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Grape stems are a by-product from the wine industry that has been underused to date despite having great potential for
the agro-food, pharma and cosmetic industries. This entry statistical analysis revealed that the influence of environmental
factors such as light, temperature and precipitations have different impact on the synthesis of polyphenols depending on
the family of the specific compound.
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| 1. Introduction

The agricultural sector and the agro-food industry generate a large quantity of problematic residues because of their high
humidity and also their high content of organic matter. One of those industries corresponds to the wine industry, that
produces high levels of waste, which is a major problem and concern from both economic and ecological point of view [,
The main by-products of this industry include grape stems, skins and seeds, that involves 20% of the weight of the
processed grapes [&. Currently there exist innovative applications for the use of these residues, including the use of grape
skins for the production of infusions [, food supplements 4 or as additives in the winemaking process itself (2. Among
them, grape stem are the least studied by-products despite representing a large amount of annual waste 8. Usually,
grape stems are used as organic fertilizer, as feed for ruminants I or valorized through the production of ethanol and
paper pulp B However, in recent years, several studies have demonstrated that these by-products contain high
concentrations of polyphenols, cellulose, hemicellulose and lignin B which is causing a growing interest in their use
as bioactive phytochemicals 143l For instance, Leal et al. 14! found that stem extracts present antimicrobial activity, with
high efficacy against ulcers produced by Gram-positive bacteria in foot wounds. In addition, they observed that these
extracts have an anti-inflammatory capacity by inhibiting the production of nitric oxide by lipopolysaccharide-stimulated
macrophages, and anti-aging effect by inhibiting the anti-tyrosinase and anti-elastase activities. Grape stem extracts have
also been demonstrated to be a good therapeutic agent, as they possess antibacterial activity against a wide variety of
pathogens, including Listeria monocytogenes, Staphylococcus aureus, Enterococcus faecalis, Escherichia coli,
Pseudomonas aeruginosa and Salmonella enterica 1581, Other authors also found that the use of these by-products in
food industry, in cosmetics and in products with pharmacological activity is interesting since they have potential
antioxidant, antimicrobial, anti-inflammatory and anticancer activity, among others [1ZI18[19[20]

Several authors have demonstrated that the antioxidant activity of grape stem extracts is correlated with their phenolic
composition [AR2I1L821122] There exist a large variety of phenolic compounds belonging to different families identified in
grape stems. Among them, caftaric and gallic acids are the most representative phenolic acids found in grape stems,
trans-resveratrol and e-viniferin the two main stilbenes, quercetin derivatives the main flavonols, catechin and epicatechin
the most abundant flavanols, and malvidin-3-glucoside and other malvidin derivatives are the anthocyanins most
frequently identified in those by-products [&. Despite this, Teixeira et al. [23] found that the composition and concentration
of polyphenols on grape stems depend on the grape variety, ripeness, climatic and geographical growing conditions and
cultivation practices. However, the magnitude of the influence of each parameter in the phenolic composition of grape
stem it is not well known. There exist research works that studied the influence of the grape variety on the phenolic
composition of grape stem extracts [21[24125] hyt there are few studies that afford the influence of a relevant factor such
as the vintage in the polyphenolic composition of grape stems. Recently, Blackford et al. [l performed a compilation of the
phenolic composition of different grape stems reported in the literature by different authors. In this work it is confirmed that
there exist differences in the phenolic composition and antioxidant capacity among stems from different varieties and
vintages. However, it is very difficult to compare the values obtained from different studies, since the extraction protocols
are different, and, also, data are presented in different units. For this reason, the main objective of the present work is to
know how the grape variety and the vintage can affect the phenolic composition of grape stem extracts from six varieties
(Garnacha, Tempranillo, Mazuelo, Graciano, Chardonnay and Cabernet Sauvignon), all of them from the same
geographical region, and three of them coming from two different vintages (Garnacha, Mazuelo and Tempranillo). The use
of samples from the same geographical region will guarantee that the influence of soil, culture practices and climatic



conditions will be very similar in all cases, so the use of the same extraction and analysis protocols will allow obtaining
reliable information about the influence of the variety and vintage on the phenolic composition of grape stem extracts.

| 2. Phenolic Compounds

Table 1 shows the phenolic compounds identified and quantified in grape stems from the different varieties from the 2016
and 2018 vintages. These data are also summarized through an inferential analysis of the phenolic composition in Figures
S2 and S3 (see Supplementary Material). As it can be seen, catechin was the most abundant phenolic compound in all

extracts from both vintages, with a concentration range between 0.95 and 3.50 mg/g. This result is in agreement with
other authors 223261271 \who also identified catechin as one of the main polyphenolic compounds in grape stem extracts,
and described similar concentration ranges than those obtained in the present study. Among the phenolic acids identified
and quantified in the present study, gallic acid was the most abundant in all varieties and vintages, with concentration
values from 0.12 to 1.29 mg/g. These results are consistent with other authors 2828 \who also found that gallic acid is one
of the most abundant hydroxybenzoic acids in grape stem extracts.

Table 1. Phenolic composition (mg/g extract) of the different grape stem extracts analyzed in this study (mean + SD).
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Results expressed as mg/g extract (n = 9). GRA: Graciano, MAZ: Mazuelo, TEM: Tempranillo, GAR: Garnacha, CHA:
Chardonnay and CS: Cabernet Sauvignon. Different letters in the same column and within the same vintage, indicate
significantly different results among varieties (ANOVA, significance level: 0.05). nd, not detected.

In the 2016 vintage, grape stem extracts of the studied varieties showed different phenolic profiles. Moreover, the
concentration of individual compounds showed significant differences among them, with the exception of ellagic acid,
which presented similar concentration levels in samples from different varieties. Regarding samples from each variety,
Graciano stem extract presented the highest values in anthocyanins, procyanidin B1, catechin and trans-resveratrol, while
Mazuelo stem extract was richer in gallic acid, e-viniferin, quercetin and quercetin-3-derivative. Garnacha samples



presented the lowest values of all the phenolic compounds analyzed, especially of the unknown anthocyanin, quercetin-3-
derivative and caftaric acid. Finally, extracts from Tempranillo stems presented similar concentration than Garnacha
extracts in all components with the exception of anthocyanins, caftaric acid, quercetin and its derivative, which presented
significantly higher values.

In 2018, stem extracts from Mazuelo variety presented the highest values of procyanidin B1, resveratrol, gallic acid,
guercetin and quercetin-3-derivative, and extracts from Tempranillo stems were the richest in anthocyanins. It should be
point out that stem extracts from Chardonnay (the only white variety analyzed in this work) showed the lowest
concentrations of all the components with the exception of stilbenes (e-viniferin and trans-resveratrol). This is in line with
Gouvinhas et al. 2% who compared several research works and concluded that, despite some exceptions, grape stems
from red varieties have significantly higher values of phenolic compounds than stems from white varieties.

When comparing the phenolic composition of grape stem extracts of the same variety but from two different vintages,
most of the polyphenols showed significantly higher concentrations in extracts from the 2018 vintage than from the 2016
vintage (see Table 3). In the case of Garnacha stem extracts, only catechin and the unknown anthocyanin showed similar
values in both vintages, while in the case of Tempranillo stem extracts, catechin, e-viniferin, procyanidin B1 and trans-
resveratrol were the phenolic compounds that kept similar values from one vintage to another (see Figure S4 in
Supplementary Material). Finally, Mazuelo stems showed higher values of all the phenolic compounds in 2018 than in

2016 with the exception of e-viniferin that presented lower values in 2018 than in 2016. Nevertheless, and despite the fact
that most of the phenolic compounds increased in concentration from one vintage to another, it can be observed that not
all of them presented the same enhancement.

In order to better understand the behavior of each phenolic compound, results of grape stem extracts from Mazuelo,
Garnacha and Tempranillo varieties were subjected to a principal component analysis (PCA) (Figure 1). As it can be seen
in Figure 1a, PCA grouped the variables under study into four different clusters. The first one is composed by both
anthocyanins quantified in this work. As we move along the plane in clockwise direction, the following cluster is composed
by ellagic and caftaric acid, the third cluster by quercetin and its derivative, gallic acid, catechin and procyanidin B1, and
the fourth cluster is defined by the two stilbenes, e-viniferin and trans-resveratrol. In both Figure 1a,b, the OX axis is
explained by the phenolic composition, so it only informs about the increase of the concentration of phenolic compounds
from 2016 to 2018. In Figure 1b (individuals chart) it can be seen that grape stem extracts from vintage 2018 are shifted
to the right of the OX axis, what indicates that those samples presented higher concentrations of phenolic compounds
than their counterparts of the 2016 vintage.
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Figure 1. Principal component analysis (PCA) of phenolic compounds of grape stem extracts from Mazuelo, Garnacha
and Tempranillo varieties from vintages 2016 and 2018. (a) Variables graph: GA (gallic acid); CAT (catechin); Q
(quercetin); Q3G (quercetin-3-derivative); M3G (malvidin-3-glucoside); ANT (unknown anthocyanin); RSV (trans-
resveratrol); VIN (e-viniferin); CAF (caftaric acid); EA (elagic acid); PB1 (procyanidin B1); (b) Individuals factor map.



Individuals (Mazuelo 2016 and Mazuelo 2018; Graciano 2016 and Graciano 2018; Tempranillo 2016 and Tempranillo
2018) are presented in pink color.

Nevertheless, and despite that the concentration of all variables increased from 2016 to 2018, the phenolic compounds
contained in the third cluster were the most affected from the “vintage” factor. Therefore, gallic acid, quercetin, quercetin-
3-derivative, catechin and procyanidin B1 presented the highest increase in concentration from 2016 and 2018, and this
effect is particularly remarkable in Mazuelo stem extracts (Figure 1b).

On the other hand, it can be observed that both malvidin-3-glucoside and the unknown anthocyanin, which correspond to
the first PCA cluster, are the compounds that best reflect the position of Tempranillo stem extracts in Figure 1b. It seems
that grape variety has a more decisive influence on the concentration of these compounds in grape stems than vintage.
Similar conclusions can be obtained for both stilbenes, as the variation in concentration levels of both trans-resveratrol
and e-viniferin is higher among varieties than between vintages. In the case of stilbenes, it also seems that these
compounds are the phenolics least affected by weather conditions during grape development and veraison, since there
has hardly been variation in their concentration from one year to another in any of the varieties studies in comparison with
the rest of phenolic compounds analyzed.

In view of all these results, it could be concluded that the biosynthesis and accumulation of anthocyanins in grape stems
between vintages is not correlated with either the behavior observed for the flavan-3-ols (catechin), proanthocyanidins
(procyanidin B1), flavonols (quercetin and its derivative) and hydroxybenzoic acid (gallic acid), or the stilbenes (trans-
resveratrol and e-viniferin) analyzed in the present work, so they are not equally affected by the same factors.

Finally, it is noteworthy that the compounds corresponding to each cluster are related by its chemical structure. This could
mean that the influence of the environmental factors such as light, temperature and precipitations have different impact on
the polyphenols depending on the family of the specific compound. Although the comparison of the results obtained in the
present study with other works is very difficult as each study consider distinct factors and use different protocols, other
authors also found different influence of environmental factors on the synthesis and accumulation of the different families
of phenolic compounds. Therefore, Blancquaert et al. 28 studied the evolution of flavonoids under altered temperature
and light conditions of grapes during ripening in two different vintages. Although they studied the evolution of flavonoids in
grape and not in grape stem, they also found different behavior between anthocyanins and flavonols. They concluded that
the reduction of UV-B light significantly decreases the amount of flavonol biosynthesis, while this parameter has low
influence in the case of anthocyanins, being both light and temperature the main factors that affect their synthesis and
accumulation. Teixeira et al. 22 have also concluded that there exists different behavior between anthocyanins and
proanthocyanidins with temperature and radiation, and identified flavan-3-ol compounds and proanthocyanidins as the
most stable phenolics under diverse growing conditions.

| 3. Conclusions

The results showed that there exist significant differences in antioxidant activity, TPC and TF among grape stem from
different varieties, and also between stems from the same grape variety but different vintages. The year that presented
the highest number of days with extreme temperature conditions and accumulated precipitations during the time of grape
development, veraison and ripeness (2016), was also the year in which the grape stems presented the lowest TPC, TF,
antioxidant activity and concentration values of individual phenolic compounds. Regarding individual phenolic compounds,
in general, Mazuelo presented higher concentration values of the different phenolic compounds than Garnacha and
Tempranillo. It was also found that climatic conditions during the specified period of time had different impact on the
synthesis of polyphenols depending on the family of the specific compound. Specifically, quercetin and its derivative,
catechin, procyanidin B1 and gallic acid were the compounds most affected from one vintage to another, while the
stilbenes presented a marked varietal component, since there has hardly been variation in their concentration from one
year to another in any of the varieties studied in comparison with the rest of phenolic compounds analyzed.

In view of these results, it is important to consider that not only the variety can have a deep impact on the phenolic
composition of a grape stem extract. Changes in the phenolic composition within the same variety among different
vintages could significantly determine the future application of their corresponding extract. Therefore, the knowledge of
the composition of grape stem extracts of different grape varieties and vintages is very important, as offers the possibility
to select the most suitable application for each extract.
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