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For centuries, industries ranging from food to cosmetics and pharmaceuticals 

have relied on natural compounds sourced from mineral, animal, and plant 
origins. While the modern market often frames the demand for "natural" 

products as a new trend, these materials have been integral to human civilization 
since the ancient Chinese and Egyptian eras. In fact, clinical analysis reveals that 
over half of current medications are derived from natural precursors. Today, 

safety and environmental concerns are driving a decisive shift away from 
synthetic dyes toward sustainable natural alternatives. A leading candidate in 
this transition is Annatto, a dye extracted from the resinous seeds of Bixa 

orellana L., a tropical shrub of immense agro-industrial value. Its primary 
pigments, bixin and norbixin, provide vibrant yellow-to-red hues and are widely 

used in food, medicine, and textile dyeing. To make Annatto a viable economic 
competitor to synthetics, however, we must optimize extraction yields and 
stability. This review explores the isolation and application of Annatto as a 

sustainable substitute for artificial colorants, evaluating extraction 
methodologies and analytical techniques. Current literature confirms that 
Annatto is not only environmentally superior to synthetic counterparts but also 

offers rapid and efficient extraction possibilities. 
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Introduction 

Although synthetic dyes currently dominate the 

commercial landscape, environmental and health 

concerns are fueling a global transition toward safer, 

sustainable natural colorants [1]. Artificial agents such as 

tartrazine (E102), allura red (E129), and sunset yellow 

FCF (E110) face increasing scrutiny in developed 

nations, where studies have linked their unregulated 

consumption to degenerative conditions, including 

cancer [2]. Consequently, while natural alternatives like 

Bixa orellana L. extract (Annatto, E160b) gain 

popularity, several artificial dyes-such as carmoisine 

(E122) and Ponceau 4R (E124)-have already been 

banned in the United States and Europe [3]. While 

natural dyes can be categorized by source or application, 

structural classification is often superior as it uniquely 

links color properties to specific chemical groups [4, 5]. 

Major categories include indigoids, pyridine-based 

compounds, quinoids, flavonoids, betalains, tannins, and 

carotenoids [6, 4], with quinones, flavonoids, and 

carotenoids being the most prevalent [7]. 

Bixa orellana L., often called "achiote" or the "lipstick 

tree," is an ancestral plant historically used in Central 

and South America for body art. Though native to the 

Americas, it is now cultivated globally in regions 

including Peru, Mexico, Ecuador, Indonesia, India, and 

Kenya [8]. A key advantage of these plant-derived dyes 

is their superior biodegradability compared to synthetic 

options [9, 10].Annatto seeds are a premier source of 

natural pigment for food, cosmetics, and textiles, seeing 

increased demand following WHO restrictions on 

synthetic additives. WHO recommends Annatto as a 

non-toxic option that preserves food nutritional value 

[11]. Its primary carotenoid, bixin (9′Z-6,6′-

diapocarotene-6,6′-dioate), represents 70-80% of the 

natural pigment market [12-14]. While historically used 

like paprika for cooking, modern research into its 

bioactive properties has expanded its application into 

pharmaceuticals and cosmetics, such as sunscreens [15, 

16]. This review analyzes the extraction methods and 

chemical composition of Bixa orellana L. based 

oncurrent academic literature. 

Botanical Description : 

The annatto tree belongs to the Bixa genus within the 

Bixaceae family. While multiple species exist, Bixa 

orellana L. is the most globally widespread. The 

species derives its name from Francisco Orellana, the 

European explorer credited with the first navigation of 

the Amazon River [17]. Commercially, the plant is 

cultivated primarily for the natural dye obtained from 

its seed arils. The seed's outer layer, or pericarp, is of 

particular industrial interest as it contains the valuable 

pigments. Structurally, the seed is complex: it features 

a pigment-rich exterior containing moisture and oils, a 

peel consisting of cellulose and tannins, and an inner 

kernel ("inner seed") that houses waxy substances, 

mineral ash, alkaloid chemicals, and oils [18]. 

Annatto's Use and Industrial Application: 

Annatto extract has established itself as a preferred 

natural colorant in the pharmaceutical, cosmetic, and 

food sectors due to its non-toxic profile and lack of 

flavor interference [19]. It is extensively utilized in 

food formulations to color products such as yogurt, 

cheese, sausages, margarine, and ice cream.Beyond 

food, the cosmetic and pharmaceutical industries 

leverage annatto for its rich carotenoid profile [20]. 

These high carotenoid levels are associated with 

significant medicinal properties, including antioxidant 

and hypoglycemic effects [21]. Ethnobotanical records 

highlight diverse traditional applications; for instance, 

the Amazonian Piura tribe utilizes tea brewed from 

young roots as an aphrodisiac, astringent, and remedy 

for hepatitis, fever, and skin ailments. In Colombia, the 

plant serves as an antivenin for snakebites, while the 

seeds are traditionally used as an expectorant to treat 

gonorrhea [22]. 

In addition to its coloring properties, annatto has a 

history as a culinary spice. Native American cultures 

frequently added ground Bixa seeds to cacao beverages 

to impart a saffron-like musky taste and a subtle red tint 

[23, 24]. Modern usage varies by region; specific 

applications and allowable quantities in products like 

smoked fish, snacks, sauces, and confectionery differ 

across nations due to distinct food laws and cultural 

dietary habits [25, 26]. 

 

 

Kingdom                    : Plantae 
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Superdivision             : Spermatophyta 

Division                       : Magnoliophyta 

Class                            : Magnoliopsida 

Subclass                       : Dilleniidae 
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Family                          : Bixaceae 
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Use and Industrial Application  

Due to its non-toxic nature and lack of flavor 

interference, annatto extract has become a staple natural 

colorant across pharmaceutical, cosmetic, and food 

sectors [19]. In the food industry, it imparts color to 

diverse products including yogurt, margarine, cheese, 

sausages, and ice cream.The pharmaceutical and 

cosmetic sectors also utilize it for its high carotenoid 

content [20]. These carotenoids are linked to 

therapeutic benefits, including antioxidant and 

hypoglycemic properties [21]. Ethnobotanical uses are 

extensive; the Piura tribe of the Amazon uses young 

root tea as an aphrodisiac and astringent, as well as a 

treatment for fever, hepatitis, and skin conditions. In 

Colombia, it serves as an antivenin for snakebites, 

while the seeds are used to treat gonorrhea 

[22].Historically, annatto also served as a spice. Native 

American cultures used ground bixa seeds to give cacao 

beverages a musky flavor and reddish tint, similar to 

saffron or paprika [23, 24]. Today, usage levels in food 

products like dressings, snacks, and smoked fish vary 

globally depending on local food laws and cultural 

preferences [25, 26]. 

Conventional Medicine  

The Annatto plant (Bixa orellana) is a native of South 

America, with its roots deeply embedded in the Amazon 

region. Its name "urucum" actually comes from the Tupi 

word "ru-ku," which simply means "red"—a fitting 

description for such a vibrant plant. While "urucum" is 

the go-to term in Brazil, you will hear it called by many 

other names depending on where you are. For instance, 

it is known as bixa in Guyana, axiote in Mexico, and 

roucou in Trinidad. In places like Puerto Rico and 

Venezuela, names range from achiote and onotto to 

santo-domingo. This wide variety of names really 

highlights just how widespread its use is, especially now 

that industries from food to cosmetics are hunting for 

natural alternatives to synthetic dyes [57]. According to 

research by Correa [27], Urucum seeds are much more 

than just a kitchen spice. Traditionally, they have been 

used to treat a whole range of issues, acting as laxatives, 

expectorants, and even heart tonics (cardiotonics). The 

plant is also well-regarded for its anti-inflammatory 

abilities, often applied to help heal bruises and wounds. 

Interestingly, it is not just the seeds that are useful; 

infusions made from the leaves are a common remedy 

for bronchitis and sore throats, while the pulp around the 

seeds is used to bring down fevers or mixed into soft 

drinks. 

From an industrial standpoint, the plant is valuable 

because it produces two key ingredients: bixin (red) and 

orellin (yellow). In the culinary world where it is often 

called "do Reino “these pigments are the secret behind 

the rich color of butter, margarine, cheese, sausages, and 

many baked goods. It is also heavily relied upon in the 

textile and printing industries. On a cultural level, 

Annatto plays a significant role for indigenous 

communities. The natural dye is frequently used to 

decorate pottery and other household items. More 

personally, many indigenous groups apply the dye 

directly to their skin. This serves a dual purpose: it acts 

as body paint for religious ceremonies and provides a 

practical shield against UV rays and mosquitoes in the 

forest [49]. Other parts of the plant are utilized as well; 

the pulverized seeds act as an aphrodisiac, the fibers are 

widely used for cordage, and leaf decoctions help 

alleviate nausea during pregnancy [27]. It is fascinating 

to see that, despite the distinct cultures across Central 

and South America, the traditional medical uses treating 

everything from fevers to insect bites are remarkably 

consistent. 

Chemical Compounds and Composition: 

The vibrant color of the annatto seed coat comes 

primarily from Trans-Bixin, which accounts for more 

than 80% of the total pigment content [36]. 

Historically, this compound was first isolated from 

Bixa orellana L. seeds back in 1875, though it wasn't 

until 1961 that researchers fully mapped its structure 

and stereochemistry using 1H and 13C-NMR 

technologies.From a chemical perspective, bixin 

(C₂₅H₃₀O₄, MW = 394.51) is an oil-soluble 

diapocarotenoid. It features two carboxylic acid 

groups, one of which is esterified. When this ester 

group undergoes hydrolysis, it transforms into 

norbixin. Both of these key pigments originate from the 

oxidative breakdown of larger C40 carotenoids [37]. 

Pigment Stability and Profile: 

While bixin and norbixin are the stars of the show [38], 

the seeds also host a supporting cast of other 

carotenoids, including beta-carotene, cryptoxanthin, 

lutein, zeaxanthin, and methylbixin [21].Norbixin is 

particularly valuable in the industry because it is water-

soluble (often functioning as a potassium or sodium 

salt in alkaline solutions), giving it high coloring power 

in water-based products. 

 Stability: Generally, antioxidant carotenoids are 

unstable when exposed to atmospheric oxygen. 

However, bixin and norbixin are outliers; they 

demonstrate surprisingly robust stability against light 

and heat during food processing compared to other 

carotenoids [26]. 

Terpenes and Other Components: 

Beyond just color, Bixa orellana L. is a powerhouse of 

terpenes. In fact, it is recognized as the richest 

vegetable source of terpenes—specifically E-

geranylgeraniol, which can represent up to 57% of the 

total terpene profile (or about 1% of the dry seed) [22, 
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40]. 

The seed's nutritional profile is also dense, containing: 

•Amino acids: Glutamate, aspartate, and leucine. 

•Minerals: Phosphorus, iron, and zinc. 

•Lipids: Linoleic acid, α-linolenicsacid, and oleic acid. 

Volatile Compounds and Apocarotenoids 

The chemical complexity of annatto is immense. 

Studies analyzing aqueous and organic extracts have 

detected over 100 volatile chemicals, with 50 specific 

compounds identified. These include bornyl acetate, α-

caryophyllene, copaene, β-cubebene, (+)-

cyclosativene, and spathulenol, among others [44]. 

Recent research [45, 46] has further isolated eight 

specific apocarotenoids from the seeds, including: 

 

1.Methyl (7Z, 9Z, 9′Z)-apo-6′-lycopenoate 

2.Methyl (9Z)-apo-8′-lycopenoate 

3.Methyl 1(all-E)-apo-8′-lycopenoate 

4.Methyl (all-E)-8-apo-beta-carotene-8′-oate 

5.Methyl (all-E)-apo-6′-lycopenoate 

6-geranylgeranyl-8′-methyl-6,8′-diapocaroten-6-8′-

dioate 

7.6′-geranylgeranyl-6′-methyl-(9Z)-6,6′-diapocaroten-

6-6′-dioate 

8.6-geranylgeranyl-6′-methyl-6-6′-diapocaroten-6-6′-

dioate 

 
Figure 1 

Extraction Method 

Just like extracting compounds from any other plant, 

getting the most out of annatto seeds depends on a 

delicate balance of variables. Factors such as the solid-

to-liquid ratio, temperature, extraction time, and the 

specific condition of the plant matrix all play a huge 

role. However, the most critical decision is choosing 

the right solvent. This choice essentially dictates the 

final product: using oil-based solvents yields bixin, 

while aqueous methods tend to produce water-soluble 

norbixin [19]. 

Commercial Techniques 

Industrially, manufacturers typically rely on three main 

approaches to extract pigment from dried seeds [36]: 

1. Vegetable Oil Extraction: This method uses oils 

(like corn or soybean) to extract the pigment. 

2. Organic Solvent Extraction: Solvents like hexane, 

acetone, ethanol, or chloroform are used to produce 

the purest pigments. 

3. Aqueous Alkali Extraction: Using solutions like 

NaOH or KOH, this method converts bixin into 

norbixin through saponification [47, 53]. 

Recent research has focused heavily on finding the 

perfect solvent mix to boost efficiency. While bixin is 

a non-polar substance meaning it loves polar 

solvents—studies suggest that ethyl acetate offers the 

best solubility for removing bixin from the seeds [39]. 

Other researchers have experimented with various 

combinations, such as mixing ethanol and chloroform 

(75:25 v/v) or using 1,2-dichloroethane [48, 49]. The 

goal is always the same: maximize the yield of bixin 

while keeping out unwanted byproducts that could ruin 

the stability or color intensity of the final extract [26]. 

Advanced Extraction Technologies 

Beyond the standard commercial methods, scientists 

are pushing boundaries with newer technologies. 

Supercritical CO2 Extraction Using supercritical 

CO2—sometimes modified with chemicals like 

methanol or chloroform—has proven to be highly 

effective [56–59]. This method is often superior to 

traditional techniques because it requires less heat 

(preserving the product quality), uses less energy for 

solvent recovery, and offers excellent selectivity. 

Microwave-Assisted Extraction (MAE) The rise of 

microwave technology has led to several innovative 

variations, such as Solvent-Free Microwave Extraction 

(SFME) and Vacuum Microwave Hydrodistillation 

(VMHD) [60–63]. These methods are designed to be 

faster and more efficient, often yielding better results 

than conventional approaches. 

Pressure and Efficiency When comparing techniques, 

pressure matters. One study [38] pitted Pressurized 

Liquid Extraction (PLE) against Low-Pressure Solvent 

Extraction (LPSE). The results showed that PLE 

produced the highest mass of bixin when ethanol was 

used. However, LPSE was still effective, yielding 

about 4 g/kg at lower temperatures (323 K) and up to 6 

g/kg at slightly higher temperatures (333 K). 

Purity and Commercial Viability 

Ultimately, any extraction method needs to be 

economically viable to survive in the market. Solvent 

extraction is particularly powerful here because it can 

produce microcrystalline bixin that is 80–97% pure. 

In terms of raw material, the bixin content in seeds can 

range anywhere from 1% to 6% depending on the 

specific cultivar and growing conditions [1]. For 
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international export, meeting a specific purity 

threshold is crucial, with many markets requiring bixin 

levels above 2.7% or even 4% [42, 54, 55]. 

Whether analyzing cheese, margarine, or boiled sweets, 

ensuring these pigments are extracted and measured 

correctly—often using HPLC or spectrophotometry—

remains a top priority for food scientists [67, 68]. 

Analysis of Annatto: 

The chemical makeup of an annatto extract isn't static; 

it changes depending on the method and temperature 

used to extract it. This is critical because the specific 

ratio of bixin to norbixin is what actually dictates the 

final hue and tone of the food product [19].Before these 

pigments can be used, we have to verify what is 

actually in the extract. Typically, once the pigment is 

purified and concentrated, Thin Layer 

Chromatography (TLC) is the first step to confirm the 

presence of bixin and norbixin. For a deeper dive—to 

identify and quantify exactly how much is there—

scientists rely on a suite of powerful tools: High-

Pressure Liquid Chromatography (HPLC), UV-VIS 

spectrophotometry, Nuclear Magnetic Resonance 

(NMR), and Mass Spectrometry. 

UV-VIS Spectrometry: 

This is the classic approach and has been well-

documented over the years [71-73]. Historically, 

researchers measure bixin using chloroform and 

norbixin using dilute sodium hydroxide (about 0.1M). 

It is relatively straightforward to identify bixin this way 

because it consistently hits absorption peaks at 470 and 

500 nm. 

HPLC Systems: 

High-Performance Liquid Chromatography (HPLC) 

takes things a step further. Unlike basic spectroscopy, 

HPLC allows us to physically separate the different 

isomers of bixin and norbixin. 

• The Method: Most labs use "reversed-phase" (RP) 

chromatography with C18 columns. 

• The Advantage: When paired with a Photodiode 

Array (PDA) detector, HPLC provides much better-

quality data than UV-VIS. It can even identify the 

thermal degradation products—the compounds 

formed when the pigment gets too hot—which is 

crucial for quality control in commercial 

formulations [76, 77]. 

• Variability: It is worth noting that results can vary. 

The elution time (how long it takes the compound to 

travel through the column) shifts depending on the 

column type, length, and the solvent mix used. 

 

Spectrometry of Mass:  

Mass Spectrometry helps us understand the molecular 

backbone of the pigment. Like other carotenoids, bixin 

and norbixin show a specific fragmentation pattern—

essentially breaking apart in a predictable way, losing 

xylene and toluene from their polyene chains. 

Advanced techniques, such as Matrix-Assisted Laser 

Desorption Ionization (MALDI) Time-of-Flight (TOF) 

spectrometry, have been used to confirm the exact 

structures of purified bixin isomers [79]. 

Gas Chromatography (GC) Evaluation  

Gas Chromatography is primarily used for the volatile 

stuff. It’s the go-to method for detecting thermal 

degradation products (specifically aromatic 

hydrocarbons) that might appear in food coloring [80]. 

It is also used to analyze the oil-soluble and water-

soluble volatile compounds in the extract [81], as well 

as the lipid fraction of the seeds, where it can identify 

components like tocotrienols [82]. 

NMR examination: 

 Nuclear Magnetic Resonance (NMR) was the tool 

that finally unlocked the 3D shape (stereochemistry) 

of bixin. By looking at how specific protons shifted 

in the magnetic field, scientists were able to 

distinguish between the different isomers (cis- vs. 

trans-). Later research combined NMR with X-ray 

diffraction to fully map out the crystal structures of 

the bixin family [78, 84, 85]. 

Biological Activity:  

Pharmacological studies have tested various plant 

parts—leaves, seeds, roots—for bioactivity. The 

results are categorized below: 

Antifungal Activity: Extracts have shown 

effectiveness against Trichophyton mentagrophytes 

in studies conducted in Ecuador, though results 

against other strains in Guatemala were less 

conclusive [70, 82]. 

Antibacterial Activity: Testing against strains like 

Bacillus subtilis, E. coli, and Staphylococcus 

epidermidis generally showed no significant activity 

in annatto leaf extracts. 

Antimalarial Activity: Bixa orellana seed extracts 

have demonstrated modest efficacy against 

Plasmodium berghei and Plasmodium falciparum 

[92]. 

Cytotoxic & Mutagenic Activity: While 

mutagenic activity was not found in US and 

Brazilian studies [67, 93], cytotoxic activity against 

human lung cancer cells has been observed in 

ethanolic extracts at values lower than 100 g/mL 

[81]. 

 

Conclusions  

Bixin and norbixin are the key active components in 

annatto, responsible for providing the red-to-yellow 

pigmentation essential to the cosmetic, food, and 

pharmaceutical industries. To ensure sustainability 
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and effectively replace synthetic dyes, the industry 

must adopt optimized extraction techniques and 

rigorous analytical methods. The literature confirms 

that annatto offers a safe, environmentally friendly 

alternative with established methods for rapid 

analysis and extraction, positioning it as a viable 

substitute for artificial colorants in the global market. 
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