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ENHANCED STABILITY OF POLYPHENOLIC EXTRACTS
FROM GRAPE POMACE ACHIEVED BY EMBEDDING INTO
MESOPOROUS SILICA-TYPE MATRICES
Ana-Maria BREZOIU 1, Daniel LINCU 1,2, Mihaela DEACONU 1, Raul-Augustin
MITRAN 2, Daniela BERGER 1, Cristian MATEI 1
We report the embedding of Cabernet Saugvinon polyphenolic ethanolic
extracts prepared by conventional or microwave-assisted (MW) extraction into
MCM-41-type mesoporous silica (modified with MgO, ZnO or CeO2) with enhanced
stability and good radical scavenger activity. The chemical profiling of polyphenolic
extract was assessed through RP-HPLC. Polyphenolic extract prepared by MW
extraction exhibited higher radical scavenger activity (717.69 and 812.14 µmol
TE/gextract) in comparison with the conventional one (465.76 and 326.74 µmol
TE/gextract) determined by DPPH method and ABTS assay, respectively. The
embedded extracts into mesoporous silica-type matrices showed enhanced radical
scavenger properties than the free ones after six months storage in refrigerator.

Keywords: grape pomace, microwave-assisted extraction, polyphenolic extract,
embedded extract, mesoporous silica
1. Introduction
Grape pomace is an important residue from the winery industry
representing about 20-25% of processed grapes [1]. The exploiting of this byproduct could reduce environmental impact of its incineration during the
harvesting season [2]. Due to a high content of polyphenols, it can be valorized in
polyphenolic extracts with applications in several domains like nutraceuticals,
pharmaceutical or cosmetic products, as well as in the food industry [3-4].
However, the use of extracts is related to the preservation of their stability,
bioactivity and bioavailability [5].
Firstly, it is important to obtain polyphenolic extracts with high amount of
valuable compounds, which can be obtained either by conventional extraction [68] or processes assisted by auxiliary energies like microwaves (MW) [6, 9, 10] or
ultrasounds [11-13]. The polyphenols supercritical extraction is not feasible
because of the high cost and non-polar nature of common supercritical solvents
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[14]. However, some papers reported the supercritical CO2 extraction adding
ethanolic-water mixture to increase the solvent polarity [15- 19]. Another
possibility is to use pomace as a source of seeds from which valuable compounds
such as oils and fatty acids can be extracted in the presence of non-polar solvents
like hexane [20].
The polyphenols stability is drastically affected by epimerization, autooxidation or modification of polyphenols hydroxyl group (e.g. esterification or
alkylation reactions) [21]. Epimerization products, which occur during heat
treatments, can present either higher or lower radical scavenging activity than the
compounds from which they come depending on the studied systems [22].
Polyphenolic compounds are prone to oxidation reactions in presence of oxygen
when the hydroxyl groups in ketone form are not able to donate hydrogen atoms,
thus the polyphenolic compound stability decreases with the increase of hydroxyl
groups number [23].
The stability of different polyphenols could be assessed through several
accelerated degradation methods based on thermal treatment, microwave
irradiation or pH variation. For example, rutin solution is degraded 10% and 50%
weight loss when heated at 70 °C and 90 °C, respectively, or completely at 130 °C
[24]. Gallic and vanillic acid solutions are stable up to 80 °C, catechin solution
starts to decompose at 60 °C [25], while protocatechuic acid is very stable when
heated in water at high temperature (up to 200°C) [26]. MW-irradiation of
polyphenols led to more pronounced degradation of flavonoids in comparison
with phenolic acids. For instance, the synaptic and ferulic acid methanolic
solutions content decreased with 21-23% and 31-35%, respectively, when MW
power is in the range of 460 - 700 W [27]. Myricetin and trans-resveratrol
solutions undergo first-order degradation in base medium [28]. However,
myricetin is stable under UV irradiation in the presence of other antioxidants,
which makes it suitable for topical applications [29].
To increase the stability of polyphenolic extracts, several nanocarriers
could be used for their encapsulation. Recently, we reported enhanced stability of
grape pomace extract embedded in mesoporous MCM-41-type silica pristine and
modified with ZnO or MgO [30]. Herein, we report the chemical profile of
ethanolic polyphenolic extracts from Cabernet Sauvignon grape pomace prepared
by both MW and conventional treatment for each extraction stage. For the first
time, a polyphenolic extract from grape pomace prepared by MW irradiation was
embedding in mesoporous silica-type matrices. We compared the stability of
embedded and free extracts prepared by both methods. For encapsulation of
polyphenolic extracts, we chose mesoporous MCM-41-type silica modified with
ZnO, MgO and CeO2.
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2. Experimental
2.1. Materials
All the reagents, sodium carbonate (Na2CO3), potassium persulphate
(K2S2O8), 36.5–38%(wt) hydrochloric acid (Sigma), ethanol (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), vanillic acid (TCI,>98%, GC-grade), caﬀeic acid
(Sigma, 98%, HPLC-grade), syringic acid (Molekula,>98.5%), (−) epicatechin
(TCI,>98%, HPLC-grade), quercetin (Sigma,>95%, HPLC-grade), rutin hydrate
(Sigma, 95%, HPLC-grade), chlorogenic acid (HWI group, primary reference
standard), trans-p-coumaric acid (Sigma Aldrich, analytical standard), myricetin
(Sigma,>96%, HPLC-grade), rosmarinic acid (Sigma,>98%, HPLC-grade), transresveratrol (Sigma Aldrich, certiﬁed reference material), kaempferol
(Sigma,>97%, HPLC-grade), cyanidin chloride (Sigma,>95%, HPLC-grade),
malvidin chloride (Sigma Aldrich,>95%, HPLC), pelargonidin chloride (Aldrich)
and delphinidin chloride (Sigma Aldrich, analytical standard), solvents like
ethanol, acetonitrile (ACN), formic acid, and for radical scavenger activity
determination, 2,2-diphenyl-1-picrylhydrazyl (DPPH, Sigma Aldrich), 6-hydroxy2,5,7,8-tetramethylchroman-2-carboxylic acid (Trolox, Aldrich, 97%) and 2,2'azino-bis (3 ethylbenzothiazoline-6-sulphonic acid) (ABTS, Sigma Aldrich). The
Cabernet Sauvignon grape pomace is from the Black Sea Region (Murtfatlar) and
ascorbic acid powder was 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 Cabernet Sauvignon grape
pomace
The ethanolic polyphenolic extracts were prepared from a fermented red
grape pomace from the Black Sea region (Cabernet Sauvignon, CS), obtained
after the winemaking process in 2017, using either microwave-assisted (MW) or
conventional (Conv) extraction. The polyphenols conventional extraction was
performed by mixing the vegetal material with absolute ethanol at room
temperature overnight, followed by a reflux heating in three stages of 1h (vegetal
material/ethanol ratio of 1/6 (w/v) in each extraction stage), under constant
magnetic stirring, intermediate filtration and solvent replacement and then
ethanolic extracts were stored separately.
The MW extraction was carried out on a Sairen Miniflow 200SS
microwave reactor using the grape marc and absolute ethanol in the same vegetal
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material/solvent ratio as in the case of the conventional extraction, in three stages
at 80°C/15 min. using a MW power of 35 W (average reflected power of 1 W)
with intermediate filtration, solvent replacement and then extracts were stored
separately. The polyphenolic extracts or fractions were dried under vacuum until a
constant mass, and then re-dissolved in absolute ethanol.
2.3. Characterization of phenolic extracts
Polyphenolic extracts were characterized by several spectrophotometric
methods (Shimadzu UV-1800) to determine total polyphenols, ascorbic acid,
flavonoids, as well as anthocyanin contents, while the extract composition was
assessed using high performance liquid chromatography with photodiode array
detector, HPLC-PDA (Shimadzu Nexera 2). The description of the
spectrophotometric methods and HPLC analysis were previously reported in our
paper [6].
2.4. Encapsulation of polyphenolic extract into mesoporous silica-type
nanocarriers
As supports for encapsulation of polyphenolic extracts, MCM-41-silica
materials modified with either ZnO, MgO or CeO2 were used. We reported the
synthesis and the features of employed supports elsewhere [30].
The materials containing polyphenolic extract were prepared by incipient
wetness impregnation method using overall extracts obtained from CS grape
pomace by either conventional extraction or MW irradiation. In brief, the
ethanolic polyphenolic extract was mixed with silica-type matrix, previously
outgassed at 110 °C for 12 h and the resulted suspension was dried under vacuum
for 6 h. The embedded extracts were denoted extract@carrier.
2.5. Characterization of materials containing polyphenolic extract
The samples containing embedded polyphenolic extract were
characterized by infrared spectroscopy, thermogravimetric analysis coupled with
differential thermal analysis, nitrogen adsorption-desorption isotherms, scanning
differential calorimetry, and assessment of radical scavenger properties using
DPPH assay. The FTIR spectra were recorded in 4000–400 cm−1 range on a
Bruker Tensor 27 spectrophotometer (KBr pellets technique) to confirm the
organic molecules adsorption. The thermogravimetric analyses (TG) was
performed to determine the number of polyphenolic compounds embedded into
silica-type matrices using a Mettler Toledo GA/SDTA851e at a scan rate of 10
°C/min, under synthetic air flow. Differential scanning calorimetry analyses
(DSC), heating-cooling cycles, were performed to assess the free extracts stability
on Mettler Toledo DSC 3+ at a scan rate of 5°C/min under nitrogen flow, using
pierced crimped aluminum pans.
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Nitrogen adsorption-desorption isotherms were recorded at the 77 K on a
QuantachromeAutosorb iQ2 gas sorption analyzer. Prior to the isotherms
recording, the materials containing embedded extract were outgassed at 35 °C for
17 h. The specific surface area values, SBET, were computed based on the
Brunauer-Emmett-Teller method in the relative pressure range of 0.05–0.25 and
the total pore volume was determined for a relative pressure, p/p0, of 0.99.
2.6. Determination of free radical scavenging activity
The radical scavenger activity (RSA) of polyphenolic extracts was assessed
by both DPPH and ABTS assays and that of materials containing embedded
extract through DPPH method. The detailed procedures for each determination are
presented elsewhere [6]. Briefly, the material containing embedded extract was
tested in comparison with the corresponding support and the free extract in the
same concentration as in the composite material, having as control the inherent
degradation of DPPH free radical solution after 24 h. The experiments were
carried out in closed containers and kept on an orbital shaker in dark conditions.
Afterwards, aliquots of samples containing composite material, support, extract or
DPPH-free radical solution were withdrawn, centrifugated for 10-15 minutes in
the case of suspensions and then the solution absorbance was measured at 517 nm.
3. Results and discussion
3.1. Characterization of polyphenolic extracts
Lately, it was observed an interest in using by-products from industry, these
raw materials being cheap and valuable for developing products containing
phytochemicals. Regarding grape pomace, it was intensively studied the recovery
of polyphenols [6, 14, 16, 31-36], flavonoids [6, 31, 33, 34] or anthocyanin
monomeric pigments [6, 32, 33] by extraction. In this study, the Cabernet
Sauvignon grape marc from the Black Sea region (Murtfatlar, Romania) was used
to prepare polyphenolic extracts either by conventional or MW-assisted
extraction.
A comparison between the number of polyphenols recovered in each stage
of MW-treatment (Fig. 1-A) and conventional extraction can be observed in Fig.
1A and B. The microwave treatment enhanced the polyphenols content obtained
in the first extraction stage, while the conventional treatment led to a higher
amount of polyphenolic extract compared to the dry weight of grape marc.
The ethanolic extracts were analyzed using spectrophotometric methods like
total polyphenols (Fig. 2A) and ascorbic acid (Fig. 2B) using Folin-Ciocalteu
reagent, total flavonoids by AlCl3 complexation (Fig. 2C), as well as total
anthocyanin monomeric pigment content (Fig. 2D).
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Fig. 1. Polyphenols amount in each extraction stage for A- MW and B-conventional extracts

Fig. 2. Spectrophotometric determination of A- total polyphenols (as gallic acid equivalents,
GAE), B- ascorbic acid, C- total flavonoids (as rutin hydrate equivalents, RE), D- total
anthocyanins (by extinction of cyanidin-3-glycoside method, CGE) and E- radical scavenger
activity (as Trolox equivalents, TE)
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The total polyphenols (TP) content was evaluated as gallic acid equivalent
at both 765 nm (y=0.00945*x+0.017; R2=0.9995) and 650 nm
(y=0.00965*x+0.013; R2=0.9998) wavelengths and provided as an average value
of four replicates (Fig. 2A). Using the standard curve for gallic acid, the TP
content was determined, and from the obtained values were subtracted the amount
of ascorbic acid (Fig. 2B) to obtain the corrected values for total polyphenols
content, considering that ascorbic acid is a very well-known interfering compound
in the Folin-Ciocalteu assay [37]. From the values for TP content for both
microwave and conventional extracts, one can observe that the highest amount is
obtained in the first stage of extraction. Also, it can be noticed that the overall
extract obtained by microwave-assisted extraction present higher amount of TP in
comparison with the conventional one.
The total flavonoids (TF) content was determined as rutin hydrate
equivalents (RE) in duplicate being assessed based on a standard curve
established at 430 nm (y=0.04074*x, R2=0.9991). For extracts (0.5 mg/mL), the
solution absorbance was read at the maximum absorption wavelength, at around
420 nm, and the obtained values are presented in Fig. 2C. A higher content of TF
was identified for the extract prepared by MW irradiation either in each extraction
stage or in overall extract in comparison with that of the conventional one.
The total anthocyanin monomeric pigment (TA) content was assessed
according to the procedure described by Lee [38] based on the molar extinction
coefficient of cyanidin-3-glycoside (denoted CGE) and its corresponding molar
weight. The TA values are presented in Fig. 2D as an average of two
measurements, being similar for both overall extracts.
Concerning the radical scavenging activity (RSA) of the extracts, both
DPPH assay and ABTS method were applied using the calibration curves for
Trolox in 0.010-0.300 mg/mL concentration domain by plotting the RSA (%)
against Trolox concentration (y=178.2*x+1.69, R2=0.9983 - DPPH method and y
= 79.298*x + 3.413 R2=0.9984 – ABTS assay). The RSA values as Trolox
equivalents per gram of extract, for both DPPH and ABTS assays are presented in
Fig. 2E. The ABTS method led to lower values for RSA, but the same trend
among samples was observed that is consistent with literature. Previously, ABTS
assay was considered a better method than DPPH to estimate antioxidant capacity
[39]. Higher values of RSA by both ABTS and DPPH were observed in the case
of MW extract in comparison with the conventional one (Fig. 2E).
The RP-HPLC-PDA analysis was performed for phenolic compounds
identification and quantification in extracts considering their retention time and
UV spectra against that of standard substances. For HPLC analysis, a C18
stationary phase (reverse phase) was chosen being already proven to be efficient
for the separation of polyphenolic compounds. Up to nine substances of the
available standard compounds were identified in the extracts (Table 1). The
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chromatograms of CS(MW) and CS(Conv) extracts are presented in Fig. 3 and
Fig. 4, respectively.

1- gallic acid; 2- protocatechuic acid; 3- catechin
hydrate; 4- vanillic acid; 5- syringic acid; 6- (-)
epicatechin; 7- pelargonidin chloride; 8- myricetin;
9- trans-resveratrol;

1- gallic acid; 2- protocatechuic acid; 3- catechin
hydrate; 4- vanillic acid; 5- syringic acid; 6- (-)
epicatechin; 7- pelargonidin chloride; 8- myricetin;
9- trans-resveratrol;

1- gallic acid; 2- protocatechuic acid; 3- vanillic acid;
4- syringic acid; 5- (-) epicatechin; 6- pelargonidin
chloride; 7- myricetin;

1- gallic acid; 2- protocatechuic acid; 3- vanillic acid;
4- syringic acid; 5- (-) epicatechin; 6- pelargonidin
chloride; 7- myricetin; 8- trans-resveratrol;

Fig. 3. HPLC-PDA chromatogram at 279 nm of extracts from A- CS(MW)- Fraction I, BCS(MW)- Fraction II, C- CS(MW)- Fraction III and D- CS(MW)
Table 1.
Phenolic compounds identification and quantification by reverse-phase - HPLC-PDA
Concentration in extract (mg/g)
Standard
substances
Gallic acid
Protocatechuic
acid
Catechin hydrate
Vanillic acid
Syringic acid

CS(MW)
- Fr I

CS(MW)
- Fr II

CS(MW)
- Fr III

CS
(MW)

CS(Conv)
– Fr I

CS(Conv)
– Fr II

CS(Conv)
– Fr III

CS
(Conv)

0.927 ±
0.000
0.400 ±
0.001
0.136 ±
0.005
0.315 ±
0.001

0.544 ±
0.004
0.211 ±
0.000
0.084 ±
0.001
0.175 ±
0.000

0.220±
0.005
0.073 ±
0.001

0.719±
0.002
0.297±
0.003

0.327 ±
0.001
0.131 ±
0.001

0.247 ±
0.000
0.089 ±
0.000

0.447 ±
0.006
0.192 ±
0.001

n.d.

n.d.

n.d.

n.d.

n.d.

0.067 ±
0.002

0.232±
0.002

0.706 ±
0.001
0.313 ±
0.001
0.072 ±
0.001
0.237 ±
0.001

0.106 ±
0.001

0.072 ±
0.000

0.146 ±
0.001

1.768 ±

1.004 ±

0.349 ±

1.374±

1.399 ±

0.605 ±

0.389 ±

0.843 ±
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(-) Epicatechin
Pelargonidin
chloride
Myricetin
transresveratrol

0.002

0.001

0.001

0.022

0.001

0.001

0.001

0.021

1.555 ±
0.002
0.836 ±
0.001
0.132 ±
0.000
0.020±
0.000

0.962 ±
0.001
0.609 ±
0.002
0.090 ±
0.000
0.015 ±
0.000

0.479 ±
0.001
0.281 ±
0.004
0.047 ±
0.001

0.913±
0.006
0.256±
0.004
0.107±
0.003
0.010±
0.000

0.941 ±
0.001
0.433 ±
0.001
0.094 ±
0.000
0.020 ±
0.001

0.487 ±
0.002
0.193 ±
0.001
0.051 ±
0.001
0.014 ±
0.001

0.396 ±
0.002
0.095 ±
0.007
0.046 ±
0.000
0.020 ±
0.000

0.491 ±
0.003
0.049 ±
0.001
0.063 ±
0.002
0.013 ±
0.001

n.d.

1- gallic acid; 2- protocatechuic acid; 3- catechin
hydrate; 4- vanillic acid;5- syringic acid; 6- (-)
epicatechin; 7- pelargonidin chloride; 8- myricetin;
9- trans-resveratrol;

1- gallic acid; 2- protocatechuic acid; 3- vanillic acid;
4- syringic acid; 5- (-) epicatechin; 6- pelargonidin
chloride; 7- myricetin; 8- trans-resveratrol;

1- gallic acid; 2- protocatechuic acid; 3- vanillic acid; 1- gallic acid; 2- protocatechuic acid; 3- vanillic acid;
4- syringic acid; 5- (-) epicatechin; 6- pelargonidin
4- syringic acid; 5- (-) epicatechin; 6- pelargonidin
chloride; 7- myricetin; 8- trans-resveratrol;
chloride; 7- myricetin; 8- trans-resveratrol;
Fig. 4. HPLC-PDA chromatogram at 279 nm of extracts from A- CS(Conv)- Fraction I, BCS(Conv)- Fraction II, C- CS(Conv)- Fraction III, and D- CS(Conv)

Considering the distribution of polyphenolic compounds in the extracts from
different stages, one can observe that the first fraction presents the highest
polyphenolic content. The microwave-assisted extraction determined a higher
polyphenolic amount of the overall extract in comparison with the conventional
treatment, except trans-resveratrol, which was more in the conventional extract.
Catechin hydrate was identified only in the first two fractions obtained by MW
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irradiation and in the first fraction prepared by conventional method. Also, one
can notice a decrease of anthocyanidin content in both overall extracts in
comparison with each fraction, which proved the free anthocyanin instability
[40,41].
3.2. Characterization of materials-containing encapsulated extract
Based on silica widely use in food industry (as a flavor carrier or a
clarifying agent) or in cosmetics (as nanoparticles in products for skin, nails, hair
or lips) [42], we proposed three types of mesoporous silica-type materials,
MCM-41 decorated with amorphous ZnO (14.6 %wt; Zn-MCM-41) or MgO (6
%wt; Mg-MCM-41), as well as crystalline nanoparticles of CeO2 (9.9 %wt; CeMCM-41) as supports for embedding the polyphenolic ethanolic extracts. The
mesoporous matrices have high capacity to accommodate organic molecules due
to their large pore volume (0.47-0.88 cm3/g) and specific surface area (510 - 796
m2/g). The textural parameters determined from nitrogen adsorption-desorption
isotherms for the mesoporous supports were listed in Table 2. For encapsulation
were used both CS(Conv) and CS(MW) overall extracts to study the influence of
extraction technique on the properties of embedded extracts.

Fig. 5. TG-DTA analyses for CS(Conv) and CS(MW) free extracts dried in vacuum (A) and
embedded in Zn-MCM-41 support (B), Mg-MCM-41 (C) and Ce-MCM-41 matrices (D)
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The samples containing extract were characterized by thermal analysis
(TG-DTA) for determination of the phenolic compounds content, FTIR
spectroscopy, which emphasized the presence of organic compounds into silicatype supports and nitrogen adsorption-desorption isotherms to verify if the
mesopores of silica support are completely filled with extract components. Based
on thermogravimetric analyses of materials containing embedded extracts (Fig. 5),
the phenolic compounds content was determined by considering the total weight
loss up to 600°C, after subtraction of physically adsorbed water molecules,
corresponded first endothermic event (Fig. 6). In the case of conventional CS
extract, the polyphenolic content was in the range of 30.5–32.3 %wt, the highest
value being obtained in the case of CS(Conv)@Ce-MCM-41 sample, while for the
materials containing MW extract, the phytocompounds amount ranged from 37.5
to 40.0 %wt (Table 2).
The differential scanning calorimetry recorded on vacuum dried extracts
showed stability up to 150°C. The residual solvent evaporation can be noticed
during the first heating cycle for both extracts between 25 – 100 ⁰C.

Fig. 6. DSC analysis for CS(MW) (A) and CS(Conv) (B) free extracts dried in vacuum,
showing the 1st, 2nd and 3rd heating – cooling cycle

This endothermic effect is greatly reduced during the 2nd heating run, and
it is absent during the 3rd cycle, indicating complete solvent removal. Two types
of reversible transformations can also be noticed at -7 ⁰C and between 15 – 50 ⁰C,
which do not affect the extracts stability.
The nitrogen adsorption-desorption isotherms confirmed the complete
filling of support mesopores with organic compounds, the remained pore volume
being negligible (Table 2).
In the FTIR spectra of embedded extract (Fig. 6f-h), one can notice
vibrations specific to both carrier and extract.
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Table 2.
Textural features of embedded extracts and for the corresponding supports
Support

dBJH
(nm)

SBET
(m2/g)

Vp
(cm3/g)

Zn-MCM-41

2.66

796

0.88

Ce-MCM-41
Mg-MCM41

2.66
2.67

510
718

0.47
0.79

Embedded extract

extract
(%wt)

Vp (cm3/g)

CS(MW)@Zn-MCM-41

37.5

0.035

CS(Conv)@Zn-MCM-41

31.5

-

CS(MW)@Ce-MCM-41

38.4

-

CS(Conv)@Ce-MCM-41

32.3

-

CS(MW)@Mg-MCM-41
CS(Conv)@Mg-MCM41

40.0

0.080

30.5

0.080

The stretching vibrations of C-H bonds (νC-H) in the 2840-2940 cm-1
region, the stretching vibrations of C-O bond (1733-1734 cm-1 for polyphenolic
extracts and 1733-1754 cm-1 for extract-loaded materials), skeletal =C-O-C
vibrations (1522 cm-1 and 1529 cm-1 in the extracts and 1530 cm-1 for
encapsulated extracts) specific to flavonoids [7], as well as C-N stretching
vibrations, were assigned to polyphenolic compounds (Fig.7 a and b) and the
bands from 1096 cm-1 and 815 cm-1 were attributed to the asymmetrical and
symmetrical stretching vibrations of Si-O-Si bonds and the bands from 972 cm-1
and 470 cm-1 to νasSi-OH and δSi-O-Si, respectively, that belong to the silica-type
carriers (Fig. 7 c-e).

Fig.7. FTIR spectra of CS(Conv)(a), CS(MW)(b), Ce-MCM-41(c), Zn-MCM-41(d), MgMCM-41(e), CS@Ce-MCM-41(f), CS@Zn-MCM-41(g) and CS@Mg-MCM-41(h)

3.3. Determination of free radical scavenger activity
The radical scavenger activity (RSA) of free and embedded extracts was
assessed via DPPH method. Three concentrations from the linearity domain,
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which allowed the setting of a correlation equation for each tested sample and
IC50% values (50% of DPPH free radical inhibition) were established and the
data are listed in Table 3. The MW extract exhibited the highest radical
scavenging capacity (Table 3).
The radical scavenger capacity of overall extracts determined by DPPH
and ABTS methods was in the range of 465.76-717.69 µmol TE/g extract (89.86–
111.93 µmol TE/g marc) and 326.74–812.14 µmol TE/g extract (63.04–126.66
µmol TE/g marc), respectively, similar to the ones reported by Ben Aziz et al. for
grape pomace extract from CS, determined by DPPH assay (120 µmol TE/g marc)
[43] and lower than that reported by Melo et al. for Chenin Blanc, Petit Verdot
and Syrah cultivars (191-540 μmol TE/g marc and 218-653 μmol TE/g marc
through DPPH and ABTS assays, respectively) [35], or reported by Xu et al. by
ABTS assay (951-1013 μmol TE/g extract) for extracts prepared from Viognier
and Cabernet Franc grape pomace [33]. Rockenbach et al. reported RSA values
ranging from 188.02 to 505.52 μmol TE/g marc and from 193.36 to 485.42 μmol
TE/g marc using DPPH method and ABTS assay, respectively, the best activity
being obtained for Cabernet Sauvignon extract [34].
The radical scavenger activity of embedded extracts was assessed after 24
h of incubation in DPPH free radical solution, in duplicate, and compared to that
of the free extract and corresponding support in the same amount as in the samplecontaining embedded extract, using as control the degradation in time of the
DPPH free radical solution.
Table 3.
Radical scavenging activity of phenolic extracts (DPPH assay).
Sample
IC50% (mg/mL) Correlation equation
R2
CS(Conv)
2.325
y=21.060*x+1.024
0.9950
CS(Conv)- Fr I
1.858
y=25.863*x+2.002
0.9999
CS(Conv)- Fr II
2.683
y=15.355*x + 8.794
0.9940
CS(Conv)- Fr III
4.248
y=11.182*x + 2.498
0.9971
CS(MW)
1.509
y=32.030*x + 1.660
0.9930
CS(MW)- Fr I
1.110
y=43.900*x + 1.670
0.9999
CS(MW)- Fr II
2.043
y=24.035*x + 0.880
0.9940
CS(MW)- Fr III
6.285
y=6.675*x + 8.045
0.9931

The radical scavenger capacity determined simultaneously for free and
embedded phenolic extract (conventional or microwave CS extract free and
embedded in Zn-MCM-41, Mg-MCM-41, and Ce-MCM-41) and along with that
of corresponding mesoporous support in the presence of control are shown in Fig.
8.
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Fig. 8. Radical scavenger activity for: (A) free and embedded CS(MW) extract in Zn-MCM-41,
Mg-MCM-41 and Ce-MCM-41matrices and (B) free and entrapped CS(Conv) extract in ZnMCM-41, Mg-MCM-41 and Ce-MCM-41 supports; after 24 h incubation in comparison with the
corresponding MCM-41-type support using DPPH free radical solution degradation as control

One can notice that embedded extracts preserved their radical scavenging
activity almost constant, while that of the free extracts decreased in time (Fig. 8),
probably because they are prone to a faster degradation. Also, it can be observed
that the MW extract both free and embedded in silica-type supports present higher
radical scavenger activity than that of conventional extract.
After six months of storage in the refrigerator (4-6 °C), all embedded
extracts showed higher radical scavenging activity than that of free extract (Fig.
8), probably due to better stability when confined in mesopores of silica-type
matrix, although all supports did not exhibit significant activity. The best results,
in terms of preserved radical scavenger properties, were obtained for
CS(MW)@Zn-MCM-41 and CS(Conv)@Zn-MCM-41 materials. Hence, the
embedding of extract into a mesoporous silica-type matrix helps to preserve the
radical scavenger activity of phytocomponents.
4. Conclusions
Two ethanolic polyphenolic extracts from Cabernet Sauvignon cultivar
were prepared by either MW-assisted extraction or conventional treatment.
Regarding the chemical profiling of extracts, high amounts of polyphenols and
flavonoids were identified, an enhanced amount being obtained in the case of MW
irradiation. As expected, the highest number of polyphenols for both extracts was
identified in the first extraction stage. The MW extract exhibited better radical
scavenger activity explained by its higher content of polyphenols than that of the
conventional extract.
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The embedding of MW extract prepared into mesoporous silica-type
supports led to a better preservation of phytocomponents radical scavenger
activity than that of free extracts stored for six months in the same conditions. The
best results for radical scavenging activity were obtained for extracts embedded in
Zn-MCM-41 support, which can be used for developing of nutraceutical
formulations with good stability.
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