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Temporal changes in salivary composition induced
by oral exposure to different wine matrices and
the relationship with the behaviour of aroma
compounds in the mouth

Celia Criado, Carolina Muñoz-González, Blanca Hernández-Ledesma and
María Ángeles Pozo-Bayón *

The dynamic changes in saliva flow and composition (pH, total protein capacity (TPC), total polyphenol

index (TPI) and saliva antioxidant activity (SAOX)) after the exposure of the oral cavity to aromatized wine

matrices with different chemical compositions (dealcoholized, alcoholized, and synthetic wines) have

been investigated. For this, stimulated saliva from ten volunteers were collected five days per week (from

Monday to Friday) during three non-consecutive weeks, before (basal saliva) and after the oral intervention

with the wines (5 and 15 minutes later) (n = 450). In order to know the relationship between the changes

induced in salivary composition and the amount of aroma retained in the oral cavity, the expectorated

wines were also collected (n = 150). Results showed differences in saliva composition (pH, TPI and SAOX)

depending on the wine matrix that were only significant in the first five minutes after the oral exposure to

the wines. The wines with ethanol produced significantly lower in-mouth aroma retention, while salivary

TPI and, to a minor extent, SAOX, were positively related to the aroma retained. These results prove that

not only wine aroma composition, but also the physiological changes in saliva induced by the non-volatile

chemical composition of the wine play an important role in wine odorant compounds, and likely, in

aroma perception.

1. Introduction

Saliva is a complex dilute aqueous solution. It contains numer-
ous inorganic salts (sodium, calcium, potassium, chloride,
phosphate, and bicarbonate),1 organic components such as
enzymes (amylase, lipases, proteases, etc.),2–4 and proteins
(mucins, proline rich proteins, histidine rich proteins, etc.).5

All of these components can be responsible for the different
physiological effects that saliva exerts in the body such as oral
lubrication, digestion, immunity, and the overall maintenance
of homeostasis.6

Additionally, in recent years, there has been an increase in
evidence of the relationship between saliva and oral sensory
perception.7 Among the more extensively investigated direct
roles of saliva in some oral textural, trigeminal and gustative
sensations, saliva could also affect the retronasal perception of
odorant molecules in the mouth during food and beverage
intake. Although this is an incipient field of research, saliva
has been related to a myriad of physicochemical and biological

effects on odorant molecules, such as dilution, retention by
salivary proteins, the salting-out effect or enzymatic conver-
sion, among others.8 In the case of wine, different studies have
revealed a correlation between salivary parameters and oral
aroma release or perception.9 Using temporal sensory method-
ologies, Criado and co-workers9,10 have shown a correlation
between some salivary parameters (such as salivary flow and
total protein content, TPC) and the dynamics of wine aroma
perception upon wine tasting.9,10 These results can be
explained, at least in part, by the effect of saliva on the
dynamics of aroma release in the oral cavity.

Intrinsic factors, such as gender, age, ethnicity, etc., have
been associated with interindividual variations in saliva com-
position11 that might differently affect oral aroma release.7,12

However, other exogenous factors, such as diet, can also affect
saliva composition. For instance, DiSilvestro and co-workers13

showed that the oral exposure to pomegranate flavonoids for
four weeks reduced salivary TPC and the enzymatic activity of
aspartate, aminotransferase and α-glucosidase, and increased
the radical scavenging capacity and the activity of the anti-
oxidant enzyme ceruloplasmin. Additionally, green tea poly-
phenol epigallocatechin gallate (EGCG) can alter the properties
of specific mucin proteins with lubricant properties likely
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involved in astringency perception.14 More recently, the inter-
ventions of a regular diet plus chocolate milk (with high poly-
phenol content) compared to a low polyphenol diet also
induced changes in the salivary proteome.15

Many of these studies have shown an impact on saliva com-
position after the chronic exposure to food or specific food
ingredients. In addition, changes in salivary composition,
such as in the salivary proteome, could be also produced
immediately after the stimulation with tastant/chemesthetic
compounds.16 In this case, an immediate effect on salivary
composition that in turn might affect the sensory perception
of the food or beverage upon ingestion could be expected.

In the case of wine, which is highly appreciated for its
aroma, studies involving the role of different wine components
on saliva composition and properties are scarce. Despite this,
pioneer works have already shown an effect of some wine com-
ponents such as ethanol, tartaric acid or tannin on salivary
flow.17,18

An increase in saliva flow with an increase in the concen-
tration of tannic acid and their effect on gustatory (mostly
sour) and trigeminal (irritation and tactile) stimulation have
also been proven.19 Nonetheless, whether wine or wine com-
ponents might affect salivary parameters related to the release
of aroma compounds in the mouth affecting retronasal aroma
is, to date, unknown.

Recent works have also suggested that some wine com-
ponents (such as polyphenols) might inhibit salivary esterase
enzymes, which are involved in the hydrolysis of wine car-
boxylic esters (e.g. ethyl hexanoate).20–23 Moreover, it has also
been suggested that phenolic compounds might affect the
saliva antioxidant capacity (SAOX),24 which could also be
involved in the metabolism of certain salivary enzymes (e.g.
NAD(P)H dependent enzymes) which catalyse the reduction of
some types of aroma compounds (e.g. aldehydes to alcohols).25

At any rate, understanding the temporal changes in saliva
composition during and after wine intake seems of utmost
importance in order to better explain the effect of saliva on
aroma release and perception during wine tasting, and likely
to better understand consumer preferences of different types
of wines.

In view of this, the objective of this study was to examine
the dynamic changes in saliva flow, composition (pH, TPC,
total polyphenol and TPI), and properties (SAOX) after the
exposure of the oral cavity to aromatised wine matrices with
different chemical compositions (dealcoholised, alcoholised,
and synthetic wines). Saliva samples were collected from 10
volunteers five days per week (from Monday to Friday) during
three non-consecutive weeks. In each week, a different type of
wine was tested and saliva was collected before the oral
exposure to the wine (basal saliva), and five and fifteen
minutes after the oral exposure to the wine. Additionally, in
order to determine the relationship between the changes in
salivary composition induced by the different types of wine
matrices and the amount of aroma retained in the oral cavity,
the expectorated wines were also collected, and the aroma
compounds were analysed by GC-MS.

2. Materials and methods
2.1. Wine matrices

A dealcoholised commercial rosé wine (“Matarromera” winery,
2017; Valbuena de Duero, Spain) made from Tempranillo and
Verdejo grape varieties was used for this study (DW). The chemi-
cal composition was determined as previously described26 and it
was: pH (3.00 ± 0.02), TPI (247.06 ± 11.62 mg gallic acid per L),
procyanidins (97.28 ± 1.87 mg catechin per L), neutral polysac-
charides (1204.90 ± 62.10 mg mannose per L), and free amino
acids (654.04 ± 74.50 mg Leu per L).

From the dealcoholised wine (DW), a second wine with
ethanol (12%, v/v) was prepared (AW) by using food grade ethanol
(Alcoholes Montplet S.A., Barcelona, Spain). In addition, a syn-
thetic wine (SW) consisting of a 12% (v/v) hydroalcoholic solution,
using food grade ethanol and adjusting the pH with tartaric acid
(3.5) (Manuel Riesgo, Madrid, Spain) was also prepared.

2.2. Wine aromatisation

The three wine types (DW, AW and SW) were aromatised with a
mixture of ten food grade aroma compounds (Sigma-Aldrich,
Steinheim, Germany): isoamyl acetate, ethyl hexanoate, ethyl
butanoate, ethyl pentanoate, furfural, E-2-hexenal, E-2-octenal,
hexanal, octanal, and γ-nonalactone. They were all selected for
being representative of the wine volatile profile and for having
different physicochemical characteristics (Table 1).

For wine aromatisation, a stock solution of aroma com-
pounds (2000 mg L−1) in food grade ethanol was firstly pre-
pared, and from this, a second one (200 mg L−1) was then pre-
pared. This solution was used to aromatise the wines just
before starting the assay. To do so, 150 μL of the second stock
solution was added to 15 mL of the wine already poured in the
wine glass. The final concentration of each compound in the
wine was 2 mg L−1.

2.3. Procedure for sample collection

Ten healthy volunteers (8 females and 2 males) between 22
and 28 years old participated in the sessions. The sessions
involved the collection of saliva before and after oral rinsing
with the wine samples, and the expectorated wines. All trials
were conducted every day in the mornings (from Monday to
Friday), during three non-consecutive weeks, leaving a week
between each type of wine tested.

The experiment lasted for five weeks, and in each non-con-
secutive week, one of the wine matrices (DW, AW, and SW) was
evaluated. Fig. 1 shows the procedure followed for saliva and
expectorated wine collection.

Volunteers were informed of the nature of this study and
gave their written consent to participate. This work was also
approved by the Bioethical Committee from the Spanish
National Research Council (CSIC).

A stimulated saliva sample was collected from the volun-
teers before testing the wines (basal or control saliva: Sc). Saliva
collection was performed at the same time of the day (11 a.m.), in
an attempt to reduce the compositional variability associated
with circadian rhythms.27–29 Saliva was directly collected in a
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sterile tube (previously weighed). The subjects were told to avoid
swallowing during the saliva collection process. For this, subjects
chewed a piece of Parafilm™ and spat their saliva into the tube
as many times as they wanted for 5 min. Saliva flow was calcu-
lated from the weight of saliva, and was expressed as mg mL−1,
assuming 1 g being equal to 1 mL, as is commonly done in
studies involving salivary flow measurements. After saliva collec-
tion, individuals were asked to perform a gentle mouth rinsing
for 30 seconds with 15 mL of each of the wine matrices studied.
The volunteers then expectorated the wine into a pre-weighed
sterile tube. The expectorated wines were spiked with CaCl2 to
inactivate salivary enzymes,22 and stored at −80 °C until their pro-
cessing for aroma analysis as described in section 2.6.

Five and 15 minutes after the wine had been expectorated,
two saliva samples, St1 and St2, respectively, were taken. Thus,
for each day of the week, three saliva samples from each indi-
vidual: one control saliva (Sc) before mouth rinsing, and two
saliva samples: five minutes after wine rinsing (St1) and
15 minutes later (St2) (15 days × 3 sampling points × 10 indi-
viduals = 450 saliva samples), and 150 expectorated wines (15
days × 10 individuals) were collected for this study.

2.4. Saliva chemical and biochemical characterisation

Immediately after collection, the saliva was clarified by cen-
trifugation at 15 000g for 15 min at 4 °C, which allowed the
removal of bacteria and cellular debris. Subsequently, 200 μL

of the supernatants were taken in order to measure the saliva
pH using a pH meter (CP-505, ELMETRON, Poland). No more
than 10 min elapsed between saliva collection and centrifu-
gation, and during this time, saliva samples were kept in ice.
To avoid any possible deterioration of the samples before their
analysis, the centrifuged saliva was divided into 1.5 mL ali-
quots and stored at −80 °C. The saliva samples were kept in
these conditions for less than two months before the analysis
was performed. All the analytical determinations were per-
formed in centrifuged saliva. TPC was measured using the
commercial kit, Pierce™ BCA Protein Assay Kit (Pierce Thermo
Scientific, Rockford, IL, USA) with bovine serum albumin as
the calibration standard and the results were expressed in mg
L−1. The analysis of the TPI was carried out using the Folin–
Ciocalteu assay and the results were expressed as mg gallic
acid per L.

2.5. Saliva antioxidant capacity (SAOX)

To determine the SAOX, a previously existing method30 based
on the measurement of the Oxygen Radical Assay Capacity
(ORAC) was adapted in this work for the saliva samples. For
the blank wells, 20 μL of 75 mM PBS (pH 7.4) and 120 μL of
fluorescein solution (Merck KGaA, Darmstadt, Germany) were
added to 96-well black polystyrene plates (Corning Costar
Corp., Corning, NY, USA). In the case of the standard, 20 μL of
75 mM PBS was substituted with 20 μL of 6-hydroxy-2,5,7,8-
tetramethylchroman-2-carboxylic acid (Trolox, Merck KGaA) at
the range of 0.0002–0.0016 μmol per well. For the sample
wells, 20 μL of the sample and 120 μL of fluorescein solution
(final concentration: 70 nM) were added to the wells. The
sample volume corresponded to PBS dilutions of the saliva
samples collected during the assay; thus, the actual volume of
the samples varied between 714 and 25 μL saliva per well. The
plate was then incubated for 10 minutes at 37 °C. Afterwards,
60 μL of 2,2′-azobis(2-methylpropionamide)-dihydrochloride
(AAPH) were added to the well (final concentration of 12 mM),
and the plates were incubated for 95 minutes at 37 °C and
were analyzed using a FLUOstar OPTIMA plate reader (BMG
Labtech, Offenburg, Germany). During this time, fluorescence
was measured every minute at the excitation and emission

Fig. 1 Schematic representation of the procedure for saliva and expec-
torated wine collection. The same procedure was followed for each
wine type [dealcoholised wine (DW), dealcoholised wine with ethanol
added (AW), and synthetic wine (SW)].

Table 1 Physicochemical properties of the aroma compounds employed in this study

Compounds CAS number MW (g mol−1) BP (°C) log P Descriptor

Isoamyl acetate 123-92-2 130.0 134.0 2.3 Banana
Ethyl hexanoate 123-66-0 144.0 167.0 2.8 Apple, peel, fruit
Ethyl butanoate 105-54-4 116.0 121.5 1.9 Pineapple
Ethyl pentanoate 539-82-2 130.0 145.0 1.7 Fruity
Furfural 98-01-1 96.0 162.0 0.8 Bread, almond, sweet
E-2-Hexenal 6728-26-3 98.0 47.0 1.6 Green, leaf
E-2-Octenal 2548-87-0 126.0 86.0 2.8 Green, walnut
Hexanal 66-25-1 100.0 130.0 1.8 Grass, tallow, fat
Octanal 124-13-0 128.0 171.0 3.5 Fat, lemon, green
γ-Nonalactone 104-61-0 156.0 121.0 2.1 Coconut, peach

Descriptor for aroma compounds: https://www.flavornet.org; BP: boiling point; log P: log of the octanol/water partition coefficient estimated from
the molecular modelling software EPI Suit (U.S. EPA 2000–2007); MW: molecular weight.
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wavelengths of 485 nm and 520 nm, respectively. FluoStar
Galaxy (version 4.11-0) software was used for data processing.
Each sample was analysed in duplicate. Fluorescence measure-
ments were normalized with the corresponding target curve
(without antioxidants). From the normalised curves, the area
under the curve (AUC) and the net AUC were calculated. The
net curve AUC vs. saliva volume was represented, and the
ORAC value was calculated dividing the slope of the curve
corresponding to the sample by the slope of the curve corres-
ponding to Trolox. This value was expressed as μmol Trolox
equivalents (ET) per mL of saliva.

2.6. Wine aroma analysis

Headspace stir bar sorptive extraction (HS-SBSE) methodology,
which has been already described,26 was used to determine
the amount of target aroma in the three aromatised wines
(DW, AW and SW), and in the corresponding expectorated
wines. To do so, 20 mm long glass-encapsulated magnetic stir
bars (Twister®) with 0.5 mm of polydimethylsiloxane coating
film thickness (Gesterl GmbH & Co. KG, Mülheim a/d Ruhr,
Germany) were used. Briefly, 6 mL of the wines or the expecto-
rated wines were placed in a 20 mL headspace vial (Gerstel)
with 40 µL of the internal standard methyl nonanoate (2.5 mg
L−1) (Sigma-Aldrich, CAS number 1713-84-6). Additionally, in
the case of the wine samples, 1 mL of the saliva mixture (enzy-
matically inactivated with CaCl2) was also added to the vial, in
order to calculate the percentage of aroma recovered after the
oral processing of wine.31 This approach takes into consider-
ation the potential effect of saliva proteins on wine aroma
retention32 minimizing this effect when comparing the
amount of aroma in the wine and the expectorated sample.
The twister was exposed to the headspace of the hermetically
closed vial. All the vials were heated at 36.5 °C for 60 min.
After sorption, the stir bar was dried with a lint-free tissue and
desorbed. Twisters were desorbed in a 6890N gas chromato-
graph (GC) coupled to an Agilent 5973N mass spectrometer
(MS) (J&W Scientific, Folsom, CA, USA). Volatile compounds
were separated on a DB-WAX polar capillary column (30 m ×
0.25 mm i.d. × 0.50 μm film thickness) from Agilent. Helium
was the carrier gas at a flow rate of 1 mL min−1. The GC was
equipped with a thermal desorption unit (TDU) in combi-
nation with a CIS-4 injector (“cool injection system”) (Gerstel
GmbH & Co. KG). This system allows the cryofocusing of aro-
matic compounds before their transfer to the analytical
column. The thermal desorption in splitless mode was pro-
grammed between 40 °C and 240 °C (held for 5 minutes) at
60 °C min−1. After desorption, the analytes were cryofocused
in a programmed cool injection system (CIS) at −100 °C using
liquid nitrogen at −100 °C using a purge time of 2 min.
Transfer from the trap to the column was performed with a
12 °C s−1 ramp from −100 °C to 240 °C and held for
5 minutes.

The GC oven temperature was initially held at 40 °C for
2 min, then increased at 8 °C min−1 to 240 °C, and held for
15 min. For the MS system (Agilent 5973N), the temperatures
of the transfer line, quadrupole and ion source were 270, 150

and 230 °C, respectively. Electron impact mass spectra were
recorded at 70 eV ionization voltage, and the ionization
current was 10 µA. The acquisitions were performed in scan
(from 35 to 350 amu) and SIM modes. The identification of
the 10 target aroma compounds added to the wines was based
on the comparison of retention times and mass spectra. The
mass spectra were compared with those from the NIST 2.0
database and with those from the reference compounds ana-
lysed under the same conditions. Relative peak areas (chroma-
tographic peak area of a specific aroma compound/chromato-
graphic peak area of the compound used as internal standard)
were calculated for each tested aroma compound and used for
quantitative comparison.

2.7. Aroma recovered after the oral processing of the wine
matrices (AOP)

The percentage of aroma recovered after the oral processing
(AOP) of the three wine matrices was calculated by comparing
the initial amount of each compound in the wine matrix
before and after the oral exposure as previously shown31 by
applying the following expression:

ðAOP;%Þ ¼ a0 � aexp
a0

� 100

where a0 is the amount of aroma (relative area) determined in
the aromatised wine and aexp is the amount of aroma (relative
area) in the corresponding expectorated wine. The % AOP was
calculated for each wine type (DW, AW and SW) by comparing
them with their respective expectorated wines.

2.8. Statistical analysis

One-way ANOVA was used to check the significant differences
(95% significance) in the basal salivary composition during
the three weeks of the study, and before and after the oral
intervention within the same wine type. Additionally, it was
also applied to check the effect of the wine matrix composition
on the saliva composition collected at the same sampling
point (St1). Tukey’s test was applied for mean comparison. To
explore the relationship between saliva composition after the
oral exposure to wine and the AOP (%), Pearson’s correlation
analysis and principal component analysis (PCA) were applied.
The XLSTAT program (v.19.01) (Addinsoft, Paris, France) was
used for data processing.

3. Results
3.1. Stability of the basal saliva composition of the cohort
through the duration of the study

The differences in the basal saliva composition (before the
oral intervention with the wines) over the three saliva collec-
tion weeks (corresponding to the first, third and fifth week
over a total 5-week period) were assessed. For this, Sc samples
collected each day (from Monday to Friday) from the 10 volun-
teers for three weeks were compared. For each week, fifty saliva
samples (five days × ten volunteers) were analysed in triplicate.
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One-way ANOVA was applied in order to check for significant
differences (p < 0.05) in the saliva composition over the three
weeks (Table 2). As it can be seen, the ANOVA results showed
that there were no significant differences (p < 0.05) in any of
the salivary parameters. The average value of the stimulated sali-
vary flow was 1.32 ± 0.31 mL min−1. In the same way, the pH
values were quite consistent during the three weeks with an
average value of 7.23 ± 0.14. TPC ranged between 904.21 ±
333.83 mg L−1 (determined at week 5) and 1041.58 ± 298.09 mg
L−1 (determined at week 3). Nonetheless, these changes were
not statistically significant. TPI was also determined to obtain a
basal value of this parameter that might be modified after the
oral exposure to the wine matrices (DW and AW). As it can be
seen, neither TPI nor SAOX changed over the five weeks exhibit-
ing average values of 36.64 ± 4.68 mg gallic acid per L and 1.72 ±
0.60 (μmol TE per mL saliva), respectively.

3.2. Temporal changes in the saliva composition after the
oral exposure to the wine matrices

The temporal changes in the salivary flow, composition (pH,
TPC and TPI) and SAOX after the oral exposure to the three
different wine types were explored by one-way ANOVA and
Tukey’s test (Table 3). The table also shows the average values
of each salivary parameter in Sc. For this, Sc values from the
three weeks were pooled once, proving the absence of signifi-
cant changes in the basal salivary composition of the cohort
over the five weeks of the study (Table 2).

As can be seen in the table, only pH and TPI showed signifi-
cant differences (p < 0.05) between the saliva before (Sc) and
after the oral intervention with wine (St1 and St2), albeit the
magnitude of this effect was dependent on the wine type. For
instance, the oral exposure to SW produced a slight but signifi-
cant increase in salivary pH (from 7.23 in Sc to 7.54 in St1).
However, values returned to basal 15 minutes after the inter-
vention with this simple wine system (pH = 7.28 in St2). A
similar trend was found in the salivary flow after the oral
exposure to SW; although in this case, results were not statisti-
cally significant (Table 3). On the other hand, a significant
increase in TPI was also observed in the saliva St1 collected
five minutes after the oral exposure to DW and AW. This
increase was more noticeable in the case of the intervention
with DW (from 36.64 mg gallic acid per L to 46.26 mg gallic
acid per L) compared to AW (from 36.64 mg gallic acid per L to
40.05 mg gallic acid per L). However, as shown in the table,
TPI determined in St2 did not differ from that of Sc. This
shows that the impact of the wine on TPI quickly reverted, and
15 minutes after the intervention with the wines, the salivary
parameters were practically the same as those determined in
the basal saliva. A slight increase in SAOX immediately after
the intervention with DW that lasted 15 minutes after the oral
intervention with the wine was also observed, although these
results were not statistically significant. This trend was not
observed, however, after the oral exposure to AW, and even, a
reduction (statistically not significant) in SAOX was observed
after the oral intervention with SW. As it can also be seen in T
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the table, none of the wines produced significant changes in
the salivary flow or TPC.

Results from Table 3 show that the largest variations in the
saliva composition induced by the wines were only noticed in
the first collection point (St1). To compare the extent of this
effect at this time point depending on the type of wine matrix,
a one-way ANOVA and Tukey’s test for mean comparison were
applied. These results are shown in Fig. 2.

As shown in Fig. 2, three salivary parameters, pH, TPI and
AOX, exhibited significant differences depending on the wine
type. Nonetheless, the type of wine affected neither salivary
flow nor TPC. The oral exposure to SW produced the highest
values of salivary pH (7.54), while the oral exposure to DW and
AW showed similar (7.15 and 7.16, respectively) and lower pH
values than SW. Nonetheless, the oral exposure to DW pro-
duced the highest salivary TPI (46.26 mg gallic acid per L) and
SAOX (2.01 μmol TE per mL of saliva) values. Interestingly, the
figure also shows that SAOX values in the three types of saliva
(DW, AW and SW) seem to be in line with the TPI values deter-
mined in the same saliva samples. The higher the TPI in saliva
(after the oral exposure to DW and AW wines), the higher the
SAOX value. The significance of this correlation was further
confirmed by Pearson’s correlation analysis (Pearson’s coeffi-
cient = 0.356; p < 0.0001) (data not shown).

3.3. Recovery of aroma compounds after the oral exposure to
the wines and relationship with the changes induced in the
saliva composition

To relate the changes in the saliva composition after the oral
stimulation with the wines and their potential impact on wine
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Fig. 2 Saliva composition collected five minutes (St1) after the inter-
vention with the three wine matrices: DW (dealcoholised wine), AW
(alcoholised wine) and SW (synthetic wine). Different superscripts
denote significant differences (p < 0.05) among saliva samples from
Tukey’s test. SF: salivary flow (mL min−1); TPC: total protein content (mg
L−1); TPI: total polyphenol index (mg gallic acid per L); SAOX: saliva anti-
oxidant activity (μmol Trolox equivalents (TE) per mL of saliva).
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aroma, the amount of aroma after oral processing (AOP) was
firstly determined.

Fig. 3 shows the average AOP (percentage) calculated after the
oral exposure to the three different wine matrices (5 expectorates
× 10 individuals × 3 wine types). The oral exposure to SW pro-
duced the highest AOP for all compounds (between 91.03% for
γ-nonalactone and 96.53% for furfural). Additionally, the oral
exposure to AW produced slight, but significant lower AOP values
(between 82.49% for γ-nonalactone and 86.03% for octenal) com-
pared to SW. Interestingly, the lowest aroma recovered was found
after the oral exposure to DW (32.36% for γ-nonalactone and
61.60% for octanal). The figure also shows that for all the aroma
compounds, except for γ-nonalactone, significant differences (p <
0.05) in AOP were found among the three wine matrices.

From the comparison of AOP values among wine types
(Fig. 4), it was evident that differences were larger between DW
and the ethanolic wine matrices (AW and SW), the latter being
quite similar among them. In fact, the percentage of
γ-nonalactone recovered after the oral exposure to both ethano-
lic wine matrices did not show significant differences (82.49%
and 91.03% for AW and SW, respectively). It is also worth men-
tioning that while for the alcohol containing wines (AW and
SW), AOP values were very similar for most odorant molecules,
in the case of DW, there were more differences among com-
pound types. In this sense, for the oral exposure to DW, the
lowest AOP (35.60–36.90%) corresponded to the four esters
(isoamyl acetate, ethyl butanoate, ethyl pentanoate and ethyl
hexanoate), while the two linear aldehydes (hexanal and
octanal) showed the highest AOP values (above 60%). However,
the corresponding saturated aldehydes (hexenal and octenal)
showed low AOP (39.09 and 45.60%, respectively) similar to
furfural (41.18%). As previously shown, γ-nonalactone exhibi-
ted the lowest recovery (32.36%).

For further investigation of the relationship between AOP
and the composition of saliva collected after the oral exposure
to the wines (St1), Pearson’s correlation analysis was per-

formed (data not shown). From all tested salivary parameters,
only pH, TPI and SAOX showed a significant (p < 0.05) corre-
lation with AOP. Nonetheless, while pH exhibited a positive
correlation (r = 0.4–0.5), TPI (r = −0.5 to 0.6) and SAOX (r =
−0.4 to 0.5) showed a negative one, showing that a higher
aroma recovered from the mouth was correlated to a higher
salivary pH and lower salivary TPI and SAOX values.

Additionally, a PCA was also performed using the individual
AOP values obtained from the intervention with the three
wines. Data from the salivary composition of St1 were also
included as supplementary variables. In this case, only the
three salivary parameters that better correlated with AOP (pH,
TPI and SAOX) were considered. The graphic representation is
shown in Fig. 4. In the plot, each data point corresponded to
the average value of five determinations per individual. As it can
be seen, AOP data are well grouped according to the wine type.
The first PCA (F1) explained most of the data variability
(97.70%) since it was strongly and positively related to AOP. SW
and AW were positively correlated to this component, exhibiting
the highest AOP values, as already shown in Fig. 4. This shows
the great impact of the ethanol content on the aroma recovered
from the mouth. DW wines showed the opposite trend, being
negatively correlated to F1 and then to AOP. Interestingly, the
individual variability seemed to have much lower influence com-
pared to the strong effect of wine type in AOP. From the salivary
parameters, TPI also exhibited a negative correlation with F1,
while pH and SAOX did not strongly contribute to the distinct
effect of wine type on AOP. This shows that from all tested sali-
vary parameters, TPI was the most related to AOP.

4. Discussion

In this study, the temporal change in salivary parameters
(flow, pH, TPC, TPI and SAOX) as a physiological response to

Fig. 3 Percentage of aroma compounds recovered before and after the
oral exposure to the different wine matrices. Different letters denote sig-
nificant differences among wine matrices when comparing the same
odorant compound. All the values were normalised considering the
highest value as 100%. DW (dealcoholised wine), AW (alcoholised wine)
and SW (synthetic wine).

Fig. 4 Graphical projection of the two first components obtained after
the application of PCA to aroma recovered after wine oral processing
(AOP), salivary parameters in St1 (TPI, TPC and SAOX) and wine type.
Only those salivary parameters that showed significant differences
among weeks have been included.
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the oral exposure to different types of wine matrices was
assessed.

Firstly, the stability of the basal saliva composition of the
cohort over the 5-week duration of the study was checked. The
results in Table 2 show that when averaging the values of all
individuals obtained in each saliva collection week (first, third
and fifth), no significant differences were found in the salivary
flow, nor in any of the selected compositional parameters (pH,
TPC, TPI and SAOX). Interestingly, although large interindivi-
dual differences in the salivary composition and flow were pre-
viously determined,9–11 these differences are less pronounced
when considering longer studies, following the same cohort
over time. These results agree with those reported by Neyraud
and co-workers4 who did not find significant changes in the
salivary composition (salivary flow, lipolysis, proteolysis, and
total antioxidant status) when monitoring the same individ-
uals during an 8-month period. In any case, the average values
determined for pH (7.23 ± 0.14), salivary flow (1.72 ± 0.60) and
TPC (998.81 ± 126.74 mg L−1) for the participants in the
present study were also within the normal values already deter-
mined in the centrifuged salivary samples.9–11 In the case of
TPI, average values of 36.64 ± 4.68 mg gallic acid per L were
found in basal saliva, which might reflect the residual polyphe-
nols coming from the diet.24 Interestingly, despite the individ-
uals not following any particular diet, saliva TPI was almost
constant during the 5-week period of this study. Additionally,
the average SAOX value (1.72 ± 0.60 μmol TE per mL) was
similar to the values previously reported using a similar
(ORAC) method for healthy elderly individuals (n = 15).33 The
origin of this antioxidant activity could not only be related to
the combined activity of different endogenous saliva antioxi-
dants (albumin, enzymes, uric acid, and ascorbate), but also to
the antioxidant activity provided by certain diet components
such as polyphenols,24 which as previously indicated, were
also found in the saliva.

Compared to the basal salivary composition (Sc), the oral
exposure to the wines produced changes in the salivary pH
and in the TPI, which depended on the type of the wine matrix
(Table 2). These differences were only statistically significant
with the basal saliva in the first collection point (St1), but not
in the second one (St2), suggesting that the “wine matrix
effect” is only noticed in the saliva composition during the
first minutes after the intervention, but it did not persist over
longer time (e.g. 15 min). The constant saliva replenishment in
the oral cavity and the “washing off” of any residue from food
or beverage intake from the oral cavity could explain this fact.
From a sensory point of view, the changes in the saliva compo-
sition during these first minutes after wine intake could be of
relevance in explaining retro-olfactory responsiveness, given
the impact of saliva on flavor perception.9,10 Results from
Table 2 show however that these changes depend on the wine
composition. The increase in saliva pH (from 7.23 to 7.54) fol-
lowed by oral exposure to SW but not after the oral interven-
tion with DW and AW could be due to the slight but still
higher pH of SW (3.5) compared to DW and AW (pH = 3.0).
Additionally, the higher buffering capacity of saliva in the case

of real wines (having different salts) compared to simple etha-
nolic solutions (SW) could have also influenced the lack of
changes in the salivary pH after the intervention with real
wine matrices. Previous works already reported a decrease in
the salivary pH following the ingestion of acidic beverages
(fruity juices). However, while one study showed how changes
in pH quickly reverted over the first five minutes after inges-
tion,34 another one took thirty minutes.35

On the other hand, the intervention with the three wine
types also induced differences in salivary TPI. A significant
increase in the TPI was observed in the saliva (St1) collected
after the oral exposure to the wines (DW and AW), compared to
the saliva collected after the exposure to the synthetic wine
(SW) (Table 2). This increase should be motivated by the pres-
ence of polyphenols in DW and AW, which were, however,
absent in SW. Previous works also found an increase in the
TPI after the consumption of polyphenol rich beverages, such
as dark chocolate, expresso coffee or tea.36,37 It was also found
that TPI returned to basal salivary levels fifteen minutes after
the oral exposure to the wine, which contrasts with some pre-
vious results in which the presence of Folin-positive agents
were found in saliva several hours after the consumption of
polyphenol rich beverages.36

Surprisingly, none of the three wines produced an effect in
the salivary flow, which contrasts with previous results.17,18 In
these works, a sialogogic (saliva-flow-producing) effect of water
solutions containing wine components (ethanol, sucrose and
tannic acid) individually or in a combination was found. Also,
it is also worth mentioning that this effect was higher with
water solutions than with real wines (Chenin blanc and Pinot
noir). In these works, the authors collected non-stimulated
resting saliva to compare the effect of the tastant stimuli on
salivary flow. The basal salivary flow values were, therefore,
much lower than those reported in the present study, which
correspond to mechanically stimulated saliva. Additionally, in
the previous studies, only parotid saliva was monitored, in
contrast with the whole mouth saliva collected in this study,
which although to a greater extent would come from the
parotid gland, the contribution of other minor glands (sub-
mandibular/sublingual) should not be underestimated. In any
case, the flow and composition of stimulated saliva has been
recently reported to correlate with sensory perception.9,10

In addition to salivary flow, results also showed that TPC
was not affected by the oral exposure to the wines either. This
result is not surprising considering that previous results on
the effect of tastant stimuli in salivary proteins are somehow
little conclusive and difficult to compare, given the high varia-
bility of foods and experimental conditions previously used.
For instance, Neyraud and colleagues38 showed that the whole
saliva proteome varied between tastants, where citric acid pro-
duced the greatest differences in protein patterns compared to
glucose.38 Additionally, DiSilvestro13 showed a reduction in
TPC in saliva after mouth rinsing with pomegranate juice
(three times per day) for 4 weeks. In contrast, Enberg and col-
leagues39 showed the opposite results, with an increase in sali-
vary TPC when studying the effect of acute alcohol consump-
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tion (0.7 g alcohol per kg of body weight for men and
0.6 g alcohol per kg of body weight for women). These results
might reflect the stimulus-specificity of dietary taste com-
pounds on the salivary proteome alteration, as previously
indicated.16

Despite the lower salivary pH induced by SW, the most
interesting fact regarding the impact of wine matrix compo-
sition was the significantly higher TPI and SAOX values found
in the saliva after the stimulation with AW and DW wines
(Fig. 3). As previously mentioned, the binding of polyphenols
contained in the wines onto oral surfaces could be the reason
behind this, which is also supported by the higher TPI in
these saliva samples compared to those collected after stimu-
lation with SW. It has also been suggested that these polyphe-
nols may function as a slow release device capable of main-
taining enhanced SAOX.36 Although a significant correlation
between SAOX and salivary TPI was demonstrated (r = 0.356; p
< 0.0001), the amount of polyphenols in saliva did not seem
sufficient in explaining the increase in SAOX after the oral
exposure to AW and DW. Other contributors could be some
salivary proteins, (e.g. histatins), which can be induced by
certain polyphenols and have antioxidant activity.40 In spite of
this, the presumably low tannin concentration of the rosé
wines used in this study does not seem to support this hypoth-
esis. New studies using wines exhibiting a wide range and
types of polyphenols should be carried out to better explain
the relationship between SAOX and salivary TPI.

Another important objective of this study was to under-
stand whether differences in the saliva composition induced
by the three wines might affect the fate of aroma compounds
in the mouth. For this, the AOP was calculated by using SOOM
methodology.31,41,42 This method determines the amount of
single odorants lost by certain “in-mouth” reactions mainly
involving saliva (e.g. adsorption/resorption in the oral cavity,
aroma interaction with salivary components, aroma metab-
olism, etc.).43 Regarding AOP values, it could be assumed that
the higher the AOP, the higher the recovery of an odorant from
the mouth after the oral intervention with wine will be, and
therefore, a lower retention in the oral cavity and a lower invol-
vement in different in-mouth reactions could be expected.

Interestingly, significant differences among AOP values for
all target aroma compounds (except γ-nonalactone) (Fig. 3)
were found depending on the type of the wine matrix. The
higher AOP values were obtained for SW, followed by AW and
DW.

These results seem to indicate the large impact of ethanol
and polyphenols present in the wine, favouring the retention
of aroma molecules in the oral cavity (therefore, exhibiting the
lowest AOP values). Different studies have pointed out that
wine polyphenols could form binary/ternary complexes with
saliva proteins from the free circulating saliva or from the
mucosa pellicle, being able to encapsulate aroma
molecules.32,44,45 These complexes could form reservoirs of
aroma molecules in the mouth, which might decrease the
immediate aroma release,46,47 but can contribute to the long
lasting aroma perception (aroma persistence), when they are

progressively released.48,49 In fact, the adsorption of polyphe-
nols to salivary proteins24 or to oral epithelial cells50 has been
shown, proving that they can persist several hours after the
intake of polyphenol-rich beverages (coffee and chocolate
beverages).24

Nonetheless, in the presence of a well-known organic
solvent, such as ethanol, polyphenol–salivary protein–aroma
complexes could be washed off from the oral cavity, which
might explain the higher AOP after the oral exposure to the
alcoholic wine matrices. Interestingly, when considering the
same ethanol concentration, as in the case of the AW and SW
matrices, significantly lower AOP values were found for AW.
This would support the higher oral retention of aroma com-
pounds in the presence of polyphenols. This is in agreement
with the higher saliva TPI after the exposure of AW, which, as
explained, might favour the retention of aroma molecules in
the oral cavity. As far as we know, this is the first work in the
literature, in which the relationship between salivary TPI and
the behaviour of aroma compounds in the oral cavity has been
established. These results also agree with the correlation
found between the TPI of commercial wines and the oral
release of aroma compounds (esters).46

It is also worth mentioning the large differences in AOP
among certain groups of compounds depending on the wine
type (Fig. 3). For instance, in the case of DW, the high hydro-
phobicity of γ-nonalactone could determine its low recovery
from the oral cavity. It has been suggested that the higher
retention of certain odorants in the oral mucosa, such as
β-ionone, was due to their high hydrophobicity allowing them
to bind with mucins present in the oral mucosal pellicle.46

Nonetheless, the lower recovery of esters (above 34–36%) after
the oral exposure to DW compared to other compounds, such
as the lineal aldehydes hexanal or octanal (AOP values above
60%) cannot be exclusively explained by the differences in
hydrophobicity. Both groups of compounds have similar log P
values (Table 1). The log P of the four esters ranged between
1.70 and 2.83, while both aldehydes have log P values of 1.38
and 3.5 for hexanal and octanal, respectively (Table 1). This
shows that mechanisms other than hydrophobicity might also
influence the amount of these compounds retained in the
mouth. Previously, the existence of salivary esterase able to
hydrolyse esters has been shown using ex vivo saliva
models.22,51 This could be the reason for the lower recovery of
esters in the expectorated DW compared to compounds with
similar hydrophobicity (aldehydes). Muñoz-González and co-
workers,25 using ex vivo saliva models, also showed that some
linear aldehydes (e.g. octanal) could be metabolised by salivary
enzymes, giving rise to the corresponding linear alcohol
(octanol), which could affect their recovery into the expecto-
rated wines.

On the other hand, it has recently been proven that at the
usual wine ethanol concentration (above 10–12%), the activity
of salivary esterase enzymes is highly reduced.23 Although the
effect of ethanol in NAD(P)H dependent enzymes, which could
be involved in the metabolism of aldehydes, has not been
described so far, the effect of ethanol on these enzymes
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should not be neglected. Then, the presence of ethanol could
contribute to an explanation for the higher recovery of certain
aroma molecules (esters and aldehydes) after the oral exposure
to AW and SW wine types by inhibiting their oral metabolism.
This is in agreement with the higher oral persistence of esters
described in the presence of ethanol.12

5. Conclusions

Results from this work have shown an effect of the oral
exposure to different wine types (mainly differing in ethanol
and macromolecule contents) on the changes in the saliva
composition. These changes are mostly produced within the
first five minutes after the oral intervention with the wines,
and they returned to the basal composition after fifteen
minutes. The most affected salivary parameters were pH, TPI
and SAOX. Nonetheless, these changes depended on the
matrix composition. The intervention with a SW produced an
increase in salivary pH, while the intervention with a DW and
the same wine with ethanol added (AW) produced an increase
in the TPI and SAOX. The increase in salivary TPI has been
related to a higher retention of aroma molecules in the oral
cavity, which was highly relevant in the wine without ethanol.
Ethanol increased the recovery of aroma compounds in the
expectorated wines, suggesting a limitation in their in-mouth
availability. This could be explained by higher solubilisation of
the aroma–saliva protein–polyphenol complexes, or, in the
case of certain aroma compounds (esters), it could also be due
to the inhibition of the enzymatic reactions involving esterase
enzymes. The increase in SAOX after the oral intervention with
the wine might also have a potential impact on some types of
redox reactions involving aroma molecules (e.g. aldehydes).
New studies focused on determining the impact of wines with
different types and concentrations of polyphenols on salivary
TPI and SAOX and their effect on odorant molecules prone to
reduction reactions will be conducted in oncoming works in
order to understand the relevance of these reactions on flavour
perception.
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