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A B S T R A C T

It has been suggested that the addition of flavonols (i.e. white grape skins) improves and stabilizes the color of
red wines. However, it has been shown that flavonol glycosides produce a mouth-drying and mouth-coating
sensation at very low threshold concentrations. Moreover, the addition of polysaccharides to wines is a practice
addressed to improve the smoothness and roundness and correct excessive astringency, so we have studied the
effect of the addition of yeast mannoproteins (MP) on the interaction between quercetin 3-glucoside and human
salivary peptides. Sensory analysis showed the first evidence of the mannoprotein smoothing effect when the
flavonol is added to wine. Additionally, MP/SP/polyphenol interactions were studied using fluorescence spec-
troscopy, dynamic light scattering and isothermal titration calorimetry. Results obtained indicate not only the
existence of interactions between mannoproteins and flavonols but also between mannoproteins and salivary
proteins (SP), suggesting a possible formation of protein/polyphenol/polysaccharide ternary complex.

1. Introduction

Astringency has been described as an oral sensation that causes
drying, roughing and puckering of the mouth epithelia (Gawel,
Oberholster, & Francis, 2000). This phenomenon is thought to be due to
the interaction between polyphenols and salivary proteins, namely
proline-rich proteins (PRPs). This interaction can lead to the formation
of insoluble aggregates that precipitate in the mouth, which would
modify saliva lubrication. It has also been evidenced that not all as-
tringents cause salivary protein precipitation, supporting that there
must be others mechanisms implicated in astringency development (Lee
& Vickers, 2012). Furthermore, it is known that astringency perception
can differ widely between individuals, and it can even increase with
repeated intake. All these factors make it really laborious to assess as-
tringency (Bajec & Pickering, 2008; González-Royo et al., 2017).

Flavonols are commonly found in plants, foods and beverages, in-
cluding wine as one of the main sources in the diet. In food matrix,
these compounds are usually present in glycosylated forms, being 3-O-
glucosides their most frequent conjugated (Mattivi, Guzzon, Vrhovsek,
Stefanini, & Velasco, 2006). In wines, flavonols have been related to
different organoleptic properties such as color, bitterness or as-
tringency, being the main flavonols reported quercetin and its con-
jugated derivatives. Flavonol content has been associated with color
because they act as good co-pigments (Escribano-Bailón & Santos-

Buelga, 2012). In fact, the addition of extracts containing glycosylated
flavonols for color stabilization in red wine has been suggested
(Gordillo et al., 2014). Moreover, it has been shown that flavonol gly-
cosides produce a mouth-drying and mouth-coating sensation at very
low threshold concentrations (Scharbert & Hofmann, 2005). Although
little research has been reported regarding astringency of wine flavo-
nols, it has been recently demonstrated that flavonols interact with
human salivary proteins resulting in an increase in astringency and
bitterness perception (Ferrer-Gallego et al., 2015).

It is widely acknowledged that the astringent sensation can be
modulated by several factors, like the presence of acids, sugars, ethanol,
and others. Different studies have revealed that polysaccharides, such
as pectin, xanthan, gum arabic and gellan could disrupt protein-tannin
interaction. These polysaccharides have been also shown to be able to
retain anthocyanins and tannins, thereby preventing their precipitation
(Escot, Feuillat, Dulau, & Charpentier, 2001). It has been reported that
cell wall polysaccharides can bind to tannins reducing their ex-
tractability (Hanlin, Hrmova, Harbertson, & Downey, 2010), or they
can even influence astringency through a competition process at a
sensory level. Although the relationship between polysaccharide com-
position and tannin binding capacity of cell walls is not clear, several
polysaccharide families have been described to be able to interact with
tannins. These polysaccharides could reduce astringency by limitation
of available proanthocyanidins (García-Estévez, Pérez-Gregorio, Soares,
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Mateus, & De Freitas, 2017). Thus, polysaccharides could be used to
improve astringency with an increase of the wine sweetness and
roundness.

Two main mechanisms have been proposed to explain the reduction
of astringency provoked by the addition of polysaccharides. One of
them has been proposed to be the formation of protein/polyphenol/
polysaccharide ternary soluble complex (Mateus, Carvalho, Lu, & de
Freitas, 2004; Soares, Brandão, Mateus, & De Freitas, 2017). The other
one implies the preferential interaction between the polyphenol and the
polysaccharide, competing with protein aggregation (Brandão et al.,
2017). Similarly, it has also been suggested that polysaccharides could
develop a secondary structure in solution creating hydrophobic pockets
capable of encapsulating and complex polyphenols (Mateus et al., 2004;
Ozawa, Lilley, & Haslamt, 1987).

Riou, Vernhet, Doco, and Moutounet (2002) have shown that
polysaccharide addition can prevent the growth of tannin aggregates
but not their formation. Moreover, in their experiments, only manno-
proteins were clearly able to affect the growth of tannin aggregates at
their concentration in wines (Riou et al., 2002). Among wine poly-
saccharides, mannoproteins released from yeast during winemaking
represent ca. 35% of total wine polysaccharides (Vidal, Williams, Doco,
Moutounet, & Pellerin, 2003). These polysaccharides are glycoproteins
located in the external layer of the yeast cell wall and composed of
10–20% of protein and about 80% of D-mannose associated to residues
of D-glucose and N-acetylglucosamine (Rodrigues, Ricardo-da-silva,
Lucas, & Laureano, 2012). Mannoproteins can be released to wine
during alcoholic fermentation by yeast when they are actively growing,
or released after yeast autolysis by the action of glucanases on the cell
wall during ageing (Guadalupe, Martínez, & Ayestarán, 2010). The
interest of using mannoproteins in winemaking has gradually increased
during the last years. Different effects of the addition of yeast manno-
protein in wines such as protein and tartrate stabilization, stimulation
of malolactic fermentation, color stabilization, reduction of protein
haze formation (Waters, Pellerin, & Brillouet, 1994) and inhibition of
tannin aggregation have been reported. Additionally, recent studies
have also described their influence on sensory quality, contributing to
smoothing astringency of red wines (Quijada-Morín, Williams, Rivas-
Gonzalo, Doco, & Escribano-Bailón, 2014) and interacting with wine
volatile compounds. Hence, it has been reported that different com-
mercial mannoprotein formulates can modify the phenolic composi-
tions and the organoleptic properties of wines (Guadalupe, &
Ayestarán, 2008; Guadalupe et al., 2010).

Based on these considerations, the present work aimed to obtain
further insights into the mechanisms leading to a reduction of the as-
tringency induced by the presence of polysaccharides. In this study the
effect of the addition of yeast mannoprotein (MP) on the interaction
between quercetin 3-glucoside and human salivary proteins has been
evaluated, combining sensory analysis and analytical techniques such
as quenching of fluorescence, dynamic light scattering (DLS) and iso-
thermal titration calorimetry (ITC). As far as we know, this is the first
time that interaction mechanisms between ternary systems, salivary
protein/flavonol/yeast mannoprotein, have been studied in relation to
astringency and its modulation.

2. Materials and methods

2.1. Reagents

All reagents were of analytical grade and all solvents were of HPLC
grade. Quercetin 3-O-glucoside and tannic acid were purchased from
Extrasynthese (Genay Cedex, France) and from Sigma-Aldrich (St.
Louis, MO, USA), respectively. The yeast mannoprotein employed (MP)
was kindly supplied by Laffort S.A. (Errenteria, Spain) and it is de-
scribed to be used in wines for astringency modulation. Trifluoroacetic
acid (TFA) was purchased from Riedel-de Haën (Hanover, Germany).
Ultrapure water was obtained from a Milli-Q Gradient water

purification system (Millipore, Billerica, MA, USA).

2.2. Saliva collection and treatment

Whole human saliva was collected from six healthy, nonsmoker
volunteers (three men and three women aged between 24 and 50 years
old) according to Quijada-Morín, Crespo-Expósito, Rivas-Gonzalo,
García-Estévez, and Escribano-Bailón (2016). Volunteers were pre-
viously instructed to avoid foods and beverages for at least 1 h before
collection. Collection time was set at 10:30 a.m. to reduce variability
due to circadian rhythms of saliva secretion (Dawes, 1972). The saliva
pool was immediately treated with 10% TFA (final concentration of
0.1%) to inhibit protease activity (Messana et al., 2004) and to pre-
cipitate high molecular weight proteins such as mucins (Messana et al.,
2004; Soares et al., 2011). After that, the sample was centrifuged for
10min at 12000g and the supernatant was dialyzed using a Spectra/Por
3 cellulose membrane (SpectrumLabs, Rancho Dominguez, CA, USA)
with an exclusion size of 3.5 kDa. The dialysis process was carried out
using ultrapure water, at 10 °C for 48 h, renewing the water every 8 h.
Treated saliva was used for quenching fluorescence, DLS and ITC as-
says.

2.3. Sensory analysis

Sensory perception of astringency was evaluated by using a sensory
panel composed of 7 panelists (3 men and 4 women) aged between 24
and 64 years old. Prior to their participation in the experiments, all
subjects were trained to recognize and rate the perceived intensity of
astringency. Training test were carried out using a white wine, selected
for its low astringency, to which tannic acid was added as a standard for
astringency. Two training sessions were performed. In the first one,
panelists were asked to taste 5 different levels of known concentration
of tannic acid (0–1.25mg/mL), and rate them on ascending order. In
the second session, subjects were asked to taste 3 different levels of
unknown concentration of tannic acid (0, 0.2 and 0.6 mg/mL) and rate
them on ascending order. Those candidates that were able to recognize
and to rate the intensity of astringency of the samples were included in
the seven people panelist that has evaluated the astringency in this
study.

After the training sessions, the tests carried out consisted on eval-
uating of the effect of the addition of quercetin 3-O-glucoside (Q) and
mannoprotein (MP) in white wine. Four different samples were pre-
pared: MP (12 g L−1), Q (0.4 g L−1), Q (0.4 g L−1)+MP (4 g L−1) and
Q (0.4 g L−1)+MP (12 g L−1). Tasters took 5ml of each sample, tasted
it and spitted it out, without knowing the nature of the samples. All the
samples were always presented randomized and in covered drinking
containers to avoid any biased on the results. Panelists rinsed with
water and waited for 3min between samples.

The panelists were asked to evaluate perceived astringency and to
order it on a Labeled Magnitude Scale (LMS). This scale is characterized
by a quasilogarithmic spacing of its verbal labels from 0 (‘‘barely de-
tectable” oral sensation) to 100 (‘‘strongest imaginable” oral sensation)
(Green et al., 1996).

Table 1
Astringency scores obtained in the sensory analysis for mannoprotein (MP),
quercetin 3-O-glucoside (Q) and the mixture of quercetin 3-O-glucoside
+mannoprotein (Q+MP). Different letters indicate statistical differences
(P < 0.05) among samples.

MP (12mg/mL) Q+MP (12mg/mL) Q+MP (4mg/mL) Q (0.4 mg/mL)

2 ± 6a 38 ± 14b 75 ± 38c 77 ± 24c
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2.4. Fluorescence quenching

The interaction between salivary proteins (SP), mannoprotein (MP)
and quercetin 3-O-glucoside (Q) was investigated using fluorescence
quenching measurements (Perkin-Elmer LS 55 fluorimeter, Waltham,
MA, USA). The excitation wavelength was set at 282 nm and the
emission spectra were recorded from 290 nm to 490 nm.

Mannoprotein (MP) was mixed with a 0.035mM solution of quer-
cetin 3-O-glucoside (Q) (1:30 Q:MP). The solutions were brought up to
a final volume of 50 µL by addition of buffer. Then, 50 µL of saliva was
added to 50 µL of the quercetin+mannoprotein solution. All the sam-
ples were prepared in 0.1 M acetate buffer (pH 5.0) with the ionic
strength adjusted with 100mM sodium chloride. Different systems were
studied: SP-MP, SP-Q and SP-Q-MP. The fluorescence values obtained
were subtracted from the fluorescence intensity values obtained for the
blank solutions (MP, Q and Q-MP, respectively) and they were com-
pared to a SP control to calculate the percentage of quenching for the
different systems studied. Moreover, the percentage of quenching of the
system Q-MP was also assessed by measuring the fluorescence of the
system Q-MP and comparing to a MP control. Each measurement was
performed in triplicate.

2.5. Dynamic light scattering

The size of the complexes formed between salivary proteins, man-
noproteins and quercetin 3-O-glucoside was determined by dynamic
light scattering (DLS, LitesizerTM500, Anton Paar, Austria) at a wave-
length of 658 nm. The intensity fluctuations of the particles were
measured, allowing the determination of the diffusion coefficients of
particles, which were then converted into a size distribution.

Solutions containing saliva, mannoprotein and/or quercetin 3-O-
glucoside (0.035mM) were prepared in a final volume of 800 µL (1:10
and 1:30 Q:MP). Four different systems were studied: Q-MP, SP-MP, SP-
Q and SP-Q-MP. The intensity of the scattered light was measured at
5 °C and at an angle of 90° from the incident beam, selected because of
the possible turbidity of the samples. All the samples were prepared in
0.1 M acetate buffer (pH 5.0) with the ionic strength adjusted with

100mM sodium chloride.

2.6. Isothermal titration calorimetry

A MicroCal Auto-iTC200 calorimeter (Malvern, UK) was used to
measure enthalpy changes associated with saliva-mannoprotein-fla-
vonol interactions at 288 K.

The salivary protein solution (0.020mM) was placed into the 200 µL
sample cell and the titrant (0.3 mM) was loaded into the 40 µL injection
syringe. The average molecular weight of saliva (10,000 Da) (Ramos-
Pineda et al., 2017) was estimated from the percentage of each salivary
fraction obtained in the HPLC-DAD analysis and the molecular weight
of the corresponding proteins obtained in the literature (Cabras et al.,
2012; Gururaja & Levine, 1996; Halgand et al., 2012; Inzitari et al.,
2005; Soares et al., 2011; Vitorino et al., 2004).

The ligand was titrated into the sample cell as a sequence of 19
injections of 2 µL. The time delay (to allow equilibration) between
successive injections was 200 s. The contents of the sample cell were
stirred throughout the experiment at 500 rpm. The titrant was a fla-
vonol and/or mannoprotein solution, containing mannoprotein or
quercetin 3-O-glucoside 300 µM or both compounds as a mixture in a
ratio 1:30 Q:MP (w:w). All the samples were prepared in 0.1 M acetate
buffer (pH 5.0) with the ionic strength adjusted with 100mM sodium
chloride.

The raw data obtained from ITC were transformed and fitted using
AFFINIMETER software (Software for Science Developments, Santiago
de Compostela. Spain).

2.7. Statistical analysis

To determine statistical significance of the differences between the
results from the sensory analysis and from the fluorescence quenching
studies, data were evaluated by a one-way analysis of variance
(ANOVA) and post-hoc Tukey-b HSD test, using the software packing
for Windows IBM SPSS 21 (SPSS, Inc. Chicago, IL, USA). Differences
were considered to be statistically significant when P < 0.05.

Fig. 1. Fluorescence emission spectra (λex 282 nm) of saliva in the presence of mannoprotein and/or quercetin 3-O-glucoside. Different letters indicate statistical
differences (P < 0.05) among samples.
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3. Results and discussion

3.1. Sensory analysis

The effect of the addition of mannoprotein and quercetin 3-O-glu-
coside was evaluated by a sensory panel in order confirm the ability of
mannoproteins to reduce the perceived astringency elicited by flavo-
nols. Sensory evaluations were performed to compare the intensity of
the astringency of the control wine with that of the different treatments.
As it can be observed in Table 1, the astringency perceived from the
solution only containing mannoprotein was practically negligible
(2 ± 6), whereas the sample with quercetin 3-O-glucoside was the one
scored with the highest value (77 ± 24). The perception of this as-
tringency decreases when mannoprotein is added (samples Q+MP),
being this decrease significant at the highest concentration of MP as-
sayed (12mg/mL). These results confirm the ability of manoprotein to
significantly reduce perceived astringency in wines treated with man-
noprotein. Once confirmed the ability of the mannoprotein to decrease
the astringency elicited by the flavonol, further experiments were
performed by quenching fluorescence, DLS and ITC to deepen under-
standing the mechanism whereby this biomolecule could decrease
perceived astringency.

3.2. Fluorescence quenching

Fluorescence quenching is defined as the decrease of the quantum
yield of fluorescence from a fluorophore triggered by molecular inter-
actions with a quencher molecule. It is a sensitive technique frequently
used to evaluate protein-polyphenols interactions, since protein al-
terations (such as protein conformational transitions, subunit associa-
tion, substrate binding or denaturation) often result in changes in the
emission spectra of the tryptophan (Lakowicz, 1999). Previously,
Ferrer-Gallego et al. (2015) have used fluorescence quenching to
evaluate the interaction between flavonol quercetin 3-O-glucoside and
human salivary proteins, showing the formation of complexes by a
static mechanism. Based on these results, in our study, the effect of the
addition of mannoprotein to the mixture flavonol and whole saliva was
evaluated.

Fig. 1 shows the fluorescence emission spectra (at λex 282 nm) of
whole saliva alone and those recorded in the presence of quercetin 3-O-
glucoside, in the presence of mannoprotein at two different con-
centrations and in presence of both compounds as a mixture in a ratio
1:10 and 1:30 quercetin:mannoprotein (which used the same con-
centrations of Q and MP previously assayed). As can be observed, there
was a decrease in the fluorescence intensity caused by quenching of

Fig. 2. Size distribution of the aggregates between salivary proteins (SP) and quercetin 3-O-glucoside (Q) and/or mannoprotein (MP) measured by DLS.
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Fig. 3. Isothermal fitting for the system of salivary proteins with mannoprotein (A), quercetin 3-O-glucoside (B) and the mixture of mannoprotein with quercetin-3-O-
glucoside (C).
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both MP and Q. Statistically significant decrease (16.9%) was obtained
when mannoprotein was added to the saliva solution at the highest
concentration (MP 30). Higher decrease in the fluorescence intensity
was observed in the sample S+Q (37.9%), indicating a strong inter-
action between the flavonol and salivary proteins. This decrease was
even more outstanding after the addition of mannoprotein to the mix-
ture, particularly in the case of the sample containing S and Q+MP
(1:30), which reached the highest quenching values (48.5%).

The results showed in Fig. 1 indicate that mannoprotein can interact
with both salivary proteins and the flavonol. However, saliva-Q inter-
action seems to be stronger than saliva-MP interaction. Moreover, the
quenching values obtained for the system Q-MP (29.3%) point out that
there is also an interaction between Q and MP. Then, it seems that the
three species, Q, MP and saliva proteins, can interact with each other.
These results could point that the mechanism for astringency modula-
tion in this case may be related the formation of protein/polyphenol/
polysaccharide ternary soluble complexes, as it has been previously
proposed by Mateus and co-workers (Mateus et al., 2004). However, it
is important to take into account that quenching studies mainly implies
the quenching of the tryptophan, aminoacid that is relatively scarce in
the salivary PRP, which may difficult the interpretation of the results.
For this reason, DLS and ITC studies were carried out to unravel the
mechanism involved in the interactions of this possible ternary system.

3.3. Dynamic light scattering

Dynamic light scattering was used to study the formation of ag-
gregates in the solutions containing SP and the flavonol and/or the
mannoprotein. DLS analysis showed the formation of aggregates of
saliva with both quercetin 3-O-glucoside and with mannoprotein, re-
porting different size depending of the systems studied (Fig. 2). The
aggregates were noticeably larger when the flavonol and the manno-
protein were mixed (from 0.8233 µm with Q to 5.593 µm with Q+MP).
The size of the aggregates is also affected by the concentration of the
mannoprotein (from 4.580 µm at the lowest concentration to 5.593 at
the highest one). Furthermore, the SP-MP system showed the formation
of three different peaks, up to a maximum size of 0.3023 µm (Fig. 2A).
A clear significant increase in the size of the aggregates when quercetin
and mannoprotein are together is observed, maintaining constant the
concentration of MP. The results obtained for this system (SP+Q+MP
1:30) showed the formation of two different peaks at 0.2339 µm and
5.593 µm, also suggesting that this last peak could be even larger than
the range of measurement. Moreover, the size of the aggregates seems
to be also affected by the concentration of the mannoprotein (Fig. 2B).
As for the SP+Q system, the maximum peak is observed at 0.8233 µm.

However, when MP is present in the samples, the size of the aggregates
increases, showing peaks around 4.580 µm and 5.593 for the 1:10 and
1:30 Q:MP ratios, respectively. This remarkable increase in the size of
aggregates when the mannoprotein and the flavonol are together could
suggest the formation of a larger ternary complex MP/SP/polyphenol,
which can be supported by the ability of both MP and Q for interacting
not only with SP but also between themselves, which was observed in
the fluorescence assays.

3.4. Isothermal titration calorimetry

ITC is an useful technique to analyze flavonoid-protein complexa-
tion (Ramos-Pineda et al., 2017). In our case, it can be an interesting
tool for characterizing the interaction mechanism between SP/Q/MP.
However, in some cases, the large number of processes occurring at the
same time during interaction can make the obtained results laborious to
be interpreted. In the present study, the binding isotherms for the dif-
ferent systems were obtained and the apparent constant and the ther-
modynamic parameters were estimated. Fig. 3 shows the isotherm fit-
ting for the SP-MP (Fig. 3A), SP-Q (Fig. 3B) and SP-MP+Q (Fig. 3C)
systems. The software used for the data treatment offers models con-
templating multiple independent binding sites. The fitting function thus
obtained contains a number of sets in which the number of binding
sites, among others, is used as fitting parameter. The model that best fits
the isothermal data considers two sets, obtaining two different con-
stants for each system. Regarding the system consisting on the mixture
MP+Q and salivary proteins, we have also considered, in the fitting
software, the existence of two different molecules (A and B, which
would correspond to Q and MP, respectively) in the titrant solution
besides the two sets of binding sites.

ITC results are in good agreement with those obtained by the
techniques previously used. As it can be observed in Table 2, the re-
leased energy (ΔG) indicates spontaneous processes in all cases.
Moreover, several differences can be observed when comparing the
systems SP+MP and SP+Q. In the case of SP+Q system, both sets can
be related to SP-Q binding governed by hydrophobic interactions, since
both processes are entropy-driven (McRae, Falconer, & Kennedy, 2010).
However, in the case of SP+MP system, it seems that set 1 is also
governed by hydrophobic interactions whereas set 2 showed an im-
portant negative value of ΔH and a higher value of −TΔS, which could
point out a mixture of hydrophobic interactions and H-bonds in the
binding described by this set. Likewise, it can be observed that the
apparent binding constant (K) for Q-SP interaction is more favorable in
set 2, whereas MP-SP interaction present better K value in set 1.

Furthermore, it can be ascertained from the values of ΔG that the

Table 2
Thermodynamic parameters for the interactions MP−Salivary Proteins, Q−Salivary Proteins, and (MP+Q)−Salivary Proteins.

MP Q MP+Q*

A B

Set 1
rM 0.401 ± 0.005 0.583 ± 0.081 0.698 ± 0.023
rA 1.097 ± 0.001 0.912 ± 0.082 0.953 ± 0.012 0.967 ± 0.006
n1 1.000 ± 0.001 2.617 ± 0.202 1.217 ± 0.026
K1 (M−1) (1.12 ± 0.01)× 107 (3.59 ± 0.37)× 106 (2.30 ± 0.12)× 109 (1.971 ± 0.614)×109

ΔH1 (cal mol−1) (−2.87 ± 0.40)× 102 (−1.29 ± 0.17)×102 (1.37 ± 0.08)× 104 (9.882 ± 0.235)×104

ΔG1 (cal mol−1) (−9.29 ± 0.66)× 103 (−8.64 ± 0.73)×103 (−1.23 ± 0.11)×104 (−1.22 ± 0.12)×104

−TΔS1 (cal mol−1) (−9.01 ± 0.70)× 103 (−8.51 ± 0.71)×103 (−2.61 ± 0.19)×104 (−1.11 ± 0.35)×105

Set 2
n2 60.413 ± 0.780 1.579 ± 0.218 46.462 ± 1.720
K2 (M−1) (5.65 ± 0.02)× 105 (5.03 ± 0.48)× 107 (1.61 ± 0.08)× 108 (3.154 ± 0.456)×109

ΔH2 (cal mol−1) (−5.105 ± 0.003)× 103 (2.68 ± 0.24)× 102 (3.39 ± 0.07)× 103 (−1.662 ± 0.011)× 104

ΔG2 (cal mol−1) (−7.58 ± 0.45)× 103 (−1.02 ± 0.08)×104 (−1.08 ± 0.09)×104 (−1.25 ± 0.11)×104

−TΔS2 (cal mol−1) (−2.48 ± 0.46)× 103 (−1.04 ± 0.09)×104 (−1.42 ± 0.10)×104 (4.10 ± 0.92)× 103

* A:Quercetin 3-O-glucoside (Q); B: Mannoprotein (MP).
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interaction between the mixture Q+MP with saliva was more favored
than the interaction between SP and Q or MP alone. The system SP+Q
+MP had also higher affinity constant (K) than the systems SP+Q or
SP+MP. These results pointed out a stronger interaction when the
three components are together. As for the forces driving the binding
between SP and the mixture Q+MP, it seems that in set 1 the binding is
governed by hydrophobic interactions for both Q and MP. However, the
interaction between SP and Q and MP when mixture described by set 2
seems to be different. In that case, Q-SP binding also seems to be
governed by hydrophobic interaction whereas MP-SP interaction in this
case is clearly driven by H-bonds possibly supplemented with van der
Waals forces, since this binding showed to be an exothermic process
coupled to a decrease on entropy (Table 2) (McRae et al., 2010). Thus,
it seems that the interaction between MP+Q and SP is mainly driven by
hydrophobic forces but the presence of MP in the mixture allows es-
tablishing H-bonds that can stabilize the aggregates. This could be re-
lated to the formation of ternary aggregates as the results obtained in
fluorescence and DLS analysis pointed out.

Results obtained indicate the existence of interactions between
mannoproteins and flavonols but also between mannoproteins and
salivary proteins. Flavonol-saliva interaction seems to be stronger than
mannoprotein-saliva interaction, exhibiting a different behavior when
the three components are together. This interaction could form pro-
teins/polyphenol/mannoprotein soluble aggregates that probably affect
the astringency perception.

Acknowledgments

The authors thank Dr. Albert Llorente (Massó Analítica, S.A.) for the
DLS analysis. Funding: This work was supported by the Spanish
MINECO (Project ref. AGL2014-58486-C02-R-1 and AGL2017-84793-
C2-1-R co-funded by FEDER). IGE thanks FEDER-Interreg España-
Portugal Programme (Project ref. 0377_IBERPHENOL_6_E) for post-
doctoral contract and AMRP thanks MINECO for FPI scholarship.

Conflict of interest

The authors declare do not have any conflict of interest.

References

Bajec, M. R., & Pickering, G. J. (2008). Astringency: Mechanisms and perception. Critical
Reviews in Food Science and Nutrition, 48, 858–875.

Brandão, E., Silva, M. S., García-Estévez, I., Williams, P., Mateus, N., Doco, T., ... Soares,
S. (2017). The role of wine polysaccharides on salivary protein-tannin interaction: A
molecular approach. Carbohydrate Polymers, 177, 77–85.

Cabras, T., Melis, M., Castagnola, M., Padiglia, A., Tepper, B. J., Messana, I., &
Barbarossa, I. T. (2012). Responsiveness to 6-n-propylthiouracil (PROP) is associated
with salivary levels of two specific basic proline-rich proteins in humans. PLoS One, 7,
e30962.

Dawes, C. (1972). Circadian rhythms in human salivary flow rate and composition. The
Journal of Physiology, 220, 529–545.

Escot, S., Feuillat, M., Dulau, L., & Charpentier, C. (2001). Release of polysaccharides by
yeasts and the influence of released polysaccharides on colour stability and wine
astringency. Australian Journal of Grape and Wine Research, 7, 153–159.

Escribano-Bailón, M. T., & Santos-Buelga, C. (2012). Anthocyanin copigmentation –
Evaluation, mechanisms and implications for the colour of red wines. Current Organic
Chemistry, 16, 715–723.

Ferrer-Gallego, R., Quijada-Morín, N., Brás, N. F., Gomes, P., de Freitas, V., Rivas-
Gonzalo, J. C., & Escribano-Bailón, M. T. (2015). Characterization of sensory prop-
erties of flavanols-A molecular dynamic approach. Chemical Senses, 40, 381–390.

García-Estévez, I., Pérez-Gregorio, R., Soares, S., Mateus, N., & de Freitas, V. (2017).
Oenological perspective of red wine astringency. OENO One, 51, 1–19.

Gawel, R., Oberholster, A., & Francis, I. L. (2000). A “ Mouth-feel Wheel ”: Terminology
for communicating the mouth-feel characteristics of red wine. Australian Journal of
Grape and Wine Research, 6, 203–207.

González-Royo, E., Esteruelas, M., Kontoudakis, N., Fort, F., Canals, J. M., & Zamora, F.
(2017). The effect of supplementation with three commercial inactive dry yeasts on

the colour, phenolic compounds, polysaccharides and astringency of a model wine
solution and red wine. Journal of the Science of Food and Agriculture, 97, 172–181.

Gordillo, B., Cejudo-Bastante, M. J., Rodríguez-Pulido, F. J., Jara-Palacios, M. J.,
Ramírez-Pérez, P., González-Miret, M. L., & Heredia, F. J. (2014). Impact of adding
white pomace to red grapes on the phenolic composition and color stability of syrah
wines from a warm climate. Journal of Agricultural and Food Chemistry, 62,
2663–2671.

Green, B. G., Dalton, P., Cowart, B., Shaffer, G., Rankin, K., & Higgins, J. (1996).
Evaluating the ‘Labeled Magnitude Scale’ for measuring sensations of taste and smell.
Chemical Senses, 21, 323–334.

Guadalupe, Z., & Ayestarán, B. (2008). Effect of commercial mannoprotein addition on
polysaccharide, polyphenolic, and color composition in red wines. Journal of
Agricultural and Food Chemistry, 56 9022-902.

Guadalupe, Z., Martínez, L., & Ayestarán, B. (2010). Yeast mannoproteins in red wine-
making: Effect on polysaccharide, polyphenolic, and color composition. American
Journal of Enology and Viticulture, 61, 191–200.

Gururaja, T. L., & Levine, M. J. (1996). Solid-phase synthesis and characterization of
human salivary statherin: A tyrosine-rich phosphoprotein inhibitor of calcium
phosphate precipitation. Peptide Research, 9, 283–289.

Halgand, F., Zabrouskov, V., Bassilian, S., Souda, P., Loo, J. A., Faull, K. F., ... Whitelegge,
J. P. (2012). Defining intact protein primary structures from saliva: A step toward the
human proteome project. Analytical Chemistry, 84, 4383–4395.

Hanlin, R. L., Hrmova, M., Harbertson, J. F., & Downey, M. O. (2010). Condensed tannin
and grape cell wall interactions and their impact on tannin extractability into wine.
Australian Journal of Grape and Wine Research, 16, 173–188.

Inzitari, R., Cabras, T., Onnis, G., Olmi, C., Mastinu, A., Sanna, M. T., ... Messana, I.
(2005). Different isoforms and post-translational modifications of human salivary
acidic proline-rich proteins. Proteomics, 5, 805–815.

Lakowicz, J. R. (1999). Principles of fluorescence spectroscopy (2nd ed.). New York: Kluwer
Academic/Plenum Publishers pp. 237-217 255.

Lee, C. A., & Vickers, Z. M. (2012). Astringency of foods may not be directly related to
salivary lubricity. Journal of Food Science, 77, 302–306.

Mateus, N., Carvalho, E., Lu, C., & de Freitas, V. (2004). Influence of the tannin structure
on the disruption effect of carbohydrates on protein – Tannin aggregates. Analytica
Chimica Acta, 513, 135–140.

Mattivi, F., Guzzon, R., Vrhovsek, U., Stefanini, M., & Velasco, R. (2006). Metabolite
profiling of grape: Flavonols and anthocyanins. Journal of Agricultural and Food
Chemistry, 54, 7692–7702.

McRae, J. M., Falconer, R. J., & Kennedy, J. A. (2010). Thermodynamics of grape and
wine tannin interaction with polyproline: Implications for red wine astringency.
Journal of Agricultural and Food Chemistry, 58, 12510–12518.

Messana, I., Cabras, T., Inzitari, R., Lupi, A., Zuppi, C., Olmi, C., ... Castagnola, M. (2004).
Characterization of the human salivary basic proline-rich protein complex by a
proteomic approach. Journal of Proteome Research, 3, 792–800.

Ozawa, T., Lilley, T. H., & Haslamt, E. (1987). Polyphenol interactions : Astringency and
the loss of astringency in ripening fruit. Phytochemistry, 26, 2937–2942.

Quijada-Morín, N., Crespo-Expósito, C., Rivas-Gonzalo, J. C., García-Estévez, I., &
Escribano-Bailón, M. T. (2016). Effect of the addition of flavan-3-ols on the HPLC-
DAD salivary-protein profile. Food chemistry, 207, 272–278.

Quijada-Morín, N., Williams, P., Rivas-Gonzalo, J. C., Doco, T., & Escribano-Bailón, M. T.
(2014). Polyphenolic, polysaccharide and oligosaccharide composition of
Tempranillo red wines and their relationship with the perceived astringency. Food
Chemistry, 154, 44–51.

Ramos-Pineda, A. M., García-Estévez, I., Brás, N. F., Martín del Valle, E. M., Dueñas, M., &
Escribano-Bailón, M. T. (2017). Molecular approach to the synergistic effect on as-
tringency elicited by mixtures of flavanols. Journal of Agricultural and Food Chemistry,
65, 6425–6433.

Riou, V., Vernhet, A., Doco, T., & Moutounet, M. (2002). Aggregation of grape seed
tannins in model wine—Effect of wine polysaccharides. Food Hydrocolloids, 16,
17–23.

Rodrigues, A., Ricardo-da-silva, J. M., Lucas, C., & Laureano, O. (2012). Effect of com-
mercial mannoproteins on wine colour and tannins stability. Food Chemistry, 131,
907–914.

Scharbert, S., & Hofmann, T. (2005). Molecular definition of black tea taste by means of
quantitative studies, taste reconstitution, and omission experiments. Journal of
Agricultural and Food Chemistry, 53, 5377–5384.

Soares, S., Brandão, E., Mateus, N., & de Freitas, V. (2017). Sensorial properties of red
wine polyphenols: Astringency and bitterness. Critical Reviews in Food Science and
Nutrition, 57, 937–948.

Soares, S., Vitorino, R., Osório, H., Fernandes, A., Venâncio, A., Mateus, N., ... de Freitas,
V. (2011). Reactivity of human salivary proteins families toward food polyphenols.
Journal of Agricultural and Food Chemistry, 59, 5535–5547.

Vidal, S., Williams, P., Doco, T., Moutounet, M., & Pellerin, P. (2003). The poly-
saccharides of red wine: Total fractionation and characterization. Carbohydrate
Polymers, 54, 439–447.

Vitorino, R., Lobo, M. J. C., Ferrer-Correira, A. J., Dubin, J. R., Tomer, K. B., Domingues,
P. M., & Amado, F. M. L. (2004). Identification of human whole saliva protein
components using proteomics. Proteomics, 4, 1109–1115.

Waters, E. J., Pellerin, P., & Brillouet, J. M. (1994). A Saccharomyces mannoprotein that
protects wine from protein haze. Carbohydrate Polymers, 23, 185–191.

A.M. Ramos-Pineda et al. Food Chemistry 264 (2018) 226–232

232

http://refhub.elsevier.com/S0308-8146(18)30759-3/h0005
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0005
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0010
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0010
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0010
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0015
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0015
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0015
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0015
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0020
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0020
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0025
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0025
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0025
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0030
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0030
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0030
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0035
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0035
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0035
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0040
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0040
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0045
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0045
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0045
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0050
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0050
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0050
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0050
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0055
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0055
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0055
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0055
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0055
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0060
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0060
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0060
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0065
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0065
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0065
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0070
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0070
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0070
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0075
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0075
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0075
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0080
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0080
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0080
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0085
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0085
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0085
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0090
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0090
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0090
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0095
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0095
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0100
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0100
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0105
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0105
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0105
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0110
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0110
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0110
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0115
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0115
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0115
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0120
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0120
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0120
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0125
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0125
http://refhub.elsevier.com/S0308-8146(18)30759-3/h9000
http://refhub.elsevier.com/S0308-8146(18)30759-3/h9000
http://refhub.elsevier.com/S0308-8146(18)30759-3/h9000
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0130
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0130
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0130
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0130
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0135
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0135
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0135
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0135
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0140
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0140
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0140
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0145
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0145
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0145
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0150
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0150
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0150
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0155
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0155
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0155
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0160
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0160
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0160
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0165
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0165
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0165
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0170
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0170
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0170
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0175
http://refhub.elsevier.com/S0308-8146(18)30759-3/h0175

	Effect of the addition of mannoproteins on the interaction between wine flavonols and salivary proteins
	Introduction
	Materials and methods
	Reagents
	Saliva collection and treatment
	Sensory analysis
	Fluorescence quenching
	Dynamic light scattering
	Isothermal titration calorimetry
	Statistical analysis

	Results and discussion
	Sensory analysis
	Fluorescence quenching
	Dynamic light scattering
	Isothermal titration calorimetry

	Acknowledgments
	Conflict of interest
	References




