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Abstract

Two variants of medicinal wine were prepared, through the maceration of sage leaves (Salvia
officinalis L. Lamiaceae) and sea rush rhizomes (Juncus maritimus Lam. Juncaceae) in natural red
wine for 21 days. The ratio of dried plants added to wine was 0.1 % w/w for each in the first extract
(medicinal wine 1) and 0.25% w/w for each in the second one (medicinal wine 2). The extraction
conditions were similar in both products. Subsequently the two macerates were filtered and subjected
to analysis (total polyphenols content Folin-Ciocalteu), monomeric anthocyanins content, polymerised
compounds percentage, polyphenolic acids by HPLC and antioxidant activity (PHOTOCHEM).
The two medicinal wines contain high amounts of polyphenols but also anthocyanins from the wine.
Both medicinal wines contain higher polymerised compounds percentage given to the red wine most
likely due to the polyphenol oxidases from dried plants. The increase of the antioxidant activities
of the two macerates rendered to the raw wine corelates well with the increase of polyphenol amount
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during the extraction process in the two products. The wine behaves as a good selective extraction

phase for some of the polyphenolic compounds.
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Introduction

The preparation and use of herbal wines (medicinal
wines) have a long tradition in the empirical medicine
starting from the ancient Egyptian culture and Ancient
Oriental medicine [1, 2]. The use of alcoholic drinks
with herbal extracts is also documented in European
pharmacy since the 1* century CE [3]. In the late
Victorian period, a marketing strategy of wine sellers
re-launched the ,,special wines for the use of invalids”
which contains coca, quinine or other plants with
tonic effects [4]. During time, a wide range of herbs
and tree resins were used to prepare medicinal wines
and the recipes varied from country to country, from
culture to culture and continued until nowadays [5, 6].
The medicinal plants proved to be efficient for health,
due to the bioactive compounds extracted from the
plants subjected to maceration [7, 8].

Sage (Salvia officinalis L.) is used as spice in foods
and beverages as well as in herbal medicinal products.
Depending on the purposes, the use of sage leaves is
regulated by European law either as food or as medicine
[9, 10]. These precautions were taken due to the recent
toxicological review on thujone, which is a neurotoxic
constituent of sage essential oil. Recent studies,
however, see no risk associated with the occasional use
of sage in food or medicine (especially in the traditional
use as herbal tea) [11].

Other studies suggest the involvement of common
and ubiquitous estrogenic flavonoids found in Salvia
officinalis in the anti-hot flush effect [12].

Sea rush (Juncus maritimus Lam. is a plant
commonly found in sand soils, salt marsh, on the sea
coast or sand dunes. It contains high quantities of
polyphenolic compounds [13, 14]. Our work revealed a
high content of polyphenols mainly resveratrol in the
rhizome [15]. Recent studies found antitumoral properties
of Juncus extracts [16]. Due to the resveratrol content in
the vegetable product, we used the Juncus maritimus
rhizomes for the fabrication of medicinal wines.

In the present paper, two types of medicinal
wines, containing sage leaves and sea rush rhysoma,
were analysed in terms of polyphenolic compounds
content and antioxidant activity; the two medicinal
wines were prepared in two different mass ratios,
according to traditional methods. The purpose of the
article is to verify the ability of the wine to extract
the polyphenolic compounds in sage and sea rush
rhizomes, to observe the structural modifications of
some polyphenolic compounds during the extraction
process and to determine the antioxidant activity
of medicinal wines that are obtained, according
to the quantity of plants subjected to maceration.

Material and Methods

All chemicals and reagents used in this study
were obtained from Merck and ChromaDex unless
otherwise specified. All solvents and chemicals for this
investigation were analytical and HPLC graded.

Plant Material

Salvia officinalis dried leaves were purchased from
a pharmacy shop located in Constanta, Romania. Juncus
maritimus rhizome were collected from Vadu village,
Constanta County, in September 2018. The rhizomes
were washed and dried in warm air. The botanical
identification was performed according to the protocols
[17] (Fig. 1). For the chemical analysis of the vegetal
products, the ethanolic extracts were prepared using
10 g grounded dried plant with 100 mL 50% ethanol
under reflux for 6 hours (Table 1). The extracts were
then filtered and kept at room temperature in the dark
until analyse.

Herbal Wine (Medicinal Wine) Preparation

As extraction phase, natural red wine (Vitis X
labruscana) with 10% alcohol content with no added
sulphites was used. Wine without the addition of plants
was considered a control wine. The dried and ground
sage leaves and sea rush rhizomes were suspended
in wine in ratios of 0.1% w/w each (medicinal
wine 1) and 0.25% w/w each, respectively (medicinal
wine 2). Both extracts were stored in darkness at 20°C
and occasionally stirred for 21 days. The extraction
process was repeated three times.

Hydro Alcoholic Plant Extracts

10 g grounded dried sage leaf was extracted with
50% ethanol (w/v) under reflux for 6 hours. The extract
was then filtered and kept at room temperature in
the dark until analyse. 10 g grounded dried sea rush
rhizome was extracted with 50% ethanol (w/v) under
reflux for 6 hours. The extract was then filtered and
kept at room temperature in the dark until analysis.

Determination of Total Phenolic Content

The total phenolic content was determined using
the Folin-Ciocalteu reagent according to the method
reported by Pereira da Silva et al. [18]. For this
experiment, an aliquot (1 mL) of sample was added
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Fig. 1. a). Sea rush (Juncus maritimus Lam.) in the field, b) Transversal section trough the Juncus maritimus Lam. stem (2 x 20).

to 1 mL of Folin-Ciocalteu reagent (diluted 1:1 with
distilled water), and the mixture was added to 25 mL
distilled water (solution B). Then, 1 mL of solution B
was mixed with a 20% sodium carbonate solution to
a total of 5 mL. After 40 min of storage in the dark
at room temperature, the absorbance was measured
at 725 nm, using a UV-VIS spectrophotometer (Jasco
V-630, Japan). Phenolic content of the wine sample was
expressed as mg-L"! GAE, using a calibration curve in
the concentration range 1-10 mg-L. (R? = 0.9990).

Determination of Anthocyanins

The determination of total monomeric anthocyanins
content and polymerised compounds percentage in the
control wine and the two wine macerates was performed
according to the pH differential method [19, 20].

HPLC Analysis of Phenolic Compounds

Chromatographic analyses of common phenolic
compounds were performed on an Agilent 1200 HPLC
system equipped with a diode array detector (DAD),
and auto-sampler (Agilent Technologies, Santa Clara,
CA, USA) using a reference method [21]. Phenolic

acids were separated on a Zorbax XDB CI8 analytical
column (250mm X 4 mm, i.d. 5 um) maintained at 35°C.
The mobile phase used in the analysis consisted of 0.1%
phosphoric acid in water (solvent A) and acetonitrile
(solvent B). Gradient elution was programmed according
to the following scheme: 0-13 min, 10% B; 13-14
min, 22% B; 14-17 min, 40% B; 17-22 min, 10% B.
The injection volume was 20 pL, the flow rate 121 was
1.5 mL min-1, and the chromatograms were recorded at
310 nm.

In order to evaluate the accuracy of the method, the
following parameters were evaluated: linearity (R2),
limit of detection (LOD), limit of quantification (LOQ),
and recovery coefficients (Table 2).

Calibration curves were created for each compound
by injecting standards (concentration of stock solution
ranged between 0.22 and 0.50 mg mL") at six different
concentrations.

The recovery efficiency of the method was
evaluated by the analysis of filters spiked with a known
concentration of standard phenolic compounds. Most
of the compounds provided high recoveries with mean
values ranging between 80 to 95%, acceptable within
the limits specified by the guidelines of ANVISA
(2003b) [22].

Table 1. Chemical analysis of vegetal products used for the preparation of medicinal wines.

Total ohenol Antioxidant Polyphenolic compounds
otal pheno .. meo-L-!
Vegetal plant content (TPC) Activity AA - (mg'L7)
-1 (mmol of Trolox Chlorogenic L . L
(mg'L™) R E-resveratrol . Caffeic acid | Vanillin Gallic acid
eqv- L) acid
Juncus maritimus 5600+210¢ 84.91+5.12¢ 8.25+1.40° | 25.74+2.109 | 8.29+1.20° | 16.20+2.50¢| 335.70+£16.47¢
Salvia officinalis 6450+340¢ 14.69+1.40° - 52.2543.17¢ | 58.73+4.14¢ - 755.56+24.19¢

Data are expresed as mean+standard deviations. Different letters indicate statistical significance at the p<0.05 level for each

concentration
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Table 2. Retention time and linearity of curves.

Nr. Crt. Compound Rete?rtril(i)rrll)time Lir(lli%;ity mé?n?;l mlé?n(%'l
1. E - resveratrol 14.46 0.9996 0.12 0.37
2. Z — resveratrol 15.75 0.9972 0.07 0.22
3. Caffeic acid 4.59 0.9961 0.12 0.36
4. Chlorogenic acid 3.50 0.9999 0.12 0.37
5. Cinnamic acid 15.86 0.9984 0.19 0.58
6. Vanilin 6.91 0.9969 0.14 0.42
7. Gallic acid 0.99 0.9953 0.13 0.39
8. Ferulic acid 8.56 0.9986 0.16 0.48
9. Ellagic acid 15.30 0.9988 0.14 0.43
10. p-Coumaric acid 7.18 0.9979 0.17 0.51
11. 3-Methylgallic acid 2.60 0.9956 0.11 0.34

Determination of Antioxidant Activity Using
Chemiluminometry

The antioxidant activity of the product was
measured using a photochemiluminometer
PHOTOCHEM, Analytik Jena AG, Germany, according
to the recommended protocols [23]. The antioxidant
activity of the samples were quantified using Trolox
(6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic
acid) as calibration standard in a range of values
1-3 nmol'mL" (y = 3.1062x; R>= 0.9986). Each sample
was analysed in triplicate and the results were expressed
as mm Trolox equiv-L™".

All results were expressed as mean+standard
deviation (SD) of triplicate determinations. The
correlation values were assessed using Pearson
correlation. Differences at p<0.05 were considered
significant.

Results and Discussion

Total Phenolic Content and Antioxidant
Activity

Total phenolic content (TPC) is an important
parameter widely used for the evaluation of wines
and other foods. The concentration and composition
of the phenolics present in wines largely depend on
the source of fruit, environmental factors in vineyard,
and the method of wine-making [24]. Most of the
phenolic compounds are concentrated in the grape skin,
and therefore, greater concentrations of phenolics can
be expected in red wines. The values of total phenolic
content and antioxidant activity for the two medicinal
wine samples are presented in Table 3. It was observed
that a higher amount of TPC was found in the medicinal
wines given to the wine used as extraction phase.

The phenolic compounds are considered a major
contributor to the antioxidant activity of wines [25].
The antioxidant activity of the medicinal wine 2 is
higher than the sum of the antioxidant activities of its
compounds (wine, sage leaf and sea rush rhizome);
(Table 3). This fact proves that the wine is a better
extraction phase for polyphenols than the 50% ethanol.

Anthocyanins Content

Anthocyanins present in wines are water-soluble
flavonoid pigments that are present in almost all
tissues of higher plants including roots, stems, leaves,
flowers, and fruits. In grapes, they are located mainly
in the skin and in the flesh. Monomeric anthocyanins in
young red wines contribute the majority of wine colour.
During wine maturation and aging, these monomeric
anthocyanin compounds form complex and stable
anthocyanin-derived pigments resulting in a colour
variation [26].

Table 3 presents the total anthocyanin content
(TAC) in analysed vines. It can be noticed that during
maceration the two products lost a large amount of
wine anthocyanins which turned into polymerised
compounds.  Anthocyanin  pigments are labile
compounds that can undergo several degradative
reactions, due to the presence of polyphenoloxidase, or
other peroxidases in the vegetal products and/or light
exposure.

The presence of active polyphenol oxidase and
peroxidases in the vegetal products subjected to
extraction could be the main reason for the wine
anthocyanins degradation during the maceration
process. The effect of plants polyphenol oxidases upon
the anthocyanins is well known and different treatments
are applied on food products in order to avoid this
process [27, 28]. The anthocyanins degradation through
oxidation could be due partially to the temperature
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Table 3. Total phenolic content (TPC), antioxidant activity (AA).
Total phenol content (TPC) Antioxidant Activity Ar}ﬁ}ocyamns . Polymerised
Sample r g (cyanidin3-glucoside N
(mg-L1) (mmol Trolox eqv- L) meL!) compounds %
Control wine 6931.0£109¢ 0.9960+0.18° 353.0+5.0° 10.82%
Medicinal wine 1 8928.6+410° 6.0540+0.96¢ 191.03+ 7.6° 67.64%
Medicinal wine 2 10416.7+620¢ 16.2420+1.47° 171.33+4.1¢ 76%

Data are expresed as meantstandard deviations. Different letters indicate statistical significance at the p<0.05 level for each

concentration

under which the macerates have been kept (25°C), as
estimated by Sinela et al. [29], as well.

For the therapeutic value of medicinal wines, the
anthocyanins presence brings important benefits,
since it was demonstrated that anthocyanins have
remarkable antioxidant properties, contributing to the
increase of visual acuity, control of type II diabetes
mellitus, reduction of coronary diseases and prevention
of malignant diseases [30, 31]. It should be also
mentioned that the degradation of these compounds
does not bring therapeutic benefits to medicinal wines.
The phenolic analyses are frequently used effective
tools in characterising different wines. Wines with
higher TPC are considered to be high-quality [32].
The results of the study show that untreated wine used
as a control, indicates values of total polyphenols and
anthocyanins within the limits presented for red wines
[33, 34].

HPLC Analysis of Polyphenolic Acids
Phenolic compounds including hydroxybenzoic acids

(gallic, 3-methyl gallic), some hydroxycinnamic acids

Table 4. Phenolic compounds (mg-L).

(chlorogenic, cinnamic, caffeic, p-coumaric, ellagic)
and vanillin were identified by comparison with the
retention times of standards under identical conditions
(Table 2). The quantitative data were calculated from
their respective calibration curves and amounts of
identified phenolic compounds by chromatographic
method are summed up in Table 4.

The analysis of polyphenolic acids extracted in the
wine during maceration lead to the conclusion that some
compounds with high interest for the antioxidant activity
were poorly extracted (e.g. resveratrol) while others
(such as gallic acid, 3 methylgallic acid or ellagic acid)
were better extracted. Some of them, which were under
detection limits in the control wine, were concentrated
in the macerates (3 methylgallic acid, ellagic acid and
ferulic acid). The wine behaves as a selective extraction
phase but contrary to our expectations, it did not extract
resveratrol from the sea rush rhizome, a compound with
important therapeutic effects.

The decrease of chlorogenic acid in the wine
macerate 2 could be explained as an oxidation of this
compound during maceration. The macerate 2 contains
a higher number of dried plants (sage or sea rush),

Nr. Crt. Compound Control wine Medicinal wine 1 Medicinal wine 2
1. E — resveratrol 1.802+0.12° 1.058+0.24° 1.944+0.17¢
2. Z — resveratrol - - 3.777+0.73°
3. Caffeic acid - 9.441+1.01¢ 4.088+1.09
4. Chlorogenic acid 4.297+0.78° 5.374+0.51 3.796+1.02
5. Cinnamic acid - 12.077+1.04 -

6. Vanilin - - -

7. Gallic acid 171.179+6.34¢ 187.286+5.12¢ 257.263£10.51¢
8. Ferulic acid - 1.981+0.18° -

9. Ellagic acid - - 80.7854+4.32¢
10. p-Coumaric acid - - -

I1. 3-Methylgallic acid - - 38.062+3.12¢

Data are expresed as mean+tstandard deviations. Different letters indicate statistical significance at the p<0.05 level for each

concentration.
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Table 5. Pearson’s correlation coefficients between the phenolic
compounds and antioxidant activities.

Antioxidant activity
Total contents
of phenolic compounds Control | Medicinal | Medicinal
wine wine 1 wine 2
TPC 0.927%* | (.824%%* 0.912%*
TA 0.263 0.182 0.160

**Highly significant correlation, p<0.05

which means a larger amount of polyphenol oxidases
in the extracts.

As an explanation for the presence of Z resveratrol
in the wine macerate 2, it is assumed that an amount of
E resveratrol turned into Z resveratrol during extraction
process (Table 4).

Correlation Coefficients (R?) of Total Anthocyanins,
Total Phenolic and Antioxidant Activity

A correlation of total phenolic content and
anthocyanin content with antioxidant activity is shown
in Table 5. The phenolic content presented higher
correlation with antioxidant activity in analysed wines,
(p<0.05). The differences observed between samples
are probably associated to composition of antioxidant
compounds, since each compound has its antioxidant
activity [35].

The resulting p-values at the significance level of
0.05 indicate that the TPC is one of the main factors
responsible for the antioxidant activity. Similar results
have also reported a linear relationship between
antioxidant activity and total phenols [36]. On the
other hand, no statistically significant correlations
were found between the antioxidant activity and
the TA and phenolic acid concentrations. In these
cases, the correlation coefficients were generally low,
(below 0.55). Values below 0.55 of the Pearson’s
correlation  coefficients calculated between the
antioxidant activities and individual phenolic compound
contents suggest that the constituents that occur
separately in the wines could not be responsible for the
antioxidant properties. These correlations are similar to
literature reports [33].

Conclusions

The two wine macerates contain high amount of
polyphenols extracted from the dried plants but also
anthocyanins from the red wine. Both wine macerates
have a higher content in polyphenols than the wine
itself. Some compounds were better extracted from the
plant material than others (e. g. resveratrol).

The two macerates contain a higher polymerised
compounds percentage, probably due to the sage
and sea rush polyphenol oxidases and peroxidases.

The antioxidant activities increased in both products,
mainly in the medicinal wine 2.

This study concludes that the wine behaves
as a good selective extraction phase for the polyphenolic
compounds and the obtained medicinal wines have
enhanced the antioxidant activities.
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