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Abstract: Vitis vinifera is the grape variety used in the production of wine and other products. In
the wine production process, many of the vine’s by-products are wasted, namely seeds and stems.
Given the proportion of wine production worldwide, the quantity of by-products is beginning to be
an environmental problem, making it urgent to take measures for their use to obtain bioactive
compounds with health benefits. The aim of this work was to study the antioxidant and
antimicrobial activities of extracts from the seeds and stems of four Portuguese grape varieties:
Touriga Franca, Touriga Nacional, Viosinho, and Tinta Roriz. Total phenolic (TPC) and total
flavonoids (TFC) contents present in the different extracts were evaluated, as well as the antioxidant
activity, by DPPH and FRAP methods. TPC and TFC values of the stem’s extracts are much higher
than those of the seeds of the same grape variety in the same solvent. The antioxidant activity of
aqueous and ethanolic stem extracts is higher than that obtained for the seeds, showing that
antioxidant activity is related to the content of polyphenols. The antimicrobial activity of different
stem and seed extracts was determined against yeasts and Gram-positive and Gram-negative
bacteria, and the effect was determined based on the minimal inhibitory concentrations calculated
(MIC). In general, the ethanol:water (1:1) extract of the seeds from the different varieties tested
inhibited C. albicans ATCC10231 and C. krusei ATCC6258 growth even at 200 pg/mL, and the effect
was fungicidal at 200 pg/mL. The same type of extract showed selective antimicrobial activity,
inhibiting S. aureus ATCC29213 growth but having no effect against E. coli ATCC25922 even at 200
pug/mL. The effect against S. aureus was bactericidal (at 200 ug/mL) for Touriga Franca, Touriga
Nacional, and Viosinho. Taking all these results into account, it can be concluded that the by-
products of the grape varieties tested are important sources of bioactive products, particularly as
antioxidants and antimicrobials.

Keywords: by-products; vine; Touriga Franca; Touriga Nacional; Viosinho; Tinta Roriz; antioxidants;
phenolics compounds; antibacterial; antifungal

1. Introduction

Winemaking has a historical connection to Portugal as an agricultural activity of
great economic and social importance. According to data reported by the International
Organization of Vine and Wine (OIV), in 2022, total global wine production was estimated
at 258 million hectoliters [1]. During winemaking, 30% of the total quantity of grapes
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corresponds to wine by-products, representing approximately 20 million tons of which
50% corresponds to the European Union (EU), that is, 10 million of the residues are
produced by countries that are part of the EU [2]. Therefore, for this purpose, the
valorization of wine residues and by-products presents itself as an emerging need based
on the concept of sustainability. In fact, the identification of good practices for the efficient
use of resources and the recovery of waste and agri-food by-products constitutes one of
the main objectives of a sustainable economy [3-5], and it is necessary that production and
consumption change to a “circular economy” model, which defends the idea of reducing
waste and reusing waste, recycling it, reducing economic expenses, and reducing
environmental damage [4,6].

Products obtained from different parts of the vine, namely stems, leaves, skin, seeds,
and pomace, have been the subject of studies that demonstrate the importance of their use
and beneficial effects on health, mainly in the prevention of cardiovascular diseases,
cancer, diabetes, intestinal disorders, inflammatory diseases, and hemorrhages [7-9]. The
main phytochemical compounds present in grapevine by-products are stilbenoids,
phenolic compounds (gallic acid, catechin, myricetin, and kaempferol-3-O-rutinoside),
aromatic acids (hydroxycinnamic and hydroxybenzoic acids), flavonoids, and
proanthocyanidins [10,11]. These compounds have the potential to delay or promote the
inhibition of substrate oxidation [12].

Grapevine stems are made up of around 30% cellulose, 21% hemicellulose, around
17% lignin, 15-16% tannins, and approximately 6% proteins [13], also presenting a high
content of essential minerals [14]. The stem, which corresponds to almost 25% of the total
by-products, is the least valued of all the by-products generated but the richest in phenolic
compounds [9,15]. Grape seeds have a very rich nutritional profile, consisting of around
40% dietary fiber, 16% essential oils, 11% proteins, and 7% phenolic compounds [16]. The
main phenolic compounds present in seeds are flavan-3-ols [17]. The composition of
minerals [14] and phenolic compounds in vineyard by-products is influenced by growing
conditions, climatic factors, geographic location, cultivation practices, and the stage of
maturation [17,18].

Phenolic compounds are known for their antioxidant, anti-inflammatory, and
antimicrobial potential [16,19], and are abundant in grapes. Due to these beneficial
properties, extracts obtained from grape residues, which are rich in phenolic compounds,
can help reduce the growth of pathogenic microorganisms that cause degradation and
diseases, in addition to inhibiting lipid oxidation [16], enhancing their use in the
development of various products, like medical, cosmetic, and food applications [16,19,20].
Flavonoids have antioxidant, anti-inflammatory, antiviral, antibacterial, antidiabetic,
neuroprotective, cardioprotective, and anticancer properties [21-23], being capable of
inhibiting virulence factors of microorganisms and presenting a synergistic effect with
conventional antibiotics [16]. The stems have biological activities such as antimicrobial,
antioxidant, and even anti-inflammatory [15,18]. Due to the high content of phenolic
compounds, the seeds have antioxidant and antimicrobial activity [16].

Portugal, which comprises 14 wine regions and 31 protected denominations of origin,
is one of the countries with the largest number of national grape varieties [24]. In this
work, three red wine varieties (Touriga Franca, Touriga Nacional, and Tinta Roriz) and a
white wine variety (Viosinho) were studied. Seed oils from the Touriga Franca and
Touriga Nacional varieties are rich in derivatives of the vitamin E family and fatty acids,
presenting antioxidant activity [25]. These two varieties, as well as Tinta Roriz, being a red
wine, have a higher concentration of resveratrol than white wine varieties [26]. According
to Costa et al. [27], Tinta Roriz stems are richer in phenolic compounds than those of
Touriga Franca, showing higher values of TPC, TFC, and antioxidant capacity. The stem
of the Viosinho variety has high antioxidant activity and bioactivity against Gram-positive
bacteria; these properties are associated with its composition of monomeric
proanthocyanidins, catechins, flavonoids, and derivatives of hydroxycinnamic acids and
anthocyanins [24,28].
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For all these reasons, the by-products of the vineyard are potential sources of
antimicrobial compounds and are therefore an important resource not only in terms of
food and economics but also in terms of health [16,19,20,28].

This study evaluated the antimicrobial activities of extracts obtained from vine by-
products, such as stems and seeds, from different Portuguese grape varieties: Touriga
Franca, Touriga Nacional, Viosinho, and Tinta Roriz.

2. Materials and Methods
2.1. Samples

To perform this study, extracts of seeds and stems from four grape varieties (Touriga
Nacional, Touriga Franca, Viosinho, and Tinta Roriz) were used. The seeds and stems
were collected in October 2021 in Sociedade Agricola Trigo de Negreiros Lda, Braganca,
Portugal. A significant sample of approximately 10 kg of seeds and another sample of the
same amount of stems were collected. The seeds and stems were dried at room
temperature, protected from light. After confirming dehydration at <10% humidity, the
seeds and stems were completely crushed separately with the help of a mill (GM
GrinDomix 200, Retsh, Haan, Germany) for 120 s at 5000 rpm to obtain a fine powder.
These powders were stored in hermetically sealed bottles, protected from light.

2.2. Extracts Preparation

To prepare the seed and stem extracts, 6.5 mg of each sample was pulverized in 100
mL of extracting solvent (pure water, ethanol, and an ethanol:water solution (50:50 v/v)).
All samples were subjected to a solid/liquid extraction process for 1 h at 45 °C with
constant stirring [29]. Then, filtration was carried out, collecting 10 mL of each of the
extracts, which were stored at -20 °C until used. With these extracts, total phenolic
compounds (TPC) and total flavonoids (TFC) were determined, and antioxidant activity
was evaluated using two colorimetric methods (DPPH radical inhibition and ferric ion
reduction (FRAP)). All assays were performed in triplicate.

2.3. Total Phenolic Content

The TPC determination followed the spectrophotometric methodology described by
[30]. To 30 pL of extract, 150 pL of Folin—Ciocalteu reagent solution 1:10 v/v and 120 uL of
sodium carbonate solution (7.5%) were added, homogenizing the resulting solution,
which was incubated at 45 °C directly in the microplate reader for 15 min and protected
from light. The absorbance values were read at 765 nm. Gallic acid was used as a standard.
To obtain the correlation between the absorbance of the samples and the concentration of
the standard, a calibration curve was performed (12 = 0.9991). The values obtained in the
study were quantified in milligrams of gallic acid equivalents per 100 g of dry extract (mg
GAE/100 g of dry extract).

2.4. Total Flavonoid Content

To determine this parameter, a colorimetric test was used, which involves the
formation of a flavonoid—aluminum complex at 510 nm [30]. For every 30 uL of each
extract, 75 pL of distilled water and 45 pL of 1% sodium nitrite solution were added. The
mixture was left to react for 5 min and after this time, 45 pL of a 5% aluminum chloride
solution was added. Subsequently, 60 pL of sodium hydroxide (1M) and 45 pL of distilled
water were added. Catechin was used as a standard. To read the absorbances, a microplate
reader was used. Different concentrations of catechin were used to obtain a calibration
curve (12 = 0.9994). The results were presented as the amount of flavonoid found in the
extract, expressed in milligrams of catechin equivalents per 100 g of dry extract (mg
CE/100 g of dry extract).
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2.5. Antioxidant Activity
2.5.1. DPPH Method

The free radical scavenging capacity (DPPHe) was evaluated using the method
described by Costa et al. [29] with some modifications. 270 pL of DPPHe 6 x 10° M
solution was added to 30 pL of Trolox standard, blank, or diluted extract (1:10). The
decrease in DPPHe concentration was measured in a microplate reader at intervals of 10
min, monitoring the decrease in the corresponding absorbance at 515 nm. The end of the
reaction occurred after 20 min. A calibration curve was plotted with Trolox (12 = 0.9972).
DPPHe radical scavenging activity was expressed in micromoles of Trolox equivalents
per 100 g of dry sample (umol ET/100 g of dry sample).

2.5.2. FRAP Method

This study was carried out based on the work of Costa et al. [30], with minor
modifications. Approximately 265 puL of FRAP reagent (0.3 M acetate buffer, 10 mM TPTZ
solution, and 20 mM ferric chloride) was mixed with 35 L of ferrous sulfate standard (5-
600 uM), blank, or diluted extracts (1:10). The previous mixture was then kept at 37 °C for
30 min, protected from light. The absorbances were read at 595 nm on a microplate reader.
A calibration curve was plotted with ferrous sulfate (r2 = 0.9998), with the antioxidant
power expressed in micromoles of ferrous sulfate equivalents per 100 g of dry sample
(nmol FSE/100 g of dry sample).

2.6. Microorganisms

The antifungal activity of the strata was tested against Candida albicans ATCC10231
and Candida krusei ATCC6258, while the antibacterial activity was tested against
Staphylococcus aureus ATCC29213 and Escherichia coli ATCC25922.

Yeast subcultures were performed in Sabouraud dextrose broth (SDB) (Sigma-
Aldrich; St. Louis, MO, USA), to which agar (Liofilchem; Roseto Degli Abruzzi, Italy). was
added. Bacteria were maintained in Mueller Hinton II broth (MHB-II) (Sigma-Aldrich; St.
Louis, MO, USA), to which agar was also added.

2.7. Preparing Suspensions of Extracts to Antimicrobial Tests

The dried extracts were resuspended in dimethyl sulfoxide (DMSO; Merck KGaA;
Darmstadt, Germany) to a concentration of 5 mg/mL and stored at —20 °C until testing.

2.8. Antifungal Activity

The antifungal activity of the compounds was assessed using a modified broth
microdilution technique carried out in 96-well culture plates [31]. After 24 h of growth on
SDA, the yeasts were suspended in saline solution (Merck KGaA; Darmstadt, Germany)
at a density of 0.5 MacFarland, and two dilutions were performed in SDB (a 1:50 dilution
followed by a 1:20 dilution). The concentration of the extracts was adjusted in SDB and
added (1:1) to the yeast suspension, with the maximum concentration of extract tested
being 200 pg/mL. In all the experiments, a positive growth control (yeast only) and a
sterility control of the medium, or negative control (medium only), were carried out. After
48 h of incubation in an incubator at 35 °C, the plates were observed, and the minimum
inhibitory concentration (MIC) for yeasts was defined as the lowest concentration that
caused a total reduction in fungal growth by visual observation. In order to determine if
the extracts had a fungicidal or fungistatic effect, they were tested at 200 ug/mL, as
performed for MIC determination. After 48 h incubation, 10 uL of suspension was
transferred to an SDA plate. The plates were placed in the incubator at 35 °C, and yeast
growth was observed after 24 h of incubation. The effect was defined as fungicidal or
fungistatic, depending on the absence or presence of yeast growth, respectively.
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2.9. Antibacterial Activity

The bacteria, which had been cultured 24 h before the experiment on MH-II agar,
were suspended in saline solution until an optical density of 0.5 MacFarland was obtained,
and two dilutions were performed in MH-II broth (a 1:50 dilution followed by a 1:20
dilution) [32]. To evaluate the antibacterial activity of the extracts, dilutions were made in
MH-II broth, which was added (1:1) to the previously prepared suspension of bacteria.
The maximum concentration of extract tested was 200 pg/mL, and serial dilutions of 1:2
were carried out in 96-well plates. The plates were incubated for 24 h at 35 °C, and the
MIC was defined as the lowest concentration that inhibited the growth of the bacteria, and
the results were read visually. In order to determine if the extracts had a bactericidal or
bacteriostatic effect, they were tested at 200 pg/mL, as performed for MIC determination.
After 24 h incubation, 10 pL of suspension was transferred to an MH-II agar plate. The
plates were placed in the incubator at 35 °C, and bacterial growth was observed after 24 h
of incubation. The effect was defined as bactericidal or bacteriostatic depending on the
absence or presence of bacterial growth, respectively.

3. Results
3.1. Total Phenolic and Flavonoid Compounds Content

Considering the chemical characterization and polarity of the different bioactive
compounds present in the seeds and stems of the studied samples, extracts for bioactive
compound determination were prepared in different solvents (aqueous, ethanolic, and
hydroalcoholic).

According to Table 1, regarding the determination of TPC and TFC of seed extracts
from the four varieties studied, ethanol is the solvent with the greatest extractive power.
According to Table 2, the same pattern of behavior can be seen for the extracts from the
stems of the previously mentioned varieties, apart from the TPC of the Tinta Roriz variety.
In a general way, water is the solvent that has the lowest extractive power in all tests for
determining TPC and TFC in seeds, and this comportment was also verified for the TPC
of the stems. For the quantification of TFC from stems, the hydroalcoholic mixture
resulted in the lowest concentration values, therefore having a lesser extractive capacity.

Table 1. Content of phenolic compounds, flavonoids, and antioxidant capacity of the seeds of the
studied varieties.

Variety Extractor TPC TFC DPPH FRAP
Solvent (mg GAE/100 g) (mg CE/100 g) (umol TE/100 g) (umol FSE/100 g)
W 61.3+0.7 371+14 9748 +1.2 2037.7 +1.2
. E 210.8+0.4 703+1.1 2096.3 + 0.5 3756.8 +10.0
Touriga Franca EW
(50:50 v/v) 187.6+1.4 61.4+1.0 17498 +1.1 3019.0+1.0
Y 748+1.0 939+1.0 10417 +14 2984.7 + 0.3
. . E 393.1+1.8 195.0+ 6.4 3323.6 +3.5 37809 +1.6
Touriga Nacional EW
(50:50 v/v) 264.4+4.4 102.0+1.1 2791.5+1.1 3064.7 + 0.6
W 60.6 +0.8 375+23 400.0+1.9 791.0+1.8
L. E 80.2+1.3 41.2+0.8 792.1+27 1490.7 + 8.9
Viosinho EW
(50:50 v/v) 66.0 2.0 27.7+05 601.8 +0.8 1022.5+1.3
W 724 +0.7 402 +1.1 4944 +1.1 1040.6 + 0.9
. . E 106.3 £6.7 62.1+0.5 1005.3+1.5 2032.1 +0.9
Tinta Roriz EW
(50:50 v/v) 99.1+0.8 544 +0.6 949.4+1.0 1981.1+1.1

W, water; E, ethanol; E:W, ethanol:water. TPC, total phenolic content; TFC, total flavonoids content;
DPPH, 2,2-diphenyl-1-picrylhydrazyl; FRAP, ferric reduction activity potential. Values presented as
mean + standard deviation (1 = 3).
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Table 2. Content of phenolic compounds, flavonoids, and antioxidant capacity of the stems of the

studied varieties.

Variet Extractor TPC TEC DPPH FRAP
y Solvent  (mg GAE/100 g) (mg CE/100 g) (umol TE/100g)  (umol FSE/100 g)
W 4306.4 +328.1 969.8 +118.0 2603.1 +140.2 40,991.6 + 3633.2
. E 58,115.8 + 563.9 2051.9 +107.9 4329.8 +412.9 62,633.7 +4390.6
Touriga Franca W
) 14,184.7 + 749. 11.3 +28. 6+£85.7 4.0 +203.
(50:50 v/0) ,184.7 +749.8 311.3+£28.0 930.6 + 85 954.0 + 203.5
W 2885.1 +209.3 1144.8 +26.4 2824.5 +376.7 38,842.3 + 4356.8
. . E 5528.0 +447.5 2753.0 +214.0 4842.5 + 562.7 68,822.8 + 5178.2
Touriga Nacional W
) 3943.8 +328.3 850.4 +33.3 1279.9 £172.6 11,470.4 +1927.6
(50:50 v/v)
W 3817.5+184.2 1361.0 + 105.6 3817.5+184.2 43,637.1 + 484.7
.. E 5865.5 +598.4 2460.0 + 368.7 5865.5 +598.4 66,871.0+173.2
Viosinho BW
: 3954.6 +392.4 361.3+59.2 3954.6 +392.4 9379.7 +150.1
(50:50 v/v)
W 48732 £319.2 1519.6 +92.3 48732 £319.2 54,544.3 + 4496.0
Tinta E 6892.3 +458.6 2776.7 +192.8 6892.3 +458.6 71,024.5 £ 2752.3
Roriz E:-W
15,292.3 + 543.0 232.7+10.6 15,292.3 +543.0 8662.0 + 853.7
(50:50 v/v)

W, water; E, ethanol; E:W, ethanol:water. TPC, total phenolic content; TFC, total flavonoids content;
DPPH, 2,2-diphenyl-1-picrylhydrazyl; FRAP, ferric reduction activity potential. Values presented as
mean + standard deviation (n = 3).

Comparing the TPC values of the stems of the four grape varieties under study (Table
2), the extracts from Tinta Roriz present higher values in water and in hydroalcoholic
mixtures, showing Touriga Franca to have a higher content in ethanol. The Tinta Roriz
variety presents the highest TFC values, while Touriga Franca shows the lowest content
when in aqueous or ethanolic extract.

It can also be seen that the TPC and TFC values of the seeds are much lower than
those of the stems of the same grape variety when the extracts are prepared with the same
solvent.

3.2. Antioxidant Activity by FRAP and DPPH Methods

The analysis of the antioxidant capacity of different extracts constitutes a correlation
tool with the content of total phenolics and flavonoids and also allows the assessment of
the specific radical scavenging capacity attributable to the extracts under study. The
results were expressed by carrying out two methods: FRAP, which detects the presence
of antioxidants through the reduction of iron, and DPPH, which consists of the reaction
of the radical of the molecule with the antioxidant substances in the extracts of the four
varieties in the three solvents.

Regarding the antioxidant activity of seed extracts (Table 1), determined both by the
DPPH and FRAP tests, Touriga Nacional presents higher values in any of the solvents,
with the ethanolic extract being the one with higher concentrations for all the varieties.
Comparing the antioxidant activity of the four stem varieties (Table 2), Tinta Roriz extracts
show greater antioxidant potential in both analytical methods when the solvent is water
or ethanol. For this grape variety, the hydroalcoholic mixture obtained greater activity in
the DPPH method, with the ethanolic extract being superior in the FRAP method. In
general, the antioxidant activity determined by both methods is higher for stems, except
for Touriga Nacional (DPPH) and Touriga Franca (DPPH and FRAP) grape varieties
hydroalcoholic extracts.
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3.3. Antifungal Activity

The antifungal activity of the extracts of seeds and stems obtained from the different
vine varieties was tested against C. abicans and C. krusei. The inhibitory capacity of the
extracts to inhibit yeast growth (MIC) was evaluated (Table 3).

Table 3. Antifungal activity of the extracts prepared from the seeds of the different varieties tested.

Variety Yeast Extract MIC (ug/mlL)

w >200.0
C. albicans E >200.0
Touriga Franca E:W (50:50 v/v) >200.0
w >200.0
C. krusei E >200.0

E:W (50:50 v/v) 175+ 6.9
w >200.0
C. albicans E >200.0

. . E:W (50:50 v/v) 100.0 + 0.0
Touriga Nacional W 2000
C. krusei E >200.0

E:W 10.0+34
w >200.0
C. albicans E >200.0

L E:W (50:50 v/v) 200.0 0.0
Viosinho W 2000
C. krusei E >200.0

E:W (50:50 v/v) 88+34

w >200.0
C. albicans E >200.0
. i E:W (50:50 v/v) >200.0
Tinta Roriz W 2000
C. krusei E >200.0

E:W (50:50 v/v) 35.0+13.7

MIC, minimal inhibitory concentration; W, water; E, ethanol; E:W, ethanol:water. Values are mean
+SD (n = 3-5).

Stem extracts from the different varieties tested, independently of the solvent used
for the preparation, were not able to inhibit the yeast growth even when tested at
concentrations as high as 200.0 pg/mL.

Considering the extracts obtained from the seeds, the aqueous and ethanolic extracts
showed a high degree of antifungal activity (maximum tested concentration: 200.0
mg/mL). With regard to yeasts, the E:W extract of the different varieties inhibited the
growth of C. krusei. C. albicans growth was only inhibited by the E:W extract prepared
from the seeds of Touriga Nacional and Viosinho.

At 200.0 ug/mL, the E:-W extract of the seeds of all the varieties showed fungicidal
activity against C. krusei. With the exception of the E:-W extract from Tinta Roriz, the same
fungicidal effect was registered for C. albicans (200.0 pg/mL).
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3.4. Antibacterial Activity

The antibacterial effect of the extracts of seeds and stems was also tested against a
Gram-positive bacterium, S. aureus, and a Gram-negative bacterium, E. coli (Table 4).

The extracts obtained from the stems of the different vine varieties showed no
antibacterial activity, even at the maximum concentration tested of 200 pug/mL.

In the case of the E:W extracts obtained from the seeds, they proved to be active
against S. aureus but had no effect on the growth of E. coli even at 200 pg/mL.

Table 4. Antibacterial activity of the extracts prepared from the seeds of the different varieties tested.

Variety Yeast Extract MIC (pg/mL)

W >200.0
S. aureus E >200.0

Touriga Franca E:W (50:50 v/v) 100.0 0.0
W >200.0
E. coli E >200.0
E:W (50:50 v/v) >200.0
W >200.0
S. aureus E >200.0

) . E:W (50:50 v/v) 40.0+13.7
Touriga Nacional W ~200.0
E. coli E >200.0
E:W >200.0
W >200.0
S. aureus E >200.0

.. E:W (50:50 v/v) 50.0 £ 35.4
Viosinho W 2000
E. coli E >200.0
E:W (50:50 v/v) >200.0
\%\Y >200.0
S. aureus E >200.0

Tinta Roriz E:W (50:50 v/v) 100.0 £ 0.0
\%\Y >200.0
E. coli E >200.0
E:W (50:50 v/v) >200.0

MIC, minimal inhibitory concentration; W, water; E, ethanol; E:W, ethanol:water. Values are mean
+SD (n = 3-5).

In terms of mechanism of action, and when tested at 200 pg/mL, the E:W extract of
Touriga Nacional, Touriga Franca, and Viosinho seeds is bactericidal for S. aureus. For
Tinta Roriz, at 200 ug/mL, the effect of the E:W extract varied between bacteriostatic and
bactericidal.

4. Discussion

According to the TPC and TFC values, in general, ethanol is the solvent with the
greatest extractive capacity, both for the seeds and the stems. The choice of extracting
solvent influences the extraction process and the determination of phenolic compounds
[33]. Methanol is frequently used as an extracting solvent, but due to its toxicity [34], we
decided not to use it, which may have affected the effectiveness of the extraction process
and the concentration of phenolic compounds, as reported in several studies [19,35,36]. In
this work, in addition to water, ethanol was used, since the latter occurs naturally in wine,
has low toxicity, and is therefore permitted by the food industry [27]. Comparing the TPC
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and TFC values of seeds and stems of the same variety in the same solvent, it can be seen
that the concentrations of these compounds are much higher in the stems. According to
Simonetti et al. [17], this is another aspect to consider since each grape variety and each
specific part of the vine have a different composition, and due to the polarity and affinity
of the compounds present in each of them, the extraction of these compounds does not
follow the same pattern, even when the solvents used in the extraction process are the
same.

Dorosh et al. [37] compared TPC and TFC of ethanol:water 50:50 (v/v) stem extracts
of Touriga Nacional and Tinta Roriz obtained by ultrasound-assisted extraction
conditions. In a general way, the Tinta Roriz variety presented higher TPC and TFC
values, which contradicts our results for flavonoid quantification. Costa et al. [27], in turn,
compared the concentration of total phenolics and flavonoids in hydroalcoholic 50:50 (v/v)
extracts of stems of Touriga Franca (56.17 + 1.16 mg GAE/g DW and 40.52 + 0.05 mg CE/g
DW, respectively) and Tinta Roriz (64.73 + 1.40 mg GAE/g DW and 43.76 + 3.92 mg CE/g
DW, respectively) concluded that the last variety has a higher content of the referred
biocompounds, what is not in agreement with the results of this work. It is also possible
to verify that our TPC values are higher, while our TFC values are lower than those
presented by Costa et al. [27]. These divergences can be related to the different extractive
conditions, growing conditions, cultivation practices, and the stage of grape maturation
[17].

Other studies have been carried out regarding the quantification of phenolic
compounds and flavonoids from seeds in red varieties, such as Pinot Noir, Negro Amaro,
Cabernet Sauvignon [38], and Marselan [39], among others, and the values of these
compounds vary greatly from each other [38]. For example, studies carried out by
Krasteva et al. [39] showed that extracts from Cabernet Sauvignon grape seeds, crushed
to powder, in a 70% aqueous ethanol solution, had TPC values of 88.22 + 0.72 mg GAE/g
of dry extract. For the Marselan variety, the TPC values were 103.24 + 1.28 mg GAE/g of
dry extract and for Pinot Noir, 79.06 + 0.65 mg EAG/g of dry extract. In the case of TFC,
the values varied between 45.95 + 0.14 mg CE/g of dry extract (Cabernet Sauvignon) and
52.01 + 0.34 mg CE/g of dry extract (Marselan), lower than the respective values of TPC,
which agrees with our results, except for the aqueous extract of Touriga Nacional.
However, considering that the grape varieties and the method of extraction are different
from those used in our work, it is not possible to make a direct comparison with the results
we obtained.

Blackford et al. [40] compiled values for the content of phenolic compounds in stem
extracts of several red grape varieties, namely Cabernet Sauvignon, Manto Negro,
Mandilaria, and Tempranillo, among others. According to this review article, for example,
TPC values for the Cabernet Sauvignon variety ranged between 348 and 7076 mg GAE/100
g of dry extract; for Mandilaria, between 1057 and 1434.3 mg GAE/100 g of dry extract;
and for Tempranillo, between 4679 and 7622 mg GAE/100 g of dry extract, depending on
the harvest year. In addition to the grape harvest year, which is very dependent on climatic
factors, the composition of phenolic compounds depends on cultivation conditions and
practices, geographic location, and stage of maturation [17,18], which is also reflected in
the composition of the by-products. As mentioned above, for seeds, it is not possible to
make a direct comparison with the results we obtained.

According to some studies, red wine varieties have higher levels of flavonoids and
phenolic compounds [41-44]. This is in line with what was found by us for seeds, but not
when comparing the Touriga Nacional (red) and Viosinho (white) grape varieties stems,
which is in accordance with Costa et al. [27]. The quantitative differences found in the
phenolic composition of the by-products, regardless of the extracting solvent, prove that
each type of red or white grape by-product has a particular phenolic composition, which
can be related to different winemaking practices [18,33,36,45]. For example, according to
Mosele et al. [45], the by-products obtained from the carbonic maceration of grapes
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contain smaller amounts of phenolic compounds than those obtained through
conventional fermentation.

The breathing process and, in general, all oxidative reactions that occur in cells and
use oxygen lead to the formation of free radicals, which are unstable molecules or ions
that can cause cellular damage and consequently be harmful to the body. These damages
are associated with various health problems, such as inflammation, tumors, Alzheimer’s
disease, and cardiovascular diseases. The antioxidants present in plants can act as
reducing agents and scavengers of these free radicals, as well as enzyme inhibitors and
metal chelators. The main antioxidants present in vegetables are phenolic compounds,
especially flavonoids, as well as vitamins C and E and carotenoids [46,47]. Therefore,
antioxidant activity can be related to the content of polyphenols, that is, the higher the
concentration of these compounds, the greater the antioxidant activity [18,27,37]. In the
present study, this correlation is verified in seed extracts, regardless of the variety and
solvent used. As for the stem extracts, this pattern of behavior does not always occur for
the hydroalcoholic solvent, but the amount of flavonoids seems to have a greater influence
on the antioxidant activity of the Touriga Nacional and Touriga Franca varieties.

Blackford et al. [40] collected results from several studies on the antioxidant activity
of stem extracts from various grape varieties, namely Touriga Nacional, Touriga Franca,
Tinta Roriz, and Viosinho, among others. Using the FRAP method, Touriga Nacional and
Tinta Roriz presented values of 257.8 and 235.3 mg TE/g of dry extract, correspondingly,
while Viosinho and Touriga Franca exhibited 24 and 30 mM TE/100 g of dry extract,
respectively. Since the extraction and quantification conditions are different from those of
our study, it is not possible to compare the results. In the case of antioxidant activity, there
is no specific analytical method widely used for its evaluation. However, there are several
studies determining the antioxidant activity of extracts from stems and seeds of different
red grape varieties, such as Pinot Noir, Negro Amaro, Casteldao, and Tinto Cao, among
others [38-40,48]. Krasteva et al. [39] evaluated the antioxidant activity of extracts from
Pinot Noir grape seeds using the DPPH method, using a 70% aqueous ethanol solution as
an extracting solvent, and obtained 579.33 + 4.15 uM TE/g of dry extract. According to
Rockenbach et al. [38] the antioxidant activity of extracts from seeds of several varieties
was evaluated using a mixture of methanol/water/acetic acid (80:20:5) as an extracting
solvent, using the DPPH and FRAP methods. For the DPPH test, for example, the Pinot
Noir variety had values of 16,925 + 189 umol TE/100 g of dry extract, and Negro Amaro
presented values of 7265 + 95 umol TE/100 g of dry extract. For the FRAP test, the Pinot
Noir variety presents values of 21,492 + 47 umol Fe?/100 g of dry extract, and the Negro
Amaro of 9447 + 49 umol Fe*/100 g of dry extract. The values obtained by the FRAP
method are higher than those of the DPPH, which is generally also verified in our study
for seeds and stems. This was already expected since DPPH is a colorimetric method
subject to various interferences.

Fungi and bacteria are responsible for most infections and the mortality associated
with them [49,50], namely because of antimicrobial resistance [49-57].

The antimicrobial activity of parts of the vine has already been described in several
scientific papers [17,18,26,33,44]. Some parts of the grapevine, such as grape seeds, grapes,
and pomace, have been identified as having antifungal activity against yeasts and
filamentous fungi, and the mechanisms of action described were diverse, such as altering
ergosterol synthesis, interfering with fungal enzyme activity, reducing fungal cell
adherence, or inducing fungus apoptosis [17]. For bacteria, the interference of compounds
from grapes with Gram-positive and Gram-negative strains was also referred to [18], and
one of the mechanisms of action already reported for seeds, pomace, steams, or leaves,
among others, was the interference with bacterial biofilms [58]. In our work, and for all
the varieties tested, the hydroalcoholic extract of the grains was the only one that showed
antimicrobial activity, while the others showed no activity at the maximum concentration
of 200 ug/mL. However, when tested at the same concentration, none of the stalk extracts
showed antimicrobial activity. According to our results, ethanol is the solvent that allows
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the extraction of the greatest content of phenolic compounds and flavonoids. However,
the extract that showed the best activity was hydroalcoholic. Furthermore, the phenolic
and flavonoid contents were lower in seeds than in stems. It seems, based on our results,
that the antimicrobial activity does not seem to depend on the total phenolic or flavonoid
content of the extract. One explanation for these results could be that the type of phenols
and flavonoids extracted will be more important than their total content.

Concerning the antimicrobial activity, our results showed a selectivity of the
antimicrobial activity against the Gram-positive bacteria tested when compared to the
Gram-negative. Our results are in accordance with others already available in the
literature [59]. This fact can be due to the different structures and compositions of the
bacterial cell walls of the two groups of bacteria [59].

Our work reinforces the potential of Vitis vinifera by-products as antioxidant and
antimicrobial agents.
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