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ABSTRACT 
 
The most commonly used methods of investigation of antioxidants are discussed in this article. The 12 studied samples of black currant 

and 6 studied samples of raspberry were studied. The total phenolics (TP), total flavonoids (TF), total anthocyanins contents. Diphenyl-

1-picrylhydrazyl (DPPH) free radical assay was carried out to measure the free radical scavenging activity, the method FRAP (ferric 
reducing antioxidant power), antioxidant activity determination in linoleic acid system. The highest antioxidant activity was determined 

for the varieties of berries. The results showed that tested samples possess potent antioxidant activity and may be considered as natural 

source of antioxidants.  
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INTRODUCTION 

 

It is commonly known that food products have a significant influence over the human health. Antioxidants 

can decrease oxidative stress, which is the consequence of the action the free radicals damaging the cellular 

system of the body (Hensley, K. and R.A. Floyd, 2003). Free radicals come up in the cells of the body because 

of unfavorable factors such as radiation, ultraviolet radiation, and chemical transformations happening with 

polycyclic aromatic hydrocarbons. Targets of free radicals include all kinds of molecules in the body. Among 

them, lipids, nucleic acids, and proteins. They provoke the mutation of cells and DNA (Roginsky, V. and E.A. 

Lissi, 2005), interacting with polyunsaturated fatty acids, proteins and DNA, leading to many diseases. 

Antioxidants keep under the oxidation of lipids due to interaction with free radicals. 

Phenolic compounds such as phenolic acids and flavonoids have high biological activity, including 

antioxidative, antibacterial, antiallergic, antiviral, antiinflammatory and even anti-aging effect (Liu, J., et al., 

2011). Natural antioxidants, especially phenols, flavonoids, tannins and anthocyanins are harmless. The 

therapeutic effect of many medicines can be explained by the presence of these natural antioxidants. Therefore, 

a considerable attention is paid to the study of plant extracts with potential antioxidant effect over the last years. 

Black currants and raspberries are a good resource base in order to produce antioxidants. Previously, in the 

literature (Choiu, A., et al., 2007) were described the study of the chemical composition of several varieties of 

Greek currant by High-performance liquid chromatographic methods HPLC for the screening of these phenolic 

acids. It is used to derive the qualitative-quantitative of the individual profile of phenolic acids (gallic, p-

hydroxybenzoic, ferulic, ellagic), and flavonoids (catechin, epicatechin, myricetin, quercetin, kaempferol) and 

also vanillin, cinnamic acid, vanillic acid, cinnamomi acid, sirigina acid, and rezverol. 

http://creativecommons.org/licenses/by/4.0/
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In the course of analysis Italian scientists found out that 8 varieties of black currant are rich sources of 

natural antioxidants. The analysis were conducted according to the DPPH method on the total polyphenols, 

anthocyanins, antiscorbutin and antiradical activity (2,2-diphenyl-1-picrylhydrazyl) (Benvenuti, S., et al., 2004).  

The factors of chemical composition of raspberry Caroline (soluble solids, titratable acids, sugars, organic 

acids, total anthocyanins, phenols) and antiradical activity by DPPH and ORAC methods (Oxygen radical 

absorbance capacity), grown in the USA were examined depending on maturity (Wang, S.Y., et al., 2009). All 

indicators have a different nature of the change. For example, the sugar content, soluble solids, anthocyanins 

increase, whereas the factors of total phenols and titratable acids decrease as they mature. Antiradical activity 

has more complicated changes. 

By comparison the berries’ juices on the total antioxidant capacity by an amperometrical method black 

currant is a leader among the plums, forest strawberries, blueberries and cherries. Blackcurrant juice has the best 

qualities among the juice of red and black raspberries, red currants and blueberries on such factors as titratable 

acidity, total phenols, anthocyanins, free-radical scavenging activity DPPH (Konic-Ristic, A., et al., 2011). 

The relationship between the total phenols, flavonoids, anthocyanins and free-radical fighting property 

DPPH, ABTS (2,2'-azino-di(3-ethylbenzthiazoline sulphonate acid) was proved through the example of 5 

varieties of raspberry which were grown on the territory of Turkey in 2008 (Sariburum, E. et al., 2010). 

Even the seed oil of berries contains a significant level. An oil from the seeds of Red raspberry is derived 

(Parry, J. et al., 2005). In samples of oils contained carotenoids, tocopherols, total phenols and antioxidant 

activity. They had very high ORAC and DPPH values.  

The berries valuation as functional juices by high-performance liquid chromatographic methods free radical 

scavenging activity ABTS and DPPH for the screening on contents anthocyanin flavonoids hydroxycinnamic 

acids flavone-3-ols, ellagic acid by HPLC and the scavenging activity shows that black currant on a level with 

elderberry and Aronia lead over strawberries, plums, red currants and raspberries (Bermudez-Soto, M.J. and 

F.A. Tomas-Barberan, 2004). 

The aim of the study is to determine the chemical composition and antioxidative activity of black currant 

and raspberry of different varieties. The 12 varieties of black currant growing in 2014 year were chosen as a 

study subjects (Monisto, Lentiai, Vera, Nara, Charodei, Briansii agat, Mria, Partizanka brianskaia, 

Selechenskaia-2, Strelets, Chernaia vual, 6-26-130) and 6 varieties of red raspberry (Skromnitsa, Kolokolchik, 

Nagrada, Lubetovskaia, Novost Kuzmina, Ranii surpriz). 

 

Methods: 

Chemicals and reagents: 

Folin-Ciocalteu reagent in sodium carbonate, gallic acid, catechin, were purchased from Fluka (Germany). 

DPPH (2,2-diphenyl-1-picrylhydrazyl), Tween 40, hydrogen peroxide, sodium nitrite, aluminum chloride, 

thiobarbituric acid, trichloroacetic acid were purchased from Sigma-Aldrich Chem. mp. (USA). 

 

Fruit collection: 

The berries collected on the territory of Samara region in SBE «Scientifically - research institute of 

gardening and herbs «Zhigulevsk gardens» in the period of early maturing in 2014. 

 

Determination of total phenols: 

Total phenolic content of methanolic fruit extracts was assessed using a modified version of the Folin–

Ciocalteu assay (Nurhanani, R., et al., 2008). Gallic acid was used as a standard and the aqueous gallic acid 

solution (200 mg l 1) was diluted with distilled water to give appropriate concentrations for a standard curve. 

For the analysis, 100 ll of methanolic fruit extract or gallic acid standard, 100 ll of methanol, 100 ll of Folin–

Ciocalteu reagent and 700 ll of Na2CO3 were added into 1.5 ml micro-centrifuge tube. The samples were 

vortexed immediately and the tubes were incubated in the dark for 20 min at room temperature. After incubation 

all samples were centrifuged at 13,000 rpm for 3 min. The absorbance of the supernatant was then measured at 

735 nm in 1 ml plastic cuvettes using evolution 200 Series spectrophotometer. The results were expressed in mg 

gallic acid equivalent/100 g dry weight. 

 

Determination of total flavonoids: 

The flavonoid content of the methanolic extracts were measured using a assay (Garcia-Alonso, M., et al., 

2004). A known volume (0.5 ml) of the extract or standard solution of quercetin was added to a 10 ml 

volumetric flask. Distilled water was added to make a volume of 5 ml. At zero time, 0.3 ml of 5 % w/v NaNO2 

was added to the flask. After 5 min, 0.6 ml of 10 % w/v AlCl3 was added and after 6 min, 2 ml of 1 M NaOH 

was added to the mixture followed by the addition of 2.1 ml distilled water. Absorbance was read at 350 nm 

against the blank (water) and flavonoid content was expressed as mg querce-tin equivalents in 100 g of fresh 

material. 
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Determination of the anthocyanin profile: 

The concept of determining the amount of anthocyanin present in a material by measuring the change in 

absorbance at 2 different pH values (3.4 and 2.0) (D’Abrosca, B., et al., 2007). Researchers have proposed using 

the pH values of 1.0 and 4.5 (2-5). Monomeric anthocyanins undergo a reversible structural transformation as a 

function of pH (colored oxonium form at pH 1.0 and colorless hemiketal form at pH 4.5). Thus, the difference in 

absorbance at the vis-max (520 nm) of the pigment is proportional to the concentration of pigment. Degraded 

anthocyanins in the polymeric form are resistant to color change with change in pH. Therefore, polymerized 

anthocyanin pigments are not measured by this method because they absorb both at pH 4.5 and 1.0. 

 

DPPH radical scavenging activity: 

The scavenging activity of samples was measured in accordance with the method (Mathew, S. and T.E. 

Abraham, 2006). The method was based on the reduction of methanolic DPPH in the presence of a hydrogen-

donating antioxidant. DPPH solution was an intense violet colour and showed an absorption band at 515 nm. 

Adsorption and colour lowered when DPPH was reduced by an antioxidant compound. The remaining DPPH 

corresponded inversely to the radicalscavenging activity of the antioxidant. DPPH (2 mg) was dissolved in 54 

ml of MeOH. Aliquots of investigated extract (50, 100, 200, 300, 500 and 1000 lg) were dissolved in 2 ml of 

MeOH. Then 1.0 ml of each solution was added to 2.0 ml of DPPH solution at room temperature. The 

absorbance at 515 nm was measured against a blank (2 ml MeOH in 2.0 ml of DPPH solution) using evolution 

200 Series spectrophotometer. The results were expressed as percent-age of reduction of the initial DPPH 

adsorption by test samples: 

% of reduction of the initial DPPH adsorption = ADPPH(t)-Asample (t)/ADPPH(t)-100, 

 ADPPH(t) is absorbance of DPPH at time t and Asample (t) is absorbance of sample at t the same time. 

 

FRAP assay: 

The FRAP assay was carried (Wong, Sh.P., et al., 2006). The FRAP solution was freshly prepared on the 

day of use, by mixing acetate buffer (pH 3.6), ferric chloride solution (20 mM) and TPTZ solution (10 mM 

TPTZ in 40 mM HCl) in a proportion of 10:1:1, respectively. Following the FRAP solution was heated, while 

protected from light, until it had reached a temperature of 37 °C. Appropriate dilutions of methanolic fruit 

extracts were prepared. One hundred microlitres of the diluted sample extract (or for blank 100 ll methanol and 

for Trolox standard curves 100 ll Trolox of appropriate concentration) and 900 ll of FRAP solution were added 

into a micro-centrifuge tubes. The tubes were vortexed and left at 37 °C for exactly 40 min, and the absorbance 

was measured at 593 nm. The Trolox standard curves were used to calculate the antioxidant activity of the 

samples in relation to Trolox and were expressed as mg Trolox equivalent/100 g dry weight sample (mg TE/100 

g 1 DW). 

 

Determination of Antioxidant Activity in a Linoleic Acid System: 

The total antioxidant activity of FEHP was carried out by use of a linoleic acid system (Li, Y., et al., 2008). 

The linoleic acid emulsion was prepared by mixing 0.2804 g of linoleic acid, 0.2804 g of Tween 20 as 

emulsifier, and 50 mL of phosphate buffer (0.2 M, pH 7.0), and then the mixture was homogenized. A 0.5-mL 

ethanol solution of different concentration of FEHP (50-500 íg/mL) was mixed with linoleic acid emulsion (2.5 

mL, 0.2 M, pH 7.0) and phosphate buffer (2 mL, 0.2 M, pH 7.0). The reaction mixture was incubated at 37 °C in 

the dark to accelerate the peroxidation process. The levels of peroxidation were determined according to the 

thiocyanate method by sequentially adding ethanol (5 mL, 75 %), ammonium thiocyanate (0.1 mL, 30 %), 

sample solution (0.1 mL), and ferrous chloride (0.1 mL, 20 mM in 3.5 % HCl). After the mixture was left for 3 

min, the peroxide value was determined by reading the absorbance at 500 nm on a spectrophotometer. 

Table 1 shows the concentrations of the phenols, flavonoids and anthocyanins in black currants and 

raspberries. 

 
Table 1: Total phenolics, total flavonoids and total anthocyanins in berries 

The variety of berry Total phenolics, mg gallic acid 

/ g 100 

Total flavonoids, catechol 

mg/100 g 

Total anthocyanins, mg of 

cyanidin-3-glycoside/100 g 

 

Black current 

Lentiai 440 ± 21 98 ± 7 267.68 ± 22.93 

Monisto 397 ± 19 83 ± 9 91.90 ± 10.22 

6-26-130 277 ± 15 65 ± 5 55.61 ± 12.35 

Selechenskaia-2 446 ± 20 39 ± 3 41.58 ± 7.27 

Charodei 522 ± 20 54 ± 5 123.74 ± 19.48 

Bryanski agat 502 ± 21 231 ± 19 114.55 ± 21.42 

Nara 480 ± 20 57 ± 6 128.58 ± 19.81 

Strelets 173 ± 13 35 ± 5 120.57 ± 20.13 

Chernaia vual 355 ± 17 89 ± 9 124.24 ± 19.57 

Mria 461 ± 18 89 ± 7 40.70 ± 11.31 
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Vera 816 ± 24 121 ± 11 51.23 ± 7.23 

Partizanka bryanskaia 336 ± 16 128 ± 12 94.20 ± 11.65 

Raspberry 

Ranii surpriz 458 ± 17 133 ± 13 30.22 ± 7.31 

Nagrada 544 ± 22 130 ± 12 - 

Skromnitsa 614 ± 28 76 ± 8 67.13 ± 6.22 

Lubetovskaia 507 ± 25 56 ± 10 96.35 ± 11.43 

Kolokolchik 566 ± 24 78 ± 11 104.37 ± 18.85 

Novost Kuzmina 477 ± 25 64 ± 7 80.16 ± 12.79 

 

Table 2 shows the data of antioxidant activity analysis’s and ferric reducing antioxidant power (FRAP) in 

conjugated linoleic acid. 
 

Table 2: The antioxidant activity of the investigated berries 

The variety of black current FRAP value mmol Fe2+/1 kg of raw 

material 

Antioxidant Activity Determination in 

terms of inhibition of Linoleic acid 

peroxidation 

Black current 

Lentiai 11.16 ± 2.36 53.4 ± 12.5 

Monisto 9.36 ± 2.54 79.0 ± 20.3 

6-26-130 9.45 ± 2.96 60.2 ± 18.3 

Selechenskaia-2 7.11 ± 1.85 - 

Charodei 12.96 ± 3.14 72.5 ± 19.4 

Branski agat 11.16 ± 3.43 63.9 ± 14.3 

Nara 13.68 ± 4.25 29.2 ± 13.6 

Strelets 10.89 ± 2.54 59.8 ± 15.3 

Chernaia vual 8.01 ± 2.28 55.9 ± 13.6 

Mria 19.44 ± 2.54 79.6 ± 17.5 

Vera 7.56 ± 1.90 63.8 ± 14.3 

Partizanka branskaia 17.28 ± 4.02 64.5 ± 17.9 

Raspberry 

Rannii Surpriz 6.84 ± 2.57 87.6 ± 20.5 

Nagrada 10.71 ± 3.23 80.4 ± 14.4 

Skromnitsa 9.99 ± 4.47 81.3 ± 18.3 

Lubetovskaya 12.24 ± 4.74 64.5 ± 15.3 

Kolokolchik 8.46 ± 3.26 59.8 ± 18.9 

Novost Kuzmina 5.04 ± 1.73 81.6 ± 14.3 

 

Results: 

The total phenolic content: 

A high antioxidant activity of berries determines by phenolic compounds. The highest content of phenolic 

compounds has Vera among the studied samples blackcurrant – 816 mg gallic acid/100 g Chqrodei (522 mg/100 

g), Bryanskii agate (502 mg/100 g) and Nara (480 mg/100 g). The lowest content has Strelets (173 mg/100 g). 

The highest content of phenolic compounds has Skromnitsa among the studied varieties of raspberries (614 

mg/100 g) and Kolokolchik (566 mg/100 g), and the lowest has Ranii Surpriz (458 mg/100 g). 

 

The total flavonoid content: 

The flavonoids also have powerful antioxidant and free radical scavenging properties reducing the amount 

of free radicals in human body. A high level of flavonoids has the variety Bryanskii agat 231 mg of catechin/100 

g, Vera (121 mg/100 g) and Bryanskaya Partizanka (128 mg/100 g). The results of studying of raspberries are: 

the highest level has Ranii Surpriz (133 mg/100 g) and Nagrada (130 mg/100 g) and the lowest level has 

Lubetovskaya (56 mg/100 g). 

 

The total anthocyanins content: 

It is known anthocyanins give a colour to berries and fruit, giving color of fruits and berries, depending on 

the level of pH. Furthermore, anthocyanins has antioxidant properties. The study showed that the variety of 

blackcurrant Lentyai has the highest level – 267.68 mg of cyanidin 3-glycoside/100 g. The average level of 

anthocyanins have berries Nara (128.58 mg/100 g), and Charodei (123.74 mg/100 g), Chernaya Vual (124.24 

mg/100 g) and Strelets (120.57 mg/100 g) (Table 2). The highest level of raspberries varieties has Kolokolchik 

(100.37 mg/100 g). The anthocyanins were not determined in the variety Nagrada. 

 

2,2-Diphenyl-1-picrylhydrazyl (DPPH) antiradical activity: 

One of the methods of the assessment of antioxidant activity is colorimetry of free radicals, based on the 

reaction of DPPH, dissolved in ethanol with the antioxidant sample. As a result of recovering DPPH by 

antioxidant a blue purplish in ethanol becomes less strong. The absorbance was measured at 510 nm, using 

spectrophotometer. Analyzing the results antiradical activity it can be noted that the variety of black current 
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Chernaya vual (9.5 Ec50 mg/ml) has the highest level of anti-radical activity and the minimum value Ec50 of an 

initial concentration of antioxidants. It corresponds to 50 % of reducing a concentration of free radicals DPPH. 

The varieties Mriya (13.0 Ec50 mg/ml), Monisto (16.5 Ec50 mg/ml) and Lentiai (18.5 Ec50 mg/ml) have enough 

high rates of the antioxidant activity by DPPH method. At Fig. 1 are presented the data of antioxidant activities 

of studying varieties of black currents. 

 

 
 

Fig. 1: DPPH radical scavenging activity of black current 

 

The most powerful varieties of raspberries of radical-scavenging effect in DPPH radicals is Rannii Surpriz 

(3.0 Ec50 mg/ml), as noted in Fig. 2.  

 

 
 

Fig. 2: DPPH radical scavenging activity of raspberries 

 

Ferric Reducing Antioxidant Power – (FRAP)assay: 

The method FRAP (ferric reducing antioxidant power) is based on the reduction of ferric complexes Fe (III) 

1,2,4-tripiridil-s-triazine compound. Table 2 shows the best results of Mrija (19.44 mmol Fe
2+

/1 kg) and 

Partizanka Bryanskaya (17.28 mmol Fe
2+

/1 kg). The lowest is Selechenskaya-2 (7.11 mmol Fe
2+

/1 kg) and Vera 
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(7.56 mmol Fe
2+

/1 kg). The measurement results for raspberry demonstrate that the the highest FRAP has 

Nagrada (10.71 mmol Fe
2+

/1 kg) and Lyubetovskaya (12.24 mmol Fe
2+

/1 kg). 

Antioxidant activity determination in linoleic acid system: 

Linoleic acid is a powerful antioxidant, has promising anti-cancer effects, boosting fat burning, increase 

muscle and bone strength, boost and strengthen an immune system. High rates of inhibition of the oxidation of 

linoleic acid showed black currant Mriya (79.6 %) and monists (79.0 %). The highest level of antioxidant 

activity has raspberry Rannii Surpriz (87.6 %). 

 

Conclusions: 

Based on the above-mentioned results it can be concluded that the varieties of black current Chernaya Vual, 

Monisto, Mria, Bryanskii Agat, Vera, Lentiai and varieties of raspberries Nagrada and Lubetovska are the 

leaders considering their rates. It makes it possible to determine a black currants and raspberries as promising as 

a component in antioxidant food composition: juices, purees, cream, dairy products, pastry products, etc. 
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