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Abstract 
The present research work was performed to explore the engineering properties of annatto (Bixa orellana 

L.) fruits and seeds in dried large and small variety. The geometric properties (length, breadth, thickness, 

arithmetic mean diameter, geometric mean diameter, sphericity, aspect ratio and surface area), 

gravimetric properties (bulk density, true density and porosity) and frictional properties (angle of repose 

and static coefficient of friction) were determined for small pods, large pods, small seeds and large seeds 

of annatto fruit by following standard methods. The moisture content of dried annatto fruits were ranged 

from 11.27 to 9.36% (w.b.) and for the seeds 6.67±1.5% (w.b.). The average arithmetic mean diameter of 

large pods was 30.33±3.19 mm and for small fruits was 23.49±2.29 mm. The true density, bulk density 

and angle of repose were also determined for small and large pods and seeds. The coefficient of friction 

was maximum (0.53±0.05) for small annatto pods in cardboard surface and minimum (0.14±0.057) for 

large dried pod in rubber surface. These properties finds application in developing a power operated 

decorticator to ease the separation of seeds from annatto pods without losing its valuable pigment present 

in its seed coat. 

 

Keywords: Annatto pods, annatto seeds, physical properties, gravimetric properties, frictional properties, 

decorticator 

 

1. Introduction 

Annatto (Bixa orellana L.), is a historical multifunctional plant also known as Achiote or 

Lipstick Tree in Central and South America due to the reddish-orange pigment found on its 

seeds. Native to South and Central America, the Bixa orellana L. plant is also grown in 

Mexico, Peru, Ecuador, India, Indonesia, Kenya, and East Africa (Elias et al., 2002; Hirko & 

Getu, 2022) [8, 12]. An estimated 60% of the world's annatto is produced in Latin America, 

followed by Africa (27%) and Asia (12%) (Giuliano et al., 2003; Kang et al., 2010) [11, 13]. At 

present, the annual annatto production is nearly 30,000 tonnes which accounts for 11.8% in 

global market share for carotenoid (Kapoor & Ramamoorthy, 2021) [14]. 

The annatto pigment present in bright crimson pulp that covers the seeds (Giuliano et al., 

2003; Kang et al., 2010) [11, 13]. The pigments in annatto comprise of major pigments namely 

bixin and norbixin along with minor compounds (Scotter, 2009) [24]. The FAO has suggested 

annatto extracts (Bixin and Norbixin) as a natural food additive (FAO, 2006) [9]. Being an apo 

carotenoid, annatto possesses various health advantages. It functions as an antioxidant and 

lowers the risk of eye-related issues as well as cancer, heart disease, and other degenerative 

diseases (Rivera-Madrid et al., 2016; Balakrishnan et al., 2021) [22, 6].  

The commercial methods used for extracting the carotenoid pigment from dried annatto seeds 

are direct extraction using oil or aqueous alkali, or indirect extraction using solvents (Preston 

& Rickard, 1980; Kang et al., 2010) [21, 13]. An oil or solvent based extraction produces a 

colorant that is mostly Bixin (Mortenson et al., 2008; Kang et al., 2010) [19, 13]. Norbixin is the 

aqueous alkali soluble pigment used as a colorant mainly in dairy industries (Giuliano et al., 

2003; Mortenson et al., 2008; Kang et al., 2010) [11, 19, 13]. 

According to MAFF (Ministry of Agriculture, Fisheries and Food, 1987 & 1993) [16,17], annatto 

was the most widely used natural colour additive in the UK, where per capita consumption 

was calculated to be 0.065 mg per kg of body weight per day based on pure colour component, 

or roughly 12.5% of the Acceptable Daily Intake (ADI). In terms of their modes of application 

to a variety of food products, the usage levels are necessary to get the desired colour shades 

(Collins, 1992; Levy & Rivadeneira, 2000; Scotter, 2009) [7, 15, 24].  
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The annatto tree can grow to a height of 3-5 m or even to 

10m. The fruits are mostly heart shaped bi-valved (capsules), 

possesses seeds on each side of the capsules (Akshatha et al., 

2011) [2]. 

The capsules are covered with bristles which are soft when 

they are immature. At the time of maturation, the bristles 

around the pods turn into stiff and hard. An average of 30-60 

numbers of seeds may found in each fruit (Alonso, 2004) [4]. 

The average length and breadth of the seeds are 0.3-0.5 cm 

and 0.2-0.3 cm. The shapes of the seeds differ from pyramidal 

to nearly conical (Vilar et al., 2014) [26]. 

The dried annatto pods are traditionally beaten on the ground 

or in a bag with a stick to separate the annatto seeds. As a 

result, extraneous material is eliminated by screening and 

winnowing; nevertheless, caution must be exercised to 

prevent abrasion, which could lead to the loss of colour 

present in the seed coat (Math et al., 2016) [18]. Mechanization 

is suggested to overcome the loss of valuable pigments during 

manual separation of annatto seeds. Hence, efforts had been 

taken in this study of determining the engineering properties 

of annatto to develop a decorticator for annatto. 

 

2. Materials and Methods 

2.1 Raw materials  

Annatto fruits were procured from Forest College and 

Research Institute, Tamil Nadu Agricultural University, 

Mettupalayam, Tamil Nadu, India. The fruits were harvested 

manually as bunches, once the fruits were matured and dried. 

Based on the size of the fruits it is categorized as small and 

large fruits (varieties). The engineering properties of the pods 

and seeds were analysed to develop a decorticator to separate 

the seeds from the pods. For pods, pods along with seeds 

accounted for the analysis. In case of seeds, only seeds were 

considered for analysis. 

 

2.2 Moisture content  

According to Indian Standard methods for the analysis of 

oilseeds (IS:3579), using a hot air oven at a temperature of 

105±1 °C for 24 hours, the moisture content of annatto seeds 

and pods was determined (Math et al., 2016) [18]. The mean 

moisture content in wet basis was calculated using the 

equation suggested by Orhevba et al. (2016) [20]. To represent 

the moisture content in dry basis the relationship equation (2) 

was used as stated by Sahay and Singh (1996) [23]. 

 

Moisture content (w.b.) % = 
 Wi−Wf

Wi
× 100  (1) 

 

Moisture content (d.b.) % = 
M(wb)

100−M(wb)
× 100 (2) 

 

Where, 

Wi- Initial weight of the sample (g), WF- final weight of the 

sample (g), M (w.b.) - moisture content in wet basis (%), M 

(d.b.) - moisture content in dry basis (%). 

 

2.3 Physical properties 

To design and develop a decorticator, to DE shell the pods 

and to separate the seeds, the geometrical and gravimetric 

properties of pods and seeds were analysed. 

 

2.3.1 Geometrical Properties  

The average size of the pods and seeds was determined by 

measuring their length (l), breath (b) and thickness (t) using a 

digital vernier caliper having 0.01mm accuracy. The 

arithmetic mean diameter (Da), sphericity (φ) and geometric 

mean diameter (Dg) were determined using the standard 

equations followed by Ahangarnezhad et al. (2019) [1]. This 

helps to design the hopper opening, and screen size and shape, 

and to determine the clearance between the roller and the 

concave netted unit 

 

Da = 
(𝑙+𝑏+𝑡)

3
      (3) 

 

Dg = (𝑙𝑏𝑡)
1

3      (4) 

 

φ = 
𝐷𝑔

𝑙
× 100     (5) 

 

Where, 

l- Length of the pods or seeds in mm, b- Breadth of the pods 

or seeds in mm¸ t - Thickness of the pods or seeds in mm. 

 

The aspect ratio (Ro) was calculated with the values of length 

(l) and breadth (b) of the pods and seeds. The general 

equation to calculate the aspect ratio given by Unal et al. 

(2017) [25] and Ahangarnezhad et al. (2019) [1] was followed. 

 

Ro = 
𝑏

𝑙
× 100     (6) 

 

The surface area (As) of the pods and the seeds was calculated 

using the formula (7).This helps to find the capacity of the 

developed machine. 

 

As= πDg
2     (7) 

 

2.4 Gravimetric properties 

The properties like bulk density, true density and porosity of 

the dried annatto pods and seeds were analysed. The average 

bulk density of pods and seeds was determined using standard 

mass by volume ratio method. In a known volume of the 

container the samples are filled without any compaction until, 

it occupies the total volume of the container then the mass of 

the sample is measured. This gives the bulk density of the 

material. 

 

Bulk density (ρb) = 
Mass of the material,kg

Volume of the container,m3  (8) 

 

The average true density was measured using water 

displacement method (Aviara et al., 2007) [5]. The equation 

follows the volume of water displaced to the mass of the 

material added. 

 

True density (ρt) = 
Mass of the sample,kg

Volume of water displaced, m3 (9) 

 

The porosity was determined using the bulk and true density 

relationship as mentioned in equation (10). 

 

𝜀 = 1 −
𝜌𝑏

𝜌𝑡
× 100    (10) 

 

2.5 Frictional properties 

Frictional properties like angle of repose and static coefficient 

of friction were studied for the annatto pods and seeds. These 

properties give a clear idea for the material selection while 

developing a machine. 

https://www.thepharmajournal.com/


 
 

~ 1285 ~ 

The Pharma Innovation Journal https://www.thepharmajournal.com 
2.5.1 Angle of repose  

To determine the internal friction between the samples, and to 

understand flow of the material; the samples are discharged 

from a certain height to a known diameter of a circular base to 

form a heap. The angle of repose was measured as per the 

angle formed between the base and slope of heap formed on 

the base plate. The standard formula suggested by Alibas and 

Köksal (2014) [3] was used for this study. 

 

α = tan−1 (2h)

D
     (11) 

 

Where, 

Α-angle of repose (°), h- height of the heap (mm) and D- 

diameter of the circular base plate (mm). 

 

2.5.2. Static coefficient of friction 

To choose a suitable material for fabrication of the 

decorticator, friction between the samples and different 

surface materials should be examined. The static friction was 

analysed with different base materials like rubber, cardboard, 

stainless steel, Aluminium and mild steel. It was calculated 

using the formula (12) given and followed by Sahay and 

Singh (1996) [23]. 

 

µ = 
F

Nf
      (12) 

 

Where, 

µ- coefficient of static friction, F- frictional force offered by 

the sample (N) and Nf - normal force (N). 

 

2.6 Statistical analysis 

The engineering properties of the samples were analysed at 

replicate; the mean and standard deviation of the observed 

data were analysed using SPSS version 16.0. An independent 

t- test was analysed for the different varieties of the fruits and 

seeds. The significant difference among the samples was 

tested at probability level of 5% (p<0.05). 

 

3. Results and Discussion 

The moisture content of dried pods of both the varieties (large 

and small) was in the range 11.27 to 9.36% (w.b.). The 

number of seeds in the large and small fruits was about 30-40 

and 20-30 seeds, respectively. These observations are in 

accordance with the report made by Vilar et al. (2014) [26] and 

Math et al. (2016) [18]. Dried seeds of both the fruits variety 

had the moisture content around 6.67±1.5% (w.b.). 

 

3.1 Physical properties of dried pods and seeds of large 

and small fruits  

The mean length, breadth, thickness of dried large and small 

pods were 39.32±3.02 mm, 37.36±1.59 mm, 23.27±1.43 mm 

and 32.41±4.25 mm, 31.64±2.57 mm, 18.33±2.44 mm, 

respectively. In case of the dried seeds of the large and small 

fruits there is no significant difference in breath and thickness. 

The mean length, breadth and thickness of the dried seeds 

were 4.8±0.36 mm, 3.32±0.4 mm and 3.17±0.5 mm, 

respectively. 

There is a significant difference at 5% (p<0.05) level in 

arithmetic mean diameter and geometric mean diameter of the 

dried pod and seeds. Since, it is based on the diameter of the 

sample. In terms of sphericity, surface area, volume and 

aspect ratio of dried seeds and pods, there is no significant 

difference between large and small fruits. The surface area of 

large and small pods were 3309.84 and 2224.24 mm2; for 

large and small seeds the average values were 32.90 and 

43.34 mm2. 

Figures 1-4 represent the arithmetic mean diameter, geometric 

mean diameter, sphericity and aspect ratio of dried pods and 

seeds. 

 

3.2 Gravimetric properties of annatto fruits 

The bulk densities of large and small pods were 25.766 kg/m3 

and 47.93 kg/m3, respectively. The true density of both large 

and small pods was 1000 kg/m3. The porosity of large and 

small pods dried were 95.21 and 97.4%, respectively. 

 

3.3 Frictional properties of annatto fruits 

The angle of repose for large and small pods were 41.669 and 

44.425°, seeds of large and small annatto pods had 37.23 and 

37.19°, respectively. The coefficient of friction was 

performed using different surfaces namely aluminum, 

stainless steel, rubber, cardboard and mild steel. Among that, 

dried small seeds had high coefficient of friction in all 

surfaces than small pods, large pods and large seeds. For 

aluminum surface, the small annatto seeds had the highest 

coefficient of friction (0.54±0.042) and the large pods had the 

minimum value of 0.26±0.010. For stainless steel, the small 

seeds had the maximum (0.42±0.01) and large pods had the 

minimum value of 0.26±0.095. The highest (0.47±0.001) and 

the lowest (0.14±0.057) value for coefficient of friction using 

rubber was obtained by small seeds and large annatto pods, 

respectively. Using cardboard material, the small pods 

obtained the highest value of 0.53±0.05 and the large pods 

had the lowest value of 0.48±0.03. For mild steel, small seeds 

obtained the maximum value of 0.41±0.018 and the large 

pods obtained the minimum value of 0.27±0.03. Averages of 

all observed values are given in Table 1. 

 
Table 1: Coefficient of friction of large and small annatto pods and 

seeds 
 

Materials 
Large Annatto Fruits Small Annatto Fruits 

Pods Seeds Pods Seeds 

Aluminum 0.26±0.010 0.41±0.003 0.28±0.05 0.54±0.042 

Stainless steel 0.26±0.095 0.40±0.076 0.28±0.02 0.42±0.01 

Rubber 0.14±0.057 0.46±0.040 0.17±0.045 0.47±0.001 

cardboard 0.48±0.05 0.50±0.01 0.53±0.05 0.50±0.01 

Mild steel 0.27±0.03 0.39±0.01 0.29±0.05 0.41±0.018 
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Fig 1: Arithmetic and geometric mean diameter of large and small annatto pods 

 

 
 

Fig 2: Sphericity and aspect ratio of large and small annatto pods 
 

 
 

Fig 3: Arithmetic and geometric mean diameter of large and small annatto seeds 
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Fig 4: Sphericity and aspect ratio of large and small annatto seeds 

 

4. Conclusion 

The engineering properties of annatto pods and seeds were 

determined as a function of moisture content, with the range 

between 81.4-82.83% (w.b.) and 9.37-11.27% (w.b.), 

respectively. The major dimensions of seeds are the length, 

breadth, thickness, arithmetic mean diameter, geometric mean 

diameter, mean sphericity, aspect ratio, and surface area were 

found to higher for the large annatto pods than the small 

annatto pods. The aspect ratio of small seeds obtained from 

small annatto pods was higher than the seeds from large 

annatto pods. The findings of frictional and gravimetric 

properties will be useful for studying the complete 

engineering properties of annatto to design the processing 

machineries for annatto. 

 

5. Future scope 
The data obtained from this comparative study between the 

large and small annatto pods and seeds whose engineering 

properties will be useful to design and develop the processing 

and handling machineries for annatto especially decorticator 

to get an improved yield of pigments from seeds and to 

prevent its loss during the manual handling and separation of 

seeds from annatto pods. 
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