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Abstract


Rosa canina is well-known plant, and its fruits have been used for centuries. The seeds have been less utilized and remain untested. The objective of this study was to examine the physico-chemical properties of rosehip seeds and to identify potential applications based on their properties. The physico-chemical properties of the seeds were determined, including swelling index (2.51), color in the CIE L * a * b * space (b * = 26.2), as well as carbohydrate (79.2 g/100 g), soluble dietary fiber (71.6 g/100 g), protein (7.67 g/100 g), fat (6.23 g/100 g), and ash (1.96 g/100 g) content. Among the amino acids, glutamic acid dominated (1.58 mg/100 g), while among the fatty acids, linoleic acid (53.19%), linolenic acid (20.24%), and oleic acid (17.63%) were the most dominant. In addition, rosehip seeds contained large amounts of calcium (3851 mg/kg), potassium (2732 mg/kg), and phosphorus (991 mg/kg), as well as vitamin C (1783 μg/g). It was found that the content of other valuable phytochemicals, such as phenolic compounds (2633 μg/g) and carotenoids (3.13 μg/g) influenced the antioxidant properties of the tested raw material. This activity examined by the ferric-reducing antioxidant power (FRAP) and DPPH radical scavenging activity methods was assessed at a level of 191 and 229 μmol TE/g, respectively. The results indicate the potential use of rosehip seed, a by-product of the food processing industry, as a new high-value ingredient for health products, such as nutraceuticals, pharmaceuticals, and cosmeceuticals.
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1. Introduction


Rosa canina L., known as rosehip, is a perennial shrub of the family Rosaceae, commonly occurring in the temperate climate region of the northern hemisphere. Its fruit, due to its content of nutrients and functional constituents, is a valuable pharmaceutical and food material. It contains large amounts of L-ascorbic acid, as well as flavonoids, phenolic acids, proanthocyanidins, galactolipids, and folate [1,2,3]. Rosehip and its preserves are used for nutritional and medicinal purposes. It is consumed raw, cooked, or brewed in various countries [1]. Rosehip has applications in food products such as snacks for children, teas, jellies, marmalade, jam, vinegar, and wine [4,5]. Folk medicine uses include herbal tea and rosehip syrup [1]. Owing to its content of vitamin C and other bioactive substances, the fruit is used as an anti-flu agent and to support the treatment of kidney, liver, and bladder diseases [4]. The powder produced from the husks of the fruit may improve hip flexion and reduce pain in patients with osteoarthritis [6]. Rosehip extracts are antioxidant, antimicrobial, anti-inflammatory, immunomodulatory, cardioprotective, neuroprotective, anticancer, antiobesity, and antidiabetic. The extract also has dermatoprotective properties and melanogenesis-inhibiting effects, thereby brightening the skin [1,3]. Oil from rosehip seeds is also valued for its health-promoting properties and applications in personal care [1]. Owing to its high content of unsaturated fatty acids (α-linolenic, linoleic, oleic, and palmitoleic acid), as well as phytosterols (β-sitosterol, campesterol, stigmasterol, Δ5 avenasterol, and Δ7 avenasterol), tocopherols (α-, γ, and δ-tocopherol), carotenoids, and polyphenolic compounds (methyl esters of p-coumaric, ferulic, vanillic, and 4-hydroxybenzoic acid), it can be used as a dietetic and cosmetic ingredient [7,8]. In skin care, the oil is valued as an emollient and a component of formulations with anti-wrinkle, moisturizing, anti-acne, skin hyperpigmentation-reducing, anti-scar, and anti-stretch mark effects [1,3].



The edible part of the fruit is the hypanthium (outer coating) [9], while the achenes inside it are referred to as the seeds (Figure 1).



Due to the valuable properties of the rosehip hypanthium, the cultivation of plants of this species is becoming increasingly common. When the hypanthium is harvested, the seeds are a natural waste product containing other valuable substances which can be used in various branches of industry, including the cosmetic, pharmaceutical, and agro-food industries [10,11].



Many scientific studies have focused on determining the chemical composition and biological properties of rosehips and oil obtained from the seeds, while studies on the whole seeds themselves are scarce [1,2,3,4,5,6,7,8,9,10,11,12]. Nevertheless, the current trend of utilizing by-products of fruit and vegetable processing, as valuable materials with a nutritionally beneficial composition, significant health-promoting properties, and applications for personal care, suggests the need to conduct and expand this area of research. Therefore, the aim of this study was to investigate the physico-chemical properties of rosehip seeds obtained from a processing plant following the separation of the hypanthium and to determine the potential uses arising from these properties. It is worth emphasizing that our research was conducted on actual waste material from the food processing of rose hips. Furthermore, our research is comprehensive and, to the best of our knowledge, there are no studies available describing the swelling index of rosehip seeds and their color in the CIE L * a * b * color space.




2. Materials and Methods


2.1. Plant Material


The seeds were obtained from harvest in 2021 and purchased from H.J.C. Polecki Trading (Śrem, Poland). Their country of origin was Ukraine. The seeds were obtained following the separation of the hypanthium and brought to a moisture content of 10% (Figure 2). The 1000 seeds’ weight was determined by counting 200 seeds three times, weighing them to the nearest 0.01 g, and calculating the result per 1000 seeds. Dry matter was determined following milling of the seeds, using the Ohaus MB27 moisture analyzer (OHAUS, New Jersey, NJ, USA) at 105 °C. The swelling index was determined according to European Pharmacopoeia 9.0 [13], i.e., by determining the volume in milliliters occupied by one gram of the plant substance following swelling in an aqueous solution for 4 h, together with the adhering mucilage. The results of all measurements were given as arithmetic means from three replicates, and the standard deviation was determined.




2.2. Color Parameter


Color components were determined in the CIE L * a * b * system, where the L * parameter indicates luminance (the higher the value, the lighter the sample), a * is the color axis from green (negative value) to red (positive value), and b * is the color axis from blue (negative value) to yellow (positive value). The measurements were made using the NEO 9000 spectrophotometer (3Color®, Krakow, Poland), in reflected light, in SCE mode, illuminant D65/10°.



The color of whole seeds and milled seeds was determined, and the color change (∆E) was determined using the following formula:


∆E = √((∆L)2 + (∆a)2 + (∆b)2)



(1)







The perceptibility of the difference between the color of the samples, by a standard observer, was defined as follows:



0 < ΔE < 1—the observer perceives no difference;



1 < ΔE < 2—the difference is perceptible only to an experienced observer;



2 < ΔE < 3.5—an experienced observer also perceives a difference;



3.5 < ΔE < 5—the observer perceives a clear difference in color;



5 < ΔE—the observer has the impression of seeing two different colors.




2.3. Basic Chemical Composition


The fat content of the seeds was determined using an automatic Soxhlet apparatus (Tecator Soxtec System HT 1043 extraction unit, Gemini, Apeldoorn, Sweden). The analysis was performed by AN 310 applications [14]. Protein content was determined by the Kjeldahl method according to the International Organization for Standardization ISO [15]. The amino acid profile was then determined according to the AOAC method 982.30 procedure [16]. Soluble dietary fibre was assayed with the enzymatic method according to AACC, method 32–05 [17]. Total carbohydrate content was determined by liquid chromatography according to the AOAC 995.13 [18] method with hydrolyzing rosehip seed powder in 1 M/dm−3 HCl. The solution was then filtered and passed through a cation-exchange disposable cartridge in the Ag form to neutralize the solution. For determination of crude ash residue content, samples were incinerated at 550 °C to a constant weight in a muffle furnace (L 9/11/SKM, Nabertherm, Germany), cooled in a desiccator, and weighed to the nearest 0.001 g, according to ISO 5984:200225 [19]. All analyses were performed in triplicate.




2.4. Fatty Acid Composition


The fatty acid profile was measured by gas chromatography according to ISO standards [20,21]. The oil sample was converted to their fatty acid methyl esters (FAMEs). The FAME samples were analyzed in a gas chromatograph (Shimadzu GC-2010 PLUS) equipped with a flame ionization detector. A highly polar BPX 70 capillary column (60 m × 0.25 mm, 25 μm) was used for separation. The column worked with the temperature range between 140 and 210 °C, the dosing temperature was 210 °C, and the detector temperature was at 250 °C. The carrier gas was 6.0 helium, with a constant flow rate of 2 mL/min, and the amount injected was 1 μL. FAME identification was carried out using a standard FAME reference mixture. Peak areas were calculated using integration software and fatty acids were given as a percentage of the total fatty acid content.




2.5. Mineral Content


The content of potassium (K), calcium (Ca), magnesium (Mg), sodium (Na), iron (Fe), copper (Cu), manganese (Mn), boron (B), and zinc (Zn) was determined after ground and wet mineralization of rosehip seeds in analytically pure HNO3. Analyses were performed by atomic absorption spectrometry (AAS) according to the EN-ISO 6869:200018 method [22], with the use of a SOLAR 939 Unicam (Camberley, Surrey, UK) spectrometer. The results were expressed as mg/100 g of dry weight of seeds.




2.6. Total Phenolics, Total Carotenoids, L-Ascorbic Acid Content, and Antioxidant Activity of Rosehip Seeds


One gram of powdered seeds was extracted with 10 mL of methanol (80%) in an orbital shaker (Daihan Scientific, Seoul, South Korea) at room temperature, 250 rpm, for 2 h. After filtration, the residue was re-extracted with 10 mL of methanol. The combined methanol extracts were stored at –18 °C until analysis.



The content of phenolic compounds was determined based on the reaction with the Folin–Ciocalteu reagent [23]. Absorbance was measured spectrophotometrically at a wavelength of 765 nm (UV-2600i, Shimadzu, Kyoto Japan). The total phenolic content of rosehip seeds is expressed as μg of gallic acid equivalents (GAE) per g fresh weight.



The total carotenoid content in the rosehip seeds was determined by acetone–petroleum–ether extraction followed by spectrophotometric measurement. The absorbance was measured at 450 nm with a UV-2600i spectrophotometer (Shimadzu, Kyoto, Japan) for the concentration of total carotenoids calculated as μg/g fresh weight. All-trans-β-carotene (Sigma Chemical, St. Louis, MO, USA) was used as the standard.



The content of L-ascorbic acid was determined by titration with 2,6-dichlorophenolindophenol according to the method described by Zhou et al. [24] The concentration of L-ascorbic acid was calculated from the volume of 2,6-dichlorophenolindophenol used for titration and expressed in milligrams per 100 g fresh weight.



The antioxidant capacity of extracts was assessed based on the reduction of the synthetic and stable 2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical. The colorimetric method allows for the measurement of changes in the absorbance of a DPPH solution at a wavelength of 517 nm as the result of the antioxidant activity of the sample [25]. Absorbance was measured using a spectrophotometer (UV-2600i, Shimadzu, Japan). The results were expressed as μmol Trolox (Sigma-Aldrich, St. Louis, MO, USA) per g fresh weight (FW) of rosehip seeds. The FRAP assay was conducted according to the method described by Du et al. [26]. Absorbance was measured with the spectrophotometer (UV-2600i, Shimadzu, Kyoto, Japan) at 700 nm. The results are expressed as μmol Trolox g−1 DW.




2.7. Statistical Analysis


The numerical data obtained from three repetitions were converted to an arithmetic mean. The standard deviation was calculated using the Statistica program version 12.0 (StatSoft, Krakow, Poland).





3. Results and Discussion


There has recently been growing interest in by-products or waste products from fruit and vegetable processing. Studies on increasingly rational utilization of these materials indicate that they can be viewed as a valuable functional addition to food or as ingredients enriching dairy, meat, or fish products. Owing to their wealth of biologically active compounds (e.g., dietary fibre, phytocompounds, vitamins, and minerals), these materials can also be used as agents for health promotion or personal care [27,28]. Rosehip seeds are an example of this type of material.



Available data on the physico-chemical and nutritional characteristics of the rosehip seed are limited. To the best of our knowledge, ours is the first study to describe the swelling index of rosehip seeds and their color in the CIE L * a * b * color space. The average weight of 1000 rosehip seeds was nearly 20 g (from 19.45 to 20.15 g), which indicates that the seeds were robust and well-developed (Table 1). They had a high dry weight percentage of over 90%. The swelling index is not impressive (in our study it was 2.51) in comparison to typical swelling materials such as chia seeds, for which values have ranged from 8.76 [29] to 17 [30], or flax seeds, with a swelling index of 6.4 [31].



The results of color analysis in the CIE L * a * b * color space showed that the rosehip seeds had high luminescence (L * = 61.5), which increased to 68.9 after milling (Table 2). The red/green value (a *) was at a significant but low level of 10.5, while the blue/yellow value (b *) was higher, reaching a value of 28.2 for whole seeds. After milling, both parameters decreased somewhat relative to the values for the whole seeds, by 1.4 and 2.1, respectively, to attain values of a * = 8.8 and b * = 26.2. The overall change in color perception for the observer (∆E) was 7.74, which means that the observer perceives two different colors (∆E > 5) for whole seeds and milled seeds.



It is worth noting the color parameters of milled rosehip seeds, especially the high yellow (b *) value, which was 26.2 in our study. This value is optimal for semolina, a material for pasta production [32]. The best pasta material, i.e., durum wheat semolina, presents similar b * values, while the value for common wheat is considerably lower [33]. Thus we can consider adding rosehip seeds to flour made from common wheat and other cereals in order to improve the color of the finished product and enrich it with valuable dietary fibre, which constituted more than 70% of the seeds in our study (Table 3). However, this must be confirmed by appropriate research. In addition, Gjorgovska et al. [34] suggest that rosehip seeds can be used in the production of animal feed supplements. Konca et al. [35] reported that 10% inclusion of rosehip seeds in quail diets improved egg consistency.



Chemical characterization shows that the rosehip seeds consisted mainly of carbohydrates (79.2%), although this is a somewhat lower value than the content reported by Ilyasoğlu [36], which was 89.07%. Since the carbohydrates in the present study were mainly soluble dietary fibre (71.6%), they can be used as an additive to enrich food with this nutrient or as an ingredient in high-fibre dietary supplements. Moreover, the seeds contained relatively large amounts of ash, which indicates high mineral content (Table 3).



Food quality is assessed in part on the basis of its protein content and types of essential amino acids. In these studies, the protein content in rosehip seeds was determined to be 7.67 g/100 g (Table 3). Apart from endogenous amino acids, which the human body can produce itself, essential amino acids, which the body cannot synthesize and must acquire with food, are extremely important for human health. The predominant essential amino acid in the rosehip seeds was glutamic acid, while the lowest values were recorded for taurine and ornithine (Table 4).



The quality of plant material also depends on its fat content, as well as fatty acid composition. Their content in rosehip seeds may be affected by environmental conditions (e.g., soil, climate, and altitude), ripening stage, harvest time, genetic factors, or the type of material (fresh or heat-treated seeds) [12,37,38,39]. Previous research has shown that rosehip seeds contain from 4.91% to 16.05% fat, depending on the ripening stage [12]. Other authors have reported fat content of 6.29 g/100 g [36] and 5.56 g/100 g [38] in rosehip seeds. The total lipid content in the rosehip seeds analyzed in the present study amounted to 6.23 g/100 g (Table 3). According to the literature, the lipid fraction of rosehip seeds contains high levels of polyunsaturated fatty acids (PUFAs) (73.88–79.52%, depending on the ripening stage) in comparison with monounsaturated fatty acids (MUFAs) and saturated fatty acids (SFAs) [12]. In another study, the percentages of PUFAs, MUFAs, and SFAs were 65.69%, 25.64%, and 8.44%, respectively [37]. Güney et al. [37] reported PUFA content of 65.02 g/100 g, while MUFA and SFA content were 22.63 and 8.81 g/100 g, respectively. In the present study, the major fatty acids recorded in rosehip seeds were PUFAs—linoleic acid (53.19%) and linolenic acid (20.24%). A high content of oleic acid (17.63%), representing MUFAs, was noted as well. Similar results for the predominant fatty acids in rosehip seeds were obtained by Guneş et al. [38], who reported linoleic, oleic, and linolenic acid at levels of 46.64%, 25.64%, and 17.65%, respectively. Similarly, Güney et al. [37] found that the main fatty acids were linoleic (51.49%), oleic (22.49%), and α-linolenic acid (13.46%). The main saturated fatty acids detected in rosehip seeds in the present study were butyric (5.12%) and palmitic acid (2.11%) (Table 5). Other researchers have reported that the main SFAs in rosehip seeds were palmitic (4.22%) and stearic (2.66%) acids [37]. Similarly, in the studies Özcan et al. [27] palmitic (1.71–3.17%) and stearic (1.69–2.47%) acids were the dominant saturated acids in rosehip seeds from different regions of Turkey.



Oils with high content of omega-3 and omega-6 fatty acids, including α-linolenic (ALA, 18:3, n-3) and linoleic (LA, 18:2, n-6) acid, are essential fatty acids (EFAs), as the human body is not able to synthesize them [37,40]. The n-3 and n-6 fatty acids are precursors of eicosanoids, tissue hormones with a broad spectrum of activity, including regulation of inflammatory processes, anticoagulant activity, and reduction of triacylglycerol levels. For this reason, EFAs are ascribed an important role in preventive healthcare, especially in the case of allergic, inflammatory, and cardiovascular diseases [36,37,41]. Oils with high PUFA content also play an important role in maintaining skin health. Fatty acids, which alongside ceramides and cholesterol are a component of the intercellular cement, allow the skin to function as an effective protective barrier, preserving the balance between the body’s external and internal environment and protecting against chemical, physical, and biological factors, including bacterial infections. Symptoms of PUFA deficiencies include dry skin, slow healing, inflammation, increased susceptibility to irritation, and excessive exfoliation of the epidermis, e.g., in the course of psoriasis or atopic skin inflammation. Rosehip seed oil is very popular as a skin emollient [1,40].



The quality and applicability of plant materials are also evidenced by their content of minerals, vitamins, and other bioactive compounds, such as polyphenols and carotenoids. In our study, measurements were performed for ten minerals—P, K, Ca, Mg, Na, Fe, Cu, Mn, Zn, and B, and the predominant minerals were shown to be calcium (3851 mg/kg), potassium (2732 mg/kg), and phosphorus (991 mg/kg) (Table 6).



Other authors have found Al, B, Ca, Cr, Cu, Fe, K, Mg, Mn, Na, P, S, and Zn in seeds, among which the predominant minerals—as in the present study—were calcium (7948 μg/g), potassium (3786 μg/g), and phosphorus (1781 μg/g) [42]. As they cannot be synthesized in the human body, minerals must be acquired from the diet, which should satisfy the requirements for both macroelements (Ca, P, K, Na, and Mg) and microelements (I, S, Zn, Fe, Cl, Cu, Mn, Se, Co, and Mo). As cofactors and coenzymes in various enzyme systems, minerals support the regulation of biochemical and physiological functions in the body and are also responsible for the functioning of the skeletal, circulatory, nervous, and endocrine systems. A deficiency of microelements has an adverse impact on human development and health [43].



Rosehips have the highest content of L-ascorbic acid of all fruits and vegetables, and for this reason, have long been used as herbal teas or vitamin supplements [44]. In the present study, the L-ascorbic acid content was determined to be 1783 μg/g seed. The content of other valuable phytochemicals with antioxidant properties was determined as well, such as phenolic compounds (2633 μg/g) and carotenoids (3.13 μg/g) (Table 7).



The results are consistent with those obtained in analyses of rosehip seeds from Turkey, which contained 1798 μg/g vitamin C, as well as 2554 μg/g phenolic compounds and 2.92 μg/g carotenoids [36]. Other available data refer to the content of antioxidant substances in rosehip seed oil. For example, Grajzer et al. [7] reported carotenoid content of 36.4 mg/kg and 107.7 mg/kg and polyphenolic content of 783.55 and 570.73 μg/kg in various types of cold-pressed rose hip oil obtained from various oil manufacturers. Other authors have observed variable content of carotenoids in rosehip seed oil obtained by various extraction methods, such as traditional solvent extraction with ultrasound extraction (57.8 μg/g), microwave extraction (118.7 μg/g), Soxhlet extraction (137.5 μg/g), supercritical fluid extraction (45.8 μg/g) and subcritical fluid extraction (145.3 μg/g) [42]. Antioxidant capacity is an important parameter defining the quality of medicinal plants, and it is determined using various in vitro methods. There is a lack of data presenting an assessment of the antioxidant properties of rosehip seeds. The antioxidant properties of rosehip seeds measured in the present study by the ferric-reducing antioxidant power (FRAP) and DPPH radical scavenging methods are presented in Table 7. Other authors used the ABTS method to evaluate methanol, ethanol, and acetone extracts from seeds and reported TEAC values of 10.40, 7.29, and 10.71 μmol/g) [36]. Polyphenols and carotenoids, as natural antioxidants protecting cellular lipids, proteins, and DNA against free radical attacks, play a key role in maintaining human health. An important role in the protection of cells against oxidative stress is ascribed to vitamin C, which interacts with carotenoids, vitamin E, and antioxidant enzymes [45]. Studies show that these compounds inhibit carcinogenesis at various stages of tumour formation and development, in part by scavenging free radicals and eliminating oxidative damage. They also inhibit the development of atherosclerosis, protect against the negative effects of oxidative stress on the circulatory system, and slow down ageing processes. The positive effects of these bioactive substances can also be observed in the context of skin health. Vitamin C takes part in collagen synthesis, promotes the formation of the epidermal barrier, protects the skin against the effects of environmental factors such as UV radiation, and is also an important and highly efficient water-soluble antioxidant [43,45]. Plant polyphenols are also important active ingredients for skin functioning, with moisturizing, regenerating, softening, soothing, protective, astringent, and capillary stabilizing effects. Furthermore, polyphenols exhibit anti-inflammatory, antimicrobial, anti-allergic, anticancer, and anticoagulant properties [46,47]. Studies also confirm that carotenoids in the diet or in the form of supplements exhibit photoprotective activity, protect the skin against oxidative stress resulting from excessive ROS activity, and also support healing processes. Carotenoids have also been shown to exert various biological effects, such as antioxidant, anticancer, antidiabetic, and anti-inflammatory activity, and to play a role in the context of health and prevention of chronic disease. Moreover, carotenoids are often used as pigments in the food, pharmaceutical, cosmetic, and feed industries [43,48,49].



In view of the above, consumption of vegetables and fruits or their juices rich in vitamins and bioactive compounds is extremely important, due to their health-promoting effects and ability to slow down ageing processes. Considerable amounts of waste are generated during fruit and vegetable processing, and some important substances remain in this waste, including dietary fibre and poorly soluble compounds such as certain polyphenols or carotenoids. After appropriate processing, this type of waste, including rosehip seeds, can be used as food supplements, to obtain food products of high nutritional value, or as a valuable cosmetic or therapeutic material [6,8,50]. Some data indicates the diverse potential applications of rosehip seeds in personal care and medicinal products. These effects are due in part to antioxidant, anti-inflammatory, and antibacterial activity, as well as to stimulation of collagen synthesis and regeneration [50,51,52,53,54]. Phetcharat et al. [50] evaluated the effects of a rose hip powder made from seeds and shells on cell senescence, skin wrinkling, and ageing. During an eight-week double-blinded controlled study on oral supplementation of rose hip powder conducted on 34 healthy subjects aged 35–65 years, improvements in skin with signs of ageing were observed, including significant improvements in crow’s feet wrinkles, skin hydration and elasticity [50]. Truong and Jeong [55] showed that rosehip seed oil promotes hair growth in C57BL/6 mice. Visible hair growth was observed on day 14 in mice treated with 10% rosehip seed oil compared to control-treated mice (5% minoxidil). Topical treatment with rosehip seed oil was shown to induce an earlier transition from telogen to anagen in the hair follicles and to nourish hair follicle development, thus increasing hair regrowth [55]. Other research indicates that rosehip seeds not only have potential applications in personal care products but may have therapeutic applications as well. Warholm et al. [6] showed the potential use of standardized rosehip powder obtained from the seeds and husks of fruit in patients with osteoarthritis. In the group treated with the test product, the functional capacity of the hip improved, and the pain was reduced in about two-thirds of the patients [6]. These findings confirm the results of a study by Winther et al. [56] which showed that the use of products based on rosehip seeds can help to reduce the use of synthetic drugs in patients suffering from symptoms such as pain and stiffness, which are responsible for the limitations on everyday activity reported in osteoarthritis.



To sum up, the integrative effect of various substances contained in rosehip seeds, including vitamin C and polyphenolic carotenoid compounds, as compounds with cell-supporting properties, may explain the impact of supplementation with this material on the skin and its appendages, as well as on improving health.




4. Conclusions


The nutritional composition of rosehip seeds and the presence of bioactive compounds make them a valuable material which can be used in various branches of industry. Due to the high yellow value (b *) and high content of dietary fibre, milled rosehip seeds can be considered for use as a functional additive in the production of pasta, diet supplements providing a source of dietary fibre, or animal feed, mainly for birds raised for eggs. Rosehip seeds were shown to have a high content of polyphenols, carotenoids, and vitamin C with antioxidant properties, as well as fatty acids and minerals of importance for human health. Our study indicates the potential cosmetic, pharmacological, and functional food applications of rosehip seeds. They can be recommended as functional ingredients in food products, diet supplements, animal feed, and personal care products. Further research may include determining the optimal amount of rose seed additive in finished products, e.g., pasta, cookies, or bakery products. It would be interesting to assess the impact of adding this raw material on improving utility features such as fiber content or color of the finished product.
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Figure 1. Diagram of a rosehip fruit with a cross-section showing the seeds (drawn by Małgorzata Gorzel). 
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Figure 2. Rosehip seeds used for research (photographed by Marcin Dadasiewicz). 
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Table 1. Physical characteristics of rosehip seeds.






Table 1. Physical characteristics of rosehip seeds.





	Thousand Seed Weight

[g]
	Dry Weight (DW) #

[g/100 g]
	Swelling Index #





	19.8 ± 0.35
	90.6 ± 0.17
	2.51 ± 0.11







# after milling.













 





Table 2. Color parameters of rosehip seeds in the CIE L * a * b * space.






Table 2. Color parameters of rosehip seeds in the CIE L * a * b * space.





	Color Parameters
	Whole Seeds
	Milled Seeds
	Delta





	L *
	61.5
	68.9
	–7.4



	a *
	10.5
	8.8
	1.3



	b *
	28.2
	26.2
	2.0



	∆E
	–
	–
	7.74







L *, luminance; a *, the color axis from green to red; b *, the color axis from blue to yellow; ∆E, total color difference.













 





Table 3. Basic chemical composition of rosehip seeds.
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	Protein

[g/100 g]
	Fat

[g/100 g]
	Carbohydrates

[g/100 g]
	Soluble Dietary Fibre [%]
	Ash

[g/100 g]





	7.67 ± 0.03
	6.23 ± 0.08
	79.2 ± 0.12
	71.6 ± 0.11
	1.96 ± 0.02










 





Table 4. Amino acid content in rosehip seeds.






Table 4. Amino acid content in rosehip seeds.





	Amino Acid
	Content (mg/100 g ± SD)





	glutamic acid
	1.58 ± 0.08



	aspartic acid
	0.62 ± 0.04



	arginine
	0.58 ± 0.03



	leucine
	0.42 ± 0.03



	glycine
	0.49 ± 0.02



	alanine
	0.37 ± 0.03



	valine
	0.36 ± 0.01



	isoleucine
	0.28 ± 0.01



	lysine
	0.34 ± 0.02



	phenylalanine
	0.33 ± 0.03



	proline
	0.23 ± 0.03



	serine
	0.27 ± 0.03



	threonine
	0.28 ± 0.03



	histidine
	0.20 ± 0.00



	cysteine
	0.14 ± 0.006



	tyrosine
	0.12 ± 0.008



	methionine
	0.15 ± 0.001



	hydroxyproline
	0.03 ± 0.000



	tryptophan
	0.05 ± 0.000



	taurine
	0.01 ± 0.000



	ornithine
	0.01 ± 0.000










 





Table 5. Fatty acid composition of rosehip seeds.






Table 5. Fatty acid composition of rosehip seeds.





	
Fatty Acid

	
Molecular Formula

	
Content (% ± SD)






	
Butyric acid

	
C4:0

	
C4H8O2

	
5.12 ± 0.11




	
Palmitic acid

	
C16:0

	
C₁₆H₃₂O₂

	
2.11 ± 0.14




	
Stearic acid

	
C18:0

	
C18H36O2

	
0.90 ± 0.02




	
Oleic acid

	
C18:1

	
C18H34O2

	
17.63 ± 0.81




	
Linoleic acid

	
Cl8:2

	
C18H32O2

	
53.19 ± 0.84




	
Linolenic acid

	
C18:3

	
C18H30O2

	
20.24 ± 0.45




	
Arachidic acid

	
C20:0

	
C20H40O2

	
0.53 ± 0.03




	
Gadoleic acid

	
C20:1

	
C20H38O2

	
0.28 ± 0.02











 





Table 6. Mineral content in rosehip seeds.
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Element

	
Content (mg/kg ± SD)






	
Phosphorus

	
P

	
991 ± 9.10




	
Potassium

	
K

	
2732 ± 29.2




	
Calcium

	
Ca

	
3851 ± 37.9




	
Magnesium

	
Mg

	
693 ± 8.74




	
Sodium

	
Na

	
98.3 ± 2.02




	
Iron

	
Fe

	
64.0 ± 3.97




	
Copper

	
Cu

	
5.51 ± 0.50




	
Manganese

	
Mn

	
21.8 ± 0.76




	
Zinc

	
Zn

	
11.8 ± 0.76




	
Boron

	
B

	
1.32 ± 0.29











 





Table 7. Total phenolics, total carotenoids, L-ascorbic acid content, and antioxidant activity of rosehip seeds.
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	Total 