan-3-ol
Characterization by
HPLC-MRM-MS

»  Water purified through a Milli-Q purification system and acid-
ified water (pH adjusted to 1.4 using 37% hydrochloric acid—
HCI, analytical grade), 0.1% aqueous trifluoracetic acid (TFA)
and acetonitrile (HPLC-grade).

* Malvidin 3- O-glucoside (purity greater than 95%) and quercetin
3-O-glucoside (purity greater than 95%).

* High-performance liquid chromatography (HPLC) equipment
equipped with a binary or quaternary pump, a column thermo-
stat, and a Diode-Array-Detector (DAD) coupled to a mass
spectrophotometer equipped with a triple-quadrupole and/or
linear ion trap mass analyzer and with an ESI source (ESI-MS).

+ Stationary phase: C-18 reversed-phase column (for instance: a
5 pm, 150 mm x 4.6 mm column).

» Cationic solid phase extraction (SPE) cartridge (for instance,
Oasis MCX cartridges from Waters Corp., Milford, MA, USA).

*  Methanol (for analysis or HPLC grade), 37% hydrochloric acid
(HCI, analytical grade), water purified through a Milli-Q purifi-
cation system, formic acid 98% (HPLC grade), and acetonitrile
(HPLC grade).

» Chlorogenic acid (primary reference standard).

» HPLC system equipped with a binary or quaternary pump and a
column thermostat, coupled to a mass spectrophotometer
equipped with a triple-quadrupole mass analyzer and an ESI
source (ESI-MS).

* C-18 column with superficially porous, core-shell particles (for
instance: a 2.7 pm, 150 mm x 4.6 mm column).
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2.3 Analysis of
Flavonoids by MALDI-
TOF

Methanol (analytical grade), acetone (analytical grade), water
purified through a Milli-Q purification system, and acetic acid
(analytical grade).

C18 cartridge (for instance, Sep Pak tC18 cartridge—environ-
mental model from Waters, Milford, MA, USA).

Trans-3-indolacrylic acid (tIAA) matrix (purity >98.5%).

Cation exchange resin (for instance, Dowex 50X8-400 from
Thermo Fisher, Waltham, MA, USA).

MALDI-TOF mass spectrometer employed in reflectron ion
detection mode (for instance, a Bruker UltrafleXtreme with
laser SmartBeamIII from Bruker, Bremen, Germany).

Target plate ground steel (for instance, MTP 394 BC from
Bruker, Bremen, Germany).

3 Methods

3.1 Simultaneous
Analysis of
Anthocyanins and
Anthocyanin-Derived
Pigments and
Flavonols by HPLC-
DAD-ESI-MS"

3.1.1 Sample
Preparation

3.1.2 HPLC-DAD Analysis

. Dilute (see Note 1) wine samples with acidified water (pH next

to 1.4) to shift the equilibrium of anthocyanin and
anthocyanin-derived pigments towards flavylium forms (posi-
tively charged).

. Filter the diluted samples with 0.45 pm filters before the injec-

tion into the chromatograph.

. Inject the filtered samples into the HPLC-DAD system cou-

pled to ESI-MS working with previously optimized conditions
(see for example Alcalde-Eon et al. [1]) (see Note 2). Given the
structural and chromatographic behavioral similarity between
wine anthocyanins and flavonols, the analysis of both types of
flavonoids can be done in a single injection.

. Use the information supplied by the chromatograms recorded

at 520 nm for the qualitative and quantitative analysis of antho-
cyanins (see Note 3). Use a calibration curve of malvidin 3-O-
glucoside previously injected in the same conditions to quantify
them (see Note 4).

. Employ the information supplied by the chromatograms

recorded at 360 nm for the qualitative and quantitative analysis
of flavonols. Use a calibration curve of quercetin 3- O-glucoside
previously injected in the same conditions to quantify them (see
Note 4).



3.1.3 MS Analysis

3.1.4  Fragmentation
Patterns of Anthocyanins,
Anthocyanin-Derived
Pigments and Flavonols
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In the HPLC-DAD-ESI-MS" analyses of anthocyanins and flavo-
nols, MS is usually employed for qualitative purposes (for obtaining
the m/z of the molecular or protonated ion and fragmentation
pattern of the individual compound) and rarely for quantitative
purposes due, above all, to the absence of adequate internal
standards.

1.

Optimize the conditions of the mass spectrometer with mal-
vidin 3-O-glucoside (the main monomeric anthocyanin in
wines made with Vitis vinifera L. red grapes and the main
source of anthocyanin-derived pigments). Positive ion mode
is recommended for the analysis of anthocyanins and
anthocyanin-derived pigments as they are already positively
charged in acidic solutions.

. Check that the ionization conditions in the ESI source allow an

adequate ionization of the targeted compounds without caus-
ing them an extensive fragmentation. In the conditions opti-
mized for anthocyanins, flavonols can be also detected in the
form of protonated ions in the full mass spectra (see Note 5).

. Use the combined information from HPLC-DAD-MS analysis,

which will be supplied for each peak in the chromatogram
recorded at the selected wavelength and the UV-vis spectra
and mass spectra, along with the elution order and retention
time for identifying anthocyanins or flavonols.

. It is highly recommended to carry out fragmentation of the

compounds in MS? and MS? analyses to obtain more informa-
tion about their structure since some of the anthocyanins,
anthocyanin-derived pigments, and flavonols present in wine
can show the same m,/z. For a given compound and in a given
condition, the compound will be fragmented following a cer-
tain pattern, which is called fragmentation pattern.

. To establish the fragmentation pattern, annotate the m/z of the

molecular ion (anthocyanins) or protonated ion (flavonols) in
the full mass spectra at the retention time of the targeted peak
at 520 or 360 nm. Then, annotate the m/z of all of the
fragment ions appearing in the MS? spectra and calculate the
differences between them and the m/z of the molecular ion.
These will be the neutral losses between the molecular ion and
the fragment ions in MS?2. Annotate the m,/z of the fragment
ions in MS® and calculate the differences between them and the
fragment ion of MS? from which they originate.

. Localize the most abundant ion in MS? spectra to identify the

anthocyanidin or the flavonol aglycone (Fig. 1) from which
grape native anthocyanins or flavonols respectively derive.
Additionally, the identity can be confirmed from the results of
the MS® analysis where the aglycone is fragmented and
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0,3A+ 02+ — 0.2B*_CO

Anthocyanidin m/z R, R, Flavonol m/z R, R,
Delphinidin 303 OH OH Mpyricetin 319 OH OH
Cyanidin 287 OH H Quercetin 303 OH H
Petunidin 317 OCH, OH Laricitrin 333 OCH, OH
Pelargonidin 271 H H Kaempferol 287 H H
Peonidin 301 OCH, H Isorhamnetin 317  OCH, H
Malvidin 331  OCH, OCH, Syringetin 347 OCH, OCH,

Fig. 1 Structures and m/z ratios of the main anthocyanidins (left) and flavonol aglycones (right) detected in
wines. The main fragment ions resulting from their fragmentation in MS® analysis are also indicated in the
structures. (Adapted from Ma et al. and Oliveira et al. [9, 10])

different fragments ions can be formed depending on the
substitution of B-ring (Figs. 1, 2, and 3). Use the results of
the MS® analysis to differentiate between the grape native
anthocyanins and flavonols whose aglycones show the same
m/z (see Note 6 and Figs. 1 and 2).

3. To identify the substituent in position 3 in grape native antho-
cyanins and in flavonols take into account the neutral loss
observed from the molecular ion in full mass spectra to the
aglycone in MS* spectra: in anthocyanins and flavonols, the
loss of 162 amu can be interpreted as the loss of one glucose
moiety (or galactose moiety, in the case of flavonols), the loss of
176 (in the case of flavonols), as the loss of a glucuronic acid
moiety and the losses of 204, 308 and 324 amu
(in anthocyanins) can be interpreted as the losses of one glu-
cose moiety acylated with acetic, p-coumaric or caffeic acids,
respectively. These acids are linked to the glucose moiety in
position 6’, and in the fragmentation conditions usually
employed for anthocyanins, the linkage is rarely broken during
fragmentation, being the glucose and acid lost together [2—4]
(see Note 7).
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Fig. 2 Comparison of the fragmentation patterns of anthocyanidins (left) and flavonol aglycones (right) sharing
the same my/z ratios (in positive ion mode: delphinidin and quercetin: 303; cyanidin and kaempferol: 287;
petunidin and isorhamnetin: 317). The neutral losses from the aglycone to the different fragment ions are
indicated by arrows and numbers
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Fig. 3 Fragmentation patterns of the rest of anthocyanidins (left) and flavonol aglycones (right) that do not
show the same m/z. The neutral losses from the aglycone to the different fragment ions are indicated by

arrows and numbers

4. For the identification of the different types of anthocyanin-
derived pigments that can be detected in wine samples, take
into account these indications:

* In most cases, as in the case of grape native anthocyanins,
the most abundant ion in MS? is originated from the loss of
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the substituent in position 3. Thus, depending on the neu-
tral loss, the anthocyanin-derived compound could be clas-
sified as 3-O-glucoside, 3-O-acetylglucoside, 3-O-p-
coumaroylglucoside or 3- O-caffeoylglucoside.

In the case of pyranoanthocyanins|[2, 3], the most abundant
ion in MS? corresponds to the aglycone, and from its 7/,
the nature of the pyranoanthocyanin can be inferred. The
aglycones of A-type vitisins (10-carboxypyranoanthocya-
nins) and B-type vitisins (formed after cycloaddition of acet-
aldehyde) show 68 and 24 additional amu in relation to the
anthocyanidin from which they derive. In the case of the
pyranoanthocyanins derived from hydroxycinnamic acids,
the aglycones are 116, 132, or 146 amu greater than the
corresponding anthocyanidin depending on the type of
hydroxycinnamic acid involved in the synthesis ( p-couma-
ric, caffeic, or ferulic acids, respectively) (see Note 8).

In Flavanol-Anthocyanin Direct Condensation Products
(F-A"), the m/z of the molecular ion is the sum of the
molecular mass of the anthocyanin from which it is formed
and the molecular mass of the flavanol with 2 amu less (for
example, the dimer catechin-malvidin 3- O-glucoside shows
amolecular ion at m/zat 781 =493 + 290 — 2). In the MS?
spectra, the main fragment ion is again the aglycone, and the
neutral losses (162,204, 308, or 324 amu) will be helpful to
identify the substituent in position 3 of the anthocyanidin
(glucose, acetylglucose, p-coumaroylglucose, or caffeoyl-
glucose, respectively). Localize in MS? and /or MS? spectra
the “diagnosis” fragment ion for determining the anthocya-
nidin involved in F-A™: it is the one showing the mass of the
anthocyanidin and 42 additional amu. In addition, in some
cases, a small fragment ion corresponding to anthocyanidin
can be observed, but not always (the interflavanic bond, the
linkage between position 4 of the flavanol and position 8 of
the anthocyanidin and rarely position 6, is stronger than
glucosidic bond and is rarely broken). The “diagnosis” frag-
ment ion to determine the identity of the flavanol is that
resulting from the retro Diels-Alder fission (RDA) in the
C-ring of the flavanol (originated from loss of 152 amu
when the flavanol involved is (epi)catechin or 168 amu,
when it is (epi)gallocatechin) [2—4]. Direct condensation
products between flavanols and dimeric anthocyanins
(F-A-A") have been also detected in wines, and mass spec-
trometry has been a very useful technique to elucidate the
identities of the flavanols and anthocyanins involved in these
oligomeric structures (se¢ Note 9).

In the case of Flavonol-Anthocyanin Acetaldebyde-mediated
Condensation Products (F-et-A") [2—4], the aglycone is not
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3.2 Flavan-3-ol
Characterization by
HPLC-MRM-MS

3.2.1 Sample
Preparation

3.2.2 Flavan-3-ol
analysis

the most abundant ion in the MS? spectra. Instead, the
major product, ion always shows 26 additional amu in rela-
tion to the native anthocyanidin and can be considered the
“diagnosis” fragment ion to determine the antbocyanidin.
In addition, this “diagnosis” fragment ion is further frag-
mented in MS® analysis into fragment ions originated from
the same neutral losses as those observed in the fragmenta-
tion of the native anthocyanidin (neutral losses shown in
Figs. 2 and 3, left). Deduce the type of flavonol from the
second most abundant ion in MS? spectrum since it is
formed from a neutral loss of either 290 amu for a (epi)-
catechin moiety or 306 amu for a (epi)gallocatechin one.
Additionally, a minor fragment ion can appear in the MS?
spectrum originated after RDA of the flavanol, which can be
confirmative of the identity proposed for the flavanol. Infer,
as in previous types of pigments, the nature of substituent in
position 3 of the anthocyanidin from the neutral loss
between the third most abundant ion in MS? spectrum
and the molecular ion. This third most abundant ion is the
aglycone, which would only contain the flavanol linked to
the anthocyanidin through the methyl-methine bridge (see
Note 10).

1. Fractionate the wine sample for flavan-3-ols purification by

SPE: (i) The cartridge must be conditioned with methanol
and water (2 mL of each solvent) before using it, (4z) load the
acidified and diluted sample (2 mL, se¢e Note 11) onto the
cartridge, (742) cleanup the sample with water (4 mL) in order
to remove non-phenolic compounds, such as sugars, (7v) elute
flavan-3-ols (along with flavonols and phenolic acids) with
methanol (8 mL), and (v), concentrate this fraction until dry-
ness under vacuum and re-dissolve it using water (0.5 mL) [5].

2. Add to the purified sample, prior to the chromatographic

separation, chlorogenic acid as internal standard (final concen-
tration 0.025 mg/mL) to correct the variability in mass spec-
trometry (see Note 12).

. Perform chromatographic analysis by using C18 columns with

superficial porous, core-shell particles and formic acid aqueous
solution (0.1% v/7) and acetonitrile as solvents [6].

. Identify flavan-3-ols by means of mass spectrometry (both full

mass analysis and collisionally induced fragmentation patterns
of [M+H]" protonated ions) to characterize the degree of
polymerization of the flavan-3-ol and the number of (epi)-
gallocatechins /(epi)catechins in the flavan-3-ol structure (see
Table 1 and see Note 13).
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MRM transitions that can be used to quantify the most abundant flavan-3-ols in wine

Flavan-3-ol structure

Protonated ion [M+H]*

(m/2)

MRM transitions (protonated
ion-fragment ion)

(Epi)catechins
Epicatechin gallate
Procyanidin dimers

Procyanidin monogalloylated
dimers

Procyanidin digalloylated dimers
Procyanidin trimers

Procyanidin monogalloylated
trimers

Procyanidin digalloylated trimers
Procyanidin tetramers

Procyanidin monogalloylated
tetramers

Procyanidin digalloylated
tetramers

Procyanidin pentamers

Procyanidin monogalloylated
pentamers

(epi)gallocatechins
Epigallocatechin gallate
Prodelphinidin dimers (pure)
Prodelphinidin dimers (mixed)
Prodelphinidin trimers (mixed)

Prodelphinidin trimers (donble
mixed)

291
443
579
731

883
867
1019

1171
1155
1307

1459

1443
1595

307
459
611
595
883
899

291-139
291-139
579-289 and 579-291
731-289 and 731-291

883-441
867-577 and 867-579
1019-579, 1019-729 and 1019-731

1171-441
1155-577 and 1155-579
1307-577 and 1307-579

1459-729

1443-577 and 1443-579
1595-729 and 1595-731

307-139

459-139

611-305 and 611-307

595-289 and 595-305
883-593, 883-579,and 883-577
899-609 and 899-593

3. Stablish the MS-MS transitions in positive ion mode for the
quantification of the different flavan-3-ol structures, so a mul-
tiple reaction monitoring (MRM) of MS-MS transitions
method is built on the basis of their protonated ion and the
main fragments ions obtained in MS-MS (see Table 1) [6].

3.1 Select the transition “protonated ion m,/z”-139, based on
the retro-Diels Alder reaction (RDA) fission, for the quan-

tification of

or not).

all monomeric flavan-3-ols

(galloylated
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3.3 Analysis of
Flavonoids by MALDI-
TOF

3.3.1 Sample Cleanup
(see Note 16)

3.3.2 MALDI-TOF
Analysis

3.2 Select the transitions based on the quinone methide
(QM) fission for the rest of flavan-3-ols, considering the
possibilities of galloylation or B-ring hydroxylation, when
necessary. Take into account that it is recommended to use
more than a single transition (Table 1) to quantify each
type of flavan-3-ol, since this allows increasing the sensitiv-
ity and, therefore, decreases the quantification limits. Most
of the flavan-3-ol oligomers can be monitored by using two
different transitions, excepting procyanidin monogalloy-
lated trimers and prodelphinidin mixed trimers (i.¢., pro-
delphinidins trimers including one (epi)gallocatechin unit
and two (epi)catechin units), which need three different
MS-MS transition to allow monitoring all the possible
isomeric flavan-3-ols showing the same protonated ion
(see Table 1 and Note 14).

. Determine the signal corresponding to all the transitions set up

for each compound and calculate the sum of all of them to
quantify each flavan-3-ol (sec Note 15).

. Correct the variability of the signal by using the signal

corresponding to the internal standard employed, whose
MS-MS transition must be monitored too. Quantification is
performed from the ratio between the flavan-3-ol signal (the
sum of all the transitions set up for the corresponding flavan-3-
ol) and the internal standard signal (r ratio), since this r ratio is
the one that is directly related to flavan-3-ol concentration with
the highest precision and accuracy.

. Evaporate the wine sample under vacuum and dissolve it in

acidic water.

. The SPE (solid phase extraction) tC18 cartridge is precondi-

tioned (activated with methanol and rinsed with water).

. Load the acidified wine sample onto the cartridge (it is impor-

tant to not saturate the cartridge, se¢ Note 17).

. Clean the sample with acidified water (acetic acid 1% »/») to

remove salts, proteins, and other polar compounds.

. Elute phenolic compounds with methanol.

6. Concentrate the wine’s phenolic extract under vacuum at 32 °

C and freeze-dried for further analysis.

. Prepare an aqueous solution of 70% (v/v) acetone by mixing

700 mL of acetone and 300 mL of water.

. Prepare a matrix solution: dissolve 100 mg of tIAA (trans-3-

indolacrylic acid) matrix in 2 mL of the aqueous solution of
70% (v/v) acetone (sec Note 18)
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. Dissolve the wine phenolic extract (obtained after SPE) in an

aqueous solution of 70% (v/v) acetone in a concentration of
5 mg/mL.

. Mix 500 pL of the matrix solution with 500 pL of the sample

solution, add 10 mg of Dowex 50X8-400 cation exchange
resin for deionization.

. Apply two microliters from each sample (the mixture of the

matrix and the resin) onto a stainless-steel target plate and fully
air-dried (sample spot).

. Prepare for each assay three sample spot replicates to analyze

them [7].

. Perform MALDI-TOF analysis. Conditions are: Laser power is

adjusted to 55%, the detector gain 4.0x (2410 V), and the mass
range between 200 and 3500. Positive ion mode is used for the
detection of anthocyanins and negative ion mode is used for
flavanols (see Notes 19 and 20).

4 Notes

. Usual dilutions range from 1/2 up to 1/5 depending on the

color of the wine and still allow the detection of minor com-
pounds. However, as these minor compounds usually co-elute
with more abundant compounds, it is difficult to obtain their
fragmentation pattern. To overcome this problem, you can
program the software of the mass spectrometer to perform a
“Dynamic Exclusion” of the major compounds. With this
option, the most abundant ions are temporarily excluded
from the fragmentation, thus allowing the fragmentation of
less abundant ones. Setting the dynamic exclusion of the
major compounds after three cycles would be enough to obtain
the fragmentation pattern of major and minor compounds
co-eluting.

. Optimize the HPLC conditions to allow a good separation of

anthocyanins and anthocyanin-derived compounds and a good
separation of flavonols. C-18 reversed-phase columns com-
bined with a gradient of an acidic aqueous eluent and an
organic solvent (for instance: TFA 0.1% and acetonitrile,
respectively) are adequate for wine analysis

. Additionally, chromatograms can be recorded at 505 nm to

easily localize pyranoanthocyanins by overlapping the chro-
matogram at 520 nm with that at 505 nm.

. Calibration curves for anthocyanins and flavonols should be

prepared by dissolving the corresponding standard, malvidin
3-O-glucoside or quercetin 3- O-glucoside, in acidified water or
ultrapure water, respectively. From seven to nine different levels
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of concentration should be prepared for each compound and
analyzed under the same conditions as samples. Standard con-
centration should range between 0.01 and 100 mg/L in the
case of malvidin 3-O-glucoside, and between 0.05 and
100 mg/L in the case of quercetin 3-O-glucoside. Moreover,
to increase precision, the five lowest concentration levels
should be used separately to build a calibration curve to quan-
tify low levels of compounds.

. We have observed that in the mass conditions optimized for

anthocyanins, flavonol glycosides are more easily broken than
anthocyanins during ionization. Consequently, in order to
localize minor flavonols, it is advisable to obtain an extracted
ion chromatogram (XIC) at the m/z ratios of all of the flavonol
aglycones and at the m/z ratios of the suspected flavonol glyco-
sides (according to elution order and UV spectrum).

. The m/z ratios of some anthocyanidins and some flavonol

aglycones are the same (in positive ion mode: delphinidin and
quercetin, m,/z 303; cyanidin and kaempferol, m/z 287; petu-
nidin and isorhamnetin, 7/z 317). In addition, flavonols can
be substituted at position 3 with glucose, just as anthocyanins.
Consequently, the m,/z ratios of the glucosides of both types of
compounds will be also identical. If mass analysis is performed
coupled to HPLC-DAD, then, the elution order and, above all,
the UV-vis spectra will allow the assignment of the identity. If
these data are not available, data supplied by mass spectrometer
can be helpful for their identification. First, in the conditions
usually employed for anthocyanin analysis in wines, flavonol
glycosides are more easily fragmented than anthocyanins dur-
ing ionization, and for this reason, a greater proportion of
flavonol aglycone is observed in full mass spectra in relation
to anthocyanidins. Second, although the m/z rations of the
aglycones are identical in some cases, their fragmentations
differ (Figs. 1 and 2). The most helpful fragment ion is that
at m/z 153, present in the fragmentation of all of the flavonol
aglycones and not in those of the anthocyanidins (Figs. 2 and
3). This ion (ion '*A*) is formed after the breaking of linkages
1 and 3 in C ring (RDA); Fig. 1), which cannot occur in
anthocyanidins in the conditions usually employed due to the
existence of conjugated double bonds in these positions [8, 9].

. Wines made from grapes other than Vitis vinifera can show

anthocyanidin 3,5- O-diglucosides. With the improved sensitiv-
ity of mass spectrometry techniques, these compounds have
also been detected in small amounts in wines made with Vitis
vinifera grapes, probably appearing in that species by the use of
American rootstocks. Diglucosides of a given anthocyanidin
share the m/z ratio with the caffeoylmonoglucosides of that
anthocyanidin, since the molecular masses of glucose and



Mass Spectrometry to Characterize Wine Flavonoids 53

caffeic acid are the same. In a combined reversed phase-HPLC-
DAD-MS" analysis, the elution order and different features of
their UV-vis spectra would allow their differentiation (for the
same anthocyanidin, the diglucoside elutes earlier than the
caffeoylglucoside; in the UV spectra of 3- O-caffeoylglucosides
there is an increased absorption band from 260 to 380 nm,
with maxima at 280 and 330 nm and the UV-vis spectra of
3,5-O-diglucosides the hump around 440 nm existing in 3-O-
monoglucosides disappears). In addition, these compounds
can be clearly differentiated by their mass fragmentation pat-
tern. In the case of caffeoylglucosides, caffeoyl and glucosyl
moieties are lost together (loss of 324 amu), originating a
single fragment ion in their MS? spectra that corresponds to
the anthocyanidin. In contrast, in the MS? spectra of 3.5-O-
diglucosides, an additional fragment ion corresponding to the
monoglucoside occurs. This ion can be formed either by the
loss of the glucose moiety in 3- O-position or by the loss of that
located in 5-O.

. The combination of different anthocyanidins and different
acids to form hydroxyphenyl- derivatives can originate agly-
cones with the same m/z (for example, the pyranoanthocyani-
din derived from peonidin and vinylcatechol and the
pyranoanthocyanidin derived from petunidin and vinylphenol
show both a signal at m/z 595). Similarly,
10-carboxypyranopeonidin 3-O-glucoside (A-type vitisin of
peonidin) and 10-methylpyranomalvidin 3- O-glucoside show
the same m,/z (531), as well as 10-methylpyranopetunidin 3-O-
glucoside and pyranomalvidin 3-O-glucoside (B-type vitisin of
malvidin), which share the same m/zratio (517). In these cases,
differentiation can be done above all from their UV-vis spectra,
but also on the basis of the fragmentation of the aglycone in
MS? analysis, since the losses observed are the same as those
observed in the fragmentation of the native anthocyanidins
(Figs. 2, 3 left and 4).

. Fragmentation of dimeric anthocyanins (A-A") and direct con-
densation products between them and flavanols (F-A-A™): In
these dimeric and trimeric structures, the fragmentation occurs
similarly to that occurring in F-A* dimers, with fragment ions
originated from Retro Diels-Alder fission (RDA)and/or from
Heterocyclic Ring Fission (HRF) in the upper units, from the
losses of one or two glucose moieties (acylated or not) or from
the cleavage of the interflavanic linkage between the flavanol
and the upper unit of the dimeric anthocyanin in the case of
F-A-A". A large number of fragment ions can be formed from
F-A-A" since many of these fragmentations can occur simulta-
neously in different parts of the oligomeric structure. However,
as in F-A* dimers, there are “diagnosis” fragment ions that can
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Fig. 4 Examples of fragmentation patterns of pyranoanthocyanins showing the same m/z, but deriving from
different aglycones and belonging to different pyranoanthocyanin types. a and b: Comparison between
10-carboxypyranopeonidin 3-0-glucoside (A-type vitisin of peonidin) and 10-methylpyranomalvidin 3-0-
glucoside, which both show a molecular ion at m/z 531 and an aglycone at m/z 369. ¢ and d: Comparison
between 10-methylpyranopetunidin 3-0-glucoside and pyranomalvidin 3-0-glucoside (B-type vitisin of mal-
vidin), which share the same m/z ratio (517) and aglycone (m/z 355)

inform about the nature of the flavanol, the nature of the
anthocyanidin located in the middle position and the nature
of the anthocyanidin located in the lower position of the
oligomer [10].
10. Differentiation between flavanol epi-isomers in F-A" and
F-et-A" condensation products. The differentiation of epi-iso-
mers only from the information supplied by mass spectrometry
is difficult given the similarity in the fragmentation of isomers
and the low concentration of some of them, which make
sometimes difficult the obtaining of MS? spectra. Thus, elution
order and relative proportions of the isomers are helpful for the
assignment of the identity. In the case of F-A" dimers, those
containing catechin or gallocatechin elute earlier than the
corresponding compounds containing epicatechin or epigallo-
catechin. In the case of F-et-A* dimers, two isomers can be
formed for each pair of anthocyanin-flavanol [11, 12]. Conse-
quently, the same m/z ratio might correspond to four different
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compounds (two epi-isomers and two diasteroisomers). The
synthesis of these compounds from malvidin 3-O-glucoside,
acetaldehyde and catechin or epicatechin in studies carried out
in our laboratory [2, 3, 11, 12] has allowed the determination
of the proportions between diasteroisomers (the second one is
formed in a greater proportion) and the elution order of all the
four compounds (epicatechin-first diasteroisomer, catechin-
first diasteroisomer, catechin-second diasteroisomer, and
epicatechin-second diasteroisomer).

Sample is diluted with 0.1 M HCI (1:1) in order to put all
pigments in their cationic form so they can be removed during
SPE.

10 pL of a solution of chlorogenic acid of 1 mg,/mL are mixed
to 390 pL of the re-dissolved fraction to reach a final concen-
tration of chlorogenic acid of 0.025 mg/mL without an
important dilution of the sample.

The collisionally induced fragmentation patterns of [M+H]*
protonated ions of monomeric flavan-3-ols show fragment ions
derived from four main losses [ 13]. First, the loss of a molecule
of water (18 amu) gives rise to a fragment at m/z 273 and
289, for (E)C and (E)GC, respectively. The main fragmenta-
tion occurs through the retro-Diels-Alder (RDA) fission of C
ring, which implies the loss of a neutral fragment of 152 amu
for (E)C or 168 for (E)GC leading, in both cases, to a fragment
at m/z 139. Also, the heterocyclic ring fission (HRF) of C ring
implies the loss of a neutral fragment of 126 amu, giving rise to
fragments at m/z 165 or 181 that can lose a molecule of water
and give fragments at m/z 147 or 165 for (E)C and (E)GC,
respectively. Besides, benzofuran-forming (BFF) fission of the
initial molecule can give rise to two ionized fragments, one at
m/z 123 or 139 (for (E)C or (E)GC, respectively) and one at
m/z 169 for both types of monomeric flavan-3-ols. In addition
to this fragmentation pattern, the oligomeric and polymeric
flavan-3-ols undergo the quinone methide (QM) fission imply-
ing the rupture of the interflavanic bond. Thus, for instance,
the main fragmentation in the case of B-type procyanidin
dimers ([M+H]" at m/z 579) implies the QM fission giving
rise to two ionized fragments at m/z 289 and m/z 291, which
will appear along with all the fragments corresponding to the
fragmentation pattern described above. Also, the chro-
matographic behavior, that is, the relative retention time,
must be considered to differentiate between flavan-3-ols of
the same molecular weight and, even like this, most of the
isomers cannot be unequivocally identified [14].

The conditions for multiple reaction monitoring (MRM) anal-
ysis have to be optimized by using the different flavan-3-ol
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15.

16.

17.

18.

19.

types, regarding their degree of polymerization, galloylation,
and hydroxylation of B-ring. The main parameter that should
be adapted to each structure is the collision energy used to
fragment the protonated ion, giving rise to the selected frag-
ment ion. In the case of (epi)catechins and procyanidins, the
collision energies use to be lower for non-galloylated mono-
meric, dimeric, and trimeric flavan-3-ols and higher for more
polymerized structures. However, when galloylated, the tri-
meric flavan-3-ols need similar collision energy than more
polymerized structures and higher than the dimeric and mono-
meric ones. On the contrary, in the case of (epi)gallocatechins
and prodelphinidins, the highest collision energies are used for
the monomeric structures (both galloylated or not) [6].

For a given protonated ion, not all the fragments selected in the
MS-MS transitions can be detected, since it depends on the
position of the sub-units to which the galloyl group is linked
to, when the flavan-3-ol is a galloylated derivative and on the
position of the (epi)gallocatechin units in the mixed and dou-
ble mixed prodelphinidins. This way, in that case, it is possible
that one compound shows signal just at a determined MS-MS
transition, which will be used for quantification. However, in
most cases, flavan-3-ols will show signal at all transitions set up,
although with a different intensity depending on their
structure.

It is important to do a sample cleanup, in order to eliminate
other families of compounds that could cause interference with
the mass signal, increasing background noise and diminishing
the quality of the m/z signal.

To avoid the saturation of the solid phase, the wine sample
should be in a small volume and high concentration and the
color should not diffuse over one-third of the cartridge when
depositing the sample.

For polyphenol analysis, the most commonly used matrices
are  tIAA  (trans-3-indolacrylic  acid) but DHB
(2,5-dihydroxybenzoic acid) can be also employed.

Proanthocyanidins (or tannins) can be detected in positive ion
mode or negative ion mode (see Fig. 5 as an example). When
negative ion mode is used, a simpler spectrum is obtained,
since the phenolic compounds are usually detected in positive
ion mode as sodium and/or potassium adducts. For instance,
in Fig. 5 there is only one mass signal per compound in a series
of galloylated and non-galloylated dimers and trimers, the
most intense m/z corresponds to the galloylated trimer
(m/z1017).
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Fig. 6 MALDI-TOF analysis in positive ion mode of a wine pomace extract

20. Anthocyanins are best detected in the positive ion mode
because they are naturally occurring cations. See Fig. 6 as an
example of a MALDI-TOF analysis of anthocyanins, in which
wine pomace fraction is analyzed, allowing the determination
of malvidin 3-p-coumaroylglucoside (m/z 639) and other
native (anthocyanin dimers) and derived anthocyanins (#/z
609 and m/z781).
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Quantification of Proteins in White and Rosé Wines

Richard Marchal

Abstract

The Bradford method is used worldwide in biochemistry to quantify proteins. Proteins might react with a
dye, the Coomassie Brilliant Blue (CBB), to form blue complexes measured at 595 nM. The Bradford
method is the most commonly used method in oenology for must and wine protein quantification because
of its rapidity, reproducibility, accuracy, and ease of implementation. Nevertheless, different interferences
may falsify the quantification of protein because of interactions between nonprotein compounds and the
dye reagent. Thus, ultrafiltration with 3-10 kDa molecular weight cut-off (MWCO) membrane showed
that nonprotein compounds largely react with the Coomassie Brilliant Blue (CBB) and can produce an
Asos nm equal to 30-90% of the value estimated by direct quantification. Ethanol and phenolic compounds
are the main responsible for these interferences. Moreover, both bentonite and vegetable charcoal treat-
ments partially eliminate proteins and phenolics. In this chapter a modified Bradford method involving the
measurement of Asgs v before and after ultrafiltration (3—10 kDa MWCO) and taken in consideration the
global interference with the CBB, will be presented, allowing us for a more accurate measure of the wine
protein content.

Key words Protein estimation, Bradford assay, White wine, Interferences, Oenological treatments

1 Introduction

Precipitation of wine proteins results in the formation of hazes and
deposits during wine aging or storing under unsuitable conditions
[1, 2]. It has also been shown that proteins actively participate in
the formation and the stabilization of the foam in sparkling wines
[3]. On the other hand, it has been observed that yeast mannopro-
teins play an important part in tartaric precipitation and sparkling
wine foam [4, 5]. The importance of protein properties in wine
behavior is the reason why these macromolecules have been the
focus of many studies, with a particular interest in their
quantification.

The need to use a reliable method seems evident after having
read the literature results. In fact, reported protein contents are
extremely variable, depending on the grape type, the vintage, and

Maria Angeles Pozo-Bayén and Carolina Mufioz Gonzalez (eds.), Wine Analysis and Testing Techniques,
Methods and Protocols in Food Science, https://doi.org/10.1007/978-1-0716-3650-3_5,
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the vinification method. This variability in protein content is also
due to sample preparation and to the meaning that is given to the
term “protein”: nitrogenous fraction excluded by gel-permeation
chromatography, precipitable (by ethanol, trichloroacetic acid, or
ammonium sulfate), isolated by SDS-PAGE after CBB staining, or
soluble in the wine. The employed methods to quantify wine-
soluble proteins are also variable: Biuret, Lowry, A,go, (direct)
Bradford, Smith, Kjeldahl, SDS-PAGE, or by a proteomic
approach. Since Hsu and Heatherbell experiments [6], the Brad-
ford method [7] is probably the most widely used in oenology for
white and rosé wine protein quantification [8-11], even if the
potassium dodecyl sulfate/bicinchoninic acid (KDS/BCA) is
sometimes preferred in the case of haze risk studies [12]. The
several advantages of this method—rapidity, reproducibility, accu-
racy, sensitivity, low cost, and above all usable in direct dosage—
have led to general use according to many authors [9-11].

With this Bradford method, white and rosé wine protein con-
centrations vary from 1 mg/L [8] to 220 mg/L [11]. This incredi-
ble variability in concentration is explained by whether or not
interferences are considered.

In fact, interferences are inherent to all biochemical protein
estimation methods. Thus, for example, phenolic compounds, oli-
gopeptides (MW < 10 kDa), and ethanol strongly react with
CBB [8].

In this chapter, we present a corrected Bradford method [8] for
a much better estimation of soluble proteins in musts and white/
rosé wines, even if it is known that there is no perfect method. For
this, we discuss the advantages and the limits of the modified
Bradford method used in oenology.

The principle on which this Bradford corrected method is
based is a global estimation of the interference (Asgs ,m Of the
wine ultrafiltrate) which will be subtracted from the value obtained
with the direct dosage (Asos ,m read after mixing the wine and the
CBB dye reagent).

The problem of interference of non-protein compounds with
CBB can be illustrated with two examples of oenological treat-
ments: vegetable carbon and bentonite. The values in red (Fig. 1)
indicate the “apparent” protein content without correction for
global interference. The values in blue indicate the protein levels
actually present in the wine. This graph shows the errors made with
the direct Bradford assay, especially when trying to understand the
impact of bentonite fining or carbon treatment on the total soluble
protein content of a wine.

Figure 1 is given as an example of a white wine made from Pinot
noir grapes (however, the example would be quite similar with
Chardonnay). The values in red represent the apparent protein
content, in mg/L equivalent BSA, following the quantification of
proteins by using the Bradford method in a direct assay. These



Quantification of Proteins in White and Rosé Wines 61

32 mg/L
Non identified molecules NIM = §
22 mg/L
Phenolic compounds : 100% PC=3 18 mg/L
NIM=§
NIM = 3§
PC=2 - 75%
Proteins : 100% P=16
- 25% - 12
2% -25%
-75% | P=4
) Wine Wine
Control + by
wine Bentonite Charcoal

Fig. 1 Wine proteins quantification with the direct Bradford method: illustration of the variation in overall
interference as a function of oenological treatments

values (in red) consider interferences as this is a direct assay with the
wine in its entirety, without subtracting anything. For this control
wine, the Asgs corresponds to 32 mg/L eq BSA. But, really, this
wine contains only 16 mg/L of protein. Phenolic compounds react
with CBB to the extent of 25% of the total Asos or 8 mg,/1 eq BSA.
In addition, many other unidentified compounds (among which
ethanol plays a major role) also react at 25% of the total Asgs, that s,
also 8 mg/L eq BSA, even though these compounds are not
proteins.

When treated with bentonite, the wine protein content will fall
by 75% in this example, to just 4 mg/L. As bentonite does not
specifically eliminate proteins, phenolic compounds are also
adsorbed and their concentration will fall by 25%. Interference
from phenolic compounds will therefore fall from 8 to 6 mg/L
eq BSA. In the end, this wine after bentonite fining will react with
the Bradford reagent to give an Asgs equal to 18 mg/L eq BSA. If
the control wine is treated with vegetable charcoal, the protein
content will fall from 16 to 12 mg/L, a reduction of 25%. On the
other hand, the phenolic compound content will fall by 75%, as
vegetable charcoal is very refined for these molecules. Interference
from phenolic compounds, using the direct Bradford assay, will fall
from 8 to 2 mg/L. eq BSA. In the end, using the direct Bradford
assay this wine will react with the CBB reagent to give an Asgs equal
to 22 mg/L eq BSA. Using the direct assay, the apparent difference
between the bentonite-treated wine (18 mg/L eq BSA) and the
charcoal-treated wine (22 mg/L eq BSA) is 4 mg/L; the charcoal-
treated wine appears to contain 22% (22 /18 = 1.22) more protein
than the bentonite-treated wine. But really, if we look at the real
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protein content (in blue), we observe that the charcoal-treated wine
(12 mg/L actual protein) contains 3 times more protein than the
bentonite-treated wine (12 mg/L actual protein) (see Notel).

This example shows the extent to which the Bradford method
gives an erroneous result when used in direct dosage. It is therefore
essential to correct for overall interference in order to be able to
interpret the impact of an oenological treatment or cultivation
practice.

The Bradford method proposed in this chapter has been
adopted by the OIV as the reference method for the quantification
of proteins in white wines (OIV-OENO RESOLUTION
625-2021).

This modified Bradford method is probably the most accurate
for quantifying proteins in wines. However, it does have its limita-
tions, as do all methods of quantifying proteins when they are
glycosylated (see Note 2).

2 Materials

1 mL plastic micro-cuvettes. Disposable or in glass. Light path:
1 cm.

— Bradford reagent (Bio-Rad—it is very easy to use and the shelf
life is over a year) (see Note 3).

— Distilled water.

— Ultrafiltration units (to receive 1-2 mL of sample) with 3, 5,
8, or 10 kDa-MWCO (see Note 4).

— Spectrophotometer.

— Bovine Serum Albumin (BSA).

— Filtered sample of must or wine (0.45 or 0.22 pm). Many kinds

of filters can be used. Nevertheless, it is preferable to use filters
with a low affinity for proteins, such as nitrocellulose filters.

3 Methods

3.1 Standard Curve

Protein content should be calculated with regard to bovine serum
albumin (BSA Fraction purified, without lipids) standard curve
(020 mg/L).

To prepare the standard curve, Mix: 400 pL water +400 pL
BSA solution (5-20 mg/L) + 200 pL Bradford reagent. The BSA
must be prepared in a buffer (20-50 mM, with tartaric, phosphate,
or citric acid, for example, and adjust the pH to a value close to that
of'a wine—generally between 3.1 and 3.7, according to the region
and the style of the wine) to facilitate its solubilization. For the
protein-free control sample, mix 400 pL water, 400 pL buffer, and
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Fig. 2 Example of BSA calibration curve

200 pL of Bradford reagent. The absorbance Asgs of the protein-
free control (the blank without BSA) should be close to
0.480-0.520. This value (average of 3 measurements) must be
subtracted from all measurements. For example, if the control has
an Asos = 0.500 and the wine has an As9s = 0.825, the wine
protein absorbance Asgs is 0.825-0.500 = 0.325.

For the calibration curve (Fig. 2), Asos nm should be measured
after 4-8 min of incubation (Asgs ,p1 max) at room temperature (see
Note 5). Each value corresponds to the average of three measure-
ments. All standard deviations are less than 2%. The protein content
of the must or wine will be expressed in mg/L equivalent BSA
(mg/L eq. BSA).

The Bradford method is employed as follows: 200 pL Bradford
reagent (Coomassie Blue Brilliant, CBB), 400 pL distilled water,
and 400 pL sample. As musts and wines are already buffered media,
there is no need to use a buffer; distilled water is perfectly suitable.

The blue coloration should be measured at 595 nM using a
spectrophotometer after 45-60 min of contact at room tempera-
ture when the color is stable. The must and the wines can be diluted
if necessary so that the Asgs M readings remain below 1 (200 pL
Bradford reagent +600 pL mL distilled water +200 pL. mL sample).
This is always the case for wine with a high protein content, such as
Muscat (Moscatel) or Gewurztraminer.

1. Estimation of wine (or must) reactivity with the CBB dye
reagent by the direct Bradford method = blue coloration of
the wine measured at 595 nM,

Wine Direct Estimation: Wpg

2. Ultrafiltration of the wine (or must) with a 3 or 10 kDa
MWCO membrane and estimation of the ultrafiltrate reactivity
with the dye reagent = blue coloration of the ultrafiltrate
(UF) measured at 595 nM,

Ultrafiltrate Reactivity Estimation: UFrg
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3. Determination of the (corrected) Wine Protein Content Wpc,

Wopc (mg/Leq. BSA) = Wpg — UFRrg/slope of the BSA curve.

For example: Wpg = 0. 874 at 595 nM.
UFrg = 0. 526 at 595 nM.

BSA calibration curve: y = 0.0243x — 0.001.
Slope (Ay/Ax) = 0.0243 (Asgs for a solution at 1 mg/L).

Woe = (0.874-0.526) /0.0243 = 14.3 mg/L eq. BSA.

4 Notes

1. When we follow the decrease of proteins in a wine following a

bentonite treatment at different doses, we can clearly see the
effect of the doses applied: the protein content always decreases
as the dose of bentonite increases. In this case, the decrease in
protein content is estimated quite correctly with the Bradford
method if one considers that most of the proteins are adsorbed
by the clay particles in the same proportions. However, if
proteins such as MPs are less adsorbed (because of their high
glycosylation level), then the calculation of the decrease in total
protein has a margin of error.

. CBB only reacts with the polyaminoacid part of proteins.

However, in must and wine, there are many glycoproteins,
both of plant (such as arabinogalactan proteins or grape berry
invertase) and yeast origin (essentially Mannoproteins, noted
MPs). As a result, the protein content estimated with the
corrected Bradford method does not consider the complete
molecular structures. For yeast MPs, with an average level of
glycosylation around 95%, the polyaminoacid part represents
only 5% of the weight of the molecule. For 100 mg of MPs, the
Bradford method will give a value of only 5 mg. The limitations
of this method can be seen here and illustrated with the follow-
ing example. When aging on yeast lees, the wine MPs content is
increased, without changing the plant protein content. With
the Bradford method (even corrected), there is a very slight
increase in protein content (only a few mg), while the released
MPs content can reach 50-100 mg/L, depending on the aging
on Lees method.

. Bio-Rad Bradford reagent is used in many publications, but it is

not the only brand. It is also possible to prepare the CBB
reagent in the laboratory, but the product is not stable and
the repeatability is so as good as with the Bio-Rad reagent.
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4. By pure convention in biochemistry, proteins are compounds
with a molar mass greater than 10 kDa. However, the com-
pounds involved in foam stabilization or in the wine haze do
not fit within these arbitrary limits, and one may wish to
estimate fractions of different molecular weights: above 3, 5,
8, 10, 20, 30, 50, and 100 kDa for example. So, if a 3, 5, or
8 kDa MWCO membrane is used for wine ultrafiltration, it is
preferable to speak of high molecular weight nitrogen
(HMWN) compounds (Wgnwn)-

5. Do not wait for any longer, as intense blue particles will appear
due to the precipitation of BSA in an acidic medium.
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White and Roseé Wine Haze Risk (WHR) Estimation

Richard Marchal, Thomas Salmon, Jacques Emmanuel Barbier,
and Bertrand Robillard

Abstract

The appearance of cloudiness in a white or rosé wine is a phenomenon that occurs in most countries around
the world. To avoid this, winemakers treat their wines, in most cases with bentonite, and very often with
excessive doses. But how are these inappropriate treatments chosen to obtain wine colloidal stability? They
are based on a heat test in which the wine is heated to 80 °C for 30 min to 2 h, generally. At this temperature
of 80 °C, many of the thermostable wine proteins that remain soluble during a heatwave (when a bottle of
wine can rise to 3542 °C) are insolubilized. It is therefore necessary to change the heat test. A study
conducted in different wine-producing regions, with many grape varieties, was carried out over 4 years. The
results showed that the most appropriate test was to heat the wine to 50 °C for 90 min. The cloudiness
induced is very closely correlated with the cloudiness observed during a heat wave while maintaining a safety
margin for winemakers. With this laboratory test, in which the wine is heated for 90 min at 50 °C, the doses
of bentonite are considerably reduced compared with the doses deemed necessary on the basis of a test at
80 °C. For wines that present a low risk according to the 80 °C test, the 50 °C test shows that treatment
with bentonite can even be abandoned. The use of this 50 °C test therefore radically changes the approach
to protein stabilization of white and rosé wines.

Key words Haze risk estimation, Turbidity, White wine, Rosé wine, Heat test, Oenological
treatments

1 Introduction

Cloudiness in a bottle of white or rosé wine is unquestionably
perceived as a defect for the consumers. It is therefore essential to
ensure the stability of the wine clarity after bottling, whatever the
conditions encountered during transport and throughout the stor-
age of the wine, including during heatwaves. To decide which
oenological treatment to use, the Wine Haze Risk (WHR) is gen-
erally (although not exclusively) estimated by a heat test in which
the wine is heated at 80 °C for 30 min to 6 h (for review see
reference [1]) (see Note 1). Then, the cloudiness (turbidity)

Maria Angeles Pozo-Bayén and Carolina Mufioz Gonzalez (eds.), Wine Analysis and Testing Techniques,
Methods and Protocols in Food Science, https://doi.org/10.1007/978-1-0716-3650-3_6,
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1.1  What Is Turbidity
and What Is a
Turbidimeter?

1.2 A Realistic WHR
Test

generated by this heat treatment is measured after cooling the
sample with a turbidimeter.

These conditions are very different considering the tempera-
tures to which a wine may be subjected, even in heatwave condi-
tions. This significant difference in temperature between the heat
tests carried out in the laboratory and the temperature that a
white /rosé wine is really exposed to has led us to reconsider the
relevance or accuracy of this 80 °C test. This approach is also in line
with the numerous observations that wine producers and oenology
laboratories have been reporting for years that can be summarized
as follows: the 80 °C test overestimates the WHR estimation [1-
3]. It’s also clear that summers will get hotter and hotter, and that
global warming is a reality. According to a recent study, the WHR is
higher in years with hot weather [4]. So which test should we use?

In enology (and for liquids in general), turbidity is a parameter
defining the degree to which wine loses its transparency because of
suspended solids particles. A turbidimeter is a portable or in situ
instrument to measure suspended particles present in the wine
(or the grape juice) through the light scattering. It measures the
suspended particles with a light beam (source) and a light detector
receiving the light at 90° from the original beam. Thus, the light
reflected by the particles suspended is a function of the particle
density. In addition, the light reflected by the particles depends on
their shape, color, and reflectivity. For this reason, two wines with
the same turbidity can have different particle compositions, in
number and size. A turbidimeter is calibrated with a known partic-
ulate material (formazine generally).

To answer this question “which test should we use?,” which is
complicated due to the high variability in colloidal composition of
white and rosé wines, different heat tests were compared. They
mimicked heat wave temperatures (35, 38, 42, and 46 °C), the
duration of which can be counted in days, with quicker laboratory
heat tests at 50 °C and 80 °C which take place over a few tens of
minutes [5-9]. These studies allowed us the possibility: (1) to
determine the overestimation of the WHR with laboratory tests
and (2) to select the test more correlated with reality.

These studies were carried out over 4 years, with white/rosé
wines from different French and Spanish regions (from cool to hot
climates), and produced with different grape varieties (Sauvignon,
Moscatel /Muscat, Gewurztraminer, Pinot noir, Riesling, Char-
donnay, Mourvedre /Tempranillo).

Twenty-one tests were carried out with a large number of
wines. An example of'a white Sauvignon wine is given in Fig. 1 [5].

The above-mentioned study and results shown in Fig. 1, drive
three main conclusions:
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Sauvignon wine (France - Vintage 2020)
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Fig. 1 Measurement of the cloudiness (NTU) that appears in a Sauvignon white wine subjected to 21 different
heat tests. Green, the heat test temperatures correspond to possible heat waves (reality). Orange, turbidity
after heating at 50 °C (realistic lab test). Red, turbidity after heating to 80 °C (excessive lab test). After heating
for 30 min at 80 °C, turbidity was 10.15 times higher than the turbidity observed after a 4-day heatwave at
42 °C (see Note 2)

(i) The 80 °C test overestimates the WHR by a factor of 10-13 if
we take as reference a 4-day heat test at 42 °C (which is already
a temperature rarely reached by a bottled wine), and even
more if we take as reference a 4-day heat test at 38 °C.

(i1) The test at 50 °C, with heating maintained for 60-90 min,
gives results much closer to the heat wave realities to which a
bottle of white wine may be subjected than the 80 °C test.

(ii1) As observed in Table 1 hereafter, the Pearson correlation
cocefficients (PCC) between the heatwave tests and the 50 °C
tests are significantly higher than the PCC reflecting the rela-
tionships between the heatwave tests and the 80 °C tests [7].

For these three main reasons, the 50 °C heat test is much more
suitable for estimating the WHR of wine than the 80 °C test.

A realistic estimation of the WHR with a 50 °C heat test allows
for the implementation of an appropriate and realistic oenological
treatment. For many wines, this clearly means a reduction (or even
climination) of the amount of bentonite used for colloidal stabili-
zation. It is also possible to reconsider or develop technical alter-
natives [5, 10-18] that are considered insufficient if we refer to the
80 °C heat test, but quite efficient if we refer to the 50 °C test
(Fig. 2).
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Realistic estimation of the Wine Haze Risk

l

Realistic and adapted oenological treatments

| |

Deletion of the New technical alternatives
bentonite treatment
Cracking/Flash pasteurization

()R (Heat treatment of the grape juice)
Proteases (Aspergillopepsins)
Decrease of the dose of Macromolecules
. Mannoproteins
bentonite used Galactomannoproteins
Chitosan
Carraghenans

New adsorbents
Charged nanoparticles
Zirconium dioxide

Fig. 2 Possible oenological practices to eliminate the risk of cloudiness appear-
ing in the bottle. These possibilities depend on the test used to assess the WHR

The following sections explain the methodology for a more
reliable WHR estimation.

2 Materials

— Laboratory centrifuge (to reduce the sample turbidity and to
avoid a quick clogging of the filter).

— Plastic syringe.
— Filters with 0.45 pm cutting membranes (0.22 and 0.65 pm are
also useable).

— Thermostatic bath.

— Turbidimeter with calibration kit.

3 Methods

In principle, determining the WHR is technically very simple: you
take a wine with no particles visible to a person (naked eye—visual
observation). To be rigorous, the wine must be filtered through a
calibrated filter (centrifugation is too random and does not give
accurate results). This clear wine is then heated (respecting a time /
temperature pairing). After cooling, the cloudiness in the wine is
measured using laboratory equipment (turbidimeter), which once
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3.1 Turbidimeter
Galibration

3.2 Determination of
the WHR

again is more accurate than the human eye. The appearance of
cloudiness after a heat test means that the wine may be cloudy
following a heatwave, and that oenological treatment is necessary
before bottling. The main steps of the test are explained as follows.

The turbidity calibration standards provided by the manufacturer
are simple solutions for calibrating and validating turbidimeters
that have a 0-1000 NTU range (portable) or a 04000 NTU
range (in-situ equipment). Turbidity calibration standards are gen-
erally prepared from NIST traceable primary standard reference
material and come supplied with a certificate of analysis.

— Filter the white and rosé¢ wines using 0.45 pm cutting mem-
branes before the heat tests (0.22 and 0.65 pm filters can be
also used).

— DPlace the wines in glass tubes (as used for example in microbiol-
ogy) equipped with a screw cap and a seal to prevent any loss of
liquid during the heating (8-20 mL of wine /tube, according to
the turbidimeter used). The turbidity measured after the heat
test does not depend on the volume of wine. It is recommended
to do the heat test in triplicate for each wine, even if the results
are highly repeatable.

— For the heat wave conditions (choose a precise temperature,
between 35 and 42 °C; the temperature is chosen according to
producers’ requirements), the wines are placed in a culture
chamber or a thermostatic bath.

— For the 50 °C heat test, the tubes should be immersed in the
thermostatic bath to allow a faster temperature rise due to the
much shorter heating time.

— At the end of the heat treatment, the wines should be left at
laboratory temperature for at least 2 h or until the following day.
Results will be approximately the same or equal.

— Measure the turbidity of the wines with a portable or in situ
turbidimeter after calibration (see Note 3). This turbidity corre-
sponds to the WHR.

4 Notes

1. As proteins become insoluble when the temperature of the
wine is increased, it makes sense to use a heat test to assess
the risk of cloudiness in the bottle. For this reason, we do not
recommend tests based on acidification of the wine or the
addition of tannins (these two types of tests give aberrant
results).
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2. The haze observed by the 50 °C heat test still shows an overes-

timation of the WHR, which can be considered as a safety
margin for wines subject to extreme conditions.

. The turbidity measured after the heat test should not be cor-

rected with the turbidity measured before the heat test. Many
publications show that the turbidity read after heating/cooling
is subtracted from the initial turbidity. For example, if a wine
has a turbidity of 2.4 NTU before heating and 4.8 after heat-
ing, many authors consider the value of 4.8 -2.4 = 2.4 NTU.
This value corresponds to the turbidity generated by heating.
However, what matters is what consumers see, and their eye
does not subtract. That means they see a turbidity of 4.8 NTU.
Therefore, this value matters. For this reason, the preparation
(laboratory filtration) of the wines for the heat test should
correspond as closely as possible to the filtration that the wine

will undergo before bottling.
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Determination of Biogenic Amines in Wines

Juan Joseé Rodriguez-Bencomo

Abstract

The analysis of biogenic amines (histamine, putrescine, cadaverine, tyramine, and others) in wine is usually
carried out by high-performance liquid chromatography (HPLC) with a derivatization previous step to
improve the chromatographic separation and the detectability. Here is described a method based on the
derivatization with diethyl ethoxymethylenemalonate (DEEMM), and analysis by HPLC and UV spectro-
photometric detection.

Key words Wine, Biogenic amines analysis, Histamine, Putrescine, Cadaverine, Derivatization,
Diethyl ethoxymethylenemalonate (DEEMM), High-performance liquid chromatography (HPLC)

1 Introduction

The presence of biogenic amines in fermented food products is
usual due to their origin being related to the fermentation process
itself and to the enzymatic decarboxylation of amino acids by the
microorganisms [ 1, 2]. In the case of wine, the main source of these
amines is the malolactic fermentation that is mainly carried out
during red winemaking. The major biogenic amines in wines are
histamine, putrescine, tyramine, and cadaverine (see in Fig. 1 the
chemical structures of these compounds), and their levels depend
on several factors, such as the microorganism strain, must/wine
composition and the fermentation conditions [3, 4]. Although
nowadays there is not a specific regulation about the levels of
biogenic amines in wines, the OIV (International Organization of
Vine and Wine) in the “OIV Code of good vitivinicultural prac-
tices” has recommended minimizing the presence of biogenic
amines in vine-based products [5, 6]. This recommendation is
based on the potentially unhealthy effects when biogenic amines
are ingested with food products. In the case of histamine, these
negative effects can be enhanced by the presence of alcohol, acetal-
dehyde, and other biogenic amines, due to the enzymatic inhibition

Maria Angeles Pozo-Bayén and Carolina Mufioz Gonzalez (eds.), Wine Analysis and Testing Techniques,
Methods and Protocols in Food Science, https://doi.org/10.1007/978-1-0716-3650-3_7,
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Fig. 1 Chemical structures of the main biogenic amines of wine

of'its normal metabolism in humans [2]. Therefore, for monitoring
the levels of the biogenic amines in wines will be necessary for
accurate and enough sensitive analytical methods according to the
usual levels of biogenic amines in wines.

The analysis of biogenic amines in wine samples can be carried
out with different separative analytical techniques, such as gas
chromatography (GC), high-performance liquid chromatography
(HPLC), or capillary electrophoresis (CE). In addition, electro-
chemical or optical sensors for some specific amines have been
developed [7]. Among these options, HPLC is the most usual
technique, and, in general, a derivatization step of the amines will
be required to improve the chromatographic separation and the
detectability. Several derivatization reagents have been used such as
dansyl chloride, o-phthalaldehyde (OPA), benzoyl chloride, 6-ami-
noquinolyl-Nhydroxysuccinimidyl carbamate, 4-chloro-3,5-dini-
trobenzotrifluoride, and diethyl ethoxymethylenemalonate
(DEEMM) [8]. Among them, DEEMM derivatization has been
previously proposed by Alaiz et al. [9] for amino acids derivatiza-
tion and, more recently, by Gomez-Alonso et al. [10] for the
derivatization of amino acids and biogenic amines in wines and
beer samples. DEEMM allows a simple derivatization protocol,
and the analysis of the amine-DEEMM derivatives can be carried
out with common detectors in HPLC (by UV spectrophotometry
at A =280 nm).

The OIV in its compendium of methods (edition 2022) [11]
includes two methods for biogenic amine analysis in wines: deriva-
tization with DEEMM coupled to HPLC and UV spectrophoto-
metric detection [12], and derivatization with OPA coupled to
HPLC and fluorometric detection [13]. This chapter focuses on
the derivatization method with DEEMM and HPLC analysis based
on the methods of Gémez-Alonso et al., OIV [10, 12], and other
published adaptations [ 14, 15].
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2 Materials

2.1 Reagents,
Standards, and
Solutions

2.2 Analytical
Instrument and
Chromatographic
Column Type

Solutions must be prepared using ultrapure water. All reagents
must be of analytical grade or HLPC grade (see Note 1).

1.

Biogenic amines standards (analytes): Histamine [10, 12, 15],
methylamine [12], ethylamine [12], tyramine [10, 12, 15],
putrescine [10, 12, 15], cadaverine [10, 12, 15], phenylethyl-
amine [10, 12, 15], isoamylamine [10, 12, 15], spermidine
[10, 15] tryptamine [10] and spermine [15] (in brackets are
indicated the references in which the compound is analyzed).

. Biogenic amines standard solutions: weight the standard

reagents by using an analytical balance. Prepare stock solutions
at 1000 mg/L of each amine separately in acid solution (HCl
0.1 M). Store at 4 °C.

. Prepare a stock amine solution (from the previous separate

solutions) in HCl 0.1 M. For example, 100 mg/L of each
analyte. The concentrations of this solution must be prepared
considering the maximum concentration level of calibration.
Store at 4 °C.

. Calibration solutions: Prepare a synthetic wine solution (12%

ethanol, tartaric acid 3.5 g/L, pH = 3.5, adjusted with NaOH
1 M). Prepare the biogenic amines calibration solutions at
different levels (usually up to 20 mg/L) in volumetric flasks
of 5 mL, by addition of different volumes of the stock amine
solution and the synthetic wine. Store at 4 °C.

. Internal standard (IS): Weigh 2,4,6-Trimethylphenethylamine

by using an analytical balance. Prepare a solution of IS at
2000 mg/L in HCI 0.1 M. Store at 4 °C (see Note 2).

. Borate Buffer 1 M, pH = 9.0: Weight boric acid and dissolve it

in distilled water, adjust the pH with a NaOH (a concentrated
solution, for example, 4 M), and finally with NaOH 1 M. If the
stored solution presents borate crystals, heat slightly and stir
until complete solution. Store at room temperature.

. Derivatization reagent: diethyl ethoxymethylenemalonate

(DEEMM) is used directly (without dilution).

HPLC is equipped with a gradient pump and a UV spectrophoto-
metric detector (or a photodiode array detector). Analysis with
mass spectrometer detectors can be also viable.

The chromatographic analysis is carried out in reverse phase

mode by using a C18 chromatographic column (suggested char-
acteristics: 250 mm x 4.6 mm and 5 pm of particle size).
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2.3 Mobile Phases 1. Phase A: 2.5 mM acetate buffer (pH = 5.8). To avoid micro-
for HPLC Analysis (See organism proliferation, add 0.02% sodium azide or 0.1%
Note 3) Tetrahydrofuran.

2. Phase B: Acetonitrile /Methanol (80,/20) (v/v).

3. Filter mobile phases before use through 0.45 pm filter.
3 Methods
3.1 DEEMM 1. The derivatization process is carried out in screw cap glass tubes
Derivatization of 5 or 10 mL.

2. Add to each tube: 1.75 mL of borate buffer, 1 mL of wine

3.2 HPLC Analysis 1.
. UV spectrophotometry detector (or a photodiode array detec-

sample (or synthetic sample of calibrations), 0.75 mL of
methanol, 40 pL of internal standard solution, and 30 pL of
DEEMM [10, 12]. Shake the mixture.

. Derivatization reaction is carried out in an ultrasonic bath

for 30 min. The derivatization reaction and the reaction
product (amine-DEEMM derivative) are presented in Fig. 2
(see Note 4).

. Keep tubes at 70 °C in a stove for 2 h to degrade the excess of

DEEMM. Wait until room temperature.

. Filter the sample (0.45 pm filter) and store it in a chromatog-

raphy vial. DEEMM derivatives are stable at least for a week
according to the studies of Gémez Alonso et al. [10].

Injection volume (suggested): 50 pL.

tor): measure of absorbance at 1 = 280 nm.

. Identification of analytes and IS in the chromatogram by

retention time: according to the chromatographic column
characteristics and the mobile phases chosen, the chro-
matographic separation must be optimized by application of
an adequate gradient program (see Note 5). Therefore, the
retention times of analytes and internal standard must be
determined by injection of the standards separately.

o o0
- | 4
R—NH, 4+ AOJ\KOA /\O)KH)'LO/\ +
O/"‘“--..

Primary amine
(or secondary amine)

DEEMM 4

Amine-DEEMM derivative

Fig. 2 Derivatization reaction of amines with DEEMM
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4. As an example: for the mobile phases proposed in the OIV

method [12] (phase A: 2.5 mM sodium acetate; phase B:
Acetonitrile/Methanol (80,/20), flow rate of 0.9 mL/min
and a C18 column (250 mm x 4.6 mm and 5 um of particle
size; column temperature at 15 °C), the elution gradient used
can be: 0 min 90% A; t = 5 min 90% A; £ = 10 min 83% A;
t = 35 min 60% A; t = 43 min 28% A; ¢ = 48 min 18% A;
t =52 min 0% A; £+ = 57 min 0% A. In these conditions, the
retention time of the last eluted compound (2.4,6-
Trimethylphenethylamine (IS)) is around 55 min, being the
retention times of the analytes: histamine (=25 min), methyl-
amine (=33 min), ethylamine (=39 min), tyramine (=41 min),
putrescine (=46 min), cadaverine (=48 min), phenylethyl-
amine (=49 min), and isoamylamine (=50 min) (sec Note 6).

. Inject samples and calibration curves and introduce a quality

control sample (such as a reference sample or a spiked sample
with the analytes) in each analysis series.

. See Note 7 for a basic protocol for method validation.

. Integrate the chromatograms to obtain the peak area for each

compound. Transform the peak area to the relative peak area
(Aseinzive) by dividing by the internal standard area (A, juip.—=
=Areny,q/Arenrs) for each chromatogram. Working with
relative peak area allows correct possible bias due to derivatiza-
tion or injection.

. Built the calibration curves (A, vs. Concentration

(mg/L)) and obtain the linear regressions for each analyte.
Obtain the limit of detection and quantification of the method
by using blank samples and /or calibration parameters.

. Interpolate the A, ;. of samples into the linear regressions to

obtain the concentration of each analyte.

. Express the results in mg/L.

4 Notes

. For the preparation of standards solution of biogenic amines

and internal standards work with a mask and /or in a fume hood
is suggested due to the toxicity and strong odor of the pure
compounds.

. Other possible internal standards: L-2-aminoadipic acid [10]

and n-heptylamine [15].

. From the results obtained by Rodriguez Bencomo et al. [15],

in the case of multiple amino groups in the biogenic amine
molecule, multiple reactions could be produced. Thus, hista-
mine, isoamylamine tyramine, and p-phenylethyamine
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derivatizates are formed by the reaction with only one
DEEMM molecule, however, cadaverine and putrescine react
with two DEEMM molecules, and spermine and spermidine
with three DEEMM molecules. According to that, reaction of
primary and secondary group amine occurs, but steric hin-
drance could limit the reaction of specific amine groups such
as in the case of spermine.

4. These mobile phases are proposed by Gomez Alonso et al. [10]
and OIV-OENO 457/2014 [12]. Other authors have used
different mobile phases for the chromatographic separation of
amines-DEEMM derivatives using mass spectrometer detec-
tors [15, 16], for instance: phase A: 1 mM. ammonium acetate
+0.1% formic acid (adjusted to pH = 3.2); and phase B:
Acetonitrile.

5. Derivatization with DEEMM also implies the formation of the
derivative products of amino acids of the sample, so, in the case
of analysis by UV spectrophotometry detection (4 = 280 nm),

the correct separation of the analytes avoiding coelutions must
be verified.

6. If a mass spectrometer is used as detector, the elution gradient
can be adapted for a shorter analysis time. By using a triple
quadrupole detector in ESI + mode, sodium adducts of the
molecular ions are observed [15]. Multiple Reaction Monitor-
ing (MRM) transitions for quantification are the following:
histamine (304.2 — 258.3), putrescine (451.2 — 405.2),
cadaverine (465.2 — 419.1), spermine (735.3 — 416.1), sper-
midine (678.3 — 348.3), tyramine (330.0 — 284.1),
2-phenylethylamine (314.1 — 268.2), and isoamylamine
(280.1 — 162.3).

7. Basic protocol for method validation:

(a) Evaluate the quality parameters of the complete method:

Repeatability and reproducibility, detection and

quantification limits, dynamic linear ranges, and recov-

eries. For quality parameters of the method, see references
[10,12].

(b) Evaluate the accuracy of results by regular analysis of

reference samples or by using the addition standard

method.
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Determination of Free and Glycosidically Bound Fractions
Responsible of Grape Musts Aroma by Solid-Phase
Extraction (SPE) and Gas Chromatography-Mass
Spectrometry (GC-MS)

Mar Vilanova and José M. Oliveira

Abstract

The analysis of volatile composition in grape musts is an important tool to characterize grape cultivars and
to determine the influence of biotic and abiotic stresses in this composition. One of the most common
methods used for sample preparation to identify and quantify the volatile compounds is solid-phase
extraction (SPE).

The purpose of this work is to describe SPE methodology applied to grape must to identify and quantify a
high number of grape aroma compounds in the two fractions, volatile and glycosidically bound, with a
reduced quantity of sample and solvents. This methodology was applied by the authors to characterize the
major grape cultivars ( Vitis vinifera) from the North of Iberian Peninsula (Galicia and north Potugal).

Key words GC-MS, Grape must, SPE, Volatile compounds

1 Introduction

Volatile composition of grape must determine the organoleptic
characteristics of wines being an informative tool for characteriza-
tion of grape cultivars. The aroma profile of grape cultivars is
attributed to a variety of compounds that can be separated into
various classes based on their chemical structure. Moreover, many
of these compounds in grapes exist as glycosidically bound precur-
sors [1-3], which are released by acidic and enzymatic hydrolysis
during crushing, fermentation, and storage [4]. Therefore, the
complete analysis of grape aroma is complex, expensive and it
consumes a lot of time.

One of the most common methods used for sample prepara-
tion/cleaning up and concentrating the volatile compounds is
solid-phase extraction (SPE), which can handle a wide range of
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chemical classes and concentrations. This technique has evolved
along the years [3, 5-12]. SPE is still the more suitable method
for grape aroma compounds analysis because it allows concentra-
tion of the analytes down to the microliter scale after starting from a
considerable volume of sample [13]. SPE remains the best sample
preparation method for higher boiling volatiles, such as monoter-
penols, and allows extraction and concentration of large sample
volumes with high recovery of the analytes [13]. Moreover, the
advantage over other methods is that this method not only permits
the extraction of free fraction of aroma but also the glycosidically
bound fraction. Glycosidically bound volatile compounds are typi-
cally analyzed following isolation of the glycosides on columns,
including solid-phase extraction (SPE), filled with a C18-bonded
reversed-phase stationary phase [3, 5,9, 14-16].

In the last years, there has been interest in developing a rapid
and direct approaches for analysis of glycosidically bound com-
pounds to quantify the aroma potential of the grape. In this
sense, Dungey et al. [17] using high performance liquid chroma-
tography with tandem mass spectrometry measured directly guaia-
col glycoconjugates. Automated approaches for SPE isolation have
also been proposed [18]. Schneider et al. [19] described a rapid
analysis of grape aroma glycoconjugates using Fourier transform
infrared spectrometry without the need of any hydrolysis; however,
in this case, glycoside purification by SPE was necessary. No rapid
methods have been developed, so far, for measuring concentration
of individual glycosidically bound aroma compounds without the
need for time-consuming sample purification before analysis [20].

Over the past 20 years, headspace solid phase microextraction
(HS-SPME) has emerged as a suitable tool for rapid analysis of
volatile compounds, but this technique only is useful to extract the
free fraction [20].

In this paper, we describe solid-phase extraction (SPE) meth-
odology applied to grape must to extract a high number of grape
aroma compounds in the two fractions, volatile and glycosidically
bound, with a reduced quantity of sample and solvents. Several
additional rapid sample preparation steps are also described. This
methodology was applied by the authors to characterize the major
grape cultivars ( Vitis vinifera) from the North of Iberian Peninsula
(Galicia and north Potugal) [21, 22].

2 Materials

2.1 Chemicals and
Reagents

» Chromatographic grade reagents: ethanol (99.8%), dichloro-
methane (99.8%), methanol (99.9%), pentane (99.9%), ethyl
acetate (99%), and sodium sulfate (99%).

» Pure standards to identify volatile compounds (Table 1).



Table 1

Standards used to identify volatile compounds
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Molecular
weight Purity
Chemical group Compound CAS No. Formula M/(g/mol) (> %)
TERPENOLS Linalool 78-70-6 Cl10H180 154.25 97
a-Terpineol 10482-56- Cl0H180O 154.25 96
1
Citronellol 106-22-9 Cl10H200 156.27 95
Nerol 106-25-2 Cl10H180 154.25 97
Geraniol 106-24-1 C10H180 154.25 98
Terpinen-4-ol 562-74-3 Cl10H180 154.25 92
Cis- f-Damascenone 23696-85- Cl13H180O 190.28 nd
NORISOPRENOIDS 7
a-Ionone 127-41-3 C13H200 192.3 90
f-Ionone 79-77-6 Cl13H200 192.3 96
ALCOHOLS 1-buthanol 71-36-3 C4H100  74.12 99
2-methyl-1-propanol 78-83-1 C4H100  74.12 99
3-(methylthio) 505-10-2 C4H10SO 106.19 98
propanol
3-methyl-1-pentanol 589-35-5 C6H140  102.17 99
2-phenylethanol 60-12-8 C8H100 122.16 99
Benzyl alcohol 100-51-6 C7H8O 108.14 99
Isoamyl alcohol 123-51-3 C5H120  88.15 98
ESTERS Ethyl butyrate 105-54-4 Co6H1202 116.16 99
Ethyl-2- 7452-79-1 C7H1402 130.18 98
methylbutyrate
Ethyl-3- 108-64-5 C7H1402 130.18 98
methylbutyrate
Ethyl hexanoate 123-66-0 C8H1602 144.21 99
Hexyl acetate 142-92-7 C8H1602 144.21 98
Ethyl lactate 97-64-3 C5H1003 118.13 98
Ethyl octanoate 106-32-1 Cl10H200 172.26 99
Ethyl decanoate 101-38-3 C12H2402 200.32 99
2-phenyl-ethyl 103-45-7 Cl10H1202 164.2 98
acetate
Ethyl acetate 141-78-6 C3H802  88.11 99
Ethyl miristate 124-06-1 C16H3002 256.42 98
Isoamyl acetate 123-92-2 C7H14 =2 130.19 95
VOLATILE FATTY 2-methylbutyric acid 116-53-0 C5H1002 102.13 98
ACIDS
3-methylbutyric acid 503-74-2 C5H1002 102.13 99
Butyric acid 107-92-6 C4H80O2  88.11 99
Hexanoic acid 142-62-1 C6H1202 116.16 99
Octanoic acid 124-07-2 C8H1602 144.21 98
Decanoic acid 334-48-5 Cl10H2002 172.26 98
Dodecanoic acid 143-07-7 C12H2402 200.32 99

(continued)
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Table 1
(continued)
Molecular
weight Purity
Chemical group Compound CAS No.  Formula Mi/(g/mol) (> %)
VOLATILE PHENOLS  Guaiacol 90-05-1 C7H802 124.14 98
4-ethylphenol 123-07-9 C8H100 122.16 99
4-vinylphenol 2628-17-3 C8HS8O3 120 nd
4-vinylguaiacol 7786-61-0 CY9H1002 150.17 98
Vanillin 121-33-5 C8HS80O3 152.15 99
Eugenol 97-53-0  Cl0HI202 164.2 99
C6-COMPOUNDS 1-hexanol 111-27-3 C6H140 102.17 98
E-2-hexen-1-ol 928-95-0 C6HI20  100.16 96
Z-2-hexen-1-ol 928-94-9 C6HI20  100.16 90
E-3-hexen-1-ol 928-97-2 C6HI20  100.16 97
Z-3-hexen-1-ol 928-96-1 C6HI120  100.16 97
INTERNAL 4-nonanol 5932-79-6 C9H200  144.25 95
STANDARD

2.2 Solutions

SPE columns Chromabond HR-P; volume 6 mL; content of
sorbent 500 mg (polystyrene-divinylbenzene copolymer,
50-100 pm); material PP with PE filter elements from
Machery-Nagel, Diiren, Germany.

Enzymes  with  glycosidase  activities  (p-glucosidase,
a-arabinosidase, a-rhamnosidase, f-apiosidase): Rapidase™ Rev-
elation Aroma (Erbsloh, Germany) or AR 2000 (DSM food
specialties, Seclin, France) can be used to released aglycons.

Internal Standard: 4-nonanol at 300 pg/mL in absolute
ethanol.

Citrate—phosphate buffer (0.1 mol/L; pH = 5.0)

BN

ul

. Prepare 800 mL of distilled water in a suitable container.

. Add 29.41 g of Sodium Phosphate Dibasic to the solution.

. Add 20.09 g of Citric Acid monohydrate to the solution.

. Adjust the solution to a final desired pH using Citric acid or

Sodium Phosphate.

. Add distilled water until the volume is 1 L.

6. Store at 4 °C to 6 °C.
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Pentane-Dichloromethane azeotrope (2:1)

1. Prepare 500 mL of Pentane (99.9%).
2. Add 250 mL of Dichloromethane (99.8%).

3. The mixture must be distilled at 29 °C, under atmospheric
pressure.

4. Store at 4 °C to 6 °C.

3 Methods

3.1 Sample
Preparation

3.2 Columns
Conditioning

3.3 Extraction of Free
Fraction

Sample preparation and extraction method of the free and glyco-
sidically bound aroma compounds are performed according to the
methods described in Oliveira et al. [3, 15]. A total of 500 g of
grapes are pressed by Termomix™ (Speed 4 during 15 s).

1. Must sample (200 mL) should be centrifuged (RCF = 9660,
20 min, 4 °C).

2. Filter the supernatant through a glass wool bed.
3. It is possible to freeze the sample (—20 °C) until analysis.

Solid-phase extraction is performed using SPE columns
Chromabond.

1. The resin of the column should be previously washed with
10 mL of dichloromethane before use (flow rate of about
1.5 mL /min, see Note 1); after, allow the cartridges to air dry
during 5 min.

2. Then, the resin needs to be pre-conditioned with 5 mL
of methanol and 10 mL of aqueous alcoholic solution (10%,
v/7). The sample must be applied quickly before the resin dries
(see Note 1).

1. A total of 75 mL of must should be passed through the resin
(see Note 1) for free and bound fractions extraction after the
addition of 10 pL (300 pg/mL) of 4-nonanol as internal
standard solution to the must sample.

2. Wash the resin with 10 mL of ultrapure water.

3. Allow the cartridges to air dry (about 5 min) before eluting the
free and bound fractions.

4. Elute the free fraction with 5 mL of pentane—dichloromethane
azeotrope (see Note 1).

5. The pentane—dichloromethane extract should be dried over
anhydrous sodium sulfate (see Note 2) or by freezing (see
Note 3) and concentrated to 200 pL by solvent evaporation
with a nitrogen stream prior to analysis.
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3.4 Extraction of
Glycosidically Bound
Fraction

3.5 Gas
Chromatography-
Mass Spectrometry

1. After the elution of the free fraction, add to the cartridge 7 mL
of ethyl acetate to elute the glycosidically bound fraction (see
Note 1).

2. Concentrate the ethyl acetate eluate to dryness in a Multiva-
por™ from Buchi (40 °C) with agitation using ALAMO tubes
(see Note 4).

3. The extract needs to be resuspended in 100 pL of phosphate-
citrate buffer solution and the residual volatile compounds of
the free fraction should be eliminated by successive washing
(5%) with about 100 pL of azeotrope. Finally, the solvent
residues should be completely eliminated by evaporation
under nitrogen stream.

4. Add to the extract 200 pL of a solution of 70 mg,/mL ofRapi-
dase® Revelation Aroma (Erbsloh, Germany) or AR 2000
(DSM food specialties, Seclin, France) in 0.1 mol/L citrate—
phosphate bufter (pH = 5.0).

5. Incubate the mixture in a water bath at 40 °C, for 16 h (over-
night) in hermetically sealed ALAMO glass tubes. Then, place
the tubes on ice.

6. Released aglycons should be extracted by successive (5x)
liquid-liquid extraction (LLE) with pentane-dichloromethane
azeotrope, after addition of 10 pL (300 pg/mL) of 4-nonanol
as internal standard solution.

7. Dry the organic phase (free compounds) over anhydrous
sodium sulphate and concentrated to 200 pL with a nitrogen
stream prior to analysis.

Figure 1 shows the experimental design used to develop the
SPE sample preparation.

Gas chromatographic analysis of volatile compounds can be per-
formed using an Agilent GC 6890 N gas chromatograph coupled
to an Agilent 7000 C triple quadrupole mass spectrometer as
follows:

1. Inject 1 pL of the concentrated extract into a capillary column,
coated with DB-Wax Ultra Inert (50 m x 0.25 mmi. d., 0.2 pm
film thickness, Agilent) or a similar stationary phase.

2. The temperature of the injector (split/spitless with EPC con-
trol) should be 250 °C.

3. Hold the oven temperature at 60 °C, for 2 min, then program a
ramp to rise from 60 °C to 234 °C, at 3 °C/min, then hold it at
5 °C/min until 250 °C, and finally program the oven for
10 min at 250 °C.

4. The carrier gas should be helium N60 (Air Liquide) at flow rate
of 1 mL/min.
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Fig. 1 Experimental design used to develop the SPE sample preparation

5. The detector should be set to electronic impact mode (70 eV),
with an acquisition range from 29 m/z to 360 m/z, and an
acquisition rate of 610 ms.

3.6 Compounds Identification of volatile compounds should be performed using
Identification and the GC-MS library, such as the ChemStation and Musshunter
Quantification Software (Agilent), by comparing mass spectra (Wiley and NIST

libraries) and retention times with those of pure standard com-
pounds when available, or by comparing the retention indices and
mass spectra with those with those reported in the literature
[23, 24]. All of the compounds should be quantified as
4-nonanol equivalents. Semi-quantitative data can be obtained by
calculating the relative peak area in relation to that of the internal
standard (4-nonanol).

4 Notes

1. The flow rate to be applied to the SPE columns, both for
conditioning, passing the must and eluting the free and glyco-
sidically bound fractions, is about 1.5 mL/min, i.e., a drop
every 3 s with a vacuum pump.
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Fig.

2 New tubes for Multivapor manufactured by ALAMO (Madrid, Spain)

. Dried over anhydrous sodium sulfate: sodium sulfate is added

to the tube containing the extract to remove the water. Subse-
quently, the extract is transferred to another tube.

. When the free faction is eluted, it is possible to freeze the

extract to eliminate the water. Subsequently, the extract is
transferred to another tube.

. For this specific procedure, the tubes of Multivapor were

designed for this study with the aim to improve the LLE
extraction (enzymatic reaction in the same tube of concentra-
tion process) (Fig. 2). The tubes were manufactured by
ALAMO (Madrid, Spain).
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Wine Volatilomics

Jose Sousa Camara, Rosa Perestrelo, Cristina V. Berenguer,
and Jorge A. M. Pereira

Abstract

In this chapter, we attempt to bring together in a readable and accessible form the wine volatiles patterns
highlighting, in a comprehensive way, their differentiated origins. In this context, it is aimed to describe the
volatile compounds i) biosynthesized in the grapes few of them are responsible for the impact aroma of
some grape varieties and wines, such us monoterpenes, thiols, and pyrazines, that persist unchanged into
wine; ii) the originated during the alcoholic fermentation through fermenting yeasts metabolism, enzy-
matic reaction and lactic acid bacteria action, and from transformation of grape-specific precursors, namely
alcohols, ethyl and alkyl esters, aldehydes, and fatty acids, which contribute substantially to the flavor and to
the base wine aroma, and iii) the volatiles formed during the wine storage and/or aging through several
chemical reactions, including redox phenomena, Maillard reactions, and Strecker degradation, abiotic
transformation of precursor compounds in wine, microbial spoilage, and difusion from oak, from which
we can highlight the furanic compounds, lactones and acetals (dioxanes and dioxolanes), among others.
The most important and dominant volatile compounds derived from these three main pathways are
discussed in some detail.

Key words Wine, Volatilomics, Varietal volatiles, Fermentative volatiles, Aging volatiles

1 Introduction

Wine is one of the most popular, appreciated, and consumed bev-
erages in the world. Since from a few years ago Italy, France, and
Spain are the top wine-producing countries worldwide, while the
United States, France, and Italy were the leading consumers
(almost 82 million hectoliters). In terms of per capita consumption,
and despite the heterogeneity of wine consumption behaviors
across geographical regions, Portugal followed by Italy and France
occupy the top positions in the ranking. The slight decrease
registered in recent years in terms of consumption is influenced
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by the significant increases in wine prices related to the energy crises
and the war in Ukraine, in addition to the high inflation and global
supply chain disruptions caused by the COVID-19 pandemic,
which in turn lead to a spike in distribution and production costs.

Among the different factors that contribute to the acceptability
of the wine by consumers, the flavor—determined mainly by the
color, appearance, sugars, organic acids, and the tactile sensations in
the mouth, and the aroma—determined by volatile compounds
whose concentration in the wine have to be above the olfactory
perception and recognition threshold to be perceived by the olfac-
tory organs, constitute themselves as fundamental parameters,
being directly associated with the chemistry of the entire wine-
making process. Its acceptability is also influenced by its composi-
tion in health benefits nutrients. In addition to the polyphenolic
compounds which related with antioxidant, anti-inflammatory,
anti-apoptotic, and anti-proliferative properties, among others
(Fig. 1), with potential benefits in the prevention of various
non-communicable diseases such as cancer, cardiovascular, and
neurodegenerative diseases (Alzheimer’s and Parkinson’s), vitamins
(namely C and E), nitrogen compounds (amino acids, biogenic
amines, proteins), carbohydrates, fatty acids (linoleic, linolenic,
palmitic), organic acids (tartaric, malic), minerals (Na, K, P, and
Ca), among others, constitute the main primary and secondary
metabolites related to the nutraceutical and functional value of
wines [1].

Most of these metabolites can also be found in beer, coffee,
bread, vegetables, cheese, spices, and other foodstuffs. Water and
ethanol are the major wine components, accounting for = 97%
(w/w) (Fig. 2). The compounds responsible for the wine color
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Fig. 1 Potential biological effects and health benefits of polyphenols
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Fig. 2 Main primary and secondary metabolites related to functional and nutraceutical values of grapes and
wines Potential health benefits of polyphenols

and flavor are typically present at concentrations lower than 10 g/
L, while the wine aroma compounds are found at part-per-trillion
(ng/L) levels. Carbohydrates, namely the hexoses fructose
(a ketose) and glucose (an aldose) are the primary substrates for
yeasts during alcoholic fermentation. Despite its conversion to
ethanol and carbon dioxide, some residual sugar will still be detect-
able in some wines due mainly to incomplete fermentation, back-
sweetening of wine with sucrose or grape must, hydrolysis of glyco-
sides during storage, and extraction from oak. In wine, the sugars
can contribute to perceived sweetness [2].

Fatty acids are non-volatile weak organic acids, except for acetic
acid, formed by microbial metabolism or biosynthesized in the
grapes. In wines, tartaric and malic acids are generally found at
high concentrations (2-7 g/L), followed by citric, succinic, and
lactic acids. In wine, fatty acids determine the wine pH, which
affects the microbial stability, appearance, and chemical stability of
wine, and in addition, they have direct impacts on taste [3].

Ammonium (NH47), the main source of usable nitrogen dur-
ing alcoholic fermentation, amino acids, oligopeptides and pro-
teins, are the major nitrogenous compounds found in wines.
Most of the amino acids in grapes and wines are primary o-amino
acids and proteinogenic since they are used in the synthesis of
proteins during transcription. Proline followed by arginine, valine,
and alanine are the most predominant amino acids in musts and
wines [4]. The sources of minerals in wines include vineyard soil,
fining agents, winery equipment, and winemaking treatments. The
dominant minerals found in wines are Na, K, Mg, and Ca, which
accumulate during berry ripening, in addition to Fe and Cu. Kand
Ca may also be intentionally added in the winery during
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deacidification treatments. These elements are associated with
redox phenomena mainly due to their catalytic action. These metals
promote the formation of ROS through the activation of oxygen
[5, 6]. Ascorbic acid, niacin, Vitamin B6, riboflavin, thiamoin,
folate, and vitamin A are present in grapes and wines. Most of the
grape vitamins are used by yeast returning to the wine at similar
levels that found in grapes [7]. In the following sections, the
volatile compounds biosynthesized in the grapes, produced during

fermentation and formed during wine storage and aging, are
highlighted.

2 Volatilomic Pattern from Varietal Origin

2.1 Origin

The varietal aroma of wines are composed of volatile secondary
metabolites belonging to different chemical families, namely terpe-
noids, pyrazines, Cjz-norisoprenoids, and thiols [8-10]. These
compounds originate in the vine and result from grape metabolism,
which is dependent on the grape variety [9].

The contribution of varietal compounds to the aroma of wine
depends on their concentration and odor threshold (OT), the
release of aromatic compounds from its non-odorous precursors,
and the chemical modifications of volatile compounds during mat-
uration [8, 11]. The volatiles are found in wines in a wide range of
concentrations, ranging from mg/L to pg/L or even ng/L
[12]. Owing to their interaction with other molecules, these com-
pounds may contribute to the overall wine aroma even when pres-
ent at concentrations below their odor thresholds (OTs) [13]. In
addition, if the concentration of a target volatile is too low, its
contribution to the aroma is small; however, if the concentration
is too high, the aroma of other components can be masked, which is
detrimental to the overall wine aroma [14]. The viticultural prac-
tices and the vineyards’ edaphic and climatic conditions also influ-
ence the wine aroma [8, 11].

Volatile compounds in grapes can be found in free and glycosylated
forms. The glycosylated form is the most predominant and consists
of aromatic precursors and odorless non-volatile compounds. At
harvest time, most wine grapes have no smell, which makes odorless
precursors the most abundant compounds in the grapes.
Non-volatile precursors consist of organic molecules of glycosidic,
amino acid, and lipidic nature [8] and play an important role in the
characteristics of many wines [9]. These molecules provide volatile
compounds through hydrolytic processes that occur during wine-
making, in which the bond between the volatile compound and
sugar moiety breaks and releases the free volatile compounds into
the wine (primary aromas). Different cultivars exhibited significant
qualitative and quantitative differences in volatile composition. The
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planting environment, related to the climate, soil, and light condi-
tions, as well as the grape variety and yeast species, influences
greatly the nature and concentration of volatile compounds by
controlling grape growth and fermentation processes. Accordingly,
these factors influences the wine aroma [ 10]. During fermentation,
enzymes, yeasts, and lactic acid bacteria can also hydrolyze the
glycosidic bonds of aromatic precursors being released to the
wine. In addition, ethyl esters of fatty acids, acetate esters, fatty
acids and in lower extent ketones and aldehydes are also biosynthe-
zised (secondary aromas). Similarly, during this stage, the amino
acids can originate higher alcohols, via the Ehrlich pathway (trans-
amination, decarboxylation, and reduction by alchool desidrogen-
ase), which are generaly associated with “so/vent” and “fusel” odor
descriptors. The aromatic complexity of wines is boosted during
wine aging in oak wood barrels, resulting in aromatic compounds
originating from wood (tertiary aromas) [8, 12].

In most of wines monoterpenoids (Cyo compounds), sesquiterpe-
noids (C;5 compounds), and Cjz-norisoprenoids are important
contributors for wine aroma [9, 10]. These compounds are typi-
cally categorized as terpenoids, and their molecular formula con-
forms to the general formula (CsHg),. Such as carotenoids and
sesquiterpenes, share their biosynthesis starting from farnesyl pyro-
phosphate [8]. Furthermore, the biosynthesis of mono- and ses-
quiterpenes is based on the formation of isoprene Cs units,
dimethyl allyl diphosphate (DMAPP), and isopentenyl diphosphate
(IPP) [9]. In wines, terpenoids undergoes chemical reactions and
rearrangements given rise other terpenes, which explains the
aging aroma of certain wines [8, 15]. The chemical structures of
some common terpenoids found in wines are represented in Fig. 3.
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Fig. 3 Chemical groups from varietal origin and chemical structures of some varietal compounds
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Monoterpenoids (Cyo compounds) are the most abundant
among terpenoids. They contribute to the varietal aroma profiles
of wines with floral, fruity, and citrus notes [9, 10]. These com-
pounds can be found in most grape cultivars, mainly in grape skin,
and are synthesized during grape ripening. Their concentration and
composition are affected by fruit maturity [16]. Monoterpenoids
are sensitive to viticultural practices, soil type, light exposure, UV-B
radiation, water deficit, basal leaf removal, crop thinning, and pests
[17]. Higher temperatures and adequate sunlight are beneficial for
the accumulation of monoterpenes in grapes [16]. Generally, the
most important monoterpenes in wines are linalool, citronellol,
geraniol, nerol, and a-terpineol [8, 10].

Based on the concentration of monoterpenes, grape varieties
can be divided into muscat, non-muscat, and non-aromatic
[10]. These compounds have a low OT perception; however, in
grapes and wines of the Muscat family, they significantly exceed
their OT and present concentrations greater than 4 mg/L, consti-
tuting themselves as aromatic impact compounds. The highest
levels of monoterpenoids are found in Muscat of Alexandria, Mus-
cat de Frontignan, Muscat Ottonel, and Muscat Blanc, among
which the highest concentration can be as high as 6 mg/L
[10]. The concentration of monoterpenes in non-muscat grapes
ranges between 1 and 4 mg/L, whereas in non-aromatic grapes, it
is less than 1 mg/L [18]. Monoterpenoids are also important
odorants in other white varieties, such as Albarino, Gewiirztrami-
ner, Chardonnay, Miiller-Thurgau, Riesling, Scheurebe, Sylvaner,
and Traminer. In red wines its contribution to flavour is not signifi-
cant [8, 9].

In addition to free and volatile monoterpenoids, grapes also
contain non-volatile monoterpenoid precursors in glycosylated
forms [8, 9]. Terpene glycosides were the first glycosidic com-
pounds identified in grapes [19] and were synthesized through
the  2-C-methyl-d-erythritol-4-phosphate ~ pathway  (MEP)
[10]. Muscat grapes contain approximately 90% monoterpenoid
glycosides and only 10% of free volatile monoterpenoids
[19]. The aglycones (free aroma) are mainly bound to disaccharides
that connect p-d-glucopyranose to a second sugar molecule, such as
a-l-arabinofuranose, a-l-rhamnopyranose, or f-d-apiofuranose
[9]. Since not all glycosides are present in different cultivars and
differ in their proportions, they have been proposed for varietal
differentiation [20]. The conversion of aglycones to free monoter-
penoids can be carried out via acidic or enzymatic hydrolysis by
enzymes, particularly B-glucosidases from grapes [9 ], which directly
release free volatiles [21]. The highest release of volatile aglycones
occurs during alcoholic fermentation, followed by malolactic fer-
mentation, by Saccharomyces yeasts, non-Saccharomyces yeasts, and
lactic acid bacteria [8, 9]. However, the kinetics of acid hydrolysis



222 C-13
Norisoprenoids

Wine Volatilomics 99

have been reported to be too low for most of the released mono-
terpenoids [9, 22].

Sesquiterpenes (C1s compounds) are present in grapes and wine.
Farnesol and nerolidol are the most abundant compounds being
associated to floral aromas. Under acidic conditions, the contents of
farnesol and nerolidol decrease during aging, which may contribute
to the balsamic and spicy aroma of Corvina grapes and wines
[23]. Rotundone, biosynthesized during ripening [24 ], is a power-
ful odorant with a spicy aroma (black or white pepper). It was
found in red varieties, such as the Australian cool-climate Shiraz
grapes, Cabernet Sauvignon, Graciano, and Pinot Noir, among
others.

C13-Norisoprenoids are come from the oxidative degradation of
carotenoids, which is thought to be influenced by an increase in
light penetration through agronomic practices [15, 25, 26]. The
accumulation of Cjz-norisoprenoids seems to occur earlier than
optimal technological ripening. This feature has been used to miti-
gate the effects of climate change on wine quality, as early-harvested
grapes produce wines with lower alcohol content and optimum
aromatic quality [8, 27].

The metabolites and degradation products of carotenoids
formed during berry ripening may undergo further enzymatic
transformation via glycosyltransferases. This results in an increase
in non-volatile C;3-norisoprenoid glycoconjugates and sugar pro-
duction in berries [15, 28]. Moreover, hydrolysis of bound C,3-
norisoprenoids, such as p-damascenone, often produces odorless
ketones and polyols, which require a further reaction to produce
the final free volatile compound [21, 29]. In grapes, the
non-volatile precursors of C;3-norisoprenoids are generally present
at concentrations significantly higher than those of the free com-
pounds [30]. Conversion to the final aroma-active compound is
thought to occur via acid catalysis during winemaking and bottle
aging [31].

The aroma of C, 3-norisoprenoids ranges from floral and fruity
to petrol and fly spray [15], according to its concentration. The
most important compounds are those with a megastigmane struc-
ture, which possesses a wide range of odors, from floral and fruity to
scents reminiscent of tobacco and kerosene. The most abundant in
grapes and wines are those with pleasant aromas, particularly
B-damascenone and p-ionone, both with very low OTs [32]. How-
ever, depending on their concentration and OT perception, some
compounds can negatively contribute to the aromatic profiles of
wines [12]. Other important Cjz-norisoprenoids include
3-oxo-a-ionol (tobacco aroma), f-damascone (tobacco and fruity),
and 3-hydroxy-p-damascone (tea and tobacco), but their levels in
wines are reported to be very low, and their OTs have not yet been
defined [8, 23].
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2.2.3 Thiols

B-Damascenone has a rose, cooked apple, or honey aroma and
can be detected in grapes as free volatile at a concentration up to
9 pg/kg [33]. This compound has been found to act as an aroma
enhancer for ethyl esters associated with the berry fruit aroma.
Moreover, it can mask herbaceous pyrazine-related characteristics
[34]. p-Damascenone is produced via oxidative cleavage of the
carotenoid neoxanthin, followed by enzymatic transformation,
and glycosylation of the intermediates grasshopper ketone and
megastigma-6,7-dien-3,5,9-triol, and lastly acid-catalyzed conver-
sion to the aroma compound [35]. It can react with free sulfur
dioxide (SO,) at wine pH to give an odorless sulfonic acid deriva-
tive. Consequently, this results in the loss of 50% of f-damascenone
at room temperature over 30 days in the presence of 80 mg/L SO,
[36]. B-Ionone is a metabolite of f-carotene found in its free form
in grapes [37]. Its aroma threshold is similar to that of
p-damascenone, and it has a violet raspberry and rose aroma.
Moreover, this compound seems to be more important for the
aroma of red wine than that of white wine [15]. The chemical
structure of Cyz-norisoprenoids found in wines are represented in
Fig. 3.

Volatile thiols represent a large family of compounds that are of
great importance for the organoleptic quality of wines. Owing to
their low OTs perception, these compounds have strong effects on
the sensorial properties of wines, despite their very low concentra-
tions [8, 9, 38]. Thiols seem to be dependent on vine agronomic
practices [39]. Moreover, they are chemically unstable, easily oxi-
dized, and can be transformed into undesirable aromas even in
reducing environments [8, 40]. Despite this, a lack of oxygen can
reduce odor generation [41], and as such, the storage and aging
conditions are determinants of the thiol concentration in wines [9].

Varietal thiols have been identified in a wide range of grape
varieties [9]. In grapes, occurs only as non-odorous precursors of
cysteine (Cys) and glutathione (GSH), which can be detected in the
pulp and peel [8]. Thiol precursors are produced in vine plants as a
detoxification mechanism through the conjugation of unsaturated
alkenals, forming 3-sulfanylhexan-1-ol precursors and alkenones,
forming 4-methyl-4-sulfanylpentan-2-one precursors with GSH.
The tripeptide GSH is then hydrolyzed to dipeptide cysteine-
glycine (Cys-Gly) and Cys. Thus, GSH, Cys-Gly, and Cys are pre-
cursors of 3-mercaptohexanol and 4-methyl-4-sulfanylpentan-2-
one in grapes. The acetylated form of 3-sulfanylhexan-1-ol,
3-sulfanylhexyl acetate, is formed by the acetylation of 3-sulfanyl-
hexan-1-ol after this compound is produced during fermentation
[9, 42]. Free thiols are mainly released during alcoholic fermenta-
tion if the yeast possesses a specific lyase activity for the S-cysteine
and glutathione conjugates and is absent in must [8]. Yeasts can
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take up thiol precursors from grape juice and cleave the conjugated
precursor, releasing the corresponding free thiols, using ammo-
nium as a nitrogen source and pyruvate [9, 43].

Thiols can be classified as highly volatile and low-volatility
compounds. Highly volatile compounds such as carbon sulfide,
ethanethiol, methanethiol, and hydrogen sulfide, are associated
with aroma defects [9]. Low-volatility compounds are the most
desirable thiol compounds that contribute to the enhancement of
the sensorial quality of wines [44, 45]. This group includes com-
pounds with high molecular weights and low volatility, which are
found at very low concentrations but above the threshold value in
wine, such as 4-methyl-4-sulfanylpentan-2-one, 3-sulfanylhexan-1-
ol, and its derivative, 3-sulfanylhexyl acetate. These compounds are
among the most important thiols associated with the aroma of
white wines [46] and have been detected in many varieties, such
as Sauvignon Blanc, Macabeo, Gewiirztraminer, Riesling, Verdejo,
Merlot, and Cabernet Sauvignon, in which 3-sulfanylhexan-1-ol
and 3-sulfanylhexyl acetate are more prevalent than 4-methyl-4-
sulfanylpentan-2-one [9, 41, 45]. The typical aroma of some of
these wines with tropical notes reminiscent of grapefruit, boxwood,
and passion fruit, is attributed to these powerful odorants
[8]. Other varietal thiols include 4-mercapto-4-methyl-pentan-2-
ol, 3-mercaptopentan-1-ol, and 3-mercaptoheptan-1-ol [9, 44].

The thiols concentration in wines depends on several factors.
One of the most important factors is the concentration of thiol
precursors in grapes, which is found in the skin and pulp at pg/L
levels. Moreover, the concentration of these compounds depends
on several factors, such as harvesting mode, SO, treatment, ripe-
ness, vine nitrogen conditions, water deficit, grape variety, temper-
ature, and grape skin tannins, among others [41, 47-
50]. Additionally, the yeast strain used for fermentation is one of
the most important factors affecting thiol production [51]
(reviewed in [9].

Besides thiol concentration in wine, its perception is associated
with the chemical composition of the wine matrix [52]. Decreased
levels of esters or higher alcohols can reduce the masking effects of
these compounds on minor compounds such as thiols. Metschniko-
wia pulcherrima, in combination with Saccharomyces cerevisine
(S. cerevisine), can increase the 4-methyl-4-sulfanylpentan-2-one
concentration and also reduce higher alcohol production, thereby
increasing the fruitiness of wines [9, 53]. Figure 3 shows the
chemical structure of some important thiols found in wines.

Pyrazines are a class of nitrogen-containing heterocyclic com-
pounds mainly formed by the catabolism of some amino acids
such as leucine, isoleucine, and valine, and are found in grapes as
free volatiles [8, 10]. They are highly odorous compounds with a
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very low OT, which allows them to have a significant impact on
wine aroma [54]. These metabolites possess green and /or herba-
ceous notes at high levels that can be detrimental to high-end
wines, particularly >15 ng/L in white wines and > 25 ng/L in
red wines [10]. This characteristic aroma can be found in the grape
varieties Vitis vinifera cv., Cabernet Sauvignon, Sauvignon Blanc,
Cabernet Franc, and Merlot noir [55, 56]. However, the presence
of this aroma is only acceptable in a few white wines and is unfavor-
able in some red wines, especially those from the Cabernet family
[57]. Hence, it is important to understand the factors that influence
the production and accumulation of pyrazines in wine grapes and
eventually in the produced wine [55-60].

The biochemical processes involved in the formation of pyra-
zines in grapes and their degradation during grape development are
affected by viticultural conditions. For instance, the levels of 3-iso-
butyl-2-methoxypyrazine decrease as grapes mature [59]. The con-
centration of pyrazines is affected by light exposure, climate, and
terroir, as their concentrations increase in cooler environments and
are reduced by strong light [54, 55, 59, 61]. Nevertheless, the
biosynthesis and accumulation of these compounds require further
exploration [55, 61].

3-Isobutyl-2-methoxypyrazine,  3-isopropyl-2-methoxypyra-
zine, and 3-sec-butyl-2-methoxypyrazine are the most commonly
identified pyrazines in wines [55]. 3-Isobutyl-2-methoxypyrazine is
the most abundant and the most likely to affect wine aroma, as it is
often found in concentrations above its sensory threshold (2 ng/L
in water) [10, 62]. In wines from cool climates, it exceeds its low
OT, especially if the wines come from early harvests since it
diminishes considerably with maturation [55]. The vine water sta-
tus can also affect the concentrations of 3-Isobutyl-2-methoxypyr-
azine, as irrigation of the vines increases its content [8, 63]. The
bell pepper aroma of Sauvignon Blanc and Cabernet Sauvignon
wines has been correlated with the levels of this compound
[64]. Furthermore, its sensory thresholds differ between white,
red, and synthetic wines. The values found in red wines, for
instance, ranged between 1 to 6 ng/L and 10 to 16 ng/L
[55, 58]. 3-isopropyl-2-methoxypyrazine is the second-heaviest
methoxypyrazine in wines with potato or earthy aroma [65]. It is
found in grapes and wines, but can also be produced by microor-
ganisms [55]. 3-sec-butyl-2-methoxypyrazine is associated to pea
and bell pepper aroma [14]. The most common pyrazines found in
wines are shown in Fig. 3 [43, 66-70] (Table 1).
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Main varietal aroma compounds detected in wines or model wines. OT: olfactory detection threshold

Chemical OT (na/
family Compounds Aroma description L) Refs.
Terpenoids
Monoterpenes Geraniol Geranium, rose 30 [137]
Linalool Coriander seed, rose 15 [137]
Nerol Floral, orange flowers 15 [66]
Citronellol Rose, lemongrass 100 [66]
a-Terpineol Floral, lilac, pine 250 [67]
cis-Rose oxide Floral, green 8 [70]
Sesquiterpenes Farnesol Floral 1000 [68]
Nerolidol Floral 15 [137]
Rotundone Black or white pepper 0.016 [69]
C,3_Norisoprenoids
B-Damascenone Apple sauce, rose 0.05 [137]
B-Ionone Violet 0.09 [67]
Thiols
3-Mercaptohexan-1-ol Passion fruit, grapefruit 0.06 [70]
3-Mercaptohexyl acetate Boxwood, passion fruit 0.004 [70]
4-Mercapto-4-methylpentan-2- Boxwood, broom 0.0008 [70]
one
4-methyl-4-sulfanylpentan-2- Boxwood, blackcurrant 0.003 [43]
one
Pyrazines
3-Isobuthy-2-methoxypyrazine  Green pepper, pea pod 0.001 [70]
3-Isopropyl-2-methoxypyrazine Green pepper, pea pod, potato, 0.002 [70]

earthy

3 Volatilomic Pattern of Fermentation

The process of wine fermentation involves the conversion of grape
juice into wine through a complex chemical reaction with yeast and
sugars. This process is influenced by factors such as initial sugar
content and fermentation temperature, and it continues even after
fermentation is completed. During this process, many volatile com-
pounds that impact wine aroma are formed or converted from
precursors previously existent in grapes, or consumed [71-73].
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Fig. 4 overview of the different aspects influencing the final wine aroma

3.1 Gonversion of
Sugars During
Fermentation

Therefore, fermentation plays a crucial role in determining the
quality and character of wine [73, 74]. This contribution occurs
at different levels and steps in the process and is affected by the
quality and properties of the grapes, the fermentative microorgan-
isms present, and the fermentation conditions [72, 75]. Controlling
fermentation is essential for ensuring consistent wine quality, and
mathematical models are often used to predict and optimize fer-
mentation behavior. Fermentation temperature and initial sugar
content also play a significant role in preserving volatile aromatics
and fruity characters in the wine. The choice of yeast strains and
environmental conditions, especially temperature, also influence
the formation of substances that contribute to the taste, character,
bouquet, and stability of the wine. By considering these aspects,
winemakers can improve fermentation speed, shorten fermentation
time, and enhance overall wine quality. In summary, the contribu-
tion of fermentation to wine flavors can be categorized as the
conversion of sugars into alcohol, the release of volatile aroma
compounds, the preservation of volatile aromatics, and the influ-
ence of non-Saccharomyces yeast strains [9]. An overview of fermen-
tation contribution to the final wine aroma is presented in Fig. 4.

During the process of fermentation, yeasts convert the natural
sugars found in grapes into ethanol, carbon dioxide, and other
minor flavor-active compounds [8, 76]. This conversion is made
possible by the enzymes produced by the yeast. However, the
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activity of these enzymes can be influenced by various factors, such
as environmental and biotic stressors that may be present during
fermentation [8]. To adapt to these conditions and maintain their
metabolic activity, yeast cells must convert sugars into alcohol, even
under challenging circumstances. However, not all yeast strains
have the same capacity for sugar conversion [77]. Therefore, it is
necessary to extensively screen different yeast strains to select those
that have positive attributes, such as enhanced production of glyc-
erol and esters [77]. On the other hand, it is important to avoid
strains that have negative impacts, such as the overproduction of
acetic acid or hydrogen sulfide [77]. In addition to S. cerevisiane,
which is the most commonly used yeast strain in winemaking, other
non-Saccharomyces yeasts, including Torulaspora delbrueckii, Han-
seniaspora spp., Lachancea thermotolerans, Metschnikowia pulcher-
rima, Pichia spp., and Candida zemplinina, also play a role in sugar
conversion [78]. As we will see in more detail in the next sections,
these non-Saccharomyces yeast strains have different metabolic
activities depending on the fermentation conditions, which can
influence the conversion of sugars during fermentation and thus
impact the diversity and complexity of wine production [77].

The choice of yeast species and strains, as well as fermentation
conditions, can significantly affect the release and development of
aroma compounds in wines. Grapes contain glycosylated precursors
of volatile aroma compounds, such as glycosides, glutathionyl, and
cysteinyl conjugates, and other non-volatile molecules. Enzymatic
activities, including glycosidases produced by yeasts during fermen-
tation, can release these bound aroma compounds, including esters,
thiols, terpenes, norisoprenoids, and phenols [8, 73]. Up to 27 rel-
evant wine aroma compounds can be considered to proceed from
grape-specific precursors. Some of these compounds are immedi-
ately formed during fermentation, while others require a long aging
time to accumulate. The volatile compounds released contribute to
the fruity, floral, and spicy aromas of the wine [8, 73, 79]. In
particular, yeasts can enhance the concentration of volatile thiols
such as 4-mercapto-4-methylpentan-2-one, 3-mercaptohexan-1-
ol, and 3-mercaptohexyl acetate in wines [71]. These thiols impart
desirable passionfruit, grapefruit, citrus, and other aroma charac-
ters, which are especially important in Sauvignon Blanc wines but
can also be relevant in other varieties such as Riesling, Semillon,
Merlot, and Cabernet Sauvignon [71]. These thiols are initially
present in grapes as nonvolatile forms conjugated to cysteine. Dur-
ing fermentation, yeasts like S. cerevisine and S. bayanus produce a
cysteine lyase enzyme that deconjugates these thiols into their
volatile form. The ability to release these volatile thiols varies with
the specific Saccharomyces strain used. Furthermore, yeasts play a
crucial role in the biochemical transformation of flavor-inactive
grape juice constituents into flavor-active components. One well-
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3.3 Preservation of
Volatile Aromatics

3.4 Influence of Non-
Saccharomyces Yeast
Strains

studied reaction is the liberation of terpenes. Monoterpene alcohols
such as citronellol, geraniol, linalool, and nerol naturally occur in
grapes, particularly in Muscat, Riesling, and other white varieties,
contributing to fruity, estery, spicy, and vegetative aromas. How-
ever, a significant portion of these grape terpenes is covalently
linked to glucose or disaccharides of glucose and other sugars,
which have no flavor impact. Yeast glycosidases break down these
sugar conjugates, releasing volatile terpenes and significantly
impacting the wine’s character. The production of glycosidases
varies with yeast species and strain, with non-Saccharomyces yeasts
like Hanseniaspora, Debaryomyces, and Dekkera being stronger
producers of these enzymes compared to S. cerevisine. Therefore,
these non-Saccharomyces yeasts likely have a greater role in the
release of terpene aromas in wines (reviewed in [71]). Additionally,
as referred to in the previous section, volatile aglycones are mainly
released during the fermentation steps and involve both Saccharo-
myces and non-Saccharomyces yeasts, as well as lactic acid bacteria
[8,9,22].

The fermentation process is crucial for preserving volatile aromatics
in wine and enhancing the aromatic compounds derived from
grapes [9]. Factors such as temperature control and the use of
specific yeast strains influence the preservation of these volatile
aromatics [8]. Proper management of fermentation conditions
ensures that desired aromatic compounds are not lost or degraded,
resulting in a more pronounced and complex flavor profile in the
final wine [8]. This control of fermentation is vital for consistent
wine quality and plays a significant role in preserving volatile aro-
matics and fruity characters. Additionally, the proper management
of fermentation conditions, including temperature control and the
choice of yeast strains, helps retain and enhance aromatic com-
pounds from grapes, contributing to the wine’s aromatic complex-
ity and flavor profile [8, 80]. Furthermore, wine evolution
continues after fermentation until the production of the final prod-
uct. Controlling the fermentation process, maintaining the desired
temperature, and using suitable yeast strains are crucial aspects of
wine fermentation. Current understanding of yeast’s actions in
winemaking extends beyond the simple metabolism of grape juice
sugars and includes the metabolism of grape juice sugar and nitro-
gen components, enzymatic hydrolysis of grape components affect-
ing wine aroma, flavor, color and clarity, autolysis, and
bioadsorption [71].

Yeasts play a fundamental role in alcoholic fermentation, convert-
ing sugars to ethanol and CO, and producing volatile organic
compounds. 8. cerevisiae has been extensively studied [74], but
non-Saccharomyces strains have been found to increase the sensory
complexity and flavor diversity of wines [78]. In fact, over
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40 different yeast species have been found to participate in wine
fermentation [76]. These strains produce different enzymatic activ-
ities and metabolic by-products compared to the dominant yeast,
S. cerevisine. As a result, their participation in fermentation can
result in wines with more pronounced fruit aromas and a greater
variety of flavors. Accordingly, the diversity of yeast strains contri-
butes to the wine’s unique character and flavor profile. For this
reason, non-Saccharomyces strains are of commercial and oenologi-
cal interest due to their positive impact on their unique abilities and
sensory qualities. Studies have revealed the existence of non-Sac-
charomyces model organisms such as Torulaspora delbrueckii, Han-
seniaspora  spp., Lachanthua  thermotolerances, Mechinikovia
pulchervima, Candida zemplinina, and Pichia spp., in combination
with S. cerevisine (Table 2) [74, 78]. As can be observed, different
types of yeast can have different effects, both positively on wine-
making and as potential sources of wine failure. Regarding this,
yeasts belonging to the Brettanomyces/Dekkera genus are often
associated with wine spoilage all over the world [81].

Yeast settlers can colonize diverse habitats, including vineyards
and wineries, and form microbial communities associated with
specific niches. Understanding the composition, dynamics, and
maintenance of these yeast communities provides insight into the
impact of yeast on grape health, grape quality, and wine sensory
profile [76]. The natural microbiota associated with wine fermen-
tation is very complex and may include other eukaryotic and pro-
karyotic organisms (e.g., lactic acid bacteria [8, 9]). Its composition
depends on many factors, such as rainfall, grape variety, tempera-
ture, soil, viticulture methods, and irrigation [77]. Non-Saccharo-
myces yeast strains, including Hanseniaspora and other genera, form
an important part of the native grape flora and contribute to the
sensory complexity of wines [80]. In particular, Hanseniaspora
vinene (H. vineae) has emerged as a promising species for quality
wine production. Wines made with H. vineae and S. cerevisine
exhibit greater fruit intensity and complexity than wines made
with §. cerevisine alone. In turn, subtle aromatic notes have been
associated to other non-Saccharomyces species such as Pichin,
Metschnikowia, and Torulaspora [77, 82, 83]. Table 2 briefly
describes the specific effects of including non-Saccharomyces yeast
strains in the fermentation process.

Beyond the type of yeast, the parameters of the fermentation
process can be used to modulate yeast gene expression. Under
permissive conditions, for instance, in which yeasts can complete
the fermentation process and consume all sugars available, cells can
cope with the natural environmental and biotic stressors and main-
tain metabolic activity [ 77 ]. However, challenging conditions (e.g.,
temperature and sugar availability) can be used to modulate yeast
gene expression, therefore affecting the expression of key enzymes
(phenotype) in the fermentation process. Such knowledge is being
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Table 2
The main non-Saccharomyces yeast species of oenological importance and their influence on wine
fermentation
Species Oenological impact Refs.
Torulospora delbrueckii Testers and thiols; Tglycerol, diacetyl, ethyl lactate, and [86-88,98]
ethyl acetate, |acetic acid; |acetic acid production
Prelude™ (Torulospora Tmedium-chain fatty acid esters (increases flavor [88]
delbrueckii) complexity), Tmannoproteins, |Volatile acidity,
| toxic medium-chain fatty acids (promotes
malolactic fermentation)
Zymaflore®™ Alpha (Torulospora TVolume and length palate, Taromatic diversity and [88]
delbrueckii) intensity, T3SHA, 13SH, |volatile acidity,
lacetaldehyde, acetoin, diacetyl, and H,S
Biodiva™ (Torulospora TAromatic and mouthfeel complexity, Taromatic esters, [88]
delbrueckii) Tosmotic shock resistance, |volatile acidity
Viniferm NS TD (Torulospora  Twine complexity, Taromatic spectrum, T8-phenyl [88]
delbrueckii) ethanol, 7B-lyase activity, Tmannoprotein
Primaflora® VB BIO bioprotection [88]
(Torulospora delbrueckii)
Lachancea thermotolerans TL-lactic acid, glycerol, and 2-phenyl-ethanol (used to [89, 91, 94,
acidify grape juices); |volatile acidity in wine 108,
114]
Metschnikowin pulchervima Testers, terpenes, thiols, and aromatic complexity; [53, 113]

Schizosaccharomyces pombe

Candida zemplinina

Candida stellatn

Candida cantarellii
Candida puicherrima
Hanseniaspora spp.

Hanseniaspora vineae

1B-glucosidase activity, Tcompounds influencing the
organoleptic quality of wine (e.g. medium-chain fatty
acids, higher alcohols, esters—mainly ethyl
octanoate, terpenols, and glycerol), |volatile acidity

Tdeacidification by L-malic acid degradation;

Tglycerol and succinic acid; Tlinalool, citronellol,
nerolidol, geraniol, and terpenes (wines with
fructophilic and complex aromas); |acetic acid and
higher alcohols

Tglycerol content; Twine aroma profile; | acetaldehyde,
acetoin, glucose and fructose

Tglycerol content
Twine aroma profile
Tacetate esters and terpenes; biogenic amine adsorption

1 acetate esters (e.g., 2-phenylethyl acetate) and
phenylpropanoids (e.g., 2-phenylethyl and benzyl
alcohols); Tfruit intensity aromas described as
banana, pear, apple, citric fruits, and guava;
Ibranched-chain higher alcohols, fatty acids, and
ethyl esters

[90, 92]
[77,104]

[95, 109]

110]
99]
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[
[
[
[97,102]

(continued)
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Table 2
(continued)
Species Oenological impact Refs.
Hanseniaspora guilliermondii T1-propanol, 2-phenylethyl acetate and [106]
and Hanseniaspora uvarum 3-(methylthio)propionic acid; |ethyl hexanoate,

Hansenula anomaln

Hansenula wvarum
(K. apiculata)

pentanoic acid, free fatty acids,
2-methyltetrahydrothiophen-3-one and acetic acid-
3-(methylthio)propyl ester

Thigher alcohols and acetate and ethyl esters; |C6 [77]
alcohols

Simulation of natural fermentation (improvement of  [103, 105]
aroma complexity, |ethyl acetate esters)

Pichin guillermondii Tcolor stability and 4-ethyl-phenol production [77]

Pichin kinyvers Tvarietal thiols and esters (]glycerol and ethanol yield) [77,112]

Zygosaccharomyces bailii Tpolysaccharides; acetic acid [77]

Kluwyveromyces thermotolerans Jacetic acid production; Enhancement of titratable [100]
acidity

Issatchenkin ovientalis Imalic acid content [101]

Pichia fermentans Tand more complex aroma [93]

Pichia klnyveri Tvarietal thiols (e.g., 3-mercaptohexyl acetate, [77, 85]
2-phenylethyl acetate, and ethyl octanoate)

Debaryomyces vanrifi Tgeraniol concentration [96]

Schizosaccharomyces spp. +

Influence on sensorial and physico-chemical properties [107]

Saccharomycodes spp. + Pichin of wines

spp.
Mixed ‘wild’ yeasts

Tand more complex aroma [72,111]

3SH 3-sulfanylhexan-1-ol, 3SHA 3-sulfanylhexylacetate

3.5 Overview of Key
Aromatic Compounds
During Fermentation

unveiled with the final aim of obtaining wines with adjusted aro-
matic profiles [53, 72,77, 84-114].

Benzenoids, especially phenylpropanoids, are present in grapes in
very low concentrations as free volatiles and can be found in impor-
tant levels in the form of glycosylated precursors. Glycosylated
forms of volatile phenols such as eugenol, guaiacol, vanillin, and
their derivatives, can contribute to the spicy aroma of wines, with-
out being subjected to aging in contact with oak wood. Moreover,
the balsamic aroma associated with the terroir of many wines can be
attributed to these glycosylated compounds. Other precursors of
volatile phenols include coumaric and ferulic cinnamic acids, which
are mainly found in grape skins. However, these compounds
require enzymes with decarboxylation activity, which can be inhib-
ited in the presence of catechins. Therefore, the presence of these
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volatile phenols is more important in wines of short maceration,
such as white wines, than in those of long maceration, as in the case
of red wines [8, 70].

Cs-compounds are free volatiles directly derived from grapes
and have herbaceous, leafy, cut-grass aromas [8, 9]. These com-
pounds consist of alcohols and aldehydes, such as 1-hexanol, (Z)-3-
hexenol, (E)-3-hexenol, and (E)-2-hexenal, which can be found at
concentrations above the corresponding sensory thresholds
[42]. Due to their high OT, alcohols are among the least odorant
volatiles [ 115]. C4-compounds are considered varietal aromas since
they come from the grape variety [116]. Although, these com-
pounds are common in all grapes. In addition, they can be consid-
ered pre-fermentative aromas, as their content increases from the
moment in which the berry is separated from the cluster and in all
the other pre-fermentative stages. In grapes, C4-compounds can be
found as non-odorous glycosylated precursors, but their concen-
tration is much lower than those of the free forms. Moreover,
oxygen triggers their formation and activates enzymatic systems,
generating aldehydes and alcohols from polyunsaturated fatty acids,
which are favored by the temperature [8]. The roles of these
compounds in the final perception of wine aroma depend on their
concentrations, which consequently depend on the grape variety
and other climatic and viticultural factors [9]. For instance, the
concentration of 1-hexanol can range from 1320 to 13.800 pg/
L, with a sensory threshold of 8000 pg/L. In turn, cis-3-hexenol
ranges from 8 to 711 pg/L, with a sensory threshold of 400 pg/L
[67]. At low concentrations, these compounds can contribute to
the complexity and typicity of some wines. Nonetheless, at high
concentrations, they show undesirable effects, such as imparting
undesirable green aromas and as a depreciator of clear, fruity notes
in both white and red wines [9].

4 \Volatilomic Pattern of Storage and Aging Processes

The volatile composition of wines is significantly affected by the
aging process; specifically, red wines such as Madeira wines, Porto
wines, and Sherry have been the subject of main research [117-
120]. During the aging process, several interactions can occur and
molecular can migrate from oak to wine contributing to the for-
tified wine’s distinctive sensory qualities. The quality of the fortified
wine aging bouquet can be influenced by several parameters, such
as grape variety, wine-making process, and oak features (e.g., age of
cask, geographical origin, species of oak, seasoning of the staves,
and toasting), among others [121, 122]. Calugir et al. [123]
evaluate the influence of untoasted oak chips, toasted oak chips,
and untoasted barrels on the volatile profile of Muscat Ottonel
Wine during aging. The untoasted medium improved the terpenes
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Fig. 5 Mechanisms and odor descriptors related to aged Madeira wines

and alcohols that contribute Muscat Ottonel its characteristic scent,
whereas acetovanillone and p-vinyl guaiacol, two volatile wood
components, were increased by lightly roasted oak chips. More-
over, as fortified wines age, the concentration of some fermentative
(e.g., ethyl esters, alcohols) and varietal (e.g., terpenoids, noriso-
prenoids) compounds reduces, causing the wine to become less
fruity and fresh. In contrast, other aromas, such as those of caramel,
dried fruits, spices, toast, and wood, begin to emerge (see Fig. 5).
The key mechanisms relating to these characteristics are the Mail-
lard processes, Strecker degradation caramelization, microbial
activity, and diffusion from the oak [124-126]. Port wine is often
matured for along time, up to many decades, in oak barrels. During
this process, Port wines develop diverse tastes of fruit, chocolate,
caramel, and spices as a result of aging [122]. In addition, the
concentration of volatile organic compounds changes significantly,
consequently, the wine’s color and fragrance vary significantly,
being more noticeable with extended aging. A similar pattern is
observed in the volatile profile of Madeira wines during the aging
process. The results obtained in a recent study performed by
Perestrelo et al. [127] represent a suitable approach for encourag-
ing changes in the estufagem process and evaluating the impact of
storage on the volatile profile.

Furanic compounds, lactones, volatile phenols, and acetals are
the most chemical families related to the aging process, being
mentioned as potential Madeira wine aging markers, as their levels
increase significantly with aging time and can be used to prevent
fraud. Compounds, such as diethoxymethane, 1,1-diethoxyethane,
1,1-diethoxy-2-methyl-propane, 1-(1-ethoxyethoxy)-pentane,
trans-dioxane, cis-dioxane, cis-dioxolane, trans-dioxolane, 2-pro-
pyl-1,3-dioxolane, 2-furfural, 5-methylfurfural,
5-hydroxymethylfurfural,  cis-oak-lactone,  trans-oak-lactone,
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Fig. 6 Formation of heterocyclic acetals by the acetalization reaction between acetaldehyde and glycerol.
(Adapted from Alti-Palacios et al. [11])

sotolon, eugenol, guaiacol, and p-ethylphenol have been reported
in several studies as potential Madeira wine aging markers
[120, 121, 128-130]. The four heterocyclic acetal alcohols men-
tioned before as potential aging markers were formed as a result of
the acid-catalyzed condensation process between aldehydes and
alcohols, which is preferred at higher pH levels, as exemplified in
Fig. 6 [131].

From a sensorial point of view, fortified wines are substantially
influenced by volatile compounds since they promote a variety of
experiences through tastes and odors that encourage customer
acceptance or rejection. In general, a single volatile compound at
a concentration greater than its odor threshold is enough to pro-
vide a specific odor and contribute to the overall wine aroma
[132]. Perhaps, furanic compounds and acetals are at higher con-
centrations especially in older wines, their contributions to fortified
wine aroma are not expected, since these chemical families showed
higher odor thresholds (mg/L) [67]. Pyrolysis of carbohydrates,
Maillard reaction-induced dehydration of sugars, and carameliza-
tion are the main pathways involved in the formation of the furanic
compounds [118, 133, 134]. Silva et al. [118] evaluated the effect
of forced-aging on Madeira wine aroma by gas chromatography-
olfactometry (GC-O) and identified a pool of Maillard
by-products, like as 2-furfural, 5-methyl-2-furfural, 5-(ethoxy-
methyl)-2-furfural, methional, which clarifies the baked, brown
sugar, and nutty aroma descriptors of Madeira wine. Moreover,
lactones are crucial odorants compounds of Madeira wines aged
in oak casks, mainly the oak-lactone, pantolactone, sotolon, and
y-lactones, which results from the cyclization of the corresponding
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hydroxycarboxylic acids [132]. Several studied conducted on older
Madeira and Porto wines reported sotolon as an important key
odorant due to its lower odor threshold (10 pg/L) [67, 118],
and related with their distinctive caramel, curry and nutty odor.
Camara et al. [135] verified that the concentration of sotolon in
sweet Madeira wines (Malvasia) is higher compared to dry Madeira
wines (Sercial ), suggesting that sotolon concentration is influenced
by sugar level. Moreover, in this study, it was also verified that the
concentration of sotolon is also influenced by age since their con-
centration increase from 100 (6-year-old) to 1000 pg/L (25-year-
old). Regarding to the volatile phenols, specially 4-ethylguaiacol
and 4-ethylphenol, can be linked with olfactory defects in wine if
they are present at a concentration above their odor threshold,
33 and 440 pg/L, respectively [124]. However, at low concentra-
tions, this chemical family contribute positively to young wines
with a distinctive aged character by transferring scent notes of
spices, smoke, and leather [136].

5 Wine Volatilomics Analysis

5.1 Techniques Used
in Wine Volatile
Extraction

Focused on the
identification of a variety
of volatiles to obtain
fingerprints or patterns
without essentially
quantifying specific
metabolites (GC-MS)

The wine volatilomic analysis can generally be classified into
(i) TARGET focused on a specific group of intended metabolites
thereby requiring subsequent quantification and identification, or
(ii) UNTARGET focused on the detection /identification of a vari-
ety of metabolites that allow fingerprints or model standards with-
out the need to quantify or identity specific metabolites (Fig. 7).

Wine is a complex mixture of aromatic compounds that can contain
several hundred different volatile organic compounds (VOCs),
ranging from a few ng L' to g/L. Therefore, the extraction and
comprehensive analysis of wine VOCs are challenging. Moreover,
for many, if not all, wine producers, knowledge of the consistency
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Fig. 7 Modes of volatilomics analysis
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of wines produced year after year is very important. This requires
the use of robust methodologies that can deliver consistent results
only reflecting changes in the samples analyzed and not variations
due to the experimental layout or methodological parameters.
Accordingly, only a few techniques for extracting volatile organic
compounds (VOCs) from wine have been reported in the litera-
ture. Table 3 lists the commonly used methods, including LLE,
SPE, HS-SPME, HSSE, SBSE, and MASE, which have been used
since 2018.

LLE

The use of LLE to extract wine VOCs involves a large sample
volume (5-8 mL) mixed with an organic solvent, DCM
[137, 138] or diethyl ether [139], using a magnetic stirrer or
ultrasonic bath (US). US is more efficient than magnetic stirring,
reducing the extraction time from 15 to 5 min. A subsequent
centrifugation step separates the organic phase containing the
wine VOCs, which are further dried with anhydrous Na,SO,4 and
analyzed by GC-MS. A reference internal standard, often an exter-
nal alcohol, is often added to the wine sample prior to extraction.

SPME

SPME is one of the most successful extraction procedures used for
VOC:s analysis. The reasons for this are certainly related to the fact
that it is a solventless procedure with a simple and straightforward
experimental layout that generates few residues. On some occa-
sions, the sample is not disturbed during extraction. In the head-
space (HS) mode, which is the most commonly used mode, the
fiber is only exposed to the HS of the sample, which is usually
agitated upon pH and ionic strength adjustment. In the case of
wine, and according to studies reported in the literature in the last
5 years, this HS mode is preferred, as is the triple DVB/CAR/
PDMS fiber. This type of fiber has been demonstrated to be the
most beneficial for analyzing wine VOCs, offering advantages such
as higher extraction efficiency, improved aroma profiling, ability to
capture a wide range of compounds, and enhanced detection of
VOCs [140-142]. Overall, the remaining experimental procedure
involved some optimization according to the wine sample. Accord-
ingly, in the selected reports presented in Table 3, the sample
volume ranged from 0.5 [143] to 12 mL [144], the equilibration
time is usually fast (10-15 min), and the extraction step with
stirring of the sample at a controlled temperature is often between
30 min and 60 min, although longer extraction times are some-
times used [144]. Following HS-SPME extraction, the trapped
VOC:s were loaded and separated by GC/MS.
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Table 3
Overview of main extraction approaches used for wine samples

Extraction
technique Extraction conditions Analytes Refs.

LLE 8 mL of wine +2.4 pg 4-nonanol (IS) + 400 pL.  VOCs [137]
DCM. Extraction by stirring with a magnetic
stir bar (15 min, room temperature). Cooling
(10 min, 0 °C). Centrifugation (5 min,
RCF = 5118, 4 °C). Organic phase recovered.
Drying with anhydrous Na,SO,4. Aromatic
extracted recovered (200 pL). GC-MS analysis

LLE 5 mL wine after alcoholic fermentation +100 pL. VOCs [139]
4-methyl-2-pentanol (IS) + 1 mL diethyl ether
(solvent) placed in an ultrasonic bath (5 min).
Centrifugation (3 min, 4000 rpm). Na,SO4
was added to remove any water from the
non-polar layer. Centrifugation (3 min,
4000 rpm). GC-FID analysis: 3 pL extracted
sample

LLE 8 mL wine +3 pg 4-nonanol (IS) + 400 mL of  VOCs [138]
DCM. Extraction by stirring with a magnetic
stir bar (15 min, room temperature). Cooling
(10 min, 0 °C). Centrifugation (5118 x g,
5 min, 4 °C) for organic phase removal.
Aromatic extract recovered (200 pg L) and
dried with anhydrous Na,SO4 GC-MS
analysis

HS-SPME 0.5 mL wine aliquot +10 pL of IS mixture (d4—3- VOCs [143]
methyl-1-butanol, d;-hexyl acetate, d;3—1-
hexanol, ds-ethyl nonanoate, ds—2-
phenylethanol, d;9-decanoic acid) with 4.5 mL
water +2 g NaCl. DVB/CAR /PDMS fiber,
equilibration (10 min, 50 °C), extraction
(45 min, 50 °C, 500 rpm). GC-MS analysis

HS-SPME 12 mL wine +2 g NaCl. DVB/CAR/PDMS  VOCs [144]
fiber, equilibration (15 min, 60 °C, with
stirring), extraction (105 min, 60 °C, with
stirring). GC-MS analysis

HS-SPME 8.5 mL wine +50 pL IS (mixture of 17.7 mg L' VOCs [12]
methyl-2-methylbutyrate, 20 mg L ! benzyl
alcohol 13C6, 45 mg L™" methyl octanoate,
185 mg L~ ! heptanoic acid, 20 mg L}
3,4-dimethylphenol and 16.3 mg L~ hexanal)
diluted to a final volume of 25 mL with a
hydroalcoholic solution (13.5% ethanol
+3.5 g L ! tartaric acid, pH adjusted to 3.5).
Extraction:10 mL of this dilution +3.5 g NaCl

(continued)



116 José Sousa Camara et al.

Table 3
(continued)

Extraction
technique

Extraction conditions

Analytes

Refs.

HS-SPME

HS-SPME

SPE

SPE

SPE

(DVB,/CAR/PDMS fiber, 60 min, 40 °C,
500 rpm). GC-MS analysis

5 mL wine + IS (ethyl decanoate and 3-methyl-1-

butanol) + NaCl (10%). DVB/CAR/PDMS
fiber, extraction (105 min, 50 °C, with
stirring). GC-MS analysis

4 g sample (grape pomaces, grape stems, or

lees) + 2 g of NaCl +5 mL of ultra-pure water
+10 pL 4-methyl-2-pentanol (IS, 250 pg/L).
DVB/CAR/PDMS fiber, extraction (45 min,
40 °C, 800 rpm). GC-MS analysis

25 mL wine passed through preconditioned

PP-DVB cartridges (40-120 pm, 5 mL of
volume, 0.2 g of adsorbent phase) + 4-nonanol
(IS). Column rinsed with 25 mL water to
eliminate sugars, acids, and other polar
compounds. Free fraction eluted with 15 mL
pentane:DCM (2:1 v/v). Extracts
concentrated by distillation in a Vigreux
column and nitrogen stream to 100 pL (kept at
—20 °C until GC-MS analysis)

50 mL wine and grapes +10 pL 2-octanol (IS,

420 mg/L in EtOH) diluted with 50 mL
deionized water. Solution loaded on an SPE
cartridge (1 g sorbent previously activated with
20 mL MeOH and equilibrated with 20 mL
water). Cartridge washed with 15 mL water.
Free volatile compounds eluted with 10 mL
DCM and concentrated under nitrogen stream
to 200 pL before GC injection. Bound
compounds eluted with 20 mL MecOH.
Solvent evaporation under vacuum to dryness.
Bound compounds dissolved in 5 mL citrate
buffer (pH 5) with 100 mg of PVPP + 200 pL
enzyme preparation AR2000 (70 mg/mL in
citrate buffer)

50 mL grape and wine +10 pL 2-octanol (IS,

420 mgL~" in EtOH) diluted with 50 mL
deionized water. Solution loaded on an SPE
cartridge (1 g sorbent previously activated with
20 mL MeOH and equilibrated with 20 mL
water). Cartridge washed with 15 mL water.
Free volatile compounds eluted with 10 mL
DCM. Bound compounds eluted by 10 mL
MeOH. Free volatile compounds concentrated

VOCs

VOCs

Terpenoids, norisoprenoids,
benzenoids

VOCs

[140]

[152]

[145]

[153]

[154]

(continued)
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Extraction
technique Extraction conditions

Analytes Refs.

under a gentle nitrogen stream to 200 pL and
ready for injection. Methanolic-phase eluted
with 10 mL DCM, dried with Na,SO,

(1 spatula) and concentrated to 200 pL under a
gentle nitrogen steam

LLE + SPE LLE: aliquot of wine sample extraction with
DCM three times (v/v, 5%, 15 min). Organic
phases pooled and kept at —20 °C until
required.

Ag*SPE: MetaSep IC-Ag cartridge conditioned
with 10 mL of DCM. LLE extracts loaded
onto the conditioned cartridge. Cartridge
washed with 10 mL DCM, 20 mL ACN, and
10 mL DCM. Elution with 5 mL water, 20 mL
aq. l-cysteine solution (10 g/L), and 10 mL
DCM. Elutes (H,O, l-cysteine solution, and
DCM) collected and stirred (15 min,

900 rpm). Organic phase pooled, dried over
anhydrous Na,;SOy, and concentrated under
nitrogen for further GC-MS analysis

SBSE 5 mL wine vinegar +1.67 g NaCl +10 pL
4-methyl-2-pentanol (IS, 1045 mg/L).
Extraction with a 10-mm long stir bar coated
with a 0.5-mm PDMS layer (60 min, 62 °C).
After 5 min at room temperature, the stir bar
was removed with tweezers, rinsed with water,
and dried with lint-free tissue paper. The stir
bar was transferred into a glass tube (60 mm
long, 6 mm o.d. and 4 mm i.d.) and placed in
the autosampler tray for thermal desorption
and GC-MS analysis

SBSE SBSE: 8 mL centrifuged must sample (15 min,
4500 rpm) + 1 mL standards solution +25 pL
2-octanol solution (5 pL 2-octanol /100 mL
EtOH) + 2.5 g NaCl. HS extraction with a
PDMS-coated stir bar (6 h, 60 °C,

500 rpm) + borosilicate magnetic stirrer. Stir
bar removed from the sample, rinsed with
distilled water, and dried with tissue paper. Stir
bar transferred into a thermal desorption tube
for GC-MS analysis

MSBSE: 0.8 mL centrifuged must sample
(15 min, 4500 rpm) + 0.1 mL of standards
solution +25 pL 2-octanol solution (5 pL
2-octanol /100 mL EtOH) + 8.1 mL water.
Extraction with PDMS coated stir bar (0.5 mm

Volatile thiols [155]

VOCs [149]

VOCs [148]
SBSE provided a higher

extraction of volatile

compounds than "SBSE

(continued)
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Table 3
(continued)
Extraction
technique Extraction conditions Analytes Refs.
film thickness, 10 mm length) + ethylene
glycol coated stir bar (10 mm length, 32 pL
phase volume) (6 h, 60 °C, 500 rpm). Stirs bars
removed, rinsed with distilled water, and dried
with cellulose tissue. Stir bars transferred into a
thermal desorption tube for GC-MS analysis
15 mL wine in a glass crimp-cap, headspace vial Monoterpenes and Cy 3- [151]

with a magnetic stir bar (3 x 8 mm) + EtOH norisoprenoids
solution containing labelled compounds as IS
(50 pL, equivalent to ~17 pg/L of each dg—
1,8-cineole, dg-linalool, ds-a-terpineol,
d,-p-citronellol, 4-geraniol,
dy-p-damascenone, dz-a-ionone, and
d3-p-ionone) + MASE apparatus (membrane
bag, sealing ring, and cone insert). Crimp
capped and placed on a cooler tray held at 10 °
C. Before analysis, the MPS Robotic Pro added
hexane/acetone (2:1, 0.9 mL) into the
membrane bag, the vial was stirred (45 min,
35 °C), cooled (15 min, 10 °C), and 2 pL.
extract injected for GC-MS analysis

ACN acetonitrile, DCM dichloromethane, EtOH ethanol, GC-FID gas chromatography with flame-ionization detection,
GC-MS gas chromatography-mass spectrometry, HS headspace, LLE liquid-liquid extraction, MASE membrane-assisted
solvent extraction, MeOH methanol, ”SBSE multi-stir bar sorptive extraction, Na,; SOy sodium sulphate, NaCl sodium
chloride, PP-DVB polypropylene-divinylbenzene, PVPP polyvinylpolypyrrolidone, SBSE stir bar sorptive extraction, SPE
solid-phase extraction, SPME solid-phase microextraction

SPE

In SPE, very large volumes of wine (25-50 mL) are loaded through
a preconditioned cartridge containing the sorbent particles that will
retain the wine VOCGCs. Subsequently, a washing step is used to
discard interferents, such as sugars, acids, and other polar com-
pounds [145], and a final elution step allows the recovery of the
wine VOCs. Often, methanol is used as elution solvent to facilitate

the extract concentration under nitrogen stream before injection in
the GC-MS.

SBSE

In SBSE, the sorbent is incorporated in the magnetic stir bar and
extraction occurs while the solution is being stirring under a con-
trolled temperature. Often, a layer of PDMS is used to coat the stir
bar, enabling a large area of contact with the sample. After the
extraction occurs, the stir bar is just removed, dried with a lint-
free tissue paper and the trapped analytes eluted by placing the stir
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bar in a suitable solvent and stir. The eluted analytes can then be
analyzed or concentrated if necessary [146, 147]. An alternative
route was used by [148, 149] for wine VOCs analysis, by transfer-
ring the stir bar for a desorption tube and desorb the trapped VOCs
directly to the GC-MS [148, 149], therefore skipping the methanol
clution.

MASE

Membrane-assisted solvent extraction is a small-scale liquid-liquid
extraction using a polymer membrane (low-density polyethylene)
as a small reservoir of the organic phase for the target analytes
enrichment [150]. This technique is quite simple, enabling a high
enrichment factor and its combination with a large volume injec-
tion GC-ECD, further extends the analytical performance of the
methodology. The application of MASE to wine samples character-
ization was elegantly shown by Pisaniello et al. [151] that used a
robotic system to control the MASE extraction. However, it should
be mentioned that MASE is more suitable for targeted volatomics,
and the authors were specifically interested in the extraction of wine
monoterpenes and Cl3-norisoprenoids [12, 137-140, 143-145,
148, 149, 151-155].

Several instrumental techniques, including those based in (i) gas
chromatography (GC-FID, GC-MS, and GCxGC-ToFMS) for the
qualitative and quantitative evaluation of the chemical composition
of the volatiles; (ii) gas chromatography-tandem olfactometric
detection which allows the individual aromatic characterization of
the wine volatiles; and (iii) electronic nose very useful in chemo-
metric modeling of the global volatile composition, are commonly
used in the analysis—detection, separation, identification, and
quantification—of wine volatile compounds. From those, chro-
matographic techniques are the golden standard analytical instru-
ments to this end. Chromatographic analysis has been extensively
used to investigate wine’s chemical properties, as well as to monitor
winemaking steps, to identify and quantify volatile compounds
(e.g., terpenoids, norisoprenoids, esters, alcohols), non-volatile
compounds (e.g., phenolic compounds, flavonoids, anthocyanins),
organic acids, sugars, organic metal-containing compounds, pesti-
cides, among others target analytes [156-160]. The main chro-
matographic analysis used in wine’s investigation requires a sample
preparation step for the isolation and /or preconcentration of target
analytes before separation/detection analytical techniques. Gas
chromatography (GC), liquid chromatography (LC), and multidi-
mensional techniques (e.g., GC x GC; LC x LC) are the most used
analytical approaches in the investigation of wine’s properties and
taste. In this sense, GC-MS has been highly used in the investiga-
tion of the changes in volatile composition during the aging process
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with the purpose of identifying potential key aromas and aging
markers [126, 129, 161]; to evaluate the impact of several wine-
making techniques on the volatile composition as well as on the
sensory properties [ 162 ], to explore the effect of different ferment-
ing yeast strains on the aroma components [ 163 ], to quantify odor-
active carbonyls (aldehydes, Strecker aldehydes, unsaturated alde-
hydes, ketones) in fortified wines [164], among other examples.
GC-ECD has been used to determine haloanisoles in wines [ 165],
whereas GC-FID has been applied to monitor the wine quality
[166], to determine free fatty acids [167] and methanol in wines
[168]. Recently, Welke and collaborators [169] provided an easy
and economical step-by-step procedure for the adaptation of a
GC-FID to a lab-made olfactometer in combination with compre-
hensive two-dimensional gas chromatography—mass spectrometry,
(GC x GC-MS) to evaluate odor-active compounds of wine.
Twenty-four odor-active compounds were identified by GC-O,
while GC x GC-MS signaled additional 14 odor-active compounds,
which were found as coelutions. As stated in this study, GC x GC
was capable to overcome numerous restrictions when separating
complex samples with high resolution, sensitivity, and peak capacity
through the synergistic separation of two chromatographic col-
umns with different stationary phases [169, 170]. Figure 8 shows
a schematic overview of the potential instrumental techniques used
in the detection, identification, and quantification of wine volatile
compounds.
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6 Final Remarks

The wine quality is determined by two main parameters that define
the characteristic properties of wines: (i) the terroir related to the
grape variety/rootstock, climatic conditions (temperature, irriga-
tion), the soil (profile, physical characteristics, water resource,
fauna), to the harvest year—factors that determine the composition
of the grapes and, consequently, the must and the wine and (ii) the
art, the engine and the knowledge of the wine producers acquired
over centuries of experience, in the vinification process used, in
particular, temperature, yeast strain, must treatment, use of fer-
mentation aids, filtration and other processes used, together with
any maturation and/or aging processes. The winemaking process
namely fermentation, in which the hexose sugars, glucose and
fructose (fermentable sugars) present in the grape juice, are con-
verted by yeasts into mainly ethyl alcohol and carbon dioxide, in
addition to several secondary volatiles, responsible for the base wine
aroma, and non-volatile metabolites, ensuring yeast growth and
maintenance. The maturation of the wine, either in-cask (or vat/
tanks), or in-bottle, after vinification, slow chemical reactions
including slight oxidation of some existing components by the
dissolved oxygen present and absorbed by wine during storage in
addition to the chemical /physical extraction from the wood of the
barrels, can occur influenced by the time of conservation, tempera-
ture, and humidity. All of these processes explain part of the secret
behind the wine flavor and quality.
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In-Mouth Wine Aroma Analysis

Maria Pérez-Jiménez, Carolina Mufioz Gonzalez,
and Maria Angeles Pozo-Bayon

Abstract

In-mouth aroma analysis under wine-tasting conditions is a challenging task. By combining the use of
analytical tools such as solid phase micro-extraction (SPME) or stir bar sorptive extraction (SBSE) with the
design of different devices and /or methodological approaches, it is possible to monitor the aroma release in
the mouth at different times while simulating the consumption of wine. Two recently employed techniques
to monitor in-mouth aroma release from wine are intra-oral SPME and in-mouth headspace sorptive
extraction (HSSE). These procedures consist in the intra-oral extraction of wine volatiles into adsorbent/
absorbent polymers after the oral exposure to the wine by using an SPME fiber or a stir bar also called a
twister. Then, aroma compounds contained in both types of polymers are desorbed and analyzed by gas
chromatography-mass spectrometry (GC-MS). Using these tools, the total amount of aroma released by
cach odorant can be determined. Through this, it is possible to compare the intra-oral amounts and release
patterns of different types of wine volatiles, which can be useful for determining their oral aroma persis-
tence. This chapter provides a step-by-step guideline for the extraction, desorption, and analysis by GC-MS
of the wine aroma compounds released in the mouth after wine tasting by using intra-oral SPME or
in-mouth HSSE procedures.

Key words Intra-oral aroma analysis, Aroma release, Retronasal aroma, Aroma persistence, GC-MS,
Wine oral processing

1 Introduction

The intra-oral solid phase microextraction (SPME) and the
in-mouth headspace sorptive extraction (HSSE) techniques cou-
pled to gas chromatography-mass spectrometry (GC-MS) allowed
us to determine the presence of aroma molecules in the mouth after
wine tasting [ 1, 2]. Both techniques are based on the monitoring of
the in-mouth headspace immediately after oral exposure to wine by
using adsorbent/absorbent polymers, such as SPME fibers or mag-
netic stir bars also called twisters, normally used for SBSE. Both
techniques rely upon considering that during the in-mouth extrac-
tions, the oral cavity works as a closed system as the velum tongue is
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closed, and thus, there is no airflow circulation between the nasal
and the oral cavities [3]. Additionally, these techniques allow us to
monitor the headspace of the mouth at different and specific times
after wine tasting [4, 5]. Like this, it can be possible to obtain the
release kinetics of different aroma molecules in the mouth and
determine both the immediate and the prolonged retronasal wine
aroma, also called aroma persistence. Both techniques have recently
been used in different works to investigate the impact of wine
composition [6, 7] and /or individual factors [8, 9] on the release
and persistence of different types of wine volatiles.

The use of SPME fibers or twisters allows us in a single step the
extraction and concentration of the aroma compounds contained in
the breath after wine tasting in the polymers before the GC-MS
analysis of odorants. Unlike other in vivo and online methods, such
as proton-transfer-reaction mass spectrometry (PTR-MS) or
atmospheric-pressure chemical ionization (APCI-MS), in which
volatiles released in the breath are detected in the MS at real time,
both, intra-oral SPME and in-mouth HSSE methods are offfine
(cumulative) methods based on a previous chromatographic sepa-
ration of the breath aroma compounds prior to detection. The
main advantage of the intra-oral SPME procedure over the HSSE
procedure is that SPME is more affordable and easier to apply.
Nonetheless, its main weakness is the limited sensitivity of the
method, due to the reduced amount of polymer in the fiber. This
is why this technique could be mainly used for major wine volatiles
of for working in spiked model wines, with a reinforced aroma
profile. Another drawback is that the technique is not fully auto-
mated, since it requires the manual desorption of the fibers
(one-by-one) in the GC inlet, which limit the number of analyses
that can be done per day. On the other hand, the main advantage of
the in-mouth HSSE procedure is that is more sensitive, due the
large amount of polymer in the twisters, which allow us to work
with real wines at natural aroma concentration without the neces-
sity to reinforce the wine aroma profile [2]. Furthermore, in case of
having a TDU (thermal desorption unit) combined with an auto-
sampler, another advantage of the in-mouth HSSE procedure is
that once all the in-mouth aroma extractions have been completed,
the twisters with the breath extracts can be automatically desorbed
in the TDU, which enable to analyze several samples per day and to
work with larger groups of volunteers [5].

As previously described in the literature, the main steps of both
the intra-oral SPME and the in-mouth HSSE procedures consist in:
(1) monitor the in-mouth headspace before the oral exposure to
wine; (2) in-mouth aroma extraction after the oral exposure to
wine, (3) desorption from the polymer, and (4) analysis by
GC-MS [1, 2].
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2 Materials

2.1 General
Laboratory Material
and Reagents

2.2 Volunteers

2.3 Wine and Palate
Cleansers

The laboratory reagents should be of food grade and material
exclusively for using in studies with human subjects. Once the
in-mouth extractions have been performed, in the subsequent
stages of sample processing, is not necessary to use food grade
reagents and materials.

Laboratory material: graduated flasks with cups, precision balance,
spatula, glass pipettes, test tubes, wine glasses, glass or plastic
containers to store stocks.

Reagents: ethanol, aroma standards.

For the selection of volunteers (se¢ Note 1), some aspects related to
their physiology should be considered, such as not having known
illnesses, allergies to wine components or being pregnant, and to be
non-smokers.

Before to starting the assays, the experimental procedure must
be explained to the volunteers in detail. Like this, volunteers should
be informed about the aims and procedures of the study, which will
be conducted according to the guidelines of the Declaration of
Helsinki. They should provide their written consent before their
participation. Additionally, is important to train the volunteers in
the correspondent procedure (intra-oral SPME or in-mouth
HSSE) before the beginning of the test to obtain the most accurate
possible results.

For the wine, serve 15 mL of wine or synthetic wine (depending on
the study) (see Note 2) in a wine glass and cover it to prevent the
alteration of the wine (se¢ Note 3).

For the application of the intra-oral SPME procedure, it is
recommended to use spiked (aromatized) wines in order to enrich
their volatile profile. While, the in-mouth HSSE method can be
applied directly to wine for testing its aroma release, thus an aro-
matization steps is not needed.

In case of working with aromatized wines or synthetic wines, it
is reccommended that the aromatization step can be done immedi-
ately before the experiment. The final concentration of each target
aroma compound may vary depending on the aim of the study and
on the characteristics of the odorants (see Note 4). Previous studies
have used concentrations between 1 and 4 mg/L in 15 mL of wine
(Table 1). For the aromatization, it is recommended that each
aroma compound can be individually added to the wine. For that,
it is advisable to prepare two stock solutions of each aroma com-
pound separately. The first solution (Solution 1) should have a high
concentration (e.g., 1000-1500 mg/L) (se¢ Note 5). A highly
concentrated solution is easy to prepare, as it is quite difficult to
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Table 1

Aroma compounds, concentrations, and monitoring times employed in the literature in different
studies using the intra-oral SPME method to monitor oral aroma release during wine tasting

N° of in-mouth

Aroma compounds Concentration samplings References
Ethyl hexanoate, B-ionone, linalool, guaiacol, 051,15 0or 1 Esteban-
B-phenylethanol and isoamyl acetate 2 mg/L Fernandez
etal. [1]
Ethyl hexanoate, B-ionone, linalool, guaiacol, 1 mg/L 1 Esteban-
B-phenylethanol and isoamyl acetate Fernandez
etal. [13]
Ethyl hexanoate, B-ionone, linalool, guaiacol, 2 mg/L 2 (t1 = 0 min; Perez-Jiménez
B-phenylethanol and isoamyl acetate t2 = 4 min) et al. [4]
Ethyl butyrate, isoamyl acetate, ethyl pentanoate, 2 mg/L 2 (t1 = 0 min; Pérez-Jiménez
ethyl hexanoate, ethyl octanoate, ethyl decanoate t2 = 4 min) ctal. [14]
Ethyl butyrate, isoamyl acetate, ethyl pentanoate, 4 mg/L 2 (t1 = 0 min; Munoz-
ethyl hexanoate, ethyl octanoate, ethyl decanoate t2 = 4 min) Gonzilez
etal. [15]
Ethyl butyrate, isoamyl acetate, ethyl pentanoate, 4 mg/L 2 (t1 = 0 min; Munoz-
ethyl hexanoate, ethyl octanoate, ethyl decanoate t2 = 4 min) Gonzalez
etal. [16]

tl and t2 are the in-mouth sampling times (in min) after wine spat out

2.4 Intra-0Oral Wine
Aroma Extraction

weigh very small quantities of aroma compounds. From Solution
1, a second stock solution (Solution 2) with a lower concentration
(e.g., between 200 and 300 mg/L) can be prepared. This Solution
2 will be the working solution to spike the wines.

Palate cleansers: prepare in three different bottles a solution of'a
teaspoon of bicarbonate in mineral water, a pectin solution of
1 g/L in mineral water, and finally mineral water to clean the
mouth of the volunteers before each assay and between wine sam-
ples (see Note 6).

In case of the intra-oral SPME procedure, DVB/CAR/PDMS
(divinylbenzene /Carboxen/polydimethyl siloxane 50,/30 pm film
thickness, 2 cm length) coated SPME fibers are usually employed
for the extraction of aroma compounds in the mouth. If the analysis
requires monitoring aroma release at different times after expecto-
ration of the wine, different fibers will be used for each sampling
time (one fiber to monitor immediately after rinsing, another fiber
to monitor 5 min later, etc.). The number of fibers needed will
depend on the number of in-mouth aroma extractions, considering
that fibers are manually injected in the GC (see Note 7).

To monitor the headspace of the mouth, the fibers should be
placed in manual holders for SPME. In order to assure that the fiber
does not touch the oral surfaces during the intra-oral
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Fig. 1 Devices employed for the intra-oral wine aroma extraction. (a) The device employed for the intra-oral
SPME. (b) The glass device employed for the in-mouth HSSE procedure. (From Perez-Jimenez and Pozo-
Bayon [2])

monitorization, a home-made plastic adaptor can be placed above
the fiber [1]. This can be a plastic/Teflon tube (like a piece of a
drinking straw) with a mark in one of its sides to place the lips
always in the same position (Fig. la). Plastic tubes should be dis-
carded after the test. Each volunteer might use his/her own adap-
tor throughout the study.

In the case of the in-mouth HSSE procedure, PDMS twisters of
20 mm length x 0.5 mm thickness are usually employed for the
extraction of aroma compounds in the mouth. Different twisters
should be employed for each in-mouth extraction. The number of
twisters needed for the experiment will depend on the number of
in-mouth aroma extractions and on the number of analyses to be
performed per day, considering that twisters can be automatically
desorbed in the GC (see Note 7).

For the in-mouth headspace twister extraction, it is necessary
to place the twister in a holder device [2]. For instance, in Perez-
Jimenez and Pozo-Bayon (2019) they used a tailored made glass
holder device developed by Segainvex-UAM (Madrid, Spain)
(Fig. 1b). This was a hollow glass tube (14.5 cm long) with a
capsule (a) at one end into which the twister was placed. The
capsule was homogeneously perforated with eight pores (2-3 mm
diameter) (b). The dimensions of the capsule (27 mm long X 5 mm
diameter) prevent the movement of the twister during the
in-mouth aroma extraction. A removable glass bar (c) was placed
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inside the hollow tube to prevent air flow during the extraction. At
the end of the tube, a plastic cap (d) closed the device. The device
also had a glass notch (e) outside which indicates the position where
the lips should be placed during the extraction.

For handling the twisters without touching them, a magnet bar
can be used.

3 Equipment for the Desorption and Analysis of Aroma Compounds

For the analysis of aroma compounds, a GC-MS equipment can be
used. Alternatively, other chromatographic techniques such as
GC-olfactometry (GC-0O), two-dimensional GC, or other detec-
tors like Flame Ionization Detector (FID) could be used for the
identification of volatiles [ 10-12].

For the intra-oral SPME procedure, the SPME fiber should be
manually injected in the split/splitless GC injector. For the separa-
tion of volatiles, it is recommended to use a capillary column with
high polarity and polyethylene glycol as a stationary phase. For
instance, a DB-WAX column (Agilent, j&WScientific, Folsom,
CA, USA) with dimensions of 60 m % 0.25 mm and film thickness
of 0.50 pm [1]. Nonetheless depending on the type of volatiles of
interest other columns might be also used. The carrier gas is usually
Helium.

For the in-mouth HSSE procedure, the automated injection of
twisters should be done in the autosampler of the GC that must
contain the injector adaptor for twisters. Additionally, a thermal
desorption unit (TDU) in combination with a CIS-4 (cooled injec-
tion system) injector is required. This system allows the thermal
desorption of volatiles in the TDU first and then, cryo-focusing the
analytes in the CIS-4 system using low temperature (e.g., liquid
Nitrogen) prior to their transfer onto the analytical column. For
the separation of volatiles, the same column and chromatographic
conditions recommended for intra-oral SPME can be used.

4 Methods

Itis recommended to perform each analysis at least three times with
each volunteer (see Note 8). The volunteers must be instructed not
to drink, eat or smoke 2 h before the assay.

Fifteen minutes before each experiment, the volunteers must
perform vigorous rinses with the palate cleanser solutions in the
order: bicarbonate solution, pectin solution, and mineral water, to
have the most similar oral conditions among them when starting
the assay.
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The volunteers must introduce the 15 mL of the wine or
aromatized wine in the mouth in a single zip doing soft rinses
during 30 s (see Note 9). During rinsing, the lips must be closed
and swallowing is not allowed, in order to avoid opening the
velum—tongue border prior to expectoration. After rinsing, volun-
teers should spit out the wine, perform a single swallowing of the
remaining saliva in the mouth and wait for 5 s until the first intra-
oral aroma extraction.

5 Intra-Oral Wine Aroma Extraction

5.1 Intra-Oral SPME

a)

A schematic representation of the intra-oral SPME procedure is
shown in (Fig. 2a).

Once the wine sample has been expectorated and the remaining
saliva swallowed, place the SMPE fiber contained in the manual
holder and with the plastic protector tube into the oral cavity of the
volunteer for 2 min (see Note 10), as it is shown in Fig. 3a. During
the in-mouth extraction, the lips should be kept closed around the
plastic tube containing the SPME fiber, and swallowing should be
avoided (see Note 11).

After 2 min of extraction, remove the fiber from the mouth and
swallow once.

Remove the fiber from the manual holder and keep it in the
freeze (4 °C) until its analysis by GC-MS. For that, introduce the
SPME fiber in a sealed glass test tube to assure the proper preserva-
tion of the extracted aroma compounds from the breath (see Note
12).

Intra-oral SPME

15t Intra-oral SPME 2" Intra-oral SPME
(T1 =0 min) Swallowing episodes every 30 s (T2 =4 min)
Wine rinsing .l I ) >
30s A 2 min ! 2 min ! 2 min
Time Omin 0.05 min 205min  235min  3.05min  335min  4.05min 6.05 min
Wine spat off
b)
In-mouth HSSE
1%t In-mouth HSSE 2" In-mouth HSSE 3rd In-mouth HSSE
(T1 =0 min) (T2 =1 min) (T3 =2 min)
Wine rinsing Y 1 | | . >
305 il 30s ! ! 30s ' ! 305

Time 0 min 0.05 min

|

Wine spat off

0.35 min 1.05 min 1.35 min 2.05 min 2.35 min

& Swallowing episodes

Fig. 2 Scheme of the procedures followed for the aroma extraction in the oral cavity. (a) The intra-oral SPME;
(b) the in-mouth HSSE. (Modified from Perez-Jiménez et al. [4, 5])
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Fig. 3 Picture of the aroma release kinetics of different types of wine aroma compounds obtained by using
intra-oral SPME (3a) and in-mouth HSSE procedures (2b). (From Pérez-Jiménez [17])

5.2 In-Mouth HSSE

After the first monitoring, wait 2 min until the second expec-
toration (see Note 13). During waiting, the volunteer must breathe
normally through the nose and with the mouth closed (sez Note
14) and perform one swallowing every 30 s (five times in total)
(Fig. la).

Then, 4 min after wine expectoration, perform the second
intra-oral monitoring by using a second SPME fiber and following
the same instructions than for the first monitorization. After 2 min
of intra-oral extraction, remove the fiber from the mouth and
desorbed it immediately in the GC system for the analysis of odor-
ants. When the run has finished, analyze the fiber with the breath
aroma extract corresponding to the first monitorization.

A schematic representation of the in-mouth HSSE procedure is
shown in Fig. 2b.

Expose the glass device containing the twister to the headspace
of the mouth and keep the lips closed and placed on the surface of
the glass notch (se¢e Note 10). During the in-mouth extraction
swallowing is not allowed (see Note 11). Keep this position during
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30 s as it is shown in Fig. 3b, then, remove the device from the
mouth and swallowing once. After 1 min of waiting (se¢ Notes 13
and 14), swallow once and place into the mouth the second glass
device with the second twister inside for the second in-mouth
aroma extraction. Keep this position during 30 s, then remove the
device from the mouth, swallow once and wait during 1 min until
the third breath monitoring. For the third (and followings)
in-mouth aroma extractions, repeat the procedure explained for
the second monitoring.

Once the in-mouth extractions are finished, remove the twis-
ters from the glass devices using a magnetic bar (se¢ Note 15), dry
them softly with a tissue and place them in their correspondent
glass tubes in a refrigerated tray for their thermal desorption.

6 Desorption and Analysis of Aroma Compounds

6.1 Desorption and
Chromatographic
Analysis

6.2 MS Identification
of Aroma Gompounds

The desorption of the fibers must be in splitless mode for 1.5 min at
270 °C in the injector port of the GC (see Note 16). The Helium
flow is usually set at 1 mL/min. Different chromatographic condi-
tions can be used. For instance, the oven temperature ramp can be
start at 40 °C for 2 min, then increased at 8 °C/min to 240 °C and
hold it for 15 min.

The desorption of twisters in the TDU is in splitless mode, and
the ramp temperature could be start at 40 °C, then increases to
240 °C at 60 °C/min and hold for 5 min (se¢ Note 17). For the
cryofocusing in CIS by using liquid nitrogen the ramp temperature
can be start at —100 °C, then heated to 240 °C at 12 °C/min, and
hold for 5 min. The injection is usually configured in solvent vent
mode. The chromatographic conditions can be similar to those
described for the intra-oral SPME.

Different conditions of MS can be used. An example can be: trans-
fer line at 270 °C, quadrupole at 150 °C and ion source at 230 °C.
Electron impact mass spectra is usually recorded at 70 ¢V and the
ionization current is 10 pA. For the acquisitions, both selected ion
mass monitoring (SIM) and full scan mode (mass range of
35-350 m/z) can be used depending on the objective of the study.

For the identification of compounds, the mass spectra and
retention times are compared with those present in MS libraries
(e.g., NIST 2.0 database).

In the intra-oral SPME and in-mouth HSSE methods, the
absolute peak areas of aroma compounds are obtained which are
used to express the amount of aroma release. These procedures
allow to compare the extent of intra-oral aroma release among wine
samples by comparing the absolute peaks areas of the same aroma
compounds among samples, individuals, etc. Figure 3 shows an
example of the release kinetic that can be obtained with the intra-
oral SPME and the in-mouth HSSE procedures.
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7 Notes

1. For studies aiming to investigate the effect of wine matrix, it

would be recommended to recruit at least 8 volunteers. While,
for studies aiming to investigate inter-individual differences, a
larger number of volunteers would be recommended for their
recruitment, although this number should not be too high
either (e.g., more than 40). For instance, for the intra-oral
SPME it would be recommended to recruit up to 20 volunteers
(more than 20 participants will extend too much the duration
of the study), whereas for the in-mouth HSSE a large number
of volunteers (e.g., 30) could be recruited without extending
too much the duration of the study.

. When working with wines that require to reinforce the aroma

profile, it is recommended to use a wine with a low aromatic
profile for a better detection of the target aroma compounds
added to the wine.

. To cover the glass wine, a piece of aluminum foil or a Petri dish

lid could be used.

. Before the experiments, it is recommended to check if the

selected aroma concentrations (in case of spiked or synthetic
wines) provide enough sensitivity. It is important to keep the in
mind that differences in the physicochemical characteristics of
the aroma molecules (e.g., volatility, polarity) can affect the
affinity for the PDMS polymer and the chromatographic
response.

. Having a small amount of ethanol at the bottom of the flask

helps the aroma compound to dissolve better.

. Rinses with bicarbonate can be optional, while rinses with

pectin solution and water are highly recommended to clean
the palate when tasting wines with a high concentration of
polyphenols. It is recommended to perform rinses during
around 30 s with each of the palate cleansers (bicarbonate,
pectin solution, and water). After rinses with all the palate
clean solutions, it is recommended to wait 15 min until starting
the next assay (in-mouth extraction) with wine.

. It is reccommended to check and select all the SPME fibers and

twisters that will be used through the study, considering their
similarity in volatile recovery rates, bearing in mind that differ-
ences between them should not exceed 5%.

8. A maximum of three wine samples per day, including sampling

replicates (e.g. a total of 9 wine samples), and per volunteer is
recommended to avoid participant fatigue. Although this num-
ber may vary depending on the ethanol /polyphenol content of
the wine samples used.
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To make this task easier for the volunteers, it is reccommended
that the person in charge of the experiment give the precise
instructions of each step of the extraction procedure.

It is important to place the fiber or the glass device containing
the twister in the headspace of the mouth avoiding any contact
with oral surfaces. During the in-mouth aroma extraction, it is
also important to adopt a comfortable posture, for example
sitting with both elbows on the table and holding the fiber
holder or the glass device with both hands. Volunteers must be
also informed to breathe through the nose, not to blow
through the mouth, not to swallow and not to make abrupt
movements during the intra-oral monitoring. It is recom-
mendable trying to follow always a similar protocol of move-
ments and breathing in all the repetitions of the test in order to
obtain a good repeatability (less than 15% of variation among
replicates). For training the volunteers in the in-mouth extrac-
tion techniques, 2 or 3 additional sessions may be necessary.

It may be possible the generation and accumulation of saliva in
the mouth during the in-mouth aroma extraction. In this case,
gently blot the remaining saliva with a paper tissue, trying to
not alter the position and without open the mouth.

Preliminary experiments have been performed in order to
ensure that there were no significant losses of aroma during
the storage of the fiber, which was not more than 1 h.

The waiting time between the in-mouth monitorization can be
modified depending on the aims of the study.

During this waiting time between the first and second intra-
oral aroma extraction do not talk or open the mouth. Swallow-
ing is only possible when indicated and it is recommended to
be quite and keep in the same place and position moving as
little as possible (e.g., do not stand up).

For the cleaning of the glass devices after in-mouth extractions,
a solution of ethanol in water at 60% is used. For that, all the
glass devices and the removable glass bar from inside can be
immersed in an ethanolic solution for a few minutes and then
dry with clean paper.

For cleaning the fibers after each injection avoiding any mem-
ory effect, the fibers can be placed in the injector of the GC at
270 °C during 10 min.

For cleaning the twisters after the in-mouth aroma extractions
avoiding possible residual aroma compounds a GC method is
used. For this, the TDU can be configured in split mode at
240 °C for 10 min and the CIS temperature ramp set from
180 to 240 °C. The oven temperature can be start in 50 °C
during 2 min, increases up to 240 °C and hold for 15 min. This
cleaning procedure also allow the cleaning of the glass liners in
which the twisters are placed for their desorption.
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Wine Descriptive Sensory Profiling

Attila Gere @ and Zoltan Kokai

Abstract

Descriptive methods are an essential part of sensory testing protocols. Out of the selection and training of
sensory assessors, testing environment and data analyses have also a significant impact on the obtained
results. From a methodological point of view, the selection of an appropriate list of sensory terms might be
challenging for researchers. This chapter focuses on the key steps in selecting, training, and maintaining a
wine sensory panel as well as gives an overview of the most critical influencing factors (e.g., noise, perfumes,
colors, lighting, ventilation, etc.), and provides tips on how to avoid them/decrease their effects. A detailed
step-by-step guide will help the reader to conduct successful descriptive analyses. A short guidance is also
provided on the most important data analysis steps from analysis of variance (ANOVA) to multivariate
analysis methods, such as principal component analysis (PCA) and linear discriminant analysis (LDA). At
the end of the chapter, a list of selected papers is presented as examples and inspiration for future
researchers.

Key words White wine, Red wine, Trained panel, QDA, Sensory panel

1 Introduction

1.1 Descriptive Descriptive methods are an essential part of sensory testing proto-
Sensory Techniques cols [1]. In the wine sector, it is especially true that the sensory
character of a sample strongly defines the perceived value of that
item [2]. There are several possible approaches of performing a
descriptive sensory test. The choice of the exact method depends
on the goal of the test, the wine samples under analysis, and the
mindset of the wine professionals who are responsible for the

project.
1.1.1  Overview of The descriptive sensory methods were adapted from the fragrance
Descriptive Methods industry. In that sector, there was a strong tradition of characteriz-

ing the samples and differentiating between them based on their
sensory attributes. In order to perform that a specialized sensory
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vocabulary was developed, accompanied by the measuring of the
odor compounds’ intensities. With the increasing market competi-
tion in the food, beverage, and wine sectors, stakeholders realized
that through the use of descriptive sensory tests, it is possible to
express and communicate the quality of their products [3]. The
main criteria of implementing those tests were the selection, train-
ing, and maintenance of the panel. The first widely accepted
method was called the Flavor Profile (FP) method [4]. During
that test, panelists created the list of sensory attributes of the
samples’ flavor under the supervision of the panel leader. This was
group work (consensus), and they evaluated the samples together,
creating a flavor profile based on single-intensity values. The next
major development was the improvement of Quantitative Descrip-
tive Analysis (QDA), [5]. In that test, the attribute list was still
generated by the panel, but the evaluation was performed by the
individuals based on on-line scales. With that approach, we produce
a more robust dataset that is easier to analyze with statistical tools.
The third milestone was the Spectrum Method, where there are
extensive attribute lexicons [6]. Based on this, it is possible to skip
the step where panelists collect the attributes themselves. Instead of
that, they can import them from these databases.

If we look at a wide range of standards and industry-specific
good practices, there are currently at least three major fields of
application of descriptive test methods.

The first is an approach where the sensory quality of a sample is
summarized in one numerical value. This technique is especially
useful when the test items have to be categorized in quality grades
or medals are assigned in competitions. Although there are several
types of that protocol, there is a common feature in all of them: the
final result is a number, and usually the higher number means
higher quality. This number is composed from a number of sensory
attributes (in the case of the simplest systems this is 4 or 5, while
more sophisticated ones can go over 10). For trade commodity
grading or wine competition sessions, this approach is suitable, but
it is not the best choice for research studies.

In the second class of test methods, the goal is to characterize
and compare the samples to each other. By this way, we get a better
understanding of similarities and differences among the samples.
This technique is especially suitable for research projects, or for
collecting those attributes which might be used for product attri-
bute communications. The output of that test is a sensory profile,
which describes the samples and serves as a basis for comparing
other wine items to it. Currently, in most research papers we find
that approach as descriptive analysis.

The third application is focusing on quality assurance. In this
case, a relatively short list of key attributes is checked. Panelists
measure the intensities of these attributes and compare them to the
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ideal or expected target values. This method provides valuable
feedback for winemakers to identify those sensory characteristics
which are out of the pre-defined range. Based on their expertise,
they can find the root causes of these deviations.

Descriptive analysis of wine samples requires the skill from the
panelists to break down the complexity of the wine to a wide
range of single sensory attributes. The nature and the number of
those attributes may vary from one test to the other, depending on
the goal of the test and the nature of the samples.

One of the most approved descriptive methods in wine sensory
research is the profile analysis [7]. This method provides an
in-depth analysis of the samples, through the number of attributes
selected and also their recorded value These attributes ideally have
to be one-dimensional, in other words, they have to describe only
one factor in the sensory matrix. An example might be acidity,
which is measured from not perceptible to very intense. The mea-
surement of those attributes is performed either on a scale or with
scores. In both cases, it is essential to understand that the values
that assessors give to the samples measure intensity and not quality.
This method is also called Quantitative Descriptive Analysis (QDA)
in many papers. The technique relies on the interactive and succes-
sive work of the sensory panel.

Descriptive methods also involve scoring systems, which might
be tailor-made versions of local wineries or wine competitions.
There are also internationally accepted systems, such as the Inter-
national Organization of Vine and Wine [8, 9]. In that scoresheet,
wines can collect a maximum of 100 points. This facilitates the easy
expression of results since the scores are in percentage form. At the
different categories of attributes, there are different scoring ranges
(limpidity has a maximum value of 5, while taste quality can be as
high as 14). In the official OIV document, there is a guideline for
each attribute and score value. This type of descriptive analysis
(scoring) is summarized in a total score at the end of the test. If
we look on the sub-scores of the items, we might have further
information, but the basic goal of this technique is to assign the
samples to quality classes or medal grades. There is a good example
from a German wine competition [ 10], where the sensory profile of
the wines is also communicated along with their medal categories,
details are shown in Fig. 1.

There are also alternative, promising descriptive techniques,
such as free choice profiling, napping, or temporal dominance of
sensations [11]. These are usually applied by researchers in aca-
demic projects. Due to the development of sensory science in the
food and beverage sector, the number of available techniques will
probably increase in the future for the wine sector’s stakeholders.
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Fig. 1 Example of the results from Mundus Vini wine competition, where sensory profile and detailed
description of the wine are also presented along with its medal category and score [10]

2 Methods

2.1 Sensory Panel The sensory panel is the measuring instrument of the sensory
laboratory [12]. Its establishment and maintenance should be con-
sidered as an investment of time, human resources, know-how and
financial resources. The quality of the panel defines the quality of
the data they provide for business decision-makers, winemakers,
and QA managers. It should be clear for all involved partners, that
the variance of sensory data is always higher than the variance of
instrumental data. However, it does not mean that we have to allow
very high variation or neglect outlier data. There are several meth-
ods to measure and evaluate the performance of a descriptive
sensory panel in order to improve the quality of their work.

2.1.1  Selection Panelist selection is the first step of performing any descriptive
analysis. It is desirable that the panel supervisor should select the
possible candidates on several criteria. In the wine sector tasting of
wine samples was always the part of quality evaluation. If any
company or organization decides to implement that activity on a
more formal and regulated way, we have to understand that stan-
dards [13] and best practices are available on that field. The selec-
tion of panelists should rely on their sensitivity, willingness,
experience, and motivation. There are wine experts who have con-
siderable experience in practical testing for years or even decades. If
they are also integrated in the selection and training process, we
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have to communicate, that we do not underestimate their knowl-
edge and skills, however, the standardized methodologies require
that all panelists need to have a documented history of selection and
training. An important point here is, that the selection tests should
never focus on the possible weak point of the panelists. Each
panelist has strong points, and skills we can use in the panel work.
The panel supervisor needs to be aware that people might have
negative feelings toward tests, so it should be clear from the first
phase, that we look for skills and want to develop those.

The first phase is the screening for those individuals who can be
involved in the panel selection procedure. In the wine sector, the
internal panels are the most frequent ones. It means that all panel
members are the employees or owners of the organization. This
technique has the strong advantage that panelists are available in
most of the time. On the other hand, it is less likely that they would
report a weaker sample or a sensory fault because they are dedicated
to the goodwill of their organization. We have to communicate
with them, that they should be honest and straightforward even if
they have negative impressions with some of the samples. These
teedbacks help the winemakers to identify the weak points of the
technology and improve them. Theoretically, we can also utilize an
external panel. In that case, panelists are not full-time employees of
the organization; they are contracted for the part time activity of
testing. In some areas of food and beverage industry, we find
examples of this panel. The advantage of that technique is that
panelists are more neutral toward the tested samples (do not link
so strongly to the organization). In this case, we have to consider
the costs of panel working hour’s fees and the accessibility of the
testing site. External panels usually work in towns and cities, but
not really suitable for rural areas. The third type is the mixed panel
when there are not enough panelists at the organization, so we hire
additional candidates.

When the list of candidates is complete, we can organize the
selection sessions. Before participating any tests, it is necessary to
provide all individuals with an informed consent form and a decla-
ration of allergies and other risks. In that document we have to
clarify that panelists understand and take the risks of wine testing,
they have no allergic reactions or do not suffer from pollen or other
allergies and they can handle the risk of alcohol consumption. All
forms have to be recorded and stored according to the local General
Data Protection Regulation (GDPR) rules. It is also necessary to
generate an individual identification (ID) for all candidates. The
recording of their selection and training data will be linked to that
individual ID. With this coding, the total results of the group can
be viewed by any participants, since only the individual perfor-
mance data will be identified by the viewer.
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2.1.2 Training

Selection tests are available in many forms. Most frequently we
rely on the ISO or OIV guidelines [8, 14]. These protocols give a
detailed description of color vision tests, odor identification tests,
taste threshold, and taste recognition tests. These methods are
called as general selection tests since they focus on basic sensory
stimuli. We can modify them according to our needs and specialties
(see Note 1).

Selection tests should start with practicing those protocols. We
have to provide our panelists at least one occasion, when they can
understand and perform the test without analyzing their results.
This way they gain a routine with the protocol, and later they can
focus on the perceived stimuli. When the practicing period is over,
we can organize the selection sessions. Not all tests should be on
the same day since that could cause sensory fatigue. Another impor-
tant factor is, that ideally, we should provide at least two occasions
for each test. One testing day might have a bias from being tired or
any health issues.

The final step of selection is the evaluation of the data. It is
recommended to tabulate all data first, and then analyzing these
and looking on trends and patterns. If we set up a pre-determined
test criteria before the tests, there is a risk, that either too few or too
many candidates will qualify after the testing. The best practice is
possible arranging candidates in a rank, and choose those from the
first part of the rank, who are sufficient in number for testing.
Please notice that in the following phase (training and actual test-
ing) some panelists will disappear. Also, not all panelists will be
available at a single descriptive test session. Some documents rec-
ommend, that if we need 10 panelists for a single test session, then
20 panelists should be selected from 40 candidates. These numbers
are relatively high for small- and middle-scale companies, but the
ratio of these numbers carries an important message. There is a
decrease of candidates at the selection phase and another at the
training and testing phase (se¢ Note 2).

Training of wine descriptive panelists have to be product specific.
We welcome anyone who have experience in any other field of
testing, but each product has a special language that the panel
have to learn and understand. In the first part of training, it is
advisable to use reference materials or reference standards. These
are usually soluble chemicals, which are available commercially in
kits. Some of them are aromas, that panelists can smell, and some of
them are flavors, which can be diluted to water or base wine. Some
wine experts reject the use of those kits, since according to their
opinion these standards are too artificial, and do not give the
complex impression of a complete wine sample. We have to clarity
that those training kits do not substitute for the testing and analysis
of wine samples. These kits prepare the panelists for the
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identification of odor and flavor attributes. The following list is just
an example of available training kits at the time of writing this
chapter.

* Le Nez du Vin: probably the earliest example of providing prod-
uct specific smelling kits for wine experts and wine lovers. Aro-
mas are packed in glass vials, during the training panelists can
smell and identify them. After the opening of the vial, we should
start with the sniffing of the cap (here the aroma is more
diluted). This is followed by the smelling of the glass vial. We
have to re-cap the vials as soon as possible to minimize the
spreading of the odor and the sensory fatigue. Currently, there
are several kits available (Masterkit, red wine, white wine, oak,
and faults). Another strength of these kits is that they are avail-
able in several languages. Kits contain instructions, aroma
description cards, and booklets. In some kits, there is a detailed
list of those wines, which strongly carry a given aroma
quality [15].

»  Arvoma Academy: they provide wine kits and spirits kits. In this
case, the small vials can be opened, and we can use smelling
strips, which dilute the odor intensity. Wine 21 odors, Wine
24 odors, and Faults kits are available [16].

* La symphonie du vin: contains 32 vials with product-specific
aromas. Smelling strips and a black wine-tasting glass is also a
part of the package. The availability of this kit is unclear [17].

* Aroxa: they provide soluble flavor kits. The contents of the
capsules should be dissolved either in water or in a neutral base
wine. The panelists can smell and taste these standards. The
items can be purchased as individual flavors or in kits, such as
Wine Essentials kit, Wine off-flavors kit, Wine Taints kit, and
Wine Uno kit. The Uno kit is an idea, when in a single box all
capsules contain a different flavor quality [18].

»  FlavorActiv: the reference standards are soluble compounds.
Currently, there are 33 different flavor qualities. Capsules are
packed in blisters in accordance with Good Manufacturing Prac-
tice (GMP) principles [19].

It is also possible to make the reference standards in our own
sensory laboratory. In that case, neutral base wines should be
selected first. After that, we have to add fruits, spices or other
ingredients to the base wines for a short time (maximum 1 h)
soaking. After filtering the items, we should label them with
3-digit random codes. First, give your panelist the base wine as it
is in a dedicated glass (labeled as “base”). Then give a series of
different references, and instruct them to describe their impres-
sions. We can decide whether to give them a list of possible flavors
or aromas, or just a blank paper. At the beginning of the training
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2.1.3 Panel Performance
Monitoring

phase, a list of aromas is a better solution, to give them ideas to
choose from. As they proceed with the training, they should work
with the blank paper version also. An advanced level is the case
when we mix more than one aroma in the sample. The assessors
have to identify all the aroma compounds which are perceptible in
the wine sample.

During the training, we also have to give specific knowledge on
the method of descriptive analysis tests. In case of profile analysis,
panelists have to understand that the attributes are measured on
intensity scales, so the higher intensity value has no relationship
with the quality of the wine. When we train a panel for wine
competition, or for quality grading, we have to emphasize the
possible product faults and also the scoring systems main categories
and the distinction between them (see Note 3).

Since the sensory panel is the measuring instrument of the labora-
tory, we need to calibrate them and understand the similarities and
differences of the panel members. There is a relevant ISO standard
[20] which shows the possible tools and methods to analyze the
data of'a descriptive panel. This involves a large number of statistical
methods, which might be complicated for many sensory practi-
tioners. In order to support the work of panel supervisors, a
specialized software was developed, which is freely available at the
current time. The software is called PanelCheck (https://www.
panelcheck.com/), and it uses a large array of graphical representa-
tion of statistical outputs. With the application of these methods,
we can identify those attributes, where the panel shows a poor level
of consensus. In this case, we have to re-train in those attributes,
with such samples, where panelists can easily perceive and under-
stand the actual perception linked to the name of the attributes. If
the re-training is not effective, we might consider to remove those
sensory properties from the evaluation system. Another useful
teature of the software is that we can detect those panelists who
are giving outlier values during testing. This can be originated from
differences in perception, the different use of evaluation scales, or
some misunderstanding of that feature. More relevant case studies
in that field can be found in the publications of the PanelCheck
Developers [21].

Each time a panel performance analysis is performed, it has to
be implemented and communicated in a fair way. No panelist
should feel itself inferior, because of some deviation in the perfor-
mance. The goal of that analysis is to help the harmony among
panel members, and it is a longer procedure. All results of such tests
should be blind-coded, each assessor has an individual ID number,
so the general data protection rules are followed.

Special care should be also paid in chosen the adequate sensory
descriptors (sec Note 4).
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The actual testing environment may depend on several factors.
Sensory testing is an integrated part of the whole winemaking
process, so there are less formal tasting sessions when the oenologist
checks the quality of a given batch in order to decide upon the
necessary next steps in the technology. In these cases, the environ-
ment is usually the winemaking plant. During such tests, we have to
avoid any biasing factor, such as scented hand detergents or any
other odoriferous substance (e.g., chemicals) in the area. The per-
son or people involved in the testing should focus on the key quality
parameters of the wine; during the test, no conversation is allowed.
The impressions on the given batch should be recorded in written
form. After the test, the participants can discuss their viewpoints
with each other.

If a more accurate test is required, the sample is usually taken to
the quality assurance laboratory of the company. Depending on the
size of the organization this can be an own laboratory, or a con-
tracted, third-party company. Even in smaller laboratories, one can
organize a testing protocol, which fits the principles of the good
sensory practices. In the laboratory setting, it no standardized sen-
sory booth is available, panelists have to be separated by sufficient
seating distance. During the test, speech and other activities in the
lab should be avoided. In this testing environment, it is easier to
find the ideal serving temperature of the samples. Sample prepara-
tion should take place in a different room, or if it is not possible, in
the same room before participants arrive. Panelists should record
their data either by paper and pencil or through an electronic device
(laptop, tablet, or smartphone). After the test session, participants
are usually encouraged to share their impressions and recorded data
with each other.

When the sensory test is performed in a standardized sensory
laboratory it is usually established according to ISO 8589 [22] or
similar documents. The common point in this system is the use of
testing booths, which are separated working areas for the panelists.
There are different ways of implementation, the booths can be fixed
or mobile, and also vary in their physical dimensions and colors. We
have to be aware that participants should feel themselves comfort-
able in these booths, so it is not recommended to build small units
in order to increase their numbers. Sensory booths are not always in
use, so there are alternative solutions, when the furniture can be
transformed into a meeting room. These specialized installations
however are rather costly.

Wine competitions has a strong tradition how they seat the
panelists and organize their test sessions. In many cases, partici-
pants are seated around large tables, so there is no physical separa-
tion among them, but the seating distance is relatively large. This
setup provides easy access for technicians who serve the samples
during the event. Photos and videos can also be taken, without
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2.2.1 Influencing Factors
(Perfume, Colors)

2.2.2 Noise

disturbing the panelists’ work and in compliance with the GDPR
regulations (se¢ Note 5).

During the sensory tests all those factors should be minimized,
which can distract either the attention of the panelists or their
sensory impressions. Participants have to be aware that these
restrictions are necessary in order to get reliable and
reproducible data.

Colors can influence both the evaluation of the wine samples’
appearance and also their sensory perception. For the testing area, it
is reccommended to use white or matte gray surfaces. Walls of strong
colors or colored furniture can distract and also can interfere with
the appearance of the wine. In dedicated sensory laboratories,
panelists often wear white gowns. That is not always feasible in
wine sensory testing, but we can inform panelists to avoid clothing
of strong or dominant colors.

Personal cosmetics can also interfere with the odor and flavor
perception. On the day of testing, panelists should be asked to
avoid the use of perfumes or aftershaves. We also have to consider
that these aspects are varying in different cultures. Wine testing
experts can understand that the neglect of such items on testing
days do not mean that they are not in their best condition. Scented
hand creams, scented hand sanitizers, and lipsticks should be also
avoided. Since hygiene is an important issue, we have to provide
panelists with sufficient hand soaps in unscented versions. These are
usually available in such products which are designed for people
with sensitive skin (hypoallergic products), or specially for labora-
tory use. In the testing room, we should not use any additional
fragrance. The washing and rinsing of glasses should be performed
with such detergents which are free from odors.

When someone organizes a wine testing session in a winery or
at a conference event, there are additional factors, which might
distract the attention of the panelists. In case of a winery, we should
be careful to perform it at such a location, which is not influenced
by any strong odor (either from the technology of wine making, or
from the storage of other materials). When a wine test is imple-
mented at a conference event, one should consider, that the cater-
ing zone might have strong odors of different food offered for the
guests. With careful planning these issues can be handled.

Sensory testing is a special laboratory measurement, when we use
panelists instead of instruments. It is a general trend, that assessors
like to express and share their impressions and emotions about the
tested items. There are special situations (like guided tasting ses-
sions, or training of panelists) when this kind of communication is
desirable. In general, we have to ask our panelists to work individu-
ally. If they have questions or would like to give feedback, primarily
they should notify the test supervisor. This silent period during the
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test helps the concentration of the assessors and also show the
differences between their perception. In descriptive sensory analysis
there is a special phase, when we encourage the panel to openly
discuss their impressions. This is the step, when the individual
vocabularies have been recorded and panelists are seated around a
table with the samples and their attribute list. In that open discus-
sion they will be able to find similarities and differences between the
words they used, and other panelists have used. We have to be
aware that during this step not the wine samples are under analysis,
but the attribute lists of the panel members. The main aim here is to
create a set of attributes that are understandable for all panelists and
will be used during the tests to characterize the samples. With this
dialogue, panel members will better know and understand each
other and create a common language for their work.

In addition to human speech, there are also other possible noise
factors, which should be minimized. Such noise sources can be an
equipment which operates relatively loudly (refrigerator, air condi-
tioner, photocopy machine, coffee machine, doorbell ring, etc.). If
the testing place is close to heavy car, truck or forklift traffic that can
be also distracting. Finally, the staft during setting up the tests and
while the test is running should be silent. Smartphones should be
also put in silent mode during testing.

Although the natural daylight would provide the best testing con-
ditions, it varies greatly over time and also at different geographical
locations. ISO 11037 [23] recommends alternative techniques,
such as the artificial daylight (D65 light source). The light source
should give sufficient strength and amount of light over the work-
ing area. There is a frequent opinion of electrical fitting experts,
that D65 is too ‘strong’ for a working environment. However, a
descriptive test session does not require a whole working day, so we
can stick to the use of that light source, since panelists will spend in
the testing area only a few hours per day. For special cases we can
mask the color differences between the samples with strong, mono-
chromatic red light. There are also some research papers about
especially tunable testing booths, but that is usually suitable for
university research laboratories.

Air ventilation should be sufficient, but not disturbing the
work of the panel. The local laws and standards about indoor
quality have to be followed. Air conditioning is an additional fea-
ture, which is not compulsory, but can be advantageous in such
locations where both temperature and humidity is high. The target
temperatures have to be set in compliance with the comfort of
participants and also with the sustainable running of the system.
The environmental conditions of the room might have some influ-
ence on the serving temperature of the wine samples (se¢ Note 6).
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2.3 Testing Protocol The main steps of setting up a descriptive profile are listed as
following:

1. First, the goal of the test is defined, the samples are selected,
and the sensory panelists are notified about the test session in
due time. Then, the panel leader gives a general explanation of
the purpose of the sensory test, the essence of the method and
the tasks to be carried out by the panel.

2. The trained sensory assessors receive a set of samples with
3-digit randomly generated sample codes. The samples are
served in an ISO wine tasting glass (ISO 3591:1977 Sensory
analysis—Apparatus—Wine-tasting glass, [24]) and each glass
should be filled with the same temperature and volume of
sample. Glasses are placed on a tray with taste neutralizer as
well (see Note 7).

3. Working individually in sensory booths, the panelists create a
list of all the sensory characteristics they perceive in any of the
samples [25]. This individual vocabulary can be recorded by
paper and pencil, but it is also possible to use an online platform
for collecting the panelists’ responses. For that phase we have
to provide sufficient time for the assessors. If we do not have a
sensory booth system, seat the participants with suitable sepa-
ration distance (se¢ Note 8).

4. Through group work—using the so-called consensus
method—the assessors define the characteristics that were
clearly understood and perceived by all of them. Definitions
for the sensory attributes are also created in this step. Panelists
sit down to a large table, with their samples and their individual
vocabulary. The panel leader moderates this session. Panelists
are asked to share their vocabulary with the group. This can be
performed in structured way, for example, first they collect all
the attributes related to appearance, then odor characteristics
followed by flavor qualities and aftertaste. Each attribute is
displayed either on a whiteboard or a smartboard. When all
items are displayed, the group starts to discuss the list. All these
items should be removed, which are hard to define, not per-
ceived by the majority of the panel or related to personal
preference. After that we look for synonyms when different
words carry the same meaning. Here it is especially useful,
that the samples are available in front of each panelist, so they
can re-taste and discuss those items, where there is no consen-
sus yet. At the end of that step, there will be a concise list of
those attributes which are perceived an accepted by the whole
panel.

5. Using reference samples/materials. Using a reference sample
or reference material reduces the standard deviation in the
obtained sensory data. Reference samples are usually used
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when the aim is to compare other samples to a golden standard.
In this situation, the sensory attributes of the reference sample
are recorded on the sensory ballot and the reference sample is
also available for the assessors. This way, the reference sample
gives an additional anchor on the sensory ballot and helps the
assessors in their work (see Note 9). The use of reference
materials is more widespread. Reference materials are defined
for the sensory attributes to help the assessors in their work. In
this situation, not a complete sample but different materials
and their corresponding intensities are presented. For example,
the reference material for sensory attribute cooked vegetables
can be 2 tsp. of canned green beans water [26] (see Note 10).

6. Based on these, a scoring system (sensory ballot) is created
(sensory attributes, scales). The sensory attributes are usually
scored using a linear scale, with labels describing the two end-
points. It is also advisable to include space for additional com-
ments at the end of the sensory ballot. There is an alternative
way to save time when creating the sensory ballot. Instead of
following points 2—4, a predefined list of sensory attributes can
also be used. This predefined list can either be a list that was
created earlier by the panel, or it can be adapted from other
studies as well (see Note 11). A possible source of such adapta-
tions could be the international literature by finding a well-
established paper that uses similar samples and presents how
the list of attributes has been defined (se¢ Note 12).

7. The same samples are then served again but with different
3-digit randomly generated sample codes, that not only ditfer
from the ones used in 2) but in this time they are different
among the assessors as well. Not only the codes but the order
of the sample should be considered. Randomized presentation
of the samples is necessary to avoid the carry-over effect, that is
known as a sensory bias caused by the residual sensations of
previously served samples [27].

8. The prepared samples are then assessed by each assessor on the
sensory ballot. The sensory test can be done on computers
(laptops, tables, etc.) or using paper and pencil as well. This
section is completed with the recording of the data, which will
be submitted for statistical analysis. The advantages and disad-
vantages of online and paper-based sensory ballots is presented
by Table 1.

Another option of the protocol is that assessors receive a com-
plete list of attributes from the panel leader, and they learn and
discuss the attributes with group work. In this case, the panel adapts
itself to the test ballot. This technique is especially useful if the goal
of the test is to perform a session based on a standardized test sheet,
so there is no option of changing the attributes. A possible use case
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Table 1
Advantages and disadvantages of online and paper-based sensory ballots

Online sensory ballots Paper-based ballots

Advantages Disadvantages Advantages

Disadvantages

Increased data security Need of digital tools
(computer, laptop, tablet
etc.), electricity

No need of
digitization of data

Automated checking if Higher price Cheaper
all fields have been

filled

Possibility of complex Deeper knowledge on the
ballots software

Easy to create ballots

Connection to other
services (online

In case of any electrical or
software issues, the test

Higher independency in
terms of testing location

Need of stable internet access Better for one-time-use

No digital tools needed,
only paper and pencil are

Lower data security
(lost/damaged
ballots)

Data digitization

Manual checking if
all fields have
been filled

Less features are
available

Less sustainable

surveys, etc.)

Digital panel
maintenance

Supports multiple
language ballots

More sustainable

Built-in data analysis

Increased transparency

stops needed

Independency from
technical issues

2.4 Data Analysis

can be when a key customer requests a special protocol based on
their central system. It is also a frequent situation, when some panel
members are changed, and the new members must learn the sys-
tem. For them, we must provide every necessary item for practical
learning (description of the attributes samples that show these
attributes and reference materials for high intensities).

The structure of a descriptive sensory data set should contain the
panelists (their codes), the samples and the replicates as factors and
the all the sensory attributes evaluated. The number of rows, there-
tore, heavily depends on the first three.

The first step of the data analysis is to obtain the summary
statistics. A summary statistic usually involves the number of obser-
vations, missing values, minimum, maximum, range, mean, stan-
dard deviation, median, mode, and other (if needed) metrics. These
metrics help us to identify and issues regarding the input data. All
identified issues (missing values, extreme values etc.) should be
addressed before data analysis as most of the used methods are
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sensitive to such issues as well as these issues might influence the
results of the applied statistics.

According to Heymann and colleagues [28], the data analysis
should involve the following three steps:

1. Multivariate analysis of variance (MANOVA) to test the signif-
icance of the factors and their second interactions.

2. Analysis of variance (ANOVA) of the attributes on the signifi-
cant factors.

3. Linear discriminant analysis (LDA) and principal component
analysis (PCA) to map the relationship between the samples
and the sensory attributes.

During MANOVA, the aim is to identify the effect of all the
factors (and their second interactions) on the measured sensory
attributes. If a factor has a significant ( p < 0.05) effect in MAN-
OVA, then the individual differences should be analyzed using
ANOVA. MANOVA does not analyses the individual attributes
but the factors. For example, it MANOVA gives significant effect
for the factor sample, then we need to run ANOVA to identify the
sensory attributes that are significantly different between the sam-
ples. Therefore, an individual ANOVA should be computed on all
sensory attributes, one-by-one.

As mentioned before, ANOVA determines the differences
between the samples, however, ANOVA gives only that there are
at least two samples that are significantly different based on a given
sensory attribute. Therefore, one additional statistic, the so-called
post hoc test is needed to calculate pairwise differences between the
samples for all attributes. Although there is multiple option to
choose a post hoc test, Fishers least significant difference (LSD)
and Tukey’s honestly significant difference (HSD) are the two most
wiled used ones. The former is somewhat liberal, while the latter is
more conservative [28].

As ANOVA and post hoc tests are not visual tools, a suggested
method to visualize the results is the profile plot. The quick visuali-
zation tool, the profile plot, provides a perfect possibility to sum-
marize the results of descriptive profiles. The profile (or spiderweb,
or radar) plot consists of as many axes as sensory attributes the
panelists evaluated. The mean values of the evaluated samples are
then registered and connected on the profile plot, therefore creat-
ing a unique, fingerprint-like pattern of the samples. This way,
visual comparison of samples can be done quickly and easily and
knowing the differences between the samples across the sensory
attributes, it can be used to identify patterns in the profile. The
easiest way to create profile plots is using MS Excel, as it includes a
built-in function to create profile plots from the mean attribute
values of the samples.
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Due to the structure of sensory profiles (e.g., multiple variables
are measured on multiple samples by multiple assessors and repli-
cates), a wide range of multivariate data analysis tools can also be
employed to uncover patterns in the data set.

The connection between samples and sensory attributes are
usually mapped by using principal component analysis (PCA), a
dimension reduction method that uses the correlation matrix of the
attributes to create uncorrelated principal components (PCs).
When running PCA, the number of PCs to keep is one of the key
questions. In sensory profiling, PCA is mainly used for visualization
purposes, therefore two or three PCs are kept. Detailed informa-
tion on running PCA in Ris provided by [29]. As PCA is primarily a
dimension reduction method, it helps the user to present the data
set in a convenient format so the user can assess the connections
between the samples and the attributes. Scores plots are generated
from the principal component scores (e.g., the rows of the input
data matrix) and therefore present the position of the samples.
Shorter distance between samples means higher sensory similarity,
while larger distance means higher sensory differences. Loading
plots are generated from PCA loadings (e.g., variables), therefore
here the vectors represent the sensory attributes. Again, attributes
closer to each other are similarly present in the samples. The scores
and loading plots are combined in the so-called BiPlot, which scales
these two to the same unit and overlays them on each other. This
way, the user can assess the connections between the samples and
the attributes visually. If an attribute is close to a sample, this means
that this attribute was present with higher scores in the sample. For
example, CabR can be characterized by sour aftertaste, sour taste
and intense off-flavor, while KadH has intense vanilla and redberry
odor (Fig. 2) If the attribute is located far away from the sample,
then it was probably not perceived by the assessors in the sample.

Classification methods are also widely used to characterize the
samples. Classification methods help us determine if the group of
samples can be identified or not. The two families of classification
methods are unsupervised and supervised classification. During
unsupervised classification, the user has no a priori-determined
labels for the cases, for example, we either do not know the exact
grouping of the samples or we aim to justify the grouping.
Although there are multiple different unsupervised classification
methods available, the most widely used technique is agglomerative
hierarchical clustering (AHC). For a guide on how to run and
validate AHC, see [31]. The result of AHC is a so-called dendro-
gram, that groups the samples based on their similarities and is used
to determine sample groups (clusters). If some samples fall into the
same cluster, then are considered similar, while the distance
between clusters gives the similarities of the clusters.
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Fig. 2 BiPlot of a principal component analysis presenting the samples (blue) and the sensory attributes (red).
While a score plot presents only the samples and the loading plot only the sensory attributes, the BiPlot
provides a convenient presentation of both results. CabH produced Cabernet franc, CabR commercial
Cabernet franc, KadH produced Kadarka, KadR commercial Kadarka, KekH produced Kékfrankos, KekR
commercial Kékfrankos. (Source: Fig. 8 of Guld et al. [30])

2.5 Examples from
the International
Literature

When it comes to supervised classification, the labels (e.g.,
group memberships) of the samples are known by the model.
These labels can be determined by the user (e.g., type of wines),
or created using cluster analysis. One of the most widely used
supervised classification methods in sensory profiling is linear dis-
criminant analysis (LDA), also called canonical variate analysis
(CVA). Using LDA, a classification model is built, in which the
within-group distances are minimized and the between-group dis-
tances are maximized. The model then is able to describe our
samples, in terms of defining if the a priori groups can be statistically
discriminated, and, if yes, new, unknown cases can be classified into
existing classes.

There are multiple research papers available in the international
literature focusing on wine descriptive analyses. Table 2 provides a
selected short list of different studies focusing on the analysis of
different wine types and vintages from all around the world. These
papers provide a list of descriptive terms as well as reference materi-
als that might serve as a good basis for future wine descriptive
studies.
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3 Notes

1. Taste identification tests.

In standardized taste identification tests, the fifth basic
taste is the umami (monosodium glutamate). Since this taste
quality is not relevant in wines, we can replace it with another
stimulus, like astringency (e.g., tannic acid). Similarly, the set of
odor samples can be harmonized to those key sensory attri-
butes, which are relevant of the wines to be tested.

. Mindset of test supervisor—wine experts.

Before organizing and implementing a descriptive sensory
test we have to understand, that wine experts have a very special
mindset about the quality evaluation of the wine. First, they
look on the wine samples as one integrity, which makes some-
times difficult to fully implement the descriptive protocol,
when we want to break down samples to several attributes.
Because of that wine experts often involve more complex attri-
butes (balance, complexity, true to variety, overall merit, etc.).
All these aspects are important, when we consider the perceived
quality of wine; however, it is challenging to define these
descriptors and analyze them on a scale. A “proof” of these
attributes might be at the statistical analysis when we under-
stand the level of variance over panelists. If deviations are
moderate, then the panel handles these attributes uniformly.
In case of higher variations, a discussion, clarification, and
re-definition is necessary for these characteristics.

. Opinion of experts about commercially available training kits.

For descriptive analysis, it is necessary to train our panelists.
Some people consider that formal training cannot be compared
to years or decades of winemaking and wine testing. We agree,
that practical wine experience is very much appreciated, how-
ever with the change of generations (alpha, Z-gen, etc.) we
have to also consider that these groups vary their job position
more often. Therefore, in many cases, we need to perform
formal, standard-based training for creating a panel of sufficient
size. During that work, the use of commercially available refer-
ence kits is very valuable. The test supervisor does not have to
develop the references individually and there is no chemical risk
assessment since the commercial kits went through full
approval. It is a popular opinion, that those kits are too “artifi-
cial” and “they do not vepresent wine as a whole.” We would
compare these kits to preparations, where medical students can
study the parts of the human body without making any harm.
Similarly, the wine panelists can learn the technique of identity-
ing and understanding each aroma or flavor compound
through those kits as the first step. This should be followed
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by wine sample testing, where they can understand the rela-
tionship of those attributes, when they appear together in a
wine. So, these kits do not substitute the testing of wine, they
prepare the panelists for it.

. Mindset of test supervisor—sensory analyst.

If a sensory analyst is responsible for the test protocol, it is
very likely that the work will be performed on the basis of
international standards and good testing practices. Sensory
experts focus on issues considering test design, test implemen-
tation, statistical quality of the data, and the performance of the
panel. They usually have a lower level of experience in wine-
making, so they require special input or discussion from wine-
makers, especially during the selection of samples and
descriptors. Sensory analysts have to understand that the wine
is always more than the addition of the individual sensory
attributes, so not all quality characteristics are measurable by
descriptive analysis. Their open-minded attitude toward wine
experts may lead to successful synergies.

. Special test locations (historical places)—testing vs visitors.

In some occasions, the wine descriptive test is performed at
a special location. This might be the dedicated tasting room of
the winery or a room in a palace in case of a wine competition.
It was a practical question during the organization of such an
event that should we allow visitors to look in those rooms or
should be fully closed. It might be negotiated, that visitors
might go until a certain point (e.g., 2 meters from the
entrance). They might be not allowed to take photos or videos
and the use of flash should be avoided. If we want to commu-
nicate in case of a wine competition, that our work is transpar-
ent and independent, a certain level of openness might help to
achieve this in the common opinion. However, the work of
panelists should not be disturbed.

. Air ventilation and off-odors.

The incoming fresh air should pass through an active car-
bon filter, to remove any off-odors. The ventilators should be
either silent, when working, or should be housed in such a way,
that their noise is not noticeable for the panelists and the
sample preparation technicians.

. Taste neutralizers.
Non-carbonated, neutral mineral water and/or necutral
bread sticks serve well as taste neutralizers.

. Separation of panellists—physical boots vs. distance seating.
The isolation of sensory panelists during descriptive analy-
sis went through and goes through a change. In the early
version of those tests, (Flavor Profile) panelists were seated at
a round table with no physical separation. Later, in the case of
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10.

11.

12.

QDA, assessors were working in testing booths, with almost
full separation. These booths had many features that standards
recommended (standardized lighting source, sample serving
window, water tap, and a sink). Currently, there are some
laboratories, where the design of booths became more open,
so the dividers are lower, or in some cases, panelists have a
spacious seating, but no physical separation at all. There are
two major issues we have to focus on when designing a descrip-
tive test (1) panelists should feel themselves comfortable and
(2) they should work undisturbed, with no influence from
others. So, a test with no physical dividers is not necessarily
inferior compared to standard testing booths, if care is taken on
those two factors. The final decision should be made by the test
organizer after discussing it with all relevant stakeholders.

. Reference samples.

In case of lack of reference materials, a good option would
be to choose a reference sample. This sample will be discussed
by the panel in details, and they will assign a value for all sensory
attributes being evaluated. This way there will be anchors
provided for the panel for all sensory attributes. This will help
their work during the testing, but this is not compulsory.

Reference materials.

There are several producers that provide reference materi-
als as discussed earlier. However, there are situations where we
need reference materials that are not available and we need to
create them. In case of lack of time and/or resources, collect-
ing ideas for the list of sensory attributes from published papers
could be timesaving. Be aware to get inspiration from papers
that went through the double-blind peer review process and
are quality works. If doing so, proper citation of the work is a
must. Such list is presented in Table 2.

Sensory attributes.

When we do not have time and /or resources to conduct a
two-step descriptive profile, collecting ideas for the list of
sensory attributes from published papers could be timesaving.
Be aware to get inspiration from papers that went through the
double-blind peer review process and are quality works. If
doing so, proper citation of the work is a must again. Such
list is presented in Table 2.

Special attributes.

There are special attributes in wine analysis, which include
“harmony,” “balance,” “roundness,” and “typicality.” There is
a strong tradition in wine tasting to use those expressions to a
certain extent. On the other hand, we must acknowledge, that
these attributes are hard to define during a product specific
training, and their evaluation may vary from one panelist to the
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other. Therefore, in the first step of panel performance analysis,
we might focus on more objective attributes, which are easier
to define and train (e.g., raspberry odor, woody aroma, etc.).
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i Chapter 12

Rapid and Cost-Effective Methods for Wine Sensory
Profiling: Napping and Sorting

Matthew McSweeney

Abstract

Descriptive sensory analysis can be time-consuming and expensive; therefore, sensory scientists have begun
to use rapid and cost-effective methods. Napping and sorting are two rapid profiling methods. These
methods ask panelists to evaluate wine based on their similarities and differences. Both napping and sorting
can identify general product descriptions and the sensory properties that describe different varieties and
styles of wine. This chapter presents the procedures for the use of the napping and sorting tasks, as well as
the commonly used statistical analysis methods.

Key words Napping, Sorting, Projective mapping, Rapid profiling, Rapid analysis, General product
description

1 Introduction

Descriptive analysis and trained panels are one of the most exten-
sively used tools in the field of sensory evaluation. Descriptive
analysis is considered the gold standard in sensory analysis and
allows for very detailed and reproducible results to be identified
[1]. But descriptive analysis is a very time-consuming and expensive
process [2]. As such, rapid sensory methods or rapid profiling
methods have been created to evaluate products. Rapid profiling
methods are able to assess a product in a much quicker time frame
than descriptive analysis and allow for many more options in terms
of training and timing requirements [ 3]. Rapid sensory methods do
not require trained panelists, as well as being less expensive, require
less quantity of the samples of interest and are able to create a
general product description [4]. Furthermore, rapid profiling
methods are able to develop a vocabulary for the products of
interest by asking consumers (also referred to as untrained partici-
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pants) to evaluate the product [5]. Napping and sorting are two
rapid profiling methods that have been used to evaluate the sensory
properties of wine [6, 7].

Pages introduced napping to the field of sensory evaluation
[8]. Napping and projective mapping are very similar and napping
can be considered a variation of the projective mapping method
[9, 10]. Napping uses the same evaluation techniques as projective
mapping by asking the participants to place samples within a
two-dimensional (2D) space [11]. The participants are required
to place the samples in the 2D space based on the similarities and
differences of the samples. Samples that are similar are placed close
together and those that are different are placed far apart. It allows
the participants to assess the wine samples in a straightforward
manner and leads to a graphical representation of the samples.
Napping is also used paired with ultra-flash profiling (UFP),
which asks the participants to provide descriptors of each sample
[12]. The napping method is unique from projective mapping as
the 2D space has to be rectangular (usually a 60 cm x 40 cm paper
sheet which is approximately A2 size), data is not scaled, and the
statistical analysis should be completed using Multiple Factor Anal-
ysis (MFA) [9]. Also, there are variations of napping called global
and partial napping. The global method is a nonrestricted method
and asks the participants to separate the samples based on the
overall sensory modality. Global napping is considered the conven-
tional version and allows the panelists to compare the samples on
any modality they want [13]. In partial napping, the panelists are
asked to concentrate on one sensory modality (appearance, aroma,
taste, or texture) [14]. Furthermore, a variation of the Napping
method has been combined with the sorting method [15]. Sorted
napping replaces the UFP task with a sorting task.

The sorting task was introduced to the sensory evaluation field
by Lawless et al. [16]. In the sorting task, participants are asked to
group the samples based on their similarities [ 17]. The sorting task
is usually referred to as the free sorting task and it asks the partici-
pants to evaluate the global perception of the products. Different
types of panelists (trained and untrained participants) can be used
during the sorting task, and it has been recommended that 20 pane-
lists (trained or untrained) be included to provide interpretable
results [18]. Also, the optimum number of samples for a sorting
task is between 9 and 20 [ 19]. After the samples have been sorted, a
description step (similar to UFP in the napping method) can take
place to describe each group of the product and this referred to as
labeled sorting [20]. The results of a sorting task are most com-
monly analyzed using multidimensional scale (MDS). MDS aims to
create a map that indicates the similarities and differences between
the different samples [2]. A sorting task is useful during the devel-
opment of new wines (especially if there is a large number of
different formulations) and is able to identify the relevant sensory
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Key components to be addressed before beginning sensory trial

Characteristics

Options

What type of participants should be included [21]?  Consumers

Trained
Experienced
Expert

What type of sensory modality should be investigated Global (overall)

[4]2

Partial (e.g., appearance, aroma, taste,
mouthfeel)

How many samples should be included? Optimum number in a napping task is 10-20

samples [22]
Optimum number in a sorting task is 9-20
samples [19]

Use of a replicate sample to assess participant Yes

consistency [22]?

No

properties of the wines that are important to consumers. Before
starting a sensory trial using either method, some key questions
need to be answered as outlined in Table 1.

This chapter will describe how to organize a napping and
labeled sorting task to investigate the sensory properties of 10 red
wines using consumers (untrained panelists).

2 Materials

In both the napping and sorting tasks described below, 12 wine
samples were included (10 different wines and 2 blind replicates to
check for individual consistency [23], Note 1). Approximately
25 ml of all the wines were served in pear-shaped transparent ISO
glasses with coverslips. All glasses were labeled with three-digit
random codes. All wine samples were presented at the same time
and at the same temperature. Water and unsalted crackers were also
presented as palate cleansers. All studies took place in individual
sensory tasting booths under white light (Note 2).

3 Methods

3.1 Napping

1. Recruit wine consumers (untrained panelists- Note 3). Before
beginning the trial be sure to receive informed consent from all
participants.
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2.

Fig.

Researchers should instruct the participants on how to conduct
the napping task and the researchers may want to demonstrate
the procedure for the participants by using other food items
(Note 4).

. The wine samples are then simultaneously presented (in a ran-

domized order) to the participants and then participants were
asked to complete the task on a 60 cm x 40 cm paper sheet
(approximately A2 size). Participants should be presented with
the instructions, “Please evaluate the wines and place them on
the provided space according to how similar and dissimilar they
are (based on your perception). The more similar the wines are,
the closer they should be placed to each other, the more
dissimilar they are the further apart they should be placed. If
two products are placed close together, the more similar they
are and the further apart, the more different they are. There are
not right or wrong answers. When you are finished placing the
products, write down the product codes in the appropriate
locations on the sheet of paper and also please write 2-5
words to describe each product (Note 5 and 6). Please avoid
product comparisons (product A is whiter than product B).
Instead use terms such as low, medium, or high to express
intensity.” Participants should be encouraged to take as many
sniffs or sips necessary to evaluate the wine. Also, between
evaluating the samples participants should be instructed to
use the provided palate cleansers (Note 7). Example of a parti-
cipant’s product map is shown in Fig. 1.

. After the participants have completed the napping task, the

product positions need to be measured from the bottom left
corner (0.0 point) of the 2D space to the center of the written

w1 w3
wé
W4
w10
W5 w8
w2
w7
W7R wo W2R
A
This is the 0,0 point. |

1 An example of the 2D space after the participants have evaluated the

12 wine samples (ten samples and two replicates). The replicates are indicated
by the R in the same name (e.g., W7R)
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Sample | X1 | Y1

X2

Y2 | ... | X50 | Y51 | Descriptor 1 | Descriptor 2 | ... | Descriptor n

Wi

W2

W10

Fig. 2 An example of how to organize the table based on the results of the napping task before using Multiple
Factor Analysis. X and Y refer to the coordinates for the location of sample on the 2D space by each panelist [9]

3.2 Labelled Sorting

1.

code (Fig. 1). The zero point is the lower left corner of the 2D
space (Fig. 1), and a table is created so that one row corre-
sponds to the one sample (as seen in Fig. 2). Following the
coordinates, the next columns correspond to descriptors from
the UFP. The attributes are collected and summarized in a
frequency table (Fig. 2) (Note 8).

. Multiple Factor Analysis (MFA) is then used to produce

bi-plots (Fig. 3) (Note 9). MFA normalizes each set of vari-
ables followed by principal component analysis (PCA)
[24]. The PCA functions to analyze the variance from the
different evaluations made by the participants and this is
achieved by the using the measured x and y coordinates. The
coordinates from each sample and each participant are rotated
until a common trend is found [24]. These factors scores are
used to create a plot that is representative of the similarities
between participants’ observations. MFA also calculates the
frequency of descriptor citation for each product (Note 10).
An example of the results of an MFA analyzing the results of a
napping task on red wine is shown in Fig. 3.

Like the napping task, wine consumers need to be recruited
(untrained panelists- Note 2) and informed consent needs to
be obtained.

. The wines are then presented simultaneously to the partici-

pants (Notes 11 and 12). The wines should be arranged so
that the presentation is ordered, and the first-order carry-over
effects are balanced (Note 13).

. Participants then look, smell, and taste the wines (based on the

objective of the sensory trial—Note 14) and then sort the
wines into as many groups as perceived by the participant,
from a two to maximum of nine. The participants received
the following instructions: “There are twelve red wines placed
in front of you. Please, place the wines into groups that you
consider alike, depending on your own criteria. You must
create at least two groups and no more than eleven groups.
Then, please write words that characterize each wine or group.
Please take as much time as you want” (Fig. 4) (Note 7).
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2.5
2 W5
Cranberry W7
Sugary
15 .
Cherry Lime W10 W7R
Sweet  Lemon
1 Fruity Sour Cherry
r
- Apple o se Bold
X . Black fruit
S 05 W6 Red Fruitstrawberry
v Beets o
N Balsamic Vinegar
8 0 SmokyTobacco Blackberty peret prome
W Mild Acidé‘c
) trong
0s ]Spﬁgral
. Blueberr i
V' Berry Pomegranate Smooth Black Teiedium
Sharp X - Earthy
1 Dark  Soil Bitter Citrus Sour Woodvv2
Astringent Dr
Y - st
W4R Alcohol Raidifsty
-15 Raspberry Oak
W4 VaniIFI)a Y Black Currant w9 w8

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2 2.5 3 35
F1(33.5%)

Fig. 3 An example of bi-plot produced from the first two dimensions of the
Multiple Factor Analysis and the descriptors used to describe 12 wine samples
(ten wines and two replicates)

Group 1 W3, WA, WAR, W, W9
Group 2 W7, W7R, W8
Group 3 w1, w10

W3 w9 Group 4 W2, ws
W4 W6

Fig. 4 Example of participants’ scoring sheets

4. To analyze the results using MDS, the results from each partic-
ipant are placed in an individual co-occurrence matrix. The
value of 1 at the intersection of the row and column indicates
that the participant grouped the wine samples together. A value
of 0 indicates that the products were not placed together. Then
the matrices from all of the different participants are then
summed to obtain a global similarity matrix [25].
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w2
W5
w7 W8
W7R
W3
W9
w10 W4  W4R
w1 Wé

Fig. 5 Example of the 12 wine samples (10 wines and two replicates) on an
MDS plot

5. Multidimensional scaling analyzes the similarity matrix. MDS is

an analysis tool that can visualize proximities or distances
between objects. Each point on the map (or plot) represents a
wine sample and the points are arranged so that the wine
samples that are alike to the participants are close together
and those that are different are far apart (Fig. 5) (Notes 15
and 16) [25].

. To analyze the descriptors associated with the groups of wine

samples, a contingency table should be constructed. The pro-
ducts are placed in columns and the descriptors in rows. The
frequency at which descriptors was used by the participants for
each sample is placed in the contingency table. Generally, the
descriptors with similar meanings are grouped and descriptors
used less than a certain percentage (e.g., 10%) of assessors are
discarded. The results from descriptors can then be projected
onto the similarity plots by determining the correlations
between the occurrence of descriptors and wine samples’ factor
scores (Note 17) [26].

4 Notes

. The replicate sample or samples should be placed closely

together on the 2D space by the participant.

. If the partial napping or a sorting task is used to evaluate a

specific sensory modality (e.g., aroma, taste, mouthfeel) except
for evaluation of the appearance, then red lighting can be used.

. Need to define what is meant by consumer. Screening criteria

could include they do not have knowledge of sensory evalua-
tion, wine, or work in a sensitive industry, had consumed wine
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10.

11.

12.

in the last 2 week and self-identified themselves to be regular
wine drinkers. In addition, 50 consumers or more should be
involved in a sensory trial using napping and 20 or more
consumers for a labeled sorting task.

. Beyond demonstrating the napping task, researchers have used

a training exercise to demonstrate the method. For instance,
Hopfer and Heymann [22] used paper shapes ditfering in color
and asked the participants to position the figures on a provided
space. The method could also be introduced using a video or by
a brochure [27] for the participants.

. Participants can also be presented with a list of sensory attri-

butes to describe the wine (based on past evaluations or a
literature review) to help them describe the sample. If a list is
provided, it should be reinforced to the participants that can
also use their own terms to describe the wines.

. Napping task can be aimed at the global perception of the wine,

but also could be aimed at a specific sensory modality (appear-
ance, aroma, taste, mouthfeel, aftertaste) called partial nap-
ping. If using partial napping, then the researchers need to
make it clear which sensory modality is of interest.

. After completing the napping or sorting task, researchers may

want to ask questions about wine knowledge, wine consump-
tion habits, and demographics.

. If a participant expresses an intensity of an attribute, each

intensity is considered a separate attribute (e.g., sour, low
sour, extremely sour are separate attributes).

. Betore conducting the MFA, some researchers remove descrip-

tors if they do not meet a specific threshold. For instance,
Hopfer and Heymman [22] removed the descriptor before
the data analysis if it was not provided at least nine times by
the participants.

MFA is the main statistical analysis tool to evaluate results from
a napping task, but Hierarchical Multiple Factor Analysis and
Generalized Procrustes Analysis have been used. Also, RV
coefficients have been used to analyze the reproducibility of
the results either from different participants or the same parti-
cipants but different sessions of testing. Participant consistency
can also be evaluated by using a people performance
index [22].

You can include replicate samples to assess the reliability of the
participant (i.e., Did they sort the replicate wine samples
together?).

An issue with the sorting task (and napping task) is that all of
the samples are presented at the same time, and it is difficult to
control the temperature of the presented samples.
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14.

15.
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Participants can be instructed to follow the presentation order
to ensure that each wine is tasted first an equal number of
times.

Most sorting tasks involve the participants evaluating the
global perception of the samples. But participants can be
asked to focus on a certain sensory modality. Also, a Multiple
Sorting task could be used where the participants perform the
sorting task multiple times, and each time, they group the
samples according to different criteria. The task is complete,
when the participants cannot think of any criteria on which to
sort the samples.

MDS can use different algorithms to visualize the results and
the two main algorithms are metric and non-metric. A good
overview of MDS and the different algorithms was written by

Abdi [28].

Studies have also used Multiple Factor Analysis [29], Multiple
Correspondence Analysis [30] and DISTATIS [30] to evaluate

the results of a sorting task.

17. Contingency table can also be evaluated by correspondence
analysis [30] or a multiple correspondence analysis [31].
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Rapid and Cost-Effective Methods for Wine Profiling:
CATA/RATA

Dominique Valentin, Jeanne Brand, and Maria Pilar Saenz-Navajas

Abstract

The objective of this chapter is to underline the main practical and methodological issues encountered when
applying CATA or RATA to wine profiling. In the material section, we discuss some important methodo-
logical points that might impact the efficiency of the methodologies such as the type of assessors able to
perform the task, the selection and presentation of the wines to be described, and the selection and
presentation of the terms used to describe the wines. In the method section, we successively detail the
CATA or RATA tasting procedures: session organization, instructions to be given to the assessors as well as
statistical analysis.

Key words CATA, RATA, Rapid sensory methods, Wine profiling, Cost effective, Sensory analysis

1 Introduction

The Check-All-That-Apply (CATA) method and its Rate-All-That-
Apply (RATA) variant are rapid profiling methods that can be used
to assess sensory differences and similarities between wines and to
highlight the main attributes of individual wines from the point of
view of the wine tasters. These methods are based on a multiple-
choice approach where assessors select the appropriate items from a
list to best answer the question asked. First used in marketing
research to understand consumer’s opinions or motivations,
CATA and RATA have been increasingly used in the last two
decades for product sensory characterization. When conducted, a
list of sensory attributes is compiled and sensory assessors should
check the attributes, which best describe a set of products. Scores
are then computed by counting the number of times a descriptor is
selected for each product in the set to identify the most relevant
attributes of each product. The main advantage of CATA is that it
does not require deep cognitive processing, making it an easy
profiling method both from the assessor’s and experimenter’s
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points of view. Its main limitation is that frequencies are interpreted
as an indicator of attribute intensities although they do not actually
measure the intensity of perceived sensory attributes. To overcome
this limitation an intensity-based variant of CATA named Rate-All-
That-Apply (RATA) was proposed [1]. In RATA, assessors have to
rate the intensity of the attributes they have checked in the CATA
list. RATA is more cognitively demanding than CATA since asses-
sors have to quantify the intensity of the attributes they perceive in
the product, but, in counterpart, it has the advantage of limiting
satisficing response strategies (checking attributes without
thinking).

In the wine domain, the multiple-choice approach was first
used under the name of citation frequency (CF) profiles by
McCloskey et al. [2] and Le Fur et al. [ 3] to characterize the aromas
of Chardonnay wines from California and Burgundy vineyards
respectively. Later, Campo et al. [4] and Nanou et al. [5] used the
citation frequency method to investigate the aroma properties of
Spanish and Greek monovarietal white wines. The citation fre-
quency profile is well adapted to describe wine aromas but it
requires a training phase so that assessors are well acquainted with
the attributes in the list. In the CATA method, the training phase is
generally omitted, as the list of attributes is shorter than in the CF
method and not limited to wine aromas. It generally includes
simple attributes such as visual, olfactory, taste, or mouthfeel attri-
butes that can be understood by untrained assessors. As a conse-
quence, its popularity as a wine profiling tool increased recently. For
example, Alencar et al. [6] used it to profile Syrah wine aged with
oak chips, Vidal et al. [7, 8] to investigate the astringency of Tannat
wines and Coste et al. [9] to characterize warm and cool climate dry
red wine styles. The RATA variant has also been successfully applied
to profile a large variety of wines as recently demonstrated by
Rabitti et al. [10] with Italian wines.

2 Materials

2.1 Assessors

2.1.1  Type of Assessors:
Level of Expertise

The number of assessors carrying out the sensory task depends on
the method (CF, CATA, or RATA) and on the level of expertise of
the participants.

The sensory task has to be carried out by a homogeneous group of
assessors in terms of their experience with sensory analysis tasks and
the product, wine in this case. Assessors can be classified as con-
sumers, wine experts, and trained panelists attending to their level
of expertise. Consumers are assessors that are not professionally
involved in the wine industry and consume the product with a
certain frequency (e.g., at least once a month). Wine experts are
professionally involved in the wine industry and are defined as a
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person with extensive knowledge in wine acquired through delib-
erate practice and wine tasting (see Note 1). Trained panelists are
assessors who attended a series of formal training sessions including
the selection of the terms, their definitions, and development and
presentation of standardized references or definitions for each term.

The choice of the type of assessor depends both on the meth-
odology used (see Note 2) and the objective of the test. As a rule of
thumb, CATA is more adapted for less experienced consumers as it
is less cognitively demanding than RATA, which can present diffi-
culties because of the use of scales. CF is generally used with trained
assessors (see Note 3). Alternatively, experts can be selected to carry
out CATA [8] or RATA [11] to both understand preference and
get product characterization. The rationale behind this option is
that experts are involved in the decision-making process of con-
sumers at purchase [12], and they are able to be more discriminant
than trained panels when using technical terms. They also present
superior performance when describing wines, and thus they are
expected to increase the discrimination among samples in compari-
son to consumers for complex products [13].

The number of assessors depends on the specific methodology as
well as the objective of the study.

CF profile has been basically applied to characterize the aroma
of wines with trained panelists using a large list of descriptors.
Around 30 or 40 assessors are generally used with 30 being a
minimum for the methodology to be reliable [14-16].

CATA and RATA were originally developed and applied to
understand consumer perception [17-20], which requires a high
number of assessors (min 60), especially when the degree of differ-
ences among products is small. The focus of these methodologies
was then extended to the characterization of wine sensory proper-
ties. In this context, a short familiarization (semi-trained panel) or a
tull training (trained panel) phase can be used to reduce the number
of assessors by increasing the consistency among them. For exam-
ple, nine fully trained assessors were shown to be enough to suc-
cessfully describe red wines [7] and 30 semi-trained assessors (2 h
training) by CATA [21]. Likewise, with a short training (4-6 h
training) the number of assessors can be reduced to 12-15 when
using RATA to describe wines [10, 22] (see Note 4).

Due to sensory fatigue, that could negatively influence a taster’s
perception and ability to identify wine sensory attributes, the num-
ber of wines presented in a tasting session should be considered. As
a rule of thumb, CATA and CF profile allow the evaluation of a
higher number of samples per session than RATA, as they are less
cognitively demanding. Besides, wine experts are able to character-
ize a higher number of samples per session than consumers or
trained panelists because they are used to evaluating a high number
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2.2.2 Sensory Diversity
Among the Sample Set

of wines in their everyday professional tasks. If wine industry pro-
fessionals, such as winemakers and technical tasters can assess up to
22 wine samples in one session it is unwise to present more than
12 wine samples to consumers during a single tasting session. Yet
the number of wines to be presented in a given session depends on
the type of samples and the sensory category to be evaluated (i.e.,
color, aroma, flavor, taste, or mouthfeel).

Regarding the modalities to be evaluated, visual stimuli fol-
lowed by orthonasal aroma description are less fatiguing than
descriptions requiring to introduce wine in the mouth (i.e., flavor,
taste, or mouthfeel). Thus, a priori a high number of wines can be
presented for visual description, which will be limited only by the
time availability of assessors. For orthonasal aroma characteriza-
tion, the number of wines to be evaluated depends on both the
type of assessors and the type of wines. Globally, if the wines are not
too tannic, assessors seem to be able to evaluate overall in-mouth
perception (i.e., aroma, taste, and mouthfeel) from 8 to 12 wines in
a session with a break in the middle of the session to limit sensory
fatigue. For example, trained and semi-trained assessors have been
reported to be able to evaluate 9-12 wines per session by CF profile
[4, 5] and 8 by RATA, respectively [22]. A 10-min break was
enforced in the middle of each session (see Note 5). Consumers
were shown to be able to evaluate the aroma, flavor, taste, and
mouthfeel of 9 [23] or 10 red wines [24] per session using RATA
(60 s between each wine sample was enforced) while trained pane-
lists have shown discriminability and repeatability when describing
these 3 modalities for up to 11 red wines per session applying an
imposed pause of 10 min after 6 wines [25]. The number of wines
to be evaluated in a given session decreases when the polyphenolic
content of the wines increases. For example, for a CATA description
focused on mouthfeel attributes with red wines with a high poly-
phenolic content such as Tannat wines, the number of wines was
limited to 4 and 6 per session with trained panelists [7] and experts
[8], respectively.

CF profile, CATA, and RATA can be used indifferently to discrimi-
nate among wines presenting marked differences regardless of the
level of expertise of assessors. This is less clear for very similar wines.
RATA has been suggested to be able to discriminate among samples
showing subtle differences (i.e., sharing attributes but differing in
their intensity), and it seems to result in more stable wine and term
configurations than CATA [26]. However, there is not a
generalized agreement in the superiority of RATA over CATA in
terms of discrimination ability among complex products, especially
for descriptions carried out by consumers with wine sets showing
low sensory diversity, as it is suggested to be dependent on the
study and is sample specific [26].
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Prior to the sensory task, wine samples have to be screened by
experimenters directly involved in the study (min 5 experienced
assessors) in order to ensure that the sensory space of the sample set
is suitable to assess the hypotheses of the study. In this bench
session, experimenters have to confirm that samples that will be
presented to the panel do not present cork taint (i.e., perceptible
trichloroanisole-TCA: humidity-like aroma). Besides, it is probable
that depending on the objective of the study, other odor and
aroma-related defaults have to be screened and thus these samples
avoided in the final description (se¢ Note 6). Another point to
consider when more than one bottle of wine is necessary for the
sensory task is the bottle effect. This effect makes reference to
differences presented by the same wine coming from different
bottles. To avoid introducing this experimental effect, wine samples
coming from different bottles can be mixed up and thus a homo-
geneous sample can be prepared. However, this practice has to be
carried out with caution because a high amount of oxygen is dis-
solved in the wine when mixing bottles, which could lead to the
evolution of wine samples if they have to be stored during the
duration of the experiment (i.e., more than 2-3 days). In that
case, the use of bottles freshly opened every day is recommended,
and consequently, the bottle effect is assumed as it is expected to be
lower than the evolution of wine flavor due to bottle mixing.

The first point to consider when planning the session setting-up is
the volume to be poured by glass. It usually ranges from 10 to
30 mL per glass. It is interesting to consider the volume to be
poured based on the sensory modality to be evaluated. Accordingly,
if samples are to be in-mouth characterized (i.e., flavor, taste, or
mouthfeel), it is recommended to instruct the assessors to intro-
duce the whole volume in the mouth to standardize the process
inter- and intra-assessors. In that case, 10—15 mL is recommended.
This restricted volume will also reduce the building-up effect (see
Note 7) of in-mouth sensations, especially when dealing with high
polyphenolic red wines. In any case, the use of rinsing agents is
recommended between wine samples. While water and unsalted
crackers are the most commonly used, pectin or yogurt can also
be used as rinsing agents (see Note 8).

The second point to consider is the type of glass to be
employed. The standardized ISO 3591:1977 glasses are recom-
mended. They can be either clear or black glasses, these lasts are
used to avoid the effect of visual cues on the perception of the rest
of sensory modalities, which is especially relevant when the sample
set presents a great variability of visual characteristics (i.e., turbidity
or color) and the main aim of the task is to characterize the chemo-
sensory properties of the sample set (see Note 9).
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2.3 List of Terms

The selection of terms to be evaluated depends on the assessors, the
method, and the sample set (se¢ Notes 1 and 2).

In CF the list of attributes is generally long and assessors are
asked to check only a limited number of attributes (around five in
general). For example, in Le Fur, Mercurio, Moio, Blanquet, and
Meunier [ 3], assessors were asked to check a maximum of six odor
descriptors from a list of 78 terms, and in Campo, Do, Ferreira, and
Valentin [4], they were asked to select between 2 and 5 terms in a
list of 73 terms. Terms are generally organized in a hierarchical way
inspired by the aroma wheel of Noble, Arnold, Buechsenstein,
Leach, Schmidt, and Stern [27, 28] to simplify the visualization
and processing of the terms and consequently reducing the cogni-
tive charge. They are presented arranged either in a wheel or a table
[4]. This structure usually comprises three levels or categories:
family (most generic, e.g., fruit), subfamily (intermediate category,
e.g., tropical fruit), or specific term (most specific, e.g., pineapple).
CATA and RATA methods generally comprise a smaller number of
terms than CF. For example, Vidal et al. [29] used a CATA list
comprising 44 terms to assess how consumers describe astringency
in red wine. An important point to consider when selecting the
terms to be evaluated is the level of expertise of participants. While
simple and easy-to-interpret terms are required for consumers,
wine experts and trained panelists are able to use more complex
terms. Yet, it has to be considered that the interpretation of the
terms can strongly vary between experts and trained panels
[8]. Table 1 provides some terms used in CF, RATA, or CATA
attending to the expertise of the assessor.

3 Method

3.1 CATA

3.1.1 Session
Organization

3.1.2  Procedure

When CATA is performed, assessors receive the wine samples one at
a time (monadically), blinded with 3-digit codes. The presentation
order of the samples in a set is randomized across the assessors, in
other words, each assessor will receive the samples in a different
order according to a randomized design such as a Williams Latin-
square design [31] (see Note 10).

Assessors are asked to evaluate each wine and to check in the list the
attributes that best describe the product. They can be asked to
select as many options as they want (i.e., “check-all-that-apply”)
or they can be limited by being asked to only select the “%” most
important or prominent options or attributes, this variation is
referred to as “pick-%” attributes in the literature. When pick-# is
used, assessors highlight the most important characteristics of the
samples, where CATA will provide a more detailed comprehensive
picture of the characteristics of the samples [31, 32]. Pick- K is well-
suited for sensory profiling when experts (industry professionals)
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Terms used in GF, RATA, or CATA attending to the expertise of the assessor, the type of wine, and the

type of wine

Assessor Matrix

Method
(Ref)

Terms

Consumers White wine

Red wine

Semi- White, rosé,
trained red wines
panel

White, red,
oaked
wines

Trained Red wine
panel

White, red

wines

Wine Red wines
experts

CATA
[18]

RATA
[17]

RATA [10]

RATA
[22]

RATA
[7,30]

FC[5]

RATA®
[11]

Aroma/Flavor: Fruity, tropical, floral, green, cooked
vegetables, light, intense flavors

Taste: Sweet, sour

Mouthfeel: Tingly, sharp, dry, thick /viscous

Time-related: Fades quickly

Others: Typical sauvignon blanc

Appearance: Brown, clarity, green, yellow

Aroma/Flavor: Apple/pear, bubblegum, buttery, chemical,
citrus, dried fruit, floral, green/grassy, herbaceous, honey,
milky, nutty, petroleum, spice, stone fruits, sulfidic, toasted,
tropical, wood, mineral, savory,

Taste: Sour, bitter, salt, sweet

Mouthfeel: Body, creamy, crisp, dry, spritz, watery

Time-related: Length

Aroma/Flavor: Citrus, tropical fruits, red fruits, wild berries,
fruit tree, nuts, dried /baked fruit, white floral, red floral,
vegetative, balsamic, spices, earthy, roasted, woody,
caramelized, yeast, ethereal, animal

Taste: Sour, bitter, salty, sweet

Mouthfeel: Body, astringency, alcohol

Aroma/Flavor: Citrus, tropical fruits, red /black fruits, white,
yellow fruits, cooked /candied fruits, banana/amylic, floral,
canned vegetables, cooked cabbage, rotten onion, black olive,
oaked, smoky /roasted, lactic, camembert, rotten eggs,
stagnant water/damp cloth, truffle, mineral, reduction,
oxidation

Mouthfeel: Dry, rough, aggressive, sand paper, pucker, harsh,
abrasive, hard, coarse grain, irritant and complex, silky, fine
emery, suede, mouthcoating, velvety, corduroy, adhesive,
hard, soft, rich, full-body, green, grainy, satin

Time-related: Persistent

Aroma/Flavor (hierarchically structured): Citrus fruit (lemon,
grapefruit, lime, orange), tropical fruit (melon, banana,
pineapple), other fruit (apple, pear, peach, apricot), floral
(citrus blossoms, rose, jasmine), vegetal /herbaceous (fresh-
cut grass, mint, tea, chamomile), nuts (nuts), earthy
(mushroom, earthy), caramelized (honey, caramel, vanilla),

spicy (pepper)

Aroma/Flavor: White fruit, yellow fruit, tropical fruit, red
fruit, black fruit, dried fruit/compote, floral, alcohol, spices,
roasted, vegetal, cooked vegetables, earthy, reduction, animal,
citrus, nuts, balsamic, moldy, lactic

Taste: Salty, bitter, sweet, sour Mouthfeel: Dry, dry on tongue
side, dry on palate, sticky, dusty, grainy, sandy, coarse,
unctuous, oily, fleshy, mouthcoating, silky, gnmmy, watery,
burning, hot, prickly

Time-related: Persistent

*The method used is a variant of RATA, Rate-K-attributes (7 = 5). Participants could rate a maximum of 5 attributes
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Table 2

Different randomized sample serving orders used for replicate tastings

Assessor 1st replicate

Position 1
Assessor 1  Wine 1
Assessor 2 Wine 2
Assessor 3 Wine 3

Break 2nd replicate
Position 2 Position 3 Position 1 Position 2 Position 3
Wine 2 Wine 3 Wine 2 Wine 1 Wine 3
Wine 3 Wine 1 Wine 3 Wine 2 Wine 1
Wine 1 Wine 2 Wine 1 Wine 3 Wine 2

3.1.3 Data Analysis

perform the task, whereas CATA might be better suited for trained
panelists who are used to describe wines in detail.

The terms on the CATA list are presented in different rando-
mized orders for each assessor to avoid primacy effects (i.e., terms
in the top part of the list are usually more frequently checked than
the other terms) [33]. When terms corresponding to different
sensory modalities are used it is recommended to organize the list
of terms according to sensory modalities following the classical
wine-tasting script (1) visual perception; (2) orthonasal perception
(odors); (3) retronasal perception (aroma); (4) taste; (5) mouthfeel
sensations, and (6) persistence [10].

When CATA is performed with consumers or technical experts
and wine producers, each assessor only evaluates a wine once and
no replicated tastings are performed. When a trained panel is used,
repeatability and reproducibility is often assessed by performing the
tasting sessions in replicate [4, 8, 14]. It is important to present the
wines in a different randomized order when serving the second
and/or third replicate to assessors, in other words, a specific asses-
sor should not get the set of wines in the same order twice when
tasting replicates. It is also wise to enforce a break between samples
as well as between replicates when testing repeatability to minimize
sensory fatigue (see Table 2).

Overall panel performance can be assessed by calculating: (1) aver-
age reproducibility or repeatability indexes by using an average
index (Ri) for a given “i” attribute as proposed by Campo et al.
[4], a reproducibility index of the panelist “i” for sample “j” (Rlij)
or an overall reproducibility index of the panelist “i” (RIi) by
averaging the Rlij across samples [34], (2) attribute stability by
the stability index (SIk), and (3) stability of the selection of terms by
the SSIk index (see Note 11).

The data collected using CATA are coded in the form of
individual matrices in which 1 corresponds to a checked term and
0 to an unchecked term (Fig. 1). A Cochran’s Q test can be
performed on these individual matrices to determine which attri-
butes are significant [18, 35, 36]. Individual matrices can also be
summed to obtain a frequency matrix (also called contingency
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Individual tasters’ data

Q Raspberry
Q Black currant
Q Prune

a Violet

Q Black pepper
Q oak

Q Astringent
Q Bitter

Contingency table

s Wine Al | A2 | A3 | A4 | A5 | AB | AT | AB
Taster1 | Al | A2 | A3 | A4 | AS | A | A7 | AB 1 8 |12 13 2

Wine 1 11 1 2 1 |2 10 8 |14 |12
Wine 2 1 1111 3 9 1|1 |5 13
Wine 3 1 1 1 4 2 10 | 3 4 20
Wine 4 1 |1 1 l

l Correspondence

Al

f Al

3

10 A7

=

))1 e
\/\,e = ) )
5 ad 4 M

—Wine 1 —Wine 2 Wine 3 Wine 4 15

5 8
F1{524 %)

Fig. 1 Schematic representation of CATA data analysis

table) with the CATA list terms as the variables in the columns and
the wines in the rows [14, 31]. This matrix is then submitted to a
correspondence analysis (CA) to obtain a sensory map of the wines.
CA is a generalized principal component analysis (PCA) suited for
the analysis of frequency data [31].

The above-mentioned statistical analyses can be performed on
all the CATA list terms or a set of reduced terms. The list of
attributes could be reduced if terms with low citation frequencies
are observed, in other words if few assessors used a term to describe
the wines (see Note 12). The reduction of CATA list terms is used
to address the fact that assessors might perceive the same “aroma”
or “flavor” but select slightly different terms on the CATA list
[4]. This could happen when the CATA list was set up to reflect
subtle specific differences between samples, but the assessors could
only perceive bigger differences or used slightly different vocabu-
lary or concepts to describe similar perceptions. It was proposed in
the literature to combine terms if less than 15% of the panel used a
term [4, 14]. If a term with a low citation frequency could not be
combined with another it is deleted prior to statistical analysis (see
Note 13).
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3.2 RATA

3.2.1 Session
Organization

3.2.2 Procedure

3.2.3 Data Analysis

Same as for CATA.

The main idea behind the development of RATA was to obtain
intensity data rather than binary data, using simple scales that do
not require training and aligning the assessors. As in CATA, asses-
sors first indicate whether each term in the list applies to a given
wine, and if so, they indicate the intensity of the descriptor. Various
scales have been proposed and used with success ranging from
3-point to 9-point scales [17, 37-39] with a 15-point scale used
as one of the first proposed [1]. The appropriateness of the scale
used should be considered since a 3-point scale can, for example, be
too limited to describe the intensity differences between similar
wines in a set, whereas a 15-point scale can be too hard, due to
the higher cognitive load that the assessor has to deal with (see Note
14).

Various data analysis strategies have been proposed for RATA data.
The first strategy is to analyze the citation frequencies of the terms
as if the RATA data were CATA data, without taking the intensity
rating data into account [ 33]. This strategy should be avoided since
the discrimination ability of RATA decreases when RATA data are
analyzed as binary data. A possible explanation is that a smaller
difference can be better described using intensity rating than simple
term selection or citation [16, 17]. The second strategy is to
consider RATA data as ordinal data. The RATA scores (e.g., low,
medium, and high) could be analyzed as weighted frequencies of
citation. In this case, the numerical value 1 is assigned when “low”
was marked, 2 for “medium,” and 3 for “high.” The sum of all the
citation ratings for a term for a wine sample is computed. This is
done for all the terms and for all the wines. Friedman’s test can then
be used to determine significant differences between the wines for
each term and CA to visualize the wine space [26].

Alternatively, RATA data can be treated as continuous quanti-
tative data as suggested by Meyners et al. [38]. In that case statisti-
cal analysis techniques such as analysis of variance (ANOVA) and
PCA, routinely used for the analysis of descriptive sensory analyses
like quantitative descriptive analysis (QDA), can be employed. To
evaluate differences among wines, two-way ANOVAs with “asses-
sor” as a random factor and “wine” as a fixed factor can be applied
to RATA data [17,22, 39]. If the “wine” factor is significant a post-
hoc pairwise comparison test such as Bonferroni or Tukey’s Honest
Significant Difference can be used to investigate significant differ-
ences between the wines in terms of each RATA term [39]. If
repetitions have been performed, three-way ANOVA with asses-
sors, wines and replicates as fixed factors with first order
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RATA list Individual tasters’ data
= Tasters | A1l a2 [a3[aa]as[asla7]as] Average ratings
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Fig. 2 Schematic representation of RATA data analysis

interactions can be calculated to evaluate panel performance. A
sensory map of the wines can be obtained by applying a Principal
Component Analysis (PCA) on the average ratings [22, 38, 39]
(Fig. 2).

4 Notes

1.

Different types of experts have been identified based on their
developed skills through their training and practice, including
winemakers, wine sellers (i.e., sommeliers and wine mer-
chants), and wine critics [40]. It is important to consider that
winemakers can provide more precise descriptors than sellers,
while critics adopt an intermediate strategy by using both
precise and global terms in wine descriptions [41].

. The level of expertise of the assessors can result in different

descriptions [8]. Consumers tend to be the least consensual,
being able to discriminate among products based exclusively on
simple easy-to-understand terms, while trained panels are the
most discriminant as they share common concepts. Experts
follow an intermediate approach, as they do not follow a stan-
dardized training but they attend wine tastings and formation
courses regularly, which result in shared term conceptualiza-
tion, especially among winemakers of the same region
[42]. They can use complex terms consensually, being in cer-
tain cases even more discriminant than a trained panel,
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especially when using complex, technical, and multidimen-
sional terms [8].

. One of the most difficult aspects of performing CATA and

RATA is the generation and selection of the terms in the list
[43]. Some pre-existing knowledge of the sensory characteris-
tics of the samples to be evaluated, or at least an idea of the
sensory space covered by the sample set, is needed to compile a
list that will enable the researchers to obtain sufficient descrip-
tions of the sensory characteristics of the samples and ensure
that important attributes are not missed or left out, while
performing the formal sensory evaluation. There are various
strategies that can be employed in this regard. When little is
known about the samples, existing lists or sensory wheels such
as the aroma wheel of Noble et al. [27, 28] can be used. This
often results in a long list of terms. In order to compile shorter
lists that will be easier to use, descriptive analysis attributes,
generated by a trained panel, during profiling of the samples to
be analyzed or similar samples can be used. When descriptive
analysis results are not available, focus group sessions con-
ducted with consumers or technical experts, such as wine-
makers, can be scheduled to develop CATA or RATA lists
product set specific lists.

. The training stage can be also beneficial when the descriptors to

be evaluated are complex. This phase will help to increase
discrimination among samples. However, it has to be borne
in mind that if the objective of the project is to understand
consumer perception, training is not recommended [44].

5. Winemakers have been presented up to 22 red wines in one

session to be described in terms of taste and mouthfeel [11]
following rate- K-attributes, which is the homolog variant of
CF for RATA. To this end, two flights of 11 wines were
evaluated, with a compulsory break of 20 min between both
flights and with a 10-min break every 5 samples).

. However, the rejection of samples based on sensory defaults

has to be carried out with caution, and it has to be considered
that there is a great diversity of winemaking methods, and
grape varieties, being the presence of defaults dependent on
the style of the wine. For example, oxidation-related cues are
characteristic and signals of quality in Sherry or Porto wines,
while they are evident defaults in most common wines. Simi-
larly, reduction aromas are sought in wines designed to carry
out bottle aging, thus the matrix and the objective of the study
has to be considered at this point of wine selection.

. Perceived astringency and bitterness increase with repeated

ingestions of wines, which contain astringent and bitter com-
pounds, mainly polyphenols. This means that the last sample
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will be perceived higher in astringency and bitterness than the
first one. To avoid this build-up effect samples are presented in
different order/position to each assessor. The use of rising
agents also facilitates the dissipation of these accumulative
sensations, as well as the imposition of pauses between wines.

. The implementation of a water /pectin (1 g L) protocol [45]

between wines is recommended to avoid the building-up of
certain sensations, especially of bitterness or astringent-related
cues. Moreover, the use of natural yogurt has shown to be
more effective than a solution of 2 g L ™" of pectin resulting
in an increase of sample discrimination ability for astringency
rating in Tannat wines [46]. In this context, it is important to
evaluate the best rinsing agent depending on the study, as the
ecology of the task can be committed because pectin or yogurt
are meant to dissipate astringency, but they could ultimately
influence the evaluation of other sensory modalities such as
aroma or flavor.

. An important consideration about the use of dark glasses is

regarding its use when preference or quality is to be recorded
by consumers or wine experts as reported by Parr et al. [47],
and Valentin et al. [48]. The authors point out that there is a
positivity effect of the clear glass condition over the dark glass.
This has been firstly attributed to the fact that the dark glass
seems to intimidate tasters, which leads them to be more
cautious and conservative when scoring samples, and secondly,
expectations and thus wine judgment could be modified as a
result of cognitive and /or emotional positivity when employ-
ing clear glasses.

Randomization of sample presentation order across assessors
using a Williams Latin Square design [49] is performed to
minimize the carry-over effects from one sample to the next.
An example of such a carry-over effect could be: if a very sweet
sample is tasted first, the second sample might be scored lower
in sweetness than when tasted after a sample that is not sweet at
all. The bias caused by this phenomenon cannot be eliminated
and is therefore minimized and balanced across the responses
of all the assessors. A William Latin square design is balanced
for first-order carry-over effects and is therefore appropriate to
use. If an even number of samples is tested one Latin square is
used and if the number of samples is uneven two Latin squares
are used. When CATA /RATA is performed on six samples, and
each sample is evaluated by every assessor, the following Wil-
liam Latin Square design can be used as serving order design
(Table 3). Williams Latin Square designs can be generated by
the “crossdes” R package (http://R-Project.org) written by
Oliver Sailer sailer@statistik.uni-dortmund.de
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Table 3

William Latin Square design for serving order design on six samples, considering that and each
sample is evaluated by every assessor

Assessor Position 1 Position2  Position3  Position4  Position5  Position 6
Assessor 1 Wine 1 Wine 2 Wine 6 Wine 3 Wine 5 Wine 4
Assessor 2 Wine 2 Wine 3 Wine 1 Wine 4 Wine 6 Wine 5
Assessor 3 Wine 3 Wine 4 Wine 2 Wine 5 Wine 1 Wine 6
Assessor 4 Wine 4 Wine 5 Wine 3 Wine 6 Wine 2 Wine 1
Assessor 5 Wine 5 Wine 6 Wine 4 Wine 1 Wine 3 Wine 2
Assessor 6 Wine 6 Wine 1 Wine 5 Wine 2 Wine 4 Wine 3

11. Control indexes for monitoring the performance of panels in
CATA methodology are schematized in Table 4.

12. The term reduction strategy is typically used when a trained
panel or wine experts perform CATA [4, 14]. These panels
consist of fewer assessors than when consumer panels perform
CATA. Hence, lower citation frequencies occur and often
reduction of the terms is necessary to obtain meaningful
results.

13. The reason for deleting terms with a low citation frequency is
that in CA the weight assigned to each term is inversely pro-
portional to its use. If these terms are kept in the analysis, they
might contribute strongly to the wine space when in fact they
are rather anecdotal.

14. Regarding the type of scale, there are publications employing

3-(low-medium-high) [37] 4, 5- (1 = slightly applicable and
5 =very applicable) [38], 7- (1 = extremely low; 7 = extremely
high) [17] or 9-point scales (1 = low; 9 = high) [39] or even
15-cm unstructured scales [1]. In overall, wine experts and
semi-trained panelists have successfully used the 7-point scale
[11, 22], and fully trained panelists do not have problems as
long as they are trained in the use of the selected scale. How-
ever, there is not a generalized consensus on the best scale to be
used by consumers. A limited range of the scale (i.e., 3 points)
can limit the discriminability of samples; however, increasing
the number of points should be considered with caution,
because the higher number of points, the higher the cognitive
load, which leads to infringe on the main principle of
consumer-based approaches: simple and easy to use for asses-
sors. Danner, Crump, Croker, Gambetta, Johnson, and Bastian
[17] suggested that the 7-point scale is suitable for consumers
as it reaches the compromise between the capacity of discrimi-
nation and the simplicity of its use.
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Control indexes for monitoring performance of panel in CATA methodology

Index

Codes

Interpretation

RIj: Average reproducibility
index for an i panelist

%*z(

1eV comj
LE yop1 jHLEV yep2j

RIij reproducibility index for
an i panelist for a wine j
RIL. — ter g

1) ter
RIi: Global reproducibility
index for an i panelist
RIi = average(RIj)

SI,: Stability index of a k
attribute

STk = 100 niN (sam,p)
T«N = nk

SSI: Stability index in the
selection of a k attribute

n=

200x% Z SSAM )y

n—l

SSI =

Z -‘lnk)JrZ (5521)
n=1 n=1

RIj: Average reproducibility
index for an i panelist

5’5

1E7 coms
LET yop) jHLEV op2j
J=

\\H

RIjj reproducibility index for
an i panelist for a wine j

RI __ terigy

ter
RIi: Global reproducibility
index for an i panelist
RIi = average(RIj)

terspmj: N° of common terms used
by a panelist i in two identical
wines 1 and 2

L yep1j/ 1€V repas: N° Of terms
employed to describe wines
1 and 2

J: n° of wines

teriqz;: n° of common terms used by
an i panelist to describe two
identical j wines

ter: n° of total terms in the
global list.

samy,: n° of wines in which the
panelist n used the term k
similarly in two different sessions

N: n° of panelists

J: n° of wines

sam,: n° of wines in which the
panelist n used the term k
identically in two sessions

S1,k and S2,: n°® of wines in which
the panelist n used the attribute k
in sessions 1 and 2, respectively

terpmj: N° of common terms used
by a panelist i in two identical
wines 1 and 2

L ep 17/ 1€V rep2y: N° Of terms
employed to describe wines
1 and 2

J: n° of wines

ter;q;: n° of common terms used by
an i panelist to describe two
identical j wines

ter: n° of total terms in the
global list.

Repeatability /reproducibility
control for individual panelists

Range: 0 (lack of repeatability,/
reproducibility) to 1 (perfect
repeatability / reproducibility)

Repeatability /reproducibility
control for individual panelists

Range: 0 (lack of repeatability,/
reproducibility) to 1 (perfect
repeatability/ reproducibility)

Stability control of the k term

Percentage of panelists that
employed the term similarly to
describe the simple wine in
different sessions

Range: 0 (lack of stability) to
100 (perfect stability)

Stability control in the selection of
the k term

Percentage of panelists that used
the term identically for
describing the same simple in
different sessions in relation to
the average of panelists that used
the term in at least one out of the
two sessions

Repeatability /reproducibility
control for individual panelists

Range: 0 (lack of repeatability/
reproducibility) to 1 (perfect
repeatability / reproducibility)

Repeatability /reproducibility
control for individual panelists

Range: 0 (lack of repeatability/
reproducibility) to 1 (perfect
repeatability/ reproducibility)
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Time-Intensity Methodology for Wine Flavor Evaluation

Celia Criado, Carolina Mufioz Gonzalez, and Maria Angeles Pozo-Bayon

Abstract

Traditionally, sensory methods such as quantitative descriptive analysis consider the sensory properties like a
static phenomenon. However, due to the dynamic nature of wine consumption, sensory dynamic meth-
odologies provide us with more specific information about the evolution of the flavor perception of a wine,
also considering the long-lasting perception experienced when the wine is already consumed. In this sense,
the Time-Intensity methodology evaluates how the intensity of an attribute varies over time. The purpose
of this chapter is to provide the necessary steps to perform a Time-Intensity analysis for wine flavor
evaluation, also showing how to train the panel and how data should be collected and processed.

Key words Time-Intensity, Dynamic sensory perception, Sensory analyses, Trained panel

1 Introduction

Sensory techniques like quantitative descriptive analysis (QDA)
consider sensory properties as fixed attributes. Nonetheless, during
wine consumption, the release of flavor compounds occurs gradu-
ally over time, following a non-constant rate. This is why flavor
perception during wine tasting is a dynamic process, which evolves
over time, also including the long-lasting perception (persistence)
once the wine has been ingested [1].

To overcome the limitations of QDA, dynamic methodologies
were developed in order to have a better understanding of the
dynamic changes in flavor perception during the consumption of
food and beverages. Currently, there are different dynamic sensory
methodologies (Time-Intensity, Temporal Check-All-That-Apply,
Temporal Dominance Sensations) [2-6]. Among them, Time-
Intensity (TT) methodology measures the temporal changes in the
sensory attributes of a product over time [7]. It involves recording
and obtaining the variations in speed, persistence, and intensity of a
single specific sensory attribute during the evaluation of the prod-
uct [8]. The TI method offers an advantage by enabling a thorough
evaluation with a consistent focus on a specific attribute. This
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method yields accurate outcomes in the analysis of sensations dur-
ing food tasting, particularly in capturing the evolution of mouth-
feel and flavor perception [9, 10].

The main disadvantage of this methodology is that it requires a
certain degree of training of the panel to obtain accurate results; for
instance, the panel need to be trained in the recognition of the
quality and intensity of the attribute/s to be assessed and in the
performance of the TT methodology. Recent tools, such as TI
Reliability Index (TI-RI) allow us to explore the inter-individual
variation of the panel, which is an important source for data
variability [10].

TT is mainly directed for the evaluation of a single attribute per
analysis. However, there are two variations of this method, in which
two or more sensory attributes can be measured simultaneously.
For instance, the Dual Attribute Time-Intensity (DATT) [3] or the
Multiple Attribute Time-Intensity (MATI) methods, can be used
to evaluate two or more attributes simultaneously. The DATI
method consists in the simultaneous evaluation of the perception
of two sensory attributes (e.g., sweetness and peppermint aroma)
[3]. In contrast, the MATI methodology consists of allowing mul-
tiple attributes to be compiled intermittently using a rhythm
through repeated cycling of the attributes with specific timed events
captured over the course of a run [4]. The main benefit of these two
variants is the simultaneous analysis of multiple attributes, which
helps to reduce the number of evaluations required for each prod-
uct. However, evaluating two attributes concurrently can lead to
increased fatigue for the panelists. By utilizing DATT and MATI,
the number of assessments per session can be reduced. Neverthe-
less, it is worth noting that simultaneous assessment can be chal-
lenging, necessitating additional training sessions. In addition,
MATTI does not collect all continuous scores for each attribute,
reducing the accuracy of T [11].

Since most dynamic sensory methodologies are based on TI,
and because is still a widely used dynamic sensory approach [12], in
the following sections, the step-by-step procedure for performing a
TT evaluation of wine flavor attributes will be described.

2 Materials

2.1 Sensory Panel

Sensory panel should meet several criteria: number of volunteers,
age (homogeneous age group and consider the minimum age of
access to alcoholic beverages), non-smokers, free from diseases or
allergies related to wine components and not pregnant women (see
Notes 1 and 2).

All volunteers should be informed of the nature of the study
and should complete a written consent form prior their participa-
tion in the study. Furthermore, the involvement of volunteers is
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crucial due to the complexity of the assessment process, and it is
essential that they are enough motivated to participate [13].

As Time-Intensity analysis is a quantitative method, the use of
scales requires trained panelists. TI requires great concentration as
the panelist must focus on the changes in the flavor intensity
perception of the specific attribute over a designated time span.
Therefore, this technique requires additional training compared to
others [14]. The number of panelists might vary depending on the
study’s objective, nonetheless, a trained panel should have a mini-
mum of 10 panelists.

To facilitate the training, it is recommended to recruit volun-
teers who are familiar with the food to be analyzed, in this case,
with wine. In fact, it is advisable that all the recruited panelists have
a similar experience with wine in order to facilitate the homoge-
neous work of the panel. Nonetheless, several training sessions are
advisable (see Subheading 3.2.).

The use of specific software for data collection is very recom-
mended. Most software allows to obtain the TT curves for a visual
analysis together with the analysis of the curve parameters (see
Subheading 3.3.1.). Some software that include sensory TI
analysis are: FIZZ (Suffolk, England) [15], SIMS2000 (New Jer-
sey, USA), Compusense Cloud (Compusense Inc., Guelph,
Canada) [12] or Eye Question (Elst, Netherlands), SENSEBIT
(Lugo, Spain) among others. TI software can be used via compu-
ters, tablets, and even mobile phones.

For wine flavor analysis by TI methodology, samples should be
served in ISO standard wine glasses, preferably opaque to avoid
color bias. These wine glasses should be labeled with a random
three-digit code. In addition, the order of presentation of the
samples will be randomized among the panelists.

Another point to consider is the amount of wine consumed.
This parameter must be the same in each test, so it must be
measured. In general, the amount of wine should be enough to
perform a zip of 10-15 mL (for swallowing or mouth rinsing).

The temperature of the wine should be always the same. If the
wines are refrigerated, it is reccommended to prepare them always at
the same time in advance. Finally, the wine glasses should be
covered with Petri dishes to avoid volatile lost.

A glass of water and/or palate cleansers such as unflavored
crackers should be available in all sessions to clean the mouth
between samples avoiding flavor-carry over effects.
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3 Method

3.1 Wine
Gonsumption Protocol

3.2 Training

The dynamic TI methodology requires a complete protocol with
instructions for the panelists (Fig. 1). This protocol has to include
the procedures for wine consumption and attribute assessment
using the selected software. Small variations in the performance of
the test will cause high variation among panelists, thus decreasing
the accuracy of the analysis. This protocol should be adapted
according to the selected software. Training the panelists in the
protocol is essential.

One of the main guidelines is the rinsing time. A soft rinse
(usually of 30 s) is reccommended in order to favor the equilibration
of the flavor compounds within the oral cavity (se¢ Note 3)
[16]. After the wine rinses, panelists should be very focused on
the task maintaining the lips closed and avoiding flavor losses by
minimizing distractions throughout the assessment.

To analyze an attribute using the TT methodology, it will be neces-
sary to train the panel in different aspects (see Note 4). Initially, you
will start with training them in the recognition of the flavor attri-
butes. Flavor training can be carried out using the same wine or a
synthetic wine matrix with added chemical odorant molecules at
different concentrations. Some of the tests that can be used during
training recognition are triangular (sample with the attribute versus
sample without the attribute) or paired comparison tests.

During tasting, and once the wine has been swallowed or such
in some tests, after mouth-rinsing and expectoration, the perceived
intensity of the sensory attributes will change after the first exhala-
tion. Therefore, once the panelists recognize the attribute, they
should assess whether they are also able to differentiate the attri-
bute at different concentrations. To do so, it is common to use
three different concentrations of the flavor attribute followed by a
concentration ranking test. During the ranking test, several samples
(numerically coded) of different concentrations of the flavor attri-
butewill be presented and the panelists will be asked to rank them in
order of highest to lowest concentration.

Once checked the performance of the panel in the recognition
of the sensory attributes at different concentrations, it is necessary a
training in the TT methodology, to rate the evolution of the flavor
attribute over time (see Note 5). This training ends when there is
around 40% difference between the replicates of the sample consid-
ering the same individual [8, 17]. It is important to note, however,
that greater the level of training the panel receives, the higher
the level of consistency and reliability in the obtained results (see
Note 6).
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Fig. 1 Graphical example of the Time-Intensity assessment procedure

3.3 Time-Intensity
Evaluation

3.3.1 Time-Intensity
Curve Parameters

The evaluation should be done in different sessions than the train-
ing sessions (see Note 7). The optimization and programming of
the sessions could be different in the different software (see Sub-
heading 3.3.1). However, there are some common aspects related
to the TT evaluation. Like this, the evaluation of the attribute begins
when the panelists press the Start button (in some cases it appears
with the symbol “play” and in other cases a button with the word
“start”) (Fig. 2). From this moment the timer is activated and the
program begins to record all the data that score on a scale from
0 (not present) to 100 (maximum intensity). The panelists must
indicate all the changes that they perceive in the intensity of the
sensory attribute during the setting time. The assessment ends
when the timer reaches the setting time [18]. During the assess-
ment, the panelists should be told if and when they are allowed to
swallow (see Note 8).

To avoid fatigue, it is recommended that no more than four
different attributes (wines) per day could be evaluated and to take
short breaks between them (see Note 9).

The data collected in the TI sensory analysis methodology are
typically represented in the form of TI curves (Fig. 3). Data
acquired from TI assessments correspond to intensity values for
the attribute of interest at each time point over the time setting
(Fig. 3). Therefore, the curves show the changes in the intensity of
each sensory attribute during the consumption of the wine (swal-
lowed or after expectoration), where the. X-axis is the time in
seconds and the Y-axis represents the perceived intensity (at each
second). In this way, these curves allow a detailed visualization of
how the sensory characteristics of the product change over time and
can be used to identify patterns and trends in the temporal evolu-
tion of sensory attributes. TI curves usually follow a similar pattern,
starting with a rising phase, continuing with a stationary phase, and
ending with a declining stage of perception. According to most TI
analyses, the average curve of all (trained) panelists’ responses
minimizes individual panelist differences and visualizes product
differences [10, 19-21].
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Before start the evaluation

During Tl evaluation

Minimum intensity Maximum intensity
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Fig. 2 Example of a screenshot corresponding to the evaluation of a flavor attribute using the TI methodology
using the Compusense software

Intensity of perception

I max

Area before Imax

Area after Imax

Area under curve

AUC ~— _ J

Time (seconds)

tImax

Fig. 3 Example of a Time-Intensity curve obtained by using the Compusense software, in which the different Tl

parameters are indicated

The most used parameters derived from the TT curves, which
are used to compare among samples and that are detailed in
Fig. 3 are: the time when the stimulus is first perceived after
consuming the wine (T start), the maximum perceived intensity
of the attribute (Imax), the time necessary to perceive the maxi-
mum intensity (tImax), the final time at which the attribute is no
longer perceived (T end), the rate of intensity increase between T
start and tImax (R increase); the rate of the intensity decrease
between tIlmax and T end; and the area under the curve (AUC),
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which is related to the overall intensity of aroma perceived during
the assessment [14].

The use of software simplifies the preparation of TT evaluation
sessions. Nevertheless, there are parameters that need to be opti-
mized for each analysis. The most important parameter is the
duration of the analysis, which must be longer than the perception
time in order to evaluate the final perception time (Tend) without
bias. It must be considered that in some software (e.g., Compu-
sense) the evaluation time does not end until the indicated time is
over (see Note 10).

Most sensory software allows to obtain the TI parameters from raw
data. The analysis of the data typically involves generating an aver-
age TI curve and conducting ANOVA for each measured curve
parameter to identify variations among products and assessors
[18,22]. In addition, a principal component analysis (PCA), poly-
nomial and ordinary differential equation plot have also been
employed to evaluated TT data [23, 24].

4 Notes

1. The panelists should be informed before the sensory sessions
that no coffee, smoking or food is allowed 1 h before the
tasting sessions.

2. It is important to check that the panel does not present olfac-
tory or gustatory disorders such as anosmia, hyposmia, and
dysgeusia.

3. After mouth rinsing with the sample, it is recommended to
expectorate the sample to avoid increasing the fatigue of the
panelist. Therefore, all panelists shall expectorate the sample to
follow the same procedure.

4. The panel training should be conducted in several sessions on
different days. Before starting the evaluation of the samples, it
is necessary to ensure that the panel is trained.

5. It is advisable to train the panel in the use of the computer or
tablet, as the computer skills of all participants are not equal
and may induce bias in the results.

6. Some tools, such as TI-R and TI-RI [10, 25], can check the
panel training by assessing intra-individual variation within the
same panel. The lower the index, a better replication between
curves are expected. Thus, these tools are able to detect which
panelists are better trained or if there is a panelist who needs
some more training since the panelists will be more constant
throughout the training repetitions.
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10.

. On each day of the session, it is recommended to do a warm-up

assessment test, with a wine (different from the samples to be
evaluated) to remind the panel how is the test procedure and
the use of the software, therefore, to minimize the first position
effect.

. The panelists should not receive any information about his /her

results of training and /or sensory evaluation.

. Between samples, the panelists should drink water and /or eat

palate cleaners such as bread crackers to clean the palate and
reduce fatigue (1-2 min between samples). In the case of very
strong or very astringent wines that make difficult to clean the
palate with water and bread, they can rinse with water and
pectin solutions (1 g/L) to avoid carry over between samples.

The analysis times set cannot be much longer than Tend, as the
panelists would have to wait a long time to further evaluate the

next sample.
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Temporal Dominance of Sensations (TDS) Applied to Wine
Sensory Evaluation

Alice Vilela

Abstract

Temporal Dominance of Sensations (TDS) is a temporal sensory methodology that consists in identifying
and rating sensations perceived as dominant until the perception ends. This method does not require long
training and enables the evaluation of several attributes at the same time. This method has been used to
describe the temporality of sensations in wines.

Key words TDS curves, Dynamic wine sensory analysis, SensoMaker®, Sensory attributes, DR max, T
max, T 90% max

1 Introduction

Wine sensory profile characterization is a recurrent theme, and
descriptions of wines’ sensory attributes, usually generated by
wine specialists, are widely used to guide consumer purchases.
Formerly, descriptive analysis was based on the methods of Quanti-
tative Descriptive Analysis (QDA®), used worldwide, and consid-
ered a reference for reliable, and valid sensory analyses aiming to
measure sensory properties among a set of samples [1]. However,
the way consumers perceive wine is strongly linked to their expecta-
tions, based on their enjoyment and satiety. So, a temporal driver
approach can trigger those expectations in consumers during the
tasting process [2]. Over the last few years, temporal dynamics in
the sensory assessment of wines have been broadly investigated
[3, 4] since sensory evaluation is a complex and dynamic process
that floats and evolves.

One of the first and currently most used temporal methodolo-
gies is Time—Intensity (TT), which consists in recording one by one
the evolution, in terms of intensity, of given attributes. According
to Pineau et al. [5], TI is a time-consuming method that has to be
carried out with a limited number of attributes, since only one
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attribute can be evaluated at a time. Besides, the continuous calcu-
lation of temporal changes in the perception of a single attribute is
known to induce a halo-dumping effect [6] with a carryover from
perceived attributes to the next being evaluated. To overcome these
weaknesses, Pineau et al. [5] developed a new method called Tem-
poral Dominance of Sensations (TDS), consisting in identifying
and rating sensations perceived as dominant until the perception
ends. This method does not require long training and allows the
evaluation of several attributes at the same time. Pessina [7] was the
first author to use this method to describe the temporality of
sensations in wines. Since then, several authors have used this
technique to evaluate and discriminate wines from different
sub-regions of the same region [8], to evaluate the Influence
of Wine on Cheese Perception [9], and even to analyze the Impact
of music on the perception of red wine via Temporal Dominance of
Sensations [10].

TDS can be performed using laptops and tablets and using
different software such as XLSTAT SENSORY (by Lumivero) or
the free SensoMaker™ software (version 1.91, 2017, Universidade
Federal de Lavras UFLA, Lavras, MG, Brazil) for data acquisition
and analysis. The SensoMaker®™ software output shows the Tempo-
ral Dominance of Sensation curves (Fig. 1), along with some quan-
titative parameters of TDS curves (DR max—Highest maximum
dominance rate; T max—Time for highest maximum dominance
rate, and T 90% max—Time interval which dominance rate is >90%
of DR max) (Table 1).

This chapter will provide a detailed explanation of how to
perform a TDS evaluation on wine samples, and how to use the
SensoMaker®™ software, data acquisition, and analysis.

The protocol described in this chapter is divided into two
activities: First activity (activity 1) allows familiarizing with the
software and is a simple procedure, with a three attributes evalua-
tion in a glass of wine. Using this software, a minimum of one
(1) and a maximum of eight (8) attributes may be evaluated. In the
second activity (activity 2), eight aromatic attributes can be evalu-
ated, in different red wines, as an example, once the selected
descriptors are usually present in red wines.

Wines and attributes can be changed according to tasting
objectives.

2 Materials

2.1 Material Per
Panelist

1. Tasting glasses, one per wine, with 50 mL of wine to be
evaluated, coded with random three-digit codes.

2. Mineral water and dried unsalted biscuits to clean the palate
and taste buds between the tasting of each wine.
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Fig. 1 TDS curves of taste/flavor attributes of red wines evaluated by an expert panel. For each attribute, a
colored line is presented in each graphic. Lines of chance and significance level are also shown. The “chance
level” represents the dominance rate that an attribute can obtain by chance (1/number of attributes), and the
“significance level line” is created by a binomial test, which expresses the smallest value of the proportion
being significantly higher than the chance level [5, 8]

Table 1

Quantitative parameters of the TDS curves?

Attributes
Param Astringency Acidity Heat Bitterness Spices Fruity Floral  Balsamic
DR max 54.29% 50% 21.46% 25% 35.10% 38.13% 11.11% 27.78%
T max 10.6s 21.5s 3ls 26.5s 50.2s 49s 345s 59.6s
T90% max  3.8s 4s 3.6s 3.8s 28s 45s 74s 169s
s—time in seconds
3. Tasting glasses lids.
4. Spatters and napkins.
2.2 Laptops and 1. Prepare laptops with the selected software. The free Senso-
Software Maker® software (version 1.91, 2017, Universidade Federal
de Lavras UFLA, Lavras, MG, Brazil) download from
https: //www.ufla.br/sensomaker/ has been chosen as an
example to explain a general TDS procedure for wine TDS
analysis.
2. Considering that SensoMaker® is a MATLAB stand-alone

application. To run it, you must install MATLAB Compiler
Runtime (MCR), which is freely available on the same
web page.
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3 Methods

3.1 Laboratory
Conditions and Wines

3.2 Activity 1
(Familiarizing with the
Software)

3.2.1 Setting the
Experiment

File Tools Help

SensoMaker

Dats Anslysis

Two-Way Preference Mapping

Three-Way Preference Mapping

Time - infensity

. Prepare the laboratory with all ISO 8589 [11] regulatory

requirements, giving the panel an appropriate environment
(see Note 1); such conditions are critical to ensure the quality
and reliability of the results.

. The wines must be enveloped and coded with random three-

digit codes so as not to identify the labels (se¢ Note 2), and
opened 30 min in advance of the tasting.

. Fifty milliliters (50 mL) of each tasting sample or wine must be

served, at room temperature (20 + 2 °C), in ISO 3591 [12]
tasting glasses, coded, and randomly arranged.

Open the software and choose the correct test to perform (Fig. 2);

1. Set the instructions for the test using the menu File > Set

instructions (for example, “When tasting the wine sample
check the dominant sensation”), Fig. 3a.

. Start with a simple tasting procedure by analyzing only three

dominant sensations (sweet, sour, bitter), in one of the wine
samples (see Note 3).

(a) Select the directory to save (A).
(b) Set the total time for evaluation (B).

(c) If necessary, set the delay time (C) to be counted before
starting the analysis (see Note 4).

Temporal of

Discrimnation Testing

1 File 2 ‘
Instructions
Data Acquisition. Settings Timer.

Directory: CA

e i File name: Insert file name
Total time: 30| sec 0 Sec

Line Scale
Delay time: 0 sec
Dominance Meter
Time - Intensity ‘
sweet umami
of Start

sour Spicy

salty astringent

Discrimination Testing

‘ bitter off-taste

Fig. 2 SensoMaker’s home screen with data acquisition bottoms on the right and data analysis on the left. For
performing a TDS test press Temporal Dominance of Sensations (blue arrow)
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Timer. Seftings Timer-
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Delay time: 0 sec

Dominance Meter

V-

sour

Start

Bitter stop

Fig. 3 Setting (a) and performing (b) the experiment

3.2.2 Performing the
Experiment

3.2.3 Analyzing the Data

(d) Set the sensations /attributes names (D) and set a dash (—)
for not used sensations. Leaving it blank is not
appropriate.

. Insert the file name (E). In this case (example above), it is the

student name and the sample code (Studentl_594).

. Try the sample and press the Start button (blue arrow).

. Check the dominant sensation (D) using the proper button.

The chosen sensation turns green (Fig. 3b).

. When completed, a successful message is shown and then the

window is ready for a new analysis (analysis of a new sample).

. You can stop the analysis by pressing the STOP button.

6. All the analyses must be stored in the same directory (folder)

(see Note 5).

. On the Temporal Dominance of Sensations data analysis mod-

ule (Fig. 4), press Import Data (A).

. Select all files (files from the class students, all in the same

folder) obtained after evaluation of the selected wine sample
and press Open.

. If appropriate, disabled sensations not be analyzed (B) (see

Note 6).

. Set the smooth level for the curve (C). If smooth is not appro-

priate, disable this option (D).

. Chance level (E) and significance level (F) lines also can be

disabled.

. Press the Plot button (G) to obtain the curves (Fig. 4, Data

1, and Data 2).
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Fig. 4 Analyzing Temporal Dominance of Sensations tests and Curve parameters (Data 1) for sweet, sour, and
bitter sensations of example wine 594. Data 2 shows the time, in seconds, in which sweet (red) and sour
(green) sensations were at a significant level. Note that the bitter sensation does not reach a significant level

Table 2

Quantitative parameters of the TDS curves for sweet, sour, and bitter
sensations of example wine 594°

Attributes

Bitter Sweet Sour

DR max 75% 75% 50%
T max 85s 14.5s 19.5s
T 90% max 34s 34s 2.0s

*s—time in seconds. DR max—highest maximum dominance rate; T max—time for
highest maximum dominance rate, and T 90% max—Time interval in which dominance
rate is >90% of DR max

7. Press Compute Parameters button (Fig. 4h) to obtain quanti-
tative curve parameters (Table 2).

Analyzing Table 2, the sweet and sour tastes’ highest maximum
dominance rate (DR max) is 75%, while for bitter taste, it is only
50%; the time for the highest maximum dominance rate (T max)
for sweet-taste occurred at 8.5 s, for sour taste at 14.5 s and for
bitter at 19.5 s of analysis. The time interval in which the domi-
nance rate is >90% of DR max (T 90% max) lasted 3.5 s for sweet
and sour, and 2.0 s for bitter taste.



3.3 Activity
2 (Multiple Attributes
Evaluation)

3.3.1 TDS Wines
Olfactory Assessment

3.3.2 TDS Wines Taste/
Flavor Assessment
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Usually, if more than 3 attributes are to be evaluated, a TDS
protocol (Table 3) must be followed so that the evaluation proce-
dure is similar among panelists (see Note 7). In Table 3, an example
of a TDS assessment protocol, adapted from Correia et al. [8], is
shown.

Begin by setting the experiment as explained in Subheading 3.2.1,
and choose the attributes you want to evaluate (see Note 8). Do not
forget that they must be olfactory attributes.

Set the delay time (Subheading 4, step 1, Fig. 3¢), which in the
example protocol is 5’ (five seconds). In these 5’ you are in steps 1
and 2 of the protocol (Table 3). You are preparing the wine for
evaluation (shaking the tasting glass clockwise, leading to the
release of wine aromas to the interior of the glass).

In step 3, the sensory evaluation begins. When the clock marks
0 (zero), smell the glass continuously for 8" and at the same time
click on one of the listed attributes that correspond to the most
dominant at the moment. Click on a new attribute whenever you
feel dominance change. You may click as many times as you need.

At step 4, from 9’ to 11/, you must clean the air of your nose so
that you may perceive more aromas (se¢ Note 9). Distance the
tasting glass from the nose; inhale and exhale for 2’; then re-smell
the tasting glass to continue the assignment of dominance by 7’.

In step 5, from 18’ to 22/, Shake the glass clockwise for 4'.
Then re-smell the glass to continue the assignment of dominance
by 7’.

In step 6, from 29’ to 31, repeat step 4. Distance the tasting
glass from the nose; inhale and exhale for 2’; then re-smell the
tasting glass to continue the assignment of dominance by 7.

In steps 7 and 8, repeat step 5 and then step 4 again.

In step 9 (at the end of 60’) you end your evaluation.

Note that this is an evaluation for 60 s. If the evaluation is
longer, you can use this protocol and repeat steps 5 and 4 as many
times as you need.

Begin by setting the experiment as explained in Subheading 3.2.1,
and choose the attributes you want to evaluate (see Note 8, again).
Do not forget that they must be taste /flavor attributes.

Set the delay time (Subheading 4, step 1, Fig. 3¢), which in the
example protocol is 5’ (five seconds). In these 5’you are in steps 1
and 2 of the protocol. You are preparing the wine for evaluation.
Remove the lid from the tasting glass and hold it with your
left hand.

With the right hand start the evaluation by clicking with the
cursor in Start; bring the wine to the mouth and make it evenly
distributed, then discard. Do not evaluate this first contact with the
wine (see Note 10).
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Table 3

TDS assessment example protocol for olfactory and taste/flavor attributes

Olfactory assessment

Taste/flavor assessment

Step Time (s)

Instructions

Step Time (s)

Instructions

1 _
2 -5’
(delay
time)
3 0’
4 From 9’
to 11/
5 From 18’
to 22/
6 From 29’
to 31’
7 From 38’
to 42/
8 From 48’
to 52/

Remove the lid from the tasting

glass and hold it with your left

hand

With the right hand start the
evaluation by clicking the
cursor on the start button and
shaking the tasting glass
clockwise for 4’. If you have

difficulty shaking the glass, use

the table as a support base

Smell the glass continuously for 8’

and at the same time click on

one of the listed attributes that

correspond to the most

dominant at the moment. Click

on a new attribute whenever
you feel dominance change

1

Distance the tasting glass from the 4

nose; inhale and exhale for 2/;
then re-smell the tasting glass
to continue the assignment of
dominance by 7’

Shake the glass clockwise for 4.
Then re-smell the glass to
continue the assignment of
dominance by 8’

Repeat step 4

Shake the glass clockwise for 4.
Then re-smell the tasting glass
to continue the assignment of
dominance by 6’.

Distance the tasting glass from the 8

nose; inhale and exhale for 2/;
then re-smell the tasting glass
to continue the assignment of
dominance by 8’

_5/
(delay
time)

From 5’
to 14/

From 15/
to 19/

From 20/
to 29’

From 30/
to 34’

From 35’
to 44’

Remove the lid from the tasting
glass and hold it with your left
hand

With the right hand start the
evaluation by clicking with the
cursor in start; bring the wine
to the mouth and make it
evenly distributed, then
discard. Do not evaluate this
first contact with the wine

Take the wine to the mouth and
keep it for 4’; have it
distributed evenly and at the
same time click on one of the
listed attributes that match the
most dominant at the
moment. Click on a new
attribute whenever you feel
dominance change. Wine can
be swallowed or discarded

Continue the evaluation and
attribution of the dominant
sensations by 9’

Repeat step 3

Repeat step 4

Repeat step 3

Repeat step 4

(continued)
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(continued)
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Olfactory assessment

Taste/flavor assessment

Step Time (s) Instructions Step Time (s) Instructions
9 60’ End of evaluation 9 From 45" Repeat step 3
to 49’
10  From 50’ Repeat step 4
to 59’
11 60’ End of evaluation

Adapted from Correia et al. [8]

3.4 Expected
Outcomes and Results
Analysis

In step 3, the sensory evaluation begins. When the clock marks
0 (zero), take the wine to the mouth and keep it for 4’; have it
distributed evenly and at the same time click on one of the listed
attributes that match the most dominant at the moment. Click on a
new attribute whenever you feel dominance change. Wine can be
swallowed or discarded.

At step 4, from 5’ to 14/, continue the evaluation and attribu-
tion of the dominant sensations by 9’.

In the following steps, you will repeat steps 3 and 4, as many
times as you need, until the end of the evaluation.

For obtaining and analyzing the TDS curves prosed as explained in
Subheading 3.2.3. As is possible to see in the example (Fig. 5), for
each evaluated wine and each time of evaluation, dominant rates,
and curves are plotted by attribute. The dominant rates are
obtained by dividing the number of citations of an attribute by
the number of panelists and the number of replications. Since one
panelist can have only a single dominant attribute at each time, the
sum of the dominance rates over attributes is equal to one at each
time; the higher the dominant index, the better the agreement
among panelists.

The graphics represent two other lines: the “chance level”
which represents the dominance rate that an attribute can obtain
by chance (1/number of attributes), and the “significance level
line”, based on a binomial test, which expresses the smallest value
of the proportion being significantly higher than the chance level.
When the TDS curves go from between the chance and the signifi-
cance levels to above the latter, they are consistent at the panel level.

In the olfactory evaluation of wines from A, according to the
graphic representation of the TDS curves (Fig. 5), six attributes
overlapped with the significance level line, according to the percep-
tion of the tasters: Floral, Fresh Fruit, Spices, Balsamic, Ripe Fruit,
and Empyreumatic.
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Fig. 5 TDS curves of olfactory attributes of wines from two wine regions (a and b, six wines per region). For
each attribute, a colored line is presented in each graphic. (Adapted from Correia et al. [8])

Analyzing Table 4, quantitative parameters of TDS curves, it is
possible to verify that the Floral attribute recorded the highest
maximum dominance rate (DR max) with the representativeness
0f'46.09% of the evaluations, at 8.7 s (seconds) of the test, followed
by attributes Fresh fruit (DR max 40.45%) at 14.3 s, Spices (DR
max 37.88%) at 44.8 s, Balsamic (DR max 32.58%) at 28 s, Ripe
fruit (DR max 27.78%) at 58.5 s and Empyreumatic (DR max
27.02%) at 55 s. The Spices attribute stood out with the largest
range of the maximum dominance rate (T 90% max) lasting 20.1 s.

In the olfactory evaluation of wine B according to the interpre-
tation of the TDS curves, the attributes: Ripe Fruit, Floral, Bal-
samic, Spices, and Empyreumatic, overlapped the line of
significance level and were ordered according to the perception of
the tasters.

Analyzing the quantitative parameters of TDS curves, Table 4,
The highest maximum dominance rate was obtained by the attri-
bute Ripe fruit (DR max 48.86%) at 8.3 s of the evaluation, succes-
sively by Floral (DR max 38.95%) at 16.9 s, Empyreumatic (DR
max 37.88%) at 53.2 s, Spices (DR max 37.75%) at 50.3 s, and
Balsamic (DR max 32.32%) at 27.2 s. The Floral attribute was
expressed with the longest time interval of the dominance rate (T
90% max) with a duration of 4.8 s.
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Table 4
Quantitative parameters of the TDS curves A and B®
Attributes
Fresh Ripe Jam Raisin
Wines Floral Spices Balsamic Empyreumatic fruit fruit fruit fruit
A DR max 46.09% 37.88% 32.58% 27.02% 40.45% 27.78% 2.78% 0%
T max 87s 448s 28s 55s 14.3 s 58.5s 75s Os
T90% 35s 201s 2.1s 20s 24s 29s 378s Os
max
B DR max 38.95% 37.75% 32.32% 37.88% 11.11% 48.86% 5.56% 0%
T max 169s 50.3s 272s 53.2s 245s 83s 115s Os
T 90% 4.8s 22s 18s 4s 14s 2.8s 42s Os
max

Adapted from Correia et al. [8]

*s—time in seconds. DR max—highest maximum dominance rate; T max—time for highest maximum dominance rate,

and T 90% max—Time interval in which dominance rate is >90% of DR max

Data analysis can be performed by Multivariate analysis of
variance (MANOVA) to evaluate the significance of the samples
on the quantitative parameters of TDS curves. When MANOVA
detects statistically significant effects, univariate analysis of variance
(ANOVA) may be performed, followed, whenever possible, by

Tukey’s post-hoc test [8].

4 Notes

1. Wine sensory evaluation is the process of analyzing and evalu-

ating the aromas, flavors, and other sensory characteristics of a
wine. To perform this evaluation effectively, it is important to
create an appropriate environment that allows for accurate and
consistent sensory analysis. Here are some factors to consider
when creating a suitable environment for wine sensory evalua-
tion: (a) The lighting in the room should be bright enough to
allow for accurate color evaluation of the wine, but not so
bright that it affects the taster’s ability to evaluate the aroma
and flavor of the wine. Natural light is ideal, but if this is not
possible, use white light bulbs with a color temperature of
around 5500 K; (b) Temperature and humidity: The room
should be maintained at a temperature between 18 and 22 °C
and a humidity level of around 60%. This will ensure that the
wine is not affected by extreme temperatures or humidity
levels, which can alter its sensory characteristics; (¢) The room
should be clean and free from any strong odors or aromas that
could interfere with the evaluation of the wine. Avoid wearing
perfume or cologne, and ensure that the room is well-
ventilated; (d) Glassware: Wine is best evaluated in a
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standardized glass that allows for proper aeration and allows
the taster to evaluate the color, aroma, and flavor of the wine.
Use clear, odor-free wine glasses with a tulip-shaped bowl that
narrows towards the top to concentrate the aromas; and
(e) Neutral palate cleansers: Provide neutral palate cleansers,
such as crackers or bread, and room temperature water to help
tasters cleanse their palate between tastings.

. Wines must be enveloped and coded with random three-digit

codes when performing sensory evaluation tests to eliminate
potential biases that can arise from preconceived notions or
expectations of the wine based on the label or branding. For
example, if a taster sees a well-known and respected brand on
the label, they may expect the wine to be of higher quality and
rate it accordingly, even if the wine does not meet their actual
sensory standards. Alternatively, if a taster sees a label from a
lesser-known or inexpensive brand, they may expect the wine to
be of lower quality and rate it lower, even if the wine actually
meets their sensory standards. By enveloping and coding the
wines with random three-digit codes, the tasters are forced to
evaluate the wines solely based on their sensory characteristics,
without any preconceived notions or biases based on the label
or branding. This allows for a more objective and accurate
evaluation of the wine’s sensory qualities.

. Wine can have a variety of dominant sensory sensations,

depending on the type of wine and the specific characteristics
of that wine. For example, red wines are typically associated
with dominant sensory sensations such as tannins, acidity, and
fruit flavors. Acidity, which is the tart or sour taste in wine, can
add to the wine’s freshness and liveliness. Fruit flavors, such as
blackberry, cherry, and plum, are common in red wines. White
wines are typically associated with dominant sensory sensations
such as acidity, minerality, and floral or citrus aromas. White
wines tend to have higher acidity than red wines, which can
give them a crisp, refreshing taste. Minerality, which can come
from the soil in which the grapes are grown, can add a subtle,
carthy flavor to the wine. Floral or citrus aromas, such as
lemon, lime, or grapefruit, can make the wine smell fresh and
bright.

. If, before carrying out the evaluation, it is necessary, for exam-

ple, to shake the glass to allow the aromas of the wine to be
released, the timer can be adjusted allowing a few seconds
before the start of the evaluation itself.

. Each analysis generates a file. The files must be saved in a folder,

with, for example, the name/number of the tasting session.
Thus, when it is necessary to analyze the data, the files
corresponding to the session can be selected from a specific

folder.
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6. Even ifthe test has more than one sensation/descriptor, during
the analysis, sensations/descriptors can be selected, individu-
ally or in groups.

7. There are some constraints associated with TDS wine analysis:
(a) Subjectivity: TDS analysis relies on the subjective interpre-
tation of sensory attributes by the taster. The results of the
analysis can vary depending on the individual taster’s sensory
sensitivity and personal preferences; (b) Complexity: TDS anal-
ysis can be a complex and time-consuming process, requiring
skilled tasters and specialized equipment to accurately record
and analyze the data. The complexity of the analysis can make it
difficult to implement on a large scale or in certain settings; and
(c) Standardization: There is a lack of standardization in TDS
analysis, with different studies using different protocols and
parameters for data collection and analysis. This can make it
difficult to compare results across studies or to establish best
practices for the technique. So, to minimize these constraints,
developing a protocol to be used and implemented in the panel
is appropriated.

8. For the correct selection of attributes, a free profiling test
(FP) can be carried out, where tasters are asked to freely choose
attributes that best describe the wine. Afterward, those who
present a citation percentage greater than 50% (or the one that
the panel leader deems advisable) are selected. The chosen
descriptors can then be applied in TDS tests or other single-
point descriptive tests such as Quantitative Descriptive Analysis
(QDA) or a simple CATA (Check-All-That-Apply) test.

9. It is important to clean the air of your nose during a TDS
evaluation to ensure that you are able to accurately perceive
and distinguish between different sensory attributes over time.
TDS method requires the taster to pay close attention to the
dynamic changes in the sensory attributes and to differentiate
between them accurately. The olfactory system, which is
responsible for detecting aromas, is an essential component of
TDS evaluation. If the nasal passages are blocked or congested,
the flow of air through the nose is impeded, and the ability to
perceive aromas is reduced. This can significantly impact the
taster’s ability to accurately evaluate the sensory attributes of
the wine over time. By cleaning the air of your nose, you can
remove any irritants that may be affecting your ability to smell
properly. This can help to activate the sensory receptors in the
nose and allow you to accurately perceive and distinguish
between different sensory attributes over time. This is essential
for obtaining accurate and reliable TDS evaluation results.
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10. In wine sensory evaluation, the first mouth contact with the
wine is often not counted for the evaluation because it is
considered a prelude to the main tasting experience. During
the first sip, the mouth is not yet acclimated to the wine, and
the initial shock of the taste and texture can be overwhelming.
This can make it difficult to accurately evaluate the wine’s
sensory attributes and to differentiate between them. Instead,
tasters will typically take a small sip of wine and hold it in their
mouth for a few seconds before swallowing or spitting it out.
This allows the mouth to become acclimated to the wine and
for the taster to better evaluate the wine’s sensory attributes,
such as its flavor, texture, and finish. In some cases, the first sip
of wine may be evaluated separately, as it can provide informa-
tion about the initial impression of the wine and any sensory
attributes that are immediately noticeable. However, it is gen-
erally not considered as part of the main evaluation process, as
it may not accurately reflect the overall quality and character of
the wine.
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Evaluation of Hedonic and Emotional Response Evoked
by Wines

Carolina Chaya and Maria Mora

Abstract

The study of the emotional response triggered by the consumption of foods and beverages has gained
significant importance in the last decade. It has been shown that emotions are determinant in the decision-
making process, and therefore their study could provide some clues to understand the key drivers of
consumers’ choices and preferences. This chapter aims to explain in detail the practical considerations
that researchers must take into account when conducting a study of hedonic and emotional responses
evoked by wines.

Key words Sensory science, Consumer research, Consumer response

1 Introduction

Success on new product development depends on fulfilling expec-
tations of consumers in terms of choices and preferences [1]. Over
75% of new products, belonging to food and beverages categories,
fail during the first year after being launched to the market
[2]. Therefore, industry needs to improve its strategies to gain a
better understanding of consumer’ preferences and choices.

Sensory science helps to understand consumers’ perception of a
product by studying its properties and the interaction with the
human senses. In other words, to study the sensory attributes of
products and consumers’ preferences is essential for industry to find
the key drivers for the optimal design and development of
products [3].

Measuring the hedonic response elicited by a product is an
appropriate method to determine the product acceptance, and
therefore, it is used across scientific studies to define consumer
preferences and predict potential success. Other studies relate
hedonic response with the sensory and physicochemical properties
of the product; this information has proved to be useful to
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investigate the specific sensory characteristics, which drive consu-
mers’ liking. However, it has been argued that the hedonic
response itself is not always enough to explain consumers’ choices
and attitudes to different food products [4-6]. For example, Ng
et al. [5], in their study about blackcurrant squashes, showed that
emotions could discriminate among products with similar hedonic
scores. Also, the authors showed a relationship between the emo-
tions experienced by consumers and the sensory properties of the
products.

One of the aspects that differentiate consumers’ responses
toward food product consumption and choice, beyond liking, has
been the emotional response. Damasio [7] showed that the
decision-making process is completely influenced by the role of
emotions. His work in the field of neuroscience showed that the
emotions were not independent of rationality, both are inseparable
and are interlinked in the decision-making process [7]. Emotions
have been found to affect consumers’ behavior. Moreover, different
aspects of a product such as appearance, flavor, presentation, pack-
aging, and/or consumption context, have an influence on the
emotional response [8—11]. Thus, a deep knowledge about how
to measure and understand emotions might be one of the clues to
understand which of the extrinsic and /or intrinsic sensory proper-
ties are key drivers of preferences, providing a competitive advan-
tage to food industry in the marketplace [12].

Authors such as King & Meiselman [13] have described “emo-
tion” as “brief, intense and often focused on a referent” response to
a stimulus; Sander [14] described it as an “event focused, two-step,
fast process consisting of (1) relevance-based emotion elicitation
mechanism that (2) shape a multiple emotional response.” From a
neurophysiology point of view, Damasio [7] described emotions as
“bioregulatory reactions that aim at promoting, directly or indi-
rectly, the sort of physiological states that secure not just survival,
but survival regulated into the range that humans, conscious and
thinking creatures, identify with well-being.” Coppin and Sander
[15] proposed that the multicomponent character of emotions and
three additional criteria were appropriate to define what an emotion
is. The three different criteria suggested were: (a) emotions are
two-step processes composed by an emotion elicitation mechanism
and a response mechanism, (b) objects or situations are necessary
for emotions to occur, and (c) its duration is brief and has a quick
onset. Therefore, according to the length, emotions could be dis-
tinguished from other affective states whose duration is longer, for
example, preferences (liking/disliking), attitudes (predisposition
toward specific products), or moods (low intensity and long dura-
tion feelings) [15].

Emotion measurement on beverages has been previously
addressed by Van Zyl and Chaya [16]. The current chapter focuses
on methodological contributions to the study of hedonic and
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emotional response evoked specifically by wine products. Implicit
methods to measure the emotional response are out of the scope of
the present chapter. Practical considerations about measuring
explicit emotional response are included.

2 Materials

2.1 Samples and
Gontainers

2.2 Collecting
Instruments

2.3 Consumers’
Panel: Selecting a
Representative Sample
of Consumers for

the Study

2.4 Facilities:
Defining the Type
of Study

1. Selection of a neutral warm-up sample (see Note 1) to avoid the
first position effect [17, 18].

2. Studied samples whether commercial or experimental wines.

3. Wine containers: selection of disposable materials to serve the
different samples to consumers. It must be the same for all of
the samples (including the warm-up one). An example of a

container could be the normalized glass for wine-tasting stated
by ISO (ISO 3591:1977).

1. Electronic devices associated with data acquisition software to
capture data such as Compusense (Compusense Inc., Canada),
FIZ7Z (FIZZ Biosystemes, France), RedJade Sensory Software
(RedJade Software Solutions, LLC), SENSESBIT (TasteLab,
Spain), etc.

2. Paper forms.

1. Defining the recruitment criteria (see Note 2) [2].

2. Defining the consumers’ sample according to the aim of the
study and the available resources.

3. Defining consumers’ sample segmentation (e.g., age, gender,
education background, type of wine preferences, etc.).

1. Central location test, sensory lab, real context study (e.g.,
restaurant), or immersive and virtual reality contexts.

2. Home use test.

3. Online test.

3 Methods

3.1 General
Procedure to Conduct
Gonsumer Studies

1. Balancing or randomizing the order of samples presentation
removes several sources of error. This does not apply to the
warm-up sample, which should be always served in the first
position.

2. To avoid psychological errors that commonly occur in sensory
science, 3-digit random codes should be used to label all the
samples.
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3.2 Hedonic Tests to
Measure Acceptance

3.3 Emotions: Type
of Questionnaires

3.

1.

1.

Careful consideration should be given to sample volumes
served to the consumers, due to sensory fatigue and alcohol
content of wines (se¢ Note 3).

. Palate cleansers to avoid carry-over effects and adaptation to

sensory stimuli are required before tasting each sample. Water
and neutral breadsticks or crackers are successful in cleansing
palate.

Different methods have been developed to measure acceptabil-
ity in the Sensory Science. The most used have traditionally
been the measurement of preference, and the measurement of
acceptance. In preference measurement, the consumer has a
choice. One product is to be chosen over one or more other
products. In the measurement of acceptance or liking the
consumer rate their liking for the product on a scale. Accep-
tance measurements can be done on single products and do not
require a comparison to another product (se¢ Note 4) [3].

Non-verbal self-reported measures: Non-verbal self-reported
measures avoid the necessity for language, allowing for poten-
tial cross-cultural application. Considering the universality of
facial expressions, different methods for measuring the emo-
tional response elicited by food products, which minimize
cultural differences interpretation, have been developed: the
Self-Assessment Manikin (SAM) [19], Product Emotion Mea-
surement Instrument (PrEmo®™) [20] and different lists of
emojis (e.g., emojis list developed for assessing wine [21]) (see
Note 5).

. Verbal self-reported measures: Verbal self-reported measures

use lists of emotional words to assess the feelings triggered by
an event or stimulus (se¢ Note 6). Emotion questionnaires used
in food product research usually consist of a list of feelings that
could vary in the length and in the nature of used words. This
variation depends on the specificity of the lexicon and the
consumers’ culture. There are general emotional lexicons to
be applied in a wide variety of products (Table 1), and there are
specific emotional lexicons developed for assessing the emo-
tional response evoked by wines (Table 2) (see Note 5).

. Evoking the consumption context of the product before start-

ing the emotional questionnaire, is a good practice to facilitate
the task to the consumers [28] (see Note 7).

. It should be noted that the self-reported methods (verbal and

non-verbal) are also influenced by the usual factors involved in
any sensory method: intrinsic factors related to the product
(package, price, information, etc.) and extrinsic factors (related
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Overview of generic emotional lexicons in the sensory science literature

References

Instrument Number of terms  Consumers nationality

King and Meiselman [13]
Thomson and Crocker [22]
Gmuer et al. [23]

Dorado et al. [17]

Nestrud et al. [24]

EsSense 39 English (EEUU)

Lexicon 59 English, French, German and Italian
Lexicon 49 German

EsSense 39 Spanish (Spain)

EsSense25 25 English (EEUU)

Table 2

Overview of wine emotional lexicons in the sensory science literature

References Instrument

Number of terms Language

Ferrarini Lexicon 16 Italian (Italy)
etal. [9]
Danner Australian Wine Evoked Emotions 19 English (Australia)
ctal. [25]  Lexicon (AWEEL)
Silvaetal.  Lexicon 29 Dutch (Netherlands)
[26] Portuguese (Portugal)
Mora etal. Lexicon Conventional: Spanish (Spain)
[27] 13 categories
Rapid method:

15 categories

3.4 Data Nature:
Scales to Apply on
Emotional
Questionnaires (Verbal
and Non-verbal)

3.5 Statistical
Analysis

. Linear scales use to be anchored from

to the consumer, such as physiological, psychological, and
cultural factors) (see Note 8).

“very low” to “very
high.” These scales provide continuous data.

. Discrete scales must have an odd number of categories also

anchored from “very low” to “very high.” They provide dis-
crete data, although under some assumptions they may behave
as continuous data (e.g., depending on the number of discrete
points and the number of collected responses).

. Nominal scales (e.g., Check-All-That-Apply data) show a list of

emotional terms that could be selected (or not) by the con-
sumer according with their presence (or absence). These data
are also considered as qualitative or categorical.

. Independently of the type of method, verbal or non-verbal, the

selection of the appropriate method of statistical analysis is
related to the data nature (continuous, discrete, or categorical).
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Fig. 1 Flowchart for choosing the most suitable statistical approach. (Source: Chaya [29])

3.6 Ethical
Committee Approval

A reflection must also be done on the descriptive vs inferential
approach to analyze the data [29] (Fig. 1).

. Consumer studies should be conducted ensuring that the work

described has been carried out in accordance with The Code of
Ethics of the World Medical Association (Declaration of Hel-
sinki). The protocol and procedures used in each study should
be approved by an external ethical committee.

. The experimental procedure must be explained and a written

consent indicating voluntary participation need to be obtained
from each participant prior to beginning the study.

4 Notes

. Warm-up sample: also named dummy sample. It has been

demonstrated that when several products are tested sequen-
tially, consumers’ response of the first-tasted product is over-
valued. The introduction of a supplementary sample, whose
data will be discarded, helps to avoid this effect. The sample
should be as neutral as possible and it could belong, or not, to
the set of assessed samples.

. The recruitment criteria can vary depending on the objective of

the study. The screening for selection typically involves a num-
ber of simple questions, for example, personal details,
demographics, etc.
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. To avoid carry over effects by limiting the number of samples to

taste by the consumer [30]. Authors recommend 25 mL per
wine sample and not more than 5 or 6 samples in one session.

. In preference tests, consumers are requested to rank samples

from the least preferred to the most preferred. In the measure-
ment of acceptance, the consumers are asked to rate their liking
for the product using a scale. The 9-point hedonic scale is the
most used scale ranging from dislike extremely to like
extremely. The choice between both approaches has an effect
on the statistical method of analysis.

. Randomizing the order of the emotional terms/emojis in the

questionnaire [30].

. At the beginning of the test, consumers need to be instructed

about the difference between emotions (brief, intense and
often focused on a referent [13]), and mood (low intensity
and long duration feelings [15]).

. Evoking the consumption context may be done, whether by

asking explicitly for it to the consumers, or by asking questions
to the consumers directly related to the typical consumption
context of the product [28].

. The reader interested in this kind of effect could find useful and

suitable references in the bibliography [31-36].
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Analysis of Wine Impact Odorants by Gas
Chromatography-0Olfactometry

0zlem Kilic-Buyukkurt, Gamze Guclu, Onur Sevindik, Hasim Kelebek,
and Serkan Selli

Abstract

Aroma is a primary determinant of wine quality, consumer acceptance, and preference. More than one
thousand aroma compounds may be responsible for the aroma of wines. Despite the fact that many
aromatic compounds are available in wines, the application of gas chromatography-olfactometry (GC-O)
in flavor analysis is considered to be a valuable technique to characterize odor-active compounds responsible
for the characteristic odor of a wine sample. GC-O is based on the use of human assessors, a sensitive
detector, to detect and evaluate aroma compounds from a chromatographic column eluate. There are
various GC-O methods based on different principles (dilution analysis, detection frequency, and direct
intensity) to obtain data on aroma-active compounds in GC-O. This chapter explains in detail the applica-
tion of dilution analysis, detection frequency, and direct intensity methods from GC-O techniques in
conjunction with solvent-assisted flavor evaporation (SAFE) to elucidate key odorants of wines.

Key words Gas chromatography-olfactometry, Wine, Aroma-active, Key odorants, Dilution analysis,
Detection frequency, Direct intensity

1 Introduction

One of the most crucial characteristics of wine is its flavor which
significantly influences its quality characteristics and consumer pref-
erence. The flavor of wines is formed as a result of the interaction of
hundreds of different aroma compounds [1]. The contribution of
each compound to the aroma profile is different. The individual
importance of each compound on the final wine aroma depends on
the correlation between chemical composition and odor perception
thresholds because most of the volatiles are present at concentra-
tions near or below their individual odor sensory thresholds
[2]. These compounds in wines are called aroma-active compounds
or key odorants [3]. It is important for aroma analysis to identify
these aroma-active compounds that are responsible for the overall

Maria Angeles Pozo-Bayén and Carolina Mufioz Gonzalez (eds.), Wine Analysis and Testing Techniques,
Methods and Protocols in Food Science, https://doi.org/10.1007/978-1-0716-3650-3_17,
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aroma of the food and distinguish them from other volatiles
[4]. The main step in the study of key odorant compounds is
selecting a suitable extraction method that gives an aromatic extract
as similar as possible to the studied wine sample. Various extraction
techniques have been studied for the volatile compounds in wines,
including liquid-liquid extraction (LLE), solvent-assisted flavor
evaporation (SAFE), solid-phase microextraction (SPME), stir bar
sorptive extraction (SBSE), solid-phase dynamic extraction
(SPDE), headspace techniques (HS), and solid-phase extraction
(SPE) [1, 5-7].

GC or GC-MS with olfactometry (GC-O or GC-MS-O) is a
commonly used combined method for the determination of aroma-
active compounds in wines [8, 9]. In this method, gas chromatog-
raphy is combined with the olfactometer which uses the human
nose as a detector [10-12], and this method was first proposed by
Fuller et al. [13]. Especially in the GC-MS-O system, the olfactory
(sniffing) port is connected in parallel to the flame ionization
detection (FID) or a mass spectrometer (MS) [14, 15]. In this
way, the aroma compounds in the extracts given GC-MS-O are
sent to FID and MS simultaneously, allowing the identification of
the aroma compound and its detection by the human nose by
sniffing (Fig. 1). There are various methods based on different
principles of obtaining data on aroma-active compounds in
GC-O. These methods are divided into three categories: dilution
analysis, detection frequency, and direct intensity methods 8, 16—
18]. The use of olfactometric methods enables the determination
of the characteristic aroma notes of many compounds found in the
volatile fractions of wines. Also, these methods are used to identify
the new aroma-active compounds in wines.

The aim of the present chapter is to explain technically and
step-by-step the GC-O analysis of an aroma extract from wine by
using solvent-assisted aroma extraction (SAFE) method and aroma
extract dilution analysis (AEDA), detection frequency, and direct
intensity methods allowing the determination of wine aroma-active
compounds.

2 Materials

* The determination of aroma-active compounds by SAFE and
AEDA procedures was explained according to a previously
detailed paper published by Issa-Issa et al. [19].

* The procedure mainly consisted of a SAFE unit (Glasblaserei
Bahr, Manching, Germany) equipped with a vacuum pump (103
Pa; Vacuubrand DCP 3000, Wertheim, Germany) for wine
volatiles extraction (Fig. 2).

* A Gas chromatography (GC) instrument (Agilent 6890)
equipped with a mass selective detector (MSD) (5973 Network
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Fig. 2 Solvent-assisted flavor extraction (SAFE) unit

159 MSD, Agilent Technologies, Wilmington, Delaware, USA),
flame ionization detector (FID), and a Gerstel ODP-2 olfacto-
metry sniffing device (Baltimore, Maryland, USA) along with
humidified air at 40 °C using deactivated fused silica capillary
column (30 cm x 0.3 mm) (se¢ Notes 1 and 2).

* A well-known column type for volatile separations, DB-Wax
column (30 m length x 0.25 mm i.d.x 0.5 pm thickness, J&W
Scientific, Folsom, California, USA), used for the elucidation of
each aroma compound and helium is used as carrier gas. Sepa-
rated volatile compounds were identified with an MS detector
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while quantified with an FID using a representative internal

standard.
3 Methods
3.1 Extraction of 1. Mix 100 mL of wine, 5 mL of 4-nonanol as the internal
Wine Aroma standard, and 100 mL of dichloromethane into a 500 mL
Compounds by glass flask and stir at 4 °C for 60 min under an N, atmosphere.
Solvent-Assisted 2. Centrifuge the mixed samples at 4 °C, 5500 rpm for 15 min.
g:% Evaporation 3. Place the organic phase (solvent) into the dropping funnel of

the transfer head and separate the mixture (see Note 3).

4. Control the temperature with a thermostat to maintain SAFE
system in cold water at 4 °C to ensure a continuous tempera-
ture throughout distillation and to avoid condensation of the
volatile compounds.

5. Collect the aroma by condensation of compounds passed into a
receiving vessel using a cooling trap (see Note 4).

6. After separation, remove the receiving vessel and allow it to
thaw out at room temperature for 30 min.

7. Dehydrate the extract with anhydrous sodium sulfate, and
concentrate the aromatic extract to 5 mL in a Kuderna Danish
concentrator (Sigma Aldrich, St. Louis, MO) fitted with a
Snyder column (Supelco, St. Quentin, France) to evaporate
the solvent by increasing the surface area as well as for the
collection without any loss of volatile compounds in a balloon
and then to 200 pL under a gentle stream of purified nitrogen.

8. Store the extract at —20 °C in a 2 mL glass vial fitted with a
Teflon-lined cap before the analysis.

3.2 GC-FID, GC-MS, 1. Increase gradually the oven temperature of the column as

and GC-0 Analyses of follows:
Wine Aroma (1) initially hold the column at 40 °C for 10 min,
Compounds (2) increase from 40 to 160 °C at a rate of 3 °C/min, (3) sub-

sequently increase the temperature to 240 °C at 6 °C/min rate,
(4) and finally hold it at 240 °C for 25 min.

2. Set up the column pressure at a constant value of 20.0 psi and
injection volume at 3 pL in pulsed splitless mode.

3. Set the injector and FID detectors at 270 °C and 280 °C,
respectively.

4. The MS (electronic impact ionization) conditions are the ioni-
zation energy of 70 ¢V, mass range m/z of 33—-300 amu at 2.0
scan/’s.
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1:2

Fig. 3 Stepwise wine aroma extract dilution

3.3 Aroma Extract
Dilution Analysis
(AEDA)

. Determine the concentrations of aroma compounds by the

application of the internal standard method according to the
following equation (Eq. 1) and express the results as pg/L
resulting from the relative peak area to the internal standard
(see Note 5).

Ci=(Ai/Ax) x Cy X REx CF (1)

G;: Concentration of the aroma compound

Aj: The peak area of the aroma compound

Ag: Peak area of the internal standard (4-nonanol)

C,: Concentration of internal standard (40 pg/L)

REF: Response factor (see Note 6)

CF: Calculation factor (factor for converting sample
amount to liters (for the unit conversion): 10)

. Determine all compounds by comparing their retention

indexes and mass spectra on the DB-Wax column (see Note 7).

. Apply the AEDA developed by Schieberle and Grosch [20]

with at least 2 experienced panelists (se¢ Note 8) to determine
the impact of individual aroma active compounds on the overall
wine aroma.

. Dilute gradually the concentrated aroma extract of the wine

sample stepwise with dichloromethane (1:2, v/v) as shown in
Fig. 3 (see Note 9).

. Inject each diluted sample (3 pL) into the GC-MS-O and

sniff the effluent with at least 2 experienced panelists (see
Notes 10-12).

. Identity the aroma-active compounds by the flavor dilution

(FD) factor of the last dilution. Increasing the FD value indi-
cates the activity level of the aroma compound. For instance,
Issa-Issa et al. [19] investigated the aroma-active compounds
of Fondillon wine using the AEDA method. Some of the
aroma-active compounds determined according to the results
of this study are given in Table 1. Accordingly, diethyl glutarate
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Table 1

Flavor dilution factor calculation in aroma extract dilution analysis [19]

Compounds/Dilutions 4 8 16 32 64 128 256 512 1024  FD factor
Ethyl propanoate v v / v 4 0 g ] o 64
Ethyl lactate oo/ / v v v v v o 512
Diethyl glutarate 4 O a g O 0 a o o 4
Diethyl DL malate v /7 v v v a O O 128
2,3-Butanediol v v O O O 0 O O O 8
Phenylethyl alcohol v o o/ / v v v v v v 1024
Furfural v v v | O O g | | 16
y-Butyrolactone v o/ / v 0 0 a O O 32
Whiskey lactone v o/ v/ ] 0 O g ] ] 16
was determined with the lowest flavor dilution factor (FD: 4),
while phenylethyl alcohol had the highest flavor dilution factor
(FD: 1024). In other words, phenylethyl alcohol is the com-
pound that contributes the most to the overall aroma of
Fondillon wine followed by ethyl lactate (FD: 512).
3.4 Detection 1. Perform the sniffing by 6-12 panelists with no training on the
Frequency Method same aroma extract.
(DFM) 2. Determine the intensity of an aroma compound according to
the number of panelists that detect it.

3. The number of panelists indicating the same odor at the same
retention time during the sniffing of the extract is expressed as
the detection frequency [11]. The aroma-active compound
with a high detection frequency is thought to be proportionally
high, and this is associated with the intensity of the aroma
compound (see Note 13).

4. Quantify the results for each odor using so-called olfactometric

3.5 Direct-Intensity
Method (DIM)

3.5.1 Time-Intensity
Method (TIM)

indices, such as NIF (Nasal Impact Frequency) — SNIF (Surface

of Nasal Impact Frequency) values, and modified frequency
(MF) (see Note 14).

The direct intensity method includes a single time-averaged mea-
surement (posterior intensity) and a dynamic measurement that
continuously records the onset, maximum intensity, and decline
of the eluting odor (time intensity).

1. Apply the sniffing process without preparing dilutions of aroma

extracts using an electronic scale (see Note 15).
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Method
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2. Perform the odor-specific magnitude estimation (OSME) anal-
ysis by four experienced panelists and each extract is sniffed
four times (see Note 16).

3. Measure the intensity of the odor using a horizontal slide bar
and a 16-point structured scale with a range of 0 (none) to
15 (strong).

4. Record continuously the existence of an odor, maximum inten-
sity, and decline of an odor.

5. Create an aromagram which is called Osmegram, using the
aroma intensities and perception times given by the panelists
(see Note 17).

1. Perform the sniffing by 3-10 trained panelists (se¢ Note 8) to
measure the intensity. Panelists only rate this maximum odor
intensity after the compound has been eluted from the GC
column [21].

2. Rate the perceived odor intensity of each aroma compound in a
memorized five-point intensity interval scale after a peak has
eluted from the olfactory detection port.

A previous study is explained to understand better the two
methods (detection frequency and direct intensity) mentioned
above. Botelho et al. [17] applied detection frequency and poste-
rior intensity methods to determine the aroma-active compounds
of Aragonez clonal wines. A panel of 8 panelists was used to
implement these methods. In the detection frequency method,
panelists sniffed the column’s effluent and pressed a joystick (elec-
tronic scale) when they detected an odor. In the posterior intensity
method, previously trained panelists used a memorized five-point
intensity interval scale (1: very mild; 2: mild; 3: moderate; 4:
strong; 5: very strong). Some aroma-active compounds determined
according to the results of this study are given in Table 2. The fact
that the number of panelists is 8 in the detection frequency method
means that 8 out of 8 panelists perceive that odor. In the posterior
intensity method, it refers to the average of the scores on a 5-point
scale. Ethyl isobutyrate, 3-methylbutanoic acid, and 2,5-dimethyl-
4-hydroxy-3(2H)-furanone compounds were also identified by
8 panelists. However, the intensity of these compounds varied
between 2.4 and 4 according to the posterior method. Also, in
the detection frequency method, the odors detected by less than
three panelists are considered odor noise and eliminated such as
ethyl octanoate and 2-ethyl-4-hydroxy-5-methyl-3(2H)-furanone
as seen in Table 2.
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Table 2

Some of the aroma-active compounds determined according to detection frequency and posterior

intensity methods [17]

Number of
Compounds Odor descriptions panelists Intensity
Ethyl isobutyrate Fruity 8 2.4
Ethyl 2-methylbutanoate Fruity 7 1.1
Ethyl octanoate Fruity, floral 3 0.8
Benzaldehyde Plastic 6 1.6
y-Butyrolactone Smoky, hot 4 0.6
f-Damascenone Floral, fruity 7 2.4
3-Methylbutanoic acid Stinky, cheese 8 4.0
2,5-Dimethyl-4-hydroxy-3(2 H)-furanone Burnt sugar, candy cotton 8 3.9
2-Ethyl-4-hydroxy-5-methyl-3(2H)-furanone ~ Burnt sugar, candy cotton 3 1.0

4 Notes

. The laboratory where the GC-O is located must be free from all

foreign odors and sounds. During the analysis, soundproof
headphones can be used to avoid distraction from noise. The
temperature in the laboratory should also be controlled for the
panelist’s comfort as well as the instrument.

. The GC system divides the effluent into 3 equal flows (1:1:1)

to the MS, FID, and sniffing port to identify and quantify
the aroma and aroma-active compounds of the wine
simultaneously.

. The mixture is separated in the distillation vessel (10 mL/min)

partially submerged in a warm water bath of 38 °C.

. There is liquid nitrogen in the cooling trap and the aroma

compounds condense and freeze due to the sudden tempera-
ture drop there.

. The concentration equivalent of the 4-nonanol, internal stan-

dard, is 40 pg/L.

. The internal standard, whose concentration is known, is added

to both the water and the wine sample, and the same aroma
extraction method is performed for both, and it is checked
whether there is any loss in the concentration of the internal
standard.

. The commercial spectra databases (Wiley 10, Flavor 2, NBS

75 k) and the internal library of the instrument created in
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earlier studies is compared to the retention indexes and mass
spectra on the DB-Wax column to identify all aroma com-
pounds. Retention indices are calculated based on retention
times of the standard linear n-alkane series (Cg-Csy) from the
following formula:

RI=100 N + 100n (tR,a — tR)N)/(tR(N+1]) — tR,N)

N: the carbon number of the lower alkane

n: the difference in carbon number between two n-alkanes
that bracket the analyte

tr ,: the retention time of the unknown component

tg n: the retention time of the alkane of lower carbon
numbers

tr(N+n): the retention time of the alkane of upper carbon
numbers [22].

. The training of panelists includes learning terminology using

standard compounds, using an assessment scale, determining
compounds and their concentrations in the reference mixture
with olfactometry, and sniffing the studied sample [23].

. First, mix the 100 pL concentrated extract and 100 pL dichlor-

omethane. This represents your 1:1 diluted sample. After, mix
the 100 pL of 1:1 diluted sample and 100 pL dichloromethane
(1:2 diluted sample). Again, mix the 100 pL of 1:2 diluted
sample and 100 pL dichloromethane (1:4 diluted sample).
Keep diluting the sample until no odor is detected.

The longer the GC-O sniffing time, the more fatigued panelists
become, which can affect performance. Therefore, if the chro-
matographic program is longer than 25 min, the entire pro-
gram should be divided into several parts and each part should
be sniffed by a different panelist.

Panelists should not smoke, consume strongly flavored foods,
and use perfumes or strong deodorants for at least 1 h before
the GC-O analysis of wine [21].

First, a 1:1 diluted sample is sniffed. As the panelist snifts
identity the greenish, vinegary, earthy, etc. odors of the com-
pounds. This is called identification sniffing. Then, as the other
diluted samples are sniffed in order, it is checked whether the
compounds whose smell is identified are present in that dilu-
tion and are marked in the list. It does not require specific
software and panelists do not assign a value for the intensity
or duration of the odor.

The number of panelists detecting an aroma-active compound
at the olfactory detection port is used as an estimate of the
odor’s intensity. The odors detected by less than three panelists
are considered odor noise [17].



In the NIF-SNIF technique, the peak height indicates the
percentage of panelists who perceived the aroma-active com-
pound and this is expressed as the NIF (%). The NIF value,
retention time, and odor duration of each compound are plot-
ted similarly to a chromatogram. The peak area is stated as the
SNIF value [5]. The duration of the odor is measured by the
panelists and SNIF is obtained by multiplying the detection
frequency by the average duration according to the following

SNIF = %Frequency x Duration

The modified frequency (MF) technique takes into
account the odor’s intensity in accordance with a scale and
odor duration is not taken into consideration. MF (%) is
obtained by multiplying the detection frequency (DF) by the
average intensity (expressed as a percentage of the maximum
intensity, I) as seen in the following equation [18].

MF (%) = [DF (%) x 1 (%)]"/?

During sniffing, the panelists determine the intensities of the
aroma compounds with the help of a special electronic scale
and also, they define the quality definitions and the time when
the odor is noticed [11, 24].

The odor-specific magnitude estimation (OSME) is a dynamic
method used to measure the perceived odor intensity of a
compound eluting from the GC-O [7, 25].

Osmegram represents odor intensity as a function of an ana-
lyte’s retention time. The height of the peak expresses the
maximum odor intensity of an analyte, while the width corre-
sponds to the odor duration [14]. The area under the odor
intensity peak together with the maximum odor intensity of
the compounds represents the correlation of the concentration
of the compounds in the GC effluent [10].
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