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Madrid, 28040 Madrid, Spain 
b Departamento de Química Agrícola y Bromatología, Facultad de Ciencias, Universidad Autónoma de Madrid, 28049 Madrid, Spain   

A R T I C L E  I N F O   

Keywords: 
Silicon 
Red wines 
Phenolic compounds 
Anthocyanins 
Aroma compounds 
Bunch rot 

A B S T R A C T   

Impact of applying monosilicic acid to grapevines during ripening on chemical composition of Mencía red wines 
in an area where fungal diseases during summer are common was examined. The foliar application of monosilicic 
acid to grapevines led to a less oxidized wine, with lower levels of acetic acid, acetaldehyde, ethyl acetate and 
diacethyl; this should be considered as positive from a sensory point of view. Wines made with silicon-treated 
grapes also contained lower levels of gluconic acid and glycerol, which are chemical markers of wines made 
with botrytized grapes, as well as higher contents of total phenols, anthocyanins and tannins. Furthermore, the 
contents of several mid-chain alcohols were higher (p < 0.05) in wines made with grapes from silicon-treated 
plants.   

1. Introduction 

Silicon (Si) usually is the second most abundant element in soils. In 
the liquid phase of soil, Si occurs mainly as monosilicic acid (H4SiO4), its 
concentration ranging from 0.1 to 0.6 mM. In plants, Si accumulates in 
the epidermis of different organs in the form of a hydrated amorphous 
silica polymer. Certainly, all terrestrial plants contain Si, although their 
content is highly variable depending on the species, among other fac-
tors. For decades, Si has not been considered an essential element for 
plant growth, but there is considerable controversy in recent years, 
because many plants show abnormalities in their growth in the absence 
of Si. In any case, it is widely described that Si can be a beneficial 
element for the growth of various crops, limiting the effects of biotic and 
abiotic stresses in plants alleviating plant diseases effects (Rodrigues and 
Datnoff, 2015), metal toxicities (Wu et al., 2013), salt and drought 
stresses (Zhu and Gong, 2014), or micronutrient deficiencies (Martín- 
Esquinas and Hernandez-Apaolaza, 2021). In any case, the beneficial 
effect of Si is highly variable depending on the plant species (i.e. Gonzalo 
et al, 2013; Peris-Felipo et al., 2020, Gomes et al., 2020), but it is 
especially notable in plants that accumulate large amounts of silicon in 
their shoots, such as rice (Martin-Esquinas, A., & Hernandez-Apaolaza, 
2021). Furthermore, Si is the only mineral nutrient that does not 
cause detrimental effects on plants when absorbed in excess. 

The role of Si on resistance against plant pathogens has been 
examined to a certain extent, and it has been considered that Si appli-
cation to crops is one of the scarce examples of a treatment inducing 
broad-spectrum resistance to plant diseases (Van Bockhaven et al., 
2013). The first hypothesis to explain the reduction of fungal penetra-
tion in plant tissues mediated by Si was its polymerisation below the 
cuticle and in the cell wall. The major form of Si in the xylem has been 
identified as monomeric silicic acid (Mitani et al. 2005). In shoot, silicic 
acid is further concentrated through transpiration and is polymerized to 
colloidal silicic acid and finally to silica gel (SiO2⋅nH2O) with increasing 
silicic acid concentration. Further studies have suggested that Si may 
mediate on host plant resistance mechanisms to pathogen infection, as 
phenylpropanoid pathway may be activated in plants supplied with Si, 
resulting in increased total soluble phenols and lignins (Rodrigues et al., 
2015). Furthermore, other plant defence responses are potentiated only 
by soil applications of Si. Those responses include the increased activ-
ities of several enzymes (peroxidases, polyphenoloxidases, β-1,3-gluca-
nases, and chitinases), and the faster transcription of defence-related 
genes, that also occurs with greater output (Rodrigues et al., 2015). It 
has been reported that the use of Si in horticultural crops may be 
favourable for controlling the development of Botrytis cinerea; Pozo et al. 
(2015) have shown that the presence of Si in nutrient solutions used for 
lettuce, tomato and pepper plants reduced the damage caused by that 
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fungus. 
The use of Si in Viticulture is especially related to biodynamic Viti-

culture; the main ingredient of one of the biodynamic preparations 
(preparation 501) is silica (Masson, 2009). It has been reported that that 
biodynamic management of grapevines led to an increase in the activ-
ities of several enzymes typically correlated with induced plant resis-
tance to biotic and abiotic stresses (Botelho et al., 2016). In recent years, 
some studies on the use of Si fertilizers in conventional grapevine pro-
duction have been carried out, showing that their use can modify several 
chemical parameters related to the quality of grapes and wines. Thus, 
the spray application of sodium metasilicate solutions in Sauvignon 
blanc grapes increased titratable acidity and the levels of several fla-
vanols, flavonols, hydroxybenzoic and hydroxycinnamic acids in wines, 
and decreased volatile acidity (Gomes et al., 2020), and the use of foliar 
application of colloidal Si in Grüner Veltliner grapes as an alternative to 
conventional fungicides for treatment of fungal diseases increased the 
total silicon concentrations in leaves, yield and cluster weight, and 
wines produced from the Si-treated grapes were ranked better in sensory 
evaluations (Schabl et al., 2020). 

The demarcated area of the Protected Designation of Origin Val-
deorras is located in Galicia (North Western Spain). This grapevine 
growing area is characterised by a Mediterranean climate with oceanic 
characteristics. Thus, annual rainfall usually is high (850–1000 mm), 
but summer is quite hot, with temperatures that can reach 35 ◦C during 
July and August. In many vineyards, close to river Sil, relative humidity 
is high, even in summer, leading to favourable conditions for the 
development of B. cinerea, as well as other fungal diseases. In conven-
tional grapevine production, several fungicide treatments with natural 
and synthetic products during the growing season are carried out for 
controlling the growing of those fungi, to obtain grapes acceptable for 
winemaking. To limit the use of fungicides, other treatments may be of 
interest, especially in the case of the control of B. cinerea, because this 
fungus is difficult to control with non-synthetic fungicides. Furthermore, 
the use in winemaking of grapes infected with B. cinerea leads to less 
valuable wines, because the infection by this fungus causes the prolif-
eration of acetic acid bacteria in wines, leading to the formation of acetic 
acid and ethyl acetate and also rises the oxidation rates of polyphenols 
due to enzymes such as laccase and tyrosinase (Thakur et al., 2018); in 
addition, these wines contain higher quantities of certain compounds, 
like glycerol and gluconic acid, that have been long time considered as 
markers of B. cinerea infection in grapes. For these reasons, we have 
examined how the application of monosilicic acid to grapevines may 
affect the chemical composition of red wines made with Mencía grapes 
in Valdeorras area when compared with control wines, to evaluate the 
effect of Si on the characteristics of wines made in a viticultural area 
where fungal diseases during summer are important. 

2. Materials and methods 

2.1. Chemicals 

A stock solution of monosilicic acid was prepared by passing a so-
lution of 0.5 M Na2SiO3 through a column filled with cation exchange 
resin (Amberlite IR-120, Na+ form; Fluka, Buchs SG, Switzerland) and 
diluting it to 1.5 mM with deionized water. Standards of malvidin-3-O- 
glucoside, (-)-epicatechin and 4-methyl-2-pentanol were purchased 
from Sigma-Aldrich, Tres Cantos, Spain. Standards of acetaldehyde, 
methanol, 1-propanol, 1-butanol, 2-butanol, isobutanol, 2-methyl-1- 
butanol, 3-methyl-1-butanol, 2-phenylethyl acetate, 2- phenylethyl 
alcohol, diacetyl, acetoin, ethyl acetate, isoamyl acetate, isobutyl ace-
tate, ethyl butyrate, ethyl lactate and hexanol were purchased from 
Sigma-Aldrich, Buchs SG, Switzerland. The other chemicals used were of 
analytical quality. 

2.2. Field experiment 

The field experiment was carried out in a 18-year-old vineyard, 
located (42.25 N, 6.59 W) in the demarcated area of the Protected 
Designation of Origin Valdeorras, at about 400 m a.s.L., and close to the 
Sil river, in an environment characterized by high relative humidity 
(about 80%) during the month of September. The area of Valdeorras 
presents a warm-summer Mediterranean climate (Csb after Köppen 
climate classification), with mild temperatures and rainfall usual 
throughout the year, and an appreciable summer drought. Plants of cv. 
Mencia, grafted on 110 Richter and trained on Cordon Royat system, are 
arranged E–W on a < 5% slope, vine spacing being 2.30 m × 1.20 m. The 
vineyard has about 75 rows, with 40 plants in each row. Six contiguous 
rows were selected for the experiment. In three of these rows (the odd 
rows), an aqueous solution of monosilicic acid, containing 1.5 mmol/L 
of Si, was applied with a backpack sprayer to six contiguous different 
plants three times (July 24th, August 13rd and September 1st, 2019), 
about 100 mL of that solution (about 4.20 mg Si) were applied to each 
plant. The other three rows (the even rows) were not treated with 
monosilicic acid. During the growing season, a conventional treatment 
schedule for controlling mildew (two treatments with systemic fungi-
cides and other two with contact fungicides), powdery mildew (two 
treatments with systemic fungicides and another one with contact fun-
gicides), and grey rot (two treatments with systemic fungicides), was 
carried out in all the vineyard, 

Harvest took place by on September 29th, 2019, once the grapes 
exceeded a probable alcoholic strength of 11.5 (after must sugar content 
determination by refractometry), which is the minimum allowed by the 
Protected Designation of Origin regulations for making young red wines. 
Grapes were hand-harvested, placed in 20 kg plastic baskets, and 
transported to the winery; one basket was collected in each row. In lines 
treated with monosilicic acid, each basket was completed with all the 
grapes picked in three plants, but four plants were necessary for 
completing a basket in control rows; clearly, yield was higher in rows 
that were treated with monosilicic acid (about 6.3 kg/plant) than in 
control rows (about 5.1 kg/plant), as shown by the weight of the baskets 
when entering the cellar. Grapes were transported to Madrid in a 
refrigerated van, the temperature was kept between 15 and 20 ◦C; and 
were stored overnight underground in that van, at about 20 ◦C. Wine-
making started September 30th, 2019. 

2.3. Winemaking 

Winemaking was carried out in the experimental cellar of Uni-
versidad Politécnica de Madrid. The grapes contained in each basket 
were separately treated. Grapes were crushed and de-stemmed; next 
they were treated with potassium disulfite (120 mg L–1). Six 25 L 
stainless steel tanks were used for winemaking. In the six tanks a 
traditional winemaking was carried out. Tanks were inoculated with 40 
g/100 L Fermivin TS28 yeast (Lallemand, Alcázar de San Juan, Spain); 
and the alcoholic fermentation was carried out in a refrigerated chamber 
at about 26 ◦C, and skins and seeds were sunk into the must twice a day. 
After six days, skins and seeds were retired by gentle decantation of 
wines. At the end of the alcoholic fermentation, wines were inoculated 
with Uvaferm Alpha lactic bacteria (Lallemand, Alcázar de San Juan, 
Spain), following the manufacturer’s instructions, to ensure an optimal 
development of malolactic fermentation. Finally, wines (about 14 L) 
were racked and then transferred to 750 mL glass bottles, and after 
adding potassium disulfite solution, sulfur dioxide was adjusted to 30 
mg L–1, remaining in those bottles until analysis. Thus, three control 
wines (C) and three wines made with monosilicic acid treated grapes (Si) 
were made. 

2.4. General analysis of must and wines 

Sugar content, pH and total acidity of musts were analyzed following 
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OIV methods (International Organization of Vine and Wine, 2010). 
Alcoholic degree, pH, total acidity, acetic acid, tartaric acid, malic acid, 
lactic acid, glucose + fructose, reducing sugars, dry extract, relative 
density, total sulfur dioxide, free sulfur dioxide, glycerin and gluconic 
acid in wines, after two months of storage in bottles at 15 ◦C in a 
chamber, were determined by OIV methods (International Organization 
of Vine and Wine, 2010). 

2.5. Analysis of colour and general phenolic composition of wines 

Total phenol index, total anthocyanins, coloured anthocyanins and 
chemical age index were measured using the procedures described by 
Zoecklein et al. (1995), based on those proposed by Somers and Evans 
(1977). Colour intensity and hue were determined following the pro-
cedure of Glories (1984). Total anthocyans were analysed using the 
procedure of Niketic-Aleksic and Hrazdina (1972), and their concen-
tration, as well as those of total anthocyanins and coloured anthocya-
nins, were expressed in malvidin-3-O-glycoside equivalents. Total 
tannins were measured after their precipitation with methylcellulose, 
using the procedure of Sarneckis et al. (2006), and their concentration 
was expressed in (-)-epicatechin equivalents. Measurements were car-
ried out using a Boeco S-22 UV–VIS spectrophotometer (Boeco, 
Hamburg, Germany). Samples were analysed in duplicate. 

2.6. Analysis of anthocyanins and pyranoanthocyanins 

Anthocyanins and pyranoanthocyanins were identified and charac-
terized by HPLC with diode array detection and electrospray ionization 
coupled to mass spectrometry (DAD-ESI/MS), as described by Escott et 
al (2018). For this purpose, an Agilent Technologies 1100 system (Palo 
Alto, CA, USA) was used. Separation was carried out on a RP Kinetex 
C18 (100 × 4.6 mm, 2.6 µm) column (Phenomenex, Torrance, CA, USA), 
using as solvents water/formic acid 95:5 v/v (solvent A) and methanol/ 
formic acid 95:5 v/v (solvent B), with the following linear gradient at 
0.8 mL/min: from 20% B to 50% B in 27 min, 50% B from 27 to 28 min, 
from 50% B to 20% B from 28 to 29 min, until reaching a steady state 
(Escott et al., 2018). Malvidin-3-O-glucoside was used as an external 
standard at a wavelength of 525 nm for the quantification of all pig-
ments, using a five-points calibration curve between 0 and 500 mg L-1, 
r2 = 0.9999 (Loira et al., 2014). The electrospray ionisation variables 
were: drying gas (N2) flow rate 10 mL min− 1; temperature 350 ◦C; 
nebuliser pressure 380 Pa (55 psi); and capillary voltage 4000 V. Mass 
spectrometry was performed in positive mode scanning from m/z 100 to 
m/z 1000, using a fragmenter voltage of 150 V from 0 to 23 min. 
Detection limit was set to 0.1 mg⋅L-1 (Morata et al., 2016). 

2.7. Analysis of volatile compounds 

Volatile compounds were determined by gas chromatography with 
flame ionization detection (GC-FID), following the procedure described 
by Escott et al. (2018). Analysis were performed with an Agilent Tech-
nologies 6850 chromatograph (Palo Alto, California, USA), with a DB- 
684 column (60 m × 250 µm × 1.4 µm). Injector and detector temper-
atures were set at 250 ◦C and 300 ◦C, respectively. Column temperature 
was maintained at 40 ◦C for 5 min, and then increased to 250 ◦C with a 
gradient of 10 ◦C/min. The final temperature remained for 5 min. 
Hydrogen, at a flow of 2.2 L/min, was used as carrying gas, with a split 
ratio of 1:10. Volatile compounds were identified and quantified using 
100 µL of 4-methyl-2-pentanol (500 mg⋅L-1) as an internal standard, 
following the recommendations of Abalos et al. (2011). All the com-
pounds were calibrated by its specific standard using calibration curves. 
The detection limit was 0.1 mg⋅L-1. The volatile compounds analysed 
with this technique were pre-calibrated with five-point calibration 
curves (r2) and all compounds had an r2 > 0.999, except 2, 3-butanediol 
(0.991) and phenylethyl alcohol (r2 = 0.994). The contribution of each 
volatile compound to wine aroma was evaluated by the calculation of its 

odour active value (OAV), that is the ratio between its concentration in 
wine and its perception threshold (Bouzas-Cid et al., 2018). 

2.8. Statistical analysis 

For comparing data obtained for Si wine and C wine, Independent 
Samples t-Test was carried out with SPSS for Windows (v. 26.0). 

3. Results and discussion 

3.1. General analysis of wines 

Table 1 displays the results obtained for the general analysis of 
wines. Control wine, C, showed higher relative density and higher 
content of acetic acid, gluconic acid and glycerin that wine made with 
grapes obtained from plants that were treated with monosilicic acid (Si 
wine), theose differences were significantly different (p < 0.05). Those 
parameters are higher in wines made with grapes infected with 
B. cinerea, as it has long been described in the enological literature 
(Kallitsounakis & Catarino, 2020). Thus, the differences observed be-
tween C wine and Si wine are probably due to a lower development of 
botrytis bunch rot in grapes treated with monosilicic acid. Certainly, 
bunches collected from monosilicic acid-treated plants contained fewer 
grapes with B. cinerea attack symptoms than bunches collected from 
control plants. The higher content of gluconic acid and glycerol in C 
wine led to higher dry extract, as should be expected, despite no sig-
nificant difference (p < 0.05) in dry extract between C wine and Si wine 
has been observed. Moreover, Si wine is slightly more alcoholic and 
more acidic than C wine, but these parameters were not significantly 
different (p < 0.05), and Si wine contained a higher concentration of 
tartaric acid (p < 0.05) than C wine, but a lower concentration of L-lactic 
acid (p < 0.05). These facts have been reported by Gomes et al. (2020) in 
Sauvignon blanc wines made with grapes after foliar application of so-
dium metasilicate. Levels of malic acid in both wines were below 0.2 g L- 

1, showing that malic acid was degraded during malolactic fermenta-
tion. Thus, the higher content of L-lactic acid in C wine may be related to 
the accumulation of citric acid in grapes infected by B. cinerea, leading to 
wines enriched in L-lactic acid (Kallitsounakis and Catarino, 2020). 

3.2. Colour and general phenolic composition of wines 

Table 2 shows the results obtained for parameters related to colour 
measurements and to the general phenolic composition of wines. Si wine 

Table 1 
Mean values and standard deviations for analytical parameters related to must 
analysis and general composition of young red Mencía wines. Mean values in the 
same row followed by a different letter are significantly different (p < 0.05).  

Parameter Mean value and standard deviation 
Control grapes Si treated grapes 

Musts   
Sugar content, ◦Brix 21.7 ± 0.6a 22.1 ± 1.1a 
Total acidity, g L-1, TAE* 5,03 ± 0.42a 5.70 ± 0.64a 
pH 3.81 ± 0.02a 3.79 ± 0.03a 

Wines   
Alcoholic degree, 20 ◦C, % vol. 12.03 ± 0.55a 12.26 ± 0.47a 
Dry extract, g L-1 29.8 ± 2.5a 26.4 ± 1.07a 
Relative density 20/20 0.99570 ± 0.00039a 0.99411 ± 0.00013b 
Total acidity, g L-1, TAE* 4.67 ± 0.18a 4.93 ± 0.40a 
pH 3.84 ± 0.14a 3.82 ± 0.26a 
Acetic acid, g L-1 0.94 ± 0.14a 0.64 ± 0.09b 
Free sulphur dioxide, mg L-1 12 ± 2a 13 ± 2a 
Total sulphur dioxide, mg L-1 34 ± 3a 29 ± 5a 
D-Gluconic acid, g L-1 1.80 ± 0.23a 0.97 ± 0.06b 
L-Tartaric acid, g L-1 1.85 ± 0.08a 2.05 ± 0.07b 
L-Lactic acid, g L-1 2.28 ± 0.12a 1.84 ± 0.06b 
Glycerol, g L-1 10.94 ± 1.06a 8.38 ± 0.58b 

*TAE: tartaric acid equivalents 
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contained higher quantities of total phenols, total anthocyans (total red 
pigments, including anthocyanins, anthocyanins derivatives, such as 
pyranoanthocyanins, and red polymers formed by condensation of an-
thocyanins with favan-3-ols), total anthocyanins and total tannins than 
C wine; contents of total anthocyans and total anthocyanins were sig-
nificatively different (p < 0.05). These results agree with those obtained 
by Ky et al. (2012) for Merlot red wines made with a different proportion 
of botrytized grapes. Moreover, as it is well known (Jackson, 2020), the 
extraction of anthocyanins and condensed tannins (proanthocyanidins) 
from grape skins is related to the fracture of cell walls during grape 
crushing before the alcoholic fermentation, and the intensity of that 
fracture is related to the stiffness of cell walls; it may be supposed that 
the integration of Si in the cell walls should increase rigidity, helping 
their fracture during crushing. This hypothesis may explain the higher 
content of total anthocyans and total anthocyanins in Si wine. Despite 
the content of total phenols and total tannins are higher in Si wine, there 
are not significative differences (p < 0.05) when compared with C wine; 
this fact may be explained because condensed tannins are also extracted 
from grapes seeds, and because grape pulp is the source of hydrox-
ycinnamic acids derivatives present in wine. Furthermore, it has been 
reported that phenolic metabolism may be stimulated by Si, contrib-
uting to rice resistance to sheath blight (Zhang et al., 2013), and that 
foliar application of sodium metasilicate increases total phenolic con-
tent, as well as levels of hydroxybenzoic and hydroxycinnamic acids in 
Sauvignon blanc wines (Gomes et al., 2013). 

Certainly, the above exposed hypothesis should cause a higher colour 
intensity in Si wine in relation to C wine. Nevertheless, Si wine is slightly 
less coloured than C wine, but results are not different (p < 0.05); it 
should be explained because the oxidation of catechins in oxidized wines 
(like C wine) may increase colour intensity (Fregoni et al., 1986). On the 
other hand, C wine, despite being a young wine, is a more evolved wine 
than Si wine, as it is shown by two other parameters: hue and chemical 
age index. Both are higher in C wine than in Si wine (p < 0.05). Chemical 
age index, described by Somers and Evans (1977), is a parameter which 
indicates the extent of anthocyanins polymerization with favan-3-ols in 
a wine. Theoretically, its numerical range varies from 0 (lack of poly-
merization) to 1 (complete polymerization). For wines produced in a 
given year in a given region, the chemical age of a wine can make it 
possible to estimate the effect of a viticultural or oenological practice on 
the evolution of a wine in relation to a control. 

3.3. Anthocyanins and pyranoanthocyanins 

Ten different anthocyanins have been determined by HPLC-DAD. 
The content of those pigments, displayed in Table 3, usually is higher 
in Si wine than in C wine, except Pn-Gl; differences observed (but not in 
the case of Pn-Gl) are significantly different (p < 0.05). These results 
agree with those obtained by Ky et al. (2012) for Merlot red wines made 

with a different proportion of botrytized grapes. Our results should be 
expected if data obtained for hue and chemical age index (Table 2) are 
considered, because Si wine is a less evolved wine than C wine, and 
polymerization of anthocyanins onto polymeric pigments should have 
been less intense in Si wine than in C wine, leading to a decrease in the 
content of free anthocyanins in C wine. In any case, the higher content of 
free anthocyanins in Si wine may lead to the formation of additional 
polymeric pigments, that should contribute to a more intense stabili-
zation of colour in Si wine at a middle term. 

Pyranoanthocyanins are formed during wine ageing by several 
different mechanisms (He et al., 2012). Most of them have been detected 
and quantified (three vitisin A-type, one vitisin-B type and four 
hydroxyphenyl-pyranoanthocyanins). More of them are more abundant 
in C wine (more evolved than Si wine), but two of them (vitisin A and its 
acetylated derivative) are more abundant in Si wine (Table 4). Differ-
ences between wines are significantly different (p < 0.05), except for 
vitisin B, acetylated vitisin A and Mv-AcGl-vinylphenol. 

3.4. Volatile compounds 

Several volatile compounds, mostly formed during alcoholic 
fermentation, were detected and quantified by GC-FID; they include ten 
alcohols, three carbonyl compounds, and four esters. Data on their 
contents in both wines are summarized in Table 5. Among them, the 
most abundant was 2,3-butanediol, its content being quite similar in 
both wines. 

The concentrations of two volatiles (acetaldehyde and 1-propanol) 
were significatively higher (p < 0.05) in C wine than in Si wine. 

Table 2 
Mean values and standard deviations for analytical parameters related to colour 
and general phenolic composition of young red Mencía wines. Mean values in 
the same row followed by a different letter are significantly different (p < 0.05).  

Parameter Mean value and standard deviation 
C wine Si wine 

Total phenols index 27.32 ± 2.99a 28.07 ± 1.78a 
Colour intensity (Glories) 5.353 ± 0.470a 5.027 ± 0.281a 
Wine absorbance at 420 nm (%)1 36.51 ± 0.99a 33.21 ± 0,50b 
Wine absorbance at 520 nm (%)1 48.74 ± 0.39a 53.64 ± 2.64b 
Wine absorbance at 620 nm (%)1 12.13 ± 1.14a 10.98 ± 2.32a 
Hue 0.749 ± 0.020a 0.620 ± 0.034b 
Total anthocyans, mg L-1 384 ± 33a 442 ± 20b 
Total anthocyanins, mg L-1 326 ± 27a 385 ± 20b 
Coloured anthocyanins, mg L-1 14 ± 1a 17 ± 2a 
Chemical age index 0.091 ± 0.006a 0.077 ± 0.006b 
Total tannins, mg L-1 1174 ± 153a 1413 ± 263a  

1 Percentage over colour intensity 

Table 3 
Mean values and standard deviations for anthocyanins determined by HPLC (mg 
L-1) in young red Mencía wines. Mean values in the same row followed by a 
different letter are significantly different (p < 0.05).  

Anthocyanin Mean value and standard deviation 
C wine Si wine 

Dp-Gl 15.9 ± 1.2a 21.9 ± 2.3b 
Pt-Gl 22.9 ± 1.0a 32.4 ± 2.5b 
Pn-Gl 39.8 ± 0.4a 35.3 ± 5.1a 
Mv-Gl 386.5 ± 17.9a 458.9 ± 21.5b 
Pt-AcGl 6.7 ± 0.2a 7.9 ± 0.4b 
Mv-AcGl 99.2 ± 5.2a 113.4 ± 5.2b 
Dp-CmGl 7.5 ± 0.3a 8.0 ± 0.2b 
Pt-CmGl 4.9 ± 0.2a 5.4 ± 0.3b 
Mv-cisCmGl 4.7 ± 0.3a 5.7 ± 0.2b 
Mv-transCmGl 51.3 ± 6.6a 64.8 ± 3.1b 

Dp-Gl, delphinidin-3-O-glucoside; Pt-Gl, petunidin-3-O-glucoside; Pn-Gl, peo-
nidin-3-O-glucoside; Mv-Gl, malvidin-3-O-glucoside; Pt-AcGl, petunidin-3-O- 
acetylglucoside; Mv-AcGl, malvidin-3-O-acetylglucoside; Dp-CmGl, delphinidin- 
3-O-p-coumarylglucoside; Pt-CmGl, petunidin-3-O-p-coumarylglucoside; Mv- 
cisCmGl, malvidin-3-O-cis-p-coumarylglucoside; Mv-transCmGl, malvidin-3-O- 
trans-p-coumarylglucoside. 

Table 4 
Mean values and standard deviations for anthocyanins derivatives determined 
by HPLC (mg L-1) in young red Mencía wines. Mean values in the same row 
followed by a different letter are significantly different (p < 0.05).  

Anthocyanin derivative Mean value and standard deviation 
C wine Si wine 

Pn-Gl-pyruvate 3.6 ± 0.1a 3.3 ± 0.1b 
Vitisin B 4.1 ± 0.2a 3.9 ± 0.1a 
Vitisin A 11.2 ± 0,2a 13.1 ± 0.9b 
Acetylated vitisin A 4.6 ± 0.2a 4.8 ± 0.1a 
Mv-Gl-vinylcatechol 3.7 ± 0.1a 3.4 ± 0.1b 
Mv-Gl-vinylphenol 6.0 ± 0.4a 5.2 ± 0.0b 
Mv-Gl-vinylguaiacol 3.9 ± 0,1a 3.7 ± 0.1b 
Mv-AcGl-vinylphenol 3.7 ± 0.1a 3.5 ± 0.2a 

Pn-Gl, peonidin-3-O-glucoside; Mv-Gl, malvidin-3-O-glucoside; Mv-AcGl, mal-
vidin-3-O-acetylglucoside 
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Acetaldehyde is a well-known marker of wine oxidation (Jackson, 
2020), and its higher content in C wine points out that oxidation has 
been more intense in that wine; this has been reflected also by the higher 
levels of acetic acid (see Table 1), ethyl acetate and diacetyl in C wine, 
despite the differences observed for diacetyl, that are related to wine 
oxidation, values are not significatively different (p < 0.05). Other two 
volatiles (methanol and isobutanol) were higher in C wine than in Si 
wine, but differences are not significantly different (p < 0.05). 

On the other hand, the contents of several mid-chain alcohols (1- 
butanol, 2-methyl-1-butanol, 3-methyl-1-butanol and 2-phenylethanol) 
were higher (p < 0.05) in Si wine than in C wine. These alcohols are 
formed mainly during alcoholic fermentation by deamination of ami-
noacids; branched-chain aminoacids, like L-valine, L-leucine and L- 
isoleucine, are transformed in branched-chain alcohols through the 
Ehrlich metabolic pathway, as well as aromatic aminoacids (phenylal-
anine, tirosyne and tryptophan) originate 2-phenylethanol (Styger et al., 
2011). It is well known that the development of B. cinerea in grapes leads 
to the decrease of levels of easily assimilable nitrogen compounds in 
grapes (Hazelwood et al., 2008, Ugliano and Henschke, 2009; Styger 
et al., 2011), and hence, limiting the formation of several mid-chain 
alcohols in wines. Thus, the application of silicic acid to grapevines 
may be favourable for the formation of several mid-chain alcohols in 
wines, as consequence of its effect limiting the development of 
B. cinerea. Furthermore, the more intense production of some mid-chain 
alcohols in Si wine has probably led to the detection of isoamyl acetate, 
that is absent in C wine. 

Nine volatile compounds presented OAV > 1 in C wine (Table 6). In 
addition, other two volatiles presented OAV > 1 in Si wine. In Si wine, 
several volatiles which are considered as negative for sensory appreci-
ation of wines (ethyl acetate, acetaldehyde, diacetyl) presented an OAV 
lower than in C wine. Thus, the lower content of those three odorants in 
Si wine should be considered as positive from a sensory point of view. 
Among substances that have presented a high OAV, the highest value 
corresponds to isoamyl acetate, with a characteristic banana aroma; 
moreover, this odorant has not been detected in C wine, probably 
because isoamyl acetate is less abundant in wines made with botrytized 
grapes (Thakur et al., 2018), and this fact can lead to a differential 
sensory appreciation of both wines. All these data agree with the ob-
servations made by Schabl et al. (2020) in Grüner Veltliner white wines, 
which were preferred by tasters if grapevines were treated with silicic 

acid during the growing season against control wines. 

4. Conclusions 

The study carried out has allowed obtaining information on the ef-
fect of the foliar application of monosilicic acid during grape ripening in 
a vineyard of cv. Mencía in the demarcated area of Valdeorras. Thus, the 
treatment of grapevine plants with Si during the ripening allowed the 
wine obtained (Si wine) to be less oxidized than C wine (control), with 
lower levels of acetic acid, acetaldehyde, ethyl acetate and diacetyl, and 
it should be considered as positive from a sensory point of view. In 
addition, the application of Si gave rise to a wine (Si wine) with lower 
levels of substances characteristic of wines made with botrytized grapes, 
such as gluconic acid and glycerin, and also with higher content of total 
phenols, total anthocyanins, total tannins and several anthocyanins, 
which also decrease in wines made with botrytized grapes. 
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Table 5 
Mean values and standard deviations for aroma compounds foarmed during 
alcoholic fermentation determined by GC-FID (mg L-1) in young red Mencia 
wines. Mean values in the same row followed by a different letter are signifi-
cantly different (p < 0.05).  

Aroma compound Mean value and standard deviation 
C wine Si wine 

Alcohols   
Methanol 137.2 ± 16.1a 118.9 ± 18.5a 
1-Propanol 62.0 ± 5.7a 43.6 ± 3.7b 
1-Butanol 1.4 ± 2.4a 4.2 ± 0.2b 
2-Methyl-1-butanol 149.7 ± 18.0a 187.5 ± 13.5b 
Isobutanol 72.9 ± 9.2a 66.4 ± 3.3a 
3-Methyl-1-butanol 36.4 ± 5.8a 47.8 ± 5.0b 
4-Methyl-2-pentanol 50.0 ± 0.0a 50.0 ± 0.0a 
1-Hexanol 4.6 ± 0.3a 4.7 ± 0.3a 
2-Phenylethanol 32.0 ± 4.5a 43.8 ± 1.7b 
2–3 Butanediol 1000.5 ± 293.4a 988.8 ± 125.1a 
Esters   
Ethyl acetate 63.5 ± 3.5a 55.1 ± 4.3a 
Ethyl lactate 39.7 ± 9.9a 33.7 ± 9.2a 
2-Phenylethyl acetate 5.2 ± 0.1a 5.1 ± 0.1a 
Isoamyl acetate nd 2.1 ± 0.2 
Carbonyl compounds   
Acetaldehyde 18.2 ± 8.2a 8.0 ± 0.3b 
Diacetyl 11.2 ± 1.1a 10.4 ± 1.3a 
Acetoin 9.7 ± 5.6a 15.8 ± 6.5a  

Table 6 
Perception thresholds (mg⋅L-1) and OAV’s for different volatile compounds 
determined in young red Mencia wines. OAV’s were calculated considering 
mean values.  

Volatile 
compound 

Perception 
threshold (mg⋅L-1) 

Odour OAV, C 
wine 

OAV, Si 
wine 

Alcohols     
Methanol 668a Medicine  0.21  0.18 
1-Propanol 306b Mature 

fruits  
0.20  0.14 

1-Butanol 150b Medicine  0.01  0.02 
1-Hexanol 1.1b Fresh cut 

grass  
4.18  4.30 

Isobutanol 40c Oily  1.82  1.66 
2-Methyl-1- 

butanol 
40d Solvent  0.91  1.19 

3-Methyl-1- 
butanol 

50c Solvent  2.99  3.75 

2-Phenylethanol 14c Rose  2.28  3.13 
2.3-Butanediol 150a Fruity  6.67  6.59 
Esters     
Ethyl acetate 12b Solvent  5.29  4.54 
Ethyl lactate 155c Butter  0.26  0.22 
2-Phenylethyl 

acetate 
0.25c Floral  20.93  20.53 

Isoamyl acetate 0.03c Banana  –  71.67 
Carbonyl 

compounds     
Acetaldehyde 0.5d Ethereal  36.47  15.93 
Diacetyl 0.9e Butter  12.48  11.52 
Acetoin 150a Butter  0.06  0.11  

a Etiévant, 1991 
b Peinado et al., 2004 
c Ferreira et al., 2000 
d Guth, 1997 
e Martineau et al., 1995 
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Loira, I., Vejarano, R., Bañuelos, M. A., Morata, A., Tesfaye, W., Uthurry, C., … Suárez- 
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