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Abstract: Anthocyanins are natural pigments responsible for the red, purple, and 

blue colors in many fruits and vegetables. They possess strong antioxidant properties 

and have significant applications in the food, pharmaceutical, and cosmetic industries. 

This study explores the extraction of anthocyanins from two rich sources: red cabbage 

(Brassica oleracea var. capitata f. rubra) and beetroot (Beta vulgaris). Various 

extraction techniques, including solvent-based, ultrasound-assisted, and enzymatic 

methods, are discussed, along with the factors affecting yield and stability. The 

influence of pH, temperature, and light on anthocyanin degradation is also analyzed. 

The study highlights the potential applications of these natural pigments and 

emphasizes the need for optimizing extraction conditions for industrial use. 

Keywords: Anthocyanins, red cabbage, beetroot, natural pigments, solvent 

extraction, antioxidant properties, pH stability, food colorants. 

1. Introduction 

Anthocyanins are water-soluble flavonoid pigments found in many plants and 

have been widely studied for their health benefits, including anti-inflammatory, 

antioxidant, and anti-cancer properties. Among natural sources, red cabbage and 

beetroot are particularly rich in anthocyanins. These pigments are widely used as 

natural food colorants, replacing synthetic dyes. However, their extraction and stability 

remain a challenge due to their sensitivity to environmental factors such as pH, light, 

and temperature. 
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This study aims to compare different extraction methods for anthocyanins from 

red cabbage and beetroot, analyze the influence of extraction parameters, and discuss 

their applications in various industries. 

2. Sources of Anthocyanins: Red Cabbage and Beetroot 

2.1 Anthocyanins in Red Cabbage 

Red cabbage contains a variety of anthocyanins, primarily cyanidin-based 

glycosides. These pigments change color depending on pH: appearing red in acidic 

conditions, purple in neutral, and green-yellow in alkaline environments. 

2.2 Anthocyanins in Beetroot 

Beetroot, although rich in betalains rather than anthocyanins, still contains 

anthocyanin-like compounds that contribute to its deep red coloration. Unlike red 

cabbage, betalains are more stable over a wider pH range, making beetroot a valuable 

source for natural colorants. 

3. Methods of Anthocyanin Extraction 

3.1 Solvent-Based Extraction 

The most common method for anthocyanin extraction involves using solvents 

such as ethanol, methanol, or acetone, often combined with acidified water (e.g., HCl 

or citric acid) to enhance anthocyanin stability. 

Procedure: 

1. Red cabbage and beetroot samples are cleaned, chopped, and ground into 

a fine paste. 

2. A solvent mixture (ethanol:water, 70:30, acidified with 1% HCl) is added. 

3. The mixture is stirred and incubated at 4°C to prevent degradation. 

4. Filtration and centrifugation separate the liquid extract from plant 

residues. 

5. The extract is concentrated using rotary evaporation. 

3.2 Ultrasound-Assisted Extraction (UAE) 

This method uses ultrasonic waves to break plant cell walls, improving 

anthocyanin yield. UAE requires lower solvent volume and shorter extraction times.  
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Advantages: 

 Faster extraction compared to conventional methods. 

 Reduced solvent consumption. 

 Higher yield due to better cell disruption. 

3.3 Enzyme-Assisted Extraction (EAE) 

Cellulase and pectinase enzymes help degrade plant cell walls, releasing 

anthocyanins more efficiently. 

Advantages: 

 Mild conditions prevent thermal degradation. 

 Higher purity of extracted anthocyanins. 

3.4 Microwave-Assisted Extraction (MAE) 

Microwave irradiation disrupts plant cells, accelerating anthocyanin release. 

MAE is an emerging technique that offers high efficiency and shorter processing times. 

4. Factors Affecting Anthocyanin Stability 

4.1 pH Dependence 

Anthocyanins are highly pH-sensitive: 

 pH < 3: Red color (acidic). 

 pH 4-6: Purple color (neutral). 

 pH > 7: Green/yellow (alkaline). 

4.2 Temperature Sensitivity 

Heat can degrade anthocyanins, leading to loss of color intensity. Storage at low 

temperatures (4°C) preserves stability. 

4.3 Light Exposure 

Prolonged exposure to light can cause anthocyanin degradation. Proper 

packaging is essential for stability in food and pharmaceutical applications. 

5. Applications of Anthocyanins 

5.1 Natural Food Colorants 

Due to health concerns over synthetic dyes, anthocyanins are widely used as 

natural food colorants in beverages, confectionery, and dairy products. 
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5.2 Antioxidant Supplements 

Anthocyanins act as potent antioxidants, making them valuable in dietary 

supplements and nutraceuticals. 

5.3 Textile and Cosmetic Industries 

Natural pigments from red cabbage and beetroot are used in eco-friendly textile 

dyes and cosmetic formulations. 

6. Conclusion 

Anthocyanins from red cabbage and beetroot are valuable natural pigments with 

diverse applications. Solvent extraction remains the most widely used method, but 

modern techniques such as ultrasound and enzyme-assisted extraction offer higher 

efficiency and sustainability. However, anthocyanin stability is a major concern, 

requiring optimized storage and processing conditions. Future research should focus 

on improving extraction techniques and enhancing anthocyanin stability for broader 

industrial applications. 
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