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ARTICLE INFO ABSTRACT

Keywords: The cheese wine pairing is a beloved combination subject to a certain subjectivity due to sensorial, psychological,

Saliva chemical, and cultural factors. This work represents a first attempt to explore the in vitro interactions between

V\gne cheese, wine, and saliva to objectively measure the pairing. Two experimental red wines obtained from the same
}? cese grape cultivar and four different cheeses were studied for their composition. Binding reactions between wine and
alrin, . . . . . .. . . .

SDS-PiGE cheese were carried out in three simulated tasting trials and, after precipitation, the wine phenolic content,

Saliva Precipitation Index (SPI), and total proteins were evaluated. The optimal pairing (OP) was calculated
considering the decrease in salivary and cheese proteins by wine, defined as the cleansing effect; the decrease in
astringency due to the cheese, measured by the SPI, and the coating fat which would remain in mouth after
eating a piece of cheese. Based on obtained results, the semi-hard cheese was identified as the best pairing option
for the two experimental red wines. The differences in the phenolic content between the two wines were instead
not enough to show a significant influence on the OP. The in vitro cheese wine pairing can contribute to un-
derstanding of wine tasting but it is only a part of the puzzle. However, this first contribution paves the way for
additional studies on the molecular and chemical interactions involved in aroma and textural perception in

Phenolic compounds

simulated trials.

1. Introduction

The pairing of cheese and wine has been a culinary tradition enjoyed
by connoisseurs and enthusiasts alike for centuries (Fletcher, 2011). In
the last years, the appreciation of the pairing of wine and cheese has
been the subject of numerous sensory studies with consumers and ex-
perts, aimed at finding the ideal pair. Red table wines were considered as
a better accompaniment to cheeses than white wines (Bastian et al.,
2009), while King and Cliff (2005) found the opposite: cheeses better
paired with white wines. Among others, descriptive analysis (Bastian
et al., 2010), Temporal Dominance of Sensations (Galmarini et al.,
2018), free choice (Durrieu et al., 2023), Just Above Right (King and
Cliff, 2005) or Check-All-That-Apply (Moss et al., 2022; Li and He, 202.3)
methods have been used.

However, the optimal pairing is subjective and can vary widely
among individuals (Reed and Knaapila, 2010) and cultures (Durrieu
etal., 2023). There are two main approaches for pairing food and drinks:
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one is based on intellectual and cognitive factors, which could involve
understanding cultural, geographical, or theoretical aspects of why
certain food and drink pairings are considered good; and the other is
based on sensory perceptions (perceptual similarity, contrast, harmony,
emergence, and modulation) (Spence, 2020a). Similarly, the approach
in food and beverages pairing by experts was described to depend on
three perceptual principles: 1) rinsing for maintaining the qualities of
each product, 2) masking for suppressing off-flavor in one product, and
3) synergy for enhancing a positive attribute in a product. Moreover,
information as the conceptualization and personal preferences are
important drivers for the pairing by experts (Eschevins et al., 2019). In
addition, the aromatic similarity between two products can lead to a
good match, and impact liking (Eschevins et al., 2018). As regard pairing
cheese and wine, the combination could be appreciated on a cognitive or
intellectual level only if the taster’s attention is directed to the qualities
that make the pairing noteworthy (Spence, 2020a). This dynamic
combination involves a complex relationship of sensory, chemical, and
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physiological mechanisms that collectively contribute to the overall
flavor experience (Spence, 2020b).

In the chemosensory perception, two pivotal factors may contribute
to a positive evaluation of the cheese wine pairing: suppression of
astringency of red wine and oral cleansing effect (Madrigal-Galan and
Heymann, 2006).

Astringency, often associated with red wines due to the presence of
tannins, can impart a dry and puckering sensation in the mouth (Gawel,
1998). One of the main mechanisms explaining the astringency is the
interaction and precipitation of phenolic compounds, such as tannins,
with salivary proteins (Haslam et al., 1988). Certain cheeses, with their
rich and varied textures due to the lipidic content, possess the ability to
interact with the tannins in red wine, resulting in a suppression or
modulation of the astringency perceived by the palate (Dufourc 2021;
Saad et al., 2021).

Conversely, the second critical factor in the synergy between cheese
and wine revolves around the role of red wine in cleansing the oral
cavity from residual sensations left by the cheese (Madrigal-Galan and
Heymann, 2006). As cheeses vary widely in terms of fat and protein
content, mouth-coating properties, and lingering aftertastes, the
cleansing effect of red wine becomes integral to the overall tasting
experience influencing both texture and flavor (Galmarini et al., 2017).

During tasting, the interaction between the phenolic compounds in
red wine, the proteins and fats in cheese, and saliva in mouth involves a
combination of chemical reactions, sensory integration, and individual
preferences. Due to the influence of individual variations in taste

Raw buffalo milk at 31.5 °C

Heating at 36 °C (5 min)

.

Adding starter culture mix
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perception, such as genetic factors (Prescott et al., 2004), cultural
preferences (Bromberger and Percival, 2007; Spence, 2020b), and the
microbial composition of the olfactory epithelium (Koskinen et al.,
2018) on the pairing between cheese and wine, it seems necessary to
individuate an objective approach to explore such interactions. While
for astringency many in vitro methods using saliva have been developed
in the last decades (Gambuti et al., 2006; Rinaldi et al., 2012, 2014;
Fleming et al., 2016), an approach to determine the cleansing effect of
wine on cheese tasting has never been considered until now. Current
work focused on the involvement of wine phenolic compounds, salivary
and cheese proteins on the interactions governing the synergy between
different types of cheese and red wines. An in vitro simulation of cheese
and red wine consumption was carried out determining the precipitation
of salivary proteins by wine tannins in presence or not of cheese, and of
cheese proteins after interaction with wine and saliva. The astringency
of wine was evaluated by the Saliva Precipitation Index (SPI), which is
based on the precipitation of salivary proteins after the interaction with
wine tannins, and the sodium dodecyl sulphate polyacrylamide gel
(SDS-PAGE) electrophoresis of the proteins that have not been reacted.
The decrease of selected proteins has been correlated with sensory
analysis, as described in Rinaldi et al. (2012). In this way we are able to
individuate the cheese wine optimal pairing considering (i) wine
phenolic compounds content, (ii) salivary protein binding and (iii)
cheese protein composition.
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Adding commercial
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Fig. 1. Flow diagrams production of Primo Sale (a), hard and semi-hard cheese (b) and dry ricotta cheese (c).
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2. Materials and methods
2.1. Cheeses

2.1.1. Cheese manufacturing and ripening process

The experiment was carried out by producing in a dairy industry in
Southern Italy (Caseificio Bufa, Crotone, KR, Italy). Three typical
cheeses at different stages of ripening were selected to provide a
different range of cheeses. Buffalo cheese’s flow diagrams are shown in
Fig. 1. Briefly, raw buffalo milk was heated for 5 min at 40 °C to produce
semi-hard (M) and hard (D) cheeses and 36 °C to produce Primo sale (P)
cheese. Subsequently, the milk was coagulated using a mixture of
commercial starter (Lactococcus lactis spp. cremoris, Lactococcus lactis
spp. lactis, Lactococcus lactis spp. lactis biovar. diacetylactis, SACCO SRL,
CO, Italy) and a rennet paste (75% chymosin, 25% pepsin; Caglificio
Clerici S.p.a., Cadorago, Como, Italy) in 60 min. For the Primo Sale
cheese production, the curd was cut into rice grain-sized dimensions,
manually pressed into cylindrical, perforated plastic molds, and then
steamed at 40 °C for 60 min. Subsequently, the cheeses were submerged
in saturated brine for a period of 6 h. In the production of semi-hard and
hard cheeses, the resulting curd was sliced into medium-sized grains, the
whey was removed, and the curd was pressed into cylindrical shapes
before being steamed at 100 °C for 30 min. Subsequently, the cheeses
were refrigerated at 4 °C for 48 h, followed by immersion in brine (salt,
20% w/v) for 1 h. For dry ricotta cheese (R) making, the whey collected
after the production of buffalo cheeses (hard and semi-hard cheeses) was
mixed with 10% of buffalo milk (v/v) preheated to 40 °C. The salt was
then added (500 g NaCl/75 kg) and mixture was heated to 85 °C. After
coagulation, the cheese was molded into cylindrical forms, soaked in
brine (salt, 20% w/v) for 1 h, and then refrigerated at 4 °C for 48 h.

The buffalo cheeses underwent ripening using the Stagionello - Eu-
ropean Patented Device and controlled pH—n. EP 2769276B1 at the
conditions reported in Table 1. According to Di Paolo et al. (2023), the
device utilized for ripening cheeses allow to obtain cheese in fast times
thanks to continuous measurements of pH and environmental parame-
ters such as temperature, air flow, and relative humidity (RH). To
maintain uniform composition, the cheeses were flipped weekly during
the ripening process. After ripening time, cheeses samples were
collected and transported to the laboratory using refrigerated boxes for
chemical analyses.

2.1.2. Chemical and instrumental analyses of cheese

The analyses to determinate the chemical composition was per-
formed on grated sampling cheese taken 2 cm from the rind. Moisture
(%), salt (% NaCl), and protein (%) contents were evaluated according
to the procedures described by AOAC International et al., 2005. The fat
content was determinate according to Romano et al. (2011).

2.2. Wines

2.2.1. Vinification process

Two red wines of Southern Italy were used in the study. Wines were
produced with Magliocco grapes harvested during 2022 vintage in
Calabria region (Italy) by Marrelli Wines Cantina e Vigneti (Crotone,
Italy) with a standard industrial process (Wine 2: W2) and an optimized
process to obtain a wine richer in phenolic compounds (Wine 1: W1).
W2 was obtained by a standard maceration of grapes until the end of
fermentation with two punching over per day; W1 was produced with
saignée (5%) applied just after the cap raised up and then the maceration
of grapes lasted until the end of fermentation. Table 2 showed the basic
parameters of wines obtained after centrifugation and 0.45 mm filtra-
tion. Microbiological plating showed that wines were not containing
yeasts and bacteria after filtration. Wine base parameters were deter-
mined by OIV methods of analysis (OIV, 2017).
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Table 1
Ripening climatic recipes for Primo Sale, hard cheese, semi-hard cheese and dry
ricotta cheese.

Samples Ripening Ripening pH  Air RH Airflow
Time Steps Temperature (%) (m/s)
(49}
Primo 6 days Ripening 56 10 35 0
Sale (72 h)
Ripening 56 10 35 0
(3 days)
Dry 7 days
ricotta Dripping 5.5 +35 60 1
cheese 2h)
Stewing 5.5 +22 40 1
(20 h)
Drying 1 5.0 420 45 1
(24 h)
Drying 2 50  +20 42 1
(24 h)
Drying 3 5.0 +18 41 1
(24 h)
Drying 4 52 +16 40 1
(24 h)
Drying 5 53 414 38 1
(24 h)
Drying 6 54 +12 36 1
(24 h)
Ripening 55  +8/10 35 1
(24 h)
Semi- 43 days
hard Drying 1 4.8 +24 75 0
cheese (24 h)
Drying 2 5.0 423 76 0
(24 h)
Drying 3 50 +21 78 0
(24 h)
Drying 4 5.1 +19 80 0
(24 h)
Drying 5 5.2 +17 82 0
(24 h)
Drying 6 53  +15 83 0
(24 h)
Drying 7 54 413 84 0
(24 h)
Drying 8 5.5 +12 85 0
(24 h)
Ripening 56 +11 75 0
(35 days)
Hard 60 days
cheese Stewing 55 426 85 0
1h)
Dripping 4.8 +24 80 1
(81h)
Drying 1 50 422 75 0
(24 h)
Drying 2 5.0 +21 76 0
(24 h)
Drying 3 5.1 +19 78 0
(24 h)
Drying 4 51 417 80 0
(24 h)
Pre- 5.1 +15 82 0
ripening 1
(48 h)
Pre- 52 +14 82 0
ripening 2
(48 h)
Pre- 53 +13 84 0
ripening 3
(48 h)
Pre- 5.4 +12 85 0
ripening 4
(48 h)
Ripening 55 +11 73 1
(48 days)
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Table 2
Base parameters of wines.
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Ethanol (%v/ Titratable acidity pH Glucose + fructose Malicacid (g/  Lacticacid (g/  Free sulphur dioxide Total sulphur dioxide
V) (g/L) (g/L) L) L) (mg/L) (mg/L)
Wine 12.03 £ 0.1 4.31 £ 0.02 3.96 + 0.13 £ 0.02 0.02 + 0.01 1.7 £ 0.1 21.94 +1.2 36.00 + 1.22
1 0.04
Wine 12.11 + 0.03 4.27 + 0.05 3.97 + 0.10 + 0.04 0.57 + 0.03 1.6 £ 0.1 6.53 + 0.94 28.23 £1.35
2 0.03

2.2.2. Spectrophotometric analyses

Spectrophotometric analysis was conducted using a Jenway 7305
Spectrophotometer. Total anthocyanins, tannins reactive to Bovine
Serum Albumine (BSA), sum of polymeric pigments, and iron-reactive
phenolic compounds were quantified using the Harbertson-Adams
assay (Harbertson et al., 2003).

2.3. In vitro interactions

2.3.1. Saliva collection

Saliva was obtained by mixing resting whole mouth saliva samples
from different individuals. Saliva collection was performed between 10
and 11 a.m. Participants were asked not to consume any food and
beverage for 2 h before saliva collection. Saliva was spontaneously
collected from 6 non-smoking volunteers (3 males and 3 females) by
expectorating saliva into a pre-weighted ice-cooled tube for 5 min.
Volunteers were healthy adults with no history of oral disorders. After
the mixing, saliva underwent centrifugation at 10,000 g for 10 min at
4 °C to remove any insoluble components. The resulting supernatant,
utilized for analysis, was consistently maintained on ice to prevent
enzymatic reactions. Saliva was analyzed for the total protein content by
Bradford method. The total protein concentration of saliva was 1764 +
25 pg/mL. The protein composition was evaluated by the SDS-PAGE as
described in Rinaldi et al. (2012). The work described has been carried
out in accordance with The Code of Ethics of the World Medical Asso-
ciation (Declaration of Helsinki) for experiments involving humans.

2.3.2. The wine phenolic content: binding reaction 1

From the literature (Repoux et al., 2012) it is shown that after
swallowing a piece of cheese which on average weighs 6 g, the cheese
residue in the oral cavity is strongly dependent on the fat content. The
residue increases in proportion to the fat content of the cheese. In
particular, the average residue was 15.19 + 5.53% for high-fat cheeses
and 4.43 + 3.74% with low-fat cheeses, respectively. For the binding
reaction 1 between wine and cheese we have chosen different quantities
of cheese based on their fat composition, as shown in Table 3. Ten mL of
the experimental wines (W1 and W2) and the four types of cheese (M =
semi-hard cheese; P = Primo sale cheese; D = hard cheese; R = dry
ricotta) were mixed with 1 mL of saliva for 15 s at 37 °C. Then, the
resulting mix was centrifuged at 10,000 g at 4 °C for 10 min to obtain the
following experimental samples: W1M - W1P — W1D - W1R; and W2M -
W2P — W2D - W2R. Phenolic analyses (total phenolics, BSA-reactive
tannins, total anthocyanins, and sum of polymeric pigments) were car-
ried out on the supernatant wines.

Table 3
The fat content (%), residual fat content (%) and the amount of cheese (g) used
for the binding reaction 1.

% Fat % Residual fat Cheese amount (g)
Primo sale cheese (P) 17 4 0.24
Semi-hard cheese (M) 50 15 0.90
Hard cheese (D) 45 15 0.90
Dry ricotta (R) 23 10 0.60

2.3.3. Cleansing effect of wine after cheese tasting simulation: binding
reaction 2

For the binding reaction 2, 3 mL of saliva interacted with 1 g of
cheese (P, D, M, R) at 37 °C for 2 min. The resulting mix was centrifuged
at 10,000 g for 10 min at 4 °C to separate the phases, and then the water-
soluble saliva fraction (S + P, S + D, S + M, S + R) was carefully
collected between the solid phases. For the interaction, 50 pl of water-
soluble saliva fraction (S + P, S + D, S + M, S + R) was mixed with
25 pL of diluted wines (1:1 with HPLC grade water). Binding assay 2 was
performed in Eppendorfs maintained at 37 °C for 5 min. The mixture
was then centrifuged for 10 min at 10,000 g. The resulting supernatant
S+P+W,S+D+W,S+M+W,S + R+ W) represented the saliva
and cheese proteins that were not precipitated by wine.

2.3.4. The Saliva Precipitation Index (SPI): binding reaction 3

Astringency of red wines was evaluated considering the reactivity of
tannins to salivary proteins and was quantified using the SPI method
described by Rinaldi et al. (2012). The binding reaction 3 used the same
conditions of the binding reaction 2 in presence or not of cheese. Elec-
trophoresis of salivary proteins in the supernatant was conducted using
a Mini-PROTEAN Tetra Vertical Electrophoresis System (Bio-Rad,
Milano, Italy), as described afterwards. The SPI was calculated based on
the density of specific protein bands in saliva before and after the
binding reaction 3. These bands were located at approximately 60 kDa
(tentatively assigned to a-amylase) and 15 kDa (possibly a basic PRP).
The average percentage reduction in band intensity was quantified in
terms of gallic acid equivalent (GAE). Gallic acid was chosen due to its
correlation with the decrease in protein bands, which reflects the
astringency associated with increasing concentrations of tannin solu-
tions measured via the Folin-Ciocalteau assay. Consequently, the SPI,
representing the percentage reduction in protein bands, was expressed
in gallic acid equivalent as previously described (Rinaldi et al., 2012),
and represented an in vitro measure of the astringency of wines.

2.4. Sodium dodecyl sulphate polyacrylamide gel (SDS-PAGE)
electrophoresis

The SDS-PAGE analyses were performed on saliva (S), total cheese
proteins, saliva interacting with cheese (S + P, S+ D, S+ M, S + R) and
after the interaction with wine W1 (S+P + W1,S+D + W1,S + M +
WI,S+R+W1)and W2(S+P+W2,S+D+W2,S+ M+ W2,S+R
+ W2). The total cheese proteins were obtained by mixing 3 mL of HPLC
grade water and 1 g of cheese, centrifugation at 10,000 g for 10 min at
4 °C and recovery of the water-soluble phase. The SDS-PAGE electro-
phoresis of samples was performed on a Mini-PROTEAN Tetra Vertical
Electrophoresis System (Bio-Rad, Milano, Italy) using a PowerPac 1000
Bio-Rad power supply set at 150 V/gel for the stacking gel and 180 V/gel
for the resolving gel. Samples were mixed with a volume of 2 x elec-
trophoresis sample buffer (0.125 M Tris-HCl, 4% SDS; 20% v/V glyc-
erol, 0.2 M DTT, 0.02% bromophenol blue, pH 6.8) in a 2:1 ration, and
then heated at 95 °C for 4 min were analyzed by SDS-PAGE using 30%
acrylamide/bisacrylamide (37.5:1) solution. The resolving gels were
12% acrylamide, and stacking gels were 4% acrylamide. The gels were
fixed with a mixture of ethanol, acetic acid, and deionized water
(40:10:50) for 1 h. After washing in water for 5 min, the gels were
stained with Coomassie Brilliant Blue R250 staining solution (Bio-Rad).



A. Rinaldi et al.

The destain step was performed by incubation in the destain solution
Coomassie Blue R250 (Bio-Rad). Densitometric tracing of gels was per-
formed with a Bio-Rad GS800 densitometer, and electrophoretic data
were analyzed by Quantity One analysis software, Version 4.5 (Bio-
Rad).

2.5. Optimal pairing (OP)

In equation (1) (Eq. (1)), let:
OP be the optimal pairing score between cheese and wine.

Adleansing effect b€ the percentage decrease of total proteins (cheese
and saliva) by wine.
Agpr be the decrease of astringency by cheese, measured by SPI.

Residual fat be the content in fat (g) that would remain to coating
mouth after eating a piece of cheese of 6 g (Repoux et al., 2012).
The OP is a function of these factors:

OP = [1- (l_Acleansing effect) X (1—Aspp] x residual fat (g) (@]

Eq. (1) assumes that a higher percentage decrease in cheese protein
by wine and a higher decrease in astringency (SPI) by cheese in presence
of saliva contribute positively to the pairing score. The values of
Acleansing effect and Aspy are between 0 and 1, where 0 means no decrease,
and 1 means a complete decrease. Similarly, the high value of OP means
high paring between cheese and wine.

2.6. Statistical analysis

Analysis of variance (ANOVA) was carried out on three replicates,
and the Tukey’s test was applied to discriminate amongst the means of
data at the 95% confidence level (p < 0.05). ANCOVA analysis consid-
ering the phenolic variables (total phenolics, BSA-reactive tannins, total
anthocyanins, and sum of polymeric pigments), and the typology of
wine (Wine) was performed on OP. All analyses were performed using
the XLSTAT software (by Lumivero, 2023).

3. Results and discussion

In this study, in order to simulate the processes happening in mouth
during the tasting of cheese and wine, three in vitro interactions were
carried out to study the influence of cheese on i) wine phenolic com-
pounds, and ii) SPI, and iii) the influence of wine on cheese proteins
residual in the mouth after tasting. Given the complexity of two
matrices, the characterization of cheese and wines under study was
firstly reported.

3.1. Cheese composition

The physicochemical, organoleptic, and nutritional attributes of
dairy products are primarily influenced by milk proteins. Manufacturing
processes induce changes in protein structure through unfolding,
denaturation, aggregation, and glycation potentially altering the nutri-
tional properties, reactivity, and functionality of milk proteins in spe-
cific dairy products, such as cheese (Borad et al., 2017; Guinee, 2016;
Verhoeckx et al., 2015). The selected cheeses (M = semi hard cheese; P
= Primo sale cheese; D = hard cheese; R = dry ricotta) were produced
with different methods as shown in Material and Methods section 2.1.1,
and had different compositions as shown in Table 4. The M had the
highest content in fat (50%) but a similar protein content as D (25%).
The P showed the highest content in salt (4%), while the R showed the
highest moisture content (50%), indicating a hard type of ricotta cheese.
The different proteic pattern, representing the water-soluble fraction of
cheese, is shown in Fig. 2.

The diversity in these bands and density can depend on milk or whey
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Table 4

Composition of cheeses.
Parameter Semi-hard Primo sale Hard cheese Dry ricotta

cheese (M) cheese (P) (D) (R)
Fat (%) 50.3 + 1.0° 17.3 + 1.6¢ 44.9+24>  23.0+1.2°
Protein (%)  25.8 + 0.6° 13.1 +0.4° 25.5+25  13.9+0.3"
Moisture 18.6 + 0.3° 42.4+0.7° 17.6 + 0.8°  50.6 + 1.6°
(%)

Salt (%) 1.0 +0.2¢ 4.3+ 0.3° 1.7 £0.2° 2.9 +0.3°

The composition is expressed as percentage (w/w). Data represent the mean +
standard deviation of three independent experiments; values within a row with
different superscript letters are significantly different.

Fig. 2. SDS-PAGE of the total cheese proteins (M = semi hard cheese; P =
Primo sale cheese; D = hard cheese; R = dry ricotta). MM: molecular
marker (kDa).

composition (milk containing a mix of caseins and whey proteins),
production method, and ripening period. From a comparison with
bibliography (Gaiaschi et al., 2000; Salvatore et al., 2014), the bands
1-7 may correspond to bovine serum albumin (1); immunoglobulin
heavy chain (2); aS1-casein (3); aS2-casein (4); p-casein (5); p-lacto-
globulin (6); a-lactalbumin (7), respectively. The casein family proteins
are mainly present in M, P, and less in D, which are obtained from
buffalo milk while in R, prepared from whey, the main protein is rep-
resented by a-lactalbumin. In particular, the p-casein, among the others,
is remarkably abundant in M.

3.2. Phenolic composition of wines

Although the wines exhibited similar fundamental characteristics
(Table 3), W1 demonstrated a greater abundance of phenolic com-
pounds attributable to the specific winemaking protocol applied (Fig. 3).
The beneficial impact of saignee, a technique involving the concentration
of fermentation solids (skins and seeds) by drawing fresh juice before
alcoholic fermentation commences, on phenolic compounds in red
wines has been previously documented (Casassa et al., 2016). In our
samples, this effect notably influenced the extraction of anthocyanins
during winemaking and the formation of polymeric pigments. This
phenomenon may be linked not only to enhanced anthocyanin extrac-
tion but also to increased levels of phenolics, which act as reactants in
condensation reactions, resulting in the formation of polymers that
stabilize the color of wine (He et al., 2012; Forino et al., 2020).

Furthermore, the winemaking treatments exerted a discernible
impact on the tannin concentration of the final wines, consistent with
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Fig. 3. Concentration of total phenolics (A), BSA-reactive tannins (B), total anthocyanins (C), and sum of polymeric pigments (D) in wines before (W1 and W2), and
after the binding reaction 1 with saliva and cheese (M = semi-hard cheese; P = Primo sale cheese; D = hard cheese; R = dry ricotta). Error bars represent standard

deviation over three replications.

Casassa et al. (2016), who noted a moderate but significant rise in tannin
levels associated with saignee treatment during Cabernet Sauvignon
winemaking. Even total phenolics are significantly higher in W1 than
W2 (Fig. 3). Total phenolics, more accurately termed as iron-reactive
phenolics, encompass all phenolic compounds containing vicinal dihy-
droxyl groups, including tannins, flavan-3-ols, and flavonols. However,
monohydroxylated phenols and anthocyanins are excluded from this
measurement because the reagent utilized to quantify total phenolics,
ferric chloride, cannot form colored ligands, thereby precluding the
quantification of monohydroxylated phenols and anthocyanins (Har-
bertson and Spayd, 2006).

From an enological perspective, a comparison between W1 and W2
unequivocally demonstrates the utility of saignee in producing wines
suitable for extended aging, primarily due to the heightened transfer of
phenolic compounds from grape skins and seeds.

3.3. Effect of cheese on wine phenolic compounds and SPI after the in
vitro interaction

One of the basics for the cheese wine pairing is the ability of cheese to
decrease the astringency sensation of wine elicited by phenolic com-
pounds such as tannins. The more tannic are the wines the less the
interaction with cheese. From the binding reaction 1 the experimental
wines (W1 and W2) and the four types of cheese (M = semi-hard cheese;
P = Primo sale cheese; D = hard cheese; R = dry ricotta) were mixed
with saliva, and after precipitation the following experimental tests
were obtained: W1M - W1P — W1D - W1R; and W2M - W2P — W2D -
W2R. The levels of total phenolics (A), BSA-reactive tannins (B), total
anthocyanins (C), and sum of polymeric pigments (D) measured in the
supernatant were shown in Fig. 3.

The wines W1 and W2 were produced with different vinification
protocols to obtain wines with different phenolic content, which is
mainly related to the total anthocyanins (600 vs 400 mg/L). After the
binding reaction 1 with cheeses in presence of saliva, similarly to what
happens in mouth, the best cheeses able to reduce in a significant

manner the W1 total phenolics were M and D (42% and 41%), while for
W2 it was only the M (45%). As regard the BSA-reactive tannins, the R
showed a decrease of 52% for W1, although there were no differences
with D and M, which on turn showed a decrease of 57% and 55% for W2,
respectively. The cheeses similarly interacted with the phenolic com-
pounds responsible for the color of wine, such as the total anthocyanins
and the sum of polymeric pigments, and in both cases the higher
decrease was due to the M cheese accounting for 40% and 42% for W1,
and 42% and 52% for W2, respectively. No differences in the interaction
between the anthocyanins and tannins with the cheeses were denoted.
As cheese is composed of milk proteins (primarily caseins) and fat, the
affinity with phenolic compounds is mainly due to hydrophobic, ionic,
and covalent interactions, and hydrogen bonding (Chanphai et al.,
2018). Molecular studies pointed out that strong hydrophobic bindings
were the driven forces for the molecular interactions between milk
proteins and phenolic compounds (Han et al., 2019). It is not surprising
that the M cheese showed the highest binding capacity because of its
high content in caseins than the other cheeses (Fig. 2). Phenolic com-
pounds can bind milk proteins with a different order of stability, being
B-casein>a-casein>p-lactoglobulin and alter the protein secondary
structure with an increase in p-sheet and o-helix for f-lactoglobulin and
reduces a-helix and p-sheet structures in a- and p-caseins, leading to a
partial protein structural destabilization (Chanphai et al., 2018). On the
other hand, the interaction of the anthocyanins with p-casein resulted in
changes in the conformation and secondary structure, denoting a high
stability of the formed complex (Wei et al., 2018). In addition, phenolic
compounds also showed a high capability to bind lipid molecules of
cheese by hydrophobic and/or cation—n associations. However, the
extent of association may vary widely across different cheese varieties
depending on the phospholipid content (Rashidinejad et al., 2017).
Regarding the quantity of residual tannins, for the W1 the order of
pairing with cheeses is R = D = M > P, while for the W2 itisM =D > P
= M. This consideration derives from the fact that the greater the
quantity of tannins in the supernatant, the lower the ability of the wine
to interact with the cheeses. The result is that the wine can be perceived
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as more astringent. However, the astringency of wine can be objectively
measured by the Saliva Precipitation Index (SPI), a method based on the
SDS-PAGE of salivary proteins before and after the interaction with
wine, being the protein decrease correlated with the astringency
sensation (Gambuti et al., 2006; Rinaldi et al., 2012). The decrease in
astringency by cheese was measured by the SPI of the wine before and
after the binding reaction 3 with cheeses, as shown in Fig. 4.

A high SPI decrease, which means a high reduction of astringency,
was obtained by the P and M cheese in both wines. The dry ricotta (R)
didn’t show much influence on SPI. The glycoprotein casein in milk is
relatively rich in proline residues when compared to the whey proteins
(Lemieux and Simard, 1994), explaining the difference in the interaction
with wine polyphenols between M, P and D from R. For the W1 no
differences between P, M, and D were denoted, with a decrease of about
50%. For the W2, the decrease in the potential astringency was around
40% for both M and P. However, M and P cheeses showed a different
composition: semi-hard cheese is rich in protein and fat, while Primo
sale cheese showed a high salt content, respectively (Table 4). Cheese
proteins can bind to polyphenols and cause a reduction in the perceived
astringency similarly to what happen during Parmigiano cheese and
beer pairing (Donadini et al., 2013). Besides, the interaction of poly-
phenols with lipids can influence the astringency (Reis et al., 2020).
Tannis strongly interact with lipids and can precipitate them, indicating
that eating during drinking may diminish the availability of tannins for
saliva proteins and hence modulate the astringency feeling (Furlan et al.,
2015). However, as salts, and then ionic strength, can affect
protein-tannin interactions (Brandao et al., 2020), the high content of
salts in P may also cause a high precipitation of salivary proteins by this
cheese. These results are quite in accordance with that from phenolic
compounds analysis, but it needs to also consider the effect of the wine
on the removal of cheese protein in mouth, that is the cleansing effect
(Madrigal-Galan and Heymann, 2006).

3.4. Effect of wine on protein decrease after the in vitro interaction:
cleansing effect

Fig. 5 showed the SDS-PAGE electrophoretic pattern of salivary
proteins (S) interacting with cheeses before (S+P,S+D,S +M, S + R)
and after (S+P+W1,S+D+W1,S+M+ W1, S + R + W1) the in vitro
interaction with wine W1 (Fig. 5A) and W2 (Fig. 5B). Band density was
carried out by densitometric analysis. The % protein decrease resulted
from the binding reaction 2 between salivary and cheese proteins was
measured before and after wine interaction. The higher the decrease in
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the density of protein bands by wine in presence of saliva, the higher is
the cleansing effect of the wine on cheese. However, as cheese is
generally abundant in proteins and fats, it is possible that the latter will
compete with salivary proteins in binding polyphenols (Haslam et al.,
1988). According to the % decrease of proteins, the cleansing effect by
the W1 is in the order: M (71%) > R (30%) > D (26%) > P (17%), while
for the W2 the order is R (73%) > M (51%) > D (16%) > P (10%).

Considering both the effect of cheese on reducing the astringency (%
SPI decrease) in the binding reaction 3 and the effect of wine on
reducing the cheese protein in mouth (cleansing effect) in the binding
reaction 2, the optimal paring (OP) can be calculated from these factors
according to equation (1) (Eq. (1)), taking into consideration also the
residual fat that would remain in mouth after eating a piece of cheese.
Then, the cheese wine OP was calculated (Fig. 6). The highest value of
OP means highest paring between cheese and wine, being the value
comprised between 0 and 1, where 0 means no pairing, and 1 means the
complete pairing.

According to the in vitro tasting, for both wines the cheese wine OP is
the semi-hard cheese (M), with a score of 0.76 for W1 and 0.62 for W2,
respectively. However, the order of pairing is different according to the
wine: W1 =M >D >R >P,and W2=M >R > D > P. The M cheese also
contributed to better remove the BSA-reactive tannins from the wines,
showing a similar trend to the calculated values. For this reason, an
ANCOVA analysis was performed to understand if the phenolic variables
(total phenolics, BSA-reactive tannins, total anthocyanins, and sum of
polymeric pigments), and the typology of wine (Wine) has an influence
on the OP and should be included in the equation. Table 5 showed the
occurrence of the sources in explaining the variable optimal pairing.

Among the explanatory variables, based on the Type III sum of
squares, variable Wine is the most influential in explaining the vari-
ability of the OP. However, the level of significance is higher than p =
0.05. Probably the differences in the phenolic content between the two
wines are not enough to invoke a marked influence on the pairing with
cheese. Products such as wine of diverse varietal origin and beer, indeed,
appeared to behave differently in cheese pairings (Donadini et al.,
2013), so our future works will apply the OP on a wide variety of cheeses
and wines or beverages of different typologies and comparing it with the
sensory experience. In addition, we will consider the effect that food and
beverage odors and their combination may have on salivary protein
composition, as observed after bread olfactory stimulation (Carreira
et al., 2020).

w2 W2M W2P W2D W2R

Fig. 4. The Saliva Precipitation Index (SPI) of wines before (W1 and W2) and after the binding reaction 3 (W1M, W1P, W1D, W1R; W2M, W2P, W2D, W2R) with
cheeses (M = semi-hard cheese; P = Primo sale cheese; D = Hard cheese; R = dry ricotta) expressed in g/L of gallic acid equivalent (GAE). Error bars represent

standard deviation over three replications.
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S+M+W1 S+R S+R+W1

S+D+W2 S+M S+M+W2  S+R  S+R+W2

Fig. 5. The SDS-PAGE electrophoretic pattern of salivary proteins (S) interacting with cheeses (P, D, M, R), before (S + P, S+ D, S+ M, S + R) and after (S + P + W1,
S+ D+ WI1,S+ M + W1, S + R + W1) the binding reaction 2 with wine W1 (Fig. 5A) and W2 (Fig. 5B). MM: molecular marker (kDa).

4. Conclusions

This work focused on the ability of different cheeses and two wines to
interact with saliva to objectively evaluate the cheese wine pairing. The
in vitro interactions were based on the precipitation of salivary proteins
by wine in presence of cheese (decrease of SPI), and on the total saliva
and cheese protein by wine (cleansing effect) as it happens in mouth
during tasting. These key factors are at the basis for the calculation of the
optimal pairing, which also consider the cheese fat that would remain in
mouth after eating a piece of cheese. The OP values indicated that the
semi-hard cheese represented the optimal pairing with the two experi-
mental red wines. The phenolic content of wines after the interaction
with wine and saliva also suggested that the binding with the semi-hard
cheese was the ideal combination. However, the differences in the
phenolic content between the two wines were not enough to show a
significant influence on the OP.

This in vitro simulation of tasting involved evaluating how cheese
and wine interact when paired together. However, the analysis of the
proteins and phenolic compounds after the binding reactions

represented only one side of the chemical interactions in food and wine
pairing. The study of the aroma and texture of both wine and cheese
should also be considered from a sensory point of view. This will pave
the way for more in-depth research, which should also consider genetic
differences in populations with increased or decreased sensitivity to
certain attributes, the familiarity with cheese and wine matching, and
the correlation between olfactory function and the microbial composi-
tion of the olfactory epithelium. This can contribute to understanding of
wine tasting by engaging multiple senses, exploring flavor interactions
and texture dynamics.
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Fig. 6. Cheese wine optimal pairing (OP) between wines (W1 and W2) and cheeses (M = semi-hard cheese; P = Primo sale cheese; D = hard cheese; R = dry ricotta).

Error bars represent standard deviation over three replications.

Table 5
ANCOVA analysis on optimal pairing.
Source DF Sum of Mean F Pr > p-
squares squares F values
Total phenolics 1.000 0.049 0.049 1.136 0.398 >0.1
BSA-reactive 1.000 0.002 0.002 0.048 0.846 >0.1
tannins
Total 1.000 0.006 0.006 0.147 0.738 >0.1
anthocyanins
Sun of polymeric  1.000  0.021 0.021 0.491 0.556  >0.1
pigments
Wine 1.000 0.064 0.064 1.493 0.346 >0.1
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