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Abstract

:

Featured Application


The residues from the fruit sector represent a rich reservoir of nutrients and biologically active compounds with health-promoting properties. Therefore, they should be valorized. The processing of strawberries generates up to several percent of waste and, until now, various methods of reusing them have been proposed that align with sustainable development policies. This study proposes the valorization of defatted strawberry seeds as cosmetic additives. It has been demonstrated that they can serve as a source of phenolic compounds with antioxidant and cytoprotective activity, desirable features in skincare products.




Abstract


Recently, there has been an increased interest in the valorization of byproducts generated during fruit processing. An example of this is the waste produced during the processing of strawberries. For instance, it has been evidenced that strawberries seeds can be a valuable source of oil. The goal of this paper was to investigate the potential of strawberry seed residues after oil extraction (defatted seeds) as a source of phenolics with possible cosmetic applications. The components were recovered using water and ethanol mixture, assisted by heat, ultrasound, and microwave. The extracts were characterized through ultra-high performance liquid chromatography with spectrophotometric and mass detectors (UPLC-DAD-MS), and the biological properties of the phenolic-rich fraction were assessed using antioxidant tests and a cell viability assay on human skin fibroblasts. The study revealed that defatted strawberry seeds are rich in low molecular weight phenolics, specifically in tiliroside, kaempferol 3-glucoside, and ellagic acid. Furthermore, the phenolic-rich fraction was effective in scavenging free radicals in human skin fibroblasts and showed cytoprotective activity against oxidative stress. This evidence suggests that defatted strawberry seeds are a valuable material for further processing to obtain a beneficial additive for skincare products.
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1. Introduction


Recently, there has been an increased interest in the valorization of agri-food byproducts generated during fruit processing. This approach aligns with the global zero-waste trend and has economic and environmental benefits, reducing environmental pollution and supporting the development of innovative options across different branches of industry [1,2]. Utilizing materials that are considered as waste enables the effective utilization of available resources, and can result in the creation of new products or food/cosmetic additives with elevated pro-health values [3].



Strawberries (Fragaria × ananassa Duch.) are seasonal berries known for their taste and nutritional values which are commonly cultivated all over the world, with a global annual production reaching over 13 million tons [4,5]. Strawberries contain vitamin C, phenolics including anthocyanin, flavonoid, and ellagitannin [6] and the health-promoting properties of the fruits have been extensively studied [7]. Apart from direct consumption, they are intensively used for the manufacture of beverages, juices, and jams. However, the processing of the fruits generates up to even several percent of pomace consisting of seeds, stalks, and pulp, which are considered as by-product [8]. The examination of the chemical composition of pomace showed that it contains plenty of bioactive components from both the group of primary metabolites, including sugars, proteins, and fatty acids, and secondary ones such as phenolics, phytosterols, and tocols [9].



Certain recent articles have concentrated on the potential for valorization of strawberry pomace, waste left during the production of distillate, and seeds [8,10]. For example, it has been demonstrated that seeds contain a substantial amount of oil, characterized by a high level of α-linolenic acid, indicating its significant potential for cosmetic and pharmaceutical applications [11,12]. The seeds and strawberry waste are also characterized by a high content of hydrolyzable ellagitannins, demonstrating beneficial properties in gastrointestinal tract function, as evidenced by both in vitro [8,13] and in vivo studies [14,15]. Grzelak-Błaszczyk et al. demonstrated that defatted seeds contain significant amounts of protein, dietary fiber, phenolics, vitamins, and minerals [16] and that therefore they are a valuable additive to bread [17].



In this study, the objective was to establish the phytochemical profile of phenolic compounds from defatted seed residues and develop an effective isolation procedure for recovering low molecular weight phenolics from the residues. To assess the biological potential of the phenolic fraction, the effects on the viability of human skin fibroblasts and cellular metabolism were investigated, along with antioxidant potential and cytoprotective activity in cells with induced oxidative stress. All of these features are essential for the valorization of such material for cosmetic applications.




2. Materials and Methods


2.1. Plant Material


The research material consisted of seed remains after extraction of oil and it was provided from Łukasiewicz Research Network—New Chemical Syntheses Institute in Puławy (Poland). The extraction of oil was carried out using an in-house-built quarter-technical installation for supercritical CO2 extraction on scale [18].



The process was conducted at 40 °C in continuous mode, using 230 and 330 bar pressure, and a CO2 flow rate of 125 kg/h (a total extraction time was 120 min). The weight of seeds in the extractor was 4350 g. The amount of oils obtained as a result of extraction were 15.6% and 16.5%, respectively. The residues (Figure 1) were preserved at 4 °C until subjected to analysis.




2.2. Extraction


To assess the total content of low molecular phenolics in the defatted strawberry seeds, three step extraction was carried out using ethanol-water mixture with increased concentration of alcohol (60, 80 and 100%). Each step with fresh portion of solvent lasted 15 min and the extraction was assisted by ultrasound. Supernatants were collected, combined and adjusted to final volume of 5 mL.



To assess the effectiveness of different extraction techniques 1 g of the tested material was extracted using an ethanol-water mixture with increased alcohol concentration (80, 90, and 100%) for 15 min. Heat reflux extraction (HRE) was carried out using a water bath at 60 °C and a reflux condenser as referenced from the literature [19]. Ultrasound-assisted extraction was conducted using the ultrasonic bath RU102H (Sonorex, Bandelin, Berlin, Germany) [19]. Extraction assisted by microwave was performed using a Plasmotronika UniClever system (Wroclaw, Poland) in open system and 60% of generator power [20]. Maceration with stirring (ME) was carried out at water bath at 40 °C with the assistance of a magnetic stirrer.




2.3. Chromatographic Analysis


Acetonitrile (ACN) and formic acid (FA) were MS grade (Sigma-Aldrich, St. Louis, MO, USA). An ultra-high performance liquid chromatograph (UHPLC) Infinity Series II combined with MS with electrospray ionization (ESI) and DAD detector (Agilent Technologies, Santa Clara, CA, USA) was used for phytochemical study. Chromatographic and MS conditions were detailed described in our previous work [21]. Briefly, the extract separation was carried out on Titan column (10 cm × 2.1 mm, 1.9 µm) (Supelco, Sigma-Aldrich). Elution was performed using mixture of water (A) and ACN (B), both acidified with 0.05% FA (flow rate was 0.2 mL/min. Gradient was as follows: 0–20 min from 98% A to 75% A; 20–32 min 75% A; 32–40 min from 75% A to 1% A. All standard compounds were from Sigma-Aldrich.




2.4. Cell Line Assay


Human skin fibroblast cell lines (ATCC® CRL-2522™, Manassas, VA, USA) were cultured in conditions given in literature [18]. The cells at density of 1 × 105 cells/well were treated with varying concentration of the extracts for 24, 48 and 72 h to assess cytotoxicity. The dried extract was dissolved in DMSO and diluted appropriately in the medium. The concentration of DMSO in investigated solutions was below 0.5% and DMSO in concentration of 0.5% was used as control. For antioxidant assay the cells were pretreated with the extract (30 min) and then H2O2 at concentration of 250 µM was added as a inducer of oxidative stress [22]. After 6 h of incubation, cell viability and reactive oxygen species were investigated.



2.4.1. Cell Viability


Spectrophotometric tests were carried out using an E-max Microplate Reader (Molecular Devices Corporation, Menlo Park, CA, USA). Neutral Red (NR) and 3-(4,5-dimethylthiazole-2-yl)-2,5-diphenyltetrazolium bromide (MTT) dyes (Sigma-Aldrich) were used to assess the cytotoxicity of the extract according the procedure described previously [21].




2.4.2. Cytoskeleton Organization


Labeling of the cytoskeleton with F-actin was performed using tetra methyl rhodamine-isothiocyanate (TRITC) -phalloidin (1 μg mL−1) in bovine serum albumin (PBS) following the procedure described in the literature [23]. Cell observation was conducted using a fluorescence microscope (Olympus, BX51, Hamburg, Germany).




2.4.3. Intracellular Levels of Reactive Oxygen Species (ROS)


The procedure was described in detail in previous work [21]. Briefly, a solution of 10 μM H2DCFDA (Sigma Aldrich, St. Louis, MO, USA) was added to the cells and then the cells were incubated in the dark for 60 min. The fluorescence was measured using an excitation wavelength of λ = 485 nm and an emission wavelength of λ = 530 nm.





2.5. Statistic


The extractions were repeated two times. The values presented are mean ± standard deviation (SD) from three measurements. The calculation was performed using Statistica (ver. 13.3). A one-way ANOVA and Dunnett’s test were carried out. The graphs were prepared using Excel program.





3. Results and Discussion


3.1. Phenolic Composition of the Plant Material


Plant material was characterized in terms of low molecular weight phenolics, which are considered most suitable for dermatological purposes [24,25]. A three-step extraction process was employed to exhaustively isolate the components (Figure S1) and assess the total content in defatted seeds. Chromatographic analysis (Figure 2) revealed the presence of two predominant phenolic constituents in the extract with retention times of approximately 18 and 26.3 min. Both components exhibited strong absorbance in the region of 200–400 nm. Based on mass spectrometry data (Figure 3) and comparison with standards, the identified components were determined to be ellagic acid and kaempferol 3-O-coumaroyl-glucoside (tiliroside).



Additionally procyanidin, kaempferol glucoside, quercetin glucoside, pelargonidin-3-(malonyl)-glucoside, catechin, and catechin hexoside, along with derivatives of ellagic acid, including rhamnoside and methylellagic acid hexoside, were identified in the extracts. Mass spectrometry (MS) data and the quantification results of the identified metabolites in the extracts are presented in Table 1.



The determined content of the main identified compounds in defatted strawberry seeds were in accordance with the values documented in existing literature. For instance, Grzelak-Błaszczyk et al., who investigated material derived from three seasons of cultivation, reported free ellagic acid content ranging from 43.8 to 58.2 mg/100 g dry matter, anthocyanins from 9.8 to 15.2 mg/100 g, and kaempferol glycosides from 24.4 to 28 mg/100 g. The predominant flavonoid, tiliroside, was found to be in the range of 139.7 to 184.0 mg/100 g [16]. Tiliroside is a valuable plant metabolite with diverse biological activity commonly found in the plant kingdom [26]. Literature data have evidenced that this polyphenol exhibits anti-inflammatory, hepatoprotective, anti-hyperglycemic, and antidiabetic properties [27]. The richest source of tiliroside is the flowers of Tilia cordata, or the aerial parts of Potentilla spp. where its amount reaches above 1 mg/g [20,28]. Although the amount of tiliroside in defatted seeds is lower, it is worthy to note that it is relatively high compared to other plant [29].




3.2. Optimization of Extraction Procedure to Obtain Phenolic Rich Fraction


To determine the optimal extraction conditions for obtaining a fraction rich in low molecular phenolics the percentage content of specific compounds in the total yield of the obtained extract were considered. Water is the most environmentally friendly solvent with good swelling properties. However, the extraction efficacy of the main strawberry phenolic components using pure water was poor. Phenolic compounds content was very low or they were absent (Figure S2). Despite the ultrasound, or microwave treatment facilitating the release of various metabolites from the plant matrix, the low solubility of tiliroside and ellagic acid proved to be the main cause of low efficiency in isolation using water.



In further steps, increasing concentrations of ethanol in water were tested. Ethanol was chosen as the extraction solvent since this solvent is allowed for cosmetic purposes, thus eventual residues in the dried extract are permitted. Furthermore, ethanol is easy to evaporate and can be reused in the extraction process. As expected, the amount of phenolics increased with the rising concentration of ethanol, and only at a concentration above 70% the isolation of the considered metabolites was effective. The effectiveness of isolating a specific component using ultrasonic-assisted extraction was shown in Figure S3. Table 2 displays the results regarding quantitative determination of the main low molecular weight phenolics using maceration with stirring and extraction assisted by heating, ultrasound and microwaves.



The highest total extraction yield was achieved through heat reflux extraction, possibly due to the enhanced dissolution of carbohydrates at higher temperatures. On the other hand, the extraction at temperature of 60 °C yielded a lower amount of tiliroside and kaempferol 3-glucoside comparing to the maceration with stirring what may indicated on partially degradation of these components. Similar observation was made by Oniszczuk et al. who extracted tiliroside from flowers of T. cordata [20]. The assisted techniques were the most effective and the results for ellagic and tiliroside expressed per gram of plant material were not significantly different. However, in the case of kaempferol 3-glucoside, higher amount was detected when ultrasonic extraction was applied. The high effectiveness of ultrasonic extraction in isolating tiliroside and kaempferol 3-glucoside was also confirmed by literature data [20,30]. On the other hand, the content of compounds relative to the total extraction yield was lower for MAE compared to UAE. Furthermore, the lower values for kaempferol 3-glucoside and tiliroside may indicate the destructive effects of this technique. Similar phenomena were observed for some flavonoids treated by microwave [31]. However, it is worth mentioning that, in our study, we opted for relatively mild MAE conditions.



To increase the content of phenolics in total yield, the material was treated with water (stirring for 5 min) before final extraction. The process was carried in one and in two steps with fresh portion of water. It allows to partially elute water soluble components such as sugars or proteins. Furthermore, two variants of extraction were tested including two steps extraction with fresh potion of solvent (15 min for each step) and one step extraction lasted 30 min. The results are summarized in Table 3.



Pretreating the samples with water allowed for an increase of the concentration of compounds in the total yield to above 30%. Furthermore, as expected, extraction carried out in two steps, each lasting 15 min, was more effective than a single, longer extraction. Interestingly, the content of the compounds in the total yield obtained using the two-step process differed only slightly compared to the one-step 15-min process. While, in general, the amount of isolated compounds increased with the repetition of the extraction, the total yield also increased. However, the two-step extraction allowed for a more complete utilization of the raw material.




3.3. Biological Assays


To assess the cosmetic potential of the phenolic-rich fraction obtained from defatted seeds, biological tests were performed using human skin fibroblast cells. As a cosmetic additive should be safe and display no adverse effects on the cells, cytotoxicity of the extract was verified based on 24-h, 48-h, and 72-h assays of cell viability and cell metabolism. Two complementary assays were applied, including the neutral red test indicating the capacity to bind the dye within the lysosomes of viable cells, and MTT, showing the action of mitochondrial dehydrogenases, important enzymes responsible for metabolic activity [32,33]. The results are shown in Figure 4.



In general, at the tested concentrations, the extract was non-toxic throughout the entire evaluation period. Furthermore, after 24- and 48-h exposures to the highest tested concentration, both cell proliferation and cell metabolism were stimulated, increasing up to 132% in MTT and 115% in NR tests after 24 h. After 48 h, the values rose to 118% and 109%, respectively, compared to the untreated control. No negative impact on cellular cytoskeleton was also observed (Figure 4c).



ROS-scavenging activity is another highly appreciated feature of cosmetic products, as oxidative stress and excessive exposure to reactive oxygen species (ROS) promote skin aging and the development of skin inflammatory states [34]. Oxidative stress may lead to the disruption of the organization of the collagen network, resulting in structural changes in the skin and the occurrence of wrinkles. Furthermore, the damage to skin cells resulting from ROS action provokes increased production of cytokines and favors inflammation. Thus, supporting the endogenous antioxidative systems with effective exogenous antioxidants is essential for protection against the adverse effects of free radicals.



Figure 5 displays the effects of the extract from defatted strawberry seeds on skin fibroblasts with induced oxidative stress using H2O2 treatment as a model. The 2’,7’-dichlorodihydrofluorescein diacetate (H2DCFDA) reagent was used to investigate the impact of the extract on the redox imbalance caused by H2O2 stimulation. Nonfluorescent H2DCFDA is deacetylated by intracellular esterases, next oxidized by ROS and converted to fluorescent 2′,7′-dichlorofluorescein (DCF). As shown in Figure 5a, H2O2 stimulation increased ROS levels by approximately 33% compared to the control. The cells, when pre-treated with the extract, hindered the generation of excessive ROS, and at the highest tested concentration, ROS levels reduced to those observed in the untreated control. The extract also provided protection against H2O2 induced cytotoxicity (Figure 5b). In the experimental setting, a significant decline in cell viability was observed in the cells following treatment with H2O2, with the number of visible cells reduced to 59% compared to the control. In cells pretreated with the extract before the addition of H2O2, cell viability was restored, and at higher concentrations, it reached the level of the untreated control. This suggests that incorporating the extract mitigates the detrimental cellular impacts of H2O2 and acts as a protective measure under conditions of oxidative stress.



The beneficial effect of the extract on skin fibroblasts is likely attributed to the presence of tiliroside, 3-glucoside of kaempferol, and ellagic acid, as indicated by numerous scientific papers detailing their biological activities. The strong antioxidant activity of tiliroside, assessed using various colorimetric tests, including FRAP, DPPH•, ABTS•+, and Fe2+ chelating assays, has been previously reported in the literature [35,36]. Moreover, Li et al. described its cytoprotective effect against the OH•-induced damage in mesenchymal stem cell and they found that the activity is linked with p-coumaroyl moiety in the molecular structure [36]. Also, ellagic acid belongs to a potent antioxidant agent. Baek et al. reported its protective effects against oxidative stress induced by UV-B in skin cells, associated with the restoration of glutathione (GSH) and superoxide dismutase (SOD) levels which were reduced in fibroblasts subjected to UV-B irradiation [37]. Significant ROS scavenging activity was also reported for kaempferol 3-glucoside [38,39]. Furthermore, it has been evidenced that this flavonoid protect for cellular membrane against ROS [38]. The presence of these specific phenolics in the tested extract has also been beneficial, considering the other desirable properties of cosmetic formulation. In vivo studies have demonstrated that tiliroside exhibits a protective effect against inflammation in human skin provoked by UV radiation [40,41] and in a mouse ear inflammation model [35]. It also acts as a tyrosinase inhibitor, which may be useful in skin-whitening preparations [42]. Furthermore, Takeda et al. discovered that tiliroside stimulates the production of ceramides, the components of the outermost layer of the epidermis, essential for maintaining skin hydration. Consequently, it supports moisture retention and improves skin barrier function [27]. In turn, ellagic acid has shown significant activity towards the inhibition of some metalloproteinases, including hyaluronidase, elastase, collagenase, being accountable for the breakdown of the extracellular matrix and loss of skin firmness [43] and exerts a photoprotective effect [43,44].





4. Conclusions


Our study showed the defatted strawberry seeds are a rich reservoir of phenolic compounds that can be effectively extracted using a water and ethanol mixture. The investigation revealed that tiliroside, kaempferol glucoside, and ellagic acid were the most abundant components of the material. Isolated phenolic-rich fraction demonstrated significant antioxidant properties, as evidenced by its ability to scavenge free radicals in human skin fibroblasts. Additionally, the fraction exhibited cytoprotective activity in oxidative stress condition. Taking into account all of the above data, it can be concluded that defatted strawberry seeds may serve as a valuable material for subsequent processing to obtain a beneficial additive for skin care products.
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Figure 1. Strawberry seeds (a) and strawberry seeds residues after oil extraction (b). 
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Figure 2. Chromatograms of the extract from defatted seeds including base ion chromatogram (green), and chromatograms at wavelength of 254 nm (blue) and 350 nm (red). 
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Figure 3. Mass and UV-Vis spectra of tiliroside (upper panels) and ellagic acid (lower panels). 
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Figure 4. Impact of the different concentration of the extracts from Defatted strawberry seed on: (a) cell metabolism (MTT), (b) cell viability (NR) expressed as a % of control (dashed red line) after 24, 48 and 72 h of exposure. The data are means (n = 3) ± SD. * Indicates statistically significant difference between extract samples and control at p < 0.05. (c) F-actin cytoskeleton organization-staining with TRITC-phalloidine. 
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Figure 5. Effect of extract in human skin fibroblast cells on (a) 2′,7′-dichlorodihydrofluorescein fluorescence and (b) cell viability assessed using NR test. The cells were pretreated with different extract concentration and exposured on H2O2. The data are means (n = 3) ± SD. * Indicates statistically significant difference vs. H2O2-stimulated cells (p < 0.05). 
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Table 1. Data used for identification and the results of quantification of low molecular weight phenolics (mg/100 g of fresh plant material ± SD) extracted from defatted seed residues using 230 and 330 PSI.
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	RT (min)
	[M − H]−
	Formula
	Name
	Seeds Defatted at 230 PSI (mg/100 g)
	Seeds Defatted at

330 PSI (mg/100 g)





	7.73
	451.12448
	C21H24O11
	catechin hexoside 2
	8.7 ± 1.1 a
	9.1 ± 1.2 a



	10.07
	577.13615
	C30H26O12
	Procyanidin 2
	+
	+



	10.41
	289.07211
	C15H14O6
	Catechin 1
	5.6 ± 0.6 a
	6.1 ± 0.7 a



	13.68
	517.09892
	C24H22O13
	pelargonidin-3-(malonyl)-glucoside 2
	4.4 ± 0.5 a
	4.1 ± 0.5 a



	17.70
	447.05881
	C20H16O12
	ellagic acid rhamnoside 1
	3.6 ± 0.3 a
	4.4 ± 0.4 b



	18.00
	300.99905
	C14H6O8
	ellagic acid 1
	65.8 ± 5.9 a
	77.2 ± 6.8 b



	18.44
	463.08843
	C21H20O12
	quercetin glucoside 1
	8.1 ± 0.8 a
	10.3 ± 0.6 a



	20.07
	447.09445
	C21H20O11
	kaempferol glucoside 1
	23.5 ± 2.2 a
	24.9 ± 2.4 a



	20.55
	461.07357
	C21H18O12
	methylellagic acid hexoside 2
	3.8 ± 0.4 a
	4.9 ± 0.5 b



	26.32
	593.13207
	C30H26O13
	tiliroside 1
	131.7 ± 11.6 a
	136.4 ± 12.1 a







1 Components were confirmed by comparison with standard; 2 components were identified based on parent ion mass and data found in the literature; the different letter symbols indicate statistically significant differences between the values in the same line.













 





Table 2. The amount of main low molecular phenolics (µg/g of fresh plant material ±SD) extracted from defatted seeds using different techniques and increased ethanol concentration. The process was conducted in one run and lasted 15 min.
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	Condition
	Kaempferol-G
	Ellagic Acid
	Tiliroside
	Yield (%)





	HRE (60 °C) 80%
	90.8 ± 8.7 d
	355.5 ± 34.9 b,c
	874.9 ± 84.5 d
	6.91 ± 0.7 a



	HRE (60 °C) 90%
	88.1 ± 8.4 d
	360.1 ± 35.8 a,b
	900.8 ± 90.1 c,d
	6.34 ± 0.6 a



	HRE (60 °C) 100%
	87.4 ± 8.8 d
	365.1 ± 36.8 a,b
	898.7 ± 90.7 c,d
	5.71 ± 0.6 b



	ME (40 °C) 80%
	111.8 ± 10.4 a,b
	350.3 ± 34.4 b,c
	898.7 ± 87.6 c,d
	4.51 ± 0.5 c



	ME (40 °C) 90%
	101.5 ± 10.1 b,c
	357.9 ± 35.8 a–c
	910.4 ± 90.4 b
	4.66 ± 0.4 c



	ME (40 °C) 100%
	99.1 ± 9.8 b,c
	366.1 ± 36.4 a,b
	905.5 ± 88.7 b,c
	4.84 ± 0.5 c



	UAE 80%
	122.3 ± 11.1 a
	345.4 ± 23.5 c
	984.1 ± 90.7 a
	4.49 ± 0.5 c



	UAE 90%
	119.3 ± 10.4 a
	371.3 ± 33.3 a
	973.2 ± 91.4 a
	4.61 ± 0.5 c



	UAE 100%
	102.3 ± 9.9 b,c
	370.3 ± 34.6 a
	986.5 ± 98.3 a
	4.75 ± 0.5 c



	MAE 80%
	97.9 ± 9.8 c
	357.2 ± 33.9 a–c
	940.5 ± 88.8 a,b
	5.98 ± 0.6 b



	MAE 90%
	96.7 ± 8.9 c,d
	370.5 ± 35.4 a
	911.8 ± 90.9 b
	5.81 ± 0.5 b



	MAE 100%
	91.9 ± 9.4 d
	376.3 ± 36.7 a
	898.7 ± 86.5 c,d
	5.65 ± 0.5 b







HRE—heat reflux extraction, ME—maceration with stirring, UAE—ultrasound assisted extraction, MAE—microwave assisted extraction; the different letter symbols indicate statistically significant differences between the values in the same column.













 





Table 3. The content of main low molecular phenolics (mg/g of dried extract ± SD). The process was conducted before and after maceration with water in one or two extraction runs.
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Component

	
Extraction without Pretreatment

	
Pretreatment with Water




	
1 Step UAE 1 × 15 min

	
2 Steps UAE

2 × 15 min

	
1 Step UAE

30 min






	
Kaempferol glucoside

	
2.59 ± 0.21 a

	
3.44 ± 0.31 b

	
4.05 ± 0.44 b

	
3.84 ± 0.31 b




	
Ellagic acid

	
8.05 ± 0.84 a

	
10.71 ± 1.02 b

	
13.5 ± 1.11 c

	
11.4 ± 0.91 b




	
Tiliroside

	
21.11 ± 1.82 a

	
28.08 ± 2.28 b

	
36.5 ± 3.24 c

	
31.8 ± 1.99 b








UAE—ultrasound assisted extraction; the different letter symbols indicate statistically significant differences between the values in the same line.
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