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Abstract. The aim of the current work is to determine the main biologically 
active substances and antioxidant activity of aqueous-ethanolic extracts of 
cultivated rosehip fruit obtained by ultrasonic treatment. The extraction was 
performed under the following technological parameters: ultrasound 
frequency 37 kHz, solvents 50 and 70% ethanol, raw material: solvent ratio 
= 1:20, temperature 20, 40 and 60оС, duration 15, 30 and 60 min. Tannins, 
ascorbic acid and total phenolic contents were determined in the extracts. 
The highest tannin content (1.90%) was obtained by extraction with 50% 
ethanol, temperature 60оС and process duration 60 min. The total phenolic 
content under the different process conditions is comparable. Higher values 
of total phenols (45.43 mg GAE g-1) were determined at 50% ethanol 
solvent, 40оС temperature and 60 min process duration. The highest values 
of antioxidant activity, by the DPPH method, were reported in extracts with 
50% ethanol, temperature 40оС and duration 60 min (422.5 µmol TE/g), 
and by FRAP method under the same extraction conditions - the value was 
almost twice lower (231.9 µmol TE).  

1 Introduction  
Since ancient times, people have used herbs and their aqueous extracts in traditional medicine 
and for flavouring food products due to their rich composition of biologically active 
substances.  

One of the methods of processing plant raw materials is conventional extraction. The 
extraction process consists of several operations that include pre-processing of the plant 
material (drying, grinding, storage) and post-processing of the resulting liquid extract 
(filtration, concentration, purification, etc.). Conventional extraction often takes a lot of time 
and energy, and environmentally harmful solvents are used (methanol, dichloromethane, 
acetone, etc.). The extracts obtained are not always safe as they contain residues of solvents 
and other intermediates produced during the process [1, 2]. 
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At the end of the twentieth century, the twelve principles of the so-called "green 
chemistry" were published, which are generally accepted by many researchers in the 
development of new methods for the extraction of biologically active substances [3]. New 
innovative methods of extraction of plant raw materials for environmental protection have 
been introduced, such as ultrasonic extraction, supercritical extraction, microwave extraction 
and extraction with eutectic solvents [4]. 

Compared to conventional extraction, the ultrasonic extraction has several advantages, 
such as less time and less energy consumption, applying low temperatures and preserving the 
quality of the resulting extracts. In ultrasonic extraction, the destruction of plant tissue is 
caused by physical forces created during acoustic cavitation, which favours the release of 
extractable components into the solvent in a much shorter time [5]. 

Among the medicinal plants rich in biologically active substances of the Rosaceae is the 
rosehip (Rosa canina L.). The fruits are high in phenolic compounds, flavonoids, 
anthocyanins, phenolic acids and vitamin C [6-8].  

The fruits are also rich in vitamins K and P, the mineral elements Mg, Fe, Mn, and Al [9]. 
The presence of phenolic acids, hydrolysable tannins, proanthocyanidins, anthocyanins as 
well as carotenoids represented by β-carotene, rubixanthins and lycopene has been found 
[10]. 

In Bulgaria, rosehip is found in bushes and grassy slopes, near rivers, plains, and 
mountains up to 2000 m altitude throughout the country.  

The variety "Plovdiv - 1" has been selected from the wild-growing rosehip in our country, 
and the fruits are characterized by a high vitamin C content (over 8300 mg/100 g) and 
excellent taste qualities. [11].  

There is no data on the processing of rosehip fruits by ultrasonic extraction and their 
characterisation. 

Therefore, the present study aims to obtain aqueous-ethanolic extracts of cultivated 
rosehip fruit by ultrasonic extraction, to determine the content of the main biologically active 
substances in them as well as their antioxidant activity with a view to their inclusion in 
functional foods. 

2 Materials and methods 

2.1 Plant material 

In this study we used dry fruits of cultivated rosehip – variety "Plovdiv-1" from the area of 
Gotse Delchev (Blagoevgrad, Bulgaria), harvest 2022, purchased from a private grower. The 
fruits were stored in double paper bags in a wooden cabinet for one year at room temperature, 
away from direct sunlight and other heat sources. Before analysis, the fruit was ground on a 
laboratory grinder (Model PRO 02; 2600 rpm/min), separating the seeds from the flesh (husk) 
beforehand. 

By drying at 105℃ the moisture of the fruit was determined. 

2.2 Extraction of the fruits 

Ground dry rosehip fruits are extracted in an ultrasonic bath - model ELMA, Elmasonic P30H 
- Germany, with a frequency of 37 kHz. The technological parameters of the process were: 
solvent 50 and 70% ethanol; hydromodule 1:20; temperature - 20, 40, and 60оС; duration - 
15, 30, 60 min.  

The process parameters were chosen based on our preliminary studies [12, 13]. The 
resulting extracts were centrifuged for 10 min at 4000 rpm-1 and stored at 4оС until analysis. 
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2.3 Chemical analyses 

The content of tannins [14], vitamin C [15], and total phenolic content [16] were determined 
in the fruits and extracts obtained.  

2.4 Antioxidant activity  

The antioxidant activity was determined by two methods: DPPH radical scavenging activity 
[17] and FRAP assay [18], with the values presented as mM Trolox Equivalent (TE)/g. 

2.5 Statistical analysis 

Threefold repetition was used during the experiment, which mean values are presented in the 
results and discussion section. They were obtained using the MicroCal™ Origin software. 

3 Results and discussion 
Cultivated rosehip fruits are characterized by a moisture content of 11.27%, a tannin content 
of 13.24%, a vitamin C content of 153.8 mg/100 g and a total polyphenolic content of 8400 
mg GAE/g. [19]. 

The values of the determined biologically active substances in the extracts are presented 
in Tablе 1. 

Table 1. Content of biologically active substances in aqueous-ethanol extracts of rosehip fruit 

Temp., 
оС 

Duration, 
min 

Tannins % Ascorbic acid, mg/100 g Total phenolic, mg GAE/g 
50 % 
Ethanol 

70 % 
Ethanol 

50 % 
Ethanol 

70 % 
Ethanol 

50 % 
Ethanol 

70 % 
Ethanol 

20 
15 
30 
60 

0.54 ± 0.0 
0.56 ± 0.0 
0.68 ± 0.0 

0.62 ± 0.0 
0.65 ± 0.0 
0.68 ± 0.0 

10.54 ± 0.10 
20.48 ± 0.20 
25.67 ± 0.24 

8.56 ± 0.08 
8.95 ± 0.08 
9.01 ± 0.08 

43.52 ± 0.42 
43.55 ± 0.42 
43.81 ± 0.42 

41.53 ± 0.40 
41.65 ± 0.40 
41.72 ± 0.40 

40 
15 
30 
60 

0.66 ± 0.0 
0.69 ± 0.0 
1.05 ± 0.01 

0.71 ± 0.0 
0.79 ± 0.0 
1.15 ± 0.01 

30.25 ± 0.30 
70.55 ± 0.65 
118.20 ± 1.10 

25.28 ± 0.24 
45.58 ± 0.42 
89.52 ± 0.85 

43.34 ± 0.42 
43.35 ± 0.42 
45.43 ± 0.44 

41.23 ± 0.40 
41.38 ± 0.40 
41.24 ± 0.40 

60 
15 
30 
60 

0.85 ± 0.0 
1.56 ± 0.01 
1.90 ± 0.01 

0.69 ± 0.0 
0.72 ± 0.0 
1.22 ± 0.01 

26.84 ± 0.25 
35.52 ± 0.34 
101.52 ± 10.0 

22.36 ± 0.20 
24.45 ± 0.22 
79.52 ± 0.77 

42.57 ± 0.41 
43.06 ± 0.41 
43.54 ± 0.42 

41.36 ± 0.40 
41.26 ± 0.40 
41.28 ± 0.40 

 
Tannins, along with phenols and ascorbic acid, are chemical elements included in the 

composition of rosehip that function as antioxidants [20]. Tannins can trap free radicals 
depending on their molecular weight and the type of aromatic rings [21].  

The highest values of tannins (1.90%) are reported in extracts with 50% ethanol, 
temperature 60оС and duration 60 min. With the same extraction parameters, the tannin 
contents in extracts with 70% ethanol were 1.22%.  

The data show that the highest ascorbic acid content (118.20 mg/100 g) was found at 50% 
ethanol, at 40оС and a process duration of 60 min. For comparison, for extracts with 70% 
ethanol, the content of ascorbic acid is 89.52 mg/100 g. As the temperature increases, the 
ascorbic acid content decreases, which is explained by its thermolability. 

The total phenolic content at the different technological parameters is comparable. Higher 
values (45.43 mg GAE/g) are reported at 50% ethanol, 40оС temperature and 60 min 
duration. In the extracts obtained with 70% ethanol at the same process parameters, the total 
phenolic content is 41.24 mg GAE/g.  
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The total phenolic content values in the extracts obtained are comparable to those reported 
by other authors (52.94 mg/g and 31.08 mg/g) [22, 23]. 

Phenolic acids have been found to have different biological properties [24]. 
Some authors found higher values for total phenolic content in aqueous extracts obtained 

from fruits of different rosehip species from Turkey (9600 mg GAE/100 g DW) [25] and 
(3108 mg GAE/100 g DW) [22], as well as for extracts with methanol (from 5030 to 6100 
mg GAE/100g) [26].  

From the analyses performed, it can be summarized that ultrasonic extraction is suitable 
for obtaining extracts enriched in biologically active substances at the following 
technological parameters: solvent – 50% ethanol, temperature  –  40оС and duration – 60 min. 

In Fig. 1 and Fig. 2 the values of the determined antioxidant activity are presented. Data 
show that extracts with 50% ethanol have a higher antioxidant capacity than extracts with 
70% ethanol.  

The antioxidant activity of the extracts measured by the FRAP method has lower values 
compared to those obtained by the DPPH method. 

The highest values of antioxidant activity by the DPPH method were reported for extracts 
with 50% ethanol, temperature 40оС and duration 60 min (422.5 µmol TE/g), and by the 
FRAP method under the same extraction conditions (231.9 µmol TE/g). 

Various studies prove that the antioxidant activity of plant extracts is in positive 
correlation with bioactive compounds [27, 28]. 

The antioxidant activity values obtained in the extracts by the FRAP method are 
comparable with the data of other authors [22, 29, 30], but are much higher than those of 
other authors [31]. 

 
Fig. 1. Antioxidant activity (DHHP) of aqueous-ethanol extracts of cultivated rosehip fruit. 

 
Fig. 2. Antioxidant activity (FRAP) of aqueous-ethanol extracts of cultivated rosehip fruit. 
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The main criterion for the evaluation of the relationship between the studied biologically 
active substances (tannins, total phenols and ascorbic acid) and antioxidant activity is the 
correlation coefficient (R2). It offers information on the strength of the relationship between 
the variables – biologically active substances and antioxidant activity. 

 
Fig. 3. Correlation between total phenolic compounds and antioxidant activity in aqueous-ethanol 
extracts of cultivated rosehip fruit. 

From the data presented in Fig. 3, there is a correlation between total phenolic content 
and antioxidant activity in the extracts with 50% ethanol. This correlation is more pronounced 
when antioxidant activity is determined by the DPHH method with 50% ethanol (R2 = 0.61), 
suggesting that the parameters may significantly influence each other. 

A similar correlation between the total phenolic content and antioxidant activity of fruits 
of different species of rosehip (Rosa canina and R. rubiginosa L.) was also established by 
other authors [32]. 

4 Conclusions 
Aqueous-ethanol extracts of cultivated rosehip fruit variety "Plovdiv-1" obtained by 
ultrasonic extraction are a potential source of various biologically active substances that are 
related to the measured antioxidant activity.  

This can serve as a basis for future research - on the inclusion of the aqueous - ethanol 
rosehip extracts in a variety of new functional foods for benefiting the human health. 
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