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INTRODUCTION

Depending on body weight and phytate content in the diet, 
human organisms require an average daily intake of  about 
11 and 8 mg of  Zn for adult males and females, respectively 
(Gammoh and Rink, 2017; IAEA, 2018). Below these Zn 
levels, the physiology of  the human body can be affected, 
namely its physical development, the immune, reproductive 
and respiratory systems, skin properties and brain functions 
(Dapkekar et al., 2018; Sungaya et al., 2020; Younas et al., 
2022). Zinc deficiency can result of  poor food diets in 
diversity (one of  the main reasons in developing countries), 
namely red meat, oysters, crab, nuts, and grain cereals 

(Dapkekar et al., 2018; Praharaj et al., 2021; Shkembi et 
al., 2021; Wang et al., 2018). Moreover, concerning cereal 
grains (a staple food worldwide), Zn contents are largely 
affected by their availability for root uptake since a great 
portion of  the world’s arable soils are deficient in this 
mineral (ca. 49 %). Zinc deficiency (i.e., between 0.6 and 
2.0 mg.kg─1) commonly occurs in neutral and calcareous 
soils, intensively cropped soils, paddy soils and poorly 
drained soils, sodic and saline soils, peat soils, soils with 
high available phosphorus and silicon, sandy soils, highly 
weathered acid, and coarse-textured soils (Hacisalihoglu, 
2020; Sungaya et al., 2020). Among the factors influencing 
Zn availability, pH, electrical conductivity, organic carbon 

In grapevines, Zn is essential for normal leaf growth, shoot elongation and pollen development, allowing a fully developed berry. In this 
context, using as a test system Vitis vinifera L. variety Syrah, this study aimed to assess the interactions between Zn enrichment in grapes 
and sugars and fatty acids profiles, further considering the sensory implications of red wine production. Vineyard conditions of the soil 
were assessed to ensure the natural optimal development of grapevines and the workflow for Zn enrichment considered three treatments: 
foliar spray with water (control) and with ZnSO4 (at 450 and 900g.ha-1). After the 2nd foliar application of ZnSO4, only minor changes 
of Zn, Ca and P contents were found in grapes (the levels of K, Cu and S increased significantly with ZnSO4 (450 g.ha-1). At harvest, 
the grapes submitted to foliar application of ZnSO4 showed significantly higher levels of Zn (between 33.38 - 54.41%), but significant 
deviations in sugars (sucrose, glucose and fructose), fatty acids (C18:0, C18:1, C18:2, C18:3, C16:0, C<16:0) and color parameters 
were not found. After winemaking, relative to the control, a higher content of Zn persisted (60.59 - 63.82%), without impairing the 
characteristics desired by consumers. In fact, the wine with ZnSO4 (900 g.ha-1) was the most sensorially accepted.
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and nutrient inter-actions are of  great importance (Sungaya 
et al., 2020). Likewise, Zn is required in the range of  
15 - 20 mg.kg─1

DW for optimal growth of  crops (Marschner, 
2012; Tsonev and Lidon, 2012), being its uptake and 
transport from roots to shoots (as Zn2+) bound to organic 
acids (Hefferon, 2019; Sungaya et al., 2020). Moreover, 
decreased amounts of  Zn lowers productivity and quality 
(Sungaya et al., 2020; Ullah et al., 2020), occurring specific 
symptoms that include visible growth changes in root, 
shoot, stem, seed, and fruit formation (Khan et al., 2022).

To surpass minerals deficiency in crops and comply with 
human needs in the diet, natural enrichment of  minerals 
was emerged as a strategy to increase the accumulation of  
target nutrients (namely Zn) in the edible part of  plants, 
namely the use of  fertilizers through soil and/or foliar 
application (Bouis and Welch, 2010; Cakmak, 2008; Di 
Gioia et al., 2019; Hussain et al., 2022; Pal et al., 2019; 
Palmgren et al., 2008; Zulfiqar et al., 2020). Foliar spraying 
with Zn increases the content and yield of  cereals and fruit 
trees (Nissar et al., 2019; Rugeles-Reyes et al., 2019). In 
this context, zinc sulfate is the most common used source 
and, additionally, also supplies crops with sulfur (i.e., thus 
allowing Zn storing in the endosperm via S-rich proteins) 
(Szerement et al., 2022). Indeed, sulfur is also vital for 
plant growth, and its status further leads to implications for 
yield, quality, and plant response to abiotic stresses (Zenda 
et al., 2021). Besides, the positive effect of  Zn fertilization 
on fruit may be due to its activity in tryptophan synthesis, 
cell division, maintenance of  membrane structure and 
translocation of  metabolites to the bud formation site, 
providing better fruit yield and quality (Zhang et al., 2013; 
Elsheery et al., 2020; Maity et al., 2023). Several studies 
in fruits (Subba et al., 2014; Rout and Sahoo, 2015; Song 
et al., 2015) also showed an increase in the concentration 
of  phenolics (namely in grape berries) and anthocyanin 
content, that can be advantageous for the wine industry. 
Indeed, polyphenols are highly important phytochemicals 
promoting health benefits, whereas anthocyanins are 
responsible for the red color of  wines (He et al., 2012; 
Onache et al., 2023).

Considering the case of  viticulture an agro-food sector of  
great economic importance in Mediterranean climate zones 
(Gutiérrez-Gamboa et al., 2021; Tardaguila et al., 2011), 
that requires high grape standard for winemaking, soil 
nutrients can also limit growth and fruit quality (Lazcano 
et al., 2020; Zhao et al., 2019). In this context, using as 
a test system the winegrape Vitis vinifera L. variety (cv. 
Syrah), this study aimed to assess the interactions between 
Zn enrichment in grapes and some nutritional patterns 
(sugars and fatty acids profiles), further considering the 
implications on red wine production following consumers 
expectations.

MATERIALS AND METHODS

Experimental field
Under irrigation conditions, Vitis vinifera variety Syrah 
from a vineyard located in Setúbal, Portugal (Fig. 1, 38º 
35’23.629’’N; 8º 51’ 46.208’’ W) was submitted to three 
leaf  sprays with ZnSO4 (at concentrations of  450 and 
900 g. ha─1, with control vines sprayed with water) after 
flowering, during the production cycle. During the cycle of  
the culture, temperatures reached maximum and minimum 
average values of  28 °C and 16.6 °C, respectively.

Soil analysis
Vineyard soils (28  samples (100  g) were collected from 
the soil surface and from a depth of  30 cm) were sieved 
(2.0  mm mesh to remove stones, coarse materials and 
other debris) and dried at 105 oC for 24 h, followed by 
a 1  h desiccation. Dry mass was then recorded and to 
quantity the organic matter, samples were also heated (to 
550 oC, for 4  h, until a constant weight) and therefore 
desiccated until room temperature. Electrical conductivity 
and pH were performed, using a potentiometer (Luís 
et al., 2021). Mineral analysis was carried out with a XRF 
analyzer (model XL3t 950 He GOLDD+), under a helium 
atmosphere (Ni-ton Thermal Scientific, Munich, Germany) 
(Luís et al., 2021).

After heating the samples at 550°C for 4h, colorimetric 
parameters of  soils were measured using a fixed wavelength 
according to (Marques et al., 2023). The illuminant D65, the 
system of  the Commission Internationale d’Éclaire (CIE) 
was applied. Brightness/brightness (L) and chromaticity 
parameters (a* and b* coordinates) were obtained with a 
Minolta CR 300 colorimeter (Minolta Corp., Ramsey, NJ, 
USA) coupled to a sample vessel (CR-A504). Parameter L* 
translates the variation of  the tonality between dark and 
light, with a range between 0 (black) and 100 (white) and 

Fig 1. Mean values ± S.E. (n = 3) of sugar content (mg/g per fresh 
weight) in grapes of Vitis vinifera variety Syrah, at harvest. Letter a 
indicate the absence of significant differences among the treatments 
(statistical analysis using the single-factor ANOVA test, p ≤ 0.05). 
Ctr: control samples.
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a* and b* indicating color variations between red (+60) 
and green (-60), and between yellow (+60) and blue (-60), 
respectively.

Nutrients content in grapes
After the 2nd foliar application, and at harvest, samples of  
randomized grapes of  Vitis vinifera, variety Syrah, were dried 
at 60 oC (until constant weight), grounded and processed 
into pellets. Measurements were performed using an XRF 
analyzer (Thermo Scientific, Niton model XL3t 950 He 
GOLDD+, Waltham, MA, USA) under He atmos-phere 
(Pessoa et al., 2021).

Color parameters of grapes
At harvest, colorimetric parameters were determined in the 
pulp of  randomized fresh grapes (n = 3 per treatment), 
with a scanning spectrophotometric colorimeter (Agrosta, 
European Union). The sensor provides a 40  nm full-
width half-max detection, covering the visible region 
of  the electromagnetic spectrum. This sensor has 6 
phototransistors with sensibility in a specific region of  
the spectrum (380 nm—violet; 450 nm—blue; 500 nm—
green; 570 nm—yellow; 600 nm—orange; 670 nm—red). 
Light was furnished by a white light-emitting diode (LED) 
covering all the visible regions as mentioned (Pessoa 
et al., 2022).

Sugars content in grapes at harvest
Sugar analyzes, using 40 g of  pulp (removed from grape 
berries at harvest) per sample (n = 3), were carried out 
following (Daccak et al., 2022). After filtration (nylon 
0.45  mm) samples were injected (40 µL) in an HPLC 
(Waters, Milford, MA, USA) system, coupled to a 
refractometric detector (Waters 2414), equipped with a 
SugarPak 1 column (Waters 6.5 _ 300 mm) and pre-column 
(Wat 088141) with SugarPak II inserts (Wat 015209). 
Ul-trapure water containing 50 ppm calcium EDTA was 
used as mobile phase, at a flow rate of  0.5 mL min-1. Data 
were analyzed with Breeze software and quantified using 
calibration curves of  sucrose, glucose, and fructose.

Fatty acids contents in grapes at harvest
Samples of  three to four bunches composed of  several 
berries without peduncle (ca. 5  g fresh weight) per 
treatment (3 replicates), were used for fatty acids (FAs) 
analyses following (Vidigal et al., 2018), through direct 
acidic transesterification using a methanol:  sulfuric acid 
solution (39:1, v: v), after addition of  an internal standard 
(heptadecanoic acid). Samples were thereafter analyzed by 
gas–liquid chromatograph (Varian CP-3380, Palo Alto, CA, 
USA), coupled to a flame ionization detector (GC-FID), 
and separated using a Varian capillary column (CP-Wax 
52 CB). Double bond index (DBI) reflects the relative 

abundance of  mono and polyunsaturated FAs relatively 
to saturated FAs, and was calculated using the formula: 
DBI = ((% monoenes + 2 _ % dienes + 3 _ % trienes)/% 
AG saturated) (Mazliak, 1983).

Winemaking and zinc quantification
The first phase of  winemaking comprised destemming 
and pressing grapes (50 Kg), being therefore, sulfur 
dioxide was added (18  mL). After 24  h rest at 6 oC, 
Springarom (18  g) was added to the vat and afterward 
(20 min), the yeast (hydrated with water at 37°C, (1:10)) 
was added. During all the process, temperature and density 
of  the mixture were regularly measured, with PVPP/
Polyvinylpolypyrrolidone—Divergan F (12 g) application 
when density reached 1060  g.cm-3. Besides, DAP—
Diammonium phosphate (12 g) was further added at the 
peak of  fermentation (density between 1030–1040 g.cm-3) 
and when the density reached 1000 g.cm-3. Additionally, 
sulfur dioxide (3 mL) was applied when the density reached 
990 g.cm-3. The wine was then filtered, followed by bottling. 
Measurements of  Zn of  grapes samples and wine were 
analyzed by atomic absorption spectrophotometry using 
a Perkin Elmer AAnalyst 200 (Waltham, MA, USA), fitted 
with a deuterium background corrector, and using the 
AA WinLab software program, as described by (Daccak 
et al., 2022).

Sensory analysis of  the wine was performed with a 
semi-trained panel of  tasters (n = 14) with 5 women and 
9 men, aged 44-63 and 30-64, respectively. Based on a 
preset 5-point hedonic scale, varying gradually from “I 
greatly disliked” to “I liked it a lot”, where tasters classify 
sensory attributes (persistence, sweetness, effervescence, 
bitterness and acidity) and also performed a global 
evaluation.

Statistical analysis
Data were statistically analyzed using a one-way ANOVA to 
assess differences between treatments, followed by a Tukey’s 
test for mean comparison. Letters a, b indicates significant 
differences among treatments. A 95% confidence level was 
adopted for all tests.

RESULTS

The soil of  the vineyard showed a slightly acidity (pH of  
6.51) and an electrical conductivity, organic matter and 
moisture of  186 μS.cm─1, 3.14 % and 8.04 %, respectively 
(Table  1). In this context, nutrients contents displayed 
(Table 1) the following pattern Fe > K > Ca > P> Mg 
> Mn > S > Zn > Cu, whereas after organic matter 
removal, the color parameters a* and b* showed (Table 1) 
a greater contribution of  red and yellow (ranging between 
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45.72-45.78 for L, 7.58- 21.42 for a* and 24.11- 31.10 for 
b* - Table 1).

After the 2nd foliar application of  ZnSO4, relative to the 
control, the contents of  Zn in the Syrah grapes did not vary 
significantly (although displaying a slight increase of  1.05 
and 1.03 fold, to values of  31.85 and 31.22 mg.kg─1 after 
application of  450 and 900  g.ha-1  -  Table  2). Among 
treatments, the levels of  Ca and P also did not vary 
significantly and ranged between 0.87  -  1.05% and 
0.35- 0.45 %, respectively. Moreover, the contents of  K 
increased from the control onwards (varying between 
2.44  -  3.50 %, whereas Cu and S revealed the highest 
value after pulverization with 450 g.ha-1, ranging between 
32.85-  59.59 and 0.31-  0.40% mg.kg─1, respectively) 
(Table  2). At harvest, relatively to the control, grapes 
sprayed with ZnSO4 revealed significantly higher contents 
of  Zn (1.54 and 1.33 fold for treatments with 450 and 
900 g.ha-1 - Table 2).

The contents of  sucrose, glucose, and fructose in the 
pulp of  Syrah grapes did not show significant differences 
among treatments (Fig.  1). The amounts of  glucose 
prevailed (with values varying between 70.88 - 101.33 %), 
followed by fructose (with proportions ranging between 
71.49  -  88.71%) and sucrose (with its levels changing 
between 1.28 - 1.73%) (Fig. 1). Interesting was to note that 
grapes treated with 450 g.ha─1, revealed the highest amount 
of  these sugars (Fig. 1).

At harvest, the fatty acids (FAs) profile of  the grapes 
showed the following relative abundance: (C18:2) > 
(C18:3)> (C16:0) > (C18:0) > (C18:1) > chains inferior to 
16 C (<16:0) (Table 3). Relatively to the control, each FA 
of  all treated grapes did not reveal (Table 3) any significant 
variation (except C18:3 which showed significantly higher 
values in grapes treated with 450 g.ha-1). Besides, significant 
deviations could not be found among treatments (Table 3) 
for total fatty acid content (TFA) and the degree of  
unsaturation (DBI).

In the visible spectral region (450–650 nm) colorimetric 
parameters of  harvested grapes also didn’t show (Table 4; 
Fig. 2) significant differences among treatments (except at 
500 nm, with the control showing a lower value).

After winemaking, the amount of  Zn remained significantly 
higher in ZnSO4-sprayed grapes relative to the control 
(60.59% and 63.82 % higher from grapes treated with 900 
and 450 g.ha-1, respectively - Fig. 3).

Sensory analysis of  Syrah red wine showed a correlation of  
ZnSO4 application with increased acidity and persistence 
and decreased sweetness (Fig. 4- A). Besides, some sensory Ta
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parameters showed several variations, namely bitterness and 
effervescence but a clear trend was not found (Fig. 4- A). 
Nevertheless, the tasters showed a greater appreciation for 
the wine produced with grapes treated with ZnSO4 (900 g.
ha─1), indicating a high maintenance of  acceptability 
(Fig. 4- B).

DISCUSSION

It is well known that grapevines can grow in different soil 
types if  an adequate nutrient supply and water availability 
for good development is provide (Comino et al., 2017; 

Table 2: Mean values ± S.E. (n=3) of nutrients concentration (Zn and Cu in mg.kg─1 and Ca, K, S and P in %) in grapes of Vitis 
vinifera variety Syrah after the 2nd foliar application of ZnSO4 and at harvest. Letters a, b indicates significant differences among 
the treatments (statistical analysis using the single‑factor ANOVA test, P≤0.05). Ctr: control samples

Cv. Syrah Nutrient Content
After 2nd foliar application At harvest

Samples Ca K S P Cu Zn Zn
(%) (mg.kg─1)

Ctr 0.87 ± 0.10a 2.44 ± 0.01b 0.31 ± 0.02b 0.35 ± 0.04a 33.71 ± 4.0b 30.24 ± 0.94a 7.94 ± 0.41b

ZnSO4 (450 g.ha─1) 1.04 ± 0.03a 3.50 ± 0.26a 0.40 ± 0.01a 0.45 ± 0.02a 59.59 ± 2.11a 31.85 ± 1.18a 12.26 ± 0.67a

ZnSO4 (900 g.ha─1) 1.00 ± 0.03a 2.52 ± 0.16b 0.35 ± 0.01b 0.43 ± 0.01a 32.85 ± 3.20b 31.22 ± 0.86a 10.59 ± 1.19ab

Table 3: Mean values ± S.E. (n=3) of fatty acid profile (mol %), total fatty acid content (TEA) and unsaturation (DBI, double bond 
index) of grapes from Vitis vinifera variety Syrah, at harvest. Linoleic acid (C18:2), linolenic acid (C18:3), palmitic acid (C16:0), 
stearic acid (C18:0), oleic acid (C18:1) and chains inferior to 16 C (<16:0). Letters a, b indicates significant differences among the 
treatments (statistical analysis using the single‑factor ANOVA test, P≤0.05). Ctr: control samples
Treatments Cv. Syrah 

Fatty acids TFA DBI
<C16:0 C16:0 C18:0 C18:1 C18:2 C18:3

Ctr 0.28 ± 0.03a 15.36 ± 3.43a 14.42 ± 3.55a 8.17 ± 0.41a 37.41 ± 1.35a 24.36 ± 0.83ab 1.02 ± 0.20a 5.20 ± 0.19a

ZnSO4 
(450 g.ha─1)

0.57 ± 0.16a 19.11 ± 1.09a 6.21 ± 0.32a 7.85 ± 0.66a 37.40 ± 0.54a 28.87 ± 1.29a 1.28 ± 0.10a 6.57 ± 0.38a

ZnSO4 
(900 g.ha─1)

0.17 ± 0.03a 17.95 ± 1.52a 12.12 ± 3.35a 7.69 ± 1.00a 38.55 ± 3.84a 23.52 ± 1.24b 0.77 ± 0.15a 5.51 ± 1.16a

Table 4: Mean values ± S.E. (n=3) of the transmittance of visible spectra in grapes of Vitis vinifera cv. Syrah, at harvest. Letters 
a, b indicate significant differences among the treatments (statistical analysis using the single‑factor ANOVA test, P≤0.05). 
Ctr: control samples

Cv. Syrah Transmittance (nm)
Treatments 450 500 550  570  600 650
Ctr 520 ± 17a 374 ± 19b 427 ± 71a 243 ± 22a 326 ± 31a 760 ± 

18a

ZnSO4 (450 g.ha─1) 528 ± 5a 393 ± 12ab 560 ± 66a 277 ± 24a 360 ± 24a 755 ± 6a

ZnSO4 (900 g.ha─1) 564 ± 8a 430 ± 6a 633 ± 17a 315 ± 4a 400 ± 2a 778 ± 8a

Fig 2. Visible spectra with the mean values of transmittance in grapes 
of Vitis vinifera variety Syrah, at harvest. Ctr: control samples. Ctr ( ); 
ZnSO4 400 g.ha─1 ( ); ZnSO4 900 g.ha─1 ( ).

Fig 3. Mean ± S.E. (n = 3) of Zn concentrations in wine of Vitis vinifera 
variety Syrah produced with the grapes sprayed with ZnSO4 at 
concentrations of 450 and 900 g.ha─1. Letters a, b indicates significant 
differences among the treatments (statistical analysis using the single 
factor ANOVA test, P <0.05). Ctr: control samples.
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Shahane and Shivay, 2021). Yet, bioavailability for minerals 
uptake depends on several factors, such as organic matter, 
electrical conductivity, pH, water content and temperature 
(Bravo et al., 2017; Kotsaki et al., 2020), that can affect 
wine quality (Leeuwen et al., 2018). In fact, organic matter 
deficiency is a common issue in the viticulture sector 
(especially in Mediterranean climate, since low contents 
prevails - usually about 0.5- 1.0%), however in the soil of  
the tested vineyard a higher content was found (3.14 %) 
(Table 1), which can be consider within the ideal range 
for crop productivity (Cataldo et al., 2021; Olego et al., 
2022; Tangolar et al., 2020). Besides, at a depth of  30 cm, 
the electric conductivity of  the soil from the vineyard was 
186 µs.cm-1 (Table 1), which was within the common ranges 
for high productivity, namely under irrigation (Ozpinar 
et al., 2018; Yu and Kurtural, 2020), as it determined the 
relation between higher salt content and greater energy 
expenditure for water absorption by roots. A  slightly 
acid pH (6.51) was also found (Table 1) in the vineyard, 
which can be consider optimal for nutrient uptake as it 
remains within the range of  5.5 - 8 (Longbottom, 2009). 
Additionally, the contents of  nutrients in the soil also were 
found to be adequate (Table 1), as remained similar to those 
from other vineyards that have a high-quality production 
of  grapes, namely for Ca, Mg and Fe (Catarino et al., 2018), 
Zn, Mn, Cu and K (Richardson and Chase, 2021) and S 
and P. (Haylin et al., 2012). Interesting was to note that, as 
previously found (Margesin and Schinner, 2005), after the 
removal of  organic matter, the colorimetric parameters a* 
and b* increased, indicating a high pigmenting power of  
iron oxides (as parameter a* depends mainly on the content 
of  sesquioxide and non-hydrated iron oxides, and parameter 
b* is linked to the content of  hydrated oxides). Globally, all 
soil parameters of  the vineyard indicated that grapevines 
were submitted to optimal conditions, being adequate for 
testing the interactions between grapes enrichment with 
Zn (through foliar spraying) and accumulation of  other 

nutrients, as well as the implications on sugars and fatty 
acids that largely determine winemaking.

It is well known that, in different crops, increasing levels of  
Zn trigger antagonistic interactions with the accumulation 
of  P, Ca and Cu (Mousavi et al., 2012; Prasad et al., 2016; 
René et al., 2017), yet after the 2nd foliar spraying with ZnSO4 
at 450 and 900 g.ha-1 these trends could not be detected in 
grapes, as Zn levels did not vary significantly (Table 2). In 
this context it was also reported that in crops Zn can display 
synergistic interactions with K and S (Das and Green, 2016; 
Prasad et al., 2016), but after the 2nd foliar spraying, although 
Zn contents did not vary significantly, the slightly higher 
amount of  this nutrient in Zn-treated grapevines with 450 g.
ha-1, suggest a higher uptake rate resulting of  additional 
membrane permeability. Moreover, at harvest the contents 
of  Zn increased significantly (Table 2) after foliar application 
of  ZnSO4 to the grapevines (between ca. 33.38 – 54.41%), 
therefore displaying a similar trend to these previously found 
with other crops (about 25 - 63% Zn enrichment) (Cakmak 
and Kutman, 2018; De Valença et al., 2017).

The color of  wines is one of  the attributes most appreciated 
by consumers, especially in red wines, being dependent on 
the anthocyanin concentration and composition in the 
grapes, which changes as they undergo chemical reactions 
(i.e., degradation, oxidation, aggregation and precipitation 
with other macromolecular compounds) (Zhao et al., 
2022). At harvest, colorimetric parameters of  grapes did 
not reveal significant variations (except at 500 nm, with 
ZnSO4 900 g.ha-1, presenting a higher value relative to the 
control), therefore, in general, indicating the absence of  
negative impacts of  ZnSO4 application (Table 4; Fig. 2).

Foliar spraying with ZnSO4, although triggering higher 
contents of  Zn in grapes (Table 2), did not significantly 
affect the levels of  sucrose, glucose and fructose among 
treatments. Still the lowest levels were found for sucrose 

Fig 4. Mean values (n = 14) of sensory analysis of wine Vitis vinifera variety Syrah produced with the grapes sprayed with ZnSO4 at concentrations 
of 450 and 900 g.ha─1. Ctr: control samples. (A) Sensory attributes (Persistence, sweetness, effervescence, bitterness and acidity) (Ctr ( ); 
ZnSO4 (400 g.ha─1)( ); ZnSO4 (900 g.ha─1) ( )) and  (B) Global evaluation ( Ctr ( ); ZnSO4 (400 g.ha─1)( ); ZnSO4 (900 g.ha─1) ( )).

BA
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(Fig. 1) mostly due to its hydrolysis. Accordingly, these data 
pointed that higher accumulation of  Zn in grapes did not 
affect the synthesis of  organic acids and phenolics, alcohol 
concentration in wines and aroma compounds (Trad et al., 
2017; Walker et al., 2021; Zhang, 2021) and, therefore, any 
impact on quality. Although the composition of  fatty acids 
might vary with ripening conditions, grape variety, year of  
harvest and geographical location (Kapcsándi et al., 2021; 
Szabó et al., 2021), total fatty acids (usually about 90% of  
fatty acids mono- and polysaturated (Kapcsándi et al., 2021; 
Sabra et al., 2021) and their relative composition, as well 
as the extend of  unsaturation, did not vary significantly 
(except the contents of  C18:3), further indicating the 
absence of  interactions with Zn enrichment in the grapes 
(Table  3). This result is relevant because it shows the 
maintenance of  essential cellular solutes and the normal 
functioning of  various metabolic processes (Brizzolara 
et al., 2020). Indeed, fatty acids composition remained 
similar to these found in other grapes varieties (Kapcsándi 
et al., 2021; Sabra et al., 2021; Vašeková et al., 2020), but 
the higher levels of  C18:3 in treatment 450 g.ha-1 can favor 
winemaking, as they are precursors of  alcohols, aldehydes 
and thiols that are essentials for herbaceous aromas and 
tropical notes (Pérez-Navarro et al., 2019). In fact, the 
application of  ZnSO4 showed no depreciative changes 
for the wine, as observed in the sensory analyses (Fig. 4). 
Additionally, although the winemaking process can affect 
the mineral composition of  wines (De Valença et al., 2017; 
Shimizu et al., 2020), relative to the control, the amounts of  
Zn also remained higher (ca. 60.59 – 63.82% - Fig. 3), which 
might contribute if  moderately consumed to prevention 
of  some diseases (Santos et al., 2011; Szabó et al., 2021).

CONCLUSION

Grapes from the Syrah cultivar submitted to foliar spraying 
with ZnSO4, at 450 and 900  g.ha-1, were effective to 
increase Zn contents, without negative effects on sugars 
(sucrose, glucose and fructose), fatty acids (C18:0, C18:1, 
C18:2, C18:3, C16:0, C<16:0) and color parameters. After 
winemaking, Zn enrichment persisted in the red wine, 
keeping high quality due to the general maintenance of  
sugars and acyl lipids composition and without depreciative 
changes at a sensory level. Further studies with other 
varieties and complimentary quality analyses are still 
required for the characterization of  enriched grapes with 
zinc, namely following a metabolic perspective and for 
further development of  winemaking.

ACKNOWLEDGMENTS

The authors thank the Engenier Luís Silva (Adega 
Cooperativa de Palmela- Casa Agrícola Nunes Oliveira da 

Silva Lda) for technical assistance with the project PDR2020-
101-030727 and for the financial support. We also thank the 
research centers (GeoBioTec) UIDB/04035/2020, (CEF) 
UIDB/00239/2020 and Associate Laboratory TERRA 
(LA/P/0092/2020) for support facilities. This work was 
further supported by the project PDR2020-101-030727.

Author contributions
All authors contributed equally to the research and 
discussion of  the obtained data of  the manuscript. 
Additionally, all authors further contributed to the writing 
of  the different sections of  the paper.

REFERENCES

Bouis, H. E. and R. M. Welch. 2010. Biofortification-a sustainable 
agricultural strategy for reducing micronutrient malnutrition in 
the global south. Crop Sci. 50: S20-S32.

Bravo, S., J. A. Amorós, C. Pérez-De-Los-Reyes, F. J. García, M. M. 
Moreno, M. Sánchez-Ormeño and P. Higueras. 2017. Influence 
of the soil pH in the uptake and bioaccumulation of heavy metals 
(Fe, Zn, Cu, Pb and Mn) and other elements (Ca, K, Al, Sr and 
Ba) in vine leaves, Castilla-La Mancha (Spain). J. Geochem. 
Explor. 174: 79-83.

Brizzolara, S., G. A. Manganaris, V. Fotopoulos, C. B. Watkins and P. 
Tonutti. 2020. Primary metabolism in fresh fruits during storage. 
Front. Plant Sci. 11: 1-16.

Cakmak, I. 2008. Enrichment of cereal grains with zinc: Agronomic or 
genetic biofortification? Plant Soil. 302: 1-17.

Cakmak, I. and U. Á. Kutman. 2018. Agronomic biofortification of 
cereals with zinc: A review. Eur. J. Soil Sci. 69: 172-180.

Cataldo, E., M. Fucile and G. B. Mattii. 2021. A review: Soil 
management, sustainable strategies and approaches to improve 
the quality of modern viticulture. Agronomy. 11: 2359.

Catarino, S., M. Madeira, F. Monteiro, L. Caldeira, R. Bruno de Sousa 
and A. Curvelo-Garcia. 2018. Mineral composition through soil-
wine system of Portuguese vineyards and its potential for wine 
traceability. Beverages. 4: 85.

Comino, J. R., J. M. Senciales, M. A. Ramos, J. A. Martínez-
Casasnovas, T. Lasanta, E. C. Brevik, J. B. Ries and J. R. Sinoga. 
2017. Understanding soil erosion processes in Mediterranean 
sloping vineyards (Montes de Málaga, Spain). Geoderma. 296: 
47-59.

Daccak, D., F. C. Lidon, I. C. Luís, A. C. Marques, A. R. F. Coelho, 
C. C. Pessoa, J. Caleiro, J. C. Ramalho, A. E. Leitão, M. J. Silva, 
A. P. Rodrigues, M. Guerra, R. G. Leitão, P. S. Campos, I. P. 
Pais, J. N. Semedo, N. Alvarenga, E. M. Gonçalves, M. M. Silva, 
P. Legoinha, C. Galhano, J. C. Kullberg, M. Brito, M. Simões, 
M. F. Pessoa and F. H. Reboredo. 2022. Zinc biofortification 
in Vitis vinifera: Implications for quality and wine production. 
Plants. 11: 2442.

Daccak, D., F. C. Lidon, C. C. Pessoa, I. C. Luís, A. R. F. Coelho, 
A. C. Marques, J. C. Ramalho, M. J. Silva, A. P. Rodrigues, 
M. Guerra, R. G. Leitão, P. S. Campos, I. P. Pais, J. N. Semedo, 
M. M. Silva, J. C. Kullberg, M. Brito, C. Galhano, P. Legoinha and 
M. F. Pessoa. 2022. Enrichment of grapes with zinc-efficiency 
of foliar fertilization with ZnSO4 and ZnO and implications on 
winemaking. Plants. 11: 1399.

Dapkekar, A., P. Deshpande, M. D. Oak, K. M. Paknikar and J. M. 
Rajwade. 2018. Zinc use efficiency is enhanced in wheat 



Daccak, et al.

8 	 Emir. J. Food Agric  ●  Vol 35  ●  Issue 11  ●  2023

through nanofertilization. Sci. Rep. 8: 6832.
Das, S. and A. Green. 2016. Zinc in crops and human health. In: 

U. Singh, C. S. Praharaj, S. S. Singh and N. P. Singh (Eds.), 
Biofortification of Food Crops, Springer, New Delhi, p. 31-40.

De Valença, A. W., A. Bake, I. D. Brouwer and K. E. Giller. 2017. 
Agronomic biofortification of crops to fight hidden hunger in sub-
Saharan Africa. Glob. Food Sec. 12: 8-14.

Di Gioia, F., S. A. Petropoulos, M. Ozores-Hampton, K. Morgana and 
E. N. Rosskopf. 2019. Zinc and iron agronomic biofortification of 
Brassicaceae microgreens. Agronomy. 9: 677.

Elsheery, N. I., M. N. Helaly, H. M. El-Hoseiny and S. M. Alam-Eldein. 
2020. Zinc oxide and silicone nanoparticles to improve the 
resistance mechanism and annual productivity of salt-stressed 
mango trees. Agronomy. 10: 558.

Gammoh, N. Z. and L. Rink. 2017. Zinc in infection and inflammation. 
Nutrients. 9: 624.

Gutiérrez-Gamboa, G., W. Zheng and F. M. de Toda. 2021. Current 
viticultural techniques to mitigate the effects of global warming 
on grape and wine quality: A comprehensive review. Food Res. 
Int. 139: 109946.

Hacisalihoglu, G. 2020. Zinc (Zn): The last nutrient in the alphabet and 
shedding light on Zn efficiency for the future of crop production 
under suboptimal Zn. Plants. 9: 1471.

Havlin, J. L., D. H. Hardy, R. J. Gehl and S. E. Spayd. 2012. Survey 
of nutrient status in Vitis vinifera grapes in North Carolina. 
Commun. Soil Sci. Plant Anal. 43: 299-314.

He, F., N. N. Liang, L. Mu, Q. H. Pan, J. Wang, M. J. Reeves and C. Q. 
Duan. 2012. Anthocyanins and their variation in red wines I. 
Monomeric anthocyanins and their color expression. Molecules. 
17: 1571-601.

Hefferon, K. 2019. Biotechnological approaches for generating zinc-
enriched crops to combat malnutrition. Nutrients. 11: 253.

Hussain, A., W. Jiang, X. Wang, S. Shahid, N. Saba, M. Ahmad, 
A. Dar, S. U. Masood, M. Imran and A. Mustafa. 2022. 
Mechanistic impact of zinc deficiency in human development. 
Front. Nutr. 9: 717064.

Kapcsándi, V., E. H. Lakatos, B. Sik, L. Á. Linka and R. Székelyhidi. 
2021. Characterization of fatty acid, antioxidant, and polyphenol 
content of grape seed oil from different Vitis vinifera L. varieties. 
OCL. 28: 30.

Khan, S. T., A. Malik, A. Alwarthan and M. R. Shaik. 2022. The 
enormity of the zinc deficiency problem and available solutions; 
an overview. Arab. J. Chem. 15: 103668.

Kotsaki, E., A. G. Reynolds, R. Brown, H. S. Lee and M. Jollineau. 
2020. Spatial variability in soil and vine water status in Ontario 
vineyards: Relationships to yield and berry composition. Am. J. 
Enol. Vitic. 71: 132-148.

IAEA-International Atomic Energy Agency. Available from: https://
www.iaea.org/opic/annual-report-2018 [Last accessed on 2018 
Feb 07].

Lazcano, C., C. Decock and S. G. Wilson. 2020. Defining and 
managing for healthy vineyard soils, intersections with the 
concept of terroir. Front. Environ. Sci. 8: 68.

Leeuwen, C. V., J. P. Roby and L. de Resseguier. 2018. Soil-related 
terroir factors: A review. OENO One. 52: 173-188.

Longbottom, M. 2009. Managing Grapevine Nutrition in a Changing 
Environment, Research to Practice Manual. Australian Wine 
Research Institute, Adelaide, Australia.

Luís, I. C., F. C. Lidon, C. C. Pessoa, A. C. Marques, A. R. F. Coelho, 
M. Simões, M. Patanita, J. Dôres, J. C. Ramalho, M. M. 
Silva, A. S. Almeida, I. P. Pais, M. F. Pessoa, F. H. Reboredo, 

P. Legoinha. M. Guerra, R. G. Leitão and P. S. Campos. 2021. 
Zinc enrichment in two contrasting genotypes of Triticum 
aestivum L. grains: Interactions between edaphic conditions and 
foliar fertilizers. Plants (Basel). 10: 204.

Margesin, R. and F. Schinner. 2005. Manual of Soil Analysis-
monitoring and Assessing Soil Bioremediation. Springer, Berlin/
Heidelberg, Germany, p. 366.

Marques, A. C., F. C. Lidon, A. R. F. Coelho, C. C. Pessoa, D. 
Daccak, I. C. Luís, M. Simões, P. Scotti-Campos, A. S. Almeida, 
M. Guerra, R. G. Leitão, A. Bagulho, J. Moreira, M. F. Pessoa, 
P. Legoinha, J. C. Ramalho, J. N. Semedo, L. Palha, C. Silva 
and M. M. Silva. 2023. Elemental composition and implications 
on brown rice flour biofortified with Selenium. Plants. 12: 1611.

Marschner, P. 2012. Marschner’s Mineral Nutrition of Higher Plants. 
Academic Press, San Diego, CA, USA.

Maity, A., J. Sharma, A. Sarkar and B. B. Basak. 2023. Zinc nutrition 
improves fruit yield, quality, and reduces bacterial blight disease 
severity in pomegranate (Punica granatum L.). J. Plant Nutr. 46: 
2060-2076.

Mazliak, P. 1983. Plant membrane lipids: Changes and alterations 
during aging and senescence. In: M. Lieberman (Ed.), Post-
harvest Physiology and Crop Preservation. Springer, Boston, 
MA, USA, p. 123-140.

Mousavi, S. R., M. Galavi and M. Rezaei. 2012. The interaction of 
zinc with other elements in plants: A review. Int. J. Agric. Crop 
Sci. 4: 1881-1884.

Nissar, R., R. Zahida, R. H. Kanth, G. Manzoor, R. Shafeeq, H. 
Ashaq, R. A. Bhat, M. A. Bhat and S. Tahir. 2019. Agronomic 
biofortification of major cereals with zinc and iron-a review. Agric. 
Rev. 40: 21-28.

Olego, M. Á., M. Cuesta Lasso, M. J. Quiroga, F. Visconti, R. López 
and E. Garzón-Jimeno. 2022. Effects of leonardite amendments 
on vineyard calcareous soil fertility, vine nutrition and grape 
quality. Plants. 11: 356.

Onache, P. A., A. Florea, E. I. Geana, C. T. Ciucure, R. E. Ionete, 
D. I. Sumedrea and O. Tița. 2023. Assessment of bioactive 
phenolic compounds in musts and the corresponding wines of 
white and red grape varieties. Appl. Sci. 13: 5722.

Ozpinar, S., A. Ozpinar and A. Cay. 2018. Soil management effect 
on soil properties in traditional and mechanized vineyards under 
a semiarid Mediterranean environment. Soil Tillage Res. 178: 
198-208.

Pal, V., G. Singh and S. S. Dhaliwal. 2019. Agronomic biofortification 
of chickpea with zinc and iron through application of zinc and 
urea. Commun. Soil Sci. Plant Anal. 50: 1864-1877.

Palmgren, M. G., S. Clemens, L. E. Williams, U. Krämer, S. Borg, 
J. K. Schjørring and D. Sanders. 2008. Zinc biofortification of 
cereals: Problems and solutions. Trends Plant Sci. 13: 464-473.

Pérez-Navarro, J., A. Da Ros, D. Masuero, P. M. Izquierdo-Cañas, 
I. Hermosín-Gutiérrez, S. Gómez-Alonso, F. Mattivi and 
U. Vrhovsek. 2019. LC-MS/MS analysis of free fatty acid 
composition and other lipids in skins and seeds of Vitis vinifera 
grape cultivars. Int. Food Res. J. 125: 108556.

Pessoa, C. C., F. C. Lidona, I. C. Luís, A. C. Marques, A. R. F. Coelho, 
D. Daccak and J. C. Ramalho. 2021. Under calcium spraying 
nutrients accumulation in the initial stages of fruits development 
is critical in ‘Rocha’ pears. Emirates J. Food Agric. 33: 10.

Pessoa, C. C., F. C. Lidon, D. Daccak, I. C. Luís, A. C. Marques, A. 
R. F. Coelho, P. Legoinha, J. C. Ramalho, A. E. Leitão, M. Guerra, 
R. G. Leitão, P. S. Campos, I. P. Pais, M. M. Silva, F. H. Reboredo, 
M. F. Pessoa and M. Simões. 2022. Calcium biofortification of 
Rocha pear fruits: Implications on mineral elements, sugars and 
fatty acids accumulation in tissues. Sci. 4: 35.

https://www.iaea.org/opic/annual-report-2018
https://www.iaea.org/opic/annual-report-2018


Daccak, et al.

Emir. J. Food Agric  ●  Vol 35  ●  Issue 11  ●  2023	 9

Praharaj, S., M. Skalicky, S. Maitra, P. Bhadra, T. Shankar, M. Brestic, 
V. Hejnak, P. Vachova and A. Hossain. 2021. Zinc biofortification 
in food crops could alleviate the zinc malnutrition in human 
health. Molecules. 26: 3509.

Prasad, R., Y. S. Shivay and D. Kumar. 2016. Interactions of zinc with 
other nutrients in soils and plants-a review. Indian J. Fertilisers. 
12: 16-26.

René, P. J. J., M. H. Rietra, C. O. Dimkpa and P. S. Bindraban. 2017. 
Effects of nutrient antagonism and synergism on yield and fertilizer 
use efficiency. Commun. Soil Sci. Plant Anal. 48: 1895-1920.

Richardson, J. B. and J. K. Chase. 2021. Transfer of macronutrients, 
micronutrients, and toxic elements from soil to grapes to white 
wines in uncontaminated vineyards. Int. J. Environ. Res. Public 
Health. 18: 13271.

Rout, G. R. and S. Sahoo. 2015. Role of iron in plant growth and 
metabolism. Rev. Agric. Sci. 3:1-24.

Rugeles-Reyes, S. M., A. B. Cecílio, M. A. Lopez Aguilar and 
P. H. S. Silva. 2019. Foliar application of zinc in the agronomic 
biofortification of arugula. Food Sci. Technol. 39: 1011-1017.

Sabra, A., T. Netticadan and C. Wijekoon. 2021. Grape bioactive 
molecules, and the potential health benefits in reducing the risk 
of heart diseases. Food Chem X. 12: 100149.

Santos, L. P., D. R. Morais, N. E. Souza, S. M. Cottica, M. Boroski and 
J. V. Visentainer. 2011. Phenolic compounds and fatty acids in 
different parts of Vitis labrusca and V. vinifera grapes. Int. Food 
Res. J. 44: 1414-1418.

Shahane, A. A. and Y. S. Shivay. 2021. Soil health and its improvement 
through novel agronomic and innovative approaches. Front. 
Agron. 3: 680456.

Shimizu, H., F. Akamatsu, A. Kamada, K. Koyama, K. Iwashita and N. 
Goto-Yamamoto. 2020. Variation in the mineral composition of 
wine produced using different winemaking techniques. J. Biosci. 
Bioeng. 130: 166-172.

Shkembi, B. and T. Huppertz. 2021. Influence of dairy products on 
bioavailability of zinc from other food products: A review of 
complementarity at a meal level. Nutrients. 13:4253.

Song, C. Z., M. Y. Liu, J. F. Meng, M. Chi, Z. M. Xi, and Z. W. Zhang. 
2015. Promoting effect of foliage sprayed zinc sulfate on 
accumulation of sugar and phenolics in berries of Vitis vinifera 
cv. merlot growing on zinc deficient soil. Molecules. 20: 2536-
2554.

Subba, P., M. Mukhopadhyay, S. K. Mahato, K. D. Bhutia, T. K. Mondal 
and S. K. Ghosh. 2014. Zinc stress induces physiological, ultra-
structure and biochemical changes in mandarin orange (Citrus 
reticulata Blanco) seedlings. Physiol. Mol. Biol. Plants. 20: 461-
473.

Suganya, A., A. Saravanan and N. Manivannan. 2020. Role of zinc 
nutrition for increasing zinc availability, uptake, yield, and quality 
of maize (Zea mays L.) grains: An overview. Commun. Soil Sci. 
Plant Anal. 51: 2001-2021.

Szabó, É., T. Marosvölgyi, G. Szilágyi, L. Kőrösi, J. Schmidt, K. 
Csepregi, L. Márk and Á. Bóna. 2021. Correlations between 
total antioxidant capacity, polyphenol and fatty acid content of 
native grape seed and Pomace of four different grape varieties 
in Hungary. Antioxidants. 10: 1101.

Szerement, J., A. Szatanik-Kloc, J. Mokrzycki and M. Mierzwa-
Hersztek. 2022. Agronomic biofortification with Se, Zn, and Fe: 
An effective strategy to enhance crop nutritional quality and 
stress defense-a review. J. Soil Sci. Plant Nutr. 22: 1129-1159.

Tangolar, S., S. Tangolar, A. A. Torun, M. Ada, S. Göçmez. 2020. 
Influence of supplementation of vineyard soil with organic 
substances on nutritional status, yield and quality of ‘Black 

Magic’ grape (Vitis vinifera L.) and soil microbiological and 
biochemical characteristics. OENO One. 54: 1143-1157.

Tardaguila, J., J. Baluja, L. Arpon, P. Balda and M. Oliveira. 2011. 
Variations of soil properties affect the vegetative growth and 
yield components of “Tempranillo” grapevines. Precis. Agric. 12: 
762-773.

Trad, M., M. Boge, B. H. Hamda, C. M. Renard and M. Harbi. 2017. 
The glucose-fructose ratio of wild Tunisian grapes. Cogent Food 
Agric. 3: 1374156.

Tsonev, T. and F. C. Lidon. 2012. Zinc in plants-an overview. Emir. J. 
Food Agric. 24: 322-333.

Ullah, A., M. Farooq, A. Rehman, M. Hussain and K. H. Siddique. 
2020. Zinc nutrition in chickpea (Cicer arietinum): A review. Crop 
Pasture Sci. 71: 199-218.

Younas, N., I. Fatima, I. A. Ahmad and M. K. Ayyaz. 2022. Alleviation 
of zinc deficiency in plants and humans throught an effective 
technique; biofortification: A detailed review. Acta Ecol. Sin. 43: 
419-425.

Yu, R. and S. K. Kurtural. 2020. Proximal sensing of soil electrical 
conductivity provides a link to soil-plant water relationships 
and supports the identification of plant water status zones in 
vineyards. Front. Plant Sci. 11: 244.

Walker, R. P., C. Bonghi, S. Varotto, A. Battistelli, C. A. Burbidge, S. 
D. Castellarin, Z. H. Chen, P. Darriet, S. Moscatello, M. Rienth, 
C. Sweetman and F. Famiani. 2021. Sucrose metabolism and 
transport in grapevines, with emphasis on berries and leaves, 
and insights gained from a cross-species comparison. Int. J. 
Mol. Sci. 22: 7794.

Wang, J., P. Um, B. A. Dickerman and J. Liu. 2018. Zinc, magnesium, 
selenium and depression: A review of the evidence, potential 
mechanisms and implications. Nutrients. 10: 584.

Vašeková, P., M. Juráček, D. Bíro, M. Šimko, B. Gálik, M. Rolinec, O. 
Hanušovský, R. Kolláthová and E. Ivanišová. 2020. Bioactive 
compounds and fatty acid profile of grape pomace. Acta 
Fytotechnica Zootechnica, 23: 230-235.

Vidigal, P., B. Duarte, A. R. Cavaco, I. Caçador, A. Figueiredo, A. R. 
Matos, W. Viegas and F. Monteiro. 2018. Preliminary diversity 
assessment of an undervalued tropical bean (Lablab purpureus 
(L.) Sweet) through fatty acid profiling. Plant Physiol. Biochem. 
132: 508-514.

Zenda, T., S. Liu, A. Dong and H. Duan. 2021. Revisiting sulphur-the 
once neglected nutrient: It’s roles in plant growth, metabolism, 
stress tolerance and crop production. Agriculture. 11: 626.

Zhang, Y., C. X. Fu, Y. J. Yan, Y. A. Wang, M. Li, M. X. Chen, J. P. 
Qian, X. T. Yang and S. H. Cheng. 2013. Zinc sulfate and sugar 
alcohol zinc sprays at critical stages to improve apple fruit 
quality. HortTechnology. 23: 490-497.

Zhang, D. 2021. Comparison of sugars, organic acids and aroma 
components of five table grapes in Xinjiang. IOP Conf. Ser. 
Earth Environ. Sci. 792: 012029.

Zhao, Z., C. Chu, D. Zhou, Z. Sha and S. Wu. 2019. Soil nutrient 
status and the relation with planting area, planting age and 
grape varieties in urban vineyards in Shanghai. 2019. Heliyon. 
5: e02362.

Zhao, X., F. He, X. K. Zhang, Y. Shi and C. Q. Duan. 2022. Impact of 
three phenolic copigments on the stability and color evolution 
of five basic anthocyanins in model wine systems. Food Chem. 
375: 131670.

Zulfiqar, U., S. Hussain, M. Ishfaq, A. Matloob, N. Ali, M. Ahmad, 
M. N. Alyemeni and P. Ahmad. 2020. Zinc-induced effects on 
productivity, zinc use efficiency, and grain biofortification of bread 
wheat under different tillage permutations. Agronomy. 10: 1566.


