

  applsci-16-07543




applsci-16-07543







Appl. Sci. 2026, 16(15), 7543; doi:10.3390/app16157543




Article



Technological Potential and Changes in Bioactive Compounds During Ripening of Four Sea Buckthorn (Hippophae rhamnoides L.) Cultivars Grown in the Republic of Moldova



Ancuța Chetrariu 1,*, Irina Dianu 2, Natalia Netreba 2, Iuliana Sandu 2, Georgiana Gabriela Codină 1, Anca Mihaela Gâtlan 1, Ancuța Petraru 1, Ionuț Avrămia 1, Artur Macari 2 and Adriana Dabija 1,*





1



Food Engineerig Faculty, Ștefan cel Mare University of Suceava, 720229 Suceava, Romania






2



Food Technology Department, Technical University of Moldova, MD-2004 Chisinau, Moldova









*



Correspondence: ancuta.chetrariu@fia.usv.ro (A.C.); adriana.dabija@fia.usv.ro (A.D.)







Citation: Chetrariu, A.; Dianu, I.; Netreba, N.; Sandu, I.; Codină, G.G.; Gâtlan, A.M.; Petraru, A.; Avrămia, I.; Macari, A.; Dabija, A. Technological Potential and Changes in Bioactive Compounds During Ripening of Four Sea Buckthorn (Hippophae rhamnoides L.) Cultivars Grown in the Republic of Moldova. Appl. Sci. 2026, 16, 7543. https://doi.org/10.3390/app16157543



Academic Editor: Monika Gibis



Received: 26 June 2026 / Revised: 20 July 2026 / Accepted: 27 July 2026 / Published: 29 July 2026



Abstract


Sea buckthorn (Hippophae rhamnoides L.), known as a “superfruit” due to its complex nutritional profile, exhibits significant variations in bioactive compounds depending on variety and ripening stage. This study evaluates the ripening dynamics of four specific varieties—Dora, Cora, Clara, and Mara—cultivated in the Republic of Moldova to identify the optimal harvest window and technological potential for each variety. Over a seven-week period (August–September), several physicochemical and biochemical parameters were monitored, including pH, titratable acidity, total soluble solids (TSS), total dry matter (TDM), lipid content, color, hardness, vitamin C, total carotenoids content (TCC), and organic acids. Analytical methods such as refractometry, spectrophotometry, and capillary electrophoresis were employed to track these components. A downward trend in TSS and titratable acidity, characteristic of non-climacteric fruits, was observed. The Cora and Mara varieties exhibited the highest productivity and total dry matter content (up to 35.61%), making them suitable for concentrated food products. Clara stood out with the highest lipid accumulation (reaching 2.32%), identifying it as the premium variety for oil extraction. Vitamin C levels generally decreased across all varieties during ripening, with the Mara variety maintaining the highest concentrations (up to 518 mg/100 g). Conversely, total carotenoids showed a peak during full maturity (late August) for most varieties, with Dora reaching the highest values (40.73 mg/100 g). The present study highlights that the optimal harvest time for maximizing bioactive compounds is between late August and early September.
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1. Introduction


Sea buckthorn (H. rhamnoides L.) is a plant with yellow or orange berries, very light-loving, but sensitive to shadow, also known as the “highland holy fruit” [1].



H. rhamnoides L. belongs to the family Elaeagnaceae and is a perennial, deciduous, dioecious shrub characterized by high ecological adaptability [2,3]. The species usually develops a strong and extensive root system capable of forming symbiotic associations with nitrogen-fixing microorganisms, which contributes to its ability to grow under poor soil conditions [2,4,5]. The plants are characterized by thorny branches, narrow lanceolate leaves covered with silvery trichomes, and clusters of yellow-to-orange berries rich in biologically active compounds [2,6]. The dioecious nature of the species, with separate male and female plants, represents an important biological characteristic that influences fruit production and cultivation practices.



From a taxonomic perspective, the genus Hippophae includes several species distributed mainly throughout Europe and Asia, with H. rhamnoides L. being the most economically important species due to its nutritional and medicinal value. Significant morphological and biochemical variability exists among subspecies and cultivars, particularly regarding plant architecture, fruit size, color, ripening period, and the accumulation of bioactive compounds [2,3].



From an ethnobotanical perspective, sea buckthorn has been traditionally used in various regions as a food and medicinal plant. Fruits, seeds, leaves, and oil obtained from the berries have been used in traditional preparations due to their nutritional properties and potential health benefits. In traditional medicine, sea buckthorn-derived products have been associated with applications related to skin care, wound healing, digestive health, and general health maintenance. Currently, these traditional uses have contributed to increasing interest in sea buckthorn as a source of functional foods, nutraceuticals, and pharmaceutical ingredients [3,7].



It is recognized for controlling soil erosion, but also for the nutritional value of its fruits [8]. The main countries that grow sea buckthorn are China and Russia, where it is appreciated for its applications in medicine or as an ingredient in food [9,10]. To date, approximately 150 species, subspecies, and varieties of sea buckthorn have been identified in Eurasia; they differ in terms of the shrub’s habitat, their intended use, the color and appearance of the berries, and the ripening period [8]. The area of use of this plant is vast, in fields such as: food, medicine, environment or agricultural tools [11]. Sea buckthorn is a plant that thrives in poor soil and at temperatures ranging from −40 to +40 °C [12,13]. Pruning the shoots, the method used for harvesting, results in a lower average annual yield. After harvesting, the berry-bearing shoots are frozen at −38 °C, and the berries are separated from the shoots without being damaged, and then collected and processed [14]. Sea buckthorn has a valuable nutritional profile, and the entire plant can be used, in line with the principles of the circular economy [15]. The chemical composition of sea buckthorn varies depending on several factors, including subspecies, origin, harvest time, climatic and growing conditions, storage conditions, and also variations between years [16], but it is estimated to contain approximately 200 bioactive compounds [17]. The most valuable component is the oil contained in the fruit, but sea buckthorn is also rich in carotenoids, flavonoids, phytosterols, and organic acids, exhibiting multiple functions, including antioxidant, anti-inflammatory, lipid-regulating, and immunomodulatory properties [18,19]. Not only are the fruits considered a good source of nutrients, but the other parts of the plant also contain a number of bioactive substances [11]. This study evaluated four native sea buckthorn (H. rhamnoides L.) varieties selected for their high productivity and adaptability to local climatic conditions: Dora, Cora, Clara, and Mara. Dora is an early-maturing variety, notable for its high productivity and large, oval-elongated fruits with an intense orange hue [20]. Cora is distinguished by its early-to-mid-season ripening and is valued for the fruit’s high resistance to shattering, which influences harvest dynamics. Clara is a mid-season variety, characterized by consistent yield and a balanced dry matter content in the fruit [20,21]. Mara is a late-maturing variety with excellent productivity and vigorous fruit [21], ideal for extending the processing season [20]. The complete morphological characteristics and agronomic details specific to each analyzed variety are summarized and presented comparatively in Table 1.



The morphological and physiological differences among the studied varieties highlight distinct production and processing potential, with the Cora and Mara varieties standing out for their high productivity, while Clara is distinguished by early ripening and Dora by specific sensory characteristics. The ripening dynamics of sea buckthorn (H. rhamnoides L.) berries is a complex physiological and biochemical process that is strongly influenced by genotype, climate, and harvest time. In the scientific literature, the changes in bioactive compounds during ripening often show divergent trends. For example, studies by Andersson et al., 2009, demonstrated that total carotenoid levels tend to increase steadily as the fruits reach full maturity [19]. In contrast, the concentration of vitamin C (ascorbic acid) generally follows a downward trend during the late stages of ripening, a phenomenon attributed to oxidative degradation or the dilution effect caused by water accumulation in the fruit. As for the profile of organic acids, it varies significantly depending on geographic origin and subspecies (for example, the distinct profiles of ecosystems in China, Russia, or Finland). However, most existing research focuses either on the isolated analysis of bioactive compounds or on narrow harvest windows, leaving a significant analytical gap. There is a lack of a systematic, multidimensional comparative assessment that correlates physical parameters (such as firmness and CIELab color coordinates) with fine metabolic dynamics (such as the determination of individual organic acids by capillary electrophoresis and lipid changes) over an extended period of weekly monitoring. This gap is even more pronounced in the case of the specific varieties Dora, Cora, Clara, and Mara, whose ripening characteristics and technological potential under the influence of the soil and climate conditions in the Republic of Moldova have not been comparatively evaluated to date.



The purpose of this study was to evaluate the dynamics of fruit ripening in four sea buckthorn cultivars (H. rhamnoides L.) (Dora, Cora, Mara and Clara) over a seven-week period under the same cultivation conditions. The study aimed to characterize cultivar-dependent changes in physicochemical and biochemical parameters, including pH, titratable acidity, total soluble solids, vitamin C content, total carotenoid content, organic acid composition, color characteristics, berry firmness, and antioxidant activity.




2. Materials and Methods


During a two-month period (August–September; each sampling week designated as W1–W7), four sea buckthorn cultivars (Dora, Cora, Mara and Clara) were monitored to evaluate changes in ripening-related parameters, including pH [20], titratable acidity [20], vitamin C content [15], total carotenoid content [16], color [13], berry firmness [23], organic acid composition [20,24], and antioxidant activity [21], the period marking the transition from late summer to early fall in the Republic of Moldova. Sampling was performed weekly from 3 August to 28 September, with the sampling dates designated as W1–W7: 3 August (W1), 11 August (W2), 22 August (W3), 29 August (W4), 8 September (W5), 19 September (W6), and 28 September (W7). The studied cultivars (Dora, Cora, Mara and Clara) are officially registered and included in the Catalogue of Plant Varieties of the Republic of Moldova. The cultivar identity was confirmed based on their official descriptions and morphological characteristics.



The study was conducted on an experimental plantation located in Pohrebea village, Dubossary District, Republic of Moldova (47°10′34″ N, 29°10′04″ E). The experimental period was characterized by typical pedoclimatic conditions for central Moldova, with slightly higher temperatures (2–3 °C above the norm) and reduced precipitation during fruit ripening. Fruit samples were collected exclusively from female shrubs of the four sea buckthorn cultivars (Dora, Cora, Mara, and Clara). Male plants (cultivar Andros) were present in the orchard solely as pollinators, at a ratio of one male plant to eight female plants. This region is characterized by a moderate temperate–continental climate. For each cultivar, fruits were collected weekly from 8 shrubs. Fruit-bearing branches were sampled from the north, south, east, and west sides of each shrub to ensure representative sampling. The fruit collected from the 8 shrubs of each cultivar was pooled into a single composite sample, yielding approximately 5 kg of fruit per cultivar at each sampling date.



All shrubs were grown under identical agronomic and environmental conditions, including the same planting density (3.5 × 1.75 m), irrigation, fertilization, and light exposure, in order to minimize environmental variability among cultivars. After harvest, the fruits were analyzed fresh [22]. All chemicals used in this study were of analytical grade and were purchased from Sigma-Aldrich (St. Louis, MO, USA).



2.1. pH and Titrable Acidity


Fresh sea buckthorn berries were homogenized, and 25.00 ± 0.01 g of the homogenized sample was transferred into a 250 mL volumetric flask. Approximately three-quarters of the flask volume was filled with distilled water preheated to 80 °C. The mixture was heated in a water bath (SBS40 STUART, Cole-Parmer, Altrincham, UK) at 80 °C for 30 min with continuous stirring. After cooling to 20 °C, the extract was diluted to the mark with distilled water, thoroughly homogenized, and filtered.



An aliquot of 25 mL of the filtrate was transferred into an Erlenmeyer flask and titrated with 0.1 mol L−1 NaOH using an automatic titrator (TitroLine 5000, SI Analytics, Mainz, Germany) under continuous stirring. Titratable acidity was expressed as percentage (%) [20].




2.2. Soluble Dry Matter, Insoluble Dry Matter, and Total Dry Matter


The soluble dry matter was determined using the PAL-1 digital refractometer (Atago, Tokyo, Japan), expressed in °Brix, the insoluble dry matter was performed by filtering the sample (filtration system, Buchner funnel and vacuum filter), drying the filter with the residue at 105 °C for 2.5 h until constant mass, and the total dry matter was determined by complete evaporation of water to constant mass in the laboratory oven (SLW 115 SMART, Pol-Eco Apparatus, Wodzisław Śląski, Poland), t = 105 °C for 3 h [20].




2.3. Total Carotenoid Content


The extraction procedure was performed using a 2 g sample mixed with 25 mL of solvent (methanol acetate ether, 1:1:1, v/v/v). The mixture was subjected to ultrasonic extraction for 15 min at 37 kHz (ISOLAB Laborgeräte GmbH, Eschau, Germany) and subsequently centrifuged for 10 min at 5000 rpm using a Hermle Z 366 K centrifuge (Hermle Labortechnik GmbH, Wehingen, Germany). The supernatant was collected, diluted 1:10 with the extraction solvent, and the total carotenoid content was determined spectrophotometrically using a UV-1900 UV–VIS spectrophotometer (Shimadzu, Kyoto, Japan) at a wavelength of 448 nm, according to the method described in [16]. The total carotenoid content was calculated using the formula presented below (Equation (1)):


  Total carotenoid content ( mg / 100   g )   =      A ×  V  e x t r .   × D × 1000   2500 × 100     



(1)




where A—absorbance; Vextr.—extract volume, mL; and D—dilution, mL.




2.4. Vitamin C Content


For this determination, 5 g of the sample was used, which was mixed with 100 mL HCl 2%, stirred continuously for 10 min, and then filtered. Then, 0.5 mL of extract together with 25 mL HCl 2% was inserted into the potentiometer electrodes and titrated with 2,6-dichlorophenolindolphenolate [15]. The mass fraction of ascorbic acid in percentages is calculated using the following formula (Equation (2)):


  Vitamin   C   content   =          V   1   −   V   2     × T ×   V   3   × 100     V   4   × m     



(2)




where V1—volume of 2,6-dichlorophenolindolphenolate used for titration, mL; V2—volume of 2,6-dichlorophenolindolphenolate used for control, mL; T—titer of 2,6-dichlorophenolindolphenolate, g/mL; V3—extract volume, mL; V4—extract volume used for titration, mL; and m—sample weight, g.




2.5. Color


A Konica Minolta CR-400 colorimeter (Tokyo, Japan) was used to measure the sea buckthorn fruit samples’ color using CIELab color space coordinates, where L* values describe black to white (0 to 100), a* is the degree of redness (positive) or greenness (negative), and b* is yellowness (positive) or blueness (negative) [13]. The total color differences (ΔE*) between the samples were calculated according to the following formula (Equation (3)):


  Δ E =        L   i  *  −   L   0  *      2   +       a   i  *  −   a   0  *      2   +       b   i  *  −   b   0  *      2     



(3)




where     L   i  *  =   L* sample,     L   0  *  =   L control,     a   i  *    = a* sample,     a   0  *  =   a* control,     b   i  *    = b* sample, and     b   0  *  =   b* control.




2.6. Hardness of the Berries


A digital fruit hardness tester FR-5120 (Lutron Electronic Enterprise, Taipei, Taiwan) with a capacity of 20 kg and a resolution of 0.01 kg was used to determine hardness. The 3 mm penetration tip was attached and the device was calibrated. The fruit was positioned stably and the tip of the penetrometer was applied perpendicular to its surface. A constant force was applied until the tip penetrated the pulp and the peak hold value was recorded [22].




2.7. Organic Acids


The KAPEL105M system, the most recent certified model in the Kapelseries, was used to determine the organic acids using capillary electrophoresis. The KAPEL105M (Lumex Instruments, Saint Petersburg, Russia) system incorporates full instrument control, data, and the most recent electronic database collection, processing using its software and the capacity to capture the absorption spectra of the sample’s constituent parts while it is being examined. An unaltered quartz capillary measuring 64.5 cm in total length (effective length of 56 cm) and 50 μm in inner diameter was utilized. At 20 °C, the capillary was thermostatically regulated. Research conditions were as follows: capillary Leff/Ltot = 40/50 cm, phosphate buffer served as the primary electrolyte, ID = 50 μm, at 300 mbar × s, the sample inlet is hydrodynamic, and 17 kV of voltage. A UV detector with a wavelength of 190 nm (±1.0 nm) was used. The capillary was first cleaned for 60 s with a 0.1 M NaOH solution, then twice for one minute with deionized water, five minutes with background electrolyte solution, and five minutes with background electrolyte solution between analyses. The calculation of all quantitative characteristics was carried out and recalculated on absolutely dry raw material [20].




2.8. Lipids


Fresh fruits in the amount of 5 g were dried completely in an oven (SLW 115 SMART, Pol-Eco Aparatura, Wodzisław Śląski, Poland) at a temperature of 60 °C for 3 h or until constant weight. For the extraction, a Velp SER 148 (VELP Scientifica Srl, Velate, Italy) was used, and the solvent used was n-hexane [15]. Lipids were extracted from the sea buckthorn samples using the Soxhlet method. The ground sample was extracted using 100 mL of n-hexane. The process took place over a period of 3 h, ensuring approximately 10–12 cycles per hour. After the extraction was complete, the solvent was completely removed using a vacuum rotary evaporator, and the lipid residue was dried in an oven to constant weight. The total lipid content was calculated using the following equation:


Lipids = (m2 − m1)/m0 × 100








where m2 = the mass of the balloon containing the extracted lipids (g), m1 = the mass of the empty extraction balloon (g), and m0 = the mass of the sample taken for analysis (g). The oil content in 100 g of fresh fruit was reported as a percentage, %.




2.9. Antioxidant Activity


The effect of antioxidant activity on 1,1-dipheny l-2-picrylhydrazyl (DPPH) was estimated according to the procedure described by Stanciu et al. [21]. For each measurement, 0.05 mL filtered extract solution (10 g of sample was macerated in 50 mL ethanol (75% v/v) for 48 h in the dark at room temperature) was added to 1.95 mL DPPH ethanolic solution and thoroughly homogenized, and incubated in dark at room temperature for 30 min. Sample absorbance was measured at 515 nm. The final extract concentration in the reaction mixture was 5 mg fresh fruit equivalent/mL, identical for all samples. Results are expressed as percentage inhibition of the DPPH radical (% inhibition), calculated as (A0 − A1)/A0 × 100, where A0 is the absorbance of the control and A1 the absorbance of the sample; IC50 was not determined, as a single fixed extract concentration was used for all comparisons.




2.10. Statistical Analysis


All of the analyses in the present study were performed in triplicate. Statistical software XLStat (trial version) (Addinson, New York, NY, USA) was used to calculate the mean values and standard deviations for the quantitative data. A principal component analysis (PCA) was performed to observe the similarities or dissimilarities between the evaluated parameters and formulated samples.





3. Results and Discussion


Internal factors, such as the sea buckthorn variety, as well as external factors (temperature, climatic conditions, cultivation technology) influence the ripening period [19]. In order to determine the optimal harvesting period, a series of chemical, physical and biochemical parameters were analyzed over a period of approximately two months, the period between the beginning of August and the end of September (week 1–7). Figure 1 shows differences in the berries of the four sea buckthorn varieties studied.



Table 1 gives a brief description of the four varieties, both in terms of the plant itself, crown, thorns, resistance to pests and diseases, and productivity capacity. On the other hand, the table also describes the fruits contained in each variety: size, shape, color, taste, and also length and diameter. The ripening period of the fruits is also suggested.



3.1. Chemical Parameters


The initial pH of the samples taken in the study was between 2.808 (Clara variety) and 3.276 (Cora variety), and at the end of the analyzed period the values were between 3.071 (Mara variety) and 3.264 (Clara variety), as can be seen from Table 2. Throughout the study period, pH values between 2.808 and 3.276 were recorded. In their study, Netreba et al., 2024, observed pHs in the range from 2.734 to 2.928 [22]. Although sea buckthorn remains a highly acidic fruit throughout ripening, even small changes in pH are enough to alter enzymatic kinetics, leading to increased cellular permeability and increased susceptibility to oxidative processes [24].



It can be observed from Table 3 that the total acidity of the studied sea buckthorn fruits ranged from 1.659 to 4.642%. The Dora and Mara varieties showed no changes in the titratable acidity values throughout the study (1.633–2.162% and 4.248–4.642%, respectively), and the Cora and Clara varieties showed greater variations in values (1.599–3.840% and 1.869–2.530%, respectively). According to Sadowska et al., 2025, total acidity (as citric acid) of the studied sea buckthorn fruits ranged from 3.04 to 3.81 [25]. Sandulachi et al., 2023, found in their study a range from 2.15 to 8.76% for all four varieties (Dora, Cora, Clara, and Mara) [20]. Netreba et al., 2024, found that the total acidity of sea buckthorn fruits had closer values, ranging from 3.2 to 5.9% [22]. While some of the varieties studied (Dora and Mara) show a downward trend in titratable acidity toward the end of the study period (W6–W7), the Cora and Clara varieties exhibit a completely different and opposite trend [25,26,27].



The results obtained highlight the fact that the dynamics of the dry matter in sea buckthorn fruits is influenced both by the time of harvest and by the analyzed variety. The trend in total soluble solids (TSS) content shown in Table 4 provides clear evidence of the non-climacteric physiological behavior of sea buckthorn berries. Unlike climacteric fruits, where the ripening phase is marked by a sudden and massive increase in TSS caused by starch hydrolysis, the sea buckthorn fruits analyzed show a general downward trend in TSS toward the end of the monitoring period. The highest values of total soluble solids were recorded for the Cora and Mara varieties (15.10 °Brix–12.27 °Brix and 14.9–11.53 °Brix, respectively), and the Clara and Dora varieties showed significantly lower values (10.23–7.33 °Brix and 8.77–7.20 °Brix, respectively), the decrease in these values being specific to non-climatic fruits. The data presented in the study by Bal et al., 2011, record TSS values between 9.3 and 22.75 °Brix, which is in agreement with the data presented in the present study [27]. Selimaj et al., 2022, obtained higher values for the Mara variety (10.9 °Brix) compared to the Clara variety (7.3 °Brix), values close to those in the present study [28]. The insoluble solids content had a decreasing trend: the Dora, Cora and Mara varieties showed a decrease until the end of August, and then increased slightly, an increase explained by the onset of overripening processes or by potential dehydration [27,28,29]. In the case of total dry matter, the Cora variety showed the highest values (35.61–21.42%), followed by the Mara variety (28.26–19.68%); Clara and Dora had lower values, reaching below 18% towards the end of the period. These data are in agreement with those presented in the study by Netreba et al., 2024, and Sandulachi et al., 2023 [20,22].



The significant decrease in TSS observed in all varieties over the final few weeks (W6–W7) reflects the intensive use of soluble carbohydrates as a respiratory substrate in cellular metabolic processes that maintain tissue viability. This late decrease in TSS underscores the importance of determining an optimal harvest time to prevent the loss of the fruit’s sensory and nutritional quality [25].



The analysis of the soluble, insoluble and total dry matter revealed significant differences between the sea buckthorn varieties studied, as well as a general trend of these parameters decreasing during ripening. The Cora and Mara varieties showed higher dry matter values, indicating a higher potential for processing, while Clara and Dora recorded lower values, associated with a higher water content.



Table 5 shows the lipid values for all four varieties during the approximately two-month period. The general trend is that the oil content in sea buckthorn fruits increased during the study. The highest values are observed in the fruits of the Clara variety, while the lowest values are recorded for the Cora variety, being around a third of those of the Clara variety. The data are in agreement with those presented by Bal et al., 2011 [27].



Oil content is a key parameter in sea buckthorn processing, and lipid behavior varies significantly: in the Dora variety, lipid content rose steadily toward the end of ripening and peaked in W6 and W7; in the Cora variety, lipids accumulated earlier, peaking in W4, W5, and W6, and in W7, the oil content decreased. An analysis of the dynamics of lipid accumulation shown in Table 5 reveals significant kinetic differences among the varieties studied. Contrary to a delayed accumulation pattern, the Clara variety is characterized by a steady increase in lipid content starting from the earliest stages of ripening. It starts at a minimum value in W1 (0.40%) and increases progressively until reaching a maximum of 2.32% in W5. This gradual accumulation indicates a close correlation between the structural development of the fruit and the enzymatic activity responsible for fatty acid biosynthesis during the active ripening phase. After reaching this peak in W5, a plateau or a slight decrease in lipid concentration is observed during the last two weeks of monitoring (W6–W7), a phenomenon associated with a slowing of lipid metabolism as full maturity sets in.




3.2. Biochemical Parameters


Vitamin C has numerous biological activities in the human body, but the content of this vitamin can be influenced by numerous factors: climatic conditions, genotypic differences, harvesting and handling procedures and degree of maturity [30]. In all four varieties taken in the study, the general trend was a decrease in vitamin C content. The Clara, Dora and Mara varieties recorded a decrease of about 2.5 times in the values of vitamin C, while the Cora variety had a decrease of about four times, as can be seen in Table 6 [27]. DPPH radical scavenging activity (% inhibition) of the berries of the four sea buckthorn varieties (Clara, Dora, Cora, Mara) was measured at seven stages of ripening (W1–W7), determined at a fixed extract concentration of 5 mg fresh fruit equivalent per mL of reaction mixture. Values are given as mean ± standard deviation (n = 2).



The vitamin C results are consistent with the literature; for example, Sadowska et al., 2025, obtained in their study a content of vitamin C ranging from 79.7 to 130.5 mg/100 g fresh weight [25]. Chen et al., 2023, called sea buckthorn fruits “the king of vitamin C” [17,31]. The vitamin C content of sea buckthorn can be compared with that of acerola fruits (Malpighia emarginata), 1677.6 mg/100 g [32], with rosehips (Rosa canina), 420 mg/100 g [33], or with that of blackcurrants (Ribes nigrum L.), 201.6–228 mg/100 g [30].



The carotenoids in sea buckthorn contribute to the characteristic orange–yellow color and support biological activities [17,34,35]; additionally, studies have shown that when fresh sea buckthorn berries ripen, their overall carotenoid content rises [19,34]. In the case of the Clara, Dora, and Mara varieties, the total carotenoid content increases to 22.08–29.08, and then decreases as a result of the fruit entering the overripening phase, while in the Cora variety the growth is constant, with a maximum towards the end of the analyzed interval; these data are presented in Table 7. This is due to a slower but even ripening. The total carotenoid content ranged from 5.08 to 40.73 mg/100 g fresh fruit, which is in according with the study by Olas, 2016 [36]. Andersson et al., 2009, found in their study that the total carotenoid content grew steadily throughout the ripening period, registering values between 323.4 and 1014.9 µg/g dry weight [19]. Dora and Cora reach their peak levels of vitamin C and antioxidant activity halfway through the growing season (W2–W3). Subsequently, these values decline as the fruit develops during the fall months. In the case of the Clara variety, vitamin C reaches its peak in W1–W2 and then steadily declines. Antioxidant activity, however, reaches a delayed peak in W6. The Mara variety reaches its peak vitamin C level in W2.



Sandulachi et al., 2023, investigated the four varieties of sea buckthorn, and in terms of total carotenoid content, the Cora and Clara varieties recorded values around 7 mg/100 g, while the Mara variety had a higher total carotenoid content of 13.93 mg/100 g, and the Dora variety a content of 23.16 mg/100 g [20]. One of the main characteristics by which sea buckthorn oil is marketed is its carotenoid content [26].



The content of organic acids is responsible for the sour and astringent taste [37], being a link of direct proportionality; a high malic acid concentration is primarily responsible for sourness [38], although quinic acid adds to the astringency of fresh sea buckthorn berries [34]. The data about organic acids are presented in Table 8. The large differences between varieties show the potential of the fruits to be selected for a certain end-product (processing to obtain juice, jams, or other end-products) [39]. Organic acids promote the absorption of polyphenols in the body and enhance antioxidant properties [17]. In this study, malic acid is predominant, which is in agreement with the data presented by Wang et al., 2021 [40], and Tang et al., 2026 [41]; malic acid is known as an agent supporting roots against pathogen attack [8].



An integrated comparative analysis of the data in Table 8 highlights inter-varietal differences in the accumulation and evolution of total organic acids during ripening. The most striking feature is the profile of the Cora variety, which exhibits an extremely high concentration of total organic acids throughout the entire study period. By comparison, the other three varieties recorded significantly lower and relatively similar values. The high acid level in the Cora variety, even in the advanced stages of ripening (W6–W7), indicates a lower rate of degradation (consumption as a respiratory substrate) of organic acids relative to the accumulation of soluble sugars. From a technological perspective, this distinct behavior offers clear opportunities for selecting raw materials based on their industrial use: while the Clara, Dora, and Mara varieties (with lower acidity and a more balanced flavor) are ideal for fresh consumption or direct juicing, the Cora variety is an excellent source of natural acidity, making it extremely valuable for the formulation of blended beverages, jellies, or as a natural preservative due to the extremely low pH it naturally induces. Subspecies from China show a higher total of organic acids, ranging from 3.5 to 9.1 g/100 mL, while subspecies from Russia show a lower content of organic acids, ranging from 2.1 to 3.2 g/100 mL [2], and Finnish subspecies have an intermediate content of 4.2–6.5 g/100 mL [27].



The values given in Table 9 represent DPPH radical scavenging activity, expressed as a percentage of inhibition (% inhibition), rather than IC. In this study, the IC50 value was not determined, as antioxidant activity was assessed at a single fixed extract concentration, which was the same for all samples, rather than across a concentration gradient, which is necessary for plotting a “dose–response” curve and calculating the IC50 value. This comparative approach using a single concentration is a generally accepted and widely used method for screening and comparing DPPH radical scavenging activity amongst varieties, stages of ripening, or processing methods [42]. Concerning units of concentration, 10 g of fresh fruit was macerated in 50 mL of 75% (v/v) ethanol; 0.05 mL of this extract was added to 1.95 mL of DPPH solution (total reaction volume—2.0 mL). This corresponds to a final extract concentration of 5 mg fresh fruit equivalent/mL in the reaction mixture, which is the same for all samples and sampling dates, allowing for a direct comparison of % inhibition values between varieties and stages of ripening.



As shown in Table 9, in the early maturation phase the DPPH value increases, reaching a maximum value at optimal maturity, and then decreases with the beginning of the overmaturation phase. The % inhibition values recorded in this study (approximately 10–19%, depending on cultivar and ripening stage) are consistent with the range reported for other sea buckthorn genotypes evaluated by single-concentration DPPH assays. For instance, Ion et al., 2019 [43], reported DPPH inhibition values of 22.6–48.6% for Romanian wild sea buckthorn berries extracted by microwave-assisted extraction, a higher range attributable to the more exhaustive extraction method and the use of dried material. Criste et al., 2020 [44], working with four Romanian sea buckthorn cultivars (a comparable experimental design to the present study), expressed DPPH activity as Trolox-equivalent antioxidant capacity (36.6–42.3 µM Trolox/g fresh weight) rather than % inhibition, illustrating that the same radical scavenging reaction is commonly reported either as a percentage at a fixed concentration or as a Trolox-equivalent value, depending on the aim of the comparison. In a Moldovan sea buckthorn study using the same institutional analytical framework, Popovici et al., 2024 [45], reported DPPH inhibition of non-encapsulated sea buckthorn extracts of around 90% under simulated gastric digestion, a markedly higher value explained by the much higher extract-to-reaction-volume ratio used in that in vitro digestion model. These comparisons support the interpretation that the moderate % inhibition values found here reflect the deliberately diluted, standardized single-concentration protocol used for inter-cultivar and inter-week comparison, rather than a genuinely low antioxidant potential of the fruit. The rise in % inhibition toward the optimal ripening stage followed by a decline during overripening is also in agreement with the genotype- and harvest-time-dependent pattern described by Makovics-Zsohár et al., 2014 [46], for other sea buckthorn cultivars.




3.3. Physical Parameters


The lightness (L*) of the fruit ranged from 37.33 to 57.68, a* values ranged from 1.08 to 30.78, and b* values from 28.05 to 68.41, as can be seen from Table 10 and Figure 2. Color parameters expressed in the CIELAB system showed clear changes during ripening and were closely associated with carotenoid accumulation in sea buckthorn (H. rhamnoides L.) berries. With regard to changes in chromatic parameters, the high values recorded for b (the yellow/blue coordinate) and L (luminance) during the intermediate stages of ripening reflect an active accumulation of the pigments responsible for the yellow–orange hues characteristic of sea buckthorn berries. The key compounds that contribute to the berries’ yellow-to-orange color are carotenoids [34]. At the overripening stage, stabilization or reduction in a* and b* values suggested possible carotenoid degradation. All these data are in agreement with Sadowska et al., 2025 [25].



The analysis of colorimetric dynamics during the seven harvesting stages reveals distinct ripening patterns for the four sea buckthorn varieties studied. The Cora variety showed the most pronounced phenotypic transformation, marked by a significant increase in the a* parameter indicating a rapid transition from greenish-yellow to orange. In contrast, the Dora, Clara and Mara varieties showed greater shade stability, their maturation process being defined mainly by the intensification of chromatics (Chroma). Most remarkable is the Clara variety, which achieved the highest values of brightness (L*) and b parameter, suggesting a biochemical profile dominated by flavonoid pigments and zeaxanthin. The inflection point observed in the penultimate stage for all chromatic parameters suggests the existence of a critical physiological threshold in the accumulation of carotenoids, thus providing a precise non-destructive indicator for establishing the optimal harvesting time according to the specifics of each variety.



While the color parameters indicate the accumulation of pigments, the decrease in hardness indicates the enzymatic degradation of the cell wall (pectins and hemicellulose), an inverse process proportional to maturation. The decrease in fruit firmness observed over the 7-week study period reflects a progressive softening of tissue texture, a phenomenon typical of the advanced ripening stage of sea buckthorn. This decrease in mechanical resistance is frequently attributed to complex structural modification processes, such as the degradation of cell wall components and the potential hydrolysis of pectic substances by endogenous enzymes. However, since the present study did not include direct biochemical measurements of enzymatic activity (such as polygalacturonase or pectin methylesterase) or of changes in pectin fractions, the progression of fruit ripening was confirmed by the inverse correlation between color intensity and textural hardness. Over the course of the seven stages, a progressive decrease in penetration resistance was observed for all genotypes, with the highest initial values recorded for the Cora (0.96 ± 0.16) and Dora (0.91 ± 0.19) varieties, as can be seen in Table 11. This early structural rigidity coincides with low values of the a* parameter, suggesting a pre-climacteric stage. By the final stage (T7), hardness had decreased by approximately 45–50%, reaching minimum values of 0.45 ± 0.09 for the Mara variety and 0.49 ± 0.07 for Cora. Interestingly, although the Clara variety exhibited the highest brightness and color intensity (C*), it maintained a more consistent softening rate, suggesting a superior ability to preserve post-harvest structural integrity compared to the Mara variety, which exhibited the lowest hardness at the end of the study period.



The significant decrease in berry hardness observed during the late ripening stage aligns with the findings of Khazaei and Mann (2004) [47], who reported that the rupture force of sea buckthorn berries drops dramatically as the moisture and sugar contents reach their peaks. This soft texture indicates an advanced hydrolysis of protopectins into soluble pectin within the cell walls, a physiological phenomenon well documented for small berries [39]. Consequently, reaching this low-hardness threshold severely limits traditional manual harvesting due to high juice losses and skin puncturing, suggesting that alternative harvesting methods, such as branch freezing, should be prioritized for late-harvested cultivars like Cora or Mara [48]. Principal component analysis (PCA) was used to highlight similarities or differences among the specified characteristics, as can be seen from Figure 3.



The blue dots indicate the weeks of harvesting, and the red lines represent the variables analyzed. Component 1 explains 54.44% of the variance of the data, and component 2 explains 19.15% of the total variance; together they cover 73.59%, which means that the model is very robust and the interpretations are safe. Soluble dry matter, total dry matter, moisture, and malic acid indicate a close correlation, as does antioxidant activity, lactic acid, succinic acid, and TCC (total carotenoid content). On the other hand, the color parameters a and b are exactly in opposition to lactic and succinic acids and vitamin C. Also, lipids are diametrically opposite to the group with dry matter and malic acid. In the first week, sea buckthorn fruits have the highest concentrations of malic acid and dry matter (total and soluble). The fruit is still very firm (hardness is high) and has a high moisture content. In weeks 2 and 3, sea buckthorn massively accumulates bioactive compounds. The fruits peak in terms of antioxidant activity, TCC (total carotenoids, so berries begin to turn an intense orange color), vitamin C, and organic ripening acids (lactic acid and succinic acid). In weeks 4 and 5, antioxidant and vitamin C levels begin to drop from the previously recorded peak. Instead, a gradual increase in lipid content is observed (sea buckthorn oil in the pulps and seeds begins to become a defining element). At the end of the period, the fruits have the highest values for color parameters a and b (they reach maximum visual maturity, intensely colored), but they also accumulate the highest amount of lipids. However, they lose hardness (hardness is on the opposite side, so the fruits become soft) and the concentration of vitamin C and antioxidants decreases compared to weeks 2–3. The graph for the Cora variety shows completely changed dynamics of chemical and physical parameters. In the first period of harvest, the Cora variety is characterized by a very low pH (the fruits are extremely acidic) and high values for total dry matter and insoluble dry matter. Also, hardness and vitamin C are quite high from the beginning. Week 1 is isolated in the bottom-right quadrant. In weeks 2 and 3, Cora reaches maximum TCC (carotenoids) and antioxidant activity. Also in this phase, the fruits retain an increased hardness, and weeks 2 and 3 climb to the upper-right quadrant. Over the next 3 weeks, the samples migrate strongly to the left. Lipids (oil), moisture and color parameter b accumulate together at the end of the period. In week 6, the fruits are rich in oil and very juicy. In the last week, the fruit profile changes radically. It accumulates organic acids (malic acid, succinic acid and oxalic acid) and intensifies in chromatic component a. However, the fruits decrease in vitamin C and soluble dry matter. Week 7 can be found in the bottom-left quadrant.



Atypically, at the beginning of the period, the Clara variety has a very high level of vitamin C, total dry matter, insoluble dry matter and moisture. In this early phase, the fruit is juicy and very rich in vitamin C, and weeks 1 and 2 are in the upper-left and left-center quadrants. In the next 3 weeks the samples descend sharply on the vertical axis, grouping in the lower area (center-right). The hardness is oriented left-down, being quite close to the axis of weeks 3–4, indicating a compact texture of the fruit at that time. The last two weeks are of interest; week 6 is in the lower-right quadrant. During this period, the peak for antioxidant activity, lipid content (maximum oil), carotenoids, and oxalic acid and lactic acid is reached. Week 7 rises strongly in the upper-right quadrant. The fruits reach absolute visual maturity, being closely correlated with the color parameters L (brightness), a (red) and b (yellow). At the same time, the maximum concentrations of malic acid and succinic acid are recorded. In week 7, the fruit not only becomes intensely colored, but massively accumulates malic and succinic acid, which suggests a late ripening where organic acids persist strongly and give an intense, astringent taste, even at full chromatic maturity.



The Mara variety has a very well-defined ripening dynamic, where the weeks gradually move counterclockwise (it starts from the bottom right, goes up, turns left and goes down at the end). Components 1 and 2 explain 82.62% of the total variance of the data. At the beginning of the analyzed period, sea buckthorn berries of the Mara variety have a very high concentration of citric acid and insoluble dry matter, and the moisture level is high. The initial taste is dominated by a strong acidity. Vitamin C, hardness, soluble dry matter, total dry matter and malic acid reach their maximum in week 2. In week 3 the carotenoid content is at maximum and the antioxidant activity is high. In weeks 4 and 5 the fruits begin to lose their sharp acidity, becoming less sour, with a sharp increase in pH being observed. An intense color is obtained in week 6, when color parameters a and b reach maximum values, and the lipid content is the highest. In the last week the fruits reach overripeness, accumulating oxalic acid and succinic acid. Harvesting in weeks 2 and 3 can be done to obtain juices with high biological value, while harvesting in week 6 can be done in order to obtain oils.



The Dora variety has a classic, linear ripening, with a gradual and uniform evolution during the 7 weeks taken in the study; the Cora variety has an accelerated evolution in the middle of the period, as weeks 4, 5 and 6 are very grouped in the upper-left quadrant, which means that the fruit maintains a stable bioactive profile for almost a month, before abruptly moving into the overripening phase of week 7. The Mara variety has a perfectly circular dynamic, counterclockwise, with a well-defined ripening phase. The Clara variety has the most atypical ripening behavior; the study period begins directly with maximum values of vitamin C and humidity, it stays in the lower area in weeks 3–5 and grows bioactively and chromatically only in the last two weeks (6 and 7).





4. Conclusions


The dynamics of the ripening process in sea buckthorn (H. rhamnoides L.) are a complex phenomenon, governed both by genetic factors (the variety) and by the time of harvest, with direct implications on nutritional quality and technological processing potential. The evolution of the physicochemical parameters confirmed the non-climacteric character of sea buckthorn fruits. The results of the study indicate that the dynamics of sea buckthorn fruit ripening are a process that is highly dependent on genotype and are not characterized by a universal metabolic pattern applicable to all varieties, indicating that the optimal balance between chemical composition and post-harvest stability is achieved, for most varieties, between the end of August and the beginning of September. On the other hand, the analysis of bioactive compounds revealed a contrast in the dynamics of maturation. While the vitamin C content showed a progressive decrease in all varieties (especially the Cora variety), the total carotenoid content increased until full maturity was reached, followed by a decrease in the overripening phase (except for the Cora variety, which showed a constant accumulation). The Mara variety stood out for the highest vitamin C content, while the Dora variety had the highest concentrations of carotenoids. Morphological and biochemical differences between varieties may suggest distinct industrial destinations. The Cora and Mara varieties, due to their high productivity and superior dry matter values, are recommended for obtaining concentrates and dehydrated products. The Clara variety, standing out for its highest lipid content, is the optimal variety for sea buckthorn oil extraction, and the Dora variety, due to its specific sensory notes and high carotenoid content, is ideal for juices and products with high added value. The predominance of malic acid in all the studied varieties emphasizes the specific sensory profile (astringent–sour) of sea buckthorn, this parameter being essential for the standardization of finished products in the food and pharmaceutical industry. In conclusion, rigorous monitoring of the harvest window is crucial for maximizing yield in bioactive compounds. The results provide valuable data for growers and processors to select the right varieties for specific production goals, while supporting the full use of the plant in the context of the circular economy.
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Figure 1. Sea buckthorn varieties. 
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Figure 2. Color variation in the studied sea buckthorn varieties. 
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Figure 3. Principal component analysis. 
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Table 1. Sea buckthorn varieties (adapted from Netreba et al. [22]).
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	Dora
	Cora
	Clara
	Mara
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	Shrub description
	tree is of medium-to-weak vigor;

thick crown;

high capacity to form

thin thorns, although 3–5 cm long;

fruits in the third year after planting
	tree is of high vigor;

exhibits erect growing and is thick and resistant to diseases and pests;

high capacity to form sparse thorns 3–5 cm long on branches;

fruits in the third year after planting
	tree is of high vigour;

a thick and compact crown;

medium capacity to form 4–6 cm thorns;

high regeneration capacity;

is resistant to fusariosis and overwintering;

fruits in the third year after planting
	tree is of high vigour;

a rare crown with a high capacity for regeneration;

thorns about 3–5 cm long;

immune to fusariosis;

fruits in the third year after planting



	Productivity
	low productivity;

it fruits regularly on annual and early branches
	high productivity;

fruits on annual and early branches
	high productivity;

fruits on annual and early branches
	high productivity;

fruits regularly on annual and early branches



	Fruit appearance
	medium-size fruits;

a mass of about 0.45 g each;

elliptical shape;

dark orange to red in color;

sour-tasting, with a strong pineapple and melon flavor;

fruit is 8–9 mm long and 6–7 mm in diameter
	small-size fruits;

oval shape;

yellow–orange in color;

elastic and resistant skin;

fruit is 9–10 mm long and 6–7 mm in diameter
	medium-size fruits;

elongated shape;

orange–yellow with thin skin;

fruit is 11–12 mm long and 7–8 mm in diameter
	medium-size fruits;

dark orange–orange color with elastic and tough skin;

sweet–sour taste;

fruit is 9–10 mm long and 6–7 mm in diameter



	Ripening
	late July–early August
	late August–early September
	end of July–mid-August
	mid-August










 





Table 2. Evolution of pH.






Table 2. Evolution of pH.





	Period
	Dora
	Cora
	Clara
	Mara





	W1
	3.168 ± 0.112 ghij
	3.276 ± 0.001 j
	2.808 ± 0.045 a
	2.820 ± 0.042 a



	W2
	3.260 ± 0.049 ij
	2.960 ± 0.001 abcde
	3.034 ± 0.024 bcdefg
	3.054 ± 0.167 bcdefg



	W3
	3.044 ± 0.012 bcdefg
	2.939 ± 0.001 abcd
	3.018 ± 0.013 bcdefg
	3.131 ± 0.099 fghij



	W4
	3.235 ± 0.016 hij
	3.091 ± 0.001 defgh
	3.163 ± 0.042 ghij
	3.103 ± 0.087 efghi



	W5
	2.915 ± 0.131 abc
	2.900 ± 0.001 ab
	3.067 ± 0.069 cdefg
	2.940 ± 0.024 abcd



	W6
	3.018 ± 0.010 bcdefg
	2.999 ± 0.132 bcdef
	3.099 ± 0.058 efgh
	3.155 ± 0.057 ghij



	W7
	3.237 ± 0.047 hij
	3.120 ± 0.118 fghij
	3.264 ± 0.021 j
	3.071 ± 0.025 cdefg







Different letters indicate significant differences among the samples (p < 0.05).













 





Table 3. Titrable acidity.






Table 3. Titrable acidity.





	Period
	Dora (%)
	Cora (%)
	Clara (%)
	Mara (%)





	W1
	2.162 ± 0.021 fg
	1.599 ± 0.044 a
	2.53 ± 0.034 h
	4.642 ± 0.088 q



	W2
	1.725 ± 0.081 abc
	2.710 ± 0.087 i
	2.402 ± 0.066 h
	4.387 ± 0.006 nop



	W3
	1.979 ± 0.024 de
	2.951 ± 0.085 j
	2.115 ± 0.013 efg
	4.402 ± 0.027 op



	W4
	1.773 ± 0.129 bc
	3.118 ± 0.011 k
	1.869 ± 0.036 cd
	4.248 ± 0.045 n



	W5
	1.717 ± 0.096 abc
	3.631 ± 0.037 l
	1.965 ± 0.06 de
	4.410 ± 0.004 p



	W6
	1.659 ± 0.002 ab
	3.840 ± 0.01 m
	2.017 ± 0.002 def
	4.253 ± 0.196 no



	W7
	1.633 ± 0.053 ab
	3.789 ± 0.02 m
	2.233 ± 0.127 g
	4.309 ± 0.025 nop







Different letters indicate significant differences among the samples (p < 0.05).













 





Table 4. Total soluble content.






Table 4. Total soluble content.





	

	
Period

	
Clara

	
Dora

	
Cora

	
Mara






	
Total soluble solids (TSS), °Brix

	
W1

	
10.23 ± 0.06 g

	
8.77 ± 0.06 e

	
15.10 ± 0.10 n

	
14.90 ± 0.10 n




	
W2

	
9.40 ± 0.001 f

	
8.27 ± 0.6 d

	
14.47 ± 0.06 m

	
14.20 ± 0.35 m




	
W3

	
7.77 ± 0.153 bc

	
7.67 ± 0.12 bc

	
12.63 ± 0.06 j

	
12.73 ± 0.06 jk




	
W4

	
7.80 ± 0.15 bc

	
7.87 ± 0.06 c

	
13.23 ± 0.06 l

	
12.77 ± 0.06 jk




	
W5

	
7.50 ± 0.10 ab

	
7.87 ± 0.06 c

	
14.33 ± 0.21 m

	
13.00 ± 0.10 kl




	
W6

	
7.47 ± 0.06 ab

	
7.87 ± 0.01 c

	
12.47 ± 0.06 ij

	
11.27 ± 0.06 h




	
W7

	
7.73 ± 0.06 bc

	
7.20 ± 0.01 a

	
12.27 ± 0.06 i

	
11.53 ± 0.06 h




	
Total dry matter, %

	
W1

	
20.34 ± 0.02 g

	
21.92 ± 0.03 k

	
35.61 ± 0.09 m

	
28.26 ± 0.06 s




	
W2

	
18.78 ± 0.02 f

	
18.35 ± 0.07 j

	
27.32 ± 0.02 fghi

	
25.21 ± 0.06 q




	
W3

	
18.54 ± 0.05 bc

	
18.53 ± 0.06 hi

	
23.08 ± 0.08 ghi

	
23.52 ± 0.05 p




	
W4

	
18.19 ± 0.06 bc

	
17.86 ± 0.07 efgh

	
23.12 ± 0.09 de

	
22.76 ± 0.09 no




	
W5

	
17.95 ± 0.08 ab

	
17.52 ± 0.04 def

	
22.47 ± 0.09 cd

	
22.31 ± 0.08 mn




	
W6

	
18.06 ± 0.09 ab

	
16.72 ± 0.09 efg

	
20.22 ± 0.09 a

	
20.52 ± 0.07 k




	
W7

	
17.22 ± 0.08 bc

	
16.82 ± 0.02 bc

	
21.42 ± 0.03 ab

	
19.68 ± 0.03 j




	
Total insoluble solids, %

	
W1

	
6.98 ± 0.01 k

	
11.50 ± 0.02 efg

	
9.20 ± 0.01 m

	
9.95 ± 0.01 l




	
W2

	
6.82 ± 0.02 fg

	
9.75 ± 0.02 cdef

	
7.06 ± 0.02 l

	
7.23 ± 0.01 fgh




	
W3

	
6.76 ± 0.03 abcd

	
8.45 ± 0.02 cdef

	
6.49 ± 0.02 j

	
6.36 ± 0.02 abc




	
W4

	
6.43 ± 0.04 ab

	
7.87 ± 0.01 abcd

	
6.13 ± 0.02 i

	
7.15 ± 0.04 fgh




	
W5

	
6.15 ± 0.04 ab

	
8.57 ± 0.03 ab

	
6.18 ± 0.04 j

	
7.38 ± 0.02 gh




	
W6

	
6.11 ± 0.03 bcde

	
7.66 ± 0.03 ab

	
6.57 ± 0.07 hi

	
6.84 ± 0.01 def




	
W7

	
6.09 ± 0.02 i

	
8.58 ± 0.01 a

	
7.90 ± 0.07 j

	
8.84 ± 0.02 jk








Different letters indicate significant differences among the samples (p < 0.05).













 





Table 5. Lipid content.






Table 5. Lipid content.





	Period
	Clara (%)
	Dora (%)
	Cora (%)
	Mara (%)





	W1
	0.4 ± 0.06 ab
	0.22 ± 0.12 ab
	0.08 ± 0.06 a
	0.32 ± 0.12 ab



	W2
	1.12 ± 0.01 fg
	0.26 ± 0.36 ab
	0.52 ± 0.11 abcd
	0.47 ± 0.03 abc



	W3
	1.67 ± 0.15 hij
	1.23 ± 0.06 fgh
	0.92 ± 0.18 cdef
	1.19 ± 0.05 fg



	W4
	2.1 ± 0.17 jkl
	1.1 ± 0.03 efg
	0.99 ± 0.09 def
	1.3 ± 0.03 fgh



	W5
	2.32 ± 0.43 l
	1.1 ± 0.08 efg
	0.95 ± 0.11 def
	1.49 ± 0.01 ghi



	W6
	2.28 ± 0.14 l
	1.19 ± 0.09 fg
	0.97 ± 0.02 def
	1.68 ± 0.16 hij



	W7
	2.2 ± 0.06 kl
	1.36 ± 0.04 fghi
	0.64 ± 0.04 bcde
	1.78 ± 0.01 ijk







Different letters indicate significant differences among the samples (p < 0.05).













 





Table 6. Vitamin C of sea buckthorn content.






Table 6. Vitamin C of sea buckthorn content.





	Period
	Clara (mg/100 g)
	Dora (mg/100 g)
	Cora (mg/100 g)
	Mara (mg/100 g)





	W1
	247.53 ± 0.69 ef
	297.03 ± 0.83 def
	198.02 ± 0.55 de
	495.54 ± 0.69 ij



	W2
	236.00 ± 0.67 def
	236.24 ± 0.33 def
	189.18 ± 0.01 cde
	518.68 ± 0.73 j



	W3
	211.98 ± 0.6 def
	234.59 ± 0.66 def
	94.02 ± 0.26 ab
	421.85 ± 0.59 hi



	W4
	198.22 ± 0.83 de
	195.70 ± 0.54 de
	99.41 ± 0.84 abc
	397.22 ± 0.56 h



	W5
	146.91 ± 0.20 bcd
	198.61 ± 0.28 de
	97.85 ± 0.27 abc
	349.30 ± 0.01 gh



	W6
	146.63 ± 0.61 bcd
	198.61 ± 0.84 de
	49.41 ± 0.14 a
	298.21 ± 0.84 fg



	W7
	98.04 ± 0.54 abc
	148.08 ± 0.62 bcd
	49.65 ± 0.07 a
	200 ± 0.01 de







Different letters indicate significant differences among the samples (p < 0.05).













 





Table 7. Total carotenoids content.






Table 7. Total carotenoids content.





	Period
	Clara (mg/100 g)
	Dora (mg/100 g)
	Cora (mg/100 g)
	Mara (mg/100 g)





	W1
	11.57 ± 0.75 d
	32.65 ± 0.80 l
	5.08 ± 0.12 a
	16.66 ± 0.29 f



	W2
	14.16 ± 0.15 e
	32.41 ± 0.24 l
	5.23 ± 0.42 a
	29.52 ± 0.17 k



	W3
	15.77 ± 0.38 f
	40.73 ± 0.13 n
	5.32 ± 0.07 a
	29.56 ± 0.21 k



	W4
	9.88 ± 0.25 c
	36.44 ± 0.47 m
	8.36 ± 0.11 b
	21.14 ± 0.79 hi



	W5
	8.06 ± 0.03 b
	36.51 ± 0.67 m
	9.64 ± 0.01 c
	22.04 ± 0.73 ij



	W6
	8.18 ± 0.01 b
	32.03 ± 0.42 l
	10.03 ± 0.03 c
	22.50 ± 0.32 j



	W7
	8.35 ± 0.06 c
	21.04 ± 0.46 h
	10.07 ± 0.36 c
	18.86 ± 0.78 g







Different letters indicate significant differences among the samples (p < 0.05).













 





Table 8. Organic acid content.






Table 8. Organic acid content.





	Clara
	Oxalic acid

g/L
	Malic acid

g/L
	Citric acid

g/L
	Lactic acid

g/L
	Succinic acid

g/L
	Total



	W1
	0.040 ab
	7.403 a
	0.017 a
	0.021 a
	0.071 defgh
	7.552



	W2
	0.070 b
	8.272 b
	0.024 a
	0.010 a
	0.119 hi
	8.495



	W3
	0.130 c
	9.773 c
	0.526 bcdef
	0.047 abc
	0.109 fgh
	10.584



	W4
	0.140 cd
	10.599 d
	0.047 ab
	0.031 ab
	0.084 defgh
	10.901



	W5
	0.150 cde
	13.180 ij
	0.014 a
	0.042 abc
	0.097 fgh
	13.483



	W6
	0.180 de
	18.040 o
	0.032 a
	0.075 bcd
	0.106 fgh
	18.443



	W7
	0.190 e
	19.310 p
	0.076 abc
	0.053 abc
	0.182 j
	19.811



	Cora
	Oxalic acid

g/L
	Malic acid

g/L
	Citric acid

g/L
	Lactic acid

g/L
	Succinic acid

g/L
	Total



	W1
	0.030 ab
	24.020 q
	0.524 bcdef
	0.046 abc
	0.045 abcd
	24.665



	W2
	0.040 ab
	24.780 r
	0.529 cdef
	0.050 abc
	0.046 abcde
	25.444



	W3
	0.040 ab
	25.630 s
	0.634 def
	0.052 abc
	0.048 abcde
	26.404



	W4
	0.050 ab
	35.840 t
	1.292 g
	0.020 a
	0.063 cdef
	37.265



	W5
	0.040 ab
	36.420 u
	0.834 efg
	0.019 a
	0.061 bcdef
	37.374



	W6
	0.070 b
	37.570 v
	0.924 fg
	0.073 bcd
	0.084 defgh
	38.722



	W7
	0.140 cd
	42.410 w
	0.937 fg
	0.029 ab
	0.076 defgh
	43.592



	Dora
	Oxalic acid

g/L
	Malic acid

g/L
	Citric acid

g/L
	Lactic acid

g/L
	Succinic acid

g/L
	Total



	W1
	0.050 ab
	15.820 l
	0.407 abcde
	0.042 abc
	0.014 ab
	16.332



	W2
	0.050 ab
	12.980 i
	0.246 abcd
	0.072 bcd
	0.015 abc
	13.363



	W3
	0.050 ab
	12.020 g
	0.227 abcd
	0.048 abc
	0.021 abc
	12.366



	W4
	0.050 ab
	11.090 e
	0.304 abcd
	0.075 bcd
	0.014 ab
	11.533



	W5
	0.050 ab
	11.410 f
	0.358 abcde
	0.081 cd
	0.020 abc
	11.919



	W6
	0.050 ab
	11.290 ef
	0.315 abcd
	0.031 ab
	0.008 a
	11.694



	W7
	0.050 ab
	11.250 ef
	0.290 abcd
	0.023 a
	0.008 a
	11.620



	Mara
	Oxalic acid

g/L
	Malic acid

g/L
	Citric acid

g/L
	Lactic acid

g/L
	Succinic acid

g/L
	Total



	W1
	0.040 ab
	17.660 n
	0.814 efg
	0.015 a
	0.013 a
	18.542



	W2
	0.010 a
	16.430 m
	0.134 abc
	0.073 bcd
	0.043 abcd
	16.689



	W3
	0.030 ab
	14.750 k
	0.243 abcd
	0.080 cd
	0.072 defgh
	15.175



	W4
	0.030 ab
	11.970 g
	0.236 abcd
	0.217 f
	0.093 efgh
	12.545



	W5
	0.030 ab
	12.620 h
	0.305 abcd
	0.137 e
	0.116 ghi
	13.208



	W6
	0.040 ab
	13.360 j
	0.323 abcd
	0.119 de
	0.158 ij
	13.999



	W7
	0.050 ab
	12.010 g
	0.358 abcde
	0.056 abc
	0.184 cdef
	12.658







Different letters indicate significant differences among the samples (p < 0.05).













 





Table 9. Antioxidant activity of sea buckthorn berries.






Table 9. Antioxidant activity of sea buckthorn berries.





	Period
	Clara (% inhibition)
	Dora (% inhibition)
	Cora (% inhibition)
	Mara (% inhibition)





	W1
	11.64 ± 0.46 bc
	13.70 ± 0.92 e
	16.17 ± 0.18 ghi
	12.11 ± 0.05 cd



	W2
	11.52 ± 0.93 bc
	16.95 ± 0.86 hij
	17.13 ± 0.45 ij
	13.71 ± 0.97 ef



	W3
	13.82 ± 0.45 e
	17.34 ± 0.29 ij
	17.93 ± 0.31 jk
	17.01 ± 1.00 hij



	W4
	13.05 ± 0.26 de
	18.72 ± 0.12 k
	17.07 ± 1.10 hij
	16.29 ± 0.46 ghi



	W5
	17.65 ± 0.04 jk
	12.10 ± 0.23 cd
	15.15 ± 0.88 fg
	14.02 ± 0.68 ef



	W6
	15.80 ± 0.40 gh
	11.81 ± 0.84 bcd
	10.08 ± 0.18 a
	11.56 ± 0.31 bc



	W7
	15.51 ± 0.66 g
	11.05 ± 0.44 abc
	10.73 ± 0.05 ab
	11.35 ± 0.15 abc







Different letters indicate significant differences among the samples (p < 0.05).













 





Table 10. Color parameters of sea buckthorn varieties.






Table 10. Color parameters of sea buckthorn varieties.





	
Period

	
Dora

	
Cora

	
Clara

	
Mara

	
Chroma




	
L*

	
a*

	
b*

	
L*

	
a*

	
b*

	
L*

	
a*

	
b*

	
L*

	
a*

	
b*

	
Dora

	
Cora

	
Clara

	
Mara






	
W1

	
41.07

	
27.83

	
38.79

	
40.84

	
4.08

	
28.05

	
50.3

	
18.04

	
54.33

	
46.54

	
21.23

	
36.66

	
47.74

	
28.34

	
57.25

	
42.37




	
W2

	
41.11

	
26.91

	
36.12

	
43.75

	
1.08

	
32.23

	
48.85

	
16.97

	
52.96

	
50.46

	
23.41

	
39.23

	
45.04

	
32.24

	
55.61

	
45.69




	
W3

	
41.99

	
26.67

	
37.89

	
42.37

	
2.34

	
40.42

	
54.67

	
17.91

	
56.77

	
47.46

	
23.02

	
44.29

	
46.33

	
40.48

	
59.53

	
49.9




	
W4

	
40.44

	
28.82

	
39.43

	
42.24

	
2.55

	
42.77

	
48.36

	
18.45

	
56.13

	
43.23

	
22.4

	
43.76

	
48.84

	
42.84

	
59.08

	
49.15




	
W5

	
37.33

	
29.44

	
38.44

	
47.24

	
4.5

	
46.95

	
49.32

	
18.38

	
54.2

	
47.32

	
25.59

	
44.65

	
48.41

	
47.16

	
57.23

	
51.48




	
W6

	
43.58

	
30.49

	
44.72

	
48.39

	
7.43

	
47.22

	
51.38

	
16.88

	
60.86

	
47.32

	
26.08

	
44.22

	
54.12

	
47.8

	
63.16

	
51.34




	
W7

	
38.84

	
30.78

	
46.20

	
42.05

	
12.41

	
47.54

	
57.68

	
21.12

	
68.41

	
41.15

	
24.97

	
45.58

	
55.51

	
49.13

	
71.59

	
51.97











 





Table 11. Hardness values of the berries.






Table 11. Hardness values of the berries.





	Period
	Dora (N)
	Cora (N)
	Clara (N)
	Mara (N)





	W1
	0.91 ± 0.19 hijkl
	0.96 ± 0.16 jkl
	0.63 ± 0.14 abcdefgh
	0.75 ± 0.11 ghijk



	W2
	0.74 ± 0.09 efghij
	0.87 ± 0.16 ijkl
	0.65 ± 0.05 abcdefgh
	0.72 ± 0.66 efghij



	W3
	0.73 ± 0.11 efghij
	0.76 ± 0.13 ghijk
	0.69 ± 0.09 cdefghi
	0.66 ± 0.13 bcdefgh



	W4
	0.72 ± 0.07 efghij
	0.75 ± 0.09 fghijk
	0.71 ± 0.10 defghij
	0.64 ± 0.10 abcdefgh



	W5
	0.65 ± 0.09 abcdegh
	0.75 ± 0.09 fghijk
	0.67 ± 0.09 bcdefghi
	0.63 ± 0.11 abcdefgh



	W6
	0.62 ± 0.11 abcdefg
	0.55 ± 0.11 abcde
	0.56 ± 0.10 abcdef
	0.49 ± 0.07 ab



	W7
	0.50 ± 0.07 abc
	0.49 ± 0.07 ab
	0.51 ± 0.11 abcd
	0.45 ± 0.09 a







Different letters indicate significant differences among the samples (p < 0.05).
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