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Abstract: The Celosia Argentea is a tender and leafy vegetable, which is propagated by seed. There is dearth 

of information on it engineering properties needed for development appropriate handling of the seed. Bulk 

density, true density, porosity, angle of repose and coefficient of static friction on five structural surfaces 

(plywood, glass, mild steel, galvanized steel and stainless steel) were determined using standard methods. The 

moisture content was varied between 10.28 and 18.07% (db) across the properties studied. It was observed that 

within this moisture range, bulk density and true density decreased from 0.745 to 0.665 g/cm3 and 1.454 to 

1.387 g/cm3 respectively. Within the moisture range of 10.28 and 14.07% (db), porosity slightly increased from 

48.36 to 50.29% while it later decreased to 47.45% at 18.07% (db) moisture. Angle of repose increased from 

15.36 to 21.88
o
 within the moisture range of 10.28 – 18.07% (db). The coefficient of static friction determined 

on five structural surfaces showed a decreased from 0.5229 to 0.2056 with increased moisture content for all 

the contact surfaces. There exist a strong relationship between the properties and the moisture content as 

expressed by the regression model.   

Keywords:  Celosia Argentea Seed, Structural Surface, Angle of Repose, Density 

 

I. Introduction 

 Celosia Argentea is a tender and leafy vegetable rich in protein, vitamins and minerals belonging to a 

broad family of Amaranthaceae. It is known as Celosia, Lagos spinach, soko yòkòtò (“make husband fat” in 

Yoruba),  áláyyohuó (in Hausa). The leaves are edible, are useful in soup, and stew preparations. The leaf and 

stem is cut into smaller sizes cooked with powdered melon, shrimps, fish, meat, sauce and seasoning ingredient 

to make a delicious Yoruba soup called „Efo elegusi‟ which is eaten with cassava flour, pounded yam or rice.  

Celosia Argentea seeds are extremely small; 1000-seed weight is 1.0 - 1.1 g [1].The flowers producing 

the seed are hermaphrodites. They are propagated by seeds grown on raised beds, ridges or flat beds either 

directly sown or transplanted. It grows best in full sunlight, well-drained area and tends to have short production 

cycles, require intensive labour but few purchased inputs [2]. Because of it high yields produce with strong 

nutritional value and demand, it is grown in large commercial quantity in Nigeria becoming a source of income 

for farmer especially during dry season. To promote food security and health related issue, the Federal 

Government of Nigeria introduce the dry season faming through its „Fadama‟ farming programme with major 

focus on indigenous vegetable like Celosia Argentea.  

Planting by broadcasting is a normal practice is south western Nigeria. These process waste seed and 

encourage high plant density, weed management and low yield. However, [3] recommend a spacing of 10cm x 

10cm for uniformity, crop management and high yield. To achieve this spacing, a planter needs to be developed. 

With large scale indigenous cultivation and high commercial demand of Celosia Argentea, some engineering 

properties of its seeds are important in many problems associated with the design of mechanized planter. The 

first point of call in the engineering properties is the physical properties which are basically dependent on some 

variables like moisture content. Moisture content is said to have a great influence on engineering properties 

biomaterial ([4],[5],[6], [7]). However, there is dearth of information on its engineering properties possibly 

because of the size and shape of the seed; this will enhance the development of machines to be used in 

processing into products, storage and handling of the seeds. The main objective of this study was to determine 

some engineering properties of Celosia Argentea seed, which would enhance the designing of specific machines 

for processing, storing and handling of the seeds. 

 

II. Methods And Material 
Freshly harvested Celosia Argentea seeds were sourced from Federal College of Agriculture, Moor 

Plantation, Ibadan, Nigeria and stored using black polythene bag kept inside a refrigerator until when used for 

this study. The engineering properties determined were moisture content, true density, bulk density, and 

porosity, angle of repose and coefficient of static friction. The methods adopted for estimating these engineering 

parameters are detailed as follows: 
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 Moisture Content (MC): This was determined using [8] standard. The samples were weighed to the 

nearest 0.01g by using electronic weighing balance (Mettler Toledo). Samples were oven-dried in 

Department of Agricultural Engineering, Obafemi Awolowo University, Ile-Ife laboratory oven (uniscope 

laboratory oven, model: Sm9053) at 105
o
C for 24 hours and afterwards, cooled in a desiccator and 

reweighed. Moisture content was expressed in dry basis using the equation (1): 

    (1)  

Where:  is the Mass of the sample before oven dried (g),  is the Mass of the sample after oven dried 

(g),  (% db) is the Percentage of moisture in the sample in dry basis 

 

2.2Seed Conditioning: This study was carried out within the moisture range of 10.28 - 18.07 % db. The amount 

of water added (Q) to condition the grains to the desired moisture level was determined by making use of  

Equation (2) : 

                           (2) 

Where: Q is the Mass of water to be added (kg), A is the initial mass of sample (%), a is the initial 

moisture content of sample (% db), b is the final (desired) moisture content of sample (% db).. 

2.3.Bulk density (ρb): The bulk density was determined using the mass/volume relationship [9]. Determination 

was by filling an empty topless cylindrical container of predetermined volume and tare weight with seed to the 

brim by pouring from a constant height, the top level was strike off and weighed. The measurement was 

replicated five times for each of the sample and computed using relation as follows: 

                                                   (3) 

2.4.True Density (ρt): The true density (particle density) is defined as the ratio of the given mass of a matter to 

its volume. The volume and hence the density was determined by water displacement method as described by 

[10]. A measuring cylinder was filled with toluene to certain level, about 10grams of Celosia Argentea seed and 

known mass was submerged in the cylinder resulting in rise in the level of toluene. The true density was thus 

calculated for each of the five replications from the relation as follows:  

                                                       (4) 

2.5.Porosity: Porosity is the fraction of the space in the bulk grain which is not occupied by the grain. It is a 

property of the grain, which depends on its bulk and particle density. It was calculated from the percentage 

average values of bulk and true densities. The porosity was computed using the relation given by Equation (5): 

    (5) 

2.6.Angle of repose (θ): The dynamic angle of the repose was determined using a squarely constructed box as 

described by [11]. The box was filled with seed and the front panel was quickly removed which allows the seed 

to flow to its natural slope. The angle of repose was calculated from tangent inverse of ratio of the height to the 

base of the pile, which is given as Equation (6): 

                                (6) 

Where:  is the angle of repose (degrees), h is the height of the free surface of the seeds and l is the 

length of the heap formed outside the box. 

 

2.7.Coefficient of Static Friction: The coefficients of static friction (µ) of the samples were determined on five 

surfaces (plywood, mild steel, galvanized steel, glass and stainless steel). The samples were place on inclined 

plane apparatus and an incorporated screw jack was gently tilted to the table until the frictional force between 

the sample and the surface was overcome by gravity and just start to moved down the slope. The angle of 

inclination was read from the graduated protector attached to the sliding table. This was replicated five times 

each for different surfaces. This is computed from Equation (7): 

                (7) 

Where:  is the coefficient of static friction and  is the angle of tilt in degrees 

 

III. Results And Discussion 
The summary of results for bulk density, true density and porosity at different moisture content level 

are presented in Table 1 

 

3.1.Bulk Density:The bulk density of Celosia Argentea seed decreased from 0.745 to 0.665 g/cm
3
 as the 

moisture level increased from 10.28 to 18.07% (db) (Table 1). The reduction in the bulk density at high moisture 

content could be attributed to the fact that an increase in mass due to moisture gain in the sample was lower than 

the accompanying volumetric expansion of the seeds [12]. Similar decreasing trend in bulk density has been 
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reported by [13] for Pea seed, [14] for some legumes seeds, [15] for millet and [12] for karanja kernel. 

Logarithmic relationships described the bulk density ( dependence of moisture content MC, as shown below: 

 
The knowledge of bulk density are needed in determination of the weight of seeds in the hopper. The 

bulk density of seeds is also useful in the design of silos and storage structures. 

 

3.2.True Density: The true density of Celosia Argentea seed decreased from 1.454 to 1.387 g/cm
3
 as the 

moisture content increased from 10.28 to 18.07% (db) (Table 1). The result of true density (greater than density 

of water that is 1 g/cm
3
) indicates that the seed is heavier than water hence the seeds will not float in water.  A 

similar trend of true density for other seed also was found for pomegranate seed [16] and Tef seed [17]. The 

moisture  dependence of the true density  was described by a linear equation as follows: 

 
This knowledge is useful in the design of cleaning and separation machines and also relatively useful in 

computing product yield and throughput in processing machinery. 

 

3.3.Porosity: The porosity of Celosia argentea seeds was found to increase, initially from 48.36 to 50.29% at 

moisture range of 10.28 to 14.07% (db) and later decreased to 47.45% at 18.07% db moisture as shown in Table 

1. The result shows a non-linear relationship of porosity with moisture content. This could be attributed to the 

expansion and swelling of seeds that might have created more voids between the seeds and increased bulk 

volume. This is also exhibited in the reduction of bulk density with an increase in moisture content. Many 

researchers such as [18] (millet) observed a related trend of increase in porosity with increase in moisture 

content.The values of porosity are dependent on the bulk and true densities. The variation in porosity P with 

respect to varying moisture content  can be represented by the following polynomial equation. 

                          

 Data on porosity are needed in the design of aeration systems during storage and the number of seeds 

that will enter a hollow seed tube of the planter. 

 

3.4. Angle of Repose: The effect of moisture content on the angle of repose of Celosia Argentia seeds are 

shown in Figure 1. The angle of repose of Celosia Argentia seed was found to increase as the moisture content 

also increases. The values of angle of repose increased from 15.36 to 21.88
o
 as against the moisture content 

from 10.28 to 18.07% (db). This increasing trend of angle of repose with moisture content occurs because 

surface layer of moisture surrounding the particle hold the aggregate of sees together by the surface tension [12]. 

Related trends were observed by [19] for faba bean grains, and [20] for Jatropha seed. The angle of repose  for 

Celosia Argentia seed showed exponential relationships with moisture content: 

 
Data on angle of repose may be used to design size of conveyor belt for transporting agricultural 

materials and also useful for design of hopper.  

 

3.5.Coefficient of Static Friction:The coefficient of static friction of Celosia Argentia seed on the five 

structural surfaces (plywood, glass, mild steel, galvanized steel and stainless steel) against moisture content in 

the range of 10.28 to 18.07% (db) was found to decrease in Figure 1. It was observed that the coefficients of 

static friction decreased with increase in moisture content for all contact surfaces. The coefficient of static 

friction of Celosia argentea seed is a function of its angle of inclination. The decrease in friction coefficients at 

high moisture content may be because the surface of the seeds got smoother at high moisture content and the 

sliding characteristic of the seeds improved. At all moisture content, the maximum friction was offered by 

plywood while the minimum friction was observed with stainless steel. 

The least static coefficient of friction may be owing to smooth surface of the stainless steel. However, 

[21] observed similar trends for Sorghum seeds, [12] for pigeon pea, linseed and fuzzy cotton seed([22];[23]). 

The relationships between coefficient of static friction  and the moisture content  on plywood (p), glass (g), mild 

steel (m), galvanized steel (gs) and stainless steel (s) can be represented by the following linear equations: 

 

 

 

 

 
Data on coefficient of friction is useful in the design of hopper and in selecting appropriate materials 

for different units of machinery especially the components requiring flow of the seeds. The design of the 
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container for storage such as silo and for loading and unloading during handling such as hopper is dependent on 

the knowledge of the friction properties.  
 

IV. Conclusion 

The conclusion drawn from the research on effect of moisture content on some engineering properties 

of Celosia Argentia seed showed that bulk and true density decreased with increase in the moisture content 

while porosity showed a non-linear relationship. The angle of repose was found to increase with increased 

moisture content. The coefficient of static friction of Celosia Argentea seed decreased in order of plywood, 

galvanized steel, mild steel, glass and stainless steel with increase in moisture content. The research revealed 

that there are differences in size characteristics of Celosia argentea seed and also there was a huge variability in 

moisture content among the samples at initial condition. The work provides a database for the design and 

construction of processing and storage equipment. 

 

Table 1: Density and Porosity properties of Celosia Agentia seed at different moisture content  
      Moisture content (%db)   

Properties of Seed N 10.28 12.08 14.07 16.07 18.07 

Bulk Density (g/cm3) 5 0.7454±0.0032* 0.7068±0.0081 0.6873±0.0039 0.6746±0.0013 0.6657±0.0030 
True Density (g/cm3) 5 1.4541±0.1404 1.4116±0.1305 1.3869±0.0877 1.3291±0.1918 1.3869±0.1146 

Porosity  (%) 5 48.36±0.04.83 49.56±4.88 50.29±3.20 48.39±8.10 47.45±5.88 

*standard deviation 

 

 

 
Figure 1: Effect of Moisture Content on Angle of Repose of Celosia Argentia Seed 

 
Figure 2: Effect of Moisture Content on Coefficient of Static Friction of Celosia Argentia Seed.  
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