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Abstract

The aims of this study were to determine the phenolic profile of three Argentinean wine varieties and their antioxidant, antihypertensive and antibacterial activities.
Gallic acid, quercetin and rutin were the principal phenolic compounds identified in wines. All wines possess a high antihypertensive and antioxidant activities. Among 3
wines, merlot and malbec possess the higher ferric reducing power and DPPH and ABTS radical scavenging activity. Lower ferric reduced power and radical scavenging
values were found in clarified wines. High correlation coefficients were found between phenolic content and antioxidant and antihypertensive capacities, confirming that
phenolic compounds are likely the responsible for these activities in wines. The inhibition of biofilm formation and MIC and MBC values of wines polyphenols against E.
coli, Pseudomonas aeruginosa, Staphylococcus aureus and L. monocytogenes was demonstrated. The higher antibacterial, antioxidant and ACEI activities of merlot and
malbec wines compared with cabernet sauvignon could be related to the higher concentration of individual phenolic compounds, such as quercetin, rutin, kaempferol,

caffeic acid and gallic acids in malbec and merlot wines.

Introduction

Vitis vinifera L. is one of the most cultivated crops in the
world; most of the production is directed towards wine
production. Wine is a complex mixture of several hundred
compounds present at different concentrations, some
originating from the grapes and some metabolic by-products
of yeast activity during fermentation [1]. Red wine is a rich
source of polyphenols and the phenolic composition of wine is
determined initially by the phenolic composition of the grapes
used for making the wine, temperature, or exposure to sunlight.
Moderate consumption of red wine has been associated with
several health benefits, including cardioprotective, anti-
inflammatory and antibacterial properties [2-4], related
mainly with phenolic compounds activities. Moreover, phenolic
compounds present in some fruits, herbs and beverages are
known to be free radicals inhibitors [5] and are capable to
inhibit Angiotensin I-converting enzyme (ACE) [6]. Free

radicals and other reactive oxygen species are recognized as
agents involved in the pathogenesis of several sicknesses such
as Parkinson’s and Alzheimer’s diseases, so antioxidant plays
an important role in inhibiting and scavenging free radicals,
providing protection to human against degenerative diseases.
On other way, ACE plays an important physiological role in
the regulation of blood pressure and cardiovascular function
[7]. ACE catalyzes the hydrolysis of angiotensin I, an inactive
decapeptide, to angiotensin II, a powerful vasoconstrictor and
salt-retaining octapeptide. Therefore, ACEinhibitor compounds
exert an antihypertensive action [8].

On the other hand, phenolic compounds may affect growth
and metabolism of bacteria, they could have an activating
or inhibiting effect on bacterial growth according to their
constitution and concentration [4,9]. Pseudomonas aeruginosa,
Escherichia coli and Staphylococcus aureus bacteria are registered
as the main cause of diseases that affect and kill people all
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over the world. P. aeruginosa is one of the major agents causing
hospital infections, being responsible for most respiratory
and urinary tract infections. Most E. coli strains harmlessly
inhabit the colon, a large number of pathogenic strains may
cause intestinal diseases such as diarrhea [10,11]. S. aureus is
considered an opportunistic pathogen, being responsible for
numerous acute infections, such as pneumonia, osteomyelitis,
endocarditis, myocarditis, pericarditis and meningitis [12].
Bacterial resistance is growing day to day, so the discovered
of new antibacterial agents is required, in this sense some
authors demonstrated the antibacterial activities of pure
phenolic compounds [4] and aqueous and ethanolic extracts
against several pathogenic bacteria [13].

Argentine is the fifth wine producer in the world [14,15]. The
hypothesis of this work that polyphenols combinations presents
in Argentinean wines possess antioxidant, antihypertensive
and antibacterial activities against pathogenic bacteria, which
is related with the phenolic composition of the grape variety.

The aims of this work were to investigate the antioxidant,
antihypertensive and antibacterial activities of polyphenols
from red wines made with different grape varieties (malbec,
merlot and cabernet sauvignon) produced in Argentine
vineyards. The phenolic profile, the difference between wine
varietals and the correlation between total phenolic compound
content and these activities were determined.

Materials and methods
Characterization of phenolic compounds in wines

Red wines samples, made with cabernet sauvignon, malbec
and merlot grape varietals, were obtained from different cellars
situated in Mendoza, Argentina (vintages 2012). Colorimetric
determination of total phenolic compounds was based on the
procedure of Singleton and Rossi [16] and results are expressed
as milligram per liter Gallic Acid Equivalents (GAE). Phenolic
characterization was carried out according to Ghiselli et al. [17]
and the profile of the low phenolic molecular weight fraction of
all wines was identified and quantified by HPLC analysis. The
equipment was coupled to a diode array detector according to
the technique described by Fanzone, et al. [18].

Antihypertensive activity

The angiotensin I-Converting Enzyme Inhibitory (ACEI)
activity of wines and theirs clarified wines was determined
using the method described by Cushman and Cheung [19] and
later modified by Hernandez-Ledesma, et al. [20]. In order to
eliminate all phenolic compounds from the wines (controls),
they were clarified by the addition of 30 mg/l of activated
charcoal. ACEI activity is expressed as follows:

% of ACEI = 100[(A-B) - (C-D)] / (A-B) (1)

where A represents the absorbance in the presence of ACE,
B the absorbance of the reaction blank, C the absorbance in the
presence of ACE and inhibitor and D absorbance of the sample
blank.

Antioxidant activity

The antioxidant capacity of wines and theirs clarified
wines was determined using three methods, the Ferric-
Reducing Antioxidant Power assay (FRAP) assay, free DPPH
(1,1-diphenyl-2-picrilhydrazyl) radical scavenging activity
and free ABTS (2,2’-azino-bis(3-ethylbenzothiazoline-6-
sulphonic acid) radical scavenging activity.

FRAP assay was carried out according to the procedure of
Benzie and Strain [21]. The results were expressed as pmol/l
FeSO,. The free radical scavenging activity was determined
using a stable ABTS radical as described Re et al. [22], and
using a stable DPPH radical and following the method proposed
by Von Gadow et al. [23]. The percentage inhibition of the DPPH
radical by the samples was calculated according to the formula
of Yen and Duh [24]:

% inhibition= [(A.,, - A,q) / Acey] X 100 (2)

Where,
A, is the absorbance of the control at t=0 min,
A, | is the absorbance of the antioxidant at t=15 min.

At)

Antibacterial activity of polyphenols from wines
Bacterial Strains and Culture Conditions.

The bacterial strains used as test organism were Escherichia
coli ATCC35218, Escherichia coli.

ATCC25922, Staphylococcusaureus ATCC25923, Staphylococcus
aureus ATCC 29213 and Pseudomonas aeruginosa ATCC 27853.
Escherichia coli and Listeria monocytogenes, isolated from human
infection and obtained from the culture collection of FBQF-
UNT were also studied. All bacteria were cultured aerobically at
37 °C in nutrient broth and agar medium (contain in g/1: beef
extract, 3; peptone, 5; sodium chloride, 8 and for solid medium,
agar 15). Before experimental use, cultures from solid medium
were sub-cultivated in liquid media, incubated for 24 h and
used as the source of inoculums for each experiment.

Minimum Inhibitory Concentrations (MIC) and Minimum
Bactericide Concentrations (MBC).

MIC and MBC of merlot, malbec and cabernet sauvignon
wine varieties and theirs clarified wines against selected
bacteria were determined in Mueller-Hinton broth, using the
macro broth dilution method as described by the Clinical &
Laboratory Standards Institute [25]. The final concentration of
bacteria in each macro broth dilution tube was approximately
5x105 cfu/ml of MHB. The MIC and CBM values were compared
with those obtained with the addition of clarified wines, and
the difference of both were the final values. The positive control
used was chloramphenicol (1 mg/ml).

Influence of Polyphenols on Bacterial Biofilm Formation.

The efficiency of polyphenols from wines to inhibit biofilm
formation of selected bacteria was carried out. In brief, 10°-107
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cfu/ml bacterial culture was filled in the wells of 96-well-flat
bottom plate. 50 nl of wines or clarified wines samples were
added in corresponding wells of the plate and incubated at 20

°C for 24 h. To remove planktonic bacteria, the wells were
washed twice with phosphate buffer saline (PBS, pH 7.4) and
finally, crystal violet (CV 0.1%, w/v) was used to stain the cells
in biofilm for 1th. The wells were washed with PBS and the
stained biofilms were extracted with 200 uL of 96 % ethanol.
The amount of biofilm was quantified by measuring the OD
595 nm of dissolved CV using the microplate reader. A control
of biofilm formation of each bacterium was made without the
addition of wines or clarified wines. The inhibition of biofilm
formation was calculated by using the formula:

% Biofilm inhibition = [(OD,, - OD,.)/0OD_ . .1x100  (3)

control control

where OD control is the absorbance without the addition of
wines or clarified wines.

Statistical analysis

The means and reproducibility of data were calculated
based on three independent experiments

performed in triplicate. Statistical analysis was carried out
according to Steel, et al. [26]. Experimental data of bacterial
viability were analyzed using the one-way analysis of variance
test.

Results

The phenolic compound profiles present in different wine
varieties are shown in Table 1. Quercetin, rutin, catechin and
gallic acid were the principal phenolic compounds identified
in wines, but their concentration in malbec and merlot wine
varietals are higher than in cabernet sauvignon wine.

The total phenolic content, ACEI and antioxidant activities
of wines and clarified wines were showed in Table 2. There was
not significantly difference between the total phenolic content
of malbec and merlot, which are higher than in cabernet
sauvignon wine.

All wines possess antihypertensive and antioxidant
activities. Among 3 wines varieties, merlot and malbec possess
higher antioxidant activity than cabernet sauvignon variety,
determinate by three different methods. Clarified wines of
three varieties showed to possess the lowest ferric reduced
power and radical scavenging activity. To correlate the phenolic
compounds concentrations with the antioxidant capacities,
the correlation coefficients (R*) were calculated (Figure 1).
The R>between radical scavenging activities, FRAP and from
ACEI activity and polyphenol concentrations were around
0.99 in all cases. So, those results confirming that phenolic
compounds are likely the responsible for the antioxidant and
antihypertensive activities in wines.

The MIC and MBC values of the three wine varieties and their
clarified wines against studied bacteria are presented in Table
3. The CIM and CBM values for clarified wines were higher than
1000 mg/l. The three strains of E. coli and L. monocytognes were

Table 1: Profile of phenolic compounds (ug/ml) in Argentinean red wines.

malbec (n=20) merlot (n=18) | cabernet sauvignon (n=18)

Gallic acid 20.0£2.32 21.5+2.82 15.0+2.0°
PrmO:i:gChUic 40103 3.5£0.2° 2.040.2°
Methyl gallate 1.610.1° 15.0%3.0° 2.510.3¢

Caffeic acid 7.5£0.42 10.010.7° 3.0£0.3¢
Ferulic acid 1.6+0.2° 5.1+0.4° 1.2+0.2°
Caftaric acid 1.2+0.22 1.0+0.1° 1.840.2°
Myricetin Nd 1.2+0.1° 6.210.6°
Quercetin 22.042.22 26.013.0° 16.0+3.1°
Rutin 20.0%3.1° 23.0%3.1° 12.5+3.1°
Catechin 19.0£2.62 17.0£2.82 12.043.1°
Kaempferol 2.5+0.42 5.0£0.5° 1.5+0.3¢

Nd: Not detectedAll values represent the means of three determinations. Different

letters in the same row show significant differences (p < 0.05).

Table 2: Antioxidant and antihypertensive activities of wine polyphenols.

Antih t i
Antioxidant activity ntl ypc'er' ensive
activity
Total FRAP
Phenolic (umol/I | DPPH (%) | ABTS (%) ACEI (%)
compounds*  FeSO,
Wines:
merlot 2,805+95% | 2,490+160°| 79+6.8° = 85t7.2* 75%7.0°
malbec 2,650+80° | 2,380+170° 7745.0@ | 81%5.5° 6416.22
c. sauvignon | 2,400+80° 2,010+135° 67+4.0° | 70+5.0° 6015.0°
Clarified wines
merlot 20.9%1.0° | 49.0£#2.3* | 9.0+0.5° |10.00.5* 5.00.4°
malbec 23.0+1.32 | 53.0#2.5° | 10.0+0.5* |11.0+0.5* 4.0+0.4°
c. sauvignon | 20.6%1.1@ | 48.0+2.5° 10.0+0.5* 10.0+0.5° 7.0£0.42
*mg/l GAE. Mean values with different superscript letters within the same column
are significantly different according to the Turkey test (p < 0.05).

the most sensitive to polyphenols from three wines, whereas
St. aureus or P. aeruginosa were most resistant (Figure 2).

Regarding to the inhibition of bacterial biofilm formation,
there were not differences between malbec and merlot wine
varieties, and it was higher than that observed with the addition
of cabernet sauvignon wine (Figure 3). The biofilm inhibition
on E. coli and L. monocytogenes was higher than that observed
against Staphylococcus aureus or Pseudomonas aeruginosa. All
clarified wines showed a biofilm inhibition lower than 10%,
so, these results indicating that antibacterial activity of wines
are related with phenolic compounds presents in wines, and
Argentinean wines possess a strong antibacterial activity.

Discussion

The phenolic compound profiles and the antihypertensive,
antibacterial and antioxidant activities of three Argentinean red
wines varietals was reported in this work. And the relationship
between these biological activities and the phenolic compounds
content in each wine was demonstrated.

The total phenolic compounds concentrations in Merlot and
Malbec wine varieties were higher than in Cabernet Sauvignon
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Figure 1: Linear correlation between total phenolic compound concentration in wines and their 323 antioxidant capacities determine by DPPH (a), ABTS (b) and FRAP (c)

assays.

Table 3: MIC and MBC values of polyphenols from wines against seven bacteria (ug
of polyphenols/ml).

Polyphenols from Wines

MIC | MBC | MIC | MBC | MIC | MBC

tested, indicating that the responsible of the antibacterial effect
were the polyphenolic compounds present in red wine. Our
results demonstrated that S. aureus and P. aeruginosa were
more resistant to polyphenols from wines than E. coli and L.
monocytogenes. In this sense, Bouarab-Chibane, et al. [27]
determine the antimicrobial effect of 35 polyphenols belonging
to different classes (cinnamic or benzoic acids, flavonoids,
stilbenes, coumarins, naphtoquinones) against six foodborne
pathogenic bacterial strains, three

Escherichia coli ATCC 35218 100 180 | 100 | 200 @ 180 250

Escherichia coli ATCC 25922 150 | 200 | 150 200 | 150 250

Escherichia coli (human origin) 150 | 250 | 180 300 | 200 300

Pseudomonas aeruginosa ATCC 27853 400 = 750 & 450 | 900 | 500 900

Staphylococcus aureus ATCC 29213 | 400 | 800 @ 400 | 900 & 600 @ >1,000
Staphylococcus aureus ATCC 25923 | 500 = 900 | 450 @ 950 | 600 | >1,000
Listeria monocytogenes (human origin)| 120 = 250 | 150 | 250 | 200 300

Gram-positive (S. aureus, B. subtilis and L. monocytogenes),
and three Gram-negative (E. coli, P. aeruginosa and S.
enteritidis). The authors determined that polyphenols exhibited
very different antibacterial activity against the six microbial

variety; and Merlot and Malbec wines samples were more
effective as antioxidant, antibacterial and antihypertensive
agents than Cabernet Sauvignon varietal. Besides, Merlot and
Malbec wines content higher concentrations of gallic acid
quercetin, rutin and catechin than Cabernet Sauvignon wines.

All wines samples possess antibacterial effect against E.
coli, S. aureus, P. aeruginosa and L. monocytogenes, the controls
carried out with clarified wines were inactive against all bacteria

strains studied, the same polyphenol may be effective on
one type of Gram-positive (or Gram-negative) strain and
ineffective on the other ones indicating straindependent effect
and generally, L. monocytogenes was sensitive to polyphenols
whereas P. aeruginosa was not. Other authors demonstrated
the antibacterial activity of natural compounds presents in
essential oil of Dysphania ambrosioides against Staphylococcus
aureus (256 11g/mL) and Pseudomonas aeruginosa (512pg/mL)

[28].
| 004
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Figure 3: Effect of polyphenols from malbec (lll), merlot ( ) and cabernet
savignon () wine varieties in biofilm inhibition. Biofilm inhibition was assessed by

crystal violet staining and the results are expressed as percentage biofilm inhibition.
Values are represented as mean + SD.

In this work the high correlation between the phenolic
compounds concentrations and the antioxidant and
antihypertensive capacities of wines was demonstrated. Our
results are in agreement with those reported by Fernandez-
Pachon et al. [29], who reported that antioxidant activity of red
wines is higher than that of white or sherry wines and that total
phenolic content is related to antioxidant activity of wines. Van
Leeuw et al. [30-32] demonstrated the antioxidant capacity of
38 wine varieties and the influence of the phenolic content, but
reported exceptions were the wines produced from the grape
variety Pinot Noir, in which the range of phenolic compounds
was different from the other wines and this was associated with
a lower antioxidant capacity. And Fidelis et al. [31], reported
the relation of phenolic composition of camucamu seed coat
and their antioxidant activity and ACEI in vitro.

The higher antibacterial, antioxidant and ACEI effects of
merlot and malbec wines compared with cabernet sauvignon
could be related to the higher concentration of total phenolic
compounds in malbec and merlot wines. Moreover, this effect
could be due to the higher concentration of individual phenolic
compounds, such as quercetin, rutin, kaempferol, caffeic acid

and gallic acids in malbec and merlot wines varieties than
cabernet savignon wine. In previous work, Rodriguez-Vaquero
et al. [4] reported that flavonol compounds such as rutin and
quercetin, and phenolic acids, such as gallic and caffeic acids
showed the highest antibacterial activity in culture medium
against several bacteria. And Vallejo et al. [6] demonstrated
that individual phenolic compounds, such as rutin and caffeic,
ferullic and gallic acids produce a higher ACEI than others
phenolic compounds.

Conclusion

The present study demonstrated the antihypertensive
and antioxidant activities of polyphenols present in three
Argentinean red wines varietals and their relation with the
phenolic content, as well as their antibacterial activity against
Escherichia coli, Staphylococcus aureus, Pseudomonas aeruginosa
and Listeria monocytogenes. So, Argentinean wines are not only
exquisite drinks in flavor for consumption, but are also healthy
drinks taken in moderation of a cup per day.
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