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In this study, we analyzed extracts of Ribes (black currant, red currant and gooseberry) fruits obtained
with methanol, methanol 50% and water. For each extract total polyphenol content, total flavonoid con-
tent and total anthocyanin content was assessed. The antioxidant activity of extracts was evaluated by
1,1-Diphenyl-2-picrylhydrazyl (DPPH) and 2,2’-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid)
(ABTYS) radical scavenging capacity and by the photo-chemiluminescence (PCL) method. Identification
and quantification of individual phenolic compounds was performed by means of high performance liquid
chromatograph coupled with diode array detector (HPLC-DAD) analyses. From each fruit, best extraction
of polyphenols was obtained with methanol 50%. In case of red currants and gooseberry there was no
significant difference in flavonoids and anthocyanins extraction rate by the different extraction solvents.
For black currants the methanol and methanol 50% extract presented the highest antioxidant activity. For
red currants extracts with methanol 50% showed stronger antioxidant activity (ICs,=15.71 mg/ml for
DPPH, ICsy = 1.17 mg/ml for ABTS) than those with methanol or water. In case of gooseberry by the
DPPH test the water extract proved to be the most active (ICs, = 5.9 mg/ml). In the PCL test black cur-
rants methanol 50% extract was over 6 times more powerful as the ones from red currants. In case of
gooseberries, water extract presented the highest antioxidant activity (41.84 pmol AAE/g). In black cur-
rant cyanidin-3-glucoside was the major compound. Quercetin 3-O-glucoside was identified in each
sample. From cinnamic acid derivatives neochlorogenic acid was present in black currants in the highest
amount (356.33 ug/g).

Keywords: polyphenols — Ribes nigrum L. — Ribes rubrum L. — Ribes uva-crispa L. — antioxidant
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INTRODUCTION

Dietary polyphenols, such as flavonoids, anthocyanins, phenolic acids, stilbenes and
lignans, play an important role in the prevention and control of various diseases by
balancing the oxidative and anti-oxidative factors in the human body.
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Epidemiological studies suggest that a polyphenol rich diet may provide protection
against coronary heart disease [1, 8, 14] and lung cancer [15]. Dietary flavonoid
intake (such as quercetine, kaempherol and myricetine) proved to decrease the inci-
dence of advanced stage prostate cancer [12].

Berries are especially rich sources of phenolic compounds including phenolic acids,
tannins, and flavonoids such as anthocyanidins, flavonols and flavanols [4, 16, 25].

Currants are a good source of vitamins (vitamins A, C, E, folic acid), provitamins
and related compounds (carotene, lutein), minerals (calcium, selenium). They possess
positive effects in dietary management of various diseases (hypertension, osteoporo-
sis, inflammation, cancer and cardiovascular disease). The proposed health benefits
are usually connected with phenolics as the main biologically active compounds of
currants [31].

Currant fruits (Ribes species) are an important part of people’s diet. They are
known for their sour-tasting and are popular especially for their known health-pro-
moting properties. Fruits of different Ribes species are consumed fresh or processed
into syrup, juice, jams and extracts for food supplements [20].

Black currant (Ribes nigrum L., fam. Grossulariaceae) is a perennial shrub origi-
nating in North Europe and Asia. Among currants, blackcurrant berries are the richest
in anthocyanins; major compounds are delphinidine-3-O-rutinoside and cyanidine-
3-O-rutinoside [2, 5, 11]. Various studies proved the antioxidant activity [5, 19].
Antiproliferative properties of blackcurrants were tested on human hepatocellular
carcinoma cells [2], on murine melanoma, ovarian cancer and cervical cancer tumor
cell lines [5]. According to the literature data, blackcurrant juice from Romania con-
tains 580 mg/100 ml total polyphenols (GAE), 84 mg/100 g total flavonoids (QE) and
116 mg/100 g total anthocyanin (CGE) [5]. Depending on cultivars and ripening
stages, total phenolic content of black currants harvested in Slovenia varies from 393
to 734 mg/100 g, anthocyanins from 196 to 461 mg/100 g [19].

Red currant (Ribes rubrum L.) and gooseberry (Ribes uva-crispa L.) are also
shrubs from the Grossulariaceae family, the latter bearing spines on branches. Various
investigations show that the quantity of phenolic metabolites in Ribes fruits is influ-
enced by environmental conditions (season, degree of ripeness, growing conditions)
and is also genetically controlled [11, 18, 19, 30]. Therefore, literature data on phe-
nolic compounds vary to a large degree. Mikulic-Petkovsek et al. [19] reported a total
phenolic content for red currants from 104 to 327 mg/100 g, for gooseberry from 101
to 192 mg/100 g, depending on sampling dates and cultivars.

To our knowledge, except black currants, there is no comprehensive study on phe-
nolic compounds of Ribes fruits harvested from Romania. Therefore our goal was to
perform a comparative study of Romanian black currant, red currant and gooseberry
fruits.

The present investigation deals with (i) determination of total phenolic content,
flavonoid content, anthocyanin content and evaluation of the antioxidant activity by
several in vitro methods of black currant, red currant and gooseberry fruits; (ii) deter-
mination of extractability of these phenolics in different solvents; (iii) identification
of individual phenolic compounds by HPLC-DAD method.
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MATERIALS AND METHODS
Chemicals and instrumentation

The following standards were used for the identification and quantification of phe-
nolic compounds: cyanidin 3-O-glucoside chloride (cyanidin 3-O-B-glucopyranoside
chloride, kuromanin chloride), delphinidin chloride, malvidin-3-O-glucoside chloride
(oenin chloride), pelargonidin chloride, chlorogenic acid, caffeic acid (3,4-dihydrox-
ycinnamic acid), neochlorogenic acid (trans-5-O-caffeoylquinic acid), quercetin
3-rhamnoside (quercitrin), quercetin-3-O-glucose-6""-acetate, kaempferol 3-gluco-
side, quercetin 3-O-glucoside (quercetin 3-B-D-glucoside, isoquercitrin), quercetin
3-0O-galactoside (hyperoside), quercetin-3-O-rutinoside (rutin), vitexin and vitexin-
2-O-rhamnoside from Roth (Carl Roth GmbH, Karlsruhe, Germany), Cayman
(Cayman Chemical Company, Michigan, USA) and Sigma-Aldrich (Germany). For
the DPPH radical scavenging activity 1,1-Diphenyl-2-picrylhydrazyl (DPPH) and
ascorbic acid were purchased from Sigma-Aldrich (Germany). For the ABTS radical
scavenging activity 2,2’-azino-bis (3-ethylbenzothiazoline)-6 sulfonic acid diammo-
nium salt, potassium persulfate and Trolox were obtained from Sigma-Aldrich
(Germany). The solvents for extraction and the mobile phases were HPLC grade and
purchased from Merck (Darmstadt, Germany). Water was double distilled and puri-
fied with the Direct-Q system (Millipore, Bedford, USA). For the total phenolic
content, Folin—Ciocalteu phenol reagent (Scharlau, Spain), sodium carbonate (Alfa
Aesar, Karlsruhe, Germany), gallic acid (Sigma) were used. For the total flavonoid
content aluminum chloride hexahydrate (Chimopar, Romania) and sodium acetate
(Carl Roth GmbH, Karlsruhe, Germany) were used. For the total anthocyanins hydro-
chloric acid (Carl Roth GmbH, Karlsruhe, Germany) and methanol (Merck) were
used.

For spectrophotometric determinations a Specord 210 (Analytic Jena) was used.

Photochemiluminescense test was performed with Photochem® (Analytic Jena)
apparatus using an ACW (antioxidative capacities of water-soluble compounds)-s
KIT (400.801, Analytic Jena).

Plant material

Berry fruits of Ribes uva-crispa L. (syn. Ribes grossularia L., gooseberry), Ribes
nigrum L. (blackcurrant) and Ribes rubrum L. (red currant) were harvested in July
and August 2015 at full maturity from a local farmer’s garden (Cornesti, Mures
County, Romania). Collected samples were frozen and stored at —20 °C until analy-
ses. All determinations were performed in triplicate. The results were expressed as
mean =+ standard deviation (SD).
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Extraction of phenolic compounds

We prepared extracts using methanol, methanol 50% and water. The fruits were
ground to a fine paste in a mortar and 5 g were extracted with 50 ml solvent in an
ultrasonic bath at 25 °C for 30 minutes. Extracts were filtered into a 50 ml volumetric
flask and diluted with extraction solvent to 50 ml. Extracts were filtered through a
nylon membrane filter (0.2 um, VWR, USA) and transferred into a vial prior the
HPLC analysis.

Determination of total phenolic content (TPC)

TPC was determined by the Folin—Ciocalteu method [28]. To 40 ul of the sample
extracts 3.16 ml distilled water and 200 pl Folin—Ciocalteu reagent were added and
mixed well; after 5 minutes, 600 pl sodium carbonate (20% w/v) was added. The
mixture was allowed to stand at room temperature (20 °C) for 2 hours; absorbance
was measured at 765 nm. A standard curve was plotted using gallic acid (y = 0.0972x—
0.0155, 12=0.9963) and the results were expressed as mg of gallic acid equivalents
(GAE) per 100 gram fresh weight of fruit.

Determination of total flavonoid content (TFC)

For determination of the total flavonoid content of extracts, a colorimetric method
was used described by the Romanian Pharmacopoeia [34], slightly modified. To 500
ul extract 1 ml sodium acetate (10% w/v), 600 pl AICI; (2.5%, w/v), 1.4 ml methanol
and 1.5 ml water were added. The extracts were mixed and allowed to stand for 15
minutes at room temperature (20 °C) before measuring the absorbance at 430 nm. The
calibration curve was prepared with quercetin (y =0.07x—0.0726, r2=0.9979) and
results were expressed as mg of quercetin equivalents (QE) per 100 gram fresh
weight of fruit.

Determination of total anthocyanin content (TAC)

Anthocyanins were measured by colorimetric method according to the European
Pharmacopoeia 7t Edition [33]. From extracts 5-fold or 50-fold dilutions were pre-
pared in 0.1% (v/v) solution of hydrochloric acid in methanol. The absorbance of
solutions was measured at 528 nm, using a 0.1% (v/v) solution of hydrochloric acid
in methanol as the compensation liquid. Results were expressed as mg cyanidin
3-0-glucoside chloride (CG) per 100 g fresh weight of fruit.
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DPPH radical scavenging activity

The antioxidant activity was evaluated by the DPPH-assay, according to the method
developed by Brand-Williams et al. [3] with some modifications. Briefly, a solution
of 1 mM DPPH in methanol was prepared and diluted fresh to 0.1 mM. Absorbance
of the solution was adjusted to 0.650+0.020 at 517 nm. Then, 200 pL of sample or
standard were mixed with 2800 uLL DPPH solution. The decrease of absorbance was
measured at 517 nm after 6 min. The blank solution contained the same amount of
DPPH reagent and 200 puL of methanol. The percent of DPPH inhibition was calcu-
lated as follows:
DPPH inhibition % = (A.—A¢/A.) % 100

where A, is the absorbance of the control, A,is the absorbance of the sample. Ascorbic
acid was used as reference and each test was performed in triplicate. Calculated ICs,
represents the concentration of antioxidant required to decrease the DPPH amount by
50%.

ABTS radical scavenging activity

The antioxidant activity was evaluated also with the ABTS method described by Re
et al. [24] with slight modification. ABTS radical cation (ABTS®*) was produced by
reacting 7 mM ABTS solution with 2.45 mM potassium persulfate and allowing the
mixture to stand in the dark at room temperature for 12—16 h before use. The ABTSe*
solution was diluted with methanol to an absorbance of 0.70 (£0.02) at 734 nm.
Trolox was used as antioxidant standard. After addition of 10-100 uL of sample or
trolox standard to 2.5 mL of diluted ABTS®* solution, absorbance at 734 nm was
measured at 6 minutes.

Determination of radical scavenging activity with PCL method

The superoxide-anion radical scavenging capacity was evaluated by photo-chemilu-
minescence method (PCL). This includes the photochemical generation of superoxide
radical and its chemiluminometric detection. The antioxidative capacity of the sample
is quantified by comparison with the standard and the results are given in umol
equivalent units of ascorbic acid. The Photochem ACW-s (antioxidative capacities of
water-soluble compounds) assay kit contains: Reagent 1 (R1) — ACW-diluent samples
solvent, Reagent 2 (R2) — reaction buffer, Reagent 3 (R3) — stock solution of photo
sensitizer and detection reagent, Reagent 4 (R4) — calibration standard of ascorbic
acid (AA). The working solution from R3 and R4 were prepared as recommended by
the producer, Analytic Jena [35, 36]. From the extracts 10-fold or 50-fold dilution
were prepared with R1. The composition of reaction mixtures were: 20 ul diluted
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samples completed to 1500 ul with R1, 1000 ul R2 and 25 pl R3. After thorough
mixing the samples were introduced to the Photochem®. The calibration mixture
consisted of: 5-10—15-20-25-30 or 50 ul R4 working solution completed to 1500 ul
with R1, 1000 pul R2 and 25 ul R3. The blank solution contained 1500 ul R1, 1000
ul R2 and 25 pl R3. The modification of luminescence signal was followed over 4
minutes. Each test was performed in triplicate and the equivalent units of ascorbic
acid were calculated automatically by PCL soft, and the results were expressed as
umol AA equivalent/ml extract.

Identification and quantification of individual phenolic compounds
by RP-HPLC-DAD

High performance liquid chromatography was carried out using a Merck HPLC sys-
tem equipped with a quaternary pump Merck Hitachi L-7100, an Merck Hitachi
L-7200 autosampler and a Merck Hitachi L-7360 column thermostat, Merck Hitachi
L-7000 interface. Separation was performed at ambient temperature with a Nucleodur
C18 column (3 um; 150 mm x 4.6 mm; Macherey-Nagel) using a mobile phase con-
sisting of solvent A (20 mmol/l phosphate buffer, pH = 2.5) and solvent B (acetoni-
trile) with the gradient program shown in Table 1. Injection volume was 100 uL and
the flow rate 0.55 mL/min. Analytes were detected at 280, 370 and 520 nm with a
Merck Hitachi L-7455 DAD detector. Identification and peak assignments were done
based on their retention times and UV-VIS spectra comparing with authentic stand-
ards. Concentrations of phenolic compounds were calculated from peak areas of the
sample and the corresponding standards calibration curve. The concentrations were
expressed in ug/g.

Table 1
Gradient program for the mobile phase
Time (min) Mobile phase — A (%v/v) Mobile phase — B (%v/v)
0 95 5
5 95 5
90 76 24

Statistical analysis

Results were expressed as mean + standard deviation. Statistical differences were
evaluated with one-way analysis of variance (ANOVA) or with Student #-test.
Tukey’s multiple comparison test was used as post hoc analysis. Differences at the
level p<0.05 were considered to be significant. ICs, for DPPH and ABTS tests and
correlations were calculated by GraphPad Prism5 software.
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RESULTS

In this study, we analyzed extracts of black currant, red currant and gooseberry fruits
obtained with methanol, methanol 50% and water, respectively. For each extract total
polyphenol content, total flavonoid content and total anthocyanin content was
assessed. The antioxidant activity of extracts was evaluated by DPPH and ABTS
radical scavenging capacity and by the photo-chemiluminescence method. Identi-
fication and quantification of individual phenolic compounds were performed by
means of HPLC-DAD analyses.

Total polyphenol content (TPC), total flavonoid content (TFC) and
total anthocyanin content (TAC)

The values obtained for total polyphenol, flavonoid and anthocyanin content of
methanol, methanol 50% and water extracts are given in Table 2. From each fruit,
polyphenols were best extracted with methanol 50%, followed by methanol; water
being the least effective extraction solvent (Table 2). In case of black currants, extrac-
tion of flavonoids and anthocyanins presented the same tendency as polyphenols, the
best extraction was achieved with methanol 50%.

In case of red currants and gooseberry there were no significant differences in the
extraction rates of flavonoids and anthocyanins by the different extraction solvents
(Table 2).

Table 2
Total polyphenol content (TPC), total flavonoid content (TFC) and total anthocyanin
content (TAC) of black currants (Ribes nigrum L.), red currants (Ribes rubrum L.) and gooseberry
(Ribes uva crispa L.) determined in different extracts

Fruit Extracti Ivent TPC TFC TAC
u xtraction solven GAE mg/100 g fw QE mg/100 g fw CGE mg/100 g fw
Methanol 169.88+27.6bd 86.99+£24.75 222.7+38
Ribes Methanol 50% 225.93+52.4¢ 126.11£14.6 327.34+22
nigrum
Water 133.57+1.8abd 21.92 +6.7a 187.66+7.6
Methanol 110.99417.3 37.72+4.04% 17.66+0.01b
Ribes Methanol 50% 192.98+8.2¢d 39.98+6.]ac 21.26+0.07b
rubrum
Water 72.76+7.6° 40.08+ 16.2a 18.92+0.82b
Methanol 153.37+11.8% 59.58+£8.17b 6.82+0.16b
Ribes [\ thanol 50% 195.22+10.7¢ 65.03+5.34bc 6.83+0.04b
uva crispa
Water 122.28+2.3ab 55.99 +0.84abc 5.69+0.1b

Data are expressed as mean+standard deviation. Values within the same column followed by different letters
were significantly different (p<0.05). fw — fresh weight; GAE — gallic acid equivalent; QE — quercetin equiva-
lent; CGE — cyanidin 3-O-glucoside chloride equivalent.
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Table 3

In vitro antioxidant activity of black currants (Ribes nigrum L.), red currants (Ribes rubrum L.) and

gooseberry (Ribes uva crispa L.) in three different extracts

Fruit Extracti ! t DPPH ABTS PCL
b Xtraction solven 1C5 mg/ml IC5o mg/ml umol AAE/g fruit
Methanol 1.77+0.08x 0.47+0.03 83.28+7.89a
Ribes Methanol 50% 1,900,122 0.49+0.06 146.54%1.36
nigrum
H,0 3.67+0.36bcd 0.68+0.04° 86.91+5.29
Methanol 34.26+4.3 1.36+0.13 13.94+1.62b
Ribes Methanol 50% 5.72+0.61a0d 1.17+0.088 23.9841.250
rubrum
H,0 8.33+0.89bd 2.88+0.06 16.71+2.490
Methanol 17.63+3.1¢ 4.26+0.42 18.95+2.07>
Ribes I\ ethanol 50% 12.17£1.12 0.41£0.01b 21.1442.98
uva crlspa
H,0 5.940.98¢ 1.93+0.04 41.87+0.82

Data are expressed as mean=standard deviation. Values within the same column followed by different letters
were significantly different (p<0.05). AAE — ascorbic acid equivalent.

Results of the antioxidant activity tests are presented in Table 3. For the DPPH and
ABTS tests IC5, were calculated; the lower these values, the stronger the antioxidant
activity. Among black currant extracts, those obtained with methanol and methanol
50% displayed higher antioxidant activity (lower ICs;) in the DPPH and ABTS tests
(Table 3). For red currants, the 50% methanol extracts showed stronger antioxidant
activity (ICsy = 5.71 mg/ml for DPPH, 1Cs, = 1.17 mg/ml for ABTS) compared to the
aqueous extracts. In case of gooseberry, according to the DPPH test the water extract
proved to be the most active (IC5, = 5.9 mg/ml), while according to the ABTS test the
methanol 50% extract shows the highest antioxidant activity (ICs, = 0.41 mg/ml).

For the photo-chemiluminescence method umol ascorbic acid equivalent (AAE)
was calculated by the PCL software. Higher AAE value means higher antioxidant
activity. For black and red currants, extracts obtained with methanol 50% showed the
highest antioxidant capacity; black currants being over 6 times more powerful as red
currants. In case of gooseberries, water extract showed the highest antioxidant activ-
ity (Table 3).

Identification and quantification of individual phenolic compounds
by RP-HPLC-DAD

Identified compounds and their quantities are given in Table 4. Representative chro-
matograms are shown in Figures 1 and 2. Three anthocyanins were identified in black
currant, with cyanidin-3-O-glucoside being the major compound. This compound
was detected in lower amounts also in the other two samples. Among flavonols
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Fig. 1. HPLC chromatogram recorded at 280 nm corresponding to the phenolic profile of Ribes uva
crispa fruits. 1 — Neochlorogenic acid, 2 — Cyanidin 3-O-glucoside, 3 — Quercetin 3-O-glucoside, 4 —
Quercetin-3-rhamnoside

0.008
0.008
0.007 3
0.008 -
0.005 -

0.004

Absorbance (AU)

0.003
0.002
0.001

0.000

-0.001

Retention time (min)

Fig. 2. HPLC chromatogram recorded at 370 nm corresponding to the flavonoid profile of Ribes nigrum
fruits. The main compound is isoquercitrin (Quercetin 3-O-glucoside) (1)

quercetin 3-O-glucoside (isoquercitrin) was identified in each sample. Similarly to
cyanidin-3-O-glucoside, this compound was present in the highest amounts in black
currant extracts. From cinnamic acid derivatives neochlorogenic acid was present in
black currants in the highest amount, small quantity was measured in gooseberry, and
it was not detected in red currants.
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Table 4
Contents of phenolic compounds in black currants (Ribes nigrum L.), red currants (Ribes rubrum L.)
and gooseberry (Ribes uva crispa L.) determined by RP-HPLC-DAD and expressed
in microgram per gram fresh weight

) Ribes nigrum | Ribes rubrum | Ribes uva crispa
Phenolic compounds
ng/g fw

Anthocyanins
Cyanidin 3-O-glucoside 65.99+8.64 16.97+0.232 9.57+1.662
Delphinidin 13.81+£0.91 nd* nd
Flavonols
Quercetin-3-O-rutinoside nd 7.2+0.85 nd
Quercetin 3-O-glucoside 106.25+22.56 39.96+4.082 43.55+£2.012
Quercetin-3-rhamnoside nd nd 67.42+6.53
Cinnamic acid derivatives
Neochlorogenic acid 356.33+£24.02 nd 2.3140.742
Caffeic acid 52.8+3.57 nd nd

*Not detected. Data are expressed as mean+standard deviation. Values within the same row followed by differ-
ent letters were significantly different (p<0.05). fw — fresh weight.

DISCUSSION

Although many authors are on the opinion that the Folin—Ciocalteu assay can be
considered as an antioxidant capacity measuring technique [9, 23, 25], this method is
still used to determine total phenol content in many plant foods and fruits [10, 19, 22,
29]. Since phenolics are the most abundant antioxidants in most plants, it gives a
rough approach of the phenolic content in most cases [9].

In order to compare our results with previous findings on Ribes fruits, we also used
the Folin—Ciocalteu assay to determine the total phenolic content. In all samples
examined, higher levels of total phenolic content were obtained when extraction was
performed with methanol 50%, compared to those obtained with methanol or water.
The total polyphenol content of Ribes rubrum and Ribes uva-crispa is in accordance
with those of Mikulic-Petkovsek et al. [19] and Djordjevi¢ et al. [6], who reported a
value between 67.2—-153.4 mg GAE/100 g. For Ribes nigrum Mikulic-Petkovsek et
al. [19] and Diaconeasa et al. [5] reported higher polyphenol content than those
obtained in our study. The difference could be attributed to the extraction method
used in juice preparation by these authors [5, 19] and also explained by genetic dif-
ferences, growth location and environmental factors [17, 21, 30, 32].

For blackcurrants the total flavonoid content is in accordance with values reported
by Diaconeasa et al. (84.6 mg/100 g fw) [5]. The total anthocyanin content was
higher than previously reported from Romania (116 mg/100 g fw) [5], and is in
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accordance with Mikulic-Petkovsek et al. [19], and the data reported by Paunovic et
al. [21]. The total anthocyanin content of red currants and gooseberry is also in
accordance with values reported previously [6, 7, 19].

All of the identified flavonoids by HPLC-DAD were previously reported by
Mikulic-Petkovsek et al. [19]. As it was expected glycosides of quercetin were identi-
fied in all samples, many authors report quercetin as the dominant aglycone in Ribes
species [13, 17, 21, 30, 32]. Quantity of rutin in fruits of Ribes rubrum (7.2 ng/g) is
in accordance with values reported by Gavrilova et al. (4.7-18.9 pg/g) [11]. Quantity
of cyanidin-3-O-glucoside in the black currants is in accordance with those reported
by Gavrilova et al., who reported between 28.9-136.2 ng/g [11]. Mikulic-Petkovsek
et al. also reported neochlorogenic acid only in fruits of Ribes nigrum and Ribes uva-
crispa [19].

Correlation between phenolic content and antioxidant activity

Similar in vitro antioxidant tests were performed by other research teams, too. ICs,
values of the DPPH test are in accordance with previous findings [6, 7, 27].

The correlation of total phenolic content, total flavonoid content and anthocyanin
content with DPPH, ABTS and PCL activities is given is Table 5. In case of Ribes
nigrum the correlation was higher between total phenolic content and PCL activity
than that of total phenolic content and DPPH or ABTS activity (Table 5). The total
flavonoid content presented higher correlation with DPPH and ABTS activity than
with PCL activity, while the total anthocyanin content showed high correlation only
with the PCL activity (R2=0.91).

Table 5
Correlation analysis of antioxidant activity (DPPH, ABTS, PCL) values with total phenolic
content (TPC), total flavonoid content (TFC) and total anthocyanin content (TAC) of Ribes nigrum,
Ribes rubrum and Ribes uva crispa fruits

DPPH | ABTS | PCL
R2

TPC 0.57* 0.55* 0.80%***

Ribes nigrum TFC 0.81%%* 0.79%** 0.56*
TAC 0.42 0.39 0.91%**
TPC 0.08 0.66%* 0.69%**

Ribes rubrum TFC 0.98%** 0.18 0.47%*
TAC 0.66** 0.08 0.99%**

TPC 0.21 0.21 0.58*

Ribes uva crispa TFC 0.18 0.24 0.55%
TAC 0.77%* 0.01 0.99%**

*p<0.05; **p<0.01; ***p<0.001.
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In case of Ribes rubrum the total phenolic content showed moderate correlation
with ABTS and PCL activity; the total flavonoid content was in high correlation with
DPPH activity; total anthocyanin content presented high correlation with PCL activ-
ity.

For the Ribes uva crispa extracts moderate correlation was observed between total
anthocyanin content and DPPH, high correlation between total anthocyanin content
and PCL activity, respectively.

Table 6 shows how the antioxidant activity measuring techniques correlate with
each other. In Ribes nigrum extracts there was a high correlation between DPPH and
ABTS techniques (p<0.001). Between DPPH and PCL techniques there was a mod-
erate correlation (p<0.05) in case of Ribes rubrum extracts; for Ribes uva crispa
extracts high correlation was observed (p<0.001).

Even though polyphenols were extracted with maximal rate by methanol 50%, in
the antioxidant activity tests not always these extracts presented the highest activity.
This fact can be explained by the involvement of multiple substances in the develop-
ment of the activity.

Prior et al. [23] concluded that the evaluation of overall antioxidant capacity may
require multiple assays to generate an antioxidant profile. Our results highlight once
again the importance of testing the antioxidant activity of extracts by various meth-
ods, this being necessary to get an overview on antioxidant capacity of products.

Based on these results PCL method is a good choice in ranking Ribes extracts
according to their antioxidant effect. This method shows correlation with all classes
of active substances. To complete the image of the antioxidant activity, as a second
method the ABTS test should be performed.

The goal of this study was the evaluation of phenolic compounds in Ribes fruits
harvested in Romania, determination of their extractability in different solvents and
evaluation of antioxidant activity. Based on the results of these findings, it can be
concluded that the extract of black currants obtained with methanol 50% are the rich-
est source of antioxidant. Red currants and gooseberries are also a minor source of
phenolic substances which can contribute to their antioxidant activity. Our results

Correlation of different antioxidant ;‘;’Z:it‘; measuring techniques to each other
ABTS | PCL
R2
Ribes nigrum DPPH 0.99%*%* 0.15
Ribes rubrum DPPH 0.10 0.59%
Ribes uva crispa DPPH 0.32 0.85%**
Ribes nigrum ABTS - 0.14
Ribes rubrum ABTS - 0.12
Ribes uva crispa ABTS - 0.04

*p<0.05; ***p<0.001.
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clearly indicate that the antioxidant activity cannot be correlated only with the total
polyphenol content of extracts, because it is due to the complex activity of a variety
of compounds, including flavonoids and anthocyanins.
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