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Abstract 
Currently, there are only few studies regarding the phenolics and free radical scavenging activity 

of berries during the phenological phases of maturation. This study investigated the ripening – 
dependent changes in phytonutrients and their correlations, in five varieties of Ribes rubrum L. species. 
The fruits were harvested at advanced first fruits, harvest maturity and intense red stage. Total phenolic 
content (TPC) expressed as gallic acid equivalent (GAE), total flavonoid content (TFC) expressed as 
rutin equivalent (RE), and free radical scavenging activity expressed as percent inhibition (I%) of 
extracts, were determined. TPC of fresh red currant was 0.47 - 5.76 mM GAE/mL, with the highest 
content for Tatran variety. Pearson coefficient showed positive correlation between TPC and I% assay 
in the second (R2 = 0.786) and third (R2 = 0.710) maturity stages. TFC ranged between 0.23 and 1.12 
mM RE/mL, the highest being for Tatran variety. For TFC, there was a strong positive correlation with 
I% in all maturity stages, R2 was 0.866, 0.887, and 0.944. During all maturity stages free radical 
scavenging activity was 21.81 - 88.28%.  

This demonstrates that variation in phenolics and free radical scavenging activity in red currants 
is affected both by phenophases of maturation and genotype. 

 
Key words: antioxidant activity, currants, maturation phenophases, phenolics. 
 
 
1. Introduction 

In the past years the agri-food sector has registered several changes with regard to the 
concept and meaning of fruit and vegetable quality and consumption (PANICO & al. [26]). 

Considering food quality, increasing consumption of fruits rich in fibers and phytochemicals 
has a positive impact on human growth and health, and chronic disease prevention 
(SEERAM, [30]; DEVORE & al. [5]; LAZZERI & al. [17]; MURAKI & al. [20]). Thus, 
because of their profile of bioactive components, berries are an interesting model to 
investigate (ERLUND& al. [8]). Generally, the antioxidant capacity of berry fruits can be 
highly variable depending on several genotypic (CONNOR & al. [3]) and environmental 
factors (MITIĆ & al. [19]), which have an active role in the bioaccumulation of health 
promoting compounds. Among them, the temperature (DI VAIO & al. [7]), the water deficit 
(DEIS & al.[4]), the variability of the genotypes (SEPÚLVEDA & al. [31]; PANICO & al. 
[25])and the degree of ripeness influence the content and proportions of the various bioactive 
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compounds (KRÜGER& al. [16]). Studies on blackberries, raspberries and strawberries, show 
that the antioxidant composition varies among cultivars and also on the development stage. 
The results obtained so far show that blackberries and strawberries have higher antioxidant 
activity in green stage compared to raspberries (REKIKA & al. [28]). This kind of information 
would be important for the consumer, as they could recognize a more nutritional fruit by its 
characteristics, such as peel color (HENRÍQUEZ & al. [13]). It is well known that phenolic 
compounds have a very high antioxidant activity. In many studies, most of the phenolic 
compounds occurring in fruits exhibit strong antioxidant activity, defined as the ability of a 
compound to inhibit the oxidative degradation of various reactive species, including free 
radicals (SOCHOR & al. [34]).Flavonoids as plant secondary metabolites play an important 
role as dietary components (SHAGHAGHI & al. [33]). Numerous studies show that the 
flavonoids have a wide range of biological activities, a role in the stabilization of cell 
membranes, inhibiting aging processes and having also a positive effect on the cardiovascular 
system (NIJVELDT & al. [21]; OTEIZA & al. [23]).  

Generally, the determination of the antioxidant activity is used to express the biological 
value of fruits. This value depends on the specific structural features, particularly on the 
presence and mutual position of hydroxyl groups of polyphenols (SOCHOR & al. [35]).  

As most of the fruits with highly pigmented flesh, red currants are rich in bioactive 
compounds with antiradical properties (BURDULIS & al. [2]; ÖZGEN& al. [24]). Currants 
are an important fruit crop, for which the commercial interest is continuously growing lately. 
This is due not only to the pleasant taste and aroma of these fruits, but also for their benefits 
associated with valorization of plant architecture elements (IKUTA & al. [14]). Currant fruits 
(black, red and white) are widely used both as food and promoters of healthy nutrition due to 
their high contents of bioactive compounds. In terms of biochemical composition, Ribes 
rubrum L. fruits are considered one of the most important fresh sources of phenols (BORGES 
& al. [1]) and flavonoids (NOHYNEK & al. [22]).  

Their biochemical composition is very complex and it is very difficult to distinguish the 
compounds with the highest antioxidant activity. With the current state of knowledge, there 
seems to be a lack of information about the influence of ripening stage and genotype on the 
bioaccumulation of phenols and flavonoids in red currant fruits and it is very difficult to 
determine what variable is responsible for a higher free radical scavenging activity. On the 
other hand, previous studies mostly address their chemical and pomological characteristics 
(DJORDJEVIĆ& al. [6]). 

The purpose of this study was to characterize the genotypic variation of health promoting 
compounds content and the free radical scavenging activity of fruits among five varieties of 
Ribes rubrum L. species and determine the relationships among them during three maturity 
stages. 
 
2. Materials and methods 
 
Biological material 

The biological material used consists of fruits in different maturity stages from Detvan, 
Rolan, Tatran, Elite and Jonkheer van Tets varieties harvested in the summer of 2013. The 
fruits were collected in the following phenological stages: advanced first fruits, point of 
harvest maturity and intense red. These varieties were recently introduced and naturalized in 
the experimental field of the research biobase of University of Agronomic Sciences and 
Veterinary Medicine, Bucharest. 
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Preparation of plant extracts 
The plant extracts were performed using the ratio of 1:6 g L-1 between the plant material 

and solvent. The fresh fruits were smashed in a mortar and pestle, over which a solution of 
50% ethanol was added. The resulting mixture was subjected to ultrasound extraction on ice 
bath for the epicarp patency. The ultrasound process was performed using the ultrasonic 
system (Vibra Cell Model VCX 750, Newtown, Connecticut, USA). The parameters of 
the extraction method were: amplitude 40%, temperature 35°C and time 30 minutes. 
Subsequently, the obtained extracts were filtered using Whatman No. 1 filter paper, followed 
by centrifugation at 6000 rpm for 15 minutes. The supernatant was used for the analysis.  

 
Determination of total phenolic content (TPC) 

Determination of total phenolic content was performed using Folin-Ciocâlteu method 
(SINGLETON& al. [32]).The absorbance was measured at λ = 750 nm against a control, 
which was obtained by replacing the extract volume of the sample with distilled water. The 
results were calculated based on a calibration curve of gallic acid (Sigma) and were expressed 
as gallic acid equivalents (GAE). The linear regression curve was given by the following 
equation:  with the statistical parameters: 

R2 = 0.999, p < 0.05. 
 
Determination of total flavonoids content (TFC) 

The amount of total flavonoids content of red currant extracts was determined using the 
adapted method described by ZHISHEN[38]. The absorbance was measured at λ = 510 nm 
with a spectrophotometer (UV-VIS T60) against a control containing water instead of extract. 
The calibration curve was obtained using rutin (Roth) and the equation was as follows: 

, R2 = 0.998, p < 0.05. The results were 

expressed as rutin equivalents (RE). 
 
DPPH• free radical scavenging activity 

Free radical scavenging activity of red currant extracts was determined using the stable radical 
2,2 diphenyl-1-picrylhydrazyl (DPPH•, Sigma), (FERNANDES DE OLIVEIRA & al. [9]).  

The absorbance was measured at the wavelength of λ = 515 nm (maximum absorption of 
DPPH•). The absorbance of DPPH• in methanol solution did not record significant changes 
during the analysis period. The capability of inhibition (I%) of the DPPH• radical was 
calculated using the equation  where, I% is the inhibition 

percentage, Acontrol is the absorbance of the control reaction without extract, and Asample is the 
absorbance of the sample containing the extract. 

  
Statistical analysis 

A general linear model, Bonferoni and Tukey tests were used for the comparison of 
means for the content of biocompounds between groups, using Statistical Package for Social 
Science (SPSS version 21.0). The statistical significance was considered for the probability 
value of difference p < 0.05. The obtained results were expressed as mean values ± standard 
deviation (SD). Microcal Origin version 6.0 software was used for the charts design and 
Pearson correlation coefficient. 
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3. Results and discussion 
 
Total phenolic content, total flavonoid content, and free radical scavenging activity 

The results of total phenolic and total flavonoid content, and free radical scavenging 
activity of red currant in different maturity stages are shown in the Table 1. 

 
 

Table 1. Total phenolic and flavonoid contents values of Ribes rubrum L. varieties. 

Variety  Stage of 
maturation 

TPC mM 
GAE/mL extract 

TFC mM 
RE/mL extract 

Inhibition rate 
(I%) 

Detvan 1.620 ± 0.030 0.229 ± 0.001 45.973 ± 1.772 
Rolan 2.817 ± 0.045 0.247 ± 0.005 23.690 ± 4.186 
Tatran 0.473 ± 0.006 1.124 ± 0.079 88.277 ± 3.619 
Elite 4.440 ± 0.156 0.758 ± 0.015 71.130 ± 3.511 
Jonkheer van Tets 

Advanced first 
fruits 

3.697 ± 0.045 0.492 ± 0.029 43.133 ± 3.329 
Detvan 1.690 ± 0.020 0.251 ± 0.002 31.877 ± 2.133 
Rolan 1.557 ± 0.012 0.238 ± 0.006 21.807 ± 3.203 
Tatran 1.690 ± 0.020 0.743 ± 0.023 56.893 ± 2.221 
Elite 2.323 ± 0.029 0.413 ± 0.003 40.727 ± 1.660 
Jonkheer van Tets 

Harvest 
maturity 

2.803 ± 0.029 0.693 ± 0.015 48.210 ± 4.632 
Detvan 2.957 ± 0.095 0.300 ± 0.017 25.717 ± 3.718 
Rolan 1.993 ± 0.023 0.334 ± 0.007 29.330 ± 2.670 
Tatran 5.763 ± 0.314 0.920 ± 0.020 66.413 ± 1.496 
Elite 2.437 ± 0.031 0.472 ± 0.003 45.203 ± 0.443 
Jonkheer van Tets 

Intense red 

2.927 ± 0.095 0.513 ± 0.006 38.847 ± 1.727 
Values represent the means of 3 replicates ± SD  
 

In the advanced first fruit stage of red currants, there can be observed that the minimum 
total phenolic content was recorded in Tatran variety containing 0.47 mM GAE / mL extract. 
The opposite is found in the case of Elite variety, with a value of 4.44 mM GAE / mL extract.  

Compared with the first stage, for the fruits at the point of harvest maturity, the 
accumulation of the analyzed biologically active compounds (total phenolic content) is not 
uniform, each of the varieties studied having positive and negative variations. Total phenolic 
content of the samples ranged between 1.56 and 2.80 mM GAE / mL extract for Rolan and 
Jonkheer van Tets varieties, respectively. For the intense red stage, the bioaccumulation of 
total phenolic content showed a linear increase for all varieties, the lower limit being 1.99 
mM GAE / mL extract for Rolan variety, whereas the upper limit is found in Tatran variety 
with a concentration of 5.77 mM GAE / mL extract. With regard to the quantitative 
determination of flavonoids content of red currants, in the advanced first fruit stage, the 
results showed that Detvan variety registered 0.23 mM RE / mL and Tatran variety registered 
1.12 mM RE / mL extract. In the harvest maturity stage, the bioaccumulation of total 
flavonoids content ranged between 0.23 - 0.25 mM RE / mL for Rolan and Detvan varieties 
and 0.74 mM RE / mL extract for Tatran variety. Also, in the intense red stage, Detvan and 
Tatran varieties highlight both the lower and upper limits of flavonoids content, namely 0.3 
and 0.9 mM RE / mL extract. The lowest free radical scavenging activity of red currants in 
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the advanced first fruit stage is observed for Rolan variety with a rate of inhibition of 23.69%. 
Diametrically opposed, in this maturation stage, Tatran variety has emphasized the highest 
rate of inhibition of 88.28%. In the advanced first fruit stage, minimum and maximum values 
are maintained for both Rolan and Tatran varieties. Thus, a slight decrease of the rate of 
inhibition, of 21.8%, was registered for Rolan variety and, a greater one, of 56.90%, was 
registered for Tatran variety. Compared to the previous stage, the free radical scavenging 
activity in intense red stage does not change significantly. Detvan and Rolan have a minimum 
rate of 26 - 29%, whereas Tatran variety shows highest rate of inhibition, of 66.42%.  

 
Correlations between free radical scavenging activity (I%), total phenolic content 

(TPC), and total flavonoid content (TFC) 
The correlation coefficient (R2) of total phenolic content, total flavonoid content, and free 

radical scavenging activity of the fruit extracts during phenological process of maturation are 
described in Figure 1, Figure 2, and Figure 3. 

The relationship between total phenolic content and free radical scavenging activity for 
the advanced first fruits stage is shown in Figure 1 (R2 = 0.648, p < 0.05); for fruits at the 
point of harvest maturity stage in Figure 2 (R2 = 0.786, p < 0.05) for intense red stage in 
Figure 3 R2 = 0.710, p < 0.05.  
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Figure 1. Correlation between free radical scavenging activity  

and total phenolic content for advanced first fruit stage. 
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Figure 2. Correlation between free radical scavenging activity  

and total phenolic content for harvest maturity stage. 
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Figure 3. Correlation between free radical scavenging activity  

and total phenolic content for intense red stage. 
 
 

The relationship between total flavonoid content and free radical scavenging activity for 
the advanced first fruit stage is shown in Figure 4, R2 = 0.866, p < 0.05; for harvest maturity 
stage in Figure 5, R2 = 0.887, p < 0.05; for intense red stage in Figure 6, R2 = 0.944, p < 0.05.  

The correlation coefficient R2 values for I% and total flavonoid content showed a strong 
positive correlation for all maturity stages of the fruits. 
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Figure 4. Correlation between free radical scavenging activity  

and flavonoid content for advanced first fruit stage. 
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Figure 5. Correlation between free radical scavenging activity  

and flavonoid content for harvest maturity stage. 
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Figure 6. Correlation between free radical scavenging activity  

and flavonoid content for intense red stage. 
 
 

4. Discussion  
 
Total phenolic content, total flavonoid content, and free radical scavenging activity 

During the three stages of ripening, it can be observed that bioaccumulation of phenols 
depended on both maturity stage and genotype.  

According to Sochor [34], during phenological phases of fruit maturation phenolic 
content varies significantly. Thus, two distinct phenomena of change in phenolic contents 
have been observed during red currant maturation: steadily decrease or rise at the end of 
maturation (MAHMOOD & al. [18]). Therefore, compared to the first stage, the decrease 
phenomenon was recorded for Rolan, Elite and Jonkheer van Tets varieties, while Detvan and 
Tatran varieties registered the increasing one. Similar to other fruits (HEGEDÜS& al. [12]) it 
reveals that total phenolic content of red currant fruits is more intensive at an earlier maturity 
stage in Rolan, Jonkheer van Tets and Elite fruits as compared to Detvan and Tatran fruits and 
remained active toward intense red maturity stage.  

Also, the genotypes differed considerably in their phenolic content during the same 
phenological stage. Thus, in first fruit stage total phenolic content ranges between 0.47 – 4.44 
mM GAE / mL, in the following order: Tatran < Detvan < Rolan < Jonkheer van Tets < Elite.  
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In the second maturity stage the values  were ranging between 1.56 – 2.80 mM GAE / 
mL extract as follows: Rolan < Detvan ≤ Tatran < Elite < Jonkheer van Tets. In intense red 
stage phenolic content means ranged from 1.99 mM GAE / mL extract to 5.76 (Rolan < Elite 
< Jonkheer van Tets ≤ Detvan < Tatran). 

Among all the genotypes studied, Tatran genotype showed a broad range of variation in 
total phenolic content due to the maturity stages, ranging between 0.47 to 5.76 mM GAE / mL 
extract.  

According to the obtained results, the bioaccumulation of flavonoids is influenced by 
both maturity stage and genotype. In this context, in first fruit stage total flavonoid content 
ranges between 0.23 – 1.12 mM RE / mL extract, in the following order: Detvan < Rolan < 
Jonkheer van Tets < Elite < Tatran. Flavonoid content in the second maturity stage was 
between 0.24 – 0.74 mM RE / mL extract in the order: Rolan < Detvan < Elite < Jonkheer van 
Tets < Tatran. For the last maturity stage, flavonoid content means ranging from 0.30 mM RE 
/ mL extract to 0.92 mM RE / mL, as follows: Detvan < Rolan < Elite < Jonkheer van Tets < 
Tatran. Therefore, with a few exceptions (Rolan and Detvan), has been observed that during 
second and third maturity stage flavonoid content of the varieties is maintained in the same 
order.  

According to several studies, during ripening process, generally flavonoid concentrations 
increase. Regarding this research area, studies on watermelon fruit show that the results are 
often contradictory to the previous affirmation (TLILI& al. [37]). In addition to this, the often 
contradictory results might be attributed to a differential synthesis of phenolics during the 
ripening, as was reported by Ilahy [15] for tomatoes. Our results show that in the case of 
redcurrant fruits the highest amount of total flavonoid was found for Elite and Tatran varieties 
in younger (advanced first fruit stage) fruits, Jonkheer van Tets in second stage, while for 
Detvan and Rolan varieties was obtained in intense red fruit stage. Among genotypes, Tatran 
variety recorded maximum of flavonoids in all 3 maturity stages, the higher concentrations 
being 1.12 mM RE / mL extract.  

Similar to the tendency detected in phenolics, the differences of free radical scavenging 
activity of red currants among all three maturity stages were evident. Thus, the free radical 
scavenging activity in first stage varied significantly among the varieties, between 23.69 and 
88.28%, in the order Rolan < Detvan < Jonkheer van Tets < Elite < Tatran. In the second 
stage, there was a decreasing in free radical scavenging activity for all varieties, except for 
Jonkheer van Tets variety. Therefore, the percentage in the second stage ranged between 
21.81 and 56% as follows: Rolan < Detvan < Elite < Jonkheer van Tets < Tatran. According 
to Gull [11] the decrease in reducing power during maturation might be correlated with the 
results for total phenolics, and consumption of anthocyanins and compositional changes in 
fruit development. In the last maturity stage, free radical scavenging activity ranges between 
25.72 and 66.41%, showing a slight increase compared to the preceding stage, as follows: 
Detvan < Rolan < Jonkheer van Tets < Elite < Tatran. From the results it can be seen that the 
highest inhibition rate of 88.28% was recorded for Tatran variety in the first maturity stage, 
strongly correlated with the flavonoid content. 

 
Correlations between total phenolic content, total flavonoid content, and free radical 
scavenging activity 

From the Pearson correlation coefficient, there was a very strong negative and significant 
correlation between total phenolic content and DPPH• assay in fruit extracts found in first 
fruits phenophase (R2 = 0.648, R = - 0.324, p < 0.05) (Figure 1). The negative correlation in 
this stage shows that the fruits have low levels of phenolic compounds but very strong 
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inhibition power. In this case, it might be feasible to suggest that phenolics do not act as the 
major antioxidant components in the extracts. There might be a possibility of other active 
constituents, such as amino acid arginine and alanine from red currants (STÓJ& al. [36]) with 
higher antioxidant capacity. According to Pérez-Jiménez and Saura - Calixto [27], the 
presence of non-antioxidant compounds especially amino acids and uronic acids in the test 
solutions may produce higher antioxidant capacity to that produced by the polyphenols alone. 
Different studies have shown that berries, including currants, are known for high antioxidant 
activity based on a high content of ascorbic acid (ŠAVIKIN& al. [29]). Thus, free radical 
scavenging activity of Tatran variety (88.28%) may not be related to the total phenolic 
content.  

For fruit at the point of harvest maturity and intense red fruit stages Pearson correlation 
coefficients were (R2 = 0.786, p < 0.05) and (R2 = 0.710, p < 0.05), respectively. There was a 
strong linear positive and significant relationship between total phenolic content and free 
radical scavenging activity.  

Currently in the literature there are studies that show the relationship between flavonoid 
and free radical scavenging activity (GUERRERO& al. [10]). Thus, in terms of the 
correlation between free radical scavenging activity and flavonoid content for red currants 
fruits, can be seen that there is a strong positive linear correlation for the first two stages of 
maturation of the fruits, Pearson correlation coefficient R2 exceeded 0.800, for the probability 
p < 0.05 (R2 = 0.866, for advanced first fruit stage and R2 = 887, for fruit at the point of 
harvest maturity). A very strong positive correlation was also noted between flavonoids and 
free radical scavenging activity in intense red phenophase, Pearson correlation coefficient R2 
being 0.994 for the probability p < 0.05. Thus, free radical scavenging activity of red currant 
fruits can be related with total flavonoid content.  

Thus, according to the analysis of the results obtained it can be observed that Tatran, Elite 
and Jonkheer van Tets varieties showed the greatest accumulation of bio-active compounds 
studied. Therefore, we strongly recommend their expanding in the urban area culture.  

Although similar studies have been done on other berries, little information is known on 
the phenolic constituents during fruit maturation and these kinds of correlations in the case of 
red currants.  
 
5. Conclusions 

The obtained results show that the bioaccumulation of health promoting compounds in 
red currant fruits is influenced both by the genotype and by their maturation stage.  

The present data indicate that not marketable red currant fruits that are rejected from 
commercial units have a potential for use in processing for food ingredients industry or health 
natural products.  

This study is valuable for future detailed characterization of other bioactive compounds 
in these fruits. For the future, we intend to develop further investigations of non-destructive 
methods in order to analyze the changes in physico – chemical properties during fruit maturity 
and to help in determining the optimal point for harvesting of Ribes rubrum L. fruits that can 
enhance production and their subsequent use.  
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