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Abstract. In recent years, nanotechnology has advanced rapidly worldwide, providing significant
benefits to an increasing number of products from different areas, including energy and environment,
textiles, transportation, information, electronics, construction, biotechnology, health, agriculture, food,
and beverage. Wine proteins may become insoluble and precipitate which is an important problem in
wine stability. The aim of this paper is to study the usefulness of mesoporous materials (MCM-41,
SBA-15 and KIT-6) to remove excess proteins of white wines (Vitis vinifera cv. Pedro Ximenez) and
its influence on different physical-chemical parameters, phenolic content, and antioxidant activity.
Results had showed that nanomaterials MCM-41 and SBA-15. reduced significantly the
nephelometric turbidity units, which were related with protein concentration, whereas KIT-6 had a
low influence in the final protein content. The total polyphenols content is scarcely affected by the
treatment although antioxidant activity is reduced in wines treated with SBA-15. According to the
set of results, SBA-15 and MCM-41 seem to be the most effective nanomaterials although the last
one slightly decreases the antioxidant activity.
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1 Introduction

During the last two decades, nanostructured materials offer exciting opportunities for a large number of
applications [1-4]. Among these nanomaterials, mesostructured materials have been intensively
investigated. Mesoporous materials are defined by IUPAC as the materials with pore sizes between 2
and 50 nm. Mesoporous structures are presented by a wide class of substances including silica, metal
oxides, metal hydroxides, metal salts, carbon structures, hybrid materials, organic structures, and many
others. Mesoporous materials are highly attractive for a wide variety of applications in technical sciences
such as catalysis [5], electronics [6], photocatalytic hydrogen production [7], solar cells [8], and battery
components [9].

A family of ordered mesoporous silica molecular sieves known as M41S assures a bright future due to
their properties: a well-defined pore size between 2-20 nm, an extraordinary high specific surface up to
1000 m2/g and distinct adsorption properties due to their pore volume around 0.9 cm3/g [10].

SBA-15 is by far the largest pore-size mesoporous material. It has highly ordered hexagonally
arranged mesochannels, with thick walls, adjustable pore size from 3 to 30 nm, high hydrothermal, and
thermal stability. Also, they are ideal for size and shape exclusion separation of polyphenols, proteins
and other small biological molecules [11].

In literature, it was reported that the synthesis of other mesoporous materials with larger pores, KIT-
6, with Ia3d cubic type structure and a network of interconnected channels. Siliceous material has
numerous applications in adsorption and catalysis, thanks to a unique 3-D structures [12].

Wine clarity particularly, white wines, is significant to most consumers and is also one of the attribute
that is easily affected by improper shipping and storage conditions. An important stage in winemaking is
the addition of fining agents to adsorb undesirable products and to aid wine stability. Wine proteins
may become insoluble and precipitate which is an important problem in wine stability. This fact is
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known as protein haze and it generally occurs when the wine is stored at a high temperature or when it
is enriched with tannins from cork or wood. Higher protein levels are typical in overripe grapes, grapes
sourced from warmer regions and grapes harvest mechanically. Skin contact will typically increase
protein concentration [13]. Common fining agents include bentonite, egg white, carbon, gelatine, and
polyvinylpolypyrrolidone (PVPP). In white wines the protein are eliminated with a bentonite treatment
[14]. Tt also adsorbs positively charged molecules, such as anthocyanins and other compounds. With the
help of gravity, particles sink to the bottom of the container.

Winemakers try to introduce of alternatives with fewer drawbacks than the current practice. In this
context, the aim of this paper is to study the usefulness of mesoporous materials (MCM-41, SBA-15 and
KIT-6) to remove excess proteins of white wines (Vitis vinifera cv. Pedro Ximenez) and its influence on
different physical-chemical parameters, phenolic content, and antioxidant activity.

2 Materials and Methods

2.1 Nanomaterials

All nanomaterials (KIT-6, MCM-41 and SBA-15) were purchased from ACS Material (Advanced
Chemicals Supplier), LLC 18 Vernon Street Medford, USA.

2.2  Winemaking Process

Pedro Ximénez grape variety (V. vinifera) harvested in 2014 in the Montilla-Moriles winemaking region
(Cérdoba, Spain) was crushed and the must obtained was macerated at 4°C during 12 hours. The must
was inoculated with selected yeast and fermented at 20°C. The resulting wine was spontaneous fining.

2 g/L of three types of nanomaterials (Table 1, Fig. 1) were added at three samples of wine. The
solutions were stirred 24 h in hermetic glass flask. After that, 15 g/HL gelatine was added. Also, a
control was carried out without nanomaterials. The resulting samples were centrifuged at 5000 rpm and
4 °C for 10 minutes.

Table 1. Types and characteristics of nanomaterials

Nanomaterial | KIT-6 MCM-41 | SBA-15

SSA (m2/g) 600-800 | 850-850 | 600

PD (nm) 8-10 3.4-5.0 7-10

PS (pm) 10-100 | 100-1000 | 1-2
SSA: Specific Surface Area, PD: Pore Diameter, PS: Particle Size

Figure 1. Transmission electron microscopy images of nanomaterials: KIT-6(a), MCM-41(b) and SBA-15(c)
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2.3 Turbidity

Turbidity was measured with a nephelometer (HANNA instruments, HI 93703, Woonsocket, RI, USA
C). Turbidity determinations were done at room temperature; results are expressed in nephelometric
turbidity units (NTU).

2.4  General Enological Determinations

pH, titratable acidity, and volatile acidity were determined by the official European Union methods [15].
Ethanol content was quantified by oxidation with dichromate according to Crowell and Ough [16].

2.5 Absorbance Measurements

Prior to analyses the samples were filtered through a HA-0.45 um paper (Millipore, Milford, MA).
Browning index was determined by measuring the absorbance at 420. Wine color was defined by the
CIE Lch space in which there are three axes: h* (hue), L* (lightness) and c¢* (chroma or saturation).
Total polyphenols index (TPI) was determined by measuring the absorbance at 280 nm. All
determinations were carried out in a spectrophotometer Perkin Elmer Lambda 25.

2.6 Total Antioxidant Activity (TAA)

Antioxidant activity was measured with the blue/green chromophore ABTS ¢ + method described by Re
et al. [17]. The ABTSe+ was produced by oxidation of 7 mM ABTS with 2.45 mM potassium
persulphate in conditions of darkness for 12-16 hours. The resulting ABTS o + solution was diluted in 20
mM phosphate buffer at pH 7.4 to obtain an absorbance at 734 nm of 0.7. A volume equal to or greater
than 900 uL of this test mixture was reacted with a volume equal to or less than 100 nuL of wine samples,
previously filtered through HA-0.45 pm papers (Millipore, Milford, MA), for 6 min. After this time, the
absorbance at 734 nm of the reaction mixture was measured. Antioxidant activity was measured in
terms of the proportion of ABTS e+ inhibited: % inhibition = (A734 blank — A734 sample) x 100/ A734
blank. This percentage of inhibition should fall in the range 20-80%.

2.7 Statistical Treatment

All analyses were made for triplicate and a homogeneous group’s analysis was made by means of the
statistical package Statgraphics Centurion XVI from StatPoint Technologies, Inc. (Warrenton, VI, USA)
to study if there were significant differences among the samples in the determined parameters.

3 Results and Discussion

3.1 Influence of the Fining Agents on Enological Parameters

Protein instability in white wines causes clarity problems known as protein case. The white wine is
considered to be stable if the resulting turbidity, or haze, is less than 1.1 nephelometric turbidity units
(NTU) [17]. Results showed that all nanomaterials increased the limpidity of wines although only the
treated wines with SBA-15 showed an admissible NTU value (Fig. 2).

The analytical parameters of control wine were habitual of white wines (Table 2). Ethanol content
was 16.36+0.02 in all wines. Enological parameters of treated wines showed a slight decrease when
compared to control wine. This may be due to the interaction of nanomaterials with the components of
wine or to the displacement of the chemical balances by the change of pH. Anyway, nanomaterials
contribute to reduce both the volatile acidity and the browning index, parameters which are related to
analytical quality of wine.

Previous studies on red wines [18] have shown that small variations of total acidity are present in
samples treated with clinoptilolite and KIT-6. Also, the volatile acidity increased in Merlot samples
treated with ALMCM-41 and clinoptilolite and decreased in Cabernet wines treated with AIMCM-41.
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Turbidity (NTU)

CONTROL KIT-6 MCM-41 SBA-15

Figure 2. Turbidity of wines after treatment, expressed as nephelometric turbidity units (NTU). Different letters
indicate significant differences at 95% of confidence level

Table 2. Enological parameters of wines after treatments

pH TA VA BI

Control |3.364+0.04 | 5.00+0.04 | 0.540.0 | 0.166+0.003
KIT-6 3.31£0.02 ] 5.00+0.04 | 0.440.0 ] 0.15540.005
MCM-41 | 3.2940.01 | 4.83£0.04 | 0.4+0.0 | 0.161£0.007
SBA-15 |3.2840.01 | 4.88+0.01 | 0.4+0.0 | 0.168+0.006
HGA abbb aabb abbblababa

Data expressed as mean + standard deviation. TA: titratable acidity (g tartaric acid/L), VA: volatile
acidity (g acetic acid/L), BI: browning index; HGA: homogenous groups analysis, different letters
indicate significant differences at 95% of confidence level

3.2 Influence of the Fining Agents on Color Parameters

Fig. 3 shows the color properties h* (hue), ¢* (chroma) and L* (lightness) for the wine samples. All
wines had a yellowish hue — the hue values can range from 0° (red), through 90° (yellow), 180° (green),
270° (blue) and back to 360° or 0° — but the control and treated with SBA-15 wines showed a more
orange-yellow hue that treated wines with KIT-6 and MCM-41. These results are according to browning
index values.

The property chroma or saturation is related with purity color (bandwidth) and it can range from 0,
which is completely unsaturated (very broad set of wavelengths), to 100 for pure color (very limited set
of wavelengths). All wine samples showed very little saturated colors,; being the treated wines those with
the lowest values. It seems that the purity color is directly related to the browning.

Finally, the property lightness shows clarity or darkness color (pigment concentration). It can range
from 0, which has no lightness (pigment concentration very high, i.e. absolute black), to 100, which is
maximum lightness (pigment concentration very low, i.e. absolute white). All wine samples had colors
very lightness, their L values were above 95, which is probably related to maceration process. Moreover,
the treated wines showed lower pigment concentration that control wine, which may be due to the
interaction of nanomaterials with the pigments of wine. Some author argued [19] that the clarity (L)
values of wine sample treated with different amounts of KIT-6 mesoporous material remained similar for
all probes analyzed.
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Figure 3. Color properties hue, chroma and lightness of control wine (blue) and wines treated with KIT-6 (pink),
MCM-41 (green) and SBA-15 (yellow)

3.3 Influence of the Fining Agents on TPI and TAA

Relative to total polyphenols index (Fig. 4), the nanomaterials did not significantly modify the phenolic
content respect to control wine. Slight changes observed were according to browning index and lightness
values and they resulted in significantly different antioxidant activity values in treated wines with KIT-
6 and SBA-15. Modification of TAA was inversely proportional to modification of TPI. This result put
in evidence that the antioxidant activity response of polyphenols is more markedly influenced by their
chemical structure than by their total concentration [18]. In addition, there may be a synergistic and
antagonistic antioxidant interaction between phenolic compounds [19].
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Figure 4. Total polyphenols index (TPI), expressed as grams of catechin per liter (full bars), and total antioxidant
activity (TAA), expressed as millimolar of trolox (empty bars), of wines after treatment. Different small letters
indicate significant differences at 95% of confidence level in TPI values. Different capital letters indicate significant
differences at 95% of confidence level in TAA values
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4  Conclusions

Results had showed that nanomaterials reduce the NTU value, which are related with protein
concentration, without adversely modifying the parameters measured. Enological parameters of treated
wines showed a slight decrease when compared to control wine. Mesoporous materials contribute to
reducing the volatile acidity and the browning index, parameters which are related to analytical quality
of wines. Nanomaterial SBA-15 was the most effective although it slightly decreased the antioxidant
activity.

It is expected that nanotechnology applications will bring a range of advantage to the wine domain
with the aim of providing better quality, stabilization, conservation and safety
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