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The demand for natural dyes in the modern food industry is increasing day by day. This is because, compared to synthetic dyes, they are environmentally friendly, non-toxic, and rich in biologically active compounds. In this regard, research on the extraction of natural food colorants from barberry (Berberis vulgaris L.) fruits is of great relevance. The composition of barberry (Berberis vulgaris L.) fruits is rich in anthocyanins and flavonoids, as well as vitamins and macro-microelements. During the experiments, the extraction efficiency was determined at different temperatures, time intervals, and concentration ratios of aqueous-alcoholic solutions. In addition, the physicochemical properties of the coloring substances extracted from barberry (Berberis vulgaris L.) fruits were studied, and their dry matter content, pH value, and density were determined. The amount of coloring substances in the extract was evaluated using a photoelectrocolorimeter at a wavelength of 540 nm. The effect of temperature and the optimal selection of solution concentration ensured a higher yield of coloring substances. The extraction duration also had a significant impact on color intensity and the degree of release. As a result of the study, the optimal conditions for extracting coloring substances from barberry (Berberis vulgaris L.) fruits using an aqueous-alcoholic extraction method were determined. At the same time, the factors affecting the release of coloring substances were also investigated.

1. Introduction

Food colorants are among the first attributes perceived by consumers when evaluating a product. Color provides an initial impression of a product’s freshness, taste, and composition. Therefore, it plays a significant role in influencing consumer acceptance or rejection. The food industry addresses this need by incorporating coloring agents to restore the natural color of products and enhance their visual appeal. Based on their origin, colorants are classified into three types: synthetic, natural, and mineral. Synthetic colorants are produced through chemical synthesis and are widely used in industry. However, some synthetic colorants may cause allergic reactions and can negatively affect liver, kidney, and cardiovascular functions. In particular, an association has been reported with attention deficit and hyperactivity syndrome in children. The main pigments responsible for the natural color of fruits and vegetables include anthocyanins, betalains, carotenoids, and chlorophylls. Among them, anthocyanins are the most widespread and extensively studied pigments. To date, more than 700 different anthocyanins have been identified (Erika N. Vega et al., 2025). In addition, anthocyanins are highly sensitive pigments, and their stability is influenced by factors such as heat treatment, pH of the medium, light exposure, oxygen, and oxidase enzymes. Therefore, enhancing the stability of these compounds under various conditions, particularly during industrial processing, is considered an important task. Factors such as pH, temperature, compound concentration, solvent type, and molecular structure play a significant role in improving anthocyanin stability. Furthermore, another key characteristic of anthocyanins is their inherent instability. For example, with increasing temperature, anthocyanins rapidly degrade and undergo oxidation. During thermal degradation, two main mechanisms are observed: first, the hydrolysis of glycosidic bonds leading to the formation of unstable aglycones; and second, chemical hydrolysis accompanied by the opening of the pyrylium ring, resulting in the formation of chalcone structures (Arash Dara et al., 2025). The properties of anthocyanins have been extensively studied in the scientific literature, and their key characteristics are closely related to their chemical structure. In particular, the flavylium cation plays an active role in acidic conditions, providing these compounds with high chemical reactivity. Interest in anthocyanins is largely due to their potential use as natural, rather than synthetic, colorants. They produce attractive colors ranging from red to purple and are widely used in the food industry as coloring agents. Barberry (Berberis vulgaris L.) belongs to the Berberidaceae family. Its leaves are thick in structure, short-petioled, and arranged alternately. The flowers are yellow in color, bisexual, and arranged in racemes, while the fruit belongs to the berry type. The plant is mainly distributed across the Northern Hemisphere, with approximately 194 species identified worldwide, of which about 45 are widely spread. The leaves of barberry (Berberis vulgaris L.) contain alkaloids such as berberine, oxyacanthine. Due to its widespread consumption and characteristic dark color, black barberry is also locally referred to as “qoraqand.” In traditional medicine, it is valued as a natural remedy used for treating liver diseases, reducing fever, stopping diarrhea, and strengthening cardiac function (Qodirov.I.A, 2023). Barberry (Berberis vulgaris L.) is considered a unique plant rich in various bioactive compounds. Its composition includes flavonoids, berberine, vitamins, chlorogenic acid, and caffeic acid, among other beneficial substances. These compounds not only contribute to the pleasant taste of the product but also play a significant role in the development of its red coloration (Sara Naji Tabasi et al., 2021). The fruits of barberry (Berberis vulgaris L.) exhibit notable antioxidant activity due to a high content of phenolic compounds, particularly anthocyanins. European researchers investigated the optimal extraction conditions of Berberis vulgaris L. fruits. Fully ripe fruits were collected from two geographically distinct regions of Spain during the 2022-2023 harvesting seasons. The sampling strategy was designed to capture the natural variability associated with both geographical origin and annual environmental conditions. The collected fruits were initially characterized in terms of their physicochemical properties and subsequently stored at -80 °C. Thereafter, the samples were freeze-dried and the seeds were removed. The peel and pulp fractions obtained from different regions and harvest years were pooled and homogenized by grinding to produce a representative sample designated as the Berberis vulgaris Freeze-Dried Fruit Fraction (BVFF). Following optimization of the extraction process parameters, a Berberis vulgaris extract (BVE) was obtained and subsequently used for further analytical investigations. The efficiency of the extraction procedure and the recovery of bioactive compounds were evaluated using three different sample matrices: (i) fresh fruit samples (BVF), (ii) deseeded freeze-dried fruit fractions (BVFF), and (iii) optimized extracts obtained from BVFF (BVE). For each sample type, the optimal extraction conditions were determined, and their effects on extraction yield as well as the recovery efficiency of target bioactive constituents were systematically assessed. The optimization study enabled the identification of extraction parameters that maximized the yield of bioactive compounds while ensuring the preservation of their functional properties, thereby providing a reliable basis for the further utilization of Berberis vulgaris L. fruits as a source of natural bioactive ingredients and food colorants (Erika N. Vega et al., 2025).  Research has shown that barberry fruit extracts possess strong free radical scavenging properties, with ethanol extracts demonstrating the highest antioxidant activity (Sima Khezri et al., 2025). Anthocyanins, which possess antioxidant properties, help reduce the risk of developing cardiovascular diseases and other chronic disorders. In addition, they exhibit antimicrobial, anti-hepatitis, anti-inflammatory, and antitumor effects, as well as antiestrogenic activity. Anthocyanins protect the organism against genetic mutations, lower blood glucose levels, improve capillary blood circulation, and prevent platelet aggregation (Porrykov D.O. et al., 2022). Anthocyanins can be extracted using both conventional solid-liquid extraction methods and innovative green extraction technologies Currently, interest in green extraction techniques is steadily increasing due to their numerous advantages, including higher extraction efficiency, shorter processing times, reduced energy consumption, lower solvent requirements, and improved recovery of target compounds. These benefits significantly enhance the practical applicability of green extraction technologies for the isolation of natural bioactive substances and support their development as sustainable alternatives to conventional extraction methods ( Darshanjot Kaur et al., 2024).

2. Methods and materials

For efficient extraction of pigments from barberry (Berberis vulgaris L.) fruits, selecting an optimal extraction method is of great importance. Although conventional solvent-based extraction techniques are widely used, modern technologies such as pulsed electric field-assisted extraction, ultrasound-assisted extraction, and high-pressure carbon dioxide extraction offer several advantages. These methods enable reduced solvent consumption, shorter processing time, higher yield, and improved energy efficiency. However, despite the numerous beneficial properties of anthocyanins, their practical application is limited by low stability and poor bioavailability. This occurs due to the influence of external factors such as pH, temperature, light, oxygen, enzymatic processes, and ascorbic acid. Despite certain limitations, solvent-based extraction methods are still widely used for the isolation of anthocyanins. During solvent selection, important factors such as solubility, selectivity, safety, and economic feasibility are taken into account. Since anthocyanins are polar compounds, polar solvents such as ethanol, methanol, acetone, and water effectively facilitate the extraction process. However, solvents with moderate polarity, such as ethanol, are considered more suitable compared to highly polar deionized water. Research findings have shown that ethanol-based extraction yields higher efficiency in isolating anthocyanins from barberry compared to water. Furthermore, increasing ethanol concentration from 10% to 50% leads to enhanced extraction of anthocyanins. This effect can be explained by the reduction in polarity differences between anthocyanins and the solvent as ethanol content increases. In addition, higher ethanol concentrations reduce the amount of co-extracted compounds such as pectin and polysaccharides, which are highly soluble in water. These components can partially hinder the solubility of anthocyanins in the solvent and limit their release from plant cell structures. To improve the efficiency of anthocyanin extraction, organic solvents are often acidified by adding acids such as citric, acetic, formic, or hydrochloric acid. It is known that the most stable form of anthocyanins the flavylium cation is better preserved under strongly acidic conditions (approximately pH ≈ 3). However, strong acids may also lead to the degradation of glycosidic bonds. Therefore, the proper selection of acid type and its concentration directly influences the efficiency of the extraction process. In addition, achieving a high yield is not limited to solvent selection alone. It is also essential to optimize key parameters such as the solvent-to-material ratio, particle size of the dried fruit (powder), extraction time, and temperature in order to ensure maximum extraction efficiency.
Barberry (Berberis vulgaris L.) dried fruits were used for the extraction of coloring substances by means of a solvent-based extraction method. As the solvent, ethanol-water mixtures with concentrations of 10%, 20%, 30%, 40%, and 50% were employed. A defined amount of each particle size sample was taken and mixed with the solvent at a ratio of 1:10 (w/v). The extraction process was carried out within a temperature range of 20 °C to 40 °C and over a time interval from 3 to 24 hours. Filtrate dry matter content was determined using the refractometric method. Refractometry is considered one of the most convenient quantitative analytical techniques, based on measuring the refractive index of substances. This optical method enables rapid and highly accurate analysis of small amounts of substance (0.001 g) with precision up to 0.001%. In addition, the pH value was measured using a pH meter (millivoltmeter-2 device). The amount of coloring compounds in the extract was analyzed using a photoelectrocolorimeter (PEC).

2.1 Determination of solvent concentration

In the experimental work, a known amount of pre-dried barberry fruits (Berberis vulgaris L.) with three different particle sizes was taken and placed into 100 ml flasks. Each flask was filled with an appropriate amount of solvent at the required concentration, forming the extraction system. The extraction process was carried out at temperatures up to 40 °C. The selected temperature range was intended to prevent the degradation of bioactive compounds while ensuring sufficient release of coloring substances. During the process, the solutions were periodically stirred. This enhanced mass transfer, thereby accelerating the migration of pigments from the plant cell structures into the solvent.

2.2 Study of the effect of temperature on extraction

In this study, based on the previously determined optimal solvent concentration, the influence of temperature on the extraction process was comprehensively investigated. For the experiment, dried barberry (Berberis vulgaris L.) fruits were divided into three different particle size fractions: 8 mm, 3 mm, and 0.3 mm. The extraction process was carried out at 20 °C, 30 °C, and 40 °C using a water bath, which allowed stable temperature control and ensured identical thermal conditions for all samples. The experiment was performed under the same conditions for all particle size fractions, enabling the evaluation of not only the effect of temperature but also the influence of particle size on extraction efficiency. It is known that raw materials with smaller particle sizes have a larger surface area, which increases the contact area with the solvent and consequently enhances the rate of substance extraction. However, extremely fine fractions may cause turbidity in the solution and complicate subsequent filtration processes.

2.3 Study of extraction time duration

In this research, in order to evaluate the effect of extraction duration, the process was carried out at time intervals of every 3 hours (3, 6, 12, 18, and 24 hours). All experiments were performed under previously determined optimal conditions, namely the optimal solvent concentration, temperature regime, and the optimal particle size of the raw material. This approach allowed for a more accurate assessment of the influence of time on extraction efficiency. For the experiment, a measured amount of prepared barberry (Berberis vulgaris L.) fruit samples was mixed with a defined volume of solvent, and the systems were kept in a closed state throughout the extraction process. This enhanced the mass transfer process between the solvent and the raw material, thereby accelerating the migration of pigments into the solution. At the end of the specified time intervals, the obtained extracts were prepared for further analysis. The solutions were subjected to a two-stage filtration process. In the initial stage, the extracts were purified from coarse particles using a rough filter. Subsequently, fine filtration was carried out under vacuum through filter paper to obtain a clearer and more refined solution. In this process, a 500 mL Büchner flask and a 120 mL Büchner funnel complying with GOST 25336-82 standards were used. The vacuum filtration method accelerated the filtration process and ensured a high level of clarity in the obtained extracts.

3. Results and Discussion

When barberry (Berberis vulgaris L.) fruits with a particle size of 8 mm were subjected to extraction using different (10, 20, 30, 40, and 50%) aqueous ethanol solutions at 20-40 °C, only a very low amount of pigment was released. In the case of 0.3 mm particle size, color extraction began in 30% and 50% ethanol solutions at 20–30 °C; however, the obtained extracts were turbid and contained a low pigment concentration. Although a relatively higher amount of color was extracted, the clarity of the solution decreased. The best results were obtained with 3 mm sized raw material. Under conditions of 50% aqueous ethanol, 30 °C temperature, and 6 hours of extraction, maximum pigment release was achieved while maintaining solution clarity. The process was carried out at a solid-to-solvent ratio of 1:10, and citric acid was used as a stabilizer at a 1:10 ratio to improve pigment stability.

Figure 1. Effect of ethanol concentration and temperature on color extraction from 0.3 mm barberry (Berberis vulgaris L.) fruits.
The obtained results indicate that extraction efficiency is significantly influenced by both ethanol concentration and process temperature. As the ethanol concentration increased from 10% to 50%, an increase in the amount of extracted coloring compounds was observed across all temperature regimes. In particular, within the 30–50% concentration range, extraction efficiency increased sharply, indicating that this interval represents an optimal solvent environment. At low concentration (10%), pigment extraction was very limited, which can be explained by the insufficient extracting capacity of the solvent system. The temperature factor also had a significant influence on the process. When the temperature increased from 20 °C to 30 °C, an increase in pigment yield was observed, which can be associated with enhanced diffusion rates and intensified disruption of cellular structures. The highest extraction efficiency was recorded at 30 °C. However, further increasing the temperature up to 40 °C led to a decrease in extraction efficiency. The amount of coloring compounds in the obtained extracts was determined using a photoelectrocolorimeter (PEC) at a wavelength of 540 nm.


Figure 2. Effect of ethanol concentration and temperature on the extraction of pigments from 3 mm sized barberry (Berberis vulgaris L.) fruits
The diagram shows that the efficiency of pigment extraction from 3 mm sized barberry fruits is directly dependent on ethanol concentration and temperature. As the ethanol concentration increased from 10% to 50%, the extraction yield increased at all temperature levels. The highest result was observed at 30 °C and in 50% ethanol solution. However, further increasing the temperature to 40 °C led to a decrease in extraction efficiency. Therefore, the optimal conditions were identified as 30 °C temperature and 50% ethanol concentration. 

Figure 3. Effect of extraction time on pigment extraction from 3 mm sized barberry (Berberis vulgaris L.) fruits at 30 °C and 50% ethanol concentration

Under the given conditions (30 °C temperature and 50% solvent concentration), the extraction duration has a significant effect on the release of coloring compounds. According to the results, the amount of extracted pigment increased sharply from 3 to 6 hours, reaching its maximum value. After 6 hours, a slight decrease was observed, and the values remained almost stable within the 12-24 hour range (0.80-0.89 µA). This behavior indicates the establishment of an equilibrium state during the extraction process. The dry matter content initially increased (from 13.1% to 14.5%) and then remained almost constant, indicating that the solvent reached its saturation level. The pH values ranged between 2.84 and 2.92, showing that the acidic nature of the medium was maintained and did not change significantly over time. Overall, the optimal extraction time was determined to be 6 hours, as the maximum release of coloring compounds was observed at this point. Beyond this period, no further increase in extraction efficiency was recorded; instead, a slight decreasing trend was observed. 
4. Conclusion

The results of the present study demonstrate that the efficiency of extracting coloring compounds from barberry (Berberis vulgaris L.) fruits is strongly influenced by the physicochemical state of the raw material as well as key process parameters, including solvent concentration, temperature, and extraction duration. In the case of larger particle size (8 mm), pigment transfer into the solvent phase was minimal, which can be attributed to the intact cellular structure of the material and the limited surface area available for mass transfer. These factors significantly restrict diffusion processes and consequently reduce extraction efficiency. In contrast, a reduction in particle size markedly improved extraction performance due to the increased contact surface between the solid matrix and the solvent, which facilitates enhanced mass transfer of bioactive compounds. Among the investigated fractions, the 3 mm particle size exhibited the most favorable balance between extraction efficiency and extract quality. This particle size ensured a sufficiently large surface area for effective pigment release while preventing excessive turbidity in the final extract. Although the finest fraction (0.3 mm) resulted in a higher degree of pigment release due to improved accessibility of intracellular compounds, it simultaneously led to a deterioration in extract quality, particularly in terms of clarity, likely due to the co-extraction of suspended solids and colloidal substances. The study further confirmed that solvent composition plays a critical role in extraction efficiency. The use of aqueous ethanol solutions demonstrated that increasing ethanol concentration enhances the solubility and diffusion of anthocyanin-based pigments. The highest extraction yield was achieved at 50% ethanol concentration, which represents an optimal balance between polarity and solvation capacity for phenolic compounds. Temperature was also found to significantly influence the extraction process. An increase from 20 °C to 30 °C improved extraction efficiency by accelerating diffusion rates and facilitating the breakdown of plant cell structures. However, further elevation to 40 °C resulted in a decline in pigment yield, which may be associated with thermal degradation of heat-sensitive anthocyanin compounds and potential structural instability under higher temperature conditions. Extraction time was identified as another crucial parameter affecting pigment recovery. In the case of 30% ethanol solution, pigment concentration increased progressively with time. However, at 50% ethanol concentration, the optimal extraction time was determined to be 6 hours, at which the maximum absorbance value of 0.90 µA was recorded. Beyond this period, a gradual decrease in pigment concentration was observed, which can be explained by the possible degradation of anthocyanins or the establishment of equilibrium between the solid and liquid phases. Throughout the extraction process, dry matter content and pH values remained relatively stable, indicating that the system maintained a consistently acidic environment. This acidic medium is particularly important for the stabilization of anthocyanins in their flavylium cation form, thereby preventing structural transformation and degradation. In conclusion, the optimal conditions for the efficient extraction of coloring compounds from barberry (Berberis vulgaris L.) fruits were determined as follows: a particle size of 3 mm, a 50% aqueous ethanol solvent system, an extraction temperature of 30 °C, and an extraction duration of 6 hours. These optimized parameters ensure maximum recovery of pigment compounds while simultaneously preserving the physicochemical quality and clarity of the final extract, making them suitable for potential application in food and related industries.

Nomenclature

	µA (microampere) - electric current                                           
mm (millimeter) - length (distance) 
% (percent) - concentration or proportion 
pH (potential of hydrogen) - acidity/alkalinity of solution 
	°C (degree Celsius) - temperature 
ml (milliliter) - volume 
nm (nanometer) - wavelength (or length at nanoscale)
gr (gram) - mass
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