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Due to the high content of polyphenols (strong natural antioxidants),
grape skin extracts are a great alternative for artificial
antioxidants used in polymers. By FT-IR spectroscopy and UVVIS spectrophotometry it could be indentified not only the
presence of these compounds in the extracts, but information was
obtained about polyphenols stability to temperature. By FT-IR
spectroscopy there have been observed aromatic structures and
phenolic OH group characteristic for polyphenols. To identify
the phenolic compounds by UV-VIS spectrophotometry, there
have been released studies on grape extracts at the wavelengths
280, 252, 286 and 304 nm.

INTRODUCTION*
The polyphenolic compounds from grapes are
of particular interest for various fields, especially
for medicine.1 Various medical studies have shown
the positive effect of these compounds to cure
breast cancer 2, cardiovascular diseases.3,4 Also, it
has been demonstrated that these compounds have
anti-inflammatory, anti-aging and antibacterial
properties.5
Another
important
aspect
related
to
polyphenolic compounds is their role of
antioxidants.5 This important feature can open new
*
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applications of polyphenols in polymer
stabilization.6
In medicine, classical polymers are widely used
(polyethylene,7
polypropylene8),
but
also
biodegradable polymers have many applications
(polylactic acid,9 gelatin,10 starch11).
By introducing polyphenolic compounds in
biodegradable polymers, for example, in gelatin, it
could increase the lifespan of the pills made from
this material with minimum risk for health.
A very important source of polyphenolic
compounds is represented by grapes. The grape
skins, compared to other parts of the grapes, seem
to have the most perspectives, because it arrives as
waste in the food industry. The importance of skin
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is given by the high resveratrol content in this5,12
and by lower sugar content than in other parts of
the grapes.13
After extraction of grape skin with various
solvents, it can result extracts containing a very
important part of polyphenolic compounds from
this. In general, alcohol-water based solvents are
the best, because they give high extraction yields,
especially in volume ratio of 70:30 and 80:20.3
There are many analytical techniques that can
be applied in examination of polyphenols content
from the extracts, but due to cost, longer time of
analysis and preparation of the samples, they
cannot be fully used even in the wine industry (ex.
HPLC). As an alternative for this purpose, it can be
used
FT-IR
spectroscopy
and
UV-VIS
spectrophotometry.14,15
By combining these techniques, it can be made
a very detailed study of the extracts based on their
behavior to light, providing data on a wide
spectrum between 200 nm (50000 cm-1) and 25000
nm (400 cm-1).
In this study, the skin extracts of five types of
grapes (MOLDOVA, COARNA NEAGRA,
MUSCAT
HAMBURG,
CAPSUNICA,
TAMAIOASA NEAGRA) were analyzed by UVVIS spectrophotometry and by FT-IR spectroscopy
to identify the richer source in polyphenolic
compounds for possible use of extracts as
antioxidants in polymers.
EXPERIMENTAL
1. Sample preparation. The skin of 5 grape types
(COARNA NEAGRA, MOLDOVA, MUSCAT HAMBURG,
CAPSUNICA (ISABELLA), TAMAIOASA NEAGRA) has
been used as a raw material. The skin was removed from the pulp
and seeds, and then it was inserted in the solvent.
An ethanol-water solvent (70:30 v/v) has been used to
extract polyphenolic compounds. The choice of solvent was
based on observations of Bloor,16 who observed that the
alcohol-water mixtures produce a more efficient extraction of
the flavonoids. This choice of this solvent is based also on the
work of Rayne3 that has observed a high yield of extraction of
resveratrol with a mixture of ethyl alcohol: water (70:30).
For 100 g of grape skin were used 50 mL C2H5OH and
20 mL of ultrapure water (18.2 MΩcm). The extraction was
performed for 5 days at room temperature in the dark. To
remove any impurities, the extracts were filtered through
Macherey-Nagel Chromafil membrane filters with a pore
diameter of 0.45 µm.
For the preparation of reagents and samples it was used
ultrapure water (18.2 MΩcm at 25 °C), produced using
Millipore Direct-Q 3UV system.
2. FT-IR spectroscopy measurements. IR determinations
were made in the area 2500 nm (4000 cm-1) - 25000 nm
(400 cm-1) using Jasco FT/IR-4200 spectrometer from R&D
Institute for Electrical Engineering, Department for Advanced

Materials, Bucharest, Roumania. This spectrum corresponds to
the mid-IR range. The data obtained from this area provides
information about the functional groups.
3. UV-VIS spectrophotometric measurements. Analytik
Jena Specord 250 plus UV-VIS spectrophotometer (localized
at The Water Company from Targoviste, Roumania) was used
for measurements in the UV-VIS range.
3.1. Determination of resveratrol. Resveratrol determination
from extracts was made on 3 wavelengths characteristic for
trans-resveratrol, cis-resveratrol and for resveratrol exposed to
the light: 252 nm, 286 nm, 304 nm.17 However, absorbance at
304 nm, wavelength characteristic for trans-resveratrol, is the
most important.
Calibration curves with resveratrol solutions of
concentrations: 0; 5; 10; 15.625; 25; 31.25 mg/L were performed
to evaluate the content of resveratrol in the extracts, at
3 wavelengths: 252 nm (R2 = 0.9904), 286 nm (R2 = 0.9956) and
304 nm (R2 = 0.9962) (Fig. 1).
Due to the fact that at these wavelengths resveratrol can
interfere with other polyphenolic compounds,18 the
quantitative data obtained will be expressed in mg equivalentresveratrol/L. Because phenolic compounds, interfering with
resveratrol, have strong antioxidant character, this aspect can
be taken as an advantage.
3.2. Determination of Total Phenolic Index (TPI). Total
phenolic index was determined by measuring the absorbance
at 280 nm using quartz cuvettes with 10 mm optical path and
by dilution of extract samples with water (1: 100 v/v).19,20
For the TPI determination, it is used formula:
TPI = A280nm x d,

(1)

where A280nm – absorbance at 280 nm,
d – dilution factor.
The simplicity and utility of this method for the
determination of total phenols index is demonstrated
experimentally by HPLC21 and Folin-Ciocalteu method.22
4. Statistical analysis. The software IBM SPSS Statistics
v.22 and Microsoft Excel were used for interpretation of
obtained data. Data were processed using principal component
analysis (PCA) and Pearson correlations.

RESULTS
The chemical composition of grape skin
extracts is very important. If the vegetation season
of grapes was rainy and with fewer sunny days, the
concentration of phenolic compounds will be much
lower, so their use in polymer stabilization will be
more problematic.
1. UV-VIS spectrophotometric determinations
Concentration of equivalent-resveratrol from
grape extracts was determined using the resveratrol
calibration curve obtained at 304 nm. To obtain the
best possible quantitative results, the samples were
diluted to aqueous solutions with 1% extract
(Table 1).

Characterization of grape extract
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Fig. 1 – Calibration curves of resveratrol at 252, 286 and 304 nm.
Table 1
Total polyphenolic index and concentration of equivalent-resveratrol of extracts
Abs280nm

Total phenolic
index (TPI)

Abs304nm

Equivalentresveratrol in
extracts (mg/L)

1.2588

125.88

0.926

1176.913

0.7013

70.13

0.530

653.675

MUSCAT
HAMBURG

0.7938

79.38

0.429

524.880

MOLDOVA

1.2436

124.36

0.810

1020.071

COARNA
NEAGRA

1.1329

113.29

0.710

887.506

CAPSUNICA
TAMAIOASA
NEAGRA

1.1. Total Phenolic Index (TPI)

2. FT-IR spectroscopic determinations

The polyphenolic compounds are essential
components that characterize wine flavor.19,23-25
The color and flavor of red wine are caused by
content of anthocyanins, catechins and tannins.
Total polyphenol index (TPI or I280) is a very
important indicator related to wine. Applied to
grape extracts, it can provide information on the
level of polyphenols. Benzene nuclei characteristic
for phenolic compounds, strongly absorb
ultraviolet light having an absorption maximum
around 275-280 nm.
The results obtained, referring to the total index
of polyphenols, are shown in the Table 1.

FT-IR measurements can provide very
important information about the chemical
composition of the extracts. With the aid of this
technique, the functional groups included in the
composition of grape skin extracts have been
identified and several data were obtained about
analyzed extracts (Table 2).
As a reference to identify polyphenolic
compounds was used a solution of trans-resveratrol
having concentration of 15.625 mg/L.
By means of FT-IR spectrum is possible
to identify the functional groups that may prove
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resveratrol from extract samples. Of course, the
mathematical relationship between these two
indexes (R2 = 0.8576) may be the result of
proximity between the wavelengths at which they
were measured (280 and 304 nm). Knowing the
total polyphenol index (TPI) it can be calculated
approximately the corresponding equivalentresveratrol concentration from this extract.
According to the Table 3, the TPI results are in
good correlation with the equivalent-resveratrol
concentration of this grape extracts. It can be seen
that the samples with high TPI have a higher
equivalent concentration of resveratrol.

the presence of polyphenolic compounds in
the extract: OHalcoholic/phenolic (3200 - 3400 cm-1), C =
Caromatic (1640 cm-1), C-Haromatic (650 cm-1) (Fig. 2).
DISCUSSION
The polyphenol content is higher in
CAPSUNICA,
COARNA
NEAGRA
and
MOLDOVA samples, and lower in TAMAIOASA
NEAGRA and MUSCAT HAMBURG extract
samples.
It can be observed a good linear regression
between TPI and concentration of equivalent-

Fig. 2 – FT-IR spectra of resveratrol and Capsunica grape skin extract.
Table 2
The wavenumbers of peaks identified in grape skin extracts (cm-1)
520
860
1055
1340
2884

580
880
1070
1410
2900

Wavenumbers(cm-1)
690
650*
900
910
1095
1140
1505
1640*
3200 – 3400*

780
980
1180
1700

820
1030
1250
2100

* wavenumber of peaks identified in the resveratrol spectrum and, also, in the spectra of extracts
Table 3
Pearson correlations between TPI and concentration of equivalent-resveratrol

Equivalent-resveratrol (mg/L)
TPI
*. p < 0.05; N = 5

Equivalent-resveratrol
(mg/L)
1
0.926*

TPI
0.926*
1
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p <0.01), it can be drawn the conclusion that the
three extracts have a similar chemical composition
(according to FT-IR technique) (Table 4).
A
strong
correlation
exists
between
TAMIOASA
NEAGRA
and
MUSCAT
HAMBURG skin extracts (0.918, p < 0.01).
Strong correlations between the spectra of
different extracts can reveal a very strong
similarity between them up to varieties
coincidence. For example, many traders and
farmers confound COARNA NEAGRA with
MOLDOVA and TAMAIOASA NEAGRA is a
variety of MUSCAT HAMBURG.
Thus, two groups can be defined regarding the
grape extracts: group 1 (CAPSUNICA,
MOLDOVA and COARNA NEAGRA) and group
2 (TAMAIOASA NEAGRA and MUSCAT
HAMBURG). These correlations are shown and
expressed in factor analysis (Fig. 3).

Due to Pearson correlations it can also be
observed a strong correlation between the
concentration of equivalent-resveratrol and total
polyphenol index of extracts (0.926, p < 0.05).
However, as there is a very close correlation
between the TPI and the equivalent-resveratrol
concentration from the extracts, it can be accepted
that the bulk of the resulting absorbance at 304 nm
is due to resveratrol or to other similar
polyphenols.21 In other words, grape extracts with
high TPI have equivalent-concentration of
resveratrol higher.
In comparison with the FT-IR resveratrol
spectrum, FT-IR grape extracts spectra contain
much more information, but are very similar
between them. The great benefit of FT-IR
spectroscopy is the detection possibility of
aromatic structures in the analyzed extracts.
Although resveratrol is present in grape skin
extracts, mid-IR technique does not allow
quantitative determination of it into extracts as
UV-VIS spectrophotometry and high performance
liquid chromatography (HPLC). Therefore, it is
normal that between the FT-IR spectrum of
resveratrol and FT-IR grape skin extracts spectra to
be a very weak correlation (< 0.647, Table 4).
Also, grape extract may contain other polyphenols.
Analyzing the table we can see that there are
strong correlations between the various extracts.
This may indicate a similarity between their
chemical compositions. For example, the strongest
correlation is between MOLDOVA and COARNA
NEAGRA extracts (0.992, p <0.01). However,
MOLDOVA skin extract has a strong correlation
with CAPSUNICA skin extract (0.976, p <0.01).
Due to strong correlation, also, between COARNA
NEAGRA and CAPSUNICA skin extracts (0.972,

CONCLUSIONS
The investigations performed on the grape skin
extracts can simplify the process of their selection
for use as stabilizers in polymers.
As it has been seen FT-IR spectroscopy can
identify aromatic bonds C=C and UV-Vis
spectrophotometry can quantify the polyphenol
content.
Higher polyphenol content was observed in
extracts of CAPSUNICA, MOLDOVA, COARNA
NEAGRA. Statistical techniques have shown a
very high similarity between these extracts,
especially between MOLDOVA and the COARNA
NEAGRA (this, also, can be seen from the FT-IR
spectra).
Table 4

Pearson correlations between FT-IR spectra of grape skin extracts

Resveratrol

1

0.647**

COARNA
NEAGRA
0.605**

CAPSUNICA

0.647**

1

0.972**

0.838**

0.976**

0.806**

COARNA NEAGRA
MUSCAT
HAMBURG
MOLDOVA
TAMAIOASA
NEAGRA

0.605**

0.972**

1

0.874**

0.992**

0.818**

0.580**

0.838**

0.874**

1

0.853**

0.918**

0.609**

0.976**

0.992**

0.853**

1

0.804**

0.517**

0.806**

0.818**

0.918**

0.804**

1

**. p < 0.01; N = 3736

Resveratrol

CAPSUNICA

MUSCAT
MOLDOVA
HAMBURG
0.580**
0.609**

TAMAIOASA
NEAGRA
0.517**
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Fig. 3 – PCA graphical representation of the extracts and resveratrol FT-IR spectra.

Measurements made using UV-VIS calibration
curve of resveratrol showed the same trend.
CAPSUNICA, MOLDOVA and COARNA
NEAGRA extracts have a higher content of
equivalent-resveratrol.
Due to the higher polyphenol content,
MOLDOVA, CAPSUNICA and COARNA
NEAGRA extracts have higher perspectives in
using as antioxidants in polymer stabilization.

8.

9.
10.
11.
12.
13.

REFERENCES
14.
1.
2.
3.
4.
5.
6.
7.

B. Lorrain, I. Ky, L. Pechamat and P. L. Teissedre,
Molecules, 2013, 18, 1076-1100.
T. Sun, Q. Y. Chen, L. J. Wu, X. M. Yao and X. J. Sun,
Food Chem. Toxicol., 2012, 50, 3462-3467.
S. Rayne, E. Karacabey and G. Mazza, Ind. Crop. Prod.,
2008, 27, 335-340.
W. R. Leifert and M. Y. Abeywardena, Nutr. Res., 2008,
28, 729-737.
E. Q. Xia, G. F. Deng, Y. J. Guo and H. B. Li, Int. J. Mol.
Sci., 2010, 11, 622-646.
S. W. Hwang, J. K. Shim, S. E. Selke, H. Soto-Valdez,
L. Matuana, M. Rubino and R. Auras, Polym. Int., 2012,
61, 418-425.
R. N. Collins, P. A. Braun, S. H. Zinner and E. H. Kass,
New Engl. J. Med., 1968, 279, 340-343.

15.

16.
17.
18.
19.

D. Shin, L. I. Lipshultz, M. Goldstein, G. A. Barmé, E. F.
Fuchs, H. M. Nagler,
S. W. McCallum, C. S.
Niederberger, R. A. Schoor, V. M. Brugh and S. C.
Honig, Ann. Surg., 2005. 241, 553-558.
D. E. Cutright and E. E. Hunsuck, Oral Surg. Oral Med.
O., 1972, 33, 28-34.
D. L. Casey, R. M. Beihn, G. A. Digenis and M. B.
Shambhu, J. Pharm. Sci., 1976, 65, 1412-1413.
O. Smithies, Biochem. J., 1959, 71, 585.
A. Roldán, V. Palacios, I. Caro and L. Pérez, J. Agr.
Food Chem., 2003, 51, 1464-1468.
S. Varandas, M. J. Teixeira, J. C. Marques, A. Aguiar, A.
Alves and M. M. Bastos, Anal. Chim. Acta, 2004, 513,
351-355.
R. Bauer, H. Nieuwoudt, F. F. Bauer, J. Kossmann, K. R.
Koch and K. H. Esbensen, Analytical chemistry, 2008,
80, 1371-1379.
D. Cozzolino, W. U. Cynkar, R. G. Dambergs, L. Janik
and M. Gishen, “Near infrared spectroscopy in the
Australian grape and wine industry”. CRCV Technology
Application Note, 2007.
S. J. Bloor, Method Enzymol., 2001, 335, 3-14.
L. Camont, C. H. Cottart, Y. Rhayem, V. Nivet-Antoine,
R. Djelidi, F. Collin, J.-L. Beaudeux and D. BonnefontRousselot, Anal. Chim. Acta, 2009, 634, 121-128.
A. Zhang, L. Wan, C. Wu, Y. Fang, G. Han, H. Li, Z.
Zhang and H. Wang, Molecules, 2013, 18, 14241-14257.
P. Ribéreau-Gayon and E. Stonestreet, Chem. Anal.,
1966, 48, 188-196.

Characterization of grape extract
20. P. Ribereau-Gayon, Y. Glories, A. Maujean and D.
Dubourdieu, “Trattato di enologia II – Chimica del vino.
Stabilizzazione”. Trattamenti. Bologna: Edagricole, 2003.
21. J. J. Darias-Martin, O. Rodriguez, E. Diaz and R. M.
Lamuela-Raventós, Food Chem., 2000, 71, 483-487.
22. E. Mataix and M. L. de Castro, Analyst, 2001, 126, 251-255.

577

23. J. A. Kennedy, C. Saucier and Y. Glories, Am. J. Enol.
Viticult., 2006, 57, 239-248.
24. J.L. Pastor del Rio and J.A. Kennedy, Am. J. Enol.
Viticult., 2006, 57, 125-132.
25. C. Peyrot des Gachons and J.A. Kennedy, J. Agr. Food
Chem., 2003, 51, 5877-5881.

578

Oana-Roxana Bancuta et al.

