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The growing demand for ecofriendly and natural cosmetic products has led to an 

increase in the use of natural pigments to replace synthetic dyes. This study focuses onto 

the extraction of annatto dye from the seeds of Bixa orellana and its use as natural 

colorant in nail enamel. Annatto dye consists primarily of two important carotenoid 

pigments, namely bixin and norbixin that offers a vibrant yellow to orange hue. The dye 

was extracted by Soxhlet extraction method using acetone as the solvent. The extracted 

dye was then characterized using thin layer chromatography, UV-Vis spectroscopy and 

FT-IR analysis. Using the extracted dye, a nail enamel formulation was then developed 

and the final product was evaluated. Results suggest that annatto dye can effectively 

function as a natural colorant in nail enamel, offering a safer and more sustainable 

alternative to synthetic dyes. 
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INTRODUCTION 

The word "cosmetics" is derived from the Greek 

word “Kosmos”, which means "order" or 

"beauty." It was originally used to refer to 

something that enhances or beautifies one's 

appearance. These are meant to be applied 

generally to external parts of body like to skin, hair 

and nails for the purposes of covering, colouring, 

softening, cleansing, nourishing, setting, 

preservation, removal and protection. The 

cosmetics may be classified into 4 main groups 

namely –cosmetics for hair, nails, skin and that 

used for hygiene [1]. 

1.1 Nail enamel:  

Nails of the hands and feet have been adorned with 

primary forms of decoration being shine or colour. 

It is used widely in order to enhance the aesthetics. 

They can be defined as suspensions of the coloured 

pigments in volatile solvents to which various 

other additives like film-formers, resins, 

thickeners, plasticizers, etc are added [2]. The 
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most commonly used colouring agents in nail 

enamels are synthetic dyes because of their vibrant 

colours, better stability and wide shade range. 

These are classifies based upon their chemical 

structures into various classes like azo, quinoline, 

triarylmethane, xanthene, indigoid [3]. Although 

synthetic dyes are widely used, they come along 

with several concerns. Some of them contains 

traces of heavy metals or harmful chemicals, 

prolonged exposure to which may produce skin 

irritation, allergic reactions, hormonal changes and 

may also be carcinogenic. Being non degradable 

they also pose a severe threat to the environment 

including soil, water pollution as well as harming 

the wildlife [4]. Thus, in order to overcome such 

problems these synthetic dyes maybe replaced 

with naturally occurring pigments that are less 

harmful as well as eco-friendly. Also, there is an 

increasing demand for the product with the natural 

ingredients, driven by the health consciousness, 

awareness on the environmental concerns, cultural 

factors, etc. Natural dyes are the colorants of the 

natural origin obtained from plants, animals, 

minerals, etc. They offer a wide range of vibrant 

colours, the intensity and the consistency of which 

depends upon the source, extraction method and 

the materials used. Some of the commonly used 

natural dyes include indigo, turmeric, annatto, 

carmine, hibiscus, cochineal, etc.  The objective of 

this study is to develop a nail enamel formulation 

using annatto dye replacing synthetic dyes used in 

conventional formulations. 

1.2 Annatto dye:  

Annatto dye has been recognized by the US-FDA 

as generally recognized as safe (GRAS) for use a 

food colorant and flavouring agent.it is obtained 

from the outer layer of the seeds of the tropical tree 

Bixa orellana, native to tropical America and is 

now grown in many tropical countries in south and 

central America, Africa, and Asia [5]. 

 
Fig 1: Annatto Seeds 

Scientific classification:  

Kingdom: Plantae  

Division: Magnoliophyte 

Class: Magnoliopsida  

Order: Malvales 

Family: Bixaceae 

Genus: Bixa 

Species: orellana 

Common names: Achiote, sindoor plant, lipstick 

tree, etc.                                                       

Chemical constituents: The constituents which are 

responsible for the color of the annatto seeds are 

bixin and norbixin. These are the carotenoid 

pigments that give a yellow to orange color. Bixin 

is the primary pigment which accounts for more 

than 80 % and is oil soluble. Alkali hydrolysis of 

methyl ester group in bixin results in the formation 

of norbixin, which is water soluble. Even though it 

is found in nature, it is called saponification 

product of bixin [6]. Apart from this it also 

contains a combination of b-carotene, 

cryptoxanthin, zeaxanthin, lutein and methyl 

bixin. [7]. In addition to its coloring properties, it 
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also has anti-oxidant, anti-inflammatory, anti-

fungal and antibacterial properties. 

Fig 2: Bixin 

Fig 3: Norbixin 

2. MATERIALS AND METHODS  

2.1 Materials: The annatto seeds were collected 

from the Government College of Pharmacy, 

Karad. The seeds were airdried and stored 

appropriately. All the solvents used in the 

extraction process were of analytical grade. 

2.2 Extraction: The Soxhlet extraction method 

was used for the extraction of pigments from 

annatto seeds. The solvent used here is acetone, 

because of its effectiveness in extracting bixin, as 

compared to ethanol and hexane [8]. 100 grams of 

the seeds were taken and grounded to form a 

coarse powder. These were then packed 

appropriately into muslin cloth and placed inside 

the thimble. 1000ml of acetone was used for the 

extraction. Several cycles of the solvent were run 

to completely extract the dye, with temperature of 

the apparatus being maintained at about 300 to 400 

C, for about 10 to 12 hours. The extract obtained 

was then dried by solvent evaporation and 

concentrated. 
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Fig 4: Soxhlet Extraction 

2.3 Percentage yield: The percentage yield of the 

extracted sample was the calculated using the 

following formula: 

 

2.4 Thin layer chromatography: A thin plate was 

coated with silica-gel G and was activated in a hot 

air oven at 1100 C for one hour. The sample 

mixture was then applied onto the plate 1cm from 

the base, with the help of a capillary tube. The 

mobile phase comprises of benzene, ethyl acetate 

and methanol in the ratio 3:4:2 [9].  

2.5 UV analysis: A small quantity of powdered 

extract was dissolved in ethyl acetate and 

qualitative UV analysis was performed using 

Shimadzu UV1900i. 

2.6 IR analysis: IR analysis of dye powder was 

performed using Bruker Alpha II FT-IR 

Spectrometer. 

3. FORMULATION  

In this study, a natural nail enamel formulation 

was developed using annatto dye as a natural 

colorant in order to overcome the problems with 

the synthetic dyes. The study also aimed to replace 

synthetic resins and plasticizers with natural 

alternatives while maintaining gloss, adhesion, 

durability.          

3.1 Formulation composition  

The various ingredients used in the formulation 

along with their quantities are as follows: 

Table 1: Formulation Composition 

Ingredients Quantity (% w/w) 

Ethyl cellulose 10 % 

Ethyl acetate 60 % 

Isopropyl alcohol 10 % 

Ethanol 10 % 

Castor oil 4 % 
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Titanium dioxide 4 % 

Annatto dye 2 % 

 Ethyl cellulose is used as the main film 

forming agent.  

 The solvent system comprises of a blend of 

ethyl acetate, isopropanol and ethanol with 

ethyl acetate being the primary solvent. It 

dissolves ethyl cellulose efficiently and being 

a fast-evaporating solvent, reduces drying 

time. Isopropyl alcohol is used as a cosolvent 

and it controls the viscosity and evaporation 

rate. Ethanol assists in the dispersion of the dye 

and reduce the overall drying time. 

 Castor oil provides flexibility and prevent 

cracking of the film, thus improving the film 

strength. 

 Titanium dioxide is used to opacify the film. It 

also contributes to UV protection, thus 

contributing to reduce the photodegradation of 

dye. However, additional UV stabilizers may 

be required. 

3.2 Step by step procedure 

1. Transfer required quantity of ethyl acetate in a 

clean beaker. 

2. Gradually add ethyl cellulose with continuous 

stirring until completely dissolved. 

3. Add the required quantity of isopropyl alcohol 

to the above mixture. 

4. Pre-disperse annatto dye in ethanol. Stir 

continuously for 30 min to ensure uniform 

distribution of the dye. Filter, if necessary. 

5. Slowly add dye to the above mixture with 

continuous stirring. 

6. Add castor oil slowly while stirring at 

moderate speed.  

7. Add the required quantity of titanium dioxide 

gradually, ensuring uniform dispersion. 

8. Continuously stir the mixture for 45 to 60 min 

to ensure full homogenization. 

Check the viscosity and the drying time. Adjust if 

necessary.  

❖ If the formulation is too thick, add a small 

quantity of ethyl acetate or ethanol. Reducing 

the concentration of ethyl cellulose also helps 

to reduce viscosity. 

❖ If the viscosity is low, increase the film former 

or reduce the solvent content. 

❖ If the drying is too slow, add fast evaporating 

solvents like ethyl acetate or ethanol. 

Reduction of isopropyl alcohol also helps to 

improve drying time.  

Store the formulation in an air tight container to 

prevent solvent evaporation. 

3.3 Evaluation  

The prepared formulation was evaluated using the 

following tests; 

1) Appearance: Visual evaluation under natural 

and artificial light.  

2) Drying time: The formulation was applied onto 

a nail and the drying time was identified. 

3) Scratch resistance: This test helps to assess the 

durability of the film. The formulation is 

applied onto a glass slide and the pencils of 

varying hardness were pressed onto the film at 

an angle of 450 to assess the durability of the 

film.[10] 

4) Adhesion: The formulation was applied onto a 

glass slide and was cut into grid patterns. Then 

a tape was applied and peeled off. Adhesive 

characteristics were evaluated by amount of 

the polish removed [11]. 
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5) Water resistance test: A uniform film was 

applied onto a glass slide and immersed in a 

beaker to check the water resistance.  

6) Solvent rub test: In this, the formulation 

applied onto a glass slide is rubbed with 

ethanol-soaked cotton. The number of cycles 

required to fade away the formulation is 

identified. 

4. RESULTS AND DISCUSSIONS  

The annatto dye was extracted by Soxhlet 

extraction using acetone as the solvent. The 

obtained extract was a reddish-brown powder, 

with poor water solubility.  

4.1 Percentage yield  

The Soxhlet extraction of the annatto seeds yielded 

4.7gm of the extract. The percentage yield of the 

extract was calculated using the formula 

mentioned above and was found to be 4.7 %.  

4.2 TLC characterization of the extracted dye 

TLC of the extracted sample was performed using 

benzene: ethyl acetate: methanol as the solvent 

system. A distinct orange spot [figure 5] with rf 

value 0.52 was observed, which is in accordance 

with the literature data, suggesting the presence of 

bixin [11]. 

 
Fig 5:  TLC of the Extracted Sample 

4.3 UV-VIS analysis of the extracted dye  

The UV-Visible absorption spectra of the annatto 

extract in ethyl acetate [figure 6] were recorded to 

confirm the presence of bixin. The UV-Vis 

spectrum exhibited a primary absorption 

maximum at approximately 480nm, accompanied 

by two secondary shoulders around 455nm and 

425nm. This band pattern is a characteristic feature 

of carotenoid pigments and is consistent with the 

reported max values for bixin in ethyl acetate, 

typically ranging between 470 to 480nm with 

secondary absorptions around 450nm and 425nm 

[12]. This may confirm the presence of bixin in the 

extracted sample. 
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Fig 6: UV-Vis spectra of the extracted sample 

4.4 FT-IR analysis of the extracted sample  

IR spectroscopy was used to characterize the 

molecular structure of bixin using a Bruker OPUS 

system. Dry extract powder was and the IR 

spectrum  displaying key vibrations was obtained 

(figure 7). The FT-IR spectrum of the extracted 

bixin showed the following absorption bands. 

Fig 7: IR spectrum of the extracted sample 

Table 2: Interpretation of the IR spectrum 

Wavenumber 

(cm-1) 

Vibrational mode Group/assignment Remarks 

1740-1730 Stretching Carbonyl group Ester/ketone present 

1380-1370 Bending C-H Methyl 

1220-1210 Stretching C-O Ester linkage 

1000-900 Out of plane bending =C-H Characteristic of alkenes 
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All of the above values align well with the reported 

literature values of bixin and support its 

identification.  

4.5 Formulation Evaluation  

The prepared nail enamel formulation was 

subjected to various evaluation tests as mentioned 

above and the results obtained were as follows- 

5. CONCLUSION    

The present study successfully demonstrates the 

feasibility of using annatto dye, as a natural 

alternative to synthetic dyes in nail enamel 

formulations. the dye was efficiently extracted 

using Soxhlet extraction with acetone and was 

thoroughly characterized using TLC, UV-Vis and 

FT-IR techniques, confirming the presence of the 

carotenoid pigment bixin. The formulated nail 

enamel demonstrated desirable characteristics, 

including good gloss, drying time, adhesion, and 

resistance to water and solvents. These results 

demonstrate that natural dyes can effectively 

replace synthetic ones, providing a safer and more 

environmentally sustainable solution for cosmetic 

application. 
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