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Abstract: Natural colorants are currently appreciated as desired natural products. Even though achiote (B. Orellana) is a valuable 

crop, it is still currently underutilized. Annatto extract retains a natural, nontoxic food colourant that is generally approved and 

used. The mechanical absorption of the bixin pigment from Bixa Orellana seeds has been demonstrated as a direct additive to 

groundnut/peanut oil. The outcomes show that it is possible to efficiently extract this natural dye from Bixa Orellana seeds which 

have a proximate profile of moisture content (6.47 ± 0.03) %, ash content (4.67 ± 0.01) %, carbohydrate (41.83 ± 0.24) %, fiber 

(27.51 ± 0.01) %, and crude lipid (2.21 ± 0.02) in a medium of groundnut oil. The quality of bixa leached groundnut oil was assessed 

through its physicochemical functionalities (colour, pH, specific gravity, free fatty acid, peroxide value, iodine value, saponification 

value, acid value, viscosity, and refractive indices. The percentage differences established before and after extraction were -243.48% 

(Specific gravity), 51.98% (Free fatty acid), 44.89% (Iodine value), 77.35% (Peroxide value), 12.17% (Saponification value), 

23.73% (Acid value),-29.42% (Viscosity) and -119.88% (Refractive index). These developments technically declare that nontoxic 

and natural bixin pigments can be employed in adding value to organic groundnut or peanut oil. 
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1.0   INTRODUCTION  

Bixa Orellana L. (family: Bixaceae), often known as annatto 

or bixa seed, is a tiny tree native to tropical Central and South 

America but now widely scattered across the tropics. It's best 

known for producing the natural color annatto, which is 

recovered from the fruit [1]. The shrub produces pink flowers 

as well as bright red spiky fruits with red seeds. The fruits get 

dry and harden into brown capsules as they age. This is a 2-8 

m tall evergreen shrub with a trunk of about 10 cm in 

diameter, with a slightly bitter orange sap and twigs green 

with minute reddish scales. The leaves are spirally 

coordinated, simple, ovate, and measure 7.5-24 by 4-16 cm, 

deeply cordate at the base. It is longly acuminate at the apex, 

dark green or green above, brownish-green or grey beneath. 

Flowering panicles with a scaly pedicel that thickens at the 

apex and 5-6 bulky glands; sepals 4-5, obovate and free with 

1 to 1.2 cm of elongation, protected by reddish-brown 

scales.Petals are 4-7 cm, obovate at 2-3 by 1-2 cm, purplish, 

pinkish, or whitish-tinged. When mature, they are globular or 

largely lengthened ovoid pods, 2-4 x 2-3.5 cm, compact with 

two thickly covered valves with long greenish-brown, green, 

or red bristles; the seeds are many, obovoid [2]. The name 

'Bixa' originated from a South American local name [3]. It 

retains a high economic value in America (the United States) 

since annatto colorants manufactured from it are considered 

"free from certification" by the Food and Drug Administration 

[4]. Conventional dishes such as rice, cochinita pibil, and 

chicken adopt achiote as an agent of condiment and colorant 

in butter, cheese, popcorn, beverages, and bread. Bolivia, 

India, Peru, Brazil, Mexico, Colombia, Jamaica, Puerto Rico, 

Ecuador, and the Dominican Republic are the top achiote 

producers [5]. 

 

The seeds of the inedible fruit are gathered and can be leached 

by soaking the seeds with abrasion in water. It is offered as a 

solution or granules for culinary purposes and is used to color 

food products such as cheeses, seafood, and salad oil as water 

or oil-soluble annatto extracts are available [6] [7]. To leach 

the color from the pulp, solvents such as vegetable oil, lipids, 

alkali, and alcoholic solutions have been utilized [8]. 

Processes for separating and concentrating the dye include 

acid precipitation, recrystallization, and spray drying in either 

oil or water-soluble forms. Bixin (C25H30O4), the 

dicarboxylic acid of mono-methyl ester carotenoid [9], is the 

major component of the seed coat (80%). The two stable 

forms of bixin were first isolated in 1913 and were originally 

referred to as alpha (α) and beta (β). Similarly, later research 

revealed that the beta and alpha forms were bixin's Cis and 

Trans isomers [10]. 
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               Figure 1. Bixa orellana pod with seed 

 

 

 
      Figure 2. Cis (a) and Trans (b) isomers of bixin 

 

Bixin is reactive and permeable in oils at a concentration of 

0.1 percent by weight, as norbixin’s sodium and potassium 

salts are very soluble in water [11]. Bixin's coloration varies 

with pH, shifting from yellow-orange to pink at lower pH 

levels, while pH does not affect the color's persistence [12]. 

Bixin maintains its stability at temperatures below 100 

degrees Celsius but becomes unstable at temperatures over 

125 degrees Celsius and when exposed to light. Cis-bixin is 

orange in color and unreactive in vegetable oil, but heating 

converts it to the red isomer trans-bixin, which is oil saturated 

[13].Norbixin and bixin are both available in the cis state in 

nature, but norbixin is synthesized when another methyl 

group of bixin is saponified under alkaline settings, and also 

with proteins to produce a peach-red color. A sufficient 

amount of alkali induces the pigmentation to develop a water-

soluble alkali metal salt. In an acidic condition, the saponified 

form of the molecule is transformed and precipitated into the 

insoluble dicarboxylic form [14]. The main methods for 

converting unstable cisbixin to the more stable trans-bixin 

form are light and heat. When bixin is burned in its soluble 

state, it produces a yellow pigment known as (C17H20O4). 

Water solubility is offered by the carboxylic acid component 

of the molecule, whereas oil solubility is provided by the ester 

form [15]. Annatto is widely considered to be a 

microbiologically clean product that is resistant to microbial 

invasion [16]. It is sold by the percentage of bixin (cis) 

content, or "points." The color of the seeds actively depends 

on the plant variety, growing area, manufacturing methods, 

climate or weather conditions, and seed storage conditions 

[17]. The components of annatto coloring compounds have 

been investigated with high performance and advanced liquid 

chromatography [18]. 

Rising temperatures, UV light intensity, availability of 

metallic ions, and molecular oxygen all contribute to annatto 

oxidation color degradation through oxidation [19]. 

According to several studies, the most effective agent for 

producing annatto color removal is light, followed by benzoyl 

peroxide. Hence, the oxidation of annatto is thought to be 

ineffective when it interacts with the air. However, the 

presence of light enhances antioxidants such as ascorbyl 

palmitate, which protect annatto from losing its color [19]. 

Peanut oil is a vegetable oil obtained from peanuts, often 

known as groundnut oil or Arachis oil. It retains a neutral and 

mild flavor with a deeper peanut aroma which is scented when 

produced using roasted peanuts. It is frequently used in 

African, American, Indian, Chinese, Southeast Asian, and 

Chinese cuisines for regular cooking and in frying for taste 

enhancement. It is frequently used in African, American, 

Indian, Chinese, and Southeast Asian cuisines, for regular 

cooking and in frying for taste enhancement. Peanut oil is 

abundant in monounsaturated fat with low saturated fat, 

which may help to reduce cholesterol and avoid heart disease 

[20]. Groundnut oil contains a low proportion of saturated 

fats, a higher fraction of polyunsaturated and 

monounsaturated fats, as well as vital vitamins and 

antioxidant qualities [21]. For consumers and general 

technical applications, oil quality and stability are critical. 

Hence, a rationale for investigating the chemical, physical, 

and nutritional properties of the extract medium with natural 

plant additives such as bisphenols, carotenoids, tocopherols, 

and bixin. Recent and similar studies in this direction include: 

1. Exploiting B.Orellana as a famous form of natural 

colouring and flowering seeds with aqueous extraction [22]. 

2.  B. Orelana seed oil acts as a co-solvent with CO2, thereby 

increasing the solubility to more than ten times that of pure 

bixen, which could be very useful in pharmaceuticals [23]. 

3. Bioactive chemicals extracted from annatto seeds: 

extraction, evaluation, and optimization [24]. 

4. Using response surface methods, artificial neural networks 

were used to mimic the process of microwave assisted natural 

dye extraction from the seeds of bixa Orellana (Annatto) [25]. 

and 

5. Annatto seed powder reveals some antioxidant indices with 

water and fat holding capacity [26]. 

Meanwhile, there is no specific approach to bixa orellana 

extraction in edible groundnut oil with its physicochemical 

implications. 

2.0  METHODOLOGY 

Mature seeds were carefully harvested beside the 

petrochemical laboratory, National Research Institute for 

Chemical Technology Zaria. The groundnut oil was 

purchased from a local market in the Zaria metropolis. The 

chemicals were of analar grade.  

 

2.1 Proximate factors of Bixa seed powder 
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The seed powder was determined for moisture composition, 

fixed mineral residue as ash, fiber, carbohydrate and lipids 

according to AOAC methods [27], [28].  

 

 2.2 Physicochemical characterization of raw groundnut oil 

 Colour, specific gravity, viscosity, free fatty acid, refractive 

index, peroxide, iodine, saponification, and acid values were 

all determined according to standard methods [29].  

 

 2.3 Extraction of bixa leachates  

Extractions of dyestuff from 20 g of the seed per 250 mL of 

the oil sample were carried out below 70oC, aided by 

mechanical abrasion for 60 min for selective leaching of cis- 

and trans- bixin only [30], [31]. 

 

2.4 Bixa leachate characterization.  

The leached oil sample was re-characterized for parameters.  

 

 

 

 

 

 
 

3.0 RESULTS AND DISCUSSION 

               Table 1. Proximate Evaluation of bixa seed  

 
 

The proximate compositions of the bixa seed under the 

working conditions were its moisture, ash, total carbohydrate, 

fiber, and crude lipid content [32]. A significant level of 

moisture, ash, lipid, carbohydrate, and fiber were estimated 

from B. Orellana seeds (Table 1). The percentage moisture 

component is observed to be low and this indicates that it can 

be stored over a long period with less susceptibility to 

microbial attack. [33]. The ash content implies that the plant 

seed contains a higher mineral content and this may be the 

reason for its use in culinary and nutritional applications [34]. 

The crude lipid property of the seeds is validated by the 

present result and it indicates that a Bixa Orellana seed retains 

significant crude fats that still support its culinary uses. 

 

This affirmation was subsequently balanced by the absence of 

very low antinutritional components like saponins, 

glycosides, and tannins [35], [36]. 

The seed's crude fiber represents the insoluble residues by 

acidic and alkaline hydrolysis, which estimates the available 

insoluble lignin and cellulose. The total sugar fraction in 

terms of carbohydrate was also established significantly [37]. 

The identified physicochemical indicators in table 2 were all 

evaluated according to the respective standard methods under 

the working conditions before and after extraction. The 

change in colour before and after extraction declares the 

homogeneity of the bixin dye from the seed with the 

unsaturated fatty acid portion of the groundnut oil [38]. 

Specific gravity is an important technical measure that 

compares the amount of an analyte to the number of water 

molecules at the same volume and temperature. It's especially 

important as it enables non-invasive access to molecular 

activity [39]. According to research, the specific gravities of 

various unsaturated fats vary depending on their molecular 

weights, which are influenced by refining procedures. [40]. 

Hence, a significant difference of-243.48% was recorded 

before and after extraction. The weight fraction of a specific 

triglyceride is known as a free fatty acid. Unsaturated 

available fatty acids in crude fat predict the amount of oil that 

will be lost during fatty acid removal refining stages [41].  

A significant number of triglycerides, particularly linoleic 

acids, are unfavorable in refined oils.. 

 

 

Table 2.  Physicochemical characteristics of natural and bixa 

leached groundnut oil 
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The identified physicochemical indicators in table 2 were all 

evaluated according to the respective standard methods under 

the working conditions before and after extraction. The 

change in colour before and after extraction declares the 

homogeneity of the bixin dye from the seed with the 

unsaturated fatty acid portion of the groundnut oil [38]. 

Specific gravity is an important technical measure that 

compares the amount of an analyte to the number of water 

molecules at the same volume and temperature. It's especially 

important as it enables non-invasive access to molecular 

activity [39]. According to research, the specific gravities of 

various unsaturated fats vary depending on their molecular 

weights, which are influenced by refining procedures. [40]. 

Hence, a significant difference of-243.48% was recorded 

before and after extraction. The weight fraction of a specific 

triglyceride is known as a free fatty acid. Unsaturated free 

fatty acids in crude fat predict the amount of oil that will be 

lost during fatty acid removal refining stages [41]. 

A significant number of triglycerides, particularly linoleic 

acids, are unfavorable in refined oils as they can generate off-

flavors and reduce oil shelf life. In other words, the FFA 

content is a direct predictor of its overall quality, with a high 

concentration of fatty acids lowering the smoke point of oil, 

causing it to 'pop' during cooking [42]. In processed plant oils, 

lower FFA is technically recommended for man in terms of 

consumption [43]. The percentage difference between the 

FFA before (97.25%) and after (46.70%) extraction shows 

that the obtained oil has been positively impacted for 

subsequent use. Iodine value confirms the function of oil and 

fat unsaturation, which is stated in proportion to the level of 

absorbed iodine per 100 gram sample, especially during 

oxidation, which consumes the double bonds and results in a 

reduction in iodine. It's a sign of double bonds in the oil's 

molecular structure, which affects the oil's long-term storage 

and stability. Oils with a high level of iodine number are 

polyunsaturated, suggesting a high degree of unsaturation, 

and are sought after by oil processors, whilst oils with a lower 

iodine number are of inferior quality. [44].The results show a 

value of 96.48g/100g before and 53.17g/100g after extraction, 

with a percentage difference of 44.89%. This is an indication 

that the fatty acid present is unsaturated and a measure of fat 

or oil stability and resistance to oxidation [44]. 

The number of hydroperoxides, which is the index of the 

initial oxidation by-product of an oil sample, is determined by 

the peroxide value, which is a signal of the initial stage of oil 

deterioration. [45]. An initial level of 2.34 and a final level of 

0.53 MeqKOH/g after extraction with a percentage difference 

of 77.35% were achieved. This implies that groundnut oil 

remains much more stable against rancidity, as a peroxide 

value greater than 10 units is considered rancid [46]. 

The saponification assessment represents the form of 

triglycerides that can be esterified into glycerol. It is useful in 
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determining the number, type, and mean weight of acids in a 

particular sample of oil when used in conjunction with acid 

values. It is only of interest if the oil is for industrial purposes, 

as it has no nutritional significance. However, because each 

fat has a fixed fatty acid composition within biological 

fluctuation, determining the saponification value is a fair way 

of defining the sample of the oil. [47]. 

The results reveal a higher initial saponification value of 

191.52 and a final 168.21 mgKOH/g after extraction with a 

12.17 percentage difference. The milligram of potassium 

hydroxide necessary to nullify the fatty acid in a gram of oil 

is referred to as the acid value. Its measurement is frequently 

used as a general indicator of the oil's quality and edibility. 

This is attributable to a rise in acidity, which is accompanied 

by the formation of unpleasant flavors and odors. [48]. 

Therefore, the natural groundnut oil sample declares an initial 

acid value of 0.59 and a final 0.45 mg/KOH after extraction 

with bixin dye leachate. 

 

3.0    CONCLUSION   

Bixa Orellana offers a range of potential for the food and 

pharmaceutical industries, beyond its currently established 

role as a colourant and additive for feed. Its seed proximate 

constituents are a direct source of carbohydrates, lipids, fiber, 

and minerals (insoluble ash content). Hence, the nontoxic and 

natural aesthetic capacity of bixin in groundnut oil has been 

established with the stated physicochemical indices. 

Apparently, the leached bixin in the groundnut oil reveals 

some significant modifications to the physicochemical nature 

of the oil. Hence, the leachate tends to be more valuable in 

technical nutritional applications. Similarly, it is also used 

worldwide in products like sugar, margarine, soft drinks, 

confectionery, ice cream and animal products. 

The future work with annatto dye is to comparatively evaluate 

the physicochemical values of other edible oils. 

Viscosity is a measurement of the internal cohesiveness of oil, 

better known as its resistance to flow. Oils with a low 

viscosity rate are known for their low cohesion ability, which 

illustrates a low barrier to flow. High viscosity sample oils are 

distinguished by molecules with a stronger cohesive ability to 

flow [49]. 

It is a crucial factor in calculating the oil's condition or its 

capacity to lubricate internal components, separate contact, 

and minimize friction. The causes of the increase may be due 

to oxidation, polymerization, carbon build-up (Soot), 

contaminants, anti-freeze, water ingress, and the addition of a 

wrong oil type and/or decreases in fuel dilution, sheering 

down of the viscosity index, thermal cracking, and 

overextended oil drain periods. 

The initial point of 0.6530 and the final point of 0.8451 (X 

10-4 m2/s) after bixin extraction at a percentage difference of-

29.42% were estimated. These imply a high cohesive 

interaction between the triglyceride molecules and the bixin 

compound. The index of refraction within a medium 

represents a measurement of how light travels through it. 

At typical conditions, the refractive factor is inversely related 

to the light that penetrates, leading to a corresponding 

significant shift in the balance of the light through the material 

[50]. However, in oil chemistry, it signifies the possibility of 

rancidity developing in the oil. 

The higher the refractive index, the greater the risk of 

oxidative spoiling [50]. It's a crucial optical characteristic for 

analyzing light rays as they pass through a material's medium. 

The initial level of 1.4631 was mobilized to 3.2170 with a 

percentage difference of-119.88%. 
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