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ABSTRACT 

This review paper provides a comprehensive overview of the annatto seed (Bixa orellana), a natural colorant 

and traditional medicinal plant with significant industrial, nutritional, and health-related implications. The 

paper discusses the nutritional composition of annatto seeds, highlighting its rich content of carotenoids, 

tocotrienols, and other bioactive compounds. Moreover, it explores the diverse health benefits associated with 

annatto seeds, including antioxidant, anti-inflammatory, antimicrobial, and anticancer properties. Additionally, 

the industrial applications of annatto seeds in food, cosmetics, and pharmaceuticals are thoroughly examined. 

Overall, this review underscores the importance of annatto seeds as a valuable resource in various sectors and 

emphasizes the need for further research to unlock its full potential. 

Keywords: Annatto Seed, Bixa Orellana, Carotenoids, Tocotrienols, Health Benefits, Industrial Applications. 

I. INTRODUCTION 

The introduction section provides a brief overview of annatto seed, its historical significance, and its traditional 

uses across different cultures. It sets the stage for the subsequent discussion by highlighting the growing 

interest in annatto seed due to its nutritional, health, and industrial applications. 

The annatto seed encapsulates its rich cultural heritage, botanical characteristics, and multifaceted applications 

in contemporary settings. As interest in natural and sustainable alternatives continues to grow, annatto seed 

remains a valuable resource with immense potential in various industries. Annatto seed holds deep cultural 

and historical significance, particularly among indigenous communities in the Americas. These communities 

have long utilized annatto seeds as a natural dye for textiles, body paint, and food coloring. The seeds have also 

been used in traditional medicine for their purported health benefits, ranging from digestive aid to wound 

healing. 

 

Taxonomical classification 

 Kingdom: Plantae 

 Division: Magnoliophyta 

 Class: Magnoliopsida 

 Order: Malvales 

 Family: Bixaceae 

 Genus: Bixa 

 Species: orellana 

 Binomial name: Bixa orellana 

Historical Significance: 

Annatto seed holds deep cultural and historical significance, particularly among indigenous communities in the 
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Americas. These communities have long utilized annatto seeds as a natural dye for textiles, body paint, and food 

coloring. The seeds have also been used in traditional medicine for their purported health benefits, ranging from 

digestive aid to wound healing. 

Traditional Uses: 

Across different cultures, annatto seeds have been employed for various purposes. In addition to their use as a 

natural dye and food colorant, they have been incorporated into traditional cuisines for flavoring and as a 

source of nutrients. Moreover, annatto seeds have been employed in folk medicine to treat ailments such as 

inflammation, gastrointestinal issues, and skin conditions. 

Botanical Characteristics: 

Annatto is derived from the seeds of the Bixa orellana shrub, which belongs to the Bixaceae family. The shrub 

typically grows in warm, tropical climates and can reach heights of up to 6 meters. 

Annatto seeds are housed within spiny capsules and contain naturally occurring pigments, primarily bixin and 

norbixin, which impart the characteristic red-orange color to the seeds and derived products. 

II. MODERN APPLICATIONS 

In recent years, annatto seed has gained increasing attention for its diverse applications beyond traditional 

uses. Its natural pigments are extensively utilized in the food industry as a safer alternative to synthetic 

colorants, adding color to a wide range of products including cheese, butter, margarine, and processed foods. 

Additionally, annatto extracts are employed in cosmetics, pharmaceuticals, and as natural food preservatives 

due to their antioxidant properties. 

1. Nutritional Composition: 

This section delves into the nutritional composition of annatto seeds, emphasizing its high content of 

carotenoids, including bixin and norbixin, which are responsible for its characteristic red-orange color. It also 

discusses the presence of tocotrienols, vitamin E, and other essential nutrients found in annatto seeds. 

Carotenoids: Annatto seeds are particularly renowned for their high carotenoid content, primarily consisting 

of bixin and norbixin. These carotenoids are responsible for the vibrant red-orange color of the seeds and are 

potent antioxidants with potential health benefits. 

Tocotrienols: Annatto seeds are one of the richest plant sources of tocotrienols, a form of vitamin 

E. Tocotrienols exhibit powerful antioxidant properties and may contribute to cardiovascular health, skin health, 

and overall well-being. 

Fiber: Annatto seeds contain dietary fiber, which is important for digestive health, promoting regular bowel 

movements, and supporting the growth of beneficial gut bacteria. 

Protein: Annatto seeds contain protein, although the amount is relatively moderate. Protein is essential for 

muscle repair and growth, as well as numerous other bodily functions. 

Essential Fatty Acids: Annatto seeds contain essential fatty acids, including omega-3 and omega-6 fatty acids, 

which are vital for brain function, hormone production, and inflammation regulation. 

Vitamins and Minerals: Annatto seeds contain various vitamins and minerals, including vitamin C, vitamin B-

complex, calcium, iron, and magnesium, among others. These nutrients play essential roles in maintaining 

overall health and supporting various physiological functions. 

Phytonutrients: In addition to carotenoids and tocotrienols, annatto seeds contain other phytonutrients such 

as flavonoids and polyphenols, which possess antioxidant and anti- inflammatory properties. 

Main analysis Unit Avg 

Calcium g/kg DM 1.4 

Phosphorus g/kg DM 4.3 

Potassium g/kg DM 11 

Magnesium g/kg DM 2.1 

Overall, the nutritional composition of annatto seeds makes them a valuable addition to a balanced diet. Their 
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rich array of nutrients and bioactive compounds contribute to their potential health benefits and make them a 

versatile ingredient in various culinary and nutritional applications. 

Annatto seeds (Bixa orellana) offer a range of potential health benefits due to their rich nutritional composition 

and bioactive compounds. Some of the notable health benefits associated with annatto seeds include: 

2. Health Benefits: 

The health benefits section explores the various pharmacological properties of annatto seeds, including their 

antioxidant, anti-inflammatory, antimicrobial, and anticancer effects. It provides a comprehensive review of the 

scientific evidence supporting these health-promoting properties, thereby highlighting the potential 

therapeutic applications of annatto seeds. 

Antioxidant Properties: Annatto seeds contain potent antioxidants such as carotenoids (bixin and norbixin) 

and tocotrienols (a form of vitamin E). These antioxidants help neutralize free radicals in the body, thereby 

reducing oxidative stress and lowering the risk of chronic diseases such as cancer, cardiovascular disease, and 

neurodegenerative disorders. 

Anti-inflammatory Effects: The bioactive compounds found in annatto seeds possess anti- inflammatory 

properties, which can help reduce inflammation throughout the body. Chronic inflammation is linked to various 

health problems, including arthritis, asthma, and inflammatory bowel diseases. Consuming annatto seeds may 

help alleviate inflammation and its associated symptoms. 

Cardiovascular Health: The tocotrienols present in annatto seeds have been associated with improvements in 

cardiovascular health. They may help lower LDL cholesterol levels, reduce plaque buildup in the arteries, and 

improve overall heart function. Regular consumption of annatto seeds may contribute to a reduced risk of heart 

disease and stroke. 

Skin Health: The antioxidant properties of annatto seeds, particularly the tocotrienols and carotenoids, can 

benefit skin health. They help protect the skin from damage caused by UV radiation and environmental 

pollutants, promote collagen production, and maintain skin elasticity. As a result, incorporating annatto seeds 

into the diet or using annatto oil topically may contribute to healthier, more youthful-looking skin. 

Eye Health: Carotenoids, such as those found in annatto seeds, are essential for maintaining eye health. They 

act as precursors to vitamin A, which is necessary for proper vision, especially in low- light conditions. 

Consuming foods rich in carotenoids may help reduce the risk of age-related macular degeneration and 

cataracts. 

Digestive Health: The fiber content of annatto seeds supports digestive health by promoting regular bowel 

movements, preventing constipation, and supporting the growth of beneficial gut bacteria. A healthy digestive 

system is essential for nutrient absorption and overall well-being. 

While annatto seeds offer promising health benefits, it's important to consume them as part of a balanced diet 

and in moderation. As with any dietary supplement or ingredient, individuals with specific health conditions or 

allergies should consult with a healthcare professional before incorporating annatto seeds into their diet. 

3. Industrial Applications: 

This section examines the diverse industrial applications of annatto seeds, particularly in the food, cosmetic, 

and pharmaceutical industries. It discusses the use of annatto extracts as natural colorants, antioxidants, and 

preservatives in various products, as well as their potential in drug formulation and delivery systems. 

Food Industry: Annatto seeds are primarily used as a natural colorant in the food industry. The seeds contain 

pigments such as bixin and norbixin, which impart a vibrant red-orange hue to foods and beverages. Annatto 

extracts are commonly used to color cheese, butter, margarine, dairy products, snacks, baked goods, cereals, 

sauces, and confectionery items. As consumers increasingly prefer natural ingredients, annatto serves as a 

popular alternative to synthetic food dyes. 

Cosmetics and Personal Care Products: Annatto extracts are utilized in the cosmetics and personal care 

industry for their natural coloring properties and antioxidant benefits. Annatto-derived pigments are 

incorporated into various cosmetic formulations, including lipsticks, eyeshadows, blushes, foundations, and 

skincare products. Additionally, annatto oil is used in skincare products for its moisturizing and antioxidant 

properties, which help protect the skin from environmental damage. 
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Pharmaceuticals: Annatto seeds have potential applications in the pharmaceutical industry due to their 

antioxidant properties and bioactive compounds. Extracts from annatto seeds may be incorporated into 

pharmaceutical formulations as natural antioxidants and preservatives, helping to extend the shelf life of 

medications and improve stability. Additionally, research suggests that annatto-derived tocotrienols may have 

therapeutic potential in the prevention and treatment of various diseases, including cancer, cardiovascular 

disorders, and neurodegenerative conditions. 

Natural Textiles and Dyes: Historically, annatto seeds have been used as a natural dye for textiles, imparting 

shades of yellow, orange, and red to fabrics. While synthetic dyes have largely replaced natural dyes in the 

textile industry, there is a growing interest in sustainable and eco-friendly practices. As a result, annatto-based 

dyes are experiencing a resurgence in popularity among environmentally conscious consumers and textile 

manufacturers. 

Animal Feed: Annatto seeds and their extracts are sometimes used as feed additives for livestock and poultry. 

The natural pigments in annatto seeds can enhance the color of egg yolks and poultry skin, making them more 

visually appealing to consumers. Additionally, the antioxidant properties of annatto may help improve the 

overall health and well-being of animals. 

Annatto seeds (Bixa orellana) have a wide range of industrial applications across various sectors due to their 

natural colorant properties, antioxidant content, and other beneficial characteristics. Some of the key industrial 

applications of annatto seeds include: 

III. FUTURE PERSPECTIVES 

The paper concludes with a discussion on future research directions and potential areas of exploration in the 

field of annatto seed research. It highlights the need for additional studies to elucidate the mechanisms 

underlying the health benefits of annatto seeds and to optimize their industrial applications. 

Biotechnological Advances: Continued research into the genetics and biotechnology of annatto plants could 

lead to the development of improved cultivars with higher yields, enhanced nutritional profiles, and increased 

resistance to pests and diseases. Biotechnological approaches may also facilitate the extraction and purification 

of bioactive compounds from annatto seeds for pharmaceutical and nutraceutical applications. 

Functional Food Development: As consumer awareness of the health benefits of natural ingredients grows, 

there is potential for the development of functional foods and beverages enriched with annatto extracts. 

Formulations targeting specific health conditions, such as cardiovascular disease or skin aging, could leverage 

the antioxidant and anti-inflammatory properties of annatto seeds to promote overall well-being. 

Sustainable Agriculture Practices: Annatto cultivation presents opportunities for sustainable agriculture 

practices, including agroforestry systems, intercropping, and organic farming methods. Research into 

agroecological approaches to annatto production could help minimize environmental impacts, conserve 

biodiversity, and improve soil health while maximizing crop yields and economic viability for farmers. 

Exploration of Novel Applications: Beyond traditional uses in food coloring and cosmetics, there is potential 

for exploring novel applications of annatto seeds in industries such as biomedicine, bioplastics, and renewable 

energy. The unique chemical composition of annatto seeds, including their tocotrienol content and other 

bioactive compounds, may inspire innovative solutions in drug delivery systems, biomaterials, and bioenergy 

production. 

Market Expansion and Consumer Education: Increasing consumer demand for natural, sustainable, and 

ethically sourced products presents opportunities for market expansion and consumer education initiatives 

centered around annatto seeds. Collaborative efforts between industry stakeholders, research institutions, and 

governmental agencies can help raise awareness of the nutritional, health, and environmental benefits of 

annatto-based products while ensuring transparency and traceability throughout the supply chain. 

Regulatory Compliance and Quality Assurance: As interest in annatto-derived products grows, there will be a 

need for robust regulatory frameworks and quality assurance measures to ensure product safety, authenticity, 

and compliance with international standards. Collaborative research efforts can help establish analytical 

methods, quality control protocols, and certification schemes to uphold product integrity and meet consumer 

expectations. 
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The future outlook for annatto seeds is characterized by innovation, sustainability, and collaboration across 

interdisciplinary fields. By leveraging advances in biotechnology, agronomy, and consumer science, annatto 

seeds have the potential to emerge as a valuable resource for addressing global challenges in health, nutrition, 

and environmental sustainability. 

IV. CONCLUSION 

In conclusion, annatto seed (Bixa orellana) emerges as a versatile and valuable resource with diverse 

applications across various industries and sectors. Its rich nutritional composition, antioxidant properties, and 

natural colorant capabilities make it a sought-after ingredient in food, cosmetics, pharmaceuticals, and beyond. 

Through centuries of traditional use and ongoing scientific research, annatto seed has garnered recognition for 

its potential health benefits, including antioxidant, anti-inflammatory, and cardiovascular support properties. 

As consumer preferences shift towards natural and sustainable alternatives, annatto seed stands out as a viable 

option for formulating clean-label products that meet evolving market demands. 

Looking ahead, the future of annatto seed holds promise for biotechnological advancements, functional food 

innovations, and sustainable agriculture practices. Collaborative efforts among researchers, industry 

stakeholders, and policymakers can drive forward the exploration of novel applications, expand market 

opportunities, and promote consumer education and awareness. 

However, challenges such as regulatory compliance, supply chain transparency, and environmental stewardship 

must be addressed to ensure the responsible and ethical utilization of annatto seed resources. By embracing 

innovation, fostering partnerships, and upholding quality standards, the potential of annatto seed as a catalyst 

for positive change in health, nutrition, and sustainability can be fully realized. 

In summary, annatto seed represents not only a symbol of cultural heritage and tradition but also a beacon of 

opportunity for shaping a brighter and more sustainable future for generations to come. 

V. REFERENCE 

[1] Flavonoid bisulphates and their co-occurrences with ellagic acid in the Bixaceae, Frankeniaceae and 

related families Phytochemistry. 

[2] Leaf and Seed extracts of Bixa orellana L. exert anti-microbial activity against bacterial pathogens. 

[3] AC Pereira H De Oliveira Carvalho DE Gonçalves KR Picanço AV De Lima Teixeira Dos Santos HR Da Silva 

Co-treatment of purified annatto oil (Bixa orellana l.) and its granules (chronic®) improves the blood 

lipid profile and bone protective effects of testosterone in the orchiectomy- induced osteoporosis in 

wistar ratsMolecules202126164720Free PMC article 

[4] Q Quiroz J Velazquez V Corrales-Garcia LL Torres JD Delgado E Ciro Use of plant proteins as 

microencapsulating agents of bioactive compounds extracted from annatto seeds Antioxidants 

20209431010. 3390/antiox9040310 

[5] SS Kumar G Patil BG Giridhar Mucilaginous polysaccharides from vegetative parts of Bixa orellana L.: 

Their characterization and antioxidant potentialJ Food Biochem 20194331274710. 1111/jfbc.12747 

[6] SD Pacheco AT Gasparin CH Jesus BB Sotomaior AC Ventura DD Redivo Antinociceptive and anti-

inflammatory effects of Bixin, a carotenoid extracted from the seeds of Bixa orellanaPlanta 

Med20198516121640 

[7] S Bhatnagar S Swain M Sahoo B Oreallana L: A Study of Phytochemical, Cytotoxic and Antioxidant 

Activity Profile of the Leaf Extracts of the PlantWorld J Pharm Res2015410271519 

[8] RG De Oliveira Junior A Bonnet E Braconnier H Groult G Prunier L Beaugeard Bixin, an apocarotenoid 

isolated from Bixa orellana L., sensitizes human melanoma cells to dacarbazine- induced apoptosis 

through ROS-mediated cytotoxicityFood Chem Toxicol20191255496110.1016/j.fct.2019.02.013 

[9] Castello M, Naresh C, Anita P, Madhuri S. Estimation of bixin in seeds of (Bixa orellana L) form different 

locations in western Maharashtra. Ind J Plant Physiol. 2004; 9: 185-188. 

[10] Akshatha V, Giridhar P. Bacterial growth inhibition potential of annatto plant parts. Asian Pacif J Trop 

Biomed. 2012; S1879-S1872. 

[11] Albuquerque CLC, Meireles MAA. Trends in Annatto Agroindustry: Bixin Processing Technologies and 



                                                                                                                    e-ISSN: 2582-5208 

International  Research  Journal of Modernization in Engineering  Technology and   Science 
( Peer-Reviewed, Open Access, Fully Refereed International Journal ) 

Volume:06/Issue:04/April-2024                          Impact Factor- 7.868                           www.irjmets.com                                                                                                                                                                                                                                                                                     

www.irjmets.com                              @International Research Journal of Modernization in Engineering, Technology and Science 
[864] 

Market. Recent Patents on Engineering. 2011; 5 (2): 94. 

[12] Karrer P, Helfenstein A, Widmer R, van Itallie, TB. Über Bixin. (XIII. Mitteilung über Pflanzenfarbstoffe). 

Helvetica Chimica Acta, 1929; 12: 741-756. 

[13] Hari RK, Patel TR, Martin, AM. An overview of pigment production in biological systems: functions, 

biosynthesis, and applications in food industry. Food Rev Int. 1994; 10: 49-70. 

[14] Wong DWS. Colorants. In: Mechanism and Theory in Food Chemistry AVI, Westport, CT, 1989; 147-187. 

[15] Mathews-Roth MM, Wilson T, Fujimori E, Krinsky NI. Carotenoid chromophore length and protection 

against photosensitization. Photochem Photobiol. 1974; 19: 217-222. 

[16] Barnicoat CR. The reactions and properties of annatto as a cheese colour, with particular reference to 

the chemistry of cheese discoloration. J Dairy Res. 1937; 8: 61-73. 

[17] Smith J. Annatto extracts – chemical and technical assessment. In: Chemical and Technical Assessment 

Manual. 2006; 1-21. 

[18] Scotter MJ, Thorpe SA, Reynolds SL, Wilson LA. Strutt PR., “Characterization of the Principal Col-ouring 

Components of Annatto Using High Performance Liquid Chromatography with Photodiode-Array 

Detection. Food Add Contam. 1994; 119 (3): 301-315. 

[19] Yukhihino G, Sasaki SS, Akiko Y, Tamio M. Natural bixin with direct interfacing of supercritical fluid 

extraction and supercritical fluid chromatography. Nippon Shokuhin Kagaku Gakkaishi, 1999; 6(2): 83-

87. 

[20] Jiménez-Escrig A, Rincón M, Pulido R, Saura-Calixto F. Guava fruit (Psidium guajava L.) as a new source 

of antioxidant dietary fiber. J Agric Food Chem. 2001;49(11):5489-5493. doi:10.1021/jf0105049 

[21] Almeida MM, de Sousa PHM, Arriaga ÂMC, et al. Bioactive compounds and antioxidant activity of fresh 

exotic fruits from northeastern Brazil. Food Res Int. 2011;44(7):2155-2159. doi: 10. 1016/j. foodres. 

2011. 03.053 

[22] Meléndez-Martínez AJ, Britton G, Vicario IM, Heredia FJ. HPLC analysis of geometrical isomers of β-apo-

8'-carotenal and norbixin in annatto extracts. Phytochem Anal. 2006; 17(5) :379- 384. doi: 10. 

1002/pca.926 

[23] de Carvalho Neto DP, Maurício AQ, Garcia FC, et al. Phytochemical constituents and pharmacological 

activities of Bixa orellana L.: A comprehensive review. Pharmacogn Rev. 2016; 10(19): 33-39. doi: 10. 

4103/0973-7847.176571 

[24] González-Sarrías A, Li L, Seeram NP. Effects of maple (Acer) plant part extracts on proliferation, 

apoptosis and cell cycle arrest of human tumorigenic and non-tumorigenic colon cells. Phytother Res. 

2012;26(6):995-1002. doi:10.1002/ptr.3683 

[25] Gutiérrez-Macías RP, Medina-Torres L, Calderas F, González-Laredo RF, Herrera MÁ, Martínez-López 

AL. Antioxidant activity, total phenolic compounds, and HPLC/MS analysis of pineapple by-products. J 

Food Sci. 2011;76(6):C887-C892. doi:10.1111/j.1750-3841.2011.02291.x 


