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Abstract 
 
There is a plurality of studies highlighting the beneficial properties of blackcurrant, especially the anti-oxidant ones. 
These are mainly due to phenols, of which anthocyanins and flavonoids stand out, yet the mechanisms by which the 
active substances in blackcurrant act are not fully understood. Blackcurrant extract has a complex biochemical 
composition, it contains tannins, green volatile oils, terpenic carbides, B-complex vitamins, vitamin C, organic acids 
(citric, malic), pectins, sugars, anthocyanins, terpenes, oils fats, flavonoids (myricetol, cvercetol, camphor), pectin, 
calcium, iron, potassium, phosphorus, vitamin PP. The research was carried out between 2017 and 2020. By chemical 
and biochemical analyses, the content of blackcurrant fruits was monitored over time, as well as the presence of some 
chemical or biochemical compounds with sulphur, with harmful action on the human organism, in the extract. It was 
sought to know if the presence of sulphur springs would have an influence on the chemical and biochemical 
composition of blackcurrant fruits. 
 
Key words: antioxidant activity, blackcurrant fruits, polyphenols content, Ribes nigrum. 
 
INTRODUCTION 
 
Blackcurrant (Ribes nigrum L.) is a shrub 
belonging to Saxifragaceae family, which grows 
up to 2 meters high. It can be found growing 
spontaneously of cultivated in mountain areas, 
in forests and bushwood, in colder temperate 
regions of Europe and Northern Asia. The white 
flowers are gathered in short clusters, gradually 
transforming into black baccae, with specific 
smell and taste. They are very valuable due to 
their content of polyphenols and vitamin C, 
intervening in the regulation of the intestinal 
microbiota, thus granting protection against 
anti-inflammatory degenerative disorders or 
even cancer (Butură, 1979; van Wyk and Wink, 
2017; Vepštaitė-Monstavičė et al., 2018).  
The blackcurrants are recognised as a rich 
source of polyphenols (especially anthocyanins, 
phenolic acid derivatives, flavonols and 
proanthocyanidins) useful for vascular and 

metabolic health. Among the large range of 
bioactive components of these fruits a main 
position is occupied by the anthocyanins, which 
are polyphenolic glycosides and belong to the 
flavonoid family. They also provide the natural 
colouring of the fruits. The minor compounds 
containing sulphur (as 8-mercapto-p-menthan-3-
one) are contributing to the specific smell and 
aroma of blackcurrants (Castro-Acosta et al., 
2016; Paunović et al., 2017; van Wyk and 
Wink, 2017). 
The phenolic compounds, important bioactive 
compounds, split in two groups: phenolic acids 
and flavonoids (Quideau et al., 2011). 
Generally, they occur in nature as combined 
forms with sugars, organic acids and esters; 
while other phenols occur as aglycones. 
Phenolic acids are present in vegetal tissues 
mainly as hydroxyl derivatives of benzoic and 
cinnamic acids. They cause of the bitter and 
sour taste of different plants, to these adding 
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their astringent properties (Parus, 2013). They 
represent substrates for biosynthesis reactions 
(e.g., caffeic acid is a precursor of lignin) 
(Quideau et al., 2011). Flavonoids form the 
largest group of polyphenolic compounds and 
are split into several sub-classes, according to 
their chemical structure: flavanones, flavanols, 
flavones, isoflavones, flavonols and 
anthocyanins (Ferreyra et al., 2012). These 
substances are the main antioxidants that confer 
protection against Reactive oxygen species 
(ROS), yielded by plants in large quantities 
under stress conditions. Also important in 
activating the enzymes involved in the cell 
metabolism and in the antioxidant systems are 
minerals and trace elements (Stern et al., 2008). 
The researchers concluded that high nutritional 
levels of K, Mg, and Ca reduce risk of stroke, 
hypertension, and osteoporosis (Larsson et al., 
2008; Janz et al., 2013; Pavlovic et al., 2015). 
Microminerals, such as iron, are essential in 
many compounds performing oxygen transport 
and storage, representing cofactors for enzymes 
(Larsson et al., 2008). This mineral uptake in 
plants depends on the growth conditions, which 
imply cultivation techniques, stress (biotic or 
abiotic), and nutritional status (Niskanen, 2002; 
Staszowska-Karkut et al., 2020). 
Blackcurrants are widely consumed in the 
world, usually in fresh, frozen, or processed 
form. It has been shown that currants possess 
positive effects in dietary management of 
various diseases (hypertension, osteoporosis, 
inflammation, cancer, and cardiovascular 
disease). Ascorbic acid, anthocyanins, and 
flavonoids are the most valuable compounds 
present in blackcurrants (Zdunic et al., 2016). 
The biochemical composition of blackcurrants 
ensures the mineralizing, vitaminizing, 
bactericidal, hemostatic, diuretic, laxative, anti-
inflammatory, depurative, immunostimulating, 
and phytonicidal effects of this plant. 
 
MATERIALS AND METHODS 
 
Chemical and biochemical analyses were 
performed on fresh blackcurrant fruit extracts, 
using distinct methods to establish the array of 
components. These analyses were performed in 
the research laboratories of the Faculty of 
Environmental Protection, University of 
Oradea.  

The dry substance was determined by 
desiccating the fruits in stove at 105-110ºC, 
further weighing and proportioning. The sugar 
content of blackcurrant fruits is significant. It 
was assessed using the Schoorl method (Schrool 
and Regenbogen, 1917). Acidity was 
determined by potentiometric analysis. The 
detection of tanning and colouring substances 
(mg%) was performed with 1% vanillin solution 
in concentrated HCl and 1% FeCl3 solution. The 
gauging of tanning substances was done by 
permanganatometric method Vitamin C (mg %) 
was determined by iodometric method, based on 
the oxidation of ascorbic acid with excess 
iodine. Than the sugar/acid parameter was 
calculated. 
Spectrophotometry was involved, performing 
the Folin-Ciocalteu assay, for assessing the total 
phenolic content, expressed as mg of gallic acid 
equivalent (GAE)/g dry residue (Attard, 2013). 
Potentiometric method was used to determine 
the antioxidant activity, evaluated based on the 
capacity to capture free radicals. In the process, 
peroxy radicals are generated involving 2.2-
azobis (2-amidinopropane) dihydrochloride. 
The results were expressed in gallic acid 
equivalents/g dry extract weight. 
 
RESULTS AND DISCUSSIONS 
 
The biochemical analyses were performed on 
blackcurrant fruits hand-picked on a plantation 
in Jibou town (Figure 1), situated in the vicinity 
of sulphur springs. 
 

 
Figure 1. Ribes nigrum plantation 

Each tested parameter was assessed in triplicate, 
for each studied year (2017-2020). 
In this plantation the crop slightly decreased 
along the 4 years of the study (Table 1). The 
sugar content along the 4 years had slightly 
varied, the lowest content being recorded in 
2019 (7.96%). The assessment of tanning and 

colouring substances (mg%) by 
permanganatometric method indicated a high 
content in each year included in the study 
(Table 1). The total content of tanning 
substances is variable from one year to another, 
registering a maximum of 73.29 mg% in 2017 
and minimum of 69.58 mg% in 2020. 

 
Table 1. Quality of blackcurrant fruits according to nutrient content for the period 2017-2020 

Parameters Year 
2017 2018 2019 2020 

Fruit average mass (g) 1.5 1.4 1.6 1.4 
Crop (kg/ha) 18.22 19.58 17.36 16.47 
Sugar content (%) 8.64 8.58 7.96 8.26 
Titrated acidity (%) 1.58 1.49 1.53 1.47 
Colouring substances (mg%) 69.58 72.34 71.96 72.67 
Vitamin C (mg%) 23.56 22.69 23.18 23.36 
Sugar/acid coefficient 4.81 4.74 4.59 4.82 

 
Figure 2 shows the variation of the vitamin C 
content during the four years of study. It can be 
noticed the lower quantity of vitamin C in 2018, 

compared with the other years of study (Figure 
2). 

 

 
Figure 2. Content of vitamin C in blackcurrant fruits 

 
The acidity detected by titration in the 
blackcurrant leaves during the timespan of the 
study was quite uniform and ranged between 
1.47-1.58%. The sugar content was also rather 
uniform on the study period. The coefficient 
calculated for the ratio between the sugar 
content and acidity exhibited a slightly 
increasing trend in 2020 (Figure 3). 
The total polyphenolic content reached values 
ranging from 0.492 mg/ml in 2017 to 0.552 
mg/ml in 2020 (Table 2). Antioxidant activity is 
in relation with the polyphenol currant fruits 
contain. Within polyphenols, the most important 
are anthocyanins and flavonols, and it must be 

added that a synergistic action of different 
groups of phenolic compounds can be observed. 
The performed studies concluded that 
anthocyanins dominated in blackcurrants, while 
phenolic acids and proanthocyanidins 
dominated among the phenolic compounds in 
green and white currants (Maatta et al., 2001). 
The phenolic compounds mentioned exhibit 
tones of blue, yellow, red, and purple and 
determine the colour of the currant fruits. 
Blackcurrant fruits may be regarded as genuine 
deposits of polyphenolic compounds, which 
provide antiradical impact, which can inhibit the 
carcinogenic process, if consumed fresh.  
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Figure 3. Content of sugar (%) and acidity in blackcurrant fruits (2017-2020 years) 

 
Considering such properties, the antioxidant 
capability of fresh fruits correlated to the 
polyphenol content was aimed. As for the 
polyphenol content, the Folin-Ciocalteu method 
was used to assess it. The potentiometric 
method was applied to assess the antioxidant 
activity. The antioxidant activity of polyphenols 
translates in their aptitude to capture free 

radicals. The method implies generating peroxy 
radicals by using 2-amidinopropane 
dihydrochloride. The ability of fresh fruit 
extracts to capture radical peroxyls was 
expressed in gallic acid equivalent (GAE) µM 
gallic acid/g of dry residue. The dilution of the 
currant extract was 0.1. 

 
Table 2. Characteristics of crude blackcurrant fruit extracts, during the research period (2017-2020) 

Blackcurrant extract Years 
2017 2018 2019 2020 

Dry residue (mg/ml) 6.76±0.15 6.28±0.15 6.96±0.15 6.67±0.15 
Total polyphenolic (mg/ml) 0.492±0.005 0.612±0.005 0.527±0.005 0.552±0.005 
Antiradical activity (%) 53.39±0.5 62.36±0.558 58.86±0.5 57.84±0.5 
The ability to capture peroxyl 
radicals (µM GAE/g dry residue) 

286.42±25.50 268.57±25.50 279.68±25.50 261.46±25.50 

Dried blackcurrants at 60ºC 215.49±20.45 192.23±18.24 195.01±18.51 95.34±9.05 

 
The anti-free radicals activity of the analysed 
extracts is directly correlated with the 
polyphenolic content, thus the capacity to 
capture the free radicals in the analysed extracts 
grows along with the increase of the 
polyphenolic content. The differences recorded 
in the research are mainly owned to the 
polyphenols content of blackcurrant fruits. 
A higher content of polyphenols was observed 
in the year 2018 (0.612 mg/ml) (Figure 4). 
Evaluation of the antioxidant activity of 
polyphenols was performed based on the ability 
to capture free radicals. The capacity to capture 
free radicals in dilution of 1/10 shows variations 

from 53.39 ± 0.5% in 2017 to 62.36 ± 0.5% in 
2018. The extract of free radicals had the 
highest capability for free radical uptake 
corresponding to the extract from 2017, with an 
antiradical activity value of just 53.39 ± 0.5%. 
The peroxyl radical uptake capacity of the 
analysed extract (by expressing the antiradical 
activity in the equivalent of gallic acid) varies 
widely during the research period from a 
maximum value of 286.42 ± 22.50 µMGAE/g 
recorded in 2017, to a minimum value of 261.46 
± 25.50 µMGAE/g recorded in 2020 (Table 2). 
The antiradical activity of the analysed extracts 
is directly correlated with the polyphenolic 

content, consequently the ability to capture free 
radicals from the analysed extracts increases 
with increasing polyphenolic content. The 
differences registered during the research period 

are mainly due to the polyphenol content of 
blackcurrant fruits, the highest content being 
recorded in 2018 (Figure 4). 

 

 
Figure 4. Total polyphenolic content (mg/ml) in blackcurrant fruits (2017-2020 years) 

 
CONCLUSSIONS 
 
The results obtained experimentally show that 
the antioxidant activity of blackcurrant fruit is 
directly proportional to the polyphenol content. 
According to the comparative analyses of 
blackcurrant fruits along the 4 years study 
period the total polyphenols varied slightly. 
The priority to focus on is the ability to capture 
free radicals, because it reaches promising 
values, the highest being recorded in 2017, of 
286.42±25.50 µMGAE/g. 
In conclusion, based on the comparative study 
of the free radical scavenging capacity in the 
analysed samples, along all the study years, 
blackcurrant fruits can serve as a source of 
products rich in polyphenolic content, with 
antioxidant properties. 
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of the free radical scavenging capacity in the 
analysed samples, along all the study years, 
blackcurrant fruits can serve as a source of 
products rich in polyphenolic content, with 
antioxidant properties. 
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Abstract 
 
The state of plant nutrition was assessed in wheat plants, Alex cultivar, BBCH 12-13 stage. Microscopic images, Leica 
CLSM, DM2500 were taken on the leaves. On the microscopic images were analyzed in RGB color system, for plants 
with normal nutrition (Rnn, Gnn, Bnn) and for plants with nutrient deficiency (Rnd, Gnd, Bnd). The average values for R, 
were Rnn = 110.30, Rnd = 47.65. The differences between the averages of the studied cases were high and statistically 
significant (test t, t = 14.224, p< 0.001; non-parametric Mann-Whitney test, U = 0, p< 0.001). In the case of the G, the 
average values were Gnn = 51.92, Gnd = 55.54, and in the case of B, the average values were Bnn = 4.12, Bnd = 4.16, 
without statistical assurance of differences.The average value of the fractal dimension (D) in the case of plants with 
normal nutrition was Dnn = 1.746, and in the case of plants with nutritional deficiency it was Dnd = 1.850. The 
difference between the means was statistically significant, according to the indicated value of t = 10.88, having              
p < 0.001. And in the case of applying the non-parametric Mann-Whitney test the differences between groups are 
significant, U = 0, p < 0.001. 
 
Key words: CLS, fluorescence, fractal analysis, RGB, wheat. 
 
INTRODUCTION 
 
The evaluation of plants and crops can be done 
at different levels, from macro scale to nano 
scale. During this very wide interval, studies 
were carried out that include large areas, 
regions and agricultural basins, based on 
satellite images, macroeconomic studies, etc. 
(Artzberger, 2013; Herbei and Sala, 2016; 
Dalmau et al., 2017; Popescu et al., 2020), 
studies at the level of agricultural plots, based 
on aerial (drone) or terrestrial images (digital 
sensors on machines and equipment 
agricultural studies), usually studies aimed at 
agricultural crop management (Valente et al., 
2011; Constantinescu et al., 2018; Sala et al., 
2020a).  
Some studies have been conducted at the plant 
level, as an organism, through physiological 
indices that express the degree of plant 
adaptability, nutritional status and the 
relationship of plants with environmental and 
technological factors (Jivan and Sala, 2014; 
Motaghi and Nejad, 2014; Dobrei et al., 2015; 
Datcu et al., 2017), elements of plant 
productivity (Rawashdeh and Sala, 2016). 
Studies have also been performed at the cellular 

and plant tissue level, using microscopic 
techniques (Ishida et al., 2000; Li et al., 2007; 
Sozzani et al., 2014), or biochemical and 
molecular studies (Xiong and Zhu, 2002; Du et 
al., 2009). 
Methods based on imaging, in the evaluation 
and investigation of plant organisms have 
developed more and more as a result of the 
facilities offered by these methods: real-time 
evaluation, high accuracy, fast and efficient 
formulation of different solutions, etc. (Li et al., 
2014; Drienovsky et al., 2017; Perez-Sanz et 
al., 2017). 
Microscopic methods are very important in the 
study of plant organisms and have been used 
for herbal standardization (Lachumy and 
Sasidharan, 2012; Chirskaya et al., 2014). 
Investigation technology based on spectro-
microscopy, or fluorescence microscopy has 
been used to study the biology of plant cells 
and tissues (Dubrovsky et al., 2006; Harter et 
al., 2012). 
Fluorescent confocal laser microscopy is useful 
for obtaining high-resolution optical sections in 
plant tissues, for studies of cell organization, 
dynamics of biological developmental 
processes, the response of molecular and 


