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ABSTRACT: Wine is an acidic beverage; its pH (2.9−3.8) is critically important to its organoleptic properties. During
degustation, wine interacts with <1 mL of mouth saliva, the pH of which is near 7.0. This is buffered predominantly by the
carbonate/bicarbonate pair (pKa = 6.1). Few data are available on whether the buffering capacity of saliva may alter the pH of
wine and thus its sensorial properties. In this study both in vitro and in vivo approaches were conducted to measure pH in
mixtures of representative red and white wines with human saliva. Continuous additions of microvolumes of either wine to a
definite volume (3 mL) of saliva in vitro resulted in a progressive and steep decline in the pH of the wine/saliva mixture. Thus, a
few microliters of either wine (<0.27 mL) was sufficient to reduce the pH of saliva by 1 pH unit. Further additions of wine to
saliva lowered the pH to that of the corresponding wine. In the in vivo assay, definite volumes (1.5−18 mL) of either wine were
mixed for 15 s with the mouth saliva of individual healthy subjects before pH determination in the expectorated wine/saliva
mixtures. Compared to saliva, pronounced decreases in pH were observed, thus approaching the pH of wine even with the
smallest volume of wine in the assay. Altogether, these results demonstrate that the buffering capacity of wine prevails over that of
saliva and that during degustation the pH of the wine/saliva mixture in the mouth is, at least temporarily, that of the
corresponding wine.
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■ INTRODUCTION

Wine is produced by fermentation of Vitis vinifera L. grape
juice. Such beverage is a complex mixture of water, alcohols,
sugars, phenolics, a number of aromatic compounds, minerals,
and organic esters and acids. Organic acids derived from both
grape pulp and fermentation activities are mainly responsible
for wine acidity.1 Tartaric, malic, citric, succinic, lactic, and
acetic acids represent the most common organic acids present
in wine. Both the concentration of organic acids and the malic
acid to tartaric acid ratio are the main determinants of grape
and grape must pH, which is in the range from 2.8 to 3.8. In
winemaking, pH is critical to microbiological stability, growth
of fermenting yeasts and fermenting bacteria, color stability,
and organoleptic properties. In addition, organic acids provide
wines with a buffering capacity in direct relationship with their
contents. Such capacity is maximal in wines having a pH close
to the pKa of its main acid component, for example, tartaric
acid.2 During degustation, wine is mixed with mouth saliva
(also called “whole saliva” or “mixed saliva”). Saliva is a highly
complex liquid, a colorless, odorless, tasteless, and viscous
mixture of exocrine secretions, the main components of which
are water (99.5%), protein (0.3%), and inorganic compounds
(0.2%).3,4 The protein fraction of saliva is mainly composed of
glycoproteins, enzymes, immunoglobulins, and a wide variety of
polypeptides, such as cystatins, statherins, histatins, and proline-
rich proteins.3−5 The inorganic fraction of saliva is composed of
various concentrations of electrolytes, such as sodium and
potassium cations and chloride and bicarbonate anions.6 The
main functions of saliva are lubrication, oral health protection,
antimicrobial activity, food digestion, and oral sensoriality.3,7,8 A
main scarcely studied role of saliva is its buffering capacity to
stabilize the oral pH and to counteract changes in pH produced
by foods.9 The pH of saliva is in the range from 6.2 to 7.4.6 The

buffering capacity of saliva would be basically dependent on
bicarbonate, histidine-rich low-molecular-weight polypeptides,
and phosphate ions.3 Buffering capacity would be beneficial for
protecting oral tissues against acids and alkalis derived from
foods, beverages, and bacterial plaque.
On these grounds, there is not much information in the

literature about the pH of the wine/saliva mixture in the mouth
during wine tasting or, in other words, whether the pH of the
mixture of neutral buffered saliva and acidic buffered wine is
different from either the salivary pH, the wine pH, or both.
Thus far, not much information is available regarding either the
buffering capacity of saliva to neutralize wine acidity or the
buffering capacity of wine to counteract the buffering power of
saliva. This study aimed at determining pH in mixtures of saliva
and two representative commercial red and white wines both
under conditions mimicking wine tasting (mixing in the
mouth) and under in vitro conditions (mixing in a test tube).

■ MATERIALS AND METHODS
Subjects. Two healthy females (23 and 25 years old) and one

healthy male (28 years old) without history of smoking, alcoholism, or
medication consumption, with no evidence of disease during the 60
days prior to the study and displaying both normal saliva flow (>1
mL/min) and normal salivary protein profile were included under the
terms of a signed informed consent.10 To minimize confounding
variables, all three volunteers consumed a balanced diet for 3 days
before beginning the experiments.

Received: July 5, 2016
Revised: October 7, 2016
Accepted: October 11, 2016
Published: October 11, 2016

Article

pubs.acs.org/JAFC

© 2016 American Chemical Society 8154 DOI: 10.1021/acs.jafc.6b03013
J. Agric. Food Chem. 2016, 64, 8154−8159

pubs.acs.org/JAFC
http://dx.doi.org/10.1021/acs.jafc.6b03013


Saliva Collection. Following a mouth rinse with water, samples of
whole saliva were passively collected (with no use of stimulants). To
this end, saliva accumulated in the mouth for 1 min was transferred to
a glass vessel maintained in ice. The procedure was repeated up to
three times, and saliva was pooled. Collections were routinely
conducted between 9:00 and 11.00 a.m. to minimize eventual diurnal
variations in salivary composition.11 Saliva was conserved in an ice
bath during the experiments.
Wines. Two commercially available wines were used, namely, a

Cabernet Sauvignon (Vineyard Misiones de Rengo, Cachapoal Valley,
Libertador Bernardo O’Higgins Region, Chile, year 2009, serial no. L-
0039) and a Sauvignon blanc (Vineyard Misiones de Rengo, year
2010, serial no. L-0288). Each wine was characterized by the following
chemical analyses: total phenols by absorptiometry at 280 nm,12 total
tannins by the methyl cellulose procedure,13 total anthocyans by the
bisulfite decoloration method,12 color intensity (absorbances at 420 +
520 + 620 nm for red wines and at 420 nm for white wines),14 total
acidity by alcalimetry with 0.1 N NaOH and phenolphthalein indicator
for white wine and bromothymol blue indicator for red wine), pH by
potentiometry using a combination glass electrode at 20−22 °C,12

ethanol content by densimetry,12 reducing sugar content by the
Fehling Causse−Bonnans liquor method,12 and contents of organic
acids (tartaric, malic, citric, and lactic acids) by HPLC-DAD analysis.15

Physicochemical characteristics of both wines are summarized in Table
1.

pH after Wine/Saliva Interaction: In Vitro Assay. A 3 mL
aliquot of saliva was placed in a glass beaker with constant mechanical
stirring and a setting for continuous pH reading and scoring. After
initial reading of the pH, successive aliquots of wine were added at 15 s
intervals. Aliquots of wine added to saliva were increased gradually
according to the following schedule: 5 μL from 0 to 200 μL of added
wine, 20 μL from 200 to 300 μL, 50 μL from 300 to 600 μL, 100 μL
from 600 μL to 3 mL, 1 mL from 3 to 9 mL and, finally, 3 mL from 9
to 18 mL of total added wine. For each subject, the assays were carried
out in triplicate with independent samples of saliva and using both
wines.
pH after Wine/Saliva Interaction: In Vivo Assay. An aliquot of

wine (red or white) was placed in the mouth of each volunteer (n = 3).
After mixing thoroughly during 15 s, the wine/saliva mixture was
transferred from the mouth to a glass vessel for pH determination. The
procedure was conducted in triplicate at 5 min intervals with aliquots
of wine in the range from 1.5 to 18.0 mL (1.5, 2.0, 2.5, 3.0, 6.0, 9.0,
15.0, and 18.0 mL). In those intervals, the volunteer rinsed his/her
mouth with 10 mL of water.
Statistics. Infostat 9.0 software and the Kruskal−Wallis non-

parametric test were used to analyze data from the in vitro assay for
pH. If significant differences between treatments were observed, a
multiple-comparison test for differences between means was

conducted. On the other hand, Minitab 16 software and ANOVA
were used to analyze results from the in vivo assay for pH. In the case
of significant differences between treatments, Tukey’s test was applied
with a 5% margin of error.

■ RESULTS
Changes in pH following Mixing of Wine with Saliva:

In Vitro Assay. At the start of the assay, the pH of saliva was
about 7.22, and the pH values of the red and white wines were
3.84 ± 0.0 and 3.38 ± 0.0, respectively. As shown in Table 2,
addition of wine (red or white) to a definite amount of saliva (3
mL) resulted in a progressive decrease in pH of the wine/saliva
mixture. Both pH curves were identical (Figure 1). For the first
part of the assay with either wine (up to about 1800 μL) the
pH fell steeply, then the fall of the pH slowed (to about 4000
μL) and, finally (>6000 μL), it reached the pH of the
corresponding wine. With no exception, the pH of the wine/
saliva mixtures was lower for corresponding volumes of white
wine compared to red wine. A closer analysis of pH progression
in the wine/saliva mixtures as either wine was being added
showed that the pH fall was significantly more pronounced at
the beginning of wine additions (Figure 2). Accordingly,
additions of red wine to 3 mL of saliva provoked pH decreases
of 0.45 pH unit/100 μL wine in the range of 100−500 μL of
wine compared to decreases of 0.16, 0.05, and 0.025 pH unit/
100 μL wine in the ranges of 600−900, 1000−1300, and 1400−
1800 μL of wine, respectively. Likewise, the initial successive
additions of the white wine to saliva resulted in pH decreases of
0.52 pH unit/100 μL wine in the range of 100−500 μL of wine
compared to decreases of 0.11, 0.05, and 0.03 pH unit/100 μL
wine in the same respective ranges indicated above (Figure 2
and Table 2). As indicated before, the pH decrease was
practically zero when the total volume of wine added to 3 mL
of saliva was 6 mL or more.

Changes in pH following Mixing of Wine with Saliva:
In Vivo Assay. Growing aliquots of wine (range 1.5−18 mL)
were thoroughly mixed with the total volume of saliva present
in mouth just before the mixture was returned to a glass vessel
for measuring the pH. At the start of the assay, the pH of saliva
was 7.2 ± 0.2 and the pH values of wines were 3.9 ± 0.0 (red)
and 3.4 ± 0.0 (white). The smallest aliquots of either red or
white wine in the assay, that is, 1.5 mL, were sufficient to
provoke a sharp and significant fall in the pH of the wine/saliva
mixture (about 3 pH units) (Figure 3 and Table 3). Mixing
higher volumes of either wine (in the range of 2−18 mL) with
mouth saliva produced small additional pH decreases. By
mixing 3 mL (or more) of red wine or 6 mL (or more) of white
wine with mouth saliva, the pH of the wine/saliva mixture
achieved its minimal value, which was the one of the
corresponding plain wine. Again, under the same experimental
conditions in the assay, the observed pH in the various wine/
saliva mixtures was significantly lower for white wine compared
to red wine.

■ DISCUSSION
On the basis of both in vitro and in vivo pH determinations, we
have now provided evidence that during wine tasting, that is,
when wine comes in contact for a short time with saliva in the
mouth, saliva is unable to neutralize or modify the wine pH, at
least temporarily. The in vitro assay consisted in continuous pH
monitoring along with the stepwise addition of aliquots of wine
to a known volume of saliva, usually 3.0 mL for convenience.
Thus, the starting pH in the assay was that of saliva, around

Table 1. Physicochemical Properties of Red and White
Wines in the Studya

red wine white wine

total phenols (g GAE/L) 1.7 ± 0.0 0.1 ± 0.0
total tannins (g procyanidin/L) 1.4 ± 0.3 0.1 ± 0.0
total anthocyans (mg malvidin/L) 309.4 ± 19.4
color intensity 9.4 ± 0.1 0.1 ± 0.0
titratable acidity (g tartaric acid/L) 4.8 ± 0.2 6.6 ± 0.1
pH 3.8 ± 0.0 3.4 ± 0.0
ethanol (% v/v) 13.8 ± 0.0 12.2 ± 0.3
reducing sugars (g glucose/L) 4.3 ± 0.4 2.8 ± 0.1
tartaric acid (mg/L) 3514.9 ± 20.2 3986.7 ± 102.8
malic acid (mg/L) 0.0 ± 0.0 3641.9 ± 115.3
citric acid (mg/L) 0.0 ± 0.0 1089.1 ± 92.4
lactic acid (mg/L) 1271.5 ± 7.9 140.9 ± 9.5

aFigures represent means ± standard deviation (triplicates). GAE,
gallic acid equivalents.
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7.0.3,6 Under these conditions, very minor volumes of wine (a
few microliters) were sufficient to significantly reduce the pH of
saliva. This sole observation appears to conflict with the view
that the buffer capacity of saliva serves to counteract changes in
mouth pH associated with food consumption.9

Saliva, like many other bodily fluids, is a finely buffered
system that takes up or releases H+ to minimize changes in its
concentration.3 A significant decline in pH (whatever signif icant
may mean!) can produce diverse biological effects in the
organism. In effect, considering that pH is logarithmically
related to H+ concentration, a pH decline from 7.0 to 6.9,
which in the in vitro assay was produced by adding less than 70
μL of red wine or 35 μL of white wine to 3 mL of saliva,

represents roughly a 25% increase in the H+ concentration in
the wine/saliva mixture compared to plain saliva. In fact, every
drop of 0.1 pH unit represents a 25% increase in H+

concentration. By the same token, the H+ concentration was
doubled or the pH dropped by 0.3 pH unit (in reference to
plain saliva) after the addition of the first 135 μL of red wine or
70 μL of white wine to the 3 mL aliquot of saliva. Likewise, by
mixing the red or white wine with saliva at a 1:1 volume ratio
(i.e., 3 mL in the in vitro assay), pH values of the wine/saliva
mixtures became close to that of the corresponding wine in the
mixture. Under these latter conditions, compared to plain
saliva, the H+ concentrations in the red wine/saliva and white
wine/saliva mixtures were increased over 900- and 2500-fold,

Table 2. pH of Wine/Saliva Mixtures Produced in Vitro by Continuous Addition of Definite Volumes of Red or White Wine
(μL) to 3 mL of Salivaa

T volume wine pH sal−RW pH sal−WW T volume wine pH sal−RW pH sal−WW

1 0b 7.25 ± 0.2 7.19 ± 0.1 44 260 6.29 ± 0.4 5.33 ± 0.3
2 5 7.29 ± 0.2 7.18 ± 0.2 45 280 6.16 ± 0.4 5.23 ± 0.3
3 10 7.28 ± 0.2 7.06 ± 0.2 46 300 6.05 ± 0.3 5.11 ± 0.3
4 15 7.27 ± 0.2 7.02 ± 0.3 47 350 5.84 ± 0.3 4.95 ± 0.2
5 20 7.24 ± 0.2 7.14 ± 0.1 48 400 5.63 ± 0.3 4.82 ± 0.2
6 25 7.23 ± 0.2 7.12 ± 0.1 49 450 5.46 ± 0.3 4.70 ± 0.2
7 30 7.21 ± 0.2 7.11 ± 0.1 50 500 5.29 ± 0.2 4.60 ± 0.2
8 35 7.23 ± 0.2 7.05 ± 0.2 51 550 5.17 ± 0.2 4.51 ± 0.2
9 40 7.21 ± 0.2 7.06 ± 0.1 52 600 5.06 ± 0.1 4.43 ± 0.2
10 45 7.21 ± 0.2 7.05 ± 0.1 53 700 4.89 ± 0.1 4.33 ± 0.2
11 50 7.20 ± 0.2 7.00 ± 0.1 54 800 4.74 ± 0.0 4.25 ± 0.1
12 55 7.19 ± 0.2 6.97 ± 0.1 55 900 4.62 ± 0.1 4.15 ± 0.1
13 60 7.16 ± 0.2 6.92 ± 0.1 56 1000 4.54 ± 0.0 4.09 ± 0.1
14 65 7.17 ± 0.2 6.90 ± 0.1 57 1100 4.47 ± 0.0 4.03 ± 0.1
15 70 7.16 ± 0.3 6.88 ± 0.1 58 1200 4.41 ± 0.0 3.97 ± 0.1
16 75 7.14 ± 0.3 6.85 ± 0.1 59 1300 4.36 ± 0.0 3.94 ± 0.1
17 80 7.14 ± 0.3 6.84 ± 0.1 60 1400 4.32 ± 0.0 3.89 ± 0.1
18 85 7.12 ± 0.3 6.80 ± 0.1 61 1500 4.29 ± 0.0 3.85 ± 0.1
19 90 7.11 ± 0.3 6.73 ± 0.2 62 1600 4.25 ± 0.0 3.82 ± 0.1
20 95 7.09 ± 0.3 6.72 ± 0.2 63 1700 4.23 ± 0.0 3.78 ± 0.1
21 100 7.07 ± 0.3 6.69 ± 0.2 64 1800 4.21 ± 0.0 3.77 ± 0.1
22 105 7.04 ± 0.3 6.63 ± 0.2 65 1900 4.18 ± 0.0 3.74 ± 0.1
23 110 7.03 ± 0.3 6.56 ± 0.2 66 2000 4.17 ± 0.0 3.72 ± 0.1
24 115 7.01 ± 0.3 6.53 ± 0.2 67 2100 4.14 ± 0.0 3.70 ± 0.1
25 120 7.01 ± 0.3 6.48 ± 0.2 68 2200 4.12 ± 0.0 3.69 ± 0.1
26 125 6.98 ± 0.3 6.42 ± 0.2 69 2300 4.10 ± 0.0 3.68 ± 0.1
27 130 6.97 ± 0.3 6.39 ± 0.3 70 2400 4.09 ± 0.0 3.66 ± 0.1
28 135 6.95 ± 0.3 6.33 ± 0.3 71 2500 4.08 ± 0.0 3.64 ± 0.1
29 140 6.92 ± 0.3 6.28 ± 0.3 72 2600 4.06 ± 0.0 3.64 ± 0.1
30 145 6.90 ± 0.3 6.23 ± 0.3 73 2700 4.05 ± 0.0 3.62 ± 0.1
31 150 6.87 ± 0.3 6.16 ± 0.3 74 2800 4.04 ± 0.0 3.62 ± 0.1
32 155 6.84 ± 0.3 6.11 ± 0.4 75 2900 4.04 ± 0.0 3.60 ± 0.1
33 160 6.82 ± 0.3 6.05 ± 0.4 76 3000 4.03 ± 0.0 3.58 ± 0.1
34 165 6.78 ± 0.3 6.00 ± 0.4 77 4000 3.99 ± 0.0 3.55 ± 0.0
35 170 6.76 ± 0.3 5.95 ± 0.4 78 5000 3.94 ± 0.0 3.50 ± 0.0
36 175 6.73 ± 0.3 5.88 ± 0.4 79 6000 3.91 ± 0.0 3.48 ± 0.0
37 180 6.70 ± 0.3 5.85 ± 0.4 80 7000 3.90 ± 0.0 3.45 ± 0.0
38 185 6.68 ± 0.3 5.83 ± 0.4 81 8000 3.88 ± 0.0 3.44 ± 0.0
39 190 6.66 ± 0.3 5.77 ± 0.4 82 9000 3.87 ± 0.0 3.42 ± 0.0
40 195 6.64 ± 0.4 5.73 ± 0.4 83 12000 3.86 ± 0.0 3.41 ± 0.0
41 200 6.58 ± 0.4 5.68 ± 0.4 84 15000 3.85 ± 0.0 3.40 ± 0.0
42 220 6.51 ± 0.3 5.57 ± 0.3 85 18000 3.84 ± 0.0 3.39 ± 0.0
43 240 6.39 ± 0.4 5.44 ± 0.3 86 wine 3.84 ± 0.0 3.38 ± 0.0

apH values for each condition are presented as means ± standard deviation of triplicates from three independent experiments with saliva from three
different subjects. T, treatment; RW, red wine; WW, white wine. bAt the start, 3 mL of plain saliva (no wine).
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respectively. Volumes of 4 mL or more of either red or white
wine mixed with 3 mL of saliva lowered pH values to roughly
those of the corresponding wines. Overall, highly reproducible
pH curves were produced in the in vitro assay for different
samples of saliva taken either from a single subject or from
different subjects. Extrapolation of data from these in vitro
measurements made in 3 mL of saliva to the in vivo condition,
involving an estimated volume of saliva in the mouth of 1 mL,16

suggests that a third of the indicated volumes of wine would
provoke the above-mentioned decreases in salivary pH or
increases in salivary H+ concentration. Altogether, the in vitro
assay clearly showed that resistance of saliva to pH change
(buffering capacity) when mixed with either the red or white
wine was not evident.
Certainly, saliva mixed with wine in a test tube should not be

equated straightforwardly to saliva in the mouth during tasting.
In effect, saliva is mostly organized as a complex film that covers

all hard and soft tissues in mouth and serves as the first
interphase between the organism and the oral environment,
including foods.16,17 In addition to its multiple functions in
digestion, the salivary film maintains the oral surface, protects it
against noxious influences, and repairs tissue damage.3 Oral
sensoriality is also critically dependent on a normal salivary film.
For instance, astringency, a tactile sensation in the mouth
mostly associated with red wine tasting, has been mechanisti-
cally associated with molecular interactions between certain
food components (tannins) and some protein components of
the salivary film.18−20 In addition, the abundant aqueous
component of the salivary film serves as a transport medium for
chemical and biochemical signals, evoking a variety of oral
sensations associated with taste, flavor, and mouthfeel.21,22

Thus, the salivary film is part of a responsive system that is
linked by a neural network consisting of sensory receptors,
afferent nerve fibers to the central nervous system, and efferent
fibers to the salivary glands.23,24 Such suprastructure regulates
salivary secretion activity in response to a variety of signals,
from the inside and the outside of the organism.21,22,24 Citric

Figure 1. pH curve after in vitro addition of either red or white wine to
saliva. The pH was continuously registered during successive additions
of definite volumes of wine to a 3 mL aliquot of saliva. Curves
represent means of triplicates from three independent experiments
performed with saliva of three different subjects. Each pH value is
depicted as the mean ± standard deviation.

Figure 2. Changes in the pH of wine/saliva mixtures during initial
additions of wine aliquots to a definite volume of saliva in vitro. On the
basis of the continuous fall in pH in the experiment shown in Table 2,
differences in pH observed at 100 μL wine intervals were plotted in the
range between the basal condition (no wine addition and 3 mL of
saliva) and a total addition of 1.8 mL of wine. Note in either curve an
initial peak representing the transition from the buffering influence of
saliva to the buffering influence of wine.

Figure 3. pH curve of wine/saliva mixtures after addition of wine to
mouth saliva. Volumes of wine in the range of 1.5 and 18 mL
(abscissa) were thoroughly mixed with saliva in the mouths of
volunteers (n = 3) and returned to a glass vessel for pH determination.
Curves represent means of triplicates from three independent
experiments performed with saliva of different subjects. The pH is
depicted as the mean ± standard deviation.

Table 3. pH of Wine/Saliva Mixtures Produced by Placing
Different Volumes of Wine into the Moutha

wine (mL) pH RW−saliva mix pH WW−saliva mix

0 7.2 ± 0.2 e 7.2 ± 0.1 e
1.5 4.3 ± 0.1 d 3.9 ± 0.1 d
2 4.2 ± 0.1 cd 3.8 ± 0.1 d
2.5 4.1 ± 0.1 bcd 3.7 ± 0.1 cd
3 4.1 ± 0.0 abcd 3.7 ± 0.0 bcd
6 4.0 ± 0.1 abc 3.5 ± 0.0 abc
9 3.9 ± 0.0 ab 3.5 ± 0.0 ab
15 3.9 ± 0.0 ab 3.4 ± 0.0 a
18 3.9 ± 0.0 a 3.4 ± 0.0 a
wine only 3.9 ± 0.0 a 3.4 ± 0.0 a

apH values represent means ± standard deviation of triplicates and
three subjects. Values with different letters in a column are significantly
different (Tukey’s test, p < 0.05).
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acid (1−8%) is the archetype of topical stimulants of salivary
secretion in humans.25 Such secretory response occurs within
seconds after topical application of acid on the tongue and
remains while the acid stimulus persists.26 Once the acid
stimulus disappears, the salivary flow will return to a normal
rate within no more than 2−3 min.26 Successive acid
stimulations at time intervals longer than 3 min have proven
to be independent of each other.26 Due to its acidic character,
among other features, it is quite likely that wine stimulates
salivary secretion. Thus, the in vivo assay in this study was
designed to measure pH in series of wine/saliva mixtures
produced at 5 min intervals by swilling definite volumes (1.5−
18 mL) of red wine or white wine in the mouth for a constant
short time (15 s). As in the in vitro assay, the in vivo assay also
showed a decrease in the pH of the wine/saliva mixtures in
close connection with the volume of red or white wine placed
in mouth.
The lowest volume of wine used in the in vivo assay (1.5

mL) was selected to ensure its complete mixing with the whole
volume of saliva in the mouth.16 Such a small volume of wine
was sufficient to lower the pH from about 7 in saliva to about 4
in the wine/saliva mixtures, that is, to pH levels near the ones
of the corresponding red or white wine. Volumes of wine over 2
mL produced just marginal additional pH drops in the wine/
saliva mixtures, so that the maximal volume of wine in the assay
(18 mL) resulted in the pH of the corresponding red or white
wine. Considering that wine tasting is frequently performed
with volumes of wine around 10−25 mL,27−29 our observations
clearly indicate that the pH of the wine/saliva mixture in the
mouth during wine tasting is that of the wine. In that respect,
however, some considerations are necessary. First, during
tasting, the observed pH would be the one of the wine for up to
at least 15 s after the wine is placed in the mouth. That means
that over that period of time, which is derived from the
experimental conditions in the in vivo assay, the buffering
capacity of saliva is unable to prevent a pH decrease to its
theoretically minimum value in the wine/saliva mixture.
Second, after that time (15 s) and before 2−3 min, the
corresponding increase in H+ concentration becomes neutral-
ized jointly by the HCO3

− ion provided by some domains of
the secretory salivary epithelia (with formation of carbonic
acid), by the carbonic anhydrase-catalyzed conversion of
carbonic acid to carbonic anhydride and water (with diffusion
of CO2 out of saliva) and, concomitantly, by the acid-stimulated
increase in salivary flow rate.30 Such a tripartite system would
play a major role in the response of the organism against the
abrupt acid challenge from wine. According to data in this
study, such a system seems to act since the wine comes into
contact with the mouth. In effect, as shown in this study, similar
pH drops were produced by mixing equivalent volumes of wine
either with 3 mL of saliva in the in vitro assay or with the saliva
present in the mouth (estimated to be 1 mL)16 in the in vivo
assay. The red wine and the white wine behaved likewise. Quite
likely, pH neutralization was already in progress during the 15 s
mixing time of wine and saliva in the mouth.
As commented just above, during wine tasting, full recovery

of the normal salivary pH (around 7) after exposure to the wine
would take 2−3 min.26 During all that period of time, a number
of excitatory responses associated with wine sensoriality are
dynamically triggered through a variety of oral sensory and
tactile receptors to the nervous central system.23,24 At least
some of those wine-evoked sensations and perceptions can be
primarily influenced by pH-dependent interactions between a

diversity of wine components and specialized structures in the
mouth, including highly selective sensory receptors and the
salivary film.31−34 According to our findings, proper consid-
eration of those various interactions should necessarily include
pH values as low as that of the wine being tasted. Moreover,
even the finest adjustments to pH that a winemaker may decide
to do in a red or white wine will remain unaltered at least for a
short while when the beverage is being tasted in the mouth.
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assessment of salivary secretory response to citric acid. Differences
with pilocarpine. Rev. Med. Chile 1998, 126, 1330−1337.
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