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Abstract: The Folla Redonda grape is indigenous to the region of Rias Bajas in Galicia, Spain. This 
grape is distinguished by its characteristic acid flavor and pulp of remarkable coloration. Despite 
the wine obtained from this grape is highly valued by consumers of this region for its surprising 
acidic notes and thickness, it is important to note that it is not a variety of Vitis vinifera and its 
production is not legally regulated. In the present study, an evaluation of the physicochemical 
properties of the Folla Redonda grape (pH, °Brix, °Bé, density, acidity, sugar content, etc.) as well 
as its content in bioactive compounds (total polyphenols and anthocyanins) was carried out. 
Additionally, the antioxidant potential of the extracts obtained from this grape was demonstrated. 
This study proved the interesting organoleptic characteristics of the grape, along with a high content 
of compounds of interest and an important antioxidant activity comparable to that of Vitis vinifera 
grapes. Therefore, the grape’s natural consumption and its application in different industries such 
as nutraceutical or pharmacological would result in an important revaluation of the grape and 
significant health benefits. In case that the production of wine from this variety is legalized, 
consumers will not only be able to enjoy a wine with a characteristic dense reddish color and 
important acid tones, but also with interesting concentrations of bioactive compounds. 

Keywords: Folla Redonda grape; Vitis vinifera; density; acidity; sugars; phenolic compounds; 
anthocyanins; ultrasound-assisted extraction; antioxidant activity; red grapes 

 

1. Introduction 

Wine has played a foundational role in contemporary society, transcending its mere function as 
an alcoholic beverage to become a cultural, social, and economic element of great relevance. In fact, 
in Spain, a total of 30,745,000 hectoliters were consumed just in 2023 [1]. This has led to a considerable 
extension of grape production, with 954,724 hectares registered in Spain in the year 2022 [1]. 
However, this situation of splendor for the vineyards has not always been like this. Towards the end 
of 1870, a plague of vine diseases, such as phylloxera, penetrated the Iberian Peninsula through 
Oporto [2]. Phylloxera is a parasitic insect of the Phylloxeridae family that infects the roots of grapevine 
plants, where it feeds on the plant’s sap, weakening and eventually killing the roots and hindering 
vine growth [3,4]. This significantly affected France, Italy, Spain, and Germany, leading to the 
destruction of vast swathes of vineyards and a significant impact on wine production throughout 
these regions [5]. 
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contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting 
from any ideas, methods, instructions, or products referred to in the content.

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 9 May 2024                   doi:10.20944/preprints202405.0552.v1

©  2024 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202405.0552.v1
http://creativecommons.org/licenses/by/4.0/


 2 

 

During this period, it was discovered that American vines such as Vitis labrusca and Vitis riparia 
were resistant to this plague. This led to these species being used as rootstocks on which many 
European vines were grafted, thus allowing the recovery of wine at the end of the 19th century [6,7]. 
Once the plague was overcome, most producers eliminated these American varieties, as it was 
considered that they did not produce wines of sufficient quality. Nevertheless, certain regions, such 
as Rias Bajas (Pontevedra, Galicia), continued to cultivate this mixture, leading to the emergence of 
new grape varieties, including “Folla Redonda”. The grapes of this variety are uniform, spherical, 
dark blue in color, and characterized by an intensely colored pulp and a distinct acid taste [8]. 

Barrantes wine (red wine) is produced from this grape variety, and is characterised by a high 
acidity and an extremely consistent texture, which is thick and dense. Additionally, it has proved to 
contain a high tannin content. However, the commercialisation of this wine is not permitted due to 
its hybrid nature. This means that its ancestors are not known, and in Spain, only wines made from 
grapes of the Vitis vinifera variety are permitted to be marketed. Recently, a decree that would permit 
the commercialization of wines produced from a cross between the Vitis vinifera variety and another 
of the Vitis genus has been proposed. The Council of Ribadumia (Galicia) is currently working on this 
decree to legalize the commercialization of such wines [9]. Conversely, the low sugar content of this 
wine, in conjunction with the low alcohol content, precludes malolactic fermentation from occurring 
in its entirety. Instead, malolactic fermentation often occurs in the bottle itself [10], contingent upon 
exposure to varying conditions and time. This phenomenon has the effect of significantly altering the 
organoleptic properties of the wine. For these two reasons, it is not considered a particularly suitable 
wine for transportation, which is why it is rarely found outside of Rias Bajas region and, indeed, is 
virtually unheard of outside of Galicia. 

However, the Folla Redonda grape presents curious organoleptic characteristics, including an 
acid taste and a very characteristic color, which would imply a high content of anthocyanins and 
other bioactive compounds of interest [11]. In addition, grapes would not imply any of the problems 
previously mentioned for their extension and consumption. With this in mind, one would expect a 
wide knowledge about this characteristic grape, but scientific articles devoted to its chemical 
composition are almost nonexistent. For this reason, the present study aims to perform a chemical 
characterization of the grape from the Barrantes region, emphasizing its notable content of 
compounds of interest and the potential beneficial properties associated with its consumption. 

2. Materials and Methods 

2.1. Samples 

The Folla Redonda grapes were harvested from the Barrantes village (Pontevedra, Spain). The 
rest of the following Vitis vinifera varieties were collected from Rancho de la Merced (Jerez de la 
Frontera, Spain): Carbernet Sauvignon, Graciano, Merlot, Tempranillo, Tinta País, Tintilla de Rota, 
Petit Verdot, Syrah. These grapes were harvested at the time of ripening (between mid-August and 
the end of September). A total of 5 kilograms of grapes were harvested in a totally heterogeneous 
manner. The grapes were destemmed and washed with abundant water. Subsequently, half of these 
grapes were totally crushed in a grinder, then frozen at –80 °C and freeze-dried (Azbil Telstar 
Technologies, LYOALFA, Terrassa, Spain). The freeze-dried samples were kept at –20 °C until further 
analysis. The other half were pressed in a manual press to obtain the must, which was then frozen at 
–20 °C until analysis. 

2.2. Chemicals 

The ethanol used was purchased from Thermo Fischer Scientific (Loughborough, United 
Kingdom) while the water used was of Milli-Q purity, obtained from a Millipore water purification 
system (Bedford, MA, USA). Hydrochloric acid for pH adjustment of the extraction solvent and other 
reagents related to the analytical methods such as formic acid, methanol, sodium hydroxide, acetic 
anhydride and sulfuric acid were purchased from Sigma-Aldrich Chemical Co. (St. Louis, MO, USA), 
all in HPLC purity for liquids and analytical grade for solids. The acetone used for the determination 
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of organic acids (HPLC grade) was obtained from VWR International (Radnor, PA, USA). The 
antioxidant activity was measured using the following standards: 2,2-diphenyl-1-picrylhydrazyl 
(DPPH) and 2,2′-azino-bis-(3- ethylbenzothiazolin-6-sulfonic acid) (ABTS) from Sigma-Aldrich 
Chemical Co. (St. Louis, MO, USA), and 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid 
(Trolox) from Thermo Fisher Scientific (Loughborough, United Kingdom). 

2.3. Extraction 

For the determination of some bioactive compounds present in the selected varieties, such as the 
concentration of anthocyanins or phenolic compounds, it was decided to use ultrasound-assisted 
extraction (UAE). This extraction system has important characteristics of instrumental green 
chemistry techniques since the use of ultrasound pulses generates cavitation phenomena that 
facilitate the diffusion of bioactive compounds from the plant cells to the solvent [12,13]. Therefore, 
the amount of solvent used is much lower, as well as the temperatures required to achieve the same 
or even better yields than other extraction techniques [14]. 

In this case, a UAE extraction system with a Bandelin UW 200 probe and associated thermostatic 
bath (Berlin, Germany) was used. For the extraction, the method optimized by Carrera et al. [15] was 
used, for which 1 g of sample was taken, to which 8 mL of a 50% ethanol solution at pH 2 was added 
at a temperature of 10 °C and subjected to an amplitude of 66% with a cycle of 0.1 s–1 for 6 min. 
Afterwards, the obtained extract was centrifuged for 5 min at 1702g and the supernatant was 
transferred to a volumetric flask where it was made up to 10 mL. These extracts were frozen at –20 
°C until analysis. 

2.3. Physicochemical Properties 

In order to carry out a complete characterization of the Folla Redonda grapes collected from the 
Barrantes region, an analysis of the physicochemical properties and their consequent comparison 
with the rest of the varieties of the Vitis vinifera genus was carried out. The methods used for these 
properties are described below. 

2.3.1. pH and Acidity 

The determination of pH and acidity was carried out on the musts obtained during the pressing 
of the selected grapes. A pH-Matic 23 system (Crison, Barcelona, Spain) was used to perform an 
automatic acid-base titration to obtain the pH and acidity values (g/L of tartaric acid (TH2)). For the 
titration, 10 mL of must sample was used as well as a 0.2 N NaOH solution. All analyses were carried 
out in triplicate. 

2.3.1. Density, °Be, °Brix 

Density, Baumé and Brix degrees were also determined in the must samples. A DMA HP system 
(Anton Paar Spain S.L.U., Madrid, Spain) was used for this purpose, using 10 mL of sample. All 
analyses were carried out in triplicate and the density was obtained in g/cm3. 

2.4. Acids and Sugars 

The acids were determined using a Metrohm ion chromatography system (930 Compact IC Flex, 
Herisau, Switzerland) with a conductimetric detector and a Metrosep Organic Acids column (250/7.8 
column). For the analysis, 10 mL of the must sample diluted 1:50 in the eluent used, a mixture of 0.4 
mmol/L sulfuric acid with 12% acetone, was used. The flow rate was 0.4 mL/min for 20 min. A total 
of five standards were used for acid quantification: tartaric acid (Y = 2.496·10–3X + 0.123; R2 = 0.9997); 
malic acid (Y = 1.647·10–3X + 6.177·10–3 ; R2 = 0.9999); succinic acid (Y = 4.060·10–3X – 4.733·10–3; R2 = 

0.9998); lactic acid (Y = 1.132·10–3X + 1.433·10–3; R2 = 0.9999); acetic acid (Y = 2.281·10–3X – 1.839·10–3; R2 
= 0.9999). 

In the case of sugars, the ion chromatography equipment used was the same but with an 
amperometric detector and a Metrosep Carbs 2 column (150/4 column). The must sample was diluted 
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1:50 in Milli-Q water. The eluent used was a mixture of 300 mmol/L sodium hydroxide and 1 mmol/L 
sodium acetate at a constant flow rate of 0.5 mL/min for 20 min. The standard used for the 
quantification of sugars were glycerol (Y = 6.793X + 244.491; R2 = 0.9992), mannitol (Y = 6.183X + 22.018; 
R2 = 0.9997), glucose (Y = 4.456X + 153.450; R2 = 0.9993), fructose (Y = 3.652X + 6.944; R2 = 0.9992), and 
sucrose (Y = 2.287X + 6.628; R2 = 0.9997). 

2.5. Phenolic Compounds 

2.5.1. Total Phenolic Compounds 

First, the determination of total phenolic compounds and anthocyanins present in the extracts 
obtained by UAE was carried out. For this purpose, a Cary 60 UV-Vis spectrophotometer (Agilent 
Technologies, Inc., Santa Clara, CA, USA) was used and the total phenolic compounds were 
determined by their absorbance at 280 nm and the total anthocyanins by their absorbance at 520 nm. 
In order to determine the concentration, two calibration curves were elaborated. The first one was for 
gallic acid as a standard for the determination of total polyphenols. The curve obtained was Y = 
0.004X – 0.128 with an R2 of 0.9967. On the other hand, cyanidin 3-glucoside was used as a standard 
for the determination of total anthocyanins, obtaining a calibration curve Y = 0.0018X + 0.0212 with 
an R2 of 0.9984. Therefore, the total phenolic compounds obtained in the extracts were expressed as 
mg gallic/L and the total anthocyanins as mg cyanidin 3-glucoside/L. 

2.5.2. Anthocyanins 

The determination of individual anthocyanins present in the selected grapes was carried out 
using an Ultra-High Performance Liquid Chromatograph system coupled to a mass spectrometer 
with a single quadrupole analyzer (UHPLC-QDa) (Waters Acquity UPLC HClass Plus, Waters Corp., 
Milford, MA, USA). The column used was a reversed-phase C18 with 1.7 µm particle size, and 
dimensions 2.1 x 50 mm (Acquity UHPLC BEH C18, Waters). Phase A was an acidic solution of Milli-
Q water with 0.1% formic acid while phase B was acetonitrile with 0.1% formic acid. The flow rate 
used was 0.55 mL/min with the following gradient (%B, time): 0%, 0.00 min; 5%, 3.00 min; 10%, 4.00 
min; 20%, 7.00 min; 30%, 9.00 min; 100%, 12.00 min. The mass spectrum was obtained with an 
electrospray source in a negative ionization mode with a desolvation temperature of 600 °C, and a 
capillary and cone voltages of 0.8 KV and 15 V respectively. The data were collected in full scan mode 
at (m/z = 50 – 800). 

Subsequently, quantification of these anthocyanins was carried out using an UHPLC technique 
coupled to a photodiode array detector (PDA) (ChromasterUltra Rs, VWR International, Radnor, PA, 
USA). A reverse–phase C18 analytical column, Kinetex (2.6 µm, EVO 100Å 100 x 2.1 mm) 
(Phenomenex, Torrance, CA, USA) was selected. The phase A used was Milli-Q water with 5% formic 
acid while the phase B was MeOH. The flow rate used was 0.7 mL/min with the following gradient 
(%B, time): 2%, 0.0 min; 15%, 3.30 min; 35%, 4.80 min; 100%, 6 min, with a total analysis time of 9 min. 
For quantification, cyaniding 3-glucoside was chosen as the reference standard, and a calibration 
curve (y = 93773.0x – 2925.4) with a coefficient of regression (R2) of 0.9999 was constructed. 
Anthocyanins have been measured at a wavelength of 520 nm. The assumption of similar absorbance 
levels for different anthocyanins, allowed the use of this calibration curve to prepare a calibration 
curve for each identified anthocyanin, considering their individual molecular weights. To ensure 
reproducibility and accuracy, all analyses were conducted in duplicate. The calibration curve, R2 and 
range of linearity for each anthocyanin can be found in Table 1. 

Table 1. Major anthocyanins identified in grapes extracts and their calibration curves. 

Standard Curve R2 Range (mg/L) 
Cyanidin 3-glucoside Y = 93773.0X – 2925.4 0.9999 0.13 — 208.00 

Cyanidin 3-(6′‘-p-coumaroyl) - glucoside Y = 70822.9X – 2925.4 0.9999 0.24 — 383.51 
Delphinidin 3-glucoside Y = 90599.6X – 2925.4 0.9999 0.19 — 299.43 

Trans-malvidin 3-(6′‘-coumaryl)-glucoside Y = 65946.0X – 2925.4 0.9999 0.26 — 412.61 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 9 May 2024                   doi:10.20944/preprints202405.0552.v1

https://doi.org/10.20944/preprints202405.0552.v1


 5 

 

Cis-malvidin 3-(6′‘-coumaryl)-glucoside Y = 65946.0X – 2925.4 0.9999 0.26 — 412.61 
Malvidin 3-(6′‘-acetyl)-glucoside Y = 78765.7X – 2925.4 0.9999 0.22 — 345.57 

Malvidin 3-glucoside Y = 85439.6X – 2925.4 0.9999 0.21 — 340.54 
Peonidin 3-(6′‘-acetyl)-glucoside Y = 834458.4X – 2925.4 0.9999 0.20 — 325.58 

Peonidin 3-glucoside Y = 90971.2X – 2925.4 0.9999 0.19 — 298.49 
Petunidin 3-(6′‘-coumaryl) - glucoside Y = 67423.9X – 2925.4 0.9999 0.25 — 403.64 

Petunidin 3-glucoside Y = 87937.5X – 2925.4 0.9999 0.19 — 309.42 

2.6. Antioxidant Activity 

Phenolic compounds are widely known to have high beneficial properties for health among 
which stand out the antioxidant capacity with important repercussions on ROS species and 
consequently in the prevention of diseases such as cancer or diabetes [16,17]. For this reason, it was 
decided to evaluate the antioxidant capacity of the extracts obtained from UAE; Specifically, it was 
decided to use the DPPH and ABTS methods. 

In the case of the DPPH method, a 0.06 mM solution of DPPH in MeOH was prepared, and 15 
µL of the UAE extract was mixed with 165 µL of this solution. The absorbance of this mixture at 515 
nm was measured using a Spectra-Max 190 spectrophotometer (Molecular Devices, San Jose, CA, 
USA). Trolox in a concentration range of 0 – 100 mg/L was used as a standard for the calibration, 
obtaining a calibration curve Y = 0.738X + 15.271 with an R2 coefficient of 0.9999, using a 50% EtOH 
solution as blank. The antioxidant activity of the extracts was expressed as milligrams of Trolox 
equivalents (TE) per gram of dry weight (mg TE/g dw). 

In the case of the ABTS method, a 7 mM aqueous solution of ABTS and a 2.45 mM solution of 
K2S2O8 were prepared. Both solutions were mixed in the same proportion and left to react in the dark 
for 16 hours. Subsequently, 8 mL of the above mixture was diluted to 100 mL with 25% EtOH. Finally, 
190 µL of this mixture was incubated for 10 min and its absorbance was measured. Then they were 
mixed with 10 µL of the extracts obtained and the absorbance was measured after 30 min and the 
percentage of inhibition was calculated. Trolox was also used as a standard in the range 0 – 100 mg/L, 
obtaining a calibration curve Y = 0.397X – 0.962 and an R2 coefficient of 0.9991. 

3. Results 

3.1. Physicochemical Properties 

In relation to the physicochemical properties of the chosen grapes, the pH, acidity, density, 
Baumé degree and Brix degrees were selected in order to know in greater depth the nature of these 
grapes. The results obtained from the methods described above are shown in Table 2. 

In the first place, it was observed that the Folla Redonda grape was the one that presented a 
significantly higher acidity and a lower pH, being in total agreement with the organoleptic properties 
described by the consumers of these grapes. In the case of acidity, the parameters observed were 
between 1.94 ± 0.01 and 3.2 ± 0.02, with the Tempranillo variety having the lowest acidity and the 
Syrah variety the highest. In general, Vitis vinifera varieties tend to have acidity levels between 2 and 
5 mg/L [18,19], which is in line with what was observed. In the case of pH, the Vitis vinifera varieties 
are usually higher than 3.4 [20], which is also in accordance with the results obtained and is 
significantly lower in the Folla Redonda variety. However, these acidity levels were in line with those 
observed by other authors in some varieties from the region of Galicia such as Ferrol, Loureira Tinta 
or Sousón [21], which could be largely related to climate, terroir or soil characteristics. 

In the case of the Baumé grade, Folla Redonda was the one that presented the lowest grade, 
specifically 10.15 ± 0.05, presenting a lower sugar concentration. It should be noted that due to the 
cold climate of Galicia, some varieties have low sugar concentrations. Furthermore, if a comparison 
of the results obtained with another variety typical of the region of Galicia, Caíño Bravo, is performed, 
the results obtained are very similar [21]. This fact was also reflected in the Brix degrees, which 
showed that the Folla Redonda grapes had around 18°. In general, white Vitis vinifera grapes usually 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 9 May 2024                   doi:10.20944/preprints202405.0552.v1

https://doi.org/10.20944/preprints202405.0552.v1


 6 

 

show Brix degrees between 18° and 24° during the harvest, while red grapes show Brix degrees 
between 20° and 26°, which fits with the results obtained [22]. 

In relation to density, the Vitis vinifera varieties are usually found in a density range of 1.07 – 1.10 
g/cm3 at the time of harvest, a range in which the Vitis vinifera varieties are found in this study fit [23]. 
In relation to the Folla Redonda grape, the density is at the lower end of the range typical of these 
varieties, showing certain physical properties that would facilitate the harvesting of these grapes.  

Subsequently, the sugars present in these grape varieties were evaluated, specifically five sugars 
(glucose, fructose, glycerol, mannitol and sucrose) whose concentration was evaluated. The results 
are shown in Table 2.  

Table 2. Physicochemical properties of the grapes selected for this study. Different letters in 
superscript suppose a significant difference with a 95% of confidence. 

Variety pH 
Acidit
y (g/L 
TH2) 

Densit
y 

(g/cm3) 

°Bri
x °Bé 

Sugars (g/L) Acids (g/L) 

Glucos
e 

Fructos
e 

Glycero
l 

Mannito
l 

Sucros
e 

Tartari
c acid 

Mali
c 

acid 

Aceti
c acid 

Cabernet 
Sauvignon 

4.10 
± 

0.01b 

3.16 ± 
0.02g 

1.10 ± 
0.03bc 

23 ± 
0d 

12.7
5 ± 

0.07e 

41.72 ± 
0.19c 

54.73 ± 
0.10bc 

n.d. 0.01 ± 
0.00 

0.10 ± 
0.00c 

73.66 ± 
1.49d 

25.15 
± 

0.12f 
n.d. 

Folla 
Redonda 

2.83 
± 

0.16a 

12.78 ± 
0.01i 

1.08 ± 
0.05a 

18 ± 
0a 

10.1
5 ± 

0.05a 

31.71 ± 
0.07a 

41.29 ± 
0.67a 

n.d. n.d. 
0.05 ± 
0.00b 

118.60 
± 0.33g 

16.96 
± 

0.10d 
n.d. 

Graciano 

4.26 
± 

0.02c

d 

2.13 ± 
0.04b 

1.12 ± 
0.00c 

26 ± 
0f 

14.4
7 ± 

0.06g

51.42 ± 
0.14e 

61.47 ± 
1.58d 

0.01 ± 
0.00 

0.02 ± 
0.00 

0.21 ± 
0.01g 

79.27 ± 
0.19e 

11.30 
± 

0.07c 

0.21 ± 
0.00 

Merlot 
4.22 

± 
0.01c 

2.55 ± 
0.08d 

1.11 ± 
0.04bc 

24 ± 
0e 

13.3
1 ± 

0.02f 

40.31 ± 
1.91c 

54.45 ± 
0.14c 

n.d. 
0.01 ± 
0.00 

0.10 ± 
0.00c 

80.77 ± 
2.59e 

11.09 
± 

0.05c 

0.09 ± 
0.00 

Petit 
Verdot 

4.29 
± 

0.02c

d 

2.42 ± 
0.01c 

1.09 ± 
0.00a 

20 ± 
0c 

11.0
7 ± 

0.07c 

58.10 ± 
0.13f 

73.94 ± 
2.25f 

0.40 ± 
0.01 

0.02 ± 
0.00 

0.14 ± 
0.00e 

0.00 ± 
0.00a 

0.04 
± 

0.00a 
n.d. 

Tempranill
o 

4.45 
± 

0.02e 

1.94 ± 
0.00a 

1.08 ± 
0.02a 

19 ± 
0b 

10.5
4 ± 

0.04b

37.47 ± 
0.14b 

52.99 ± 
0.50b 

0.06 ± 
0.00 

0.04 ± 
0.00 

0.12 ± 
0.00d 

61.54 ± 
0.21b 

25.16 
± 

0.17f 

0.09 ± 
0.00 

Tintilla de 
Rota 

4.33 
± 

0.03d 

2.61 ± 
0.01e 

1.09 ± 
0.02a 

23 ± 
0d 

12.7
1 ± 

0.01e 

44.80 ± 
0.15d 

61.52 ± 
0.55d 

0.02 ± 
0.00 

0.03 ± 
0.00 

0.02 ± 
0.00a 

75.07 ± 
0.14d 

20.99 
± 

0.48e 

0.10 ± 
0.00 

Tintilla 
País 

4.51 
± 

0.02e 

2.74 ± 
0.01f 

1.09 ± 
0.04a 

20 ± 
0c 

11.1
5 ± 

0.05c 

37.66 ± 
0.26b 

53.95 ± 
1.47bc 

0.03 ± 
0.00 

n.d. 0.17 ± 
0.00f 

89.76 ± 
0.35f 

4.18 
± 

0.06b 

0.33 ± 
0.01 

Syrah 

4.27 
± 

0.02c

d 

3.28 ± 
0.01h 

1.09 ± 
0.00ab 

27 ± 
0g 

12.2
3 ± 
0.03

d 

52.61 ± 
0.24e 

64.54 ± 
0.78e 

0.08 ± 
0.00 

0.04 ± 
0.00 

0.22 ± 
0.00h 

67.52 ± 
0.32c 

31.75 
± 

0.65g 

0.26 ± 
0.01 

It was detected that all grape varieties have a similar concentration of glucose and fructose. This 
is due to the 1:1 ratio of glucose and fructose that exists in the grapes when they ripen. In this case, 
the highest concentration of glucose and fructose was achieved by Petit Verdot variety followed by 
Syrah and Graciano. The ranges of sugars evaluated was on consonance with the detected in the 
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literature for Vitis vinifera varieties [24]. In addition, the Folla Redonda variety exhibited the lowest 
concentration of sugars, expected due to the acidic character associated with this grape. 

The concentration of glycerol present in musts was minimal, since it is a sugar that increases 
during alcoholic fermentation due to the transformation of glucose and it is not naturally present in 
grapes. Finally, sucrose content was also minimal, since this sugar is the form in which sugars migrate 
through the plant, but are hydrolyzed in the grape due to the action of enzyme invertase [25]. 

In the case of acids, three main acids present in the varieties studied were determined: tartaric 
acid, malic acid and acetic acid. The average of these concentrations is shown in Table 2. As expected, 
the Folla Redonda grape had the highest concentration of both tartaric acid and malic acid (118.60 ± 
0.33 and 16.96 ± 0.10 g/L), which is consistent with the properties previously observed. However, it 
did not show any concentration of acetic acid. In this case, these results cannot be compared with the 
bibliography since, to the best of the authors’ knowledge, the acidity of this grape has not been 
measured previously. However, in comparison with other Galician varieties the authors return to the 
conclusion that the most similar variety to Folla Redonda is Loureira Tinta, with an acidity range of 
10 – 11 g/L of tartaric acid [21]. 

On the other hand, Merlot and Tinta País were the varieties with the highest acidity among the 
Vitis vinifera varieties, while Petit Verdot had the lowest acidity. This data is in agreement with the 
observed in Vitis vinifera varieties in the literature [26,27].  

3.2. Total Anthocyanins and Phenolic Compounds 

Subsequently, the extracts obtained through extraction with UAE were analyzed to determine 
the total phenolic compounds and total anthocyanin content present in these grape varieties. The 
average of the concentrations obtained is shown in Figure 1, where total phenolic compounds have 
been expressed as mg of gallic acid per gram of grapes in dry weight, while total anthocyanins have 
been expressed as mg of malvidin per gram of grapes in dry weight. These two compounds have 
been used as standards for the calibration curve of these analyses. 

 

Figure 1. Total phenolic compounds and total anthocyanins in different grape varieties. Different 
letters suppose a significant difference at 95% of confidence. 

As can be observed, the Folla Redonda grape has a significantly higher value of total phenolic 
compounds and total anthocyanins than the rest of the grapes, which is in agreement with the 
observations of Pomar et al. [11]. In fact, the anthocyanin/phenolic compounds ratio is much higher 
in this variety than in the rest, which is consistent with the intense reddish color described by many 
of its consumers, a color that is usually caused by the anthocyanins accumulation. Specifically, its 
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total anthocyanin content, 24.54 ± 0.09 mg of malvidin per gram of grapes in dry weight, is similar to 
that observed in the Galician variety Loureira Tinta [21]. 

On the other hand, the Petit Verdot, Graciano and Tintilla de Rota varieties were the Vitis vinifera 
varieties with the highest content of both total phenolic compounds and total anthocyanins, in the 
range of 13.41 – 23.59 mg total phenolic compounds per gram of grapes in dry weight. These data 
agree absolutely with what was observed in the literature for these varieties [28,29]. While the Merlot 
variety presented the lowest content in both total phenolic compounds and total anthocyanins, with 
a content of about 7.84 ± 0.03 mg/g of total phenolic compounds, which was also in agreement with 
what was observed in the literature [30].  

3.3. Individual Anthocyanins 

The extracts obtained after UAE extraction of Folla Redonda grapes were analyzed by UHPLC-
MS and five main anthocyanins were observed: delphinidin 3-glucoside (m/z 465.12), cyanidin 3-
glucoside (m/z 449.27), petunidin 3-glucoside (m/z 479.20), peonidin 3-glucoside (m/z 463.22), and 
malvidin 3-glucoside (m/z 493.21). These extracts were subsequently analyzed by UHPLC-PDA 
obtaining a chromatogram as shown in Figure 2. 

 

Figure 2. Chromatogram (λ = 520 nm) obtained from Folla Redonda grape analyzed by UHPLC-PDA. 
(1) delphinidin 3-glucoside, (2) cyanidin 3-glucoside, (3) petunidin 3-glucoside, (4) peonidin 3-
glucoside, (5) malvidin 3-glucoside. 

In addition, different esterified glycosylated forms were analyzed in the current study due to 
their presence in Vitis vinifera varieties. Specifically, a total of eleven anthocyanins were quantified 
(Table 3). 

Table 3. Anthocyanins analyzed in grape extracted by UAE. 

Compound Abbreviation 
Cyanidin 3-glucoside C3G 

Delphinidin 3-glucoside D3G 
Peonidin 3-glucoside Peo3G 
Petunidin 3-glucoside Pet3G 
Malvidin 3-glucoside M3G 

Malvidin 3-(6′‘-acetyl)-glucoside M36AG 
Trans-malvidin 3-(6′‘-coumaryl)-glucoside TM36CG 

Peonidin 3-(6′‘-acetyl)-glucoside Peo36CG 
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Cyanidin 3-(6′‘-coumaryl) – glucoside C36AG 
Petunidin 3-(6′‘-coumaryl) – glucoside Pet36CG 

Cis-malvidin 3-(6′‘-coumaryl)-glucoside CM36CG 
The extracts obtained from both Folla Redonda and the rest of the Vitis vinifera varieties were 

analyzed by UHPLC-PDA and the concentrations of the anthocyanins identified (Table 3) were 
calculated based on the calibration curves obtained as explained in the Materials and Methods 
section. The average of these concentrations were plotted in Figure 3A and B. 

 

Figure 3. (A) Glycosylated anthocyanins and (B) esterified glycosylated anthocyanins concentration 
in grape extracts (n = 2). 

As can be seen in Figure 3A, the Folla Redonda variety presented the highest concentration of 
glycosylated anthocyanins, although it practically did not present esterified glycosylated 
anthocyanins, showing a higher concentration of anthocyanins with a simpler structure. This is a fact 
that differentiates the Folla Redonda variety from the Vitis vinifera varieties, which in addition to 
having glycosylated anthocyanins, have a fairly high concentration of esterified glycosylated 
anthocyanins. As it was previously mentioned, anthocyanins are bioactive compounds that have 
demonstrated important beneficial properties for health as antioxidants, antimicrobial or anti-
inflammatory properties, this fact together with the fact that it has been shown that simpler structures 
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of anthocyanins are more easily adsorbed by the human stomach [31] would be an important 
advantage in the case of Folla Redonda grapes. In relation to the glycosylated anthocyanins, the 
majority was malvidin 3-glucoside with a concentration (0.46 ± 0.01 mg/L) more than 20% higher than 
those varieties of Vitis vinifera with the highest concentration of this anthocyanin (Graciano, Petit 
Verdot and Tintilla de Rota). This fact was in agreement with what was observed by Pomar et al. [11], 
a study where malvidin 3-glucoside was also the major anthocyanin present in Folla Redonda grapes. 

In relation to the varieties of Vitis vinifera evaluated, it was observed that the results obtained 
were in agreement with those observed in the literature, being the anthocyanin malvidin 3-glucoside 
the majority in all varieties with ranges of 0.05 – 0.25 mg/L.  

3.4. Antioxidant Activity 

The antioxidant activity of the extracts obtained was evaluated using the DPPH and ABTS 
methodologies. The results obtained were represented in Figure 4. It was detected that the Cabernet 
Sauvignon variety presented the highest antioxidant capacity according to the two methodologies 
studied with 75.03 ± 0.34 and 69.78 ± 0.47 mg Trolox/L equivalent, while the Petit Verdot variety 
presented the lowest percentage of inhibition with 64.41 ± 1.57 and 67.49 ± 1.39 mg Trolox/L 
equivalent. These values of antioxidant capacity are in line with those observed in the literature for 
Vitis vinifera varieties (26.4 – 80.0 mg/L) [32,33].  

 
Figure 4. Antioxidant activity according to DPPH and ABTS methodologies. 

On the other hand, the Folla Redonda variety presented 69.90 ± 1.17 and 73.51 ± 1.68 mg Trolox/L 
equivalent of antioxidant capacity, showing the great potential of this variety in its properties for 
human health with important applications in the pharmacological and nutritional industries. 

3.5. Grape Distribution 

Finally, a principal component analysis (PCA) was carried out with the 28 variables evaluated 
in the current research (pH, acidity, density, °Bé °Brix, total polyphenols, total anthocyanins, D3G, 
C3G, Pet3G, Peo3G, M3G, M36AG, TM36CG, Peo36CG, C36AG, Pet36CG, CM36CG, glucose, 
fructose, glycerol, mannitol, sucrose, tartaric acid, malic acid, acetic acid, DPPH activity and ABTS 
activity). The samples were plotted according to the scores obtained for the two main components 
(Figure 5). As can be seen, the Folla Redonda variety presented negative PC1 values, completely 
separated from the rest of the samples. On the other hand, among the Vitis vinifera varieties, all 
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presented positive values or values close to 0 for PC1, while the Petit Verdot variety presented 
positive values for PC2 while the Petit Verdot variety presented negative values for PC1, 
demonstrating certain differences between this variety and the others. Finally, within this group, each 
of the varieties was grouped in a differentiated manner in space, demonstrating their differences. The 
scores responsible for this distribution were evaluated and it was shown that the concentrations of 
malic and acetic acid, the density and the concentration of CM36CG were the main responsible for 
the separation between the Folla Redonda variety and the rest, while the concentration of mannitol, 
sucrose, C36AG and TM36CG were responsible for the separation between the Vitis vinifera varieties. 

 
Figure 5. Sample distribution according to scores of PC1 and PC2 (D27x28). 

4. Conclusions 

In conclusion, this study has revealed significant findings on the physicochemical properties of 
the Folla Redonda grape, highlighting its richness in anthocyanins and phenolic compounds with 
potent antioxidant activities. These findings open new opportunities for the use of this grape variety 
in various applications. The high concentration of antioxidant compounds found in the Folla 
Redonda grape suggests its potential use in the food industry, in the production of nutritional 
supplements or even in cosmetics. In addition, its unique nutritional profile may contribute positively 
to human health by offering antioxidant benefits. This could lead to the revitalization and utilization 
of a currently untapped variety for the benefit of multiple industries. Furthermore, if this variety 
were finally accepted for the production of marketable wine, it would offer organoleptic properties 
completely different from most other varieties of Vitis vinifera and with significant concentrations of 
anthocyanins and phenolic compounds. 
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