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ABSTRACT 

The fruit of Rosa canina (rosehip) has long been used in traditional medicine, and recent studies confirm its health benefits due to its content of flavonoids, carotenoids, fatty acids, and high vitamin C levels. This study examined three preparations: infusion, ultrasound-assisted extract, and traditional jam. Total phenols were measured using the Folin-Ciocalteu method, and antioxidant activity by the DPPH method. The highest total phenolic content was observed in the infusion of dried fruit (163.477 mg GAE/l), followed by the fruit extract (44.932 mg GAE/l), with the jam extract showing the lowest content (23.477 mg GAE/l). Antioxidant activity was assessed via DPPH inhibition percentage and IC50 values to identify the most effective form of compounds. The findings suggest that infusion of dried rosehip fruit provides the highest antioxidative capacity, highlighting its potential as a functional food ingredient.
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1. INTRODUCTION

Thanks to numerous scientific studies, herbal medicines are increasingly recognized as potentially effective and natural alternatives to conventional therapy 1,2. Rosa canina L., or wild rose, is widely spread in the area of Bosnia and Herzegovina 3. This herb has found its place in the pharmacopeia worldwide 4, and its medicinal effects are proven in numerous scientific papers 5,6. The officinal part of this herb is Rosae pseudo-fructus, also known among people as “rosehip”. Rosa canina, or the wild rose, is also known among people as the dog rose, briar, and sweet briar 7. Figure 1 shows the fruit of the rosehip. As with any other plant, the chemical contents and concentration of biologically active substances are changed depending on the season.
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Figure 1. Fruit of the wild rose (rosehip)

[bookmark: _Hlk203127178]Rosehips are also well-known to have the highest vitamin C content (300–4000 mg/100 g) among fruits and vegetables. In addition, rosehips contain other vitamins and minerals, carotenoids, tocopherol, bioflavonoids, fruit acids, tannins, pectin, sugars, organic acids, amino acids, and essential oils 8,9. It is well-known that the fruit of the wild rose is effective against cold and flu due to its high level of vitamin C10. However, apart from this one, many other therapeutic administration options for wild rose fruit are possible. In folk medicine, rosehip is used as a substance that stops diarrhoea, ankle pain, cough, and general weakness. Recent studies show that the kaempferol derivative (tiliroside) found exclusively in the rosehip seeds has an important role in the prevention of obesity. Kaempferol (3,4′,5,7-tetrahydroxyflavone), a natural flavonol presented in different edible plants11, has been described to possess anti-inflammatory, anti-cancer, and notably cardiovascular protective properties 12. Figure 2 shows the kaempferol compound or tiliroside.
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Figure 2. Kaempferol (tiliroside)


The research on fatty acids in the fruit of the wild rose led to significant findings. Namely, the fruit of the wild rose consists of galactolipid, linolenic acid, and alpha linolenic acid. These three bioactive compounds showed a significant anti-inflammatory capacity, and galactolipid showed additional and chondroprotective effects in in vitro studies 13. Galactolipid (2S)-1.2-di-O-[(9Z,12Z,15Z)-octadeca-9,12,15-trienoil]-3-O-β-D-galactopiranosile-glicerol, also known as GOPO, extracted from the herb Rosa canina (wild rose), showed an extreme anti-inflammatory effect. Because of that, a consumption of the powder obtained from seeds and husk of the wild rose fruit, which contains a combination of fatty acids and galactolipids, may significantly contribute to the improvement of conditions of the patients with inflammatory diseases. The general formula of galactolipids is shown in Figure 3. 
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                                                          Figure 3. General structure of galactolipids

Polyunsaturated fatty acids, such as linoleic and alpha-linolenic acids, isolated from wild rose seeds, which are rich in oils, inhibit the enzyme cyclooxygenase (COX), thereby exerting anti-inflammatory activity. In many scientific studies, wild rose fruit also showed anticancerogenic activity. Its efficiency on macular degeneration, hyperlipidaemia, and obesity was also examined. The biological activity of wild rose fruit is influenced by many factors, such as the period of fruit collection, the method of processing the plant material, the type of extraction, and heat treatment. The World Health Organisation estimates that approximately four billion people in the world use herbal preparations as a primary form of health care 14. This entire structure represents a pseudo-fruit – Rosae pseudo-fructus 15. The current European pharmacopoeia contains a monograph available as DOG ROSE, Rosae pseudo-fructus. According to this pharmacopoeia, the content of the dried drug consists of at least 0.3% ascorbic acid. Identification is carried out microscopically and macroscopically, and by thin-layer chromatography 16. This experimental study analysed three forms of wild rose fruit preparations: infusion, decoction, and rosehip jam. The most accessible preparation of wild rose fruit (rosehip) is infusion, which is prepared from 2–2.5 g of dried fruit poured over with 200 mL of boiling water, left to stand for 10–15 minutes, and then strained. It is rich in vitamin C and phenols, and is used for colds, flu, hypovitaminosis C, and fatigue. Rosehip decoction, prepared by boiling 30–50 g of dried fruit in 1 litre of water, is used to treat diarrhoea due to its regenerative and antioxidant effect on the intestinal mucosa. Rosehip jam, known in nutrition, is obtained by boiling, pureeing, and adding sugar, and thanks to its antioxidant properties, it also has functional value. It is stored pasteurised, in dark and cool conditions 17. The research also included the preparation of water extracts of wild rose fruit – infusion, decoction, and jam to determine the total amount of phenolic compounds (by Folin-Ciocalteu Method) and assess antioxidant activity by DPPH test administration. The obtained results were compared to overview the influence of the heat processing on the antioxidant potential, and they are analysed in comparison to the relevant data from the literature. 


2. MATERIAL AND METHODS

The following reagents were used in this research:
· Distilled water
· Folin–Ciocalteu reagent for determination of polyphenols (Semikem, Bosnia and Herzegovina)
· Sodium carbonate (Semikem, Bosnia and Herzegovina)
· Methanol 96% (KEFO, Slovenia)
· Methanol 99.6% (KEFO, Slovenia)
· 2,2-difenyl-1-picrilhidrasil radical (Sigma, United States of America).


· Procedure of sample preparation
· Dried fruits of the rosehip (Rosa canina L.), rosehip jam, and an infuse prepared from dried fruits were used for analysis. The fruits were collected on 31 October 2020 in the area of Banovići (Bosnia and Herzegovina), washed, cleaned, and dried in a dark, dry place at room temperature. Before the analysis, they were cleaned of seeds and ground.
· The jam was prepared on 11 October 2020 and stored pasteurised in a glass packaging in a cold and dark place. 
· Aqueous extracts obtained by the extraction of 5 g of ground fruits or jam in 100 mL of distilled water for an hour in the ultrasound bath. After that, the samples were filtered, paired until dry, and stored for 24 hours in a desiccant. The aqueous extracts were prepared right before the analysis by dilution of dry extracts (5 mg/mL) and used for the determination of phenols and the DPPH test.
· Infusion was prepared on 20 May 2021 by pouring 50 mL of boiling water over 2.5 g of ground dry fruits. The beaker with the infuse is covered with a petri dish and left to stand for 15 minutes. After that, the infusion was filtered and used for further analysis.
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Figure 4. Preparation of aqueous extracts and filtration of extracts using an ultrasonic bath 


2.1. Methods

Preparation of samples and extracts, as well as spectrophotometric measurements, were carried out using the following devices:
· Končar electric grinder (Slovenia)
· Kern KB laboratory scale (Germany)
· Bandelin Sonorex ultrasound bath (Germany)
· Mettler Toledo analytical scale (United States of America)
· UV/VIS spectrophotometer UV mini – 1240 Shimadzu (Japan).



2.2.  Determination of the content of total phenolic compounds

The total phenol content in the extracts was determined spectrophotometrically at 765 nm after reaction with Folin–Ciocalteu’s phenol reagent according to the method of Tawah et al. (Tawah et al., 2007) 18. A total of 450 µl of distilled water and 2.5 mL of 0.2 N Folin–Ciocalteu’s reagent were added to 50 µl of extract. After 5 minutes, 2 mL of saturated sodium carbonate solution (75 g/L) was added. The samples were incubated in a water bath at 30ºC for 1.5 hours with occasional stirring. The absorbance of the resulting blue-coloured liquids was measured at 765 nm. Quantitative measurements were performed based on a standard calibration curve of different concentrations of gallic acid (20, 100, 200, 300, 400, and 500 mg/L). All measurements were performed in triplicate. Results were expressed as GAE/L (gallic acid equivalent per liter solution.
2.3.  Neutralisation of DPPH (2,2-diphenyl-1-picrylhydrazyl) radicals
Certain volumes of samples listed in the table were supplemented with methanol up to 2 mL, and 0.5 mL of 0.5 mM DPPH solution was added to that solution. After vigorous shaking, the mixture was incubated for 30 minutes in the dark at room temperature. 
Absorbance is measured at 517 nm, and methanol is used as a blank. As a control, 1 mL of DPPH solution diluted with 4 mL of methanol was used. DPPH radical inhibition was calculated according to the equation:
Inhibition percentage = [(Ac – As) / Ac] x 100[%]
whereby As is the solution absorbance, which contains the sample at 517 nm, and Ac is the control absorbance. The results were expressed as the DPPH radical inhibition (%) and as Ic50 value (μg/mL), i.e., the extract concentration that leads to 50% neutralisation of DPPH radicals. 

3.  RESULTS AND DISCUSSION
The obtained results indicate a significant influence of the preparation and processing method of wild rose fruit on the antioxidant properties of the analysed samples. The studies included three different forms of rosehip products: dried fruit infusion (sample 1), dried fruit extract (sample 2) and jam extract (sample 3), to determine their total phenolic content and DPPH free radical neutralisation ability. Analysis of the content of total phenols showed that the dried fruit infusion contained the highest number of phenolic compounds, expressed as 163.477 mg GAE/l, while the dried fruit extract contained 44.932 mg GAE/l, and the jam extract only 23.477 mg GAE/l. The results of total phenols in the samples are represented below (Chart 1).

Chart 1. Content of total phenols in the samples
These results clearly indicate that lower heat treatment, such as that used in the preparation of infusions, allows for better preservation of phenols, while higher heat treatment and the addition of sugar and water, which are inevitable in the preparation of jams, significantly reduce the concentration of these bioactive compounds. The results of the DPPH method further confirm these findings. The infusion showed the highest degree of neutralisation of DPPH radicals, even at the lowest analysed concentration (10 µL), achieving an inhibition of 40.23%, while at 90 µL it is achieved as much as 94.33% (Table 1). The dried fruit extract achieved a maximum inhibition of 91.56% (Table 2), while the jam extract, although at the highest concentration (200 µL), reached 90.17% inhibition (Table 3). Although all samples showed antioxidant potential, the infusion was already most effective at lower concentrations.



    Table 1. Results of absorbance measurement and DPPH inhibition of radicals for infusion
	Infusion

	Volume (µL)
	10
	30
	50
	70
	90

	Absorbance
	0.517
	0.236
	0.065
	0.054
	0.049

	% Inhibition
	40.23%
	72.72%
	92%
	93.75%
	94.33%
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Table 2. Results of absorbance measurements and DPPH radical inhibition for fruit extract
	Fruit extract

	Volume (µL)
	70
	100
	120
	150
	170

	Absorbance
	0.330
	0.172
	0.113
	0.081
	0.073

	% Inhbition
	61.84%
	80.11%
	86.93%
	90.63%
	91.56%



           Table 3. Results of absorbance measurements and DPPH radical inhibition for jam extract
	Jam extract

	Volume (µL)
	100
	130
	150
	170
	200

	Absorbance
	0.516
	0.472
	0.458
	0.378
	0.085

	% Inhibition
	40.34%
	45.43%
	47.05%
	56.30%
	90.17%



When looking at the IC₅₀ – the concentration required to neutralise 50% of DPPH radicals – we see further confirmation of the previous results. The infusion has the lowest IC₅₀ value of 62.14 µg/mL, making it the strongest antioxidant among the tested samples. Chart 2 shows the relationship between concentration and inhibition of DPPH radicals with the infusion as a sample. At a concentration of 250 µg/mL, 92% of DPPH radicals were inhibited. Further increase in volume did not significantly increase DPPH neutralisation because saturation occurred in the reaction mixture. Therefore, further increase in concentration will not lead to better results. The same type of curve is repeated in the analysis of fruit extract and rosehip extract.
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Chart 2. Dependence between concentration and neutralisation percentage of DPPH radicals
On the other hand, the fruit extract shows an IC₅₀ of 282.98 µL/mL, and the jam extract has the highest value – 613.73 µL/mL, which ranks it as the weakest in neutralising free radicals. This means that to achieve the same effect, a much larger amount of jam extract is needed compared to the infusion.The observed correlation between the content of total phenols and antioxidant capacity clearly indicates that phenolic compounds contribute significantly to the ability of the sample to neutralise free radicals. However, the antioxidant effect does not originate exclusively from phenols. Rosehip fruit also contains other bioactive components such as ascorbic acid (vitamin C), fatty acids, and flavonoids, which synergistically contribute to the overall antioxidant effect. The results obtained are in line with previous research. Taneva et al. (2016), using 50% ethanol as a solvent, obtained an extract with a high content of phenolic compounds (69.4 mg GAE/g dry matter), which confirms that both the choice of solvent and the extraction method significantly affect the preservation of phenolic compounds. Latanzio et al. (2011) showed similar conclusions using a more complex extraction method with a water-ethanol mixture, percolation, and vacuum concentration, with the addition of maltodextrin and a spray drying technique, which resulted in an extract rich in phenols. Based on all that has been shown, it can be concluded that the infusion of dried wild rose fruit represents the most effective form for the consumption for intake of antioxidant components. It not only retains the highest number of phenols, but it also exhibits the strongest neutralising effect on free radicals, as confirmed by the results of both the DPPH method and the calculated IC₅₀ values. This confirms that mild processing (such as preparing tea) allows the preservation and utilisation of the medicinal properties of rosehips, unlike more thermally intensive forms such as jam, where there is a significant reduction in the content of bioactive compounds.


4. CONCLUSION

Results of this research show that the method of preparation of the wild rose fruit has a significant influence on the content of phenolic compounds and antioxidant activity. The dried rosehip fruit infusion showed the highest level of total phenols (163.477 mg GAE/L) and the lowest IC50 value (62.14 µg/mL), which makes it the strongest antioxidant among the analysed samples. The fruit extract and jam extract showed lower activity, which can be related to the intensity of heat processing with the addition of sugar and water. There is a clear correlation between the content of total phenols and the capacity of neutralisation of DPPH radicals. 
However, antioxidant properties are not only the result of phenol presence, but also the result of the presence of other bioactive components such as ascorbic acid and flavonoids. Based on the obtained results, it may be concluded that the best method of consumption of the wild rose fruit is in the form of infusion (tea), because it enables maximum usage of its antioxidant and medicinal features, with minimal loss of bioactive ingredients. 
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