Food Chemistry 264 (2018) 226–232

Contents lists available at ScienceDirect

Food Chemistry
journal homepage: www.elsevier.com/locate/foodchem

Eﬀect of the addition of mannoproteins on the interaction between wine
ﬂavonols and salivary proteins

T

⁎

Alba M. Ramos-Pineda, Ignacio García-Estévez , Montserrat Dueñas, M. Teresa Escribano-Bailón
Grupo de Investigación en Polifenoles (GIP), Departamento de Química Analítica, Nutrición y Bromatología, Facultad de Farmacia, University of Salamanca, Salamanca
E37007, Spain

A R T I C LE I N FO

A B S T R A C T

Keywords:
Astringency
Wine ﬂavonols
Mannoproteins
Salivary proteins
Sensory analysis
Polyphenol-protein interaction

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 spectroscopy, 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 astringents 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 astringency (Bajec & Pickering, 2008; González-Royo et al., 2017).
Flavonols are commonly found in plants, foods and beverages, including wine as one of the main sources in the diet. In food matrix,
these compounds are usually present in glycosylated forms, being 3-Oglucosides 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 astringency, being the main ﬂavonols reported quercetin and its conjugated derivatives. Flavonol content has been associated with color
because they act as good co-pigments (Escribano-Bailón & Santos-
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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 glycosides 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 ﬂavonols, 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 extractability (Hanlin, Hrmova, Harbertson, & Downey, 2010), or they
can even inﬂuence astringency through a competition process at a
sensory level. Although the relationship between polysaccharide composition 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 mannoproteins were clearly able to aﬀect the growth of tannin aggregates at
their concentration in wines (Riou et al., 2002). Among wine polysaccharides, 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 mannoprotein 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, RivasGonzalo, Doco, & Escribano-Bailón, 2014) and interacting with wine
volatile compounds. Hence, it has been reported that diﬀerent commercial mannoprotein formulates can modify the phenolic compositions 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 astringency 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 isothermal 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.

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 (12 mg/mL)
2±6

a

Q+MP (12 mg/mL)

Q+MP (4 mg/mL)

b

c

38 ± 14

75 ± 38

Q (0.4 mg/mL)
77 ± 24c

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 previously 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 precipitate high molecular weight proteins such as mucins (Messana et al.,
2004; Soares et al., 2011). After that, the sample was centrifuged for
10 min 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 assays.

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 (0–1.25 mg/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 evaluating of the eﬀect of the addition of quercetin 3-O-glucoside (Q) and
mannoprotein (MP) in white wine. Four diﬀerent samples were prepared: 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 5 ml 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 3 min 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 detectable” oral sensation) to 100 (‘‘strongest imaginable” oral sensation)
(Green et al., 1996).

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 described 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
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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.

100 mM sodium chloride.

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 0.035 mM solution of quercetin 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 samples were prepared in 0.1 M acetate buﬀer (pH 5.0) with the ionic
strength adjusted with 100 mM 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 compared 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.

2.6. Isothermal titration calorimetry
A MicroCal Auto-iTC200 calorimeter (Malvern, UK) was used to
measure enthalpy changes associated with saliva-mannoprotein-ﬂavonol interactions at 288 K.
The salivary protein solution (0.020 mM) 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) (RamosPineda 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 ﬂavonol 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 100 mM sodium
chloride.
The raw data obtained from ITC were transformed and ﬁtted using
AFFINIMETER software (Software for Science Developments, Santiago
de Compostela. Spain).

2.5. Dynamic light scattering
The size of the complexes formed between salivary proteins, mannoproteins and quercetin 3-O-glucoside was determined by dynamic
light scattering (DLS, LitesizerTM500, Anton Paar, Austria) at a wavelength 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-Oglucoside (0.035 mM) 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, SPQ 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

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.
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Fig. 2. Size distribution of the aggregates between salivary proteins (SP) and quercetin 3-O-glucoside (Q) and/or mannoprotein (MP) measured by DLS.

3. Results and discussion

3.2. Fluorescence quenching

3.1. Sensory analysis

Fluorescence quenching is deﬁned as the decrease of the quantum
yield of ﬂuorescence from a ﬂuorophore triggered by molecular interactions with a quencher molecule. It is a sensitive technique frequently
used to evaluate protein-polyphenols interactions, since protein alterations (such as protein conformational transitions, subunit association, 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-Oglucoside, in the presence of mannoprotein at two diﬀerent concentrations and in presence of both compounds as a mixture in a ratio
1:10 and 1:30 quercetin:mannoprotein (which used the same concentrations of Q and MP previously assayed). As can be observed, there
was a decrease in the ﬂuorescence intensity caused by quenching of

The eﬀect of the addition of mannoprotein and quercetin 3-O-glucoside was evaluated by a sensory panel in order conﬁrm the ability of
mannoproteins to reduce the perceived astringency elicited by ﬂavonols. 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 astringency decreases when mannoprotein is added (samples Q+MP),
being this decrease signiﬁcant at the highest concentration of MP assayed (12 mg/mL). These results conﬁrm the ability of manoprotein to
signiﬁcantly reduce perceived astringency in wines treated with mannoprotein. 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 understanding the mechanism whereby this biomolecule could decrease
perceived astringency.
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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-Oglucoside (C).
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Table 2
Thermodynamic parameters for the interactions MP−Salivary Proteins, Q−Salivary Proteins, and (MP+Q)−Salivary Proteins.
MP

MP+Q*

Q

A

B

Set 1
rM
rA
n1
K1 (M−1)
ΔH1 (cal mol−1)
ΔG1 (cal mol−1)
−TΔS1 (cal mol−1)

0.401 ± 0.005
1.097 ± 0.001
1.000 ± 0.001
(1.12 ± 0.01) × 107
(−2.87 ± 0.40) × 102
(−9.29 ± 0.66) × 103
(−9.01 ± 0.70) × 103

0.583 ± 0.081
0.912 ± 0.082
2.617 ± 0.202
(3.59 ± 0.37) × 106
(−1.29 ± 0.17) × 102
(−8.64 ± 0.73) × 103
(−8.51 ± 0.71) × 103

0.698 ± 0.023
0.953 ± 0.012
1.217 ± 0.026
(2.30 ± 0.12) × 109
(1.37 ± 0.08) × 104
(−1.23 ± 0.11) × 104
(−2.61 ± 0.19) × 104

(1.971 ± 0.614) × 109
(9.882 ± 0.235) × 104
(−1.22 ± 0.12) × 104
(−1.11 ± 0.35) × 105

Set 2
n2
K2 (M−1)
ΔH2 (cal mol−1)
ΔG2 (cal mol−1)
−TΔS2 (cal mol−1)

60.413 ± 0.780
(5.65 ± 0.02) × 105
(−5.105 ± 0.003) × 103
(−7.58 ± 0.45) × 103
(−2.48 ± 0.46) × 103

1.579 ± 0.218
(5.03 ± 0.48) × 107
(2.68 ± 0.24) × 102
(−1.02 ± 0.08) × 104
(−1.04 ± 0.09) × 104

46.462 ± 1.720
(1.61 ± 0.08) × 108
(3.39 ± 0.07) × 103
(−1.08 ± 0.09) × 104
(−1.42 ± 0.10) × 104

(3.154 ± 0.456) × 109
(−1.662 ± 0.011) × 104
(−1.25 ± 0.11) × 104
(4.10 ± 0.92) × 103

0.967 ± 0.006

* A:Quercetin 3-O-glucoside (Q); B: Mannoprotein (MP).

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.

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 interaction between the ﬂavonol and salivary proteins. This decrease was
even more outstanding after the addition of mannoprotein to the mixture, 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 interaction 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 modulation 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.

3.4. Isothermal titration calorimetry
ITC is an useful technique to analyze ﬂavonoid-protein complexation (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 different systems were obtained and the apparent constant and the thermodynamic parameters were estimated. Fig. 3 shows the isotherm ﬁtting 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 contemplating 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 constants 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 released 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 important 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

3.3. Dynamic light scattering
Dynamic light scattering was used to study the formation of aggregates 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, reporting diﬀerent size depending of the systems studied (Fig. 2). The
aggregates were noticeably larger when the ﬂavonol and the mannoprotein 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.
231

Food Chemistry 264 (2018) 226–232

A.M. Ramos-Pineda et al.

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 establishing H-bonds that can stabilize the aggregates. This could be related 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 proteins/polyphenol/mannoprotein soluble aggregates that probably aﬀect
the astringency perception.
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