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ARTICLE INFO ABSTRACT

We report the encapsulation of two grape pomace polyphenolic extracts into mesoporous MCM-41-type silica
matrices (pristine and Zn or Mg heteroatom modified) to reduce the extract sensitivity and enhance its stability,
while preserving the radical scavenger activity. Various grapes marc (Cabernet Saugvinon and Feteasca Neagra
from the Black Sea region and commercially available grape skins powder) were used to prepare ethanolic
extracts either through conventional extraction, or microwave-assisted procedure. The polyphenolic extracts
composition was analysed by reversed phase-high pressure liquid chromatography and spectrometric determi-
nation of total polyphenols and ascorbic acid (using Folin Ciocalteu reagent), total flavonoids (by AlCl; com-
plexation), as well as total anthocyanin monomeric pigments content.

The encapsulated extract into MCM-41 silica, as well as Zn-MCM-41 and Mg-MCM-41 matrices showed an
enhanced radical scavenger activity assessed by DPPH procedure developed for solid samples. The cyto-
compatibility tests performed on HaCaT keratinocyte human cells demonstrated a good cytocompatibility for the
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Cabernet Saugvinon and grape skins extracts free and encapsulated into MCM-41-type matrices.

1. Introduction

Grape pomace, a mixture of skins, seed and stems resulted after
pressing grapes in the winemaking process is an abundant by-product,
representing about 20%wt of the processed grapes (Schieber et al.,
2001). Considering that the winemaking process lead to an incomplete
extraction of valuable compounds, grape pomace is a by-product with
relatively high concentration of various and inhomogeneous distributed
polyphenolic compounds (Fontana et al., 2013; Rockenbach et al.,
2011). This by-product can be easily turned into cheap valuable raw
compounds for cosmetics, nutraceuticals, pharmaceutical and food in-
dustries, thus reducing the environmental impact related to waste dis-
posal in the region of wine factories (Teixeira et al., 2014).

Grape polyphenolic extracts showed cardioprotective effects, anti-
fungal, antimicrobial, anti-inflammatory and anti-cancer properties (Ky
et al., 2014). For example, polyphenolic extracts from Feteasca Neagra
grape pomace were investigated in a seven-day pre-treatment on the
isoprenaline-induced infarct-like lesion in rats (e.g., heart rate reduc-
tion, respiratory rate modifications, which allowed the consecutive loss
of cell membrane potential in the injured myocardium because of the
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oxidative stress), assessed by ECG monitoring, serum levels of creatine
kinase, aspartate transaminase, and alanine transaminase and demon-
strated in vivo cardioprotective effect against isoprenaline-induced
myocardial ischemia due to reducing oxidative stress (Balea et al.,
2018). Also, in vivo studies carried out on spontaneously hypertensive
rats proved the efficiency of Grenache seed pomace and Alicante skin
pomace extracts to regulate blood pressure (Ky et al., 2014).

It is well known that the solvent used for the extraction and ex-
perimental conditions greatly influence the polyphenols composition,
which in turn determines the features of the extracts. For instance,
when ethanolic extracts from Cabernet Sauvignon, Carmenere and
Syrah grape pomace from Chile (Misiones de Rengo Vineyard), were
sequentially extracted with hexane, chloroform and ethyl acetate, and
were analysed in vivo on mycelial growth of Botrytis cinereal fungus
(isolated from naturally infected grapes), the extraction fractions
showed either prooxidant and inhibition effect on mycelial growth, or
antioxidant activity depending on the solvent nature (Cotoras et al.,
2014).

Hydroalcoholic extracts obtained from Uruguayan species grape
pomace proved to have in vitro anti-inflammatory properties due to
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high content of polyphenols. Cyclooxygenases, COX-1 and COX-2 are
involved in the inflammatory mechanism and the grape extracts ex-
hibited inhibition activity in COX-1 and COX-2 similar to the propolis
extract and commercially available drug, Colecoxib (Paulino et al.,
2016). Even if the phenolic compounds are less concentrated in grape
marc extract than in the propolis, the grape extract compounds showed
higher activity. Another benefit of grape pomace extract could be re-
lated to its antitumoral activity, the grape seed petroleum ether extract
showed beneficial anti-cancer properties against skin cancer A431 cell
line when it is used in conjunction with doxorubicin (Mohansrinivasan
et al., 2015).

Concerning the antimicrobial activity of grape marc extracts, the
reported minimum inhibitory concentration values were in the range of
4.69-18.8 mg/mL and 40.6-250 mg/mL for Listeria monocytogenes and
S. aureus, respectively, which proved that they could exhibit bacter-
icidal effect against Gramm-positive strains, but at very high con-
centration (Xu et al., 2016).

However, the effectiveness of phenolic extracts is directly related to
the preservation of the stability, bioactivity, and bioavailability of their
compounds (Fang and Bhandari, 2010). The unsaturated bonds in the
polyphenols molecular structure make them sensitive to oxidizers,
water, light, heat, pH, or enzymes (Cilek et al., 2012). As polyphenols
are unstable either during food processing, distribution and storage, or
in the gastrointestinal tract, their activity and health benefits are lim-
ited. Unfortunately, they easily oxidize, leading to the progressive ap-
pearance of a brown colour and/or unwanted odours with a consider-
able antioxidant activity loss (Munin and Edwards-Lévy, 2011).

The stability of different polyphenols was assessed through several
accelerated degradation methods, like heating, microwave irradiation
or various pH testing. For example, the thermal degradation of rutin is
complete at 130 °C in 45 min or it suffers a 10% and 50% content loss
when heated at 70 °C for 2h and 90 °C, respectively (Chaaban et al.,
2017). Gallic acid and vanillic acid are stable up to 80 °C, while ca-
techin starts to decompose at 60 °C (Volf et al., 2014). Myricetin un-
dergoes first-order degradation in basic medium, but it is stable under
UV irradiation in the presence of other antioxidants, which makes it
suitable for topical applications (Franklin and Myrdal, 2015). Like
myricetin, trans-resveratrol is also unstable in basic medium (Robinson
et al., 2015).

An increased stabilization of polyphenolic extracts could be
achieved by encapsulation in various nanocarriers. The embedding
matrices act as a physical barrier reducing the permeability of oxygen
and other molecules and therefore, the shelf-life of the extraction
compounds could be prolonged (Wang et al., 2009).

The encapsulation of polyphenolic extracts in different matrices was
reported for the development of preservation systems, mainly for the
food industry. For example, procyanidin extracts from grape seeds en-
capsulated in a mixture of maltodextrin and Arabic gum remained
unchanged during the encapsulation process and consequently, they
exhibited an increased stability (Zhang et al., 2007). Kosaraju et al.
reported that the grape seed extracts embedded in a matrix based on
sodium caseinate-soy lecithin proved significant prolonged antioxidant
activity in comparison with placebo (Kosaraju et al., 2008). Also, the
polyphenolic extracts encapsulated in a mixture of Arabic gum, par-
tially hydrolysed guar gum, and polydextrose with a retention factor of
polyphenolic compounds of 80%, exhibited high antioxidant properties,
being proposed as potential dyes in functional foods (Kuck and Norena,
2016). Recently, a faster degradation of the free grape pomace extract,
prepared by MW-assisted extraction, than that of the extract en-
capsulated in maltodextrin-based microcapsules was noticed (Tsali and
Goula, 2018).

Regarding the use of inorganic carriers, Khan et al. reported the
encapsulation of polyphenolic flavonoids in titania-functionalized me-
soporous silica, quercetin being bidentate bonded on TiO, nano-
particles via catechol molecule. The natural compounds recovery in a
20% citric acid solution in ethanol was possible because citric acid
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bound on TiO, and therefore led to the flavonoids release. The radical
scavenger activity of encapsulated flavonoids was similar to that of the
free extract (Khan et al., 2017). Recently, it was reported that tannic
acid, a polyphenolic compound, could form supramolecular network
with silica-type species, being applied as template agent for synthesis of
mesoporous silica nanoparticles for bio-medical applications (Luo et al.,
2019). Among nanocarriers employed for the encapsulation of biomo-
lecules (enzymes, peptides, genes, vitamins, etc.), mesoporous silica
nanoparticles (MSN) were widely studied in order to design nanos-
tructures as versatile platforms for various medical applications
(Doadrio et al., 2015; Argyo et al., 2014; Tang and LiChen, 2012). The
tailoring of MSN surface properties by functionalization either with
organic groups/molecules (Bouchoucha et al., 2016; Choi et al., 2014),
or metallic oxides (An et al., 2016) is a major advantage for achieving
the desired biomolecules-carrier interactions, sensitive to stimuli pro-
duced by biological systems, which could facilitate the delivery of the
cargo molecules in a targeted tissue, leading to an enhanced therapeutic
efficiency (Zhou et al., 2018).

Herein, we report for the first time the encapsulation of two grape
pomace extracts into mesoporous MCM-type silica matrices (pristine,
and Zn or Mg heteroatom modified) to improve their chemical stability
and preserve antioxidant properties, as well as the development of a
procedure for the evaluation of radical scavenger activity for materials
containing encapsulated phytochemicals. In our study, the modified
mesoporous silica supports were specially designed to have the inner
pores surface decorated with amorphous zinc or magnesium oxide na-
noparticles, to minimise their effects on living cells.

Nowadays, zinc oxide is one of the most popular ingredients found
in protection sunscreen creams, being a good UV absorber due to its
large band gap, but cheaper than TiO, (Threes and Stanislav, 2011).
This property could be exploited in the preservation of encapsulated
polyphenolic extracts in order to extend their protection to UV radia-
tions. On the other hand, once they entered in the blood system, it was
proved that ZnO nanoparticles exhibit increased toxicity versus bulk
oxide (Mohammed et al., 2019), affecting especially liver and kidney
(Srivastav et al., 2016). It was demonstrated that ZnO toxicity is dose
dependent, the IC50 values for human pancreatic cell lines, Panc-1 and
AsPG-1 being 40 uM and 30 pM, respectively, while for human normal
fibroblast HuO, cell line, 80 uM (Zhang et al., 2018). Our recent method
developed for the obtaining of heteroatom modified mesoporous silica,
based on ion-exchange at the level of pores inner surface, leads to the
formation of metal oxide inside the silica pores (Brezoiu et al., 2019),
ensuring a minimum exposure of ZnO to the leaving cells. Lately, MgO
nanoparticles has drawn attention for biomedical applications, like MRI
contrast agent, nano-cryosurgery, as potential bactericidal material,
etc. Experiments performed on HeLa cells exposed to MgO nano-
particles showed that cell viability is dependent on MgO concentration,
a loss of approximately 14% of viable cells being observed for a con-
centration of 250 ug/mL (Akram et al., 2018).

2. Experimental
2.1. Materials

All the reagents, sodium carbonate (Na,CO3), potassium persul-
phate (K»S,0g), 36.5-38%wt hydrochloric acid (Sigma), ethanol
(Sigma-Aldrich), MCM-41 (Sigma Aldrich), Folin-Ciocalteu reagent
were used as received. For chromatographic analyses, the following
standard HPLC-grade compounds were used: gallic acid (Alfa Aesar,
98%), protocatechuic acid (TCI, > 98%, HPLC-grade), catechin hydrate
(Sigma, > 98%, HPLC-grade), vanilic acid (TCI, > 98%, GC-grade),
caffeic acid (Sigma, 98%, HPLC-grade), syringic acid
(Molecula, > 98.5%), (—)epicatechin (TCIL, > 98%, HPLC-grade),
quercetin (Sigma, > 95%, HPLC-grade), rutin hydrate (Sigma, 95%,
HPLC-grade), chlorogenic acid (HWI group, primary reference stan-
dard), trans-p-coumaric acid (Sigma Aldrich, analytical standard),
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myricetin (Sigma, > 96%, HPLC-grade), rosmarinic acid
(Sigma, > 98%, HPLC-grade), trans-resveratrol (Sigma Aldrich, certi-
fied reference material), kaempferol (Sigma, > 97%, HPLC-grade), cy-
anidin chloride (Sigma, > 95%, HPLC-grade), malvidin chloride (Sigma
Aldrich, > 95%, HPLC), pelargonidin chloride (Aldrich) and delphi-
nidin chloride (Sigma Aldrich, analytical standard), solvents like
ethanol, acetonitrile (ACN), formic acid, and for radical scavenger ac-
tivity determination, 2,2-diphenyl-1-picrylhydrazyl (DPPH, Sigma
Aldrich), 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic  acid
(Trolox, Aldrich, 97%) and 2,2’-azino-bis (3-ethylbenzothiazoline-6-
sulphonic acid) (ABTS, Sigma Aldrich). The grape pomace came from
the Black Sea Region and the grape skin powder and ascorbic acid
powder were purchased from local vendors. Ultrapure water (Millipore
Direct- Q3 UV water purification system with Biopack UF cartridge)
was used for all solutions and experiments.

2.2. Preparation of polyphenolic extracts from grape pomace and grape
skins

The polyphenolic extracts in absolute ethanol were prepared from
two different red grape pomaces from the Black Sea region (Cabernet
Saugvinon, CS, and Feteasca Neagra, FN), as well as a commercially
available grape skins powder (GS) as vegetal materials using either
conventional (Conv) or microwave-assisted (MW) extraction. The
polyphenols conventional extraction was performed by refluxing the
vegetal material with absolute ethanol (vegetal material/ethanol ratio
of 1/6 (w/v) for three times for 1 h), under constant magnetic stirring,
intermediate filtration and solvent replacement in the same volume and
then the ethanolic extracts were mixed.

The MW extraction was carried out on a Sairen Miniflow 200SS
microwave reactor using the grape skins powder and absolute ethanol
in the same vegetal material/solvent ratio as in the case of conventional
extraction, in three stages at 80 °C/15 min using a MW power of 75 W
(average reflected power of 6 W) with intermediate filtration and sol-
vent replacement.

The obtained polyphenolic extracts were dried under vacuum until
reached a constant mass and then re-dissolved appropriately for pre-
paration of alcoholic solutions of certain concentration.

2.3. Characterization of phenolic extracts

The polyphenolic extracts were characterized through several
spectrophotometric methods (Shimadzu UV-1800) to determine total
ascorbic acid, polyphenols, flavonoids and anthocyanin pigments con-
tent.

The ascorbic acid content was assessed based on a calibration curve
of commercially available ascorbic acid in the 10-500 pg/mL domain
established by mixing 1 mL standard ethanolic solution with 0.5 mL
Folin-Ciocalteu reagent, previously diluted with 4.5mL ultrapure
water, thoroughly homogenized for 3 min at room temperature, pro-
tected from the light and afterwards measured the solution absorbance
at 765 nm wavelength. In the case of phenolic extracts, the standard
ascorbic acid solution was replaced with 1 mL extract with the con-
centration of 1mg/mL. The measurements of ascorbic acid content
(AA) were made in replicated three experiments.

The total polyphenolic content was determined based on the stan-
dard curve for gallic acid (50-450 ug/mL) established by mixing 1 mL
standard ethanolic solution with 0.5 mL Folin-Ciocalteu reagent, pre-
viously diluted with 4.5 mL ultrapure water. The mixture was homo-
genized for 3 min at room temperature and then 4 mL Na,COj3 solution
(75 g/L) were added, followed by another homogenization, incubated
at room temperature in dark conditions, for 30 min. The solution ab-
sorbance values were measured at both 765nm and 650 nm wave-
lengths. For the extracts analysis, the standard solution was replaced
with the extract of 1 mg/mL concentration and the incubation time was
increased at 1.5h considering the literature in which the incubation
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time is 1 h (Nayak et al., 2018), 1.5h (Tsali and Goula, 2018; Nayak
et al., 2011) or 2h (Sanchez-Rangel et al., 2013). Also, it was observed
that between 1.5h and 2 h incubation time, there was no difference of
the solution absorbance, hence, 1.5 h was enough to obtain the proper
results.

The total flavonoids content was assessed by adapting a reported
procedure (Pekal and Pypzynska, 2014). Briefly, 1 mL tested solution
was mixed with 0.5 mL of 2% aqueous solution of aluminium chloride
and 0.5 mL ultrapure water. After 15 min of incubation in dark condi-
tions, at room temperature, the formed complex was analysed at
maximum wavelength (in the range of 410-430 nm). In the case of
extracts, the incubation time was increased at 30 min and a con-
centration of 0.5 mg/mL was used. For the calibration curve, an etha-
nolic solution of quercetin (5-50 ug/mL) was used and its absorbance
was measured at 430 nm wavelength.

The content of total anthocyanin pigments was assessed according
to the procedure described by Lee (2005), considering that anthocyanin
pigments are coloured at pH 1 due to the flavylium cation (oxonium
form) and become colourless at pH 4.5 in the hemiketal form (carbinol
pseudo-base). Therefore, plant extracts with a concentration of about
1 mg/mL were diluted with buffer solution pH 1 until the solution ab-
sorbance was in the spectrophotometer range and the dilution factor
was determined. Using the same dilution factor, the plant extract was
diluted with buffer solution of pH 4.5 and the corresponding absor-
bance was measured at 520 nm and 900 nm having as reference the
corresponding buffer solution.

Total content of monomeric anthocyanin pigments expressed as
cyanidin-3-glucoside equivalents was determined using equation. (1):

Anthocyanin pigment (cyanidin — 3 — glucoside equivalents, mg/L)
_AxMxfx10°
B ex1 ’
where A = (As20nm — A700nm)pH 1.0 — (As20nm — A700nm)pH 4.5, Where M
(molecular weight) = 449.2 g/mol for cyanidin-3-glucoside (cyd-3-
glu), f, dilution factor, 1 = pathlength in cm, ¢ = 26 900-M extinction
coefficient, in L/mol/cm for cyd-3-glu and 10° = mass conversion
factor from grams to milligrams.

The polyphenols composition was evaluated using HPLC (Shimadzu
Nexera 2) with photodiode array detector (SPD-M30A) on a Nucleoshell
C18 column (2.7 ym*2.7 ym*100 mm), using a gradient elution at a
constant flow (0.4 mL/min). Two mobile phases were used A-H,O/
HCOOH = 100/2.5 (v/v) and B-ACN/H,O0/HCOOH = 90/10/2.5 (v/v/
v) and the B mobile phase concentration was 5% at 1.5 min, then gra-
dually increased at 7.5% in 6 min, further increased at 13.5% in 6 min
and maintained for another 2.5 min, then gradually increased at 18.5%
in 5min and maintained for 1 min, gradually increased to 22.5% in
3.5min, further increased to 35% in 4.5 min, followed by the wash
stage, which comprised the concentration increase to 100% in 5min
and maintained for 5min, then gradually decreased to 5% in 10 min.

The identification of each component in the extract samples was
done considering the retention times, as well as the spectrum similarity
in comparison with the standard substances (HPLC-grade) and the
quantification was performed using the calibration curve at the max-
imum absorption wavelength for each reference substances.

2.4. Encapsulation of polyphenolic extract into mesoporous silica-type
nanocarriers

As supports for encapsulation of polyphenolic extracts, commer-
cially available MCM-41 silica and Zn- and Mg-modified MCM-41 silica
were considered. The synthesis of Zn- and Mg-modified MCM-41 car-
riers and their properties were reported in our previous paper (Brezoiu
et al., 2019).

The materials containing polyphenolic extract were prepared by
incipient wetness impregnation method using either the extract
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obtained from grape skin powder by conventional method with a 48.2%
wt extract content in MCM-41 silica matrix, or Cabernet Saugvinon
extract with 46.5% and 49.7%wt content in Mg-MCM-41 and Zn-MCM-
41, respectively. The ethanolic polyphenolic extract was mixed with
silica-type matrix, previously outgassed at 110 °C for 12h and the re-
sulted suspension was dried under vacuum for 4-6 h. The materials
resulted after the extract encapsulation into the mesoporous support
were denoted extract@support.

2.5. Characterization of materials containing polyphenolic extract

The samples containing encapsulated polyphenolic extract were
characterized by thermogravimetric analysis, infrared spectroscopy,
nitrogen adsorption-desorption isotherms, as well as DPPH-antioxidant
activity. The FTIR spectra were recorded in 4000-400 cm ™! range on a
Bruker Tensor 27 spectrophotometer (KBr pellet technique) in order to
confirm the extract encapsulation. The thermogravimetric analyses
(TG) were performed to determine the amount of polyphenolic com-
pounds in materials containing encapsulated extract using a Netzsch
STA 449 F3 Jupiter equipment at a scan rate of 10 °C/min, under syn-
thetic air flow. Nitrogen adsorption-desorption isotherms were re-
corded at the 77 K using a Quantachrome Autosorb iQ, gas sorption
analyser. Prior to the isotherms recording, the materials containing
encapsulated extract were outgassed at 35 °C, 17 h. The specific surface
area values, Spet, were computed through the Brunauer-Emmett-Teller
method in the relative pressure range of 0.05-0.25 and the total pore
volume was determined for relative pressure of 0.99.

2.6. Determination of free radical scavenging activity

The radical scavenger activity (RSA) of polyphenolic extracts was
assessed by DPPH and ABTS assays. DPPH method consists in the free
radical DPPH absorbance reduction when mixed with a substance with
antioxidant activity with the formation of DPPH-H and free radical of
the antioxidant species. To assess the RSA, 50 uL of polyphenolic ex-
tract was mixed with 2950 pL ethanolic DPPH solution (0.025 g/L),
vigorously shaken and incubated in dark conditions for 30 min and then
the solution absorbance was measured at 517 nm. To determine the
linearity domain, several extract concentrations were tested (from
0.001 to 10 mg/mL). All the experiments were performed in triplicate
for each concentration. The RSA was determined having as reference
the initial DPPH solution absorbance by the following equation:
RSA(%) = 100*(Apppu-Agxtract)/ApppHs where Apppy i the solution
absorbance of DPPH free radical and Agyract iS the one of extract-DPPH
mixture at 517 nm. From the linearity domain, the concentration of
extract that inhibits 50% of DPPH free radicals (IC 50%) was de-
termined.

In the case of ABTS assay, the ABTS carbocation free radical was
generated by the chemical reaction between 10 mL of 7 mM aqueous
solution of ABTS and 176 L of 2.45 mM aqueous solution of potassium
persulfate, the prepared solution being left in the dark conditions, at
room temperature, for at least 12 h before the use. Afterwards, the
ABTS free radical solution was diluted with absolute ethanol to have the
absorbance in the spectrophotometer range (at 753 nm) and was in-
cubated at 30 °C. 980 pL ABTS carbocation free radical ethanolic so-
lution were mixed with 20 uL of Trolox standard solution or extract
solutions in a 1 cm cuvette, homogenize for about 1 min and the so-
lution absorbance was measured at 753 nm prior and after the addition
of the antioxidant sample. All determinations were made in triplicate
and for each extract, and the calibration curve was determined in the
range of 0.05-1.25 mM Trolox. The radical scavenger activity was
calculated using the following equation: RSA (%) = 100*(Aaprs-
Agxtract)/Aaprs, Where Apprs is the solution absorbance of ABTS free
radical at 753 nm and Agxyacee iS that of extract-ABTS mixture at the
same wavelength.

The radical scavenger activity of materials containing encapsulated
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extract (DPPH assay) was assessed after determination of IC 50% values
for the free extract. Considering the linearity domain of DPPH assay, a
lower concentration than IC 50% of the free extract was chosen because
of the inherent degradation of DPPH solution during 24 h experiment.
Then, the corresponding mass of encapsulated extract (containing the
same extract amount as in 50 pL extract of chosen concentration per
2.95mL DPPH free radical solution) was considered. Also, the same
quantity of support as in the encapsulated extract was tested in the
same conditions for evaluation of its influence on the radical scavenger
activity. After the addition of DPPH solution on solid samples or ex-
tracts, the experiments were carried out in closed containers, and kept
24h under magnetic stirring, using DPPH solution as control.
Afterwards, aliquots of samples containing suspensions of encapsulated
extract or support, as well as extracts and DPPH-free radical solution
were withdrawn, centrifugated for 10-15min and then the solution
absorbance was measured at 517 nm.

2.7. Invitro cytocompatibility and cell morphology assessment

The cytocompatibility of Cabernet Saugvinon and grape skin ex-
tracts prepared by conventional extraction, as well as encapsulated
extracts in Zn-MCM-41, Mg-MCM-41 and MCM-41 matrices in com-
parison with the corresponding mesoporous supports, was assessed in
vitro on human normal keratynocytes - HaCaT spontaneously im-
mortalized cell line (AddexBio, USA). MTT assay was used to evaluate
the metabolic activity of human keratynocytes after 24 h incubation in
the presence of the samples. Briefly, human keratynocytes were cul-
tured in RPMI (Roswell Park Memorial Institute) 1640 (Millipore, USA)
supplemented with 10% faetal bovine serum and 1% penicillin/strep-
tomycin till confluence (80-90%) was reached. For experiments, cells
were seeded 10 x 10°cells/well in 96 wells plate and incubated at
37 °C in humide atmosphere (5% CO,). The control sample was con-
sidered the culture media without ethanol content. The stock solution
or suspension of samples were sterilized by UV exposure for 2 h. Prior
the evaluation, 100 pg/ml of each sample were incubated with the cells.
After 24 h, cells were washed with phosphate-buffer saline solution and
further incubated with MTT solution (5mg/mL) for 3h, at 37 °C, in
dark conditions. Afterwards, the intracellular formazan crystals were
solubilized with isopropanol and the absorbance was measured at
570 nm with background subtraction at 690 nm. The cell viability data
were reported as mean value + standard deviation of three replicated
experiments. Statistical analysis of the data was performed using
Student's t-test on each pair of interest. Differences were considered
statistically significant for which p < 0.05.

For cell morphology assessment, prior Giemsa staining, the cell
culture medium was removed, cell monolayer was washed with phos-
phate buffer solution, fixed with cold methanol (—20 °C) for 5 min and
stained with Giemsa solution for 20 min. Giemsa stained morphological
features were observed with an optical microscope Zeiss Axio Observer,
20X.

3. Results and discussion
3.1. Characterization of polyphenolic extracts

Wine-making industry by-products, grape pomace and grape skins
or seeds, are widely studied for recovery of their polyphenols, flavo-
noids or anthocyanin monomeric pigments by extraction. Two grapes
marc, Cabernet Saugvinon and Feteasca Neagra from the Black Sea
region (Romania), as well as commercially available grape skin powder
were used to obtain polyphenolic extracts either by conventional ex-
traction, or MW treatment.

The alcoholic extracts were analysed by spectrometric determina-
tion of total polyphenols and ascorbic acid using Folin Ciocalteu re-
agent, total flavonoids by AlCl; complexation, as well as total antho-
cyanin monomeric pigments content, and the data were listed in
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Table 1
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Spectrophotometric determination of ascorbic acid (AA), total polyphenols (as gallic acid equivalents, GAE), total flavonoids (as quercetin equivalents, QE) and total
anthocyanin pigments content (by extinction of cyanidin-3-glicoside method, CGE) and radical scavenger activity, RSA (as Trolox equivalents, TE) for extracts.

Extract Extract (%wt) AA (mg AA/g) TP (mg GAE/g) TF (mg QE/g) TA (mg CGE/g) RSA pppy (mg TE/g) RSAppTs (mg TE/g)
CS (Conv) 9.17 45.54 = 0.14 265.21 + 4.97 14.11 = 0.87 13.06 = 0.86 344 + 4 230 £ 7
FN (Conv) 9.69 33.79 * 0.56 279.64 * 4.52 16.72 = 0.00 12.38 = 2.17 119 = 1 105 + 2
GS (Conv) 23.2 37.78 = 0.18 212.21 * 0.85 18.96 = 0.02 3.51 = 0.71 125 = 6 106 = 9
GS (MW) 22.2 28.13 = 0.33 239.38 + 1.28 11.52 = 0.01 3.40 = 0.25 193 = 3 137 £ 5

CS-Cabernet Saugvinon; FN-Feteasca Neagra; GS-grape skin. All values are expressed per gram of extract.

Table 1. One can notice a higher extract content when grape skin
powder was used (22.2-23.2%) in comparison with the grape pomace
(9.17% for Cabernet Saugvinon and 9.69% for Feteasca Neagra, re-
spectively), which suggests that the grape skin powder has a higher
amount of ethanol soluble compounds, probably because the grape
marc contains besides skins, seeds and stems with a lower polyphenols
content. These values are higher than that reported by Sagdic et al.
(2011) (1.14-4.59% extract) for ethanolic grape pomace extracts ob-
tained through a conventional extraction, or by Otero-Pareja et al.
(2015) for grape pomace extracts prepared by supercritical carbon di-
oxide extraction with 20% ethanol (3.50-7.00% extract).

The ascorbic acid content varied between 3.27 and 4.17 mg AA per
gram of vegetal material for grape pomace extracts and 6.24-8.76 mg
AA/g of vegetal material for grape skin powder extracts (Table 1),
which are higher than that reported by Abdrabba et al. (Abdrabba and
Hussein, 2015) for grape pulps, seeds and skins (0.049-0.122 mg AA/g
of vegetal material), or by Sousa et al. (2014) for grape pomace flour
(0.2625 = 0.0001 mg AA/g of vegetal material). It can be noticed that
MW treatment diminishes the content of ascorbic acid.

The total polyphenolics (TP) content was evaluated as gallic acid
equivalent at two wavelengths (765 nm and 650 nm) and an average of
four replicates (Table 1). Using the standard curve for gallic acid, the TP
content was determined at 765nm and 650 nm, and from obtained
value was subtracted the ascorbic acid, a very well-known interfering
substance in the Folin-Ciocalteu assay (Sanchez-Rangel et al., 2013). A
higher TP content was obtained for extracts from grape pomace (Ca-
bernet Saugvinon and Feteasca Neagra) than from grape skins powder.
One can observe that the MW treatment enhanced slightly the TP
amount when compared with conventional extraction. The TP values
were in the range of 24.33-53.14 mg GAE per gram of vegetal material
and are consistent with that reported for red grape pomace extract
prepared by MW treatment using 24% ethanolic solution (26.44 mg
GAE/g of vegetal material) (Tsali and Goula, 2018) and red grape po-
mace extract obtained in 80% ethanol acidified with 0.5% 0.1 N HCI
(41.9 = 0.4mg GAE/g vegetal material) (Negro et al., 2003). Sagdic
et al. evidenced that up to 2.7 times higher TP content is obtained from
red grape pomace in comparison with white grape pomace (Sagdic
et al., 2011). For instance, for acetone-water extract from Cabernet
Saugvignon grape skin, Deng et al. (2011) reported a TP content of
26.7 + 1.8 mg GAE/g vegetal material, a slightly higher than our
value, which could not be attributed only to the influence of solvent,
but also the fact that grape pomace also contains seeds and stems
leading to an overall decrease of TP content. For 70% ethanolic extracts
from Feteasca Neagra grape pomace, a TP index in the range of
114.71-161.58 mg catechin equivalent/g vegetal material was reported
(Balea et al., 2018). Ky et al. measured for several grape skin extracts, a
TP content in the range of 34.8-52.3 mg GAE/g vegetal material, which
are consistent with our values (Ky et al., 2014).

The total flavonoids (TF) content made in duplicate and expressed
as quercetin equivalents (QE) was assessed based on a standard curve
established at 430 nm. For extracts (0.5mg/mL), the solution absor-
bance was read at the maximum absorption wavelength, 420 nm. It can
be observed higher TF values in the case of conventional grape skin
extract than the one obtained by MW treatment (Table 1). The values
for the grape pomace and grape skin extracts are in the range of

11.52-18.96 mg QE/g extract, which are higher than the ones reported
by Kuru et al. for both young and mature grape seeds (1.75-5.72 mg
QE/g extract), but lower than for young and mature grape leaves
(66.62-107.21 mg QE/g extract) (Kuru et al., 2017). Wang et al. re-
ported the obtaining of an extract from muscadine pomace with a TF
content of 3 = 0.3mg QE/g extract (Wang et al., 2010), which is at
least four-times lower than the values of TF content determined for our
extracts.

The total anthocyanin monomeric pigments (TA) content was as-
sessed based on the procedure described by Lee (2005) considering the
molar extinction coefficient of cyanidin-3-glicoside (denoted CGE) and
its corresponding molar weight. The TA values are listed in Table 1 as
an average of two measurements. Low values for anthocyanin content
for extracts obtained from grape skin (3.51 * 0.71 mg CGE/g extract)
and even smaller for the extract prepared by MW treatment
(3.40 += 0.25mg CGE/g extract) were determined. However, the an-
thocyanin content of grape marc extracts was higher than those re-
ported by Xu et al. for white and red grape pomace (0.02-0.06 mg and
1.38-10.7 mg CGE/g extract, respectively) (Xu et al., 2016).

The reverse phase HPLC-PDA analysis was carried out for identifi-
cation and quantification of phenolic compounds in extracts based on
their retention times and comparison with UV spectra. For HPLC ana-
lysis, a C18 stationary phase was used that had been proved to be ef-
ficient for the separation of polyphenolic compounds. The separation of
polyphenolic standard mixture is provided in Supplementary Material
(Fig. S1), along with the calibration curve, retention time and detection
wavelength for each reference compound: gallic acid, protocatechuic
acid, catechin hydrate, chlorogenic acid, vanillic acid, caffeic acid,
syringic acid, (—) epicatechin, delphinidin chloride, p-coumaric acid,
cyanidin chloride rutin hydrate, pelargonidin chloride, malvidin
chloride, myricetin, rosmarinic acid, quercetin and kaempferol (see
Supplementary Material, Table S1). Thirteen substances of the available
standard solutions were identified in the prepared extracts or in the
extracts analysed after 4 months and their concentrations are listed in
Table 2. The chromatograms of prepared extracts are presented in Fig.
S2. The limit of detection (LOD), limit of quantification (LOQ) and the
linear range of calibration are presented in Table S1. LOD and LOQ
values were determined in accordance with European Pharmacopeia
considering a signal/noise ratio of at least 3 for LOD determination and
more than 10 for LOQ, respectively.

High amounts (0.462-1.171 mg/g extract) of gallic acid, vanillic
acid (0.368-1.088 mg/g extract), syringic acid (0.339-2.031 mg/g ex-
tract) and protocatechuic acid (0.104-0.489 mg/g extract), as well as
low concentrations (0.019-0.083mg/g extract) in trans-resveratrol
were found in all samples. The MW treatment decreased the content of
gallic acid, protocatechuic acid, vanilic acid, syringic acid and p-cou-
maric acid (not detected), but enhanced concentration of rutin hydrate,
(—) epicatechin, and trans-resveratrol (Table 2). For the last compound,
the concentration was in the range of 0.019-0.083 mg/g extract, the
highest amount being obtained for MW treatment (21.31 mg/kg of
vegetal material), similar value with that reported by Geana et al.
(18.7 mg/kg). For methanolic extracts prepared from two grape pomace
of the same cultivars, Feteasca Neagra and Cabernet Saugvinon, the
concentration of trans-resveratrol was 18.7 mg/kg and 2.77 mg/kg, re-
spectively (Geana et al., 2015), different than ours for ethanolic extracts
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Table 2
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Phenolic compounds identification and quantification by reverse phase HPLC-DAD.

Concentration in extract (mg/g)

Standard substances RT (min.) CS (Conv) CS (Conv)* FN (Conv) FN (Conv)* GS (Conv) GS (Conv)* GS (MW) GS (MW)*
Gallic acid 3.545 1.171 + 0.004 1.191 + 0.001 1.069 * 0.001 1.060 = 0.020 0.625 + 0.001 0.647 + 0.000 0.462 *= 0.008 0.477 + 0.002
Protocatechuic acid 6.982 0.451 + 0.003 0.482 = 0.001 0.489 = 0.001 0.513 + 0.000 0.127 * 0.000 0.146 = 0.001 0.104 + 0.000 0.113 =+ 0.001
Catechin hydrate 12.382 0.184 + 0.005 -nd -nd -nd -nd -nd -nd -nd
Chlorogenic acid 13.016 -nd -nd -nd -nd -nd 0.121 * 0.000 -nd -nd

Vanillic acid 14.825 0.368 + 0.001 0.386 = 0.002 1.088 + 0.001 1.097 + 0.047 0.743 + 0.000 0.802 *= 0.000 0.568 + 0.001 0.543 =+ 0.001
Syringic acid 16.418 2.031 + 0.008 2.135 = 0.002 1.917 = 0.001 2.314 + 0.007 0.480 = 0.000 0.491 = 0.000 0.339 + 0.002 0.312 * 0.001
(—) Epicatechin 17.554 2.666 + 0.018 2.962 = 0.002 2.270 * 0.005 1.507 = 0.006 -nd 0.612 + 0.004 1.983 + 0.010 1.653 = 0.003
Trans-p-coumaric acid 21.674 -nd -nd -nd 0.044 = 0.001 0.022 = 0.001 0.022 * 0.001 -nd -nd

Rutin hydrate 25.964 0.532 + 0.001 0.637 * 0.000 -nd -nd 0.382 + 0.000 0.394 = 0.000 4.944 + 0.007 0.213 =+ 0.001
Pelargonidin chloride  29.140 0.606 = 0.001  0.209 = 0.002 -nd -nd -nd -nd -nd -nd

Myricetin 31.646 0.172 = 0.001 0.166 = 0.000 0.055 + 0.001 -nd -nd -nd -nd -nd

Trans- resveratrol 33.129 0.033 +£0.001 -nd 0.049 = 0.001  0.048 = 0.001 0.019 + 0.005 0.021 + 0.000 0.083 = 0.001  0.086 + 0.001
Quercetin 34.919 -nd -nd -nd 0.370 +£ 0.001 -nd -nd -nd -nd

RT-retention time, nd — not detected, *- extracts analysed after 4 months. All concentrations are given in mg compound per gram of extract.

(4.74 mg/kg and 3.02 mg/kg, respectively). The trans-resveratrol con-
tent in Feteasca Neagra extracts obtained in 50% ethanol and 5.25%
potassium metabisulfite aqueous solution was in the range of
0.57-2.92 mg/kg (Muncaciu et al., 2017), which suggests the influence
of either solvent and extraction conditions, or winery by-product
composition, the small amount of resveratrol could be attributed to its
low stability in basic medium (Robinson et al., 2015).

Sagdic et al. reported for pomace extracts obtained in 95% ethanol
from five grape cultivars, a high content of gallic acid in the range of
0.675-1.525mg/g extract, slightly higher than in our extracts
(0.462-1.171 mg/g extract), an amount of p-coumaric acid between
0.020 and 0.065mg/g extract, similarly to our GS (Conv) extract
(0.022 + 0.001 mg/g extract), and a resveratrol concentration in the
range of 0.0031-0.0146 mg/g extract lower than our extract content in
resveratrol (0.019-0.083 mg/g extract) (Sagdic et al., 2011).

The stability of the free extracts was assessed based on chemical
profiling determined by RP-HPLC (in the same conditions as for freshly
prepared extracts) after 4 months of storage in refrigerator in tightly
closed brown glass bottles. Some changes in the chemical composition
of extracts stored in refrigerator for four months were observed. For
example, in the case of CS extract, there is a slight increase in gallic
acid, protocatechuic acid, vanillic acid, syringic acid, (—) epicatechin
and rutin hydrate amounts and a significant decrease in pelargonidin
chloride and trans-resveratrol concentrations, while myricetin content
suffers a slight reduction.

For GS (Conv) extract, similar concentrations of all components
(gallic acid, protocatechuic acid, vanilic acid, syringic acid, rutin hy-
drate, trans-p-coumaric acid and resveratrol) were observed. Also, one
can notice the appearance of chlorogenic acid and (—) epicatechin.
Unlike the GS extract obtained by conventional extraction, in the case
of GS extract prepared by MW treatment, the same compounds were
found in the old extract, but the rutin hydrate content dropped ap-
proximately 23 times. Also, the total phenolic compounds content of GS
(MW) sharply diminished from 239.38 + 1.28 mg GAE/g extract to
119.39 + 3.82mg GAE/g extract.

Regarding FN (Conv) extract, it was observed a similar content of
gallic acid, protocatechuic acid, vanilic acid, syringic acid and trans-
resveratrol and the disappearance of myricetin, which is unstable,
mainly because of its several hydroxyl groups (Maini et al., 2012), a
diminished content of (—) epicatechin, as well as the appearance of
trans-p-coumaric acid and quercetin.

3.2. Characterization of materials-containing encapsulated extract

Silica is listed as food additive, E551, in European Union and the
United States Food and Drug Administration considers it an anticaking

agent. Therefore, silica is widely used in food industry as flavour car-
rier, clarifying agent in brewery and oils, or in cosmetics as nano-
particles in products for skin, nails, hair or lips (Mebert et al., 2017).

In our study, to increase the extracts stability, they were en-
capsulated in mesoporous silica matrices. As nanocarriers for poly-
phenolic extracts encapsulation, MCM-41 silica and MCM-41 silica
decorated with ZnO (Zn-MCM-41) or MgO (Mg-MCM-41) nanoparticles
were chosen due to their high capacity to accommodate cargo mole-
cules related to the large pore volume (ranging in 0.79-0.88 cm>/g) and
specific surface area (in the range of 718-976 m2/g).

Both Zn- and Mg-modified MCM-41 silica materials employed in this
work are amorphous, and the silica inner pore surface are decorated
with ZnO (14.6 %wt) and MgO (6 %wt), respectively (Brezoiu et al.,
2019). For encapsulation, the extract which exhibited the best radical
scavenger activity, Cabernet Sauvignon grape pomace extract, and the
grape skins extract, obtained in the same conditions, were chosen.

The materials containing encapsulated extract were characterized
by thermogravimetric analysis, FTIR spectroscopy and nitrogen ad-
sorption-desorption isotherms. The thermogravimetric analysis was
applied to determine the content of polyphenolic compounds en-
capsulated into mesoporous silica-type matrices by considering the
weight loss up to 600 °C (Fig. 1). Based on thermogravimetric analyses
of encapsulated extracts, subtracting the physically adsorbed water
determined from mass loss suffered during samples outgassing in va-
cuum, the phenolic compounds content was in the range of 46.5-49.7%
wt, the highest value being for CS@Zn-MCM-41 sample (46.5%wt for
CS@Mg-MCM-41 and 48.2%wt for GS@MCM-41). The extract content
is well correlated with the total pore volume of the corresponding
MCM-41 silica-type matrix.

The nitrogen adsorption-desorption isotherms (Fig. 2) confirmed the
complete filling of support mesopores with polyphenolic compounds,
e.g., the remained pore volume of GS@MCM-41 sample being
0.08 cm®/g from 0.85 cm®/g of the corresponding MCM-41 support and
for CS@Mg-MCM-41 total pore volume being 0.08cm>/g from
0.79 cm®/g for Mg-MCM-41.

In the FTIR spectra of encapsulated extract (Fig. 3), one can notice
the vibration bands of both carrier and extract. The stretching vibra-
tions of C-H bonds (vc.y) in the 2850-2900 cm ™! region, the stretching
vibrations of G-O bond (1742 - 1744 cm ™ for polyphenolic extracts
and 1722 - 1746 cm ™ for extract-loaded materials), skeletal = C-O-C
vibrations (1522 cm ™! and 1520 cm ™! for extracts and 1531 cm ™! for
encapsulated extracts) specific to flavonoids (Favaro et al., 2018), as
well as C-N stretching vibrations were assigned to polyphenolic com-
pounds (Fig. 3 a, b, c and d) and the bands from 1096 cm ™}, 815em ™Y,
972cm ™!, and 470cm™! were attributed to the asymmetrical and
symmetrical stretching vibrations of Si-O-Si bonds, stretching
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700 Mg-MCM-41

o

—

(yr)

=

(3]

% 600

1]

S ]

- 500

2 rﬂuuﬂ“”' CS@Mg-MCM-41 _§

5 400-c =

2 ] MCM-41

® 300- ezt ;

[T

)

o 200

1= i

% 100+ GS@MCM-41

> 4
0 T T T T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0

PP,

Fig. 2. N, adsorption-desorption isotherms for GS@MCM-41 and CS@Mg-
MCM-41 samples in comparison with that of corresponding supports.

vibration, vassion, and bending vibration (8s;o.s;) of MCM-41 silica-
type carriers (Fig. 3 e and f).

3.3. Determination of free radical scavenger activity

The radical scavenger activity (RSA) of free and encapsulated ex-
tracts was assessed via DPPH method and compared with several
standard substances, which are found in all extracts, like, gallic acid
and trans-resveratrol. Three concentrations from the linearity domain,
which allowed the setting of a correlation equation for each tested
sample and IC 50% values (50% of DPPH free radical inhibition) were
established and the data are gathered in Table 3. Among extracts, CS
(Conv) exhibited the highest antioxidant capacity. It can be also seen
that the MW enhanced the antioxidant activity of grape skin extract
when compared with conventional extraction. However, all extracts
had lower radical scavenging capacity than tested standard compounds
(HPLC-grade), the best properties having quercetin (Table 3). To
compare the results obtained through DPPH assay and ABTS method,
calibration curves for Trolox in 0.05-1.25mM domain

Food and Chemical Toxicology 133 (2019) 110787

vC-H aliphatic ! .l !/

a  VeH aromatic I I

Transmittance (a.u.)

T T T T T T v T L T T T ! T
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™)

Fig. 3. FTIR spectra of CS extract (a), GS extract (Conv) (b), CS@Zn-MCM-41
(c), GS@MCM-41 (d); Zn-MCM-41 carrier (e) and MCM-41 support (f).

Table 3
Radical scavenging activity of phenolic extracts in comparison with that of
standard substances (DPPH assay).

Sample IC 50% (pg/mL) Correlation equation R?

CS (Conv) extract 812.67 y = 0.058*x + 3.022 0.9976
FN (Conv) extract 2271.69 y = 0.012*x + 23.210 0.9963
GS (Conv) extract 2176.07 y = 0.014*x + 18.608 0.9996
GS (MW) extract 1402.99 y = 0.027*x + 11.861 0.9916
Ascorbic acid 184.12 y = 0.251*x + 2.006 0.9917
Quercetin 105.02 y = 0.457*x + 2.008 0.9976
Gallic acid 175.34 y = 0.637*x + 2.008 0.9891
trans-Resveratrol 584.01 y = 0.078*x + 4.447 0.9982

(y = 51.701*x + 1.69, R*> = 0.9983 - DPPH method and
y = 79.298*x + 3.413R% = 0.9984 — ABTS assay) were settled. The
RSA values, expressed as Trolox equivalents per gram of extract, for
both DPPH and ABTS assays are listed in Table 1. The ABTS method led
to lower values for RSA for extracts, but the same trend among samples
was observed that could be explained by different mechanism of re-
active oxygen species generating in the DPPH and ABTS assays.

The antioxidant activity of extracts established by DPPH and ABTS
methods was in the range of 476.8-1332.8 umol TE/g extract and
419.51-918.9 umol TE/g extract, respectively (Table 1), higher than
that reported by Melo et al. for Chenin Blanc, Petit Verdot and Syrah
cultivars (191-540 umol TE/g extract and 218-653 umol TE/g extract
through DPPH and ABTS, respectively, assays) (Melo et al., 2015).
Rockenbach et al. reported RSA values in the range of
188.02-505.52 umol TE/g extract and 193.36-485.42umol TE/g ex-
tract using DPPH method and ABTS assay, respectively, the best activity
being obtained for Cabernet Saugvinon extract, which is lower than that
of our extract prepared from the same cultivar (Rockenbach et al.,
2011). Higher values for antioxidant activity by ABTS assay
(951-1013 pmol TE/g extract), comparing to ours, were obtained by Xu
et al. for Viognier and Cabernet Franc grape pomace extracts (Xu et al.,
2016).

Before the extract encapsulation in mesoporous silica-type matrices,
the antioxidant activity (DPPH assay) and total phenolics content were
re-evaluated because the properties of free extracts can be altered,
though the extracts were stored in the refrigerator. A decrease of the
total phenolics content (Table 4), mainly because of the reduction of
ascorbic acid content, which is known to be unstable in ethanolic so-
lutions (Hsu et al., 2012). Unexpected, the antioxidant activity of
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Table 4
Total phenolic and ascorbic acid contents, as well as antioxidant activity (DPPH assay) of chosen extracts before their encapsulation in silica-type matrices.
Extract TP (mg EAG/g extract) AA (mg AA/g extract) IC 50% (mg/mL) Correlation equation R?
CS (Conv.) 242.07 = 5.83 23.46 + 0.86 0.530 y = 23.287 + 50.429*x 0.9974
GS (Conv.) 181.63 + 2.24 15.30 = 0.03 2.176 y = 18.608 + 14.426*x 0.9996
100 Fig. 4. Radical scavenger activity for: free and en-
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Fig. 5. Cell viability at 24 h on HaCaT. Data are presented as mean * SD
(n = 3). * - p < 0.05 compared to control (untreated cells); #p < 0.05
compared to CS and ~p < 0.05 compared to GS free extract, respectively.

Cabernet Saugvinon extract increased in time, probably due to the
transformation of some compounds (by hydrolysis) in substances with
higher radical scavenger capacity. As result of degradation or poly-
merization processes, other phenolic compounds with high antioxidant
activity could be formed and thus compensate the decrease or loss of

some initial substances (Flores et al., 2014). Ascorbic acid might be
involved in generation of other phenolic compounds (for example
quercetin, catechin, etc.) with higher antioxidant capacity (Samra et al.,
2011). Although, the total polyphenols content decreased in time (Tsali
and Goula, 2018), it has generally found that the antioxidant capacity
could remain unchanged or increases slightly during storage in the case
of anthocyanin-based extracts (Flores et al., 2014; Bakowska-Barczaka
and Kolodziejczyk, 2011; Nayak et al., 2011; Hager et al., 2008).

The radical scavenger activity of materials containing encapsulated
extract (DPPH assay) was evaluated. Considering that mesoporous silica
exhibits a high porosity, being able to adsorb organic molecules (DPPH
radicals) and the weak interaction between a solid sample and radicals
from solution, firstly, the DPPH method was tested on commercial
MCM-41 silica. Thus, at set time intervals, 0.5h, 2h, 8 h and 24 h, the
contribution to the antioxidant capacity of MCM-41 silica was eval-
uated by UV-vis spectrometry having as control the degradation of
DPPH free radical ethanolic solution in the same conditions. It can
conclude that MCM-41 material has no radical scavenger activity when
compared with DPPH free radical degradation. For more details see
Supplementary Material (Fig. S3).

Fig. 6. Giemsa staining of the human keratinocytes:
A - Control, B — Cabernet Saugvinon extract, C —
encapsulated extract (CS@Zn-MCM-41 sample).
Scale bar: 50 um.
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Based on the conditions established for MCM-41 support, the anti-
oxidant activity of encapsulated extracts was assessed after 24 h of in-
cubation in DPPH ethanolic solution, in duplicate, and compared to that
of the free extract and corresponding support in the same amount as in
the sample-containing extract, using as control the degradation in time
of DPPH free radical solution. The radical scavenger activity de-
termined simultaneously for free and encapsulated phenolic extract
(free CS and encapsulated extract in Zn-MCM-41 and Mg-MCM-41, as
well as free GS extract, obtained by conventional extraction, and en-
capsulated in MCM-41 carrier) and along with that of corresponding
MCM-41 silica-type support in the presence of control are presented in
Fig. 4. One can notice that the encapsulated extracts preserved their
antioxidant activity almost constant in comparison with the free ex-
tracts whose radical scavenger capacity decrease in time (Fig. 4),
probably because they are prone to a faster degradation.

After at least one-month storage in the refrigerator (4°C), all en-
capsulated extracts showed higher radical scavenging activity than the
free extracts (Fig. 4), probably due to better stability when confined in
mesopores of silica-type matrix, although all supports did not exhibit
antioxidant capacity. The best results, in terms of enhanced radical
scavenger properties when compared encapsulated and free extract,
were obtained for CS@Zn-MCM-41 sample. Hence, the extract en-
capsulation helps to preserve beneficial properties of phytochemicals.

3.4. In vitro cytocompatibility evaluation

The in vitro cytocompatibility of CS and GS extracts free and en-
capsulated in mesoporous silica matrices modified with zinc oxide, Zn-
MCM-41, or magnesium oxide, Mg-MCM-41 was tested on human
normal keratynocytes, HaCaT cells, using MTT assay to assess the me-
tabolic activity of cells after 24 h. Human keratinocytes represent a
clinically relevant type of cell line due to the potential applications of
proposed systems, e.g., dermato-cosmetics or nutraceuticals. In order to
design cosmetics formulation, the direct contact with the skin cells re-
presents a first step in assessing their safety and biocompatibility.

MTT results showed high cytocompatibility, similar (GS) or higher
(CS) when compared to control, in correlation with the antioxidant
capacity. The cell viability was dependent on type of functionalization
of the MCM-41 carrier. While ZnO modification of MCM-41 support
slightly reduced percentage of viable cells (94 = 3%) when compared
to control, MgO functionalization of silica significantly lowered the
percentage of viable cells (69 + 6%) (Fig. 5). Nevertheless, the en-
capsulation of the CS extract into silica-type matrices showed beneficial
effect on keratinocytes viability, 99 +* 4% for CS@Zn-MCM-41 and
83 *+ 7% in the case CS@Mg-MCM-41. When compared to the com-
mercial MCM-41, Zn-MCM-41 exhibited an increase in cell viability,
while GS extract encapsulation in MCM-41 maintained a good cyto-
compatibility (85 = 3%).

The most promising samples, CS free and encapsulated into Zn-
MCM-41 matrix, were also evaluated with regards to the Giemsa
stained cell morphology. Normal cuboidal morphological phenotype
was maintained for the cell monolayer treated with free or encapsulated
extract, similar to the control, untreated keratinocytes (Fig. 6). The
enhancement of cell proliferation could be linked to the polyphenolic
content, beneficial effects being already reported, mainly due to their
antioxidant properties (Dzialo et al., 2016). Phenolic compounds
showed skin cell renewal potential on dermal fibroblasts, while grape
pomace phenolic compounds (gallic and caftaric acid, trans-resveratrol)
were recommended to stimulate extracellular matrix synthesis. Witte-
nauer et al. proposed the crude pomace phenolic content as useful in
cosmetic formulations based on the inhibitory effect on matrix me-
talloproteinases, with the gallic acid as the strongest effector
(Wittenauer et al., 2015). Moreover, ascorbic acid was described as cell
proliferation promoter of mesenchymal stem cells and fibroblasts pro-
liferation (Phillips et al., 1994; Fujisawa et al., 2018), endorsing in vitro
cell growth and collagen synthesis.
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4. Conclusions

Several polyphenolic extracts in absolute ethanol using grape po-
mace of two cultivars, Cabernet Sauvignon and Feteasca Neagra from
Black See region (Romania), as well as commercially available grape
skin powder were prepared by conventional or MW extraction at 80 °C.
Concerning the chemical profiling, myricetin was identified in both
extracts prepared from grape pomace, pelargonidin chloride in CS ex-
tract while gallic acid, vanillic acid, syringic acid, protocatechuic acid,
(—) epicatechin, and trans-resveratrol were found in all extracts. Rutin
hydrate is also present in all extracts, except the FN extract. The highest
radical scavenger activity was determined for CS extract, possibly be-
cause of the highest ascorbic acid content and total flavonoids amount
expressed as quercetin equivalents. Also, a higher antioxidant capacity
of GS extract was observed when MW extraction was applied in com-
parison with that of the extract prepared from the same source through
conventional extraction.

To mitigate the extracts degradation, they were encapsulated in
MCM-41-type silica matrices. The encapsulated CS extract into Zn-
MCM-41 and Mg-MCM-41 mesoporous silica carriers and GS extract in
commercial MCM-41 silica matrix showed an enhanced radical sca-
venger activity than the corresponding free extract, assessed by DPPH
method developed for solid samples. The stability of free and en-
capsulated extracts was evaluated by determination of radical sca-
venger activity in time. The encapsulated extracts exhibited almost the
same antioxidant capacity up to 5 months, while the free extracts
showed a decrease of their activity in time, which could be seen as a
degradation. A comparison of chemical profiling for free extracts
freshly prepared and stored for several months was done using HPLC
analysis.

The cytocompatibility tests performed on HaCaT keratinocyte
human cell line demonstrated a very good cytocompatibility for the CS
and GS extracts, especially for CS that stimulated cell proliferation. The
best results were obtained for encapsulated extract into Zn-MCM-41
matrix, which exhibited good cytocompatibility making it a good can-
didate for cosmetic or nutraceutical formulations.
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