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Abstract: The therapeutic benefits of extracts obtained from different red grape fractions were 

thoroughly studied, however, data regarding the comparison of phytochemical extracts prepared 

from the same varieties coming from organic versus conventional management systems are rather 

lacking. The present study aimed at comparing some of the phytochemical characteristics and 

antimicrobial activity of hydroalcoholic (50% v/v) extracts obtained from four varieties of red 

grapes cultivated respectively in organic and conventional vineyards. Total flavonoid content, total 

phenolic compounds, and antioxidant activity were determined by molecular absorption 

spectroscopy. Antimicrobial activity of the studied extracts was evaluated against common 

bacterial strains isolated from different habitats according to specific lab procedures. The analyses 

were performed in solid broths by applying the disk diffusion method, which allowed for the 

simultaneous determination of the spectrum of the sensitivity of the tested bacteria as well as the 

values of the minimum inhibition concentration (MIC). It was found that favorable antagonistic 

activities against the tested bacteria strains were exhibited by the hydroalcoholic extracts from the 

seeds of the organic varieties, respectively the skin of the conventional varieties. 

Keywords: red grape extract; organic/conventional vineyard; phenolycs; flavonoids; antioxidant 

activity; antimicrobial activity; statistical analysis 

 

1. Introduction 

In the EU, 55 million tons of agricultural vegetal and forestry wood waste were produced in 

2016 [1]. These residues could be transformed in bio-based products (e.g., feed, bio-pesticides, 
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bio-plastics, etc.) or valorized as a source of added-value molecules [2–4]. The use of natural 

treatments and plant extracts dates from thousands of years. Despite the significant development of 

synthetic pharmaceuticals, in recent decades, the interest for herbal medicine and cosmetic 

formulations using various plant fractions and extracts has gradually increased [5–7]. Among the 

reasons behind these facts were the resistance of some microbes to existing antimicrobial agents as 

well as some specific unwanted side effects, and sometimes the high cost of the treatments. 

The wine-making process generates significant volumes of by-products consisting of skins, 

seeds, and stalks in different proportions [8,9]. Application of circular economy principles in this 

domain determined an evolution of activities aiming at the re-use of these by-products with positive 

economic impacts [4]. For instance, Technavio, the global market research firm with significant 

industry expertise, has monitored the grape seed market in the past years and made corresponding 

forecasts. According to the report published in 2020, [10] the grape seed oil market is poised to grow 

by 73.8 million USD during 2020–2024, progressing at a compound annual growth rate (CAGR) of 

4% during the forecasting period. This study was a detailed analysis of vendors operating in the 

grape seed market around the world, and together with information on current market scenarios, 

the latest trends and drivers, identified that the therapeutic use of these parts of grapes, mainly via 

cosmetic products, is the first reason leading the market environment in this field. New natural 

sources of active agents, mainly antioxidants and antimicrobials, incorporated in cosmetic and food 

products, have become a concern for many studies in the last few years [7,11–13]. In addition, 

selective extraction of some phytochemicals from natural sources is considered an opportunity to 

substitute synthetic chemicals that are currently in use in the cosmetic industry. On the other hand, 

once food biomass components are used, the added value is an appreciated benefit for food and 

pharmaceutical industries [14]. 

Flavonols, anthocyanidins, hydroxybenzoic acids, and stilbenes are the main phenolic 

compounds from grapes, occurring in the human diet [15]. They may be efficient in the treatment of 

acne and other minor skin problems, but also in the treatment of serious dermal diseases such as 

cancer. On the other hand, chemical compounds from grapes, in particular from skins and seeds that 

become the main components of the biomass, have resulted from the processes in the wine industry 

and offer valuable opportunities as cosmetic additives due to their availability and chemical 

diversity. The profile of bioactive compounds contained by the so-called natural cosmetic products 

may be different according to the characteristics of the extracts used in their fabrication processes 

[16–22]. 

In the last years, consumers have preferred cosmetics made of natural ingredients with active 

functions on their skin and would prefer to spend higher amounts of money for a cosmetic that 

promises skin benefits [23]. Topical administration and transport of bioactive ingredients through 

skin may follow various pathways, and their diffusion across different layers is influenced by the 

solubility, polarity, molecular weight, and other characteristics of these compounds [24–26]. 

The term “cosmeceuticals” has been used from the second half of the twentieth century [27,28] 

to define topical products with an effect on both skin appearance and functioning. These types of 

products are at the same time a “cosmetic” and a “pharmaceutical”, and have a lasting effect 

through physiological and/or pharmacological action [29–31]. 

Organic versus conventional vineyard management is discussed in the literature to compare 

their sustainability performance [32] including the analysis of their impact on the human resource to 

assess the potentially toxic elements in the soil-plant-air system [33], in order to report 

environmental and health risks for field workers and grape consumers to evaluate their impact on 

biodiversity [34] or to substantiate the influence of the agricultural practices on grape yeast 

succession and wine quality [35]. Other studies are focused on the decay extension and the 

nutritional quality of organic and conventionally grown table grapes [36] and also on the 

characteristics of organic wines versus conventional wines [37]. Previous research has studied the 

antibacterial activity of grape tissue extracts [38] or the phytochemical composition [39]. However, 

few studies have assessed both the chemical characteristics and the antimicrobial activity of 

grapes/grape berry tissue from organic and conventional vineyards. Moreover, the studied grape 
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varieties, the geographical area of management, and the differences in vineyard management 

practices may affect the potential of certain grape extracts to be used in different formulation in the 

pharmaceutics or food industry. Thus, the present study aims to evaluate/explore the potential of 

four grapes varieties cultivated in Romania in an organic vineyard, and respectively in a 

conventional one. The hydroalcoholic extracts obtained from grape berry tissues (skin and seeds) 

were characterized to determine total flavonoid content, total polyphenolic content, and antioxidant 

activity. The antimicrobial activity of the extracts was tested against bacteria strains isolated from 

natural habitats. The statistical analysis of data revealed that relationships between the chemical 

composition and the antioxidant and antibacterial activities were different according to the berry 

tissue, the vineyard management, and the grape variety. 

2. Results 

2.1. Phytochemical Characterization of the Extracts 

Table 1 presents the phytochemical characterization of grape skin and seed extracts for different 

varieties of grapes harvested from the organic and conventional vineyard. The hydroalcoholic 

extracts obtained from dried seeds had higher values for total phenolic content (TPC), total 

flavonoid content (TFC), and antioxidant activity (AA) (TPC, TFC, and AA compared with the 

extracts obtained from grape skins, regardless of the grape treatment method. In the case of grape 

skin extracts, it was found for all varieties of grapes that the organic way of treating the vineyards 

leads to close phytochemical characteristics compared to the characteristics of grapes from the 

conventional treated vineyard. 

Table 1. TPC, TFC, and AA values for grape skin and seeds hydroalcoholic extracts. 

Grape Variety 
Vineyard 

Type 

Total Phenolic Content  

[mg GAE/g] 

Total Flavonoids 

Content  

[mg Quercetin/g] 

Antioxidant Activity  

[mg Ascorbic Acid/g] 

Grape Berry Tissue 

Skin Seeds Skin Seeds Skin Seeds 

Merlot 

Organic 
55.69 ± 3.18 

ab 

146.80 ± 6.53 
b 

43.94 ± 

3.84 
172.19 ± 9.67 

21.22 ± 1.39 
a 

355.77 ± 9.57 

Conventional 
15.82 ± 0.50 

ab 
47.38 ± 0.90 b 

51.89 ± 

3.44 
120.69 ± 8.53 

24.22 ± 1.92 
a 

143.2 ± 7.04 

Feteasca Neagra 

Organic 
71.98 ± 4.04 

ab 

150.92 ± 4.87 
b 

87.72 ± 

5.95 

158.36 ± 

11.10 

23.99 ± 2.16 
a 

286.58 ± 

10.47 

Conventional 
22.17 ± 0.58 

ab 
64.48 ± 1.36 b 

47.02 ± 

2.87 
122.14 ± 7.18 

23.82 ± 2.62 
a 

157.07 ± 9.31 

Pinot Noir 

Organic 
47.04 ± 1.87 

ab 

169.53 ± 7.32 
b 

26.28 ± 

1.46 

388.25 ± 

10.72 

15.98 ± 1.53 
a 

312.84 ± 

12.81 

Conventional 
20.64 ± 1.53 

ab 
77.05 ± 2.76 b 

15.79 ± 

1.51 
135.13 ± 5.68 

19.36 ± 1.99 
a 

209.59 ± 

11.38 

Muscat 

Hamburg 

Organic 
20.41 ± 1.26 

ab 
52.78 ± 1.90 b 

49.23 ± 

3.07 
123.58 ± 8.66 

26.55 ± 2.35 
a 

135.77 ± 8.14 

Conventional 
19.94 ± 1.73 

ab 
73.53 ± 1.37 b 

43.41 ± 

3.63 
131.76 ± 6.70 

26.32 ± 2.09 
a 

164.5 ± 6.45 

a significant difference (p ≤ 0.05) among grapes’ varieties; b significant difference (p ≤ 0.05) among 

vineyard management, concerning the phytochemical characteristics of extracts (one-way ANOVA, 

Tukey test). 

Furthermore, when comparing Merlot, Feteasca Neagra, and Pinot Noir dry seed extracts, 

notable differences were observed between the phytochemical characteristics of the grape varieties 

harvested from the organic vineyards compared to the varieties from the vineyards conventionally 

treated. The hydroalcoholic extracts of seeds harvested from the organic vineyard had higher values 

for TPC, TFC, and AA. On the other hand, the Muscat Hamburg variety had similar values for the 

phytochemical characteristic of the grape seed extracts, if we compare the grapes that come from the 

organic vineyard and the one treated with conventional treatments. 
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The ANOVA test applied to the data from Table 1 revealed that the content of phytochemicals 

and the antioxidant activity of the four grapes varieties were different (p < 0.05). From the 

quantitative point of view, the vineyard management affected (p < 0.05) the total phenolic content, 

the total flavonoid content, and the antioxidant activity of the grapes’ hydroalcoholic extracts.  

The technique of multiple comparisons (the post-hoc analysis) emphasized the groups differing 

as average. Thus, the grape varieties differ from each other concerning the antioxidant activity of the 

hydroalcoholic extracts obtained from skin (p < 0.05). Regardless of the anatomic part (skin/seeds) 

used for extraction, vineyard management significantly affected (p < 0.05) only the total phenolic 

content of the extracts, while the total flavonoid content and the antioxidant activity of extracts were 

not influenced (p > 0.05) by vineyard management. The grape variety significantly affected (p < 0.05) 

the total phenolic content of extracts, especially for organic vineyard management in the case of both 

grape berry tissue extracts. Highest values of TPC were recorded for hydroalcoholic extracts of 

Feteasca Neagra (i.e., grape berry skin) and Pinot Noir (i.e., grape berry seeds) varieties. 

2.2. Antibacterial Activity of the Grapes Extracts 

Most hydroalcoholic extracts from grapes (skin and seeds) showed antimicrobial action against 

the tested bacterial strains. The antibacterial effect of the extracts was expressed relative to against a 

certain strain. The diameters of the inhibition zones of the bacterial growth by hydroalcoholic 

extracts from grapes skin are presented in Figures 1 and 2, the majority being within the range of 6–

14 mm. 

The diameters of the areas of growth inhibition by the hydroalcoholic extracts from skin of the 

grapes varieties cultivated in the conventional system varied as follows: Pinot Noir (CCB1, 20 mm) > 

Muscat Hamburg (CCB7, 18 mm) > Merlot (CCB7, 15 mm) > Feteasca Neagra (CCB3, CCB5, 14 mm) > 

Muscat Hamburg (CCB5, 12 mm), Merlot (CCB10, 12 mm) and Pinot Noir (CCB4, 12mm). An 

average value of 10 mm was determined for the following varieties and strains of bacteria: Muscat 

Hamburg (CCB1, CCB3 and CCB6), Merlot (CCB4 and CCB6), Pinot Noir (CCB3, CCB6 and CCB10), 

and Feteasca Neagra (CCB1), respectively. 

The hydroalcoholic extract from the skin of Muscat Hamburg grapes cultivated in the 

conventional system proved to have a broad spectrum of antibacterial activity. 

The antibacterial activity of the analyzed grape varieties cultivated in the conventional system 

varied as follows: Muscat Hamburg (active against six of the eight bacterial strains) > Pinot Noir 

(active against five of the eight bacterial strains) > Merlot (active against four of the eight bacterial 

strains) > Feteasca Neagra (active against three of the eight bacterial strains). Referring to the tested 

bacterial strains, the results showed an increased sensitivity to the antimicrobial compounds of the 

hydroalcoholic extracts from the skin of these varieties generally manifested by the strains CCB4, 

CCB1, CCB3, and CCB6, followed by the strains CCB5, CCB7, and CCB10. It should be noted that the 

CCB11 strain did not show sensitivity to any of the tested hydroalcoholic extracts from skin (data not 

shown). 

The diameters of the areas of growth inhibition by the hydroalcoholic extracts from skin of the 

grape varieties cultivated in the organic system varied as follows: Muscat Hamburg (CCB1, 18 mm) 

> Merlot (CCB7, 15 mm) and Feteasca Neagra (CCB5, 15 mm) > Merlot (CCB1, 12 mm). An average 

value of 10 mm was determined for the following varieties and strains of bacteria: Merlot (CCB3), 

Pinot Noir (CCB5), and Feteasca Neagra (T2, CCB3, and CCB6), respectively. 

The antibacterial activity of the analyzed grape varieties cultivated in the organic system varied 

as follows: Merlot and Feteasca Neagra (active against five of the eight bacterial strains) > Muscat 

Hamburg and Pinot Noir (active against four of the eight bacterial strains). Taking into account the 

antibacterial spectrum of the chemical compounds from the skin of these grape varieties, the results 

indicated a sensitivity of the strains CCB3 and CCB4 (in the case of all four extracts), for the rest of 

the strains a differentiation depending on the grape variety being observed (CCB5—three of the four 

extracts; CCB1, CCB6, CCB7—two of the four extracts; CCB10—one of the four extracts). Similar to 

the situation mentioned in the case of the grape varieties cultivated in the conventional system, the 
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CCB11 strain did not show sensitivity to any of the tested hydroalcoholic extracts from the skin of 

the organic varieties (data not shown). 

 

Figure 1. Diameter of the inhibition zone (means ± standard deviation) and minimum inhibitory 

concentration for hydroalcoholic red grape skin extracts from conventional (C) and organic (O) 

vineyards, based on the CCB1, CCB3, CCB4, and CCB5 bacterial strains. 
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Figure 2. Diameter of the inhibition zone (means ± standard deviation) and minimum inhibitory 

concentration for hydroalcoholic red grape skin extracts from conventional (C) and organic (O) 

vineyards, based on CCB6, CCB7, and CCB10 bacterial strains. 

Regarding the system of management, the sensitivity of the tested bacterial strains to the 

chemical compounds from the grape skin extracts was nearly similar, the observed differences being 

associated with specific bacterial strains: CCB4 and CCB3—strains sensitive to all or almost all 

extracts; CCB1, CCB5, and CCB6—strains sensitive to most extracts; CCB7 and CCB10—strains 

sensitive to about half of the number of the analyzed hydroalcoholic extracts from skin. 

The comparative analysis of the data from Figures 1 and 2 highlights that the grape varieties 

cultivated in the conventional system showed antibacterial activity against a smaller number of 

bacterial strains as against the same grape varieties cultivated in the organic system. By reporting to 

the values of the diameters of the zones of inhibition of bacterial growth, the hydroalcoholic extracts 

from the skin of the grape varieties cultivated in the conventional system proved to be more efficient 

compared to the extracts from the organic grape varieties. 

The MIC values of the grape skin extracts ranged from 420 to 4500 µg/mL (Figures 1 and 2), 

emphasizing the antagonistic activity of these extracts toward most of the tested bacterial strains. 

The diameters of the inhibition zones of the bacterial growth by hydroalcoholic extracts from 

grapes seeds are presented in Figures 3 and 4. 
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Figure 3. Diameter of the inhibition zone (means ± standard deviation) and minimum inhibitory 

concentration for hydroalcoholic red grape seed extracts from conventional (C) and organic (O) 

vineyards, based on CCB1, CCB3, CCB4, and CCB5 bacterial strains. 

The diameters of the areas of growth inhibition by the hydroalcoholic extracts from seeds of the 

grapes varieties cultivated in the conventional system varied as follows: Pinot Noir (CCB5, 22 mm) > 

Merlot (CCB10, 17 mm) > Pinot Noir (CCB6 and CCB10, 16 mm) > Muscat Hamburg (CCB7, 14 mm), 

Merlot (CCB4, CCB5, CCB7, 14 mm) > Muscat Hamburg (CCB4, 12 mm), Merlot (CCB3, 12 mm) > 

Pinot Noir (CCB3 and CCB4, 10 mm). Minimum values of 6 mm were determined for Muscat 

Hamburg and Feteasca Neagra, both seed extracts showing weak activity against the same bacterial 

strain (CCB3). 
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Figure 4. Diameter of the inhibition zone (means ± standard deviation) and minimum inhibitory 

concentration for hydroalcoholic red grape seed extracts from conventional (C) and organic (O) 

vineyards, based on CCB6, CCB7, and CCB10 bacterial strains. 

The values of the diameters of the areas of growth inhibition suggest a generally higher 

sensitivity to Merlot and Pinot Noir seed extracts (active against five of the eight strains studied) 

compared to the Muscat Hamburg and Feteasca Neagra varieties (active against three and two, 

respectively, of the eight bacterial strains studied). Referring to the tested bacterial strains, the 

results showed an increased sensitivity to the antimicrobial compounds of the hydroalcoholic 

extracts from the seeds of these varieties cultivated in a conventional system manifested by the 

strains CCB3 and CCB4 (sensitive to all the four extracts analyzed), followed by the strains CCB5, 

CCB7, and CCB10. It should be noted that the strains CCB1 and CCB11 (data not shown) did not 

show sensitivity to any of the tested hydroalcoholic extracts from seeds. 

The diameters of the areas of growth inhibition by the hydroalcoholic extracts from seeds of the 

grape varieties cultivated in the organic system varied as follows: Muscat Hamburg (CCB7, 22 mm) 

> Muscat Hamburg (CCB10, 20 mm) and Merlot (CCB7 and CCB10, 20 mm) > Pinot Noir (CCB5, 16 

mm) and Feteasca Neagra (CCB1, 16 mm) > Muscat Hamburg (CCB5, 15 mm) > Merlot (CCB4, 14 

mm), Pinot Noir (CCB1, 14 mm), and Feteasca Neagra (CCB6, 14 mm). 

The hydroalcoholic extracts obtained from the seeds of the organic varieties of Muscat 

Hamburg and Merlot showed a strong antagonistic activity against the bacterial strains CCB7 and 

CCB10, with MIC values varying between 380 and 450 µg/mL. 

The values of the diameter of the area of inhibition of bacterial growth also indicated that the 

tested bacterial strains were generally sensitive to the chemical compounds of the seed extracts 

obtained from grapes cultivated in the organic system. The antibacterial activity of extracts, 

manifested against six of the eight strains, was relatively high. CCB1, CCB3, and CCB4 strains were 

sensitive to all four extracts, while for the other strains, a differentiation was observed according to 

variety (CCB5, CCB6, CCB7, and CCB10 were sensitive to three of the four extracts). The CCB11 
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strain did not show sensitivity to any of the tested hydroalcoholic extracts from the seeds of the 

organic varieties (data not shown). 

Referring to the hydroalcoholic extracts from seeds, an average value of 10 mm of the diameter 

of the area of inhibition of bacterial growth was determined for the following varieties and strains of 

bacteria, respectively: Pinot Noir cultivated in conventional system (CCB3, CCB4), Muscat Hamburg 

(CCB1, CCB4), Merlot (CCB1), Pinot Noir (CCB4, CCB6), and Feteasca Neagra (CCB3, CCB7)—all 

cultivated in the organic system. 

The seed extracts from the Feteasca Neagra variety cultivated in the conventional system 

showed low antibacterial activity and only against the CCB3 (6 mm) and CCB4 (8 mm) strains. 

The standardization of the hydroalcoholic extracts obtained from the skin and the seeds of the 

grapes and the knowledge of their corresponding MIC values are of particular practical importance, 

in order to develop applications for different fields, applications in the frame of which the 

bacteriostatic and the bactericide activity are scientifically substantiated in relationship with a 

certain species of microorganisms. 

An overview of the data related to the antibacterial effects of the extracts obtained from the skin 

and seeds of the grapes cultivated in both systems (conventional and organic) revealed preliminary 

conclusions, which can be used as a starting point in order to correlate the antimicrobial activity of 

grapes with their chemical composition. 

Thus, regardless of the anatomical part of the grapes, the 16 extracts showed antibacterial 

activity against the CCB4 strain and with only the Merlot variety cultivated in a conventional 

vineyard against the CCB3 strain as an exception. The antibacterial activity of all extracts was null 

relative to the CCB11 strain. 

The most effective antibacterial spectrum was determined in the case of the hydroalcoholic 

extracts from seeds of organic grown varieties, against the CCB7 strain: Muscat Hamburg (22 mm) 

and Merlot (20 mm). The conventional cultivated Pinot Noir variety also showed a remarkable 

antibacterial activity in relation to the CCB1 strain (skin extract, 20 mm), respectively, the CCB5 

strain (seeds extract, 22 mm). 

Discussing the data in relationship with the grape varieties, a noticeable differentiation of the 

antibacterial activity depending on the culture system was observed in the case of the Muscat 

Hamburg. Thus, the most active extracts were those obtained from the skin of the grapes cultivated 

in the conventional system, respectively, from the seeds of the same variety cultivated in the organic 

system. For the Merlot variety, the hydroalcoholic seed extracts showed a significant antibacterial 

activity against the tested strains, regardless of the system of management. A relatively high 

antibacterial activity was observed in the case of the seed extracts obtained from the Pinot Noir and 

Feteasca Neagra varieties cultivated in the organic system. 

The hydroalcoholic extracts from the skin of the grapes grown in the conventional system 

showed efficiency against the growth of bacteria compared to extracts from grapes grown in the 

organic system. Analyzing the data referring to the extracts obtained from grape seeds, a significant 

increased antibacterial activity was determined for varieties grown in organic vineyards. The 

resistance of the grape varieties to different environmental factors (including microbial attack) could 

explain the antibacterial activity of extracts obtained from seeds (organic varieties) and skins 

(conventional varieties), respectively. 

2.3. Statistical Analysis of Data 

2.3.1. Correlations of the Phytochemical Parameters and the Antibacterial Activity  

of the Bacterial Strains 

To analyze the relationship between the different variables quantified, the Pearson correlation 

was applied. A bivariate strong correlation (p < 0.01) characterized the pairs: TPC-TFC (r = 0.842), 

AA-TPC (r = 0.9), AA-TFC (r = 0.824). Low correlations were established for the following pairs: 

AA-AA against the CCB4 strain (r = 0.384), AA-AA against the CCB4 strain (r = 0.387), TFC-AA 

against the CCB4 strain (r = 0.243), and TPC-AA against the CCB4 strain (r = 0.243). For the other 
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bacterial strains whose resistances to the chemical compounds of the hydroalcoholic extracts 

obtained from skins and seeds was established, the relationship between the antimicrobial activity 

and the phytochemical parameters was weak (i.e., r = 0.284 for the pair TFC-AA against the CCB10 

strain) or inexistent (i.e., r = 0.001 for the pair TFC-AA against the CCB3 strain). Although relatively 

higher values of the diameters of inhibition were obtained, for example, against the CCB4 strain, 

regardless of the type of extract used, Pearson values highlighted that this behavior was 

independent of the flavonoid and phenolic contents and the antioxidant activity, respectively.  

Figure 5 shows the correlation between TPC, TFC, AA, and antibacterial activity of the extracts 

against CCB4 strain, based on both management system (a) and grape berry tissue (b). The graphical 

representation reveals that most of the organic varieties and the seeds of the grapes are sources to be 

exploited in terms of compounds with antioxidant activity. 

 

(a) 
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(b) 

Figure 5. Correlations between the phytochemical parameters of the grape extracts and their 

antimicrobial activity, depending on: (a) the management system; (b) the anatomic part of the plant. 

Degree of correlation between the management system and the antioxidant activity, 

respectively, the content of total flavonoids determined in hydroalcoholic extracts can be considered 

inexistent (Table 2). In contrast, the Eta squared test showed that the anatomic part of the grapes 

from which the extracts were obtained, also accounting much in rating the concentration of the 

antioxidant compounds and the antioxidant activity of the analyzed extracts. A low value of Eta 

squared of 0.241, as a measure of the association between total phenolic content and management 

system of the grapes, was obtained. 

Table 2. Measure of association between the phytochemical characteristics and the system of grape 

management, respectively, on their anatomic part. 

Association Eta Squared 

Antioxidant activity * Management system 0.051 

Flavonoids * Management system 0.075 

Phenolics * Management system 0.241 

Antioxidant activity * Anatomic part 0.752 

Flavonoids * Anatomic part 0.502 

Phenolics * Anatomic part 0.445 

Regression analysis was conducted between the dependent variables (flavonoid and phenolic 

contents and antioxidant activity of the hydroalcoholic extracts) and grape varieties, vineyard 

management, and the anatomic parts of the grapes as independent variables. The equations of 

regression and the associated values of R square are shown in Table 3. 

  



Plants 2020, 9, 1470 12 of 25 

 

Table 3. Regression analysis between the compounds of interest. 

Equation of Regression R Square 

Total phenolic content (TPC) = 70.529−8.688 * variety −49.065 * vineyard management +61.299 * anatomic part 0.72 

Total flavonoid content (TFC) = 14.027−1.927 * variety −52.094 * vineyard management +118.972 * anatomic Part 0.56 

Antioxidant activity = −25.377−17.632 * variety −59.569 * vineyard management +189.74 * anatomic Part 0.82 

A strong relationship between all the analyzed variables was established for the predicted 

antioxidant activity of the extracts (R square = 0.82). The values of the total phenolic content were 

also in a relatively high proportion correlated with the dependent variables, while only 56% from the 

variation of the total flavonoid content was explained by the grape variety, vineyard management 

(organic/conventional), and anatomic part of the grapes. 

Values of Eta squared, as a measure of association between the antimicrobial activity of extracts 

against the bacterial strains tested and the management system of the grapes, respectively, their 

anatomic part emphasized that the correlations were rather non-existent (Table 4). 

Table 4. Measure of association between the antimicrobial activity of extracts and the system of 

grape management, respectively, on their anatomic part. 

Association Eta Squared Association Eta Squared 

CCB1 * management system 0.122 CCB1 * anatomic part 0.030 

CCB3 * management system 0.000 CCB3 * anatomic part 0.010 

CCB4 * management system 0.019 CCB4 * anatomic part 0.171 

CCB5 * management system 0.003 CCB5 * anatomic part 0.030 

CCB6 * management system 0.001 CCB6 * anatomic part 0.001 

CCB7 * management system 0.015 CCB7 * anatomic part 0.029 

CCB10 * management system 0.005 CCB10 * anatomic part 0.164 

The lack of correlations was also emphasized if more pairs regarding the phytochemicals and 

the antimicrobial activity of extracts were analyzed, considering the system of grape management 

and the anatomic part of the grapes (Figure 6). 

 
(a) 
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(b) 

Figure 6. Multiple correlations between the phytochemical parameters and antimicrobial activity of 

the extracts, depending on: (a) the management system; (b) the anatomic part of the grapes. 

2.3.2. Statistical Package for the Social Sciences SPSS Classification: Hierarchical Cluster Analysis 

Hierarchical cluster analysis applies to small sets of data. In the present study, the question 

arose as to whether there were identifiable groups in the set of variables, with similar characteristics, 

that characterize grape varieties (total phenolics content, total flavonoids content, antioxidant 

activity of the hydroalcoholic extracts from skin and seeds, respectively, on their antimicrobial 

activity against certain bacterial strains isolated from natural habitats). The square of the Euclidean 

distance (as a measure of distance) was used in order to construct the matrix of similarities. The 

nearest neighbor method of aggregation was applied to form clusters considering all the analyzed 

cases. Figure 7 illustrates the clustering agglomeration. All grape varieties with similar 

characteristics (in terms of variables of interest mentioned above) together form clusters. 

According to the phytochemical characteristics and the antibacterial activity of the extracts 

against the tested strains, in the initial stage of agglomeration, different grapes varieties together 

formed two clusters (Figure 7). Feteasca Neagra (organic skin) and Pinot Noir (conventional seeds) 

were involved in the second stage of clustering, while Muscat Hamburg (conventional seeds) 

remained isolated until the end stage. In the third stage were involved the Merlot organic seeds and 

Feteasca Neagra organic seeds. Finally, the clustering method leads, depending on the grape variety 

and their anatomical part, to the formation of two clusters clearly defined. 
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Figure 7. Dendogram of the variables of interest. Merlot extracts: (1) Organic skin; (2) Organic seeds; 

(3) Conventional skin; (4) Conventional seeds. Feteasca Neagra extracts: (5) Organic skin; (6) Organic 

seeds; (7) Conventional skin; (8) Conventional seeds. Pinot Noir extracts: (9) Organic skin; (10) 

Organic seeds; (11) Conventional skin; (12) Conventional seeds. Muscat Hamburg extracts: (13) 

Organic skin; (14) Organic seeds; (15) Conventional skin; (16) Conventional seeds. 

All extracts obtained from grape skins, regardless of the system of management, aggregated in 

the same cluster, except for one belonging to the extract from the organic Feteasca Neagra, which 

attached in the second stage of clustering. Several differences are underlined by the graphical 

representation of SPSS classification of the analyzed samples concerning the hydroalcoholic extracts 

from seeds. Only the extracts from the grape varieties Merlot, Feteasca Neagra, and Muscat 

Hamburg cultivated in the conventional system, respectively; Muscat Hamburg cultivated in the 

organic system proved to have common characteristics in terms of phytochemical content, 

antioxidant, and antibacterial activity. The extract obtained from the seeds of the Pinot Noir variety 

cultivated in the conventional system also joined this group in the second stage of clusterization. The 

seeds from the organic varieties of Merlot and Feteasca Neagra constituted the source of extracts 

with the same behavior related to variables of interest, clustering in the third stage, and connecting 

after that with the cluster of the other extracts obtained from seeds, regardless of the system of 

management. The hydroalcoholic extract from seeds of the Pinot Noir variety cultivated in the 

organic system was noticed through distinct characteristics to all the other 15 samples analyzed, an 

aspect that could be exploited in future research. 
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3. Discussion 

In recent years, there have been an increasing number of published reports showing the 

efficient antimicrobial activities of various extracts (Table 5). In this study, favorable antagonistic 

activities against bacteria from natural habitats, ranging in relatively large limits, were reported for 

hydroalcoholic extracts obtained from the skins and seeds of grapes cultivated in conventional and 

organic systems, respectively. 

Table 5. Antimicrobial properties of the compounds extracted. 

Type Compounds Antimicrobial Activity Reference 

Polyphenols 

Phlorotannins 
Alteration of the cell membrane and cell destruction of 

S. aureus, S. pneumonia and P. aeruginosa 
[40] 

Phlorotannins 
Alteration of the cell membrane, cytoplasm’s leakage 

and cell destruction of V. parahaemolyticus 
[41] 

Phlorofucofuroeckol 
Cell membrane damage and suppression of genes 

related to methicillin resistance in S. aureus 
[42] 

Bromophenols Downregulation of pathogenic genes of P. gingivalis [43] 

Dieckol Alteration of cell integrity and metabolism of T. rubrum [44] 

Phlorotannins 

Alterations of the cell wall composition, increased 

mitochondrial respiration. Inhibition of the formation 

of the germ tube of C. albicans 

[45] 

Phlorotannins 
Inhibition of the enzyme neuraminidase of the 

Influenza A virus 
[46] 

Polyphenolic rich extracts Inhibition of the viral particle [47] 

Polysaccharides 

Depolymerized fucoidans 
Interaction with protein of the cell membrane and 

cellular rupture of E. coli and S. aureus 
[48] 

Fucoidan 
Inhibition of dental plaque bacteria and foodborne 

pathogens. 
[49] 

Laminarin rich extracts 
Inhibition of S. aureus, L. monocytogenes, E. coli and S. 

typhimurium. 
[50] 

Water soluble polysaccharide 

extracts 

Inhibition of F. oxysporium Inhibition of C. albicans and 

M. phaseli 
[51] 

Sulfated polysaccharides 

Obstruction of herpes simplex virus type 1 and 2 

attachment to the cells 

[52] 
Interference with fusion between HIV infected cells. 

Inhibition of the viral enzyme reverse transcriptase 

Inhibition of dengue virus by interaction with the 

glycoprotein of the viral envelop 

Proteins & 

peptides 

Lectins 
Inhibition of several Gram-negative bacteria by 

interaction with compounds of the cell wall [53] 

Lectins Inhibition of T. rubrum and C. lindemuthianum 

Lectins 
Antiviral effects against HIV, Hepatitis C virus and 

SARS-CoV by preventing the entry in the host cells 
[54] 

Fatty acids 

Bioactive fraction 
Perforation of the cell wall of S. aureus and K. 

neumoniae, cytoplasmic leakage and cell death 
[55] 

Bioactive fraction 
Rupture of cell membrane of Vibrio spp and A. 

hydrophila 
[56] 

Bioactive fraction 
Fatty acids could be involved in the inhibition S. 

aureus, E. coli and P. vulgaris 
[57] 

Bioactive fraction 
Inhibition of C. cladosporioides and C. sphaerospermum 

by disrupting the cell membrane 
[58] 

Sulfoquinovosyldia-cylglycerol 
Antiviral effects against HSV type 2 by disturbing the 

initial stages of the viral life cycle 
[59] 

Pigments 

Fucoxanthin Inhibition of L. monocytogenes [60] 

Fucoxanthin 

Inhibition of several pathogenic bacteria by increasing 

cell membrane permeability, leakage of cytoplasm and 

inhibition of nucleic acid 

[61] 

The differences observed can be attributed to climatic conditions [62], with the differences in 

temperature, sun exposure, and precipitation playing an important role in the accumulation of 

flavonoids in the skin, anthocyanin accumulation being the most sensitive to these variations. 
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Temperature is one of the main factors influencing the content of flavonoids and their composition 

in the skin. Previous studies have shown that moderate temperatures and amortization of the 

fluctuations in diurnal temperatures have improved the accumulation of anthocyanins while high 

temperatures have reduced this accumulation [63,64]. 

Variations of the diurnal temperatures mainly affect the composition of hydroxylated 

anthocyanins, flavonols, and acylated anthocyanins. Solar radiation also plays an important role in 

the synthesis of flavonoids and their accumulation in the skin, the accumulation of flavonols being 

more sensitive compared to that of anthocyanins and flavan-3-ols [62,63,65,66].  

The accumulation of flavonoids in the skin is also influenced by the availability of water, a 

decrease in this respect causes the accumulation of anthocyanins, flavonols, and 3’, 4’, 5’ substituted 

compounds in the skin [62]. 

Different plants have known antimicrobial properties, but the efficacies of grape skins and 

seeds against bacteria, with a focus on the correlation between a certain chemical compound and its 

antimicrobial activity, have not been well-documented in the literature. Moreover, the influence of 

the system of grape management on the extract efficiency is little represented. 

The results of the present study showed that the skin of conventional varieties and the seeds of 

organic varieties have a great potential against Gram-positive bacteria. The hydroalcoholic extracts 

of these grape varieties exhibited wide zones of inhibition of the tested bacteria growth in the disk 

diffusion assay. Lower concentrations of extracts are required to inhibit the bacteria growth, as 

supported by the MIC assay. 

The high concentration of bioactive compounds in the plants cultivated in the organic system 

may be the result of the plants’ exposure to conditions in which the absence of pesticides leads to an 

increase in the content of natural substances with a protective role [67,68]. 

Previous literature has reported a broad antibacterial spectrum of grape seed extract, its 

intensity depending on different factors such as the type of solvent used for extraction, the extract 

composition, and the concentration of bioactive compounds [69,38]. 

The hydroalcoholic skin extract of grape (Muscat variety) was found to be efficient against S. 

aureus and E. faecalis, with the diameters of the zones of inhibition being 7 mm and 5.9 mm 

respectively, while a MIC value of 250 mg/mL was determined [70]. 

Silván et al. [71] demonstrated that the grape seed extract (with a phenolic profile consisting of 

catechins and proanthocyanidins as major compounds, respectively, flavonols, phenolic acids, and 

anthocyanins) had a strong capacity to inhibit Campylobacter spp. growth. A minimal inhibitory 

concentration (MIC) of 20 mg/L against Campylobacter jejuni was determined. The growth of all the 

twelve Campylobacter strains tested was significantly inhibited by the aqueous extract, at a final 

concentration of 500 mg GAE/L. It was established that the phenolic acids, catechins, and 

proanthocyanidins were mainly responsible for the inhibition of Campylobacter growth. 

Reported effective concentration of grape seed extracts for different microorganisms ranges 

within a wide interval. Thus, MICs starting from 160 mg/L were effective for S. aureus and other 

Gram-positive microorganisms [72,73], while 4000 mg/L inhibited the growth of E. coli [74] and 8000 

mg/L the growth of S. thypimurium [75]. 

Different compounds were identified as mainly responsible for the antibacterial activity of 

grape extracts. One of them is gallic acid [76,77], which was reported to provoke the disintegration of 

the outer membrane of Salmonella, after its permeabilization, based on the chelation of divalent 

cations [78]. Catechins have been also found to be responsible for inhibiting the growth of some 

Gram-negative bacteria [79,80], while flavonols have been reported to possess antimicrobial activity 

against Gram-negative bacteria from the Enterobacteriaceae family [81]. The mechanism of action is 

mainly attributed to cytoplasmic membrane damage and enzymatic inhibition [82]. 

Gram-negative bacteria have an outer membrane of the cell wall made up of structural 

lipopolysaccharides, so it is impermeable to lipophilic solutions, unlike Gram-positive bacteria, 

which do not have this outer membrane. The mentioned morphological difference influences the 

reaction of bacteria in relationship with the antibacterial agents. In addition, Gram-negative bacteria 

have several efflux pumps, which prevent the intracellular accumulation of antibacterial agents. This 
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requires the discovery and development of new antibacterial agents that are able to bypass or 

suppress efflux pumps and that could also restore the antibacterial potential of the generic 

antibiotics [83]. 

In other reports, no correlation between the antimicrobial activity of vine leaf hydroalcoholic 

extracts on Gram-negative and Gram-positive bacteria strains and their contents of flavan-3-ols and 

flavonols was established [84]. The different degree of response depends on the tested 

microorganism and the composition in the phenolic compounds of the extracts as well as on the 

existence of a synergetic effect between the different polyphenolic compounds with an antiradical 

role and antimicrobial activity [85]. 

The inhibitory effects of the seed extracts against bacteria are dose-dependent and 

strain-dependent. The low efficiency found at high concentrations of extract is due to the low 

solubility in water, with the inhibitory effect of the phenolic compounds from seed extracts being 

more pronounced in relationship to the Gram-positive strains [86]. 

Further studies are needed on the phytochemical screening, purification, and quantification of 

the bioactive components and their antimicrobial activity in relationship with a certain bacterial 

strain of interest. 

4. Materials and Methods  

4.1. Vineyard Description 

The grape materials used in this study were collected from two locations in Romania, one from 

organic management (Sahateni, Buzau County) and the second from conventional management 

(Valea Calugareasca, Prahova County). Four red grape varieties were collected from each of these 

locations as follows: Feteasca Neagra, Pinot Noir, Merlot, and Muscat Hamburg. The organic 

vineyard (Franco-Romanian Domains, Figure 8) covers an area of 45 hectares with south–southeast 

exposure and is representative of red wine varieties. The relief is fragmented with slopes of different 

altitudes and crossed by numerous valleys. The level curves delimiting the grape cultures start from 

125 m in the plain area up to 250 m on the hills. The slopes are generally smooth, in the range of 5% 

to 20%. The climate in the area is continental, characterized by significant temperature differences 

between day and night, between summer and winter, and from one day to another. These thermal 

amplitudes contribute to a full expression of these noble grape varieties and in developing a high 

aging potential. The climate here is also characterized by long and sunny summers, and this favors a 

good ripening of grapes. This region is open and ventilated due to winds, a favorable condition for 

drying the soil and plants. 

 

Figure 8. Locations of the studied vineyards in Romania: (a) organic (i.e., Franco-Romanian 

Domains) and (b) conventional (i.e., Valea Calugareasca, Prahova County). 

Grape varieties selected for the present study were found in the vineyard on different surfaces 

as follows: Feteasca Neagra, 6 ha; Pinot Noir, 15.5 ha; Merlot, 2 ha; and Muscat Hamburg, 0.1 ha. 
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Plantations with these four vine varieties were established in 2000, and the following planting 

distances were applied: 2.2 m between rows, 1.0 m between vines per row, and thus a density of 4450 

vines/ha. 

The conventional vineyard (Figure 8) that provided samples for the present study was 

established in 1967 as the Valea Calugareasca Research and Development Institute for Viticulture 

and is located in Prahova County, 12 km east of Ploiesti, Romania. 

The climate in this region is temperate continental, the average annual temperature is 11.3 °C, 

and the annual rainfall is 642 mm. During vegetation, useful temperatures are a total 3411 degrees, 

sunshine of 1520 h, and a sum of precipitation of 395 mm. The enoclimatic aptitude index in the 

region has a value of 4786, corresponding to a very good oenological potential. 

4.2. Preparation of Grape Extracts 

For the current study, grape samples were collected at full maturity, in the autumn of 2019 (i.e., 

middle of September); after harvesting, the studied grapes (four varieties from each type of culture, 

organic/conventional) were separated in three fractions: skin, seeds, and pulp. The skin and the 

seeds were dried for 48 h at 40 °C and were the subject of the present study.  

Hydroalcoholic extracts of studied grape varieties were obtained from skins and seeds, after a 

previous step of drying in the oven at 40 °C for 48 h. Two extraction methods were applied, classical 

maceration at room temperature, and ultrasound assisted extraction. For both methods, a weighted 

amount of approximately 2 g of dried skin was placed in a covered laboratory flask, and a measured 

volume of 50 mL solvent at room temperature was added. For classical extraction (i.e., maceration), 

the mixture was kept under magnetic stirring for 3 h, then centrifuged after 21 h, and the total 

contact time was 24 h. The same procedure was followed for the skin and seeds samples from all 

studied grape varieties. For the ultrasound assisted method, the total contact time was also 24 h, 

with the first 30 min maintained in the ultrasound field of 45 kHz. For both methods of extraction, 

after fulfilling the total contact time, a centrifugation step at 1000 rpm for 10 min followed, and a 

final filtration was performed (Whatmann no. 4 paper). The clear solution may be used for further 

analytical measurements of phytochemical properties. 

According to preliminary tests, the experiments performed to evaluate the antimicrobial effect 

of the grape extracts needed more concentrated solutions. Thus, for these experiments, extracts were 

prepared by weighing 1.2 g of dry weight from the grape fraction (skin or seed, from the respective 

variety and vineyard), followed by contact with 10 mL of sterile solvent. The total contacting time 

was the same at 24 h (at room temperature) as well as the initial activation time of 3 h with magnetic 

stirring for maceration, and 30 min for ultrasound extraction. All the lab-vessels and tools used were 

sterile, and manipulation was performed under UV light for all these experiments. 

4.3. Phytochemical Characterization of Grape Extracts 

All experimental determinations in this study were performed using chemical reagents of 

analytical grade. Deionized water (with conductivity at 25 °C below 0.5 µS cm−1) was used as the 

solvent and wash solution. Sodium nitrite (99% purity), aluminum chloride (99% purity), sodium 

hydroxide (purity >97%, and sodium carbonate <1%) were purchased from Merck Millipore 

(MiliporeSigma, Burlington, MA, USA); ethanol of analytical grade was purchased from a local 

producer, Chimopar SA (SC Chimopar Trading SRL, Bucharest, Romania). Quercetin hydrate with 

95% purity was purchased from Sigma-Aldrich (MiliporeSigma, Burlington, MA, USA). 

Evaluation of antioxidant activity (AA) was performed by using the spectrophotometric 

method with the formation of the phosphomolybdenic complex compound, adapted for the 

sample’s used matrices [87]. Ascorbic acid (Figure 1) was used as the standard, and all results were 

expressed in mg ascorbic acid per gram of sample.  

Total phenolic content (TPC) was estimated using gallic acid (GAE) as the standard reference. 

The Folin–Ciocalteu reagent reacts with phenolic compounds and non-phenolic reducing 

substances, also (including ascorbic acid) forming chemical species that can be detected by UV-VIS 

spectroscopy. The GAE is a well-known standard for the appreciation of TPC in the grape extracts, 
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being representative for the highlighting of phenolic acids from them [6]; readings were performed 

at 765 nm. The interaction with the gallic acid of the Folin–Ciocalteu reagent is equivalent to most 

other phenolic compounds from grape extracts. 

The total flavonoid content (TFC) was estimated based on the formation of Al3+-flavonoid 

complexes whose absorbance was measured at 510 nm. For the evaluation of TFC, quercetin was 

used as a standard for the calibration curve, and all the sample results were expressed as mg 

quercetin per gram of sample. 

4.4. Test Microorganisms 

Eight strains from the Culture Collection of Bacteria of the Institute of Multidisciplinary 

Research for Science and Technology from Valahia University of Targoviste (in progress) were 

tested and screened for their ability to resist antimicrobial compounds from grape extracts (skin and 

seeds, respectively). The strains were chosen to cover different habitats and genres. The fungal 

strains isolated proved to be relatively resistant to the tested extracts, leading to very small values of 

the diameters of the inhibition zones or to a lack of these ones. 

The bacterial strains included in the study were isolated and characterized by classical 

microbiological techniques. The isolation of the pure cultures of bacteria was carried out from 

different habitats (foods of animal origin and plant-based foods, air) after successive replications, so 

avoiding contamination of the microorganisms used as the test. Agarized meat broth (pH = 6.8 ± 0.2) 

was used for growth and incubation was achieved at 37 ± 0.2 °C. 

Macroscopic and microscopic characterization of colonies was done according to the Bergey’s 

Manual of Systematic Bacteriology description. The pure cultures of bacteria isolates were 

maintained on broth agar medium at 4 °C. This analysis indicated that the isolated strains belonged 

to genus mentioned in Table 2. Eleven strains of bacteria were isolated, of which eight were used in 

the study. The test microorganisms used for primary in vitro antibacterial screening of the grape 

extracts are summarized in Table 6. 

Table 6. Bacterial strains used in the study. 

No. Specie / Code Source 

1 Lactococcus sp. / CCB1 Wheat 

2 Bacillus sp. T3 / CCB3 Nuts 

3 Bacillus sp. / CCB4 Seeds 

4 Lactobacillus sp. / CCB5 Meat products 

5 Streptococcus sp. / CCB6 Dairy products 

6 Leuconostoc sp. / CCB7 Vegetables 

7 Micrococcus sp. / CCB10 Air (vineyard) 

8 Bacillus sp. / CCB11 Wheat 

Bacterial cultures were used to prepare the inoculum for antimicrobial testing by picking a 

colony from 24-h-old plates, suspended in an appropriate medium, and grown aerobically at 37 °C 

for 24 h. The size of the inoculum was standardized on a spectrophotometric basis by means of the 

optical density at the wavelength of 600 nm (OD600 = 0.2–0.4). 

4.5. Determination of the Antibacterial Activity 

The standardized technique of disks impregnated with extracts was used, this method being 

recommended by the NCCLS (National Committee for Clinical Laboratory Standardization). 

A volume (20–50 µL) of fresh bacterial culture with OD600 between 0.2 and 0.4 was spread on 

Petri plates with agar meat broth. On the inoculated plates were placed sterile 6 mm paper disks, 

previously impregnated for 1 h in the grape extracts (skin and seeds extracts, respectively, prepared 

according to the described protocol to avoid contamination). The disks were placed approximately 

15 mm from the periphery of the plate and 30 mm from each other, respectively. The plates were 

incubated at 37 ± 0.2 °C for 48 h. The extracts with antibacterial activity showed a clear area (halo) 
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around the colony due to the inhibition of the growth of the tested bacteria strain. The interpretation 

of the results was made by the diameters of the inhibition zones according to the Clinical Laboratory 

Standards Institute (CLSI) standard. 

The determinations were performed in triplicate. The results, expressed as average values 

obtained by the arithmetic mean of the diameters corresponding to the three tests, were directly 

proportional to the sensitivity of the tested microorganism (the inhibition zone of the bacterial 

growth is even wider when the chemical compounds from the grape extracts are more active). 

4.6. Determination of Minimum Inhibitory Concentration (MIC) 

The value of the minimum inhibitory concentration (MIC) of the grape extracts was determined 

by selecting the lowest concentration of each extract, which completely inhibited the growth of the 

tested microorganism, an aspect detected by the unaided eye. To establish the growth end points, 

control samples (without plant extracts) were prepared. The standardized inoculum of each tested 

strain (inoculum obtained by transferring 3–5 colonies in the nutrient broth with a sterilized loop) 

was seeded in a discontinuous gradient of concentrations of each grape extract in tubes with nutrient 

broth. After incubation at 37 ± 0.2 °C for 48 h, the MIC value was read by macroscopic observation of 

the tubes. In the first tubes, with high concentrations of extract, the growth of the culture was not 

visible, the bacteria being destroyed or inhibited. The extract concentration corresponding to the 

tube with the lowest concentration, which completely inhibited the growth of the organism, 

represented the MIC value (µg/mL) for the respective type of extract. 

4.7. Statistical Analysis of Data 

The experiments were performed in triplicate. The results were expressed as mean values ± 

standard deviation (SD). Data analysis was performed using Statistical Package for the Social 

Science v24.0 software for MS Windows. The analysis of variance (ANOVA) at the 5% level of 

significance was carried out to evaluate the significance of differences in the means of various 

groups. Multiple linear regression, bivariate correlations of data (on the basis of the Pearson 

coefficients), and the SPSS classification through hierarchical cluster analysis were carried out to 

assess the potential relationship between the chemical compounds, their antimicrobial activity, 

vineyard management, the grape variety, and the anatomic part from which the hydroalcoholic 

extracts were obtained, respectively. 

5. Conclusions 

The antimicrobial activity of the grapes’ hydroalcoholic extracts was determined based on the 

observation and quantification of the growth of some strains of bacteria isolated from natural 

environments, brought into contact with agents with antimicrobial potential from the skin and 

seeds, respectively. 

Most of the tested grape extracts (from skin and seeds) showed a significant antimicrobial 

activity against the spoilage bacteria selected from natural environments, depending on the 

anatomical part and the species of microorganism. 

The hydroalcoholic extracts obtained from the skin of the grape varieties cultivated in the 

conventional system showed a significant antibacterial activity compared to extracts obtained from 

the same varieties, but grown in an organic system. The hydroalcoholic extracts obtained from the 

seeds of the grape varieties from the organic system showed a broader spectrum of antibacterial 

activity, compared to the ones cultivated in a conventional system. 

The highest values of the antibacterial activity were recorded in the case of the hydroalcoholic 

extracts from the seeds of organic varieties of Muscat Hamburg and Merlot, respectively, and Pinot 

Noir (conventional system of management). 

Research on the antimicrobial activity of the grape extracts, correlated with their antioxidant 

activity, provides the needed scientific basis for the isolation and purification of bioactive chemical 

compounds from grapes, compounds that could be used in therapeutics, in order to solve the 
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phenomenon of antibiotic resistance as well as for skin diseases, mainly to solve the problems of 

atopic dermatitis; in the food industry, in order to replace some chemical preservatives, preventing 

food spoilage and the human health hazards associated with chemical applications; and in the food 

industry to design nutraceuticals and products with health benefits. It is necessary to continue this 

research to test the microbial strains of interest for a certain application of the grape extracts. 
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