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Abstract 

Annatto is a natural colouring agent obtained from the outer coats of the seeds of the Bixa 

orellana. Carotenoid pigment in annatto consists of bixin and norbixin. Pigment extraction 

from annatto seeds is commonly done by indirect extraction using organic solvents and 

direct extraction using oil or aqueous alkali. This research aims to characterize the natural 

pigment and antioxidants of annatto extract. The annatto was extracted by maceration 

using distilled water at various pH and extraction times. The distilled water pH variations 

used in this study were 4, 7, and 9 while the extraction times were 5, 7.5 and 10 mins. 

Analyzing bixin and norbixin revealed the potential of annatto extract as a natural 

pigment, while phenol and flavonoids disclose the potential as a natural antioxidant. The 

results showed that varying pH of distilled water and time of extraction influences the 

bixin, norbixin, total phenol, and flavonoid contents of annatto extract. Annatto extraction 

using distilled water produces higher levels of bixin than norbixin. The highest levels of 

bixin (61.06%) were built in distilled water pH 7 for 7.5 mins of extraction, while the 

highest levels of norbixin (30%) were produced in distilled water pH 7 for 10 mins. 

Extraction using pH 4 creates a higher level of total phenol while increasing the extraction 

time up to 10 mins decreased the total phenol content. However, high levels of flavonoids 

were made in extraction using alkaline pH distilled water (pH 9) for 10 mins. The results 

showed that all extracts have the potential as natural pigments and antioxidants. 

1. Introduction 

 Annatto is one of the world’s oldest natural 

pigments obtained through the pericarp of Bixa orellana 

seeds. Annatto is a safe dye that has been recommended 

by the US Food and Drug Administration (US FDA) 

(Gallardo-Cabrera and Rojas-Barahona, 2015). The color 

of annatto is caused by carotenoid compounds found in 

the seed's outer layer. Annatto produces colors that vary 

from yellow to red depending on the concentration of the 

color-forming components (Taham et al., 2015) Bixin is 

the primary pigment in Bixa orellana seeds, and its 

concentration can be as high as 80% (de Paula et al., 

2009; Husa et al., 2018). A red-orange color was 

produced from a double bond in the bixin's chemical 

structure (Suparmi and Leenawaty, 2009; Husa et al., 

2018). Norbixin is a dark red-brown to red-purple orange

-yellow carotenoid (Suparmi and Limantara, 2008). 

Bixin is soluble in non-polar solvents, while norbixin is 

soluble in polar solvents (Mala et al., 2013). Several 

solvents used for Bixa orellana seeds extraction include 

essential oil, hexane, chloroform, ethyl acetate, butanol, 

methanol, and vegetable oil 6.9 (Silva et al., 2008; Husa 

et al., 2018). Annatto is used to color candy, sausage, 

cheese and meat (Silva et al., 2008). 

Extracts from plants can be extracted by Soxhlet and 

maceration (Diem et al., 2013). Stratified annatto 

extraction by washing has also been carried out by 

previous researchers using hexane and followed by a 

polar solvent, namely acetone (Pamidighantam et al., 

2012). Other solvents used for annatto extraction include 

essential oil, hexane, chloroform, ethyl acetate, butanol, 

methanol and vegetable oil (Hossain and Rahman, 2011). 

Factors that affect the extraction process include 

solvent pH, extraction time and the type of solvent 

(Hossain and Rahman, 2011; Paryanto et al., 2014). The 

pH the color, the antibacterial activity, and the toxicity 

level of the extract were thought to be influenced by the 

pH of the solvent and the extraction time (Hossain and 

Rahman, 2011; Diem et al., 2013). Solvent pH and 

heating time affect the total carotenoids of the palm fruit 

(Anggreini et al., 2018). Total carotenoids decreased 
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with increasing pH. Increasing the extraction time 

increased the total carotenoids of pumpkin extract 

(Wahyuni and Widjanarko, 2015). 

Specific solvents such as benzene and chlorocarbon 

are toxic and harmful to the environment. They are 

inappropriate when used for food. Venugopalan and 

Giridhar (2012) performed annatto extraction using 

ethanol, while Yolmeh et al. (2014) performed annatto 

extraction using acetone. Annatto extraction using water 

(distilled water) is one of the profitable annatto 

extraction alternatives because water is a solvent that is 

easily obtained at a low price. Rosamah et al. (2009) 

performed annatto extraction using water. 

In addition to functioning as a colorant, annatto 

extract is also known to be a source of antioxidants 

because it contains carotenoids (Kurniawati et al., 2010; 

Cuong and Chin, 2016). Substances at low 

concentrations can inhibit the oxidation of cell 

components such as proteins, carbohydrates, lipids, and 

deoxyribonucleic acid, known as antioxidants (Abayomi 

et al., 2014). Besides carotenoids, plant components that 

can act as antioxidants include phenols and flavonoids 

(Hossain and Rahman, 2011; Diem et al., 2013). 

According to Pratima et al. (2016), annatto seeds contain 

flavonoids, whereas Handayani et al. (2021), reported 

that annatto seeds contain phenol. Flavonoids and 

phenols are antioxidants. The study evaluated the 

characteristics of the pigment (bixin and norbixin) and 

antioxidant (total phenols and flavonoids) components of 

annatto extract produced from distilled water as a solvent 

at various pH and extraction times. 

 

2. Materials and methods 

2.1 Annatto extraction  

The extraction of annatto was carried out by 

Handayani et al. (2021). A total of 25 g of Bixa orellana 

seeds were added to 90 mL of distilled water as the 

solvent. Maceration was performed through a magnetic 

stirrer at various pH of distilled water (4, 7 and 9) and 

duration of extraction (5, 7.5, 10 mins) of 80℃. The 

extract was then analyzed for bixin, norbixin, total 

phenol and flavonoid. 

2.2 Bixin analysis  

Bixin was measured utilizing the Joint FAO/WHO 

Expert Committee on Food Additives (JECFA) (2012) 

method. A total of 0.1 g of annatto extract was 

transferred into a 100 mL volumetric flask added by 10 

mL tetrahydrofuran and mixed to dissolve the pigment. 

An aliquot (1 mL) portion of the solution was transferred 

into another 100 mL volumetric flask and diluted to 100 

mL with acetone. This solution measured the absorbance 

A at the peak wavelength (about 487 nm).  

 2.3 Norbixin analysis  

Norbixin was tested using the JECFA (2012) 

method. A total of 0.1 to 1 g of annatto extract was 

dissolved and diluted to 100 mL in 0.5% w/v potassium 

hydroxide solution. An aliquot (1 mL) portion of the 

solution was transferred into another 100 mL volumetric 

flask and diluted to 100 mL. The absorbance A of this 

solution was measured at the peak wavelength (about 

482 nm): 

2.4 Total phenol analysis  

Total phenol was carried out using the Folin-

Ciocalteu method (Orak, 2007). Gallic acid standards 

were made with varying concentrations of 5-125 ppm. 

After that, the absorbance was measured using UV-VIS 

spectrophotometry at a length of 765 nm. Samples were 

weighed as much as 100-150 mg, added 0.5 mL of 

methanol, 2.5 mL of distilled water and 2.5 mL of Folin 

– Ciocalteu 50% reagent. The mixture was allowed to 

stand for 5 mins and 3 mL of 7.5% Na2CO3 was added. 

After that, it was vortexed and then incubated for 15 

mins at 45°C. The absorbance of the sample was 

measured at a wavelength of 765 nm using UV-VIS 

spectrophotometry. The content of phenolics in extracts 

was expressed in terms of gallic acid equivalent (mg GE/

mL) 

2.5 Flavonoids analysis  

The flavonoid content of annatto extracts was 

determined using the method by Mukhriani et al. (2015). 

The test sample was dissolved in methanol with a 

concentration of 2000 µg/mL. A total of 0.5 mL of the 

test sample was added with 1.5 mL of methanol, then 

added with 0.1 mL of 10% aluminum (III) chloride, 0.1 

mL of 1 M sodium acetate, and 2.8 mL of distilled water. 

The solution was incubated for 30 mins. The solution's 

absorbance was measured with a spectrophotometer at 

436 nm. Total flavonoids (mg/mL) were determined 

from the previously measured quercetin calibration curve 

using a linear regression equation. 

2.6 Statistical analysis 

Statistical analysis data were subjected to analysis of 

variance (ANOVA). Significant differences between 

means were determined by the Duncan Multiple Range 

Test (DMRT) at significant differences (p < 0.05). 

Values are presented as mean±SD. 
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3. Results and discussion 

3.1 Bixin and norbixin 

Bixin is a pigment component in Bixa orellana seeds 

that is non-polar and soluble in oil or other organic 

solvents. Bixin is a carotenoid compound with a methyl 

ester structure (Gallardo-Cabrera and Rojas-Barahona, 

2015). This pigment gives a yellow-orange color 

(Suparmi and Leenawaty, 2009). The result on the levels 

of bixin in the treatment of various pH and extraction 

times showed that the pH of distilled water and 

extraction time affected the levels of bixin (Figure 1) 

Norbixin is a pigment component of Bixa orellana 

seeds that is polar and soluble in water. Norbixin is a 

carotenoid with a carboxylic acid structure (Gallardo-

Cabrera and Rojas-Barahona, 2015). The results showed 

that various pH and extraction times affected the 

norbixin levels (Figure 2).  

The highest norbixin content (30%) was produced at 

pH 7 of distilled water for 10 mins of extraction. 

Norbixin is a polar carotenoid. It has a high solubility in 

distilled water. The longer the extraction time, the more 

intense the contact between the solvent and the solute, 

and thus, the more components in the Bixa orellana 

seeds are dissolved. Norbixin solubility is affected by 

stirring during maceration (Aflaki, 2012). Extraction of 

Bixa orellana seeds using acetone produces 

19.19±1.56% of norbixin (Suparmi and Limantara, 

2008). Using acid and alkaline pH distilled water 

resulted in lower norbixin levels than the neutral pH of 

distilled water. It was suspected that at acidic and 

alkaline pH, norbixin was degraded. The results of this 

study are in line with Suparmi and Limantara (2008), 

who reported that the absorbance of norbixin was more 

negligible at pH 4 compared to pH 7. The double bonds 

in carotenoids caused these compounds to be degraded 

by pH (Gallardo-Cabrera and Rojas-Barahona, 2015). 

The double bonds in carotenoids can undergo 

isomerization which causes a structural change from 

trans to cis. Isomerization of carotenoids from trans to 

cis causes carotenoid compounds to be more unstable 

and more susceptible to oxidation which can lead to 

degradation. The results also showed that extraction for 

10 mins at distilled water pH 4 and 9 resulted in lower 

norbixin. 

3.2 Total phenols 

Phenols include various compounds of plant origin 

that have an aromatic ring with one or more hydroxyl or 

methoxy groups (Sanchez-Maldonado et al., 2011) The 

formation of a green or blue-green color when the 

sample is exposed to FeCl3 indicates the presence of 

phenolic compounds (Kamal and Ahmad, 2014). The 

result on the levels of total phenol in the treatment of 

various pH of distilled water and extraction time showed 

that the pH of distilled water and extraction time affected 

the levels of bixin (Figure 3) 

The highest levels of total phenol (2.87 mg GE/mL) 

were produced by extraction using distilled water pH 4 

for 5 mins. The acid of the solvent caused a change in 

ionic strength, which could increase the extraction. 

Phenol extraction from Allium cepa peel resulted in 

higher phenol levels in the pH 5.5 solvent than in the pH 

Figure 1. The bixin content of annatto extracts in the 

variations of pH distilled water and extraction time. The 

experiments were repeated in triplicate. Data was expressed as 

mean±SD of triplicates. Values with different superscripts are 

statistically significantly different by the Duncan Multiple 

Range Test at p < 0.05. 

Figure 1. The bixin content of annatto extracts in the 

variations of pH distilled water and extraction time. The 

experiments were repeated in triplicate. Data was expressed as 

mean±SD of triplicates. Values with different superscripts are 

statistically significantly different by the Duncan Multiple 

Range Test at p < 0.05. 

Figure 3. The total phenol content of annatto extracts in the 

variations of pH distilled water and extraction time. Data was 

expressed as mean±SD of triplicates. Values with different 

superscripts are statistically significantly different by the 

Duncan Multiple Range Test at p < 0.05. 
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 7 and 8 solvents (Machavarapu et al., 2013). Extraction 

using pH 3 and 4 solvents also resulted in higher total 

phenol than pH 7 and 8 but lower than pH 5.5. 

Harbourne et al. (2009), demonstrated the effect of 

solvent pH on phenol extraction from meadowsweet 

(Filipendula ulmaria L.). According to Harbourne et al. 

(2009), increasing the pH of distilled water from 3.9 to 

6.4 helped increase the phenol content. The phenol 

content of pomegranate (Punica granatum L.) peel 

extracted in a solvent of pH 5.5 resulted in higher phenol 

levels than pH 3.5 and 4.5 (Wissam et al., 2012). The 

phenol content in the solvent pH 9 was not different from 

that at pH 4.5. This difference is thought to be due to the 

different compositions of the constituent compounds. 

Total phenol is composed of several compounds that 

have different characteristics. Polyphenols include more 

than 8,000 compounds with great structural diversity 

(although each has at least one aromatic ring with one or 

more hydroxyl groups) (Wissam et al., 2012). They can 

be divided into ten different classes depending on their 

chemical structure. The annatto extract is thought to be 

made up of various phenolic compounds that dissolve 

differently in different pH solvents. Diluting the pH of 

the aquadest solvent produced different polarities and 

thus different levels of total phenol in the annatto extract. 

Increasing the extraction time to 10 mins decreased the 

total phenol content significantly. The total phenol 

content was thought to be degrading as extraction time 

increased. Phenol compounds can be degraded due to 

external and internal factors. Oxygen is one of the 

critical external factors that can cause the degradation of 

phenol compounds. The annatto extraction was 

performed at 80℃ with stirring using a magnetic stirrer, 

which is suspected of causing phenol oxidation and 

degradation at high temperatures. Increase in the strength 

of hydrogen bonds between polyphenols and proteins 

causes the low solubility of polyphenols in organic 

solvents (Wissam et al., 2012). In contrast, adding water 

to organic solvents weakened hydrogen bonds or 

increased polyphenol ionization in the solution, as a 

result, extending the extraction time reduced the total 

phenol content. 

3.4 Flavonoids 

Flavonoids are the largest group of polyphenolic 

compounds, commonly found in plants, and are bound to 

sugars as glycosides and flavonoid aglycones. 

Flavonoids are soluble in polar solvents (Sa’adah and 

Nurhasnawati, 2015). Figure 4 shows that pH and 

extraction time affect flavonoid levels in annatto extract. 

Extraction using pH 9 of distilled water for 10 mins 

produced the highest flavonoid content (3.70 mg/mL), 

while extraction using pH 9 of distilled water for 7.5 

mins had the lowest concentration of 1.19 mg/mL. The 

results also showed that the variation of the distilled 

water pH and the extraction time gave varying flavonoid 

levels. It is suspected that the solvent pH temperature 

and extraction time affect the stability of the flavonoids 

in the extract. The study results by Settharaksa et al. 

(2012) on the flavonoid content of Thai hot curry paste 

extract showed that extraction using acid solvents (pH 4 

and 5) resulted in lower flavonoid levels than extraction 

using pH 6. The low flavonoid level of annatto extract at 

pH 4 is thought to be caused by changes in the structure, 

thereby reducing flavonoid levels. Plant flavonoids are 

generally protein-bound. Acidic pH solvents are thought 

to damage the bond between flavonoids and proteins. 

Flavonoids that are not bound to protein are considered 

to be more easily degraded under acidic conditions. 

 

4. Conclusion  

The distilled water can be used as an alternative 

solvent to extract the annatto pigment. Extraction using 

distilled water by maceration is considered profitable 

because it is easy to obtain, with a low price, and it can 

produce high levels of bixin (61.06%) and norbixin 

(30%) both of which have pigment potential. Extraction 

using distilled water can also extract phenols and 

flavonoids, which have the potential as antioxidants. 
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