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I Abstract
Background. The blackcurrant (Ribes nigrum L.) is a species of native currant which contains a lot of polyphenolic antioxidants
which is used medicinally and has a fundamental role in the maintenance health.
Materials, methods and objective. Ultraviolet-visible spectrophotometry and ultraviolet range high performance liquid
chromatography (HPLC) were used to characterize the polyphenolic content of common Ribes nigrum collected in the
western part of the Banat Region in Romania.
Results. UV-visible spectrophotometry was a reliable tool for identifying the phenolic compounds class. Polyphenols
calibration curves from the methanolic extracts showed a good linearity (r>>0.984) within test ranges and generated a well-
designed absorption band with a local maximum at 273.2 nm band, which can be attributed to thr electronic transition of the
n—n* type. Chromatographic separation and analysis of the methanol extract was useful for the structural epigallocatechin
(EGC) and epigallocatechin-3-gallate (EGCG) characterization of primary antioxidant compounds.
Conclusions. The new, slightly modified, chromatographic system can serve for the development of a quantitative assessment
methodology of epigallocatechin and epigallocatechin-3-gallate compounds, as well as for the comparative characterisation

and standardisation of the dominant polyphenolic components in Ribes nigrum using EGC and EGCG standards.
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INTRODUCTION

Plants have the ability to synthesize chemical compounds
(active principles), their active properties being correlated
with the biochemical mechanisms of human metabolism.
Polyphenol is the generic name of the compounds with
several hydroxyl phenols in a single molecule [1, 2].
Polyphenolic compounds are pigments and antioxidants
produced by plants through photosynthesis. R. nigrum
contains important amounts of almost all known phenolic
structure compound classes and stores complex mixtures of
polyphenolic structure compounds that are accessible [3], easy
to extract [4], with numerous properties, such as antioxidant,
antibacterial, disinfectant, deodorising, etc. [5]. The dominant
polyphenolic components in R. nigrum play a beneficial role
in the maintenance of metabolic balance and of the health
state of the living body [6]. The action of the substances from
R. nigrum plants is a neutralising one and it is due mainly to
the polyphenols [7]. These compounds play an active part in:
detoxification, blocking germs [8] and destroying the bacterial
membrane, and protection at the cellular level against the
negative effects of free radicals [9, 10]. The oxidation process
of these phenols results in compounds containing galloil
rings [18], of which polyphenolic antioxidants are the most
frequent type of molecule in this category [11, 12], being
identified in over 4,000 components. Polyphenols can be
classified as hydrolysable tannins and phenylpropanoids
and then subdivided into lignans, flavonoids and condensed
tannins [13]. Tannins (from a strictly biological point of
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view) are part of the plant's defence system against bacteria,
viruses, etc. [14]. Tannins can affect nutrient cycling by
hindering decomposition rates, complexing proteins,
inducing toxicity to microbial populations and inhibiting
enzyme activities (inhibiting action upon 5-lipoxygenase),
and also the angiotensin conversion enzyme and activates
hialuronidase [15, 2], and glycosyltransferase induces toxicity
in microorganisms involved in carcinogenesis [16]. Monomers
and dimers have qualities specific to vitamin P. Ellagic
tannins, epicatechol gallate and epigallocatechol gallate
act on immune mechanisms by enhancing phagocytosis,
while EGCG and ECG are compounds that can hinder the
formation of free radicals and protect DNA from damage
provoked by reactive oxygen species [17]. R. nigrum contains
alot of polyphenolic antioxidants, such as flavonol glycosides,
anthocyanidines, proanthocyanidines (condensed tannins),
and phenolic acids [18]. The main active biological compounds
in blackcurrant with a proven antioxidant activity [19] are the
catechins: EGCG, EGC, ECG, and CE, found mainly in the
fruit from where they can be removed with relatively high
yields [20]. EGCG, EGC, ECG, EC and GCG are the major
catechins in R. nigrum, but EGCG is the major component
of the polyphenolic fraction representing about 10-50%
of the total catechins in blackcurrant [21]. The R. nigrum
wide chemical composition variety and strong antioxidant
properties continue to attract the interest of researchers in
the field of phytochemistry and pharmacogenesis [22].

The aim of the presented study was to developan HPLC assay
for the detection and quantification of biologically natural
phenolic products. Methods are described for the general
analysis of total ultraviolet (UV) absorbing constituents of
R. nigrum. The interpretation of the chromatographic eluate
and the significance and general utility of this new analytical
method are discussed.
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MATERIALS AND METHODS

Vegetal Material. The blackcurrant fruits were collected in
July 2010 from hillsides and hedgerows in Surduc Forest,
located in western part of the Banat Region in Romania. The
taxonomic identification of the plants was carried out by the
Botany discipline. A voucher specimen has been deposited in
the Herbarium. For the preliminary phyto-chemical analysis
etheric, alcoholic, aqueous solution were obtained through
successive, selective extractions using solvents of different
polarities, to determine the compound classes contained
using specific colour reactions [23]. According to preliminary
analyses, the amount studied contains 30 mg of flavonoids.
The methanol and hexane used to extract and to elute were
of HPLC grade (Sigma Chemicals). The standard compound
used to make the calibration curves were purchased from
Merck.

Extraction of Components. The extraction was carried out
using an amount of 15.0 g of pre-conditioned R. nigrum.
The original material was washed three times for 10 minutes,
with 30 mL hexane (suitable for HPLC) each time, to remove
pigments and non-polar compounds. Following filtration, the
vegetal material was dried in a nitrogen current and subjected
to Soxhlet extraction with 250 mL of methanol (99.85%) for
one hour [24]. To prevent polyphenolic compounds oxidation
the extractor was filled with nitrogen during extraction.
The extract obtained was diluted in methanol to obtain the
proper concentration for the spectrophotometry, and for
the chromatographic column eluate at detector level in the
case of HPLC [19].

Optical absorption spectrum in the ultraviolet range.
Absorption of the methanol layer was measured in 1 cm
cuvettes, at a wave length of 273.2 nm, using methanol
as blank. The R. nigrum methanol extract was assessed
quantitatively using a UV-VIS spectrophotometer T60U,
PG Instruments Limited, UV WINOversion 5.05; detection
was undertaken at 273.2 nm. The conditions used for the
measurement were: a spectral slit width of 1 mm and scan
speed of 90 nm/min. The calibration curves obtained using
standard compound confirmed the systems linearity over
the whole testing range [22].

HPLC analytic separation. HPLC analysis was carried out
with a25x0.46 cm inverse stationary phase Nucleosil column
(C,y)- A Jasco HPLC-1575 Series Chromatograph equipped
with Intelligent Pump, UV Detector Jasco-1575 and auto
sampler Jasco AS 1555 was used. The column used was of
stainless steel C,, 250x4.6 mm, 5 Micron, Lichrosphere
operating at room temperature. The elution was carried out
isocratically at a flow rate of 1.0 mL/min. using a mixture of
70% methanol and 30% aqueous solution containing 0.5%
formic acid to 5.00 (+0.2) as the mobile phase. The detector
was set at 273.2 nm. The responses of peak area were recorded
and integrated using Brown Chromatographic Software. A
double fascicle spectrophotometer operating in the 190-
900 nm spectral range was used as a detector for HPLC.
The extract and the reference solvent were introduced in
cuvettes with an optic route of 0.5 cm. The response factors
obtained supported the hypothesis concerning the identity
of the components separated from the methanol extract of
R. nigrum.
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RESULTS

R. nigrum fruits (raw material) were collected and pre-
conditioned through drying and chopping to separate
polyphenolic compounds. Collecting and preservation
of the fruits was in accordance with provisions of the
Pharmacopoeia [24]. The extraction process was carried
out taking into account two major aspects: testing the
compatibility of the different phenolic fractions with
different extraction agents, and optimising the technological
parameters of the extraction process (mass ratio extraction
agent: vegetal material, extraction temperature, number of
extraction steps, yield).

Optical absorption spectrum in the ultraviolet range. The
ultraviolet range covers radiations with wave lengths A
varying between 100-380 nm. Electronic spectra are the
most complex spectra, electronic transitions also involving
transitions between rotation and vibration levels, spectra
having the character of a band. The absorption of light
radiations by the molecules occurs according to the Lambert—
Beer law observed in diluted solutions with no intermolecular
interaction. Polyphenols calibration curves showed a good
linearity (r*>0.984) within test ranges.

07

o

¥ 2732 nm
A
|
050 A
IR
030 ﬂ / \

0.20 / j

y N

Absorbance (050cm)

060

010 \/
000 wavelengh fm)
240 280 260 270 260 290 300

Figure 1. Optical absorption spectrum in the ultraviolet range for the methanol
extracts of R. nigrum

Based on the absorption spectrum, we decided to monitor
the chromatographic eluate at 273.2 nm.

HPLC analysis of polyphenolic compounds from
the methanol extract of R. nigrum fruits. Usually,
spectrophotometric methods provide simple and fast
screening methods to quantify classes of phenolic compounds
in plant samples.

However, due to the complexity of the plant phenolics and
different reactivity of phenols toward assay reagents, a broad
spectrum of methods was used for assay of the constituents,
leading to differing and often non-comparable results.
Additionally, the methods are quite prone to interferences,
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Figure 2. Chromatogram of the methanol extracts from Ribes nigrum L

consequently, often resulting in over- or underestimation of
the contents. HPLC combined with the instrumental assay
are specified for the profiling and quantification of phenolic
compounds. Taking into account the spectrophotometric
measurement limitations, i.e. the fact that the extract
obtained is, in fact, a mixture not separated from bioactive
compounds, chromatographic analysis was also considered
mandatory. As a consequence, an HPLC analysis of the same
methanol extract from R. nigrum was conducted, aimed at
separating and analysing the compounds.

DISCUSSION

It was found that the R. nigrum methanol extract from the
fruit generated a well-designed absorption band with alocal
maximum at 273.2 nm, a band that can be attributed to an
electronic transition of the n-m* type, i.e. a transition in
which phenol oxygen electrons are largely involved. Figure
1 shows the optical absorption spectrum in the ultraviolet
range for the methanol extract of R. nigrum fruits.
Another absorption maximum much below 242 nm
probably involves transitions that are less specific to the
phenol OH group. The transitions between the rotation
energetic states are excited by lower energy radiations
corresponding to the remote IR range and microwaves.
Pure rotation spectra have low analytic implications and,
therefore, they will not be debated further, In addition, the
spectral range at wavelengths below 242 nm is susceptible to
interferences with other components of secondary interest
for the present study. Figure 2 shows the chromatogram
obtained under the working conditions described above.
The two chromatographic peaks located at 11.89 min. and
at 14.99 min. correspond to the dominant components of
the methanol extract from R. nigrum, peaks identified as
EGC and EGCQG, respectively. The method used is based
on an HPLC technique published in literature, but slightly
modified. The main modification of the initial method

was replacement of the mobile phase with non-volatile
components with a completely volatile one, the eluent used
in the presented research consisted of a mixture of 70%
methanol and 30% aqueous solution containing 0.5% formic
acid (formic acid has a low UV absorbance). Confirming
data published in literature [25, 7], identification was made
of the higher mobility component (lower retention time)
as EGC, and the component with higher retention time as
EGCG. Retention values cited in literature were obtained in
conditions similar to those adopted in the presented study
(column Cp eluent acetonitrile-water 60:40, aqueous phase
containing 0.1% phosphoric acid, flow rate 1.0 mL/min; UV
detection was made at 273.2 nm).

In the presented study, a sample mixture with known
identity of the components was analysed [20]. Retention
times close to the values in this study support the hypothesis
concerning the identity of the components separated from
the methanol extract from R. nigrum. The relative recoveries
for the methanol extract from R. nigrum were established by
using the external standard methodology, by comparison
with the standard chromatogram. Every real sample was
analysed three times, with four replicates each time. The
results of optimization and validation acceptably assays had
reliable, accurate, sensitive and ideal recoveries that were
convenient and effective for phenolic compounds. HPLC
efficiency is incentive by the resolution of standards and
the ability to design the response of the detector during
calibration, and by the sensitivity, accuracy, and precision,
frequency of false positives and negatives during assays.
The developed assay was successfully applied to fingerprint
assay of extracts from R. nigrum as well as quantify the
relevant markers Phenolic compounds present in tissue
samples under optimum parameters. This method can be
applied to analyze the phenolic compounds in the extract
from R. nigrum and other plants. The method developed
here and the testing of the methodology of chromatographic
separation of polyphenolic components from the methanol
extract from R. nigrum are an important part of the study
(different matrices).

To better valorise these resources, i.e. to better recover the
polyphenolic aromatic structure compounds, it is necessary
to establish a relatively simple extraction technology that
does not need numerous handlings and chemical changes
that could result in a partial or total loss of biological activity.

CONCLUSIONS

Chromatography is an advantageous method for R. nigrum
components analysis. In addition, the development of the
specific and selective methods of detection opens a new
perspective to the valorisation of this technique in phyto-
chemical analyses in general, and in the characterisation of
the plants containing polyphenols, in particular. The HPLC
assay was established in terms of linear response range, limit
of detection, limit of quantification and precision.

REFERENCES

1. Callemiena D, Collina S. Structure, Organoleptic Properties,
Quantification Methods, and Stability of Phenolic Compounds in
Beer. Food Rev Int. 2010; 26: 81-84.



14

Annals of Agricultural and Environmental Medicine 2014, Vol 21, No 1

[38)

W

w

(=)}

N

oo}

10.

11.

12.

13.

. Zheng ], Yang B, Tuomasjukka S, Ou S, Kallio H. Effects of latitude

and weather conditions on contents of sugars, fruitacids, and ascorbic
acid in black currant (Ribes nigrum L.) juice. ] Agric Food Chem. 2009;
57:2977-2987.

. Sandell M, Laaksonen O, Jarvinen R, Rostiala N, Pohjanheimo T,

Tiitinen K, Kallio H. Orosensory profiles and chemical composition
of black currant (Ribes nigrum) juice and fractions of press residue. J
Agric Food Chem. 2009; 57: 3718-3728.

. Eldahshan OA: Isolation and Structure Elucidation of Phenolic

Compounds of Carob Leaves Grown in Egypt. Cur Res ] Biol Sci.
2011; 3: 52-55.

. Ferrer-Gallego R, Garcia-Marino M, Hernandez-Hierro JM, Rivas-

Gonzalo JC, Escribano-Bailon MT. Statistical correlation between
flavanolic composition, colour and sensorial parameters in grape seed
during ripening. Anal Chim Acta. 2010; 660: 22-28.

. Kapasakalidis PG, Rastall RA, Gordon MH. Extraction of polyphenols

from processed black currant (Ribes nigrum L.) residues. ] Agric Food
Chem. 2006; 54: 4016-21.

Bazinet L, Labbé D, Tremblay A. Production of green tea EGC-and
EGCG-nriched fractions by a two-step extraction procedure. Sep
Purif Technol. 2007; 56: 53-56.

.Jia N, Kong B, Liu Q, Diao X, Xia X. Antioxidant activity of black

currant (Ribes nigrum L.) extract and its inhibitory effect on lipid and
protein oxidation of pork patties during chilled storage. Meat Sci.
20125 91: 533-539.

. Beekwilder J, Jonker H, Meesters P, Hall van der RD, Meer IM, Ric de

Vos CH. Antioxidants in raspberry: online analysis links antioxidant
activity to a diversity of individual metabolites. ] Agric Food Chem.
2005; 53: 3313-3320.

Dvaranauskaite A, Venskutonis PR, Raynaud C, Talou T, Viskelis P,
Dambrauskiene E. Characterization of steam volatiles in the essential
oil of black currant buds and the antioxidant properties of different
bud extracts. ] Agric Food Chem. 2008; 56: 3279-3286.

Do-Young Y, Dong-Shik K: Molecular design of anti-biofouling
materials from natural phenolic compounds. Kor ] Chem Eng. 2009;
26:433-437.

Kolouchova-Hanzlikova I, Melzoch K, Filip V, Smidrkal J. Rapid
method for Resveratrol determination by HPLC with electrochemical
and UV detections in wine. Food Chem. 2004; 87: 151-158.

Komes D, Bel§¢ak-Cvitanovi¢ A, Horzi¢ D, Rusak G, Liki¢ S,
Berendika M. Phenolic composition and antioxidant properties of
some traditionally used medicinal plants affected by the extraction
time and hydrolysis. Phytochem Anal. 2011; 22: 172-180.

Monica Butnariu. Detection of the polyphenolic components in Ribes nigrum L.

14.

15.

16.

17.

18.

19.

20.

21

22.

23.

24.

Seeram NP, Adams LS, Zhang Y, Lee R, Sand D, Scheuller HS, Heber
D. Blackberry, black raspberry, blueberry, cranberry, red raspberry,
and strawberry extracts inhibit growth and stimulate apoptosis of
human cancer cells in vitro. ] Agric Food Chem. 2006; 54: 9329-9339.
Oprea E, Radulescu V, Balotescu C, Lazar V, Bucur M, Mladin P,
Farcasanu IC. Chemical and biological studies of Ribes nigrum L. buds
essential oil. Biofactors 2008; 34: 3-12.

Balasundram N, Sundram K, Samman S. Phenolic compounds in plants
and agri-industrial by-products: Antioxidant activity, occurrence, and
potential uses. Food Chem. 2006; 99: 191-203.

Alonso Gonzélez E, Torrado Agrasar A, Pastrana Castro LM, Orriols
Ferndndez I, Pérez Guerra N. Production and characterization of
distilled alcoholic beverages obtained by solid-state fermentation of
black mulberry (Morus nigra L.) and black currant (Ribes nigrum L.).
J Agric Food Chem. 2010; 58: 2529-2535.

Aguié-Béghin V, Sausse P, Meudec E, Cheynier V, Douillard R.
Polyphenol-beta-casein complexes at the air/water interface and in
solution: effects of polyphenol structure. ] Agric Food Chem. 2008;
56:9600-9611.

Tabart J, Kevers C, Evers D, Dommes J. Ascorbic acid, phenolic acid,
flavonoid, and carotenoid profiles of selected extracts from Ribes
nigrum. ] Agric Food Chem. 2011; 59: 4763-4770.

Oszmianski J, Wojdyto A, Gorzelany J, Kapusta I. Identification and
characterization of low molecular weight polyphenols in berry leaf
extracts by HPLC-DAD and LC-ESI/MS. J Agric Food Chem. 2011;
59:12830-12835.

. Coutinho D, Coelho RG, Kataoka VMF, Honda NK, Silva JRM,

Vilegas W, Cardoso CAL. Determination of phenolic compounds and
evaluation of antioxidant capacity of Campomanesia adamantium
leaves. Eclet Quim. 2008; 33: 53-60.

Callemiena D, Collina S. Structure, Organoleptic Properties,
Quantification Methods, and Stability of Phenolic Compounds in
Beer. Food Rev Int. 2010; 26: 81-84.

Ding XP, Wang XT, Chen LL, Guo Q, Wang H, Qi J, Yu BY. On-line
high-performance liquid chromatography-diode array detection-
electrospray ionization-mass spectrometry-chemiluminescence assay
of radical scavengers in Epimedium. ] Chromatogr A. 2011; 1218:
1227-1235.

Farmacopeea Romana (Romanian Pharmacopoeia), X" ed. Editura
Medicala, Bucuresti, Romania 2004. 483-484.

. Labbé D, Tétu B, Trudel D, Bazinet L. Catechin stability of EGC-

and EGCG-enriched tea drinks produced by a two-step extraction
procedure. Food Chem. 2008; 111: 139-143.



