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Abstract: Evaluation of the behavior of geometric properties of local cultivars of cowpea seed to changes 
in moisture content like any other biomaterial is important to local technicians in the designing and 
development of their harvesting, handling and processing machinery.  Three sample of known cultivars 
namely Iron beans (Sample A), Brown beans (Sample) and Kananado (Sample C) were purchased from 
the local market in the study area, then all unwanted materials and bad seed moved. Moisture content 
of all three sample of was adjusted to 12%, 18% and 24% moisture content levels respectively. Seed 
dimension (Length, Width and thickness) was measured using a digital Vanier caliper then, values 
obtained was used to compute geometric shapes such as surface area, volume, percentage sphericity, 
arithmetic and geometric mean. All three experiment was conducted in three replicates at 0.05 significant 
levels. Summaries of all ANOVA results show that interactive effect between all three cultivars at 
different levels of moisture content was not significant at P≤ 0.05). But there is significant difference on 
the sizes of a given cultivar and between the three cultivars at different moisture level.      
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INTRODUCTION 
Cowpea (Vigna unguiculata) is an important grain legume, a major staple food crop for household 
nutrition in sub-Saharan Africa, especially in the dry savanna regions of Nigeria. Cowpea commonly 
popularly called beans as its household name by local farmers is Nigeria’s most consumed   grain legume 
and described with different varietal names. Cowpeas were domesticated in Africa [1] and are one of the 
oldest crops to be farmed. A second domestication event probably occurred in Asia, before they spread 
into Europe and the Americas. The seeds are usually cooked and made into stews and curries, or ground 
into flour or paste. Most cowpeas are grown on the African continent, particularly in Nigeria and Niger, 
which account for 66% of world production.  Cowpeas are cultivated on 12.5 million hectares million acres) 
of land, have a worldwide production of 3 million tonnes and are consumed by 200 million people on a 
daily basis [2].  Insect infestation is a major constraint to the production of cowpea, sometimes causing 
over 90% loss in yield [3].   
A study that involves grains respond to adjustment of moisture content is very essential in computing 
design parameters of agricultural equipment used in grain material handling processes. So, it is 
significant to determine physical (size and shape) properties of agricultural produce because they play an 
important role in designing and developing of specific handling and processing activity.  
Cowpea  is  one  of  the  most  economically  and  nutritionally  important  indigenous  African  grain 
legumes  produced  throughout  the  tropical  and  subtropical  areas  of  the  world  (GATE,  2008).In 
Africa,  despite  the  values  of  cowpea,  the  methods  involved  in  its  production,  harvesting  and 
shelling are mostly manual. For instance, shelling is done by pounding in a mortar with a pestle or 
spreading the  dried crop  on the floor  where it is  beaten with a  stick (Dauda, 2001).  Most  of the 
imported shelling machineries are very costly and hence beyond the reach of Nigerian small-scale 
farmers. Some have been found unsuitable for shelling the local varieties (Adewumi et al., 2007).  
If there has to be increased production of cowpea, farmers have to be provided with the means by which 
their  products  can be processed  with  minimum drudgery, cost  and  achieving good quality products. 
Despite the economic potential of cowpea little is known about the physical properties of some  of  its 
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varieties  though  many researchers  such  as;  Alonge  and  Adigun  (1999),  Adigun  and Alonge (2000), 
Oje et al., (2001), and Alonge (2003) carried  out  studies  on physical  and  mechanical  properties of  some 
agricultural  products.  This study was  therefore  carried out  to  determine  the  basic  geometric (length,  
width,  thickness,  geometric mean  diameter,  arithmetic  mean  diameter,  mass,  and  volume),  complex  
geometric  (sphericity, roundness, surface area, true density, bulk  density, and porosity), and  some 
mechanical (angle of repose,  coefficient  of  friction  and  crushing  strength)  properties  of  four  different  
varieties  of cowpea for the purpose of multi crop shelling machine design. 
Cowpea  is  one  of  the  most  economically  and  nutritionally  important  indigenous  African  grain 
legumes  produced  throughout  the  tropical  and  subtropical  areas  of  the  world  (GATE,  2008).In 
Africa,  despite  the  values  of  cowpea,  the  methods  involved  in  its  production,  harvesting  and 
shelling are mostly manual. For instance, shelling is done by pounding in a mortar with a pestle or  
spreading the  dried crop  on the floor  where it is  beaten with a  stick (Dauda, 2001).  Most  of the 
imported shelling machineries are very costly and hence beyond the reach of Nigerian small-scale 
farmers. Some have been found unsuitable for shelling the local varieties (Adewumi et al., 2007).  
If there has to be increased production of cowpea, farmers have to be provided with the means by which 
their  products  can be processed  with  minimum drudgery, cost  and  achieving good quality products. 
Despite the economic potential of cowpea little is known about the physical properties of  
some  of  its varieties  though  many researchers  such  as;  Alonge  and  Adigun  (1999),  Adigun  and 
Alonge (2000), Oje et al., (2001), and Alonge (2003) carried  out  studies  on physical  and  mechanical  
properties of  some agricultural  products.  This study was  therefore  carried out  to  determine  the  basic  
geometric (length,  width,  thickness,  geometric mean  diameter,  arithmetic  mean  diameter,  mass,  
and  volume),  complex  geometric  (sphericity, roundness, surface area, true density, bulk  density, and 
porosity), and  some mechanical (angle of repose,  coefficient  of  friction  and  crushing  strength)  
properties  of  four  different  varieties  of cowpea for the purpose of multi crop shelling machine design. 
Lack of adequate and technical knowledge about the physical and mechanical property of farm produce 
may reduce the functional precision locally developed equipment for handling, Processing, threshing and 
cleaning operations for rural farm dwellers within the study area. This is however linked with poor 
machine efficiency and high amount of losses during harvesting and post-harvest farm operations. 
Indirectly this discourages farmers from getting involved in mechanized agricultural production and may 
also be a main factor for high cost of production. Traditional method of farm operations which is time 
consuming and affects output and quality of crops, such as cowpea becomes the most preferred systems 
adopted by most farmers. The desire to increase output which also result in more labour requirement and 
financial investment for all farm operations, remains far beyond the reach of majority of local farmers. 
Many problems associated with the design of a specific machine or analysis of the behavior of the 
materials during production, handling and processing requires the knowledge of mechanical and physical 
properties of the farm produce. A study of the physical and mechanical properties will stand as a basic 
knowledge to local technician in the development of machine for sizing, sorting, and grading, separation 
operation for agricultural produce. 
The objective of this study is therefore to experimentally investigate some physical properties of three 
common cowpea cultivars within the study area. The properties for investigation include the size (length 
and width), sphericity, weight, and volume, and, moisture content, bulk, and true densities.  

MATERIAL AND METHOD 
In this experimental work, three local varieties of cowpea namely (iron beans, brown beans and Kananado 
Fari) which represent the common types of cowpea cultivated within the study area. Each cultivar 
Samples of the selected cultivars of cowpea was procured from the weekly market in the study area since 
the research work is aimed at assisting local technician with useful information needed in the 
construction of local equipment for handling and processing activities. After purchase, each of the samples 
was cleaned from all forms of unwanted materials, broken and bad seeds. Each of the samples was further 
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divided into four and a sample of 10 kg from each grain lots were taken and used at a moisture content 
between 9–10% to determine their physical and properties. The initial moisture content of each cowpea 
sample at the time of purchase from the local market was determined by using digital grain moisture 
meter with model number JGL-188. 

STUDY AREA 
Bali Local Government Area with its secretarial at Bali town is one of the sixteen Local Government 
Areas of Taraba State, a north eastern state in Nigeria. It has an area of 9,146 km2 
 and a population of 208,935 at the 2006 census.The area is generally situated on the banks of the upper 
course of River Taraba at about 150km from Jalingo the state headquarters.  The Federal Polytechnic, 
Bali.is the only government owned higher institution in the town. 

MATERIALS 
The study was carried out using local cultivars of cowpea namely: (Iron beans to be identify as sample A, 
brown beans as sample B and Kananado as Sample C). An electronic balance was used in this study for 
measuring the weight of all the samples.  An electronic digital Vernier caliper with a minimum scale 
reading of 0.1mm and a measuring range of 0- 150mm was used for measuring the dimensions of the 
cowpea seed. A Digital grain moisture meter JGL-188 hygrometer with measuring probe was used in 
measuring the moisture content in percentage of the studied three cultivars of cowpea seeds on wet basis. 

METHOD 
The entire experiment was conducted to determine and compute the geometric properties of three 
cultivars of cowpea seed cultivated and available within the study area. Grain dimensions (length, width 
and thickness) was obtained for computation of surface area, volume, geometric diameter, arithmetic 
diameter and percentage sphericity. All the experiments were replicated three times and values were 
recorded. The seed moisture content value at the time of purchase from the market was determined using 
a digital moisture meter. Three samples of 10kg each from all the three local cultivars was collected and 
subjected to moisture adjustment of 12%, 18% and 24% wet base respectively. A portion of each cultivar 
was placed in a plastic bag. Calculated amount of water was added into each of the portion of seed and 
placed into a separate polythene bag and sealed [4]. The grain was allowed to absorb the moisture for a 
specific period of (30 to 180minutes). After the waiting period, the moisture content was observed using 
the moisture meter. The process was repeated until the desired moisture level is reached. The amount of 
water to be added was obtained using the expression below, 

𝐷𝑟𝑦 =
𝑊𝐸𝑇 × (100 − 𝑃𝑊)

100 − 𝑃𝐷
 

Where; - 
Dry = Dry grain weight in kilograms 
Wet = Wet grain weight in kilograms 
PW = Percentage moisture content wet base 
PD = Percentage moisture content wet base 
The linear dimensions of each sample of all three cultivars were determined by selecting twenty (20) 
grains randomly from each of the three cultivars at each moisture level and the three main dimensions 
of each grain, namely, length (L), width (W) and thickness (T) were measured using a digital Vanier 
caliper. The size was used to calculate the volume (V), geometric diameter (Dg), arithmetic diameter (Da), 
percent of sphericity (S) and area of surface (AF) of the individual seeds. The following equations were 
used to calculate the values of the above-mentioned properties:[5][6][7]: 
𝑉 =  

గ


(𝐿𝑊𝑇) , mm3 
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𝐷𝑔 = (𝐿𝑊𝑇)ଵ/ଷ   , mm 

 𝐷𝑎 =
(ାௐା்)

ଷ
  , mm 

  𝑆 =  
(ௐ்)భ/య


× 100  , % 

   𝐴 =  
గ

ସ
𝐿𝑊 , mm2           

Where:  
L= length of seed in mm; W= Width of seed in mm and T = thickness of seed in mm 
Data collected from the experiment to determine all the geometric properties was analyzed using Two-
Factor ANOVA With Replication and gragh. 

RESULT  
Table 1: Showing result of three cultivars of cowpea seed percentage sphericity at three different 
moisture content 

 

 
Table 2: Showing result of Arithmetic diameter of three different cultivars of cowpea seed at three 
different moisture content 
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Table 3: showing result of Geometric Mean of three different cultivars of cowpea seed at three different 
moisture content  

 

 
Table 4: showing result of Volume of three different cultivars of cowpea seed at three different moisture 
content 
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Table 5: showing result of surface area of three different cultivars of cowpea seed at three different 
moisture content      

 

 

DISCUSSION OF RESULT 
The data in Tables 1-5 above shows the percentage sphericity, arithmetic mean diameter, geometric mean 
diameter, volume and surface area of cultivars of cowpea seed. All these dimensions presented here are 
important in selecting and designing a suitable size of screen perforations and in the determination of 
proper method during grading and separation of grains. The graph shows that that for optimum 
performance of any handling and processing machine, the design parameters are common for two of the 
cultivars that is sample B (Brown Beans) and sample C (Kananado Fari) and at 12% moisture level there 
is less variation in the sizes of all three cowpea cultivars mentioned above. 
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The summaries of all ANOVA results show that interactive effect between all three cultivars at different 
levels of moisture content was not significant at P≤ 0.05). But there is significant difference in the sizes 
of a given cultivar and between the three cultivars at different moisture level. The increase or changes 
observed in the linear dimensions and sizes of three local cultivars in this study with increase in moisture 
content may be due to increase in the volume of the grains as moisture content increases. [6] and [8] have 
reported similar observations for both cowpea varieties and rice seed at different moisture ranges 
respectively. 

CONCLUSION 
Below are conclusions at the end of this investigation:  
 The sizes of the three cultivars of cowpea are related to their moisture contents and responds to in 

moisture content in the moisture content range of 12 to 34% wet base. However, there is a significant 
difference among the three cultivars.  

 All three local cultivars in this investigation shows a significantly with their physical properties at 
different levels of moisture content with the exception of surface area which is slightly not significant 
in respect to variation in moisture content. 

 When designing the screen of a thresher or other processing and handling equipment, the average 
value of the geometric sizes of all three local cultivars of cowpea should be considered for functional 
precision and reduction in seed damage. 
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