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Abstract: A review of Instrumentation and Evaluation Process of some Engineering 

Characteristics of Grain Crops and Utilization for Mechanized Production and Processing 

in Nigeria was conducted. Various related works which were relevant to the study were 

explored and used for the review. Proper evaluation and utilization of engineering 

characteristics of grain crops would enhance the design and/or development of equipment 

which would effortlessly boost up the production and post-harvest handling/processing 

process of grain crops and minimize unnecessary damage/loss of the seeds. The review 

revealed that moisture content had great influence on the engineering properties of grain 

kernels. Results of researchers showed an increase in mass of coriander seed from 8.89 to 

9.826 g when the moisture content was increased from 8.5 % to15.89 % (w.b.); angle of 

repose increased from 25.5 to 31o with increase of moisture content from 8.5 % to 15.89 

% (w.b.). The coefficient of friction for various surfaces increased with the increase in the 

moisture content while the bulk density decreases with the increase in moisture content.  
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Furthermore, the compression force required to initiate grain kernel rupture decrease with 

the increase in moisture content. Thus, the deformation at the grain rupture increases as 

the moisture content increases.  

Results from the review indicated a decrease in fracture forces range from 63 t0 38 N for 

IT86D-I0I0, 64 to 40 N and 70 to 46 N, respectively for IAR-339-1 and Ife Brown cowpea 

varieties at moisture content varying from 15 to 30 % (w.b).  

The review further showed that most studies were focused on a few grain crops and that 

data on engineering properties obtained for various grains seeds vary from one crop to 

another and from one variety to another.  

This variation requires studies of engineering properties of different types and varieties of 

grain crops at different moisture content levels that would guide farmers, processors and 

designers/manufacturers of machine tools in developing and selecting appropriate 

machines for their operations at any level in order to increase their production at reduced 

loss or damage of the seeds. 

 

Key words: Grain crops, engineering properties, instrumentation,  

evaluation, machines, processing 

 

INTRODUCTION 

Grain crops such as maize, rice, sorghum, cow pea, pigeon pea, beans, wheat etc. 

constitute the staple food of a large chunk of the population in Nigeria and many other 

regions of the world. They are also responsible for about sixty percent by weight of most 

livestock feed formulation. The importance of grain crops in the economy of Nigeria 

cannot be over emphasized; but despite their nutritional and economic values, much 

attention has not been given to mechanization of their production (planting/ sowing and 

harvesting) and post-harvest handling especially in the rural areas. For instance, in Nigeria, 

harvesting of pigeon pea and other related grain crops are done by manual picking and 

breaking of the dry mature prods. This method is tedious, tasking, time consuming and 

limits pigeon pea production [1]. Cutting of mature pigeon pea stalks and feeding into a 

whole shoot/stalk thresher to extract the seeds is a better method of harvesting as 

recommended by [2] and [3]. Ordinarily, grain crops can best be harvested using combine 

harvester which cut and threshes the mature stalks/pods bearing the grains. This 

mechanized method of processing grain crops cannot be achieved without the knowledge 

of some engineering properties of the crops such as physical, mechanical and aerodynamic 

properties of the grain kernels, stalks and hulls for chaff separation from the grains 

(winnowing). Furthermore, processing of the grain crops which may include cutting the 

mature stalk, threshing, cleaning, cooking, drying, mechanical milling, grinding and 

general handling of the grains require the knowledge of some engineering properties such 

as physical, mechanical, biological, thermal, optical, aerodynamic and electrical 

properties. It is based on these properties that processing machines and handling operation 

could be designed for efficiency and to obtain the highest quality of the end product with 

minimum damage of the seeds [1]. Authors [4] reported that grain crops are been 

underutilized because of the fact that its mechanization in terms of processing has not 

received any attention in Nigeria; because little is known about the engineering properties 

of the grain kernels.  
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Author [5], noted that, the increase in food production coupled with the complexity of 

modern technology for their production, handling, processing, storage, utilization 

marketing and development of new varieties demands the knowledge of physical and 

mechanical properties of these biomaterials; this is because from the production units on 

the farm down to the consumers, food materials are subjected to various physical, 

mechanical and to some extent electrical devices [1].  

Mechanization of the processing operation of agricultural products influences the 

quality, quantity and storability of agricultural materials especially in size reduction.  

The nature and extent of the influence are dependent on the physical and mechanical 

properties of the materials [6].  

Mechanical planting, harvesting and post-harvest handling of grain crops should be based 

on the knowledge of the physical and mechanical characteristics of the grains. Mechanical 

damages to grains which occur in sowing, harvesting, threshing, and general handling of 

the material are attributed to the poor knowledge of the physical and mechanical properties 

of the grains in design of machines that handles the various operations. Previous works by 

Authors [7] and [8], revealed the need for adequate information on the physical and 

mechanical properties of biomaterials under static or dynamic loading.  According to [6] 

such information is an essential step in any work relating to the processes of size 

reductions and prevention of mechanical damages during physical handling, processing, 

packaging and storage of these materials. Author [9] in the report of their study on “some 

properties of palm kernel and shell relevant in nut cracking and product separation” added 

that the properties of some agricultural materials are needed as base line data in optimal 

design of machines to handle the product. Authors [10] noted that the development of any 

machinery for harvesting and processing of agricultural material depend greatly on the 

physical and mechanical properties of such agricultural products. Authors [11] maintained 

that physical and mechanical properties of agricultural products are the most important 

parameters required to determine the standards of design of product handling; processing 

and packaging systems. Autor [12] added that physical properties of granular solids are 

essential to design appropriate, efficient, and economic bulk solids handling and storage 

equipment. Authors [13] posited that, engineering properties are important in problems 

associated with the design of machines and the analysis of the behavior of the product 

during agricultural process operations such as handling, planting, harvesting, threshing, 

cleaning, sorting and drying. According to them, solutions to problems of these processes 

involve proper evaluation/knowledge of the physical and other engineering properties of 

the seed kernels. For instance, bulk density, true density, and porosity can be useful in 

sizing grain hoppers and storage facilities while distinctive shapes and sizes of the grains 

as may be identified by the values of sphericity and size distribution pattern can be 

effectively utilizes for the selection of sizes and shapes of screans that can be employed in 

mechanical separation of grains [10]; [1]. Design of grain harvesting and handling system 

requires the determination of friction coefficient between grain and structural surface in 

contact with the grain [14]; [15]; [16]. 

Due to some differences in the engineering properties of crops coupled with the 

varietal differences and proximate compositions, characteristic data of the various 

agricultural crops is very essential for machinery design and selection; the characteristic 

data are the essential parameters for sowing, harvesting, processing, handling and/or 

packaging of various bio-products.  
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But regrettably information on the engineering properties of some grain crops is not 

available to farmers and manufacturers of the processing machines in Nigeria, to guide 

them in the design and development of these machines. Agricultural machines and 

equipment are imported into the country to aid the various governments' mechanization 

policies [6]. 

 At the moment, the cost of importation of agricultural machinery has been sky rocketed 

due to the deflation of the local currency and most farmers especially in the rural areas 

cannot afford the cost, and to operate within such a bad economic condition, farmers and 

processors of this agro-products should be knowledgeable of the engineering properties of 

individual crops to enable them design and fabricate or develop machines that will aid 

them in handling the production process of the crops. 

 The objective of this work is to review the instrumentation and measurements of 

engineering behaviors of grain crops for improved in-field, post- harvest processing and 

handling operations of the crops. 
 

POTENTIAL IMPACT OF SOME ENGINEERING PROPERTIES OF 

BIOMATERIALS IN MACHINE DESIGN/DEVEOPMENT AND SELECTION 

 

Author [11] noted that, physical and mechanical properties of agricultural products 

are the most essential parameters required to determine the criterions of design of product 

handling; processing and packaging systems. The knowledge of some physical properties 

such as shape, size and density is valuable in designing the planting, threshing and grading 

process equipment. Author [17] noted that, in the cultivation procedure, from planting to 

transportation, the size, shape and mechanical behaviors of seeds or grains should be 

ascertained for selecting appropriate types of machinery for harvesting, separating, sizing 

and grinding. Previous study by [18] stated that mass and size values are vital for 

broadcasting machines. Authors [19] and [20] noted that, grain volume and surface area 

ought to be known for developing drying apparatus, and frictional characteristics of the 

grain are required for designing the conveyors and hoppers.  

According to Author [21], mechanical properties of a material are those properties 

that involve a reaction to an applied load. Frequently, food materials are subject to forces 

(loads) when they are processed. They noted that, deformation Force evaluation and 

material deformation features such as compression, elongation, twisting are the function 

of applied load, time, temperature, and other condition. Results of such tests according to 

them are used for engineering design (for instance, failure theories based on strength, or 

deflections based on elastic constants and component geometry) and quality control either 

by the materials producer to confirm the process or by the end user to verify the material 

specification and quality. Mechanical properties are equally used to categorize and 

identify material. The properties considered for food material are strength, failure force, 

failure deformation, fracture or rupture force, deformation, bioyield, inflection, stiffness, 

stress index, toughness, modulus of elasticity and modulus of deformability. 

The aerodynamic properties are basically applicable in the pneumatic separation, 

conveying and handling of biomaterials during processing while the knowledge of some 

physical properties such as moisture content, size, surface area, bulk density, shape, 

volume, and weight affect the aerodynamic behaviours of biomaterials [6].  
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Proper cleaning, i.e. separation of the grain kernels from the hulls and stalks during 

threshing operation requires the knowledge of some physicals and aerodynamic 

characteristics of grain crops, hulls and stalks.  

This will enable the engineers to include a cleaning mechanism (Winnower or blower) 

in the design of grain whole stalks and hulls of the mature grain crops without damage to 

the grain kernels during threshing [22]. 

 

EFFECTS OF MOISTURE CONTENT ON SOME  

ENGINEERING PROPERTIES OF GRAIN CROPS 
 

Studies from researchers [23]; [11]; [24]; [25]; [26]; [27]; [13] revealed that most 

physical properties of grain seeds increase with increase in moisture content.  

Authors [21], observed an increase in mass of coriander seed from 8.89 to 9.826 g when 

the moisture content was increased from 8.5 % to15.89 % (w.b.); angle of repose increased 

from 25.5 to 31o with increase of moisture content from 8.5 % to 15.89 % (w.b.). The 

coefficient of friction for various surfaces increased with the increase in the moisture 

content. Others followed the same trend except the bulk density (Figure 1) that decreased 

with the increase in the moisture content. 

 

 

 

 

 

 

       

 

 
Figure 1. Effect of moisture content on bulk density of coriander seeds, [21] 

 

Furthermore, the compressive force required to initiate grain kernel rupture decrease 

with the increase in moisture content (Figure 2). Thus, the deformation at the grain rupture 

increases as the moisture content increases [22]; [21]; [27]. Author [28] noticed seed 

hardness at range of 6-8 kgf for 20 different varieties of cowpea at moisture content 

varying from 9 % to 12 % while [27] observes a decrease in fracture forces range from 63 

t0 38 N for IT86D-I0I0, 64 to 40 N and 70 to 46 N, respectively for IAR-339-1 and Ife 

Brown cowpea.  This implies that grain kernels are sensitive to moisture content.  
 

 

 

 

 

 

 

 
 

 

 
 

Figure 2. Effect of moisture content on seed hardness of cowpea, [27]. 
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In the case of aerodynamic properties of grain kernels, the terminal velocity of the 

kernels increases with the increase in the moisture content while the drag coefficient 

decreases with the increase in moisture content. Research conducted by [29] showed that 

the terminal velocity of paddy and white rice for each variety increased as the moisture 

content increased (Figure 3). 

On the other hand, the drag coefficient of the rice varieties for paddy and white rice 

gradually decreased from 0.57 to 0.53o, 0.50 to 0.48o, 0.71 to 0.63o and 0.68 to 0.61o, 

respectively, as the moisture content level was increased from 5 to 37 % (w.b.) (Figure 4). 

According to [30], the terminal velocity of pistachio nut and its kernel was found to 

increase as the moisture content was increased from 4.10 to 38.10 % (w.b.).  

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Figure 3. Effect of moisture content, % (w.b.) on terminal velocity 

 of paddy and white rice grain kernels, [29]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Figure 4. Effect of moisture content, % (w.b.) on drag coefficient 

 of paddy and white rice grain kernels, [29]. 
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INSTRUMENTATION AND EVALUATION OF PHYSICAL, 

MECHANICAL AND AERODYNAMIC PROPERTIES OF GRAIN SEEDS 

  

Sample Preparation 
 

The grains are cleaned to remove stones, dirt, dust, broken seeds, foreign and 

unwanted matters from the sample of the grain kernels. 

 

Determination of Physical Properties 

In order to obtain data on the physical properties of grain crops, parameters such as 

the moisture content, shape, size (geometric mean diameter, GMD), sphericity, roundness, 

surface area, roundness, volume, bulk density, specific gravity, true density, porosity, 

mass of products and friction against various surfaces have to be determined [31]; [1]. The 

knowledge of shape, size and density is valuable in designing the planting, threshing and 

grading process equipment. Size of the grains is determined by measuring the length, 

breadth, and thickness [21]; [32] and [33]. The frictional properties such as the angle of 

repose and the coefficient of friction are important properties in design of seed bins and 

other storage structures including the compressibility and flow behavior of materials [33]; 

[34]. Some convention designed and/or specially developed instruments/equipment are 

used by various researchers to determine the various engineering properties of grain crops.  
 

Determination of Size  

The venier caliper, micrometer screw gauge or a travelling microscope reading to an 

accuracy of ± 0.01 mm can be used to measure the three dimensions (major diameter, 

minor diameter and thickness) (Figure 5) of the grains selected randomly at same or 

different moisture content levels.  Readings obtained are used to evaluate the size of the 

grains using Equation (1) [35]; [36], [22]; [21] 

 

                    GDM = (abc) 1/3                               …….. (1) 

 

Where: GMD = size, mm; a = major diameter, mm; b = minor diameter, mm  

and c = thickness, mm of the grain kernels. 

 

 

 

 

 

 

 

 

 
 

Figure 5. Three major dimensions of grain kernel, [13]. 

      

Note: L = a (major diameter), W = b (minor diameter) and T = C (thickness)    
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Determination of shape and sphericity 

  

The shape of grain crops is assumed to approximate to a sphere. The sphericity 

is used to determine the shape.  

Sphericity is a measure of how close a material is to being spherical.  

It has to do with how round the grains are, and is determined using the expression 

given in equation 2 by [37]. 
 

                 𝑆𝑝ℎ𝑒𝑟𝑖𝑐𝑖𝑡𝑦, % =  
𝐺𝑀𝐷

𝑎
                   …….. (2) 

 

Where: 𝐺𝑀𝐷 = Geometric Mean Diameter, mm and 𝑎 = major diameter, mm 

 

According to [38], sphericity can also be calculated by using the following expression 
 

φ = (LWT) 0.333                        ……... (3) 
 

Where, φ = sphericity, %, L = length, mm; W = width, mm; T= thickness, mm. 
 

Determination of Mass 
 

The mass of individual sample of the grain crops is measured using an electronic 

weighing balance of 0.00l g sensitivity [21]. 

 

Determination of Volume 

The volume of the grains can be determined by using specific gravity method. In 

this method, the weight of the grains at different moisture content levels are 

determined in air using an electronic weighing balance of 0.001g sensitivity and in 

water using the specific gravity bottle and the volume computed using Equation (4) 

[13]; [1].  
 

     Volume (cm3) = 
𝑤𝑒𝑖𝑔ℎ𝑡 𝑖𝑛 𝑎𝑖𝑟 (𝑘𝑔)−𝑤𝑒𝑖𝑔ℎ𝑡 𝑖𝑛 𝑤𝑎𝑡𝑒𝑟 (𝑘𝑔)

𝑤𝑒𝑖𝑔ℎ𝑡 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟 (𝑘𝑔𝑐𝑚−3)
            …… (4) 

 

Alternatively, the volume of grains can be determined experimentally using water 

displacement method, as given by [39]. A displacement device may be constructed 

using a coated metal with a flow path created closer to the top. Water is poured into 

the device until it reaches the flow point. The excess water is being allowed to flow 

out until it stops. The grains is put inside water proof nylon and placed in the 

displacement device. An amount of water is displaced and is collected and its value 

read from a measuring cylinder. The volume of the displaced water is taken as the 

volume of the tuber.  
 

According to [21], the volume of grains can also be calculated using Equation (5). 

 

 V =  
𝜋𝐵2𝑋2

6(2𝑋−𝐵)
                                                        ……….. (5) 

 

Where: B = (YZ) 0.5; X = a (Length or major diameter), mm;  

Y = b (Width or minor diameter), mm; Z = c (Thickness), mm. 
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Determination of Surface Area        

 

The surface area of grain seeds can be calculated using Equation (6) as suggested by 

[27]; [13] and [40].   

  

S = πDg
2                                                                      ...…….. (6)  

Where S = surface area (mm2), Dg = geometric mean diameter (mm). 

 

Determination of True Density 

 

The true density of the grains can be determined by taking the ratio of the mass 

and the volume of the grain samples according to [6] and [41]. 

 

𝜌𝑠 =  
𝑚

𝑣
                                                                             …….. (7)  

Where:  𝜌𝑠 = True density (gcm-3); m = mass of grains, g  

 v = volume of grains, cm3 

 

Determination of Bulk Density 

The bulk density is the ratio of the mass of a sample of a seed to its total volume. Bulk 

density of the grains can be determined by weighing the grains filled in a 

container of known weight and volume. The grains are placed such that it fills 

the container to the brim and then it is weighed in an electronic weighing balance 

of 0.001g accuracy. The volume of the container is determined by filling a measuring 

cylinder of known volume with water and then pouring the water into the container 

until it fills the container. The volume of water poured into the container serves as the 

volume of that container. The bulk density of the grains is then calculated using 

Equation (8), according to [6].  

𝜌𝑏 =  
𝑀𝑏

𝑉𝑐
                                                                          …….. (8)  

Where:  𝜌𝑏 =Bulk Density of the grains (gcm-3);  𝑀𝑏=Bulk Mass of the grains (g) 

  𝑉𝑐 = Volume of the container (cm3) 

 

 Determination of Porosity 

 

Porosity can be calculated  from  the  values  of bulk  density and  true  density 

based  on  the relationship stated by [6], [41] and  [13]. 

 

Po = 1 − 
𝜌b

ρt
  × 100                                                                …….. (9)  

 

Where:   Po = Porosity of the grains, %; 𝜌b= Bulk Density of the grains, gcm-3  

ρt = True Density, gcm-3 
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Determination of Moisture Contents 
 

The oven-dry method of moisture content determination can be used to determine the 

moisture content of the grain samples. The oven temperature was set at 105oC for 24 hours 

[21]. The weight of initial samples of seeds and the weight of oven-dry samples of the 

same seeds are determined in the laboratory and the moisture content is evaluated from 

Equation (10) according to [12]. 
 

MC = 
𝑊𝑠−𝐷𝑠

𝐷𝑠
  x 100%                                                        ..…….. (10) 

 

Where: MC = moisture content of the seed grains, % (w.b);  

WS = weight of initial seed grain samples, kg and  

DS = Wight of oven-dry seed grains, kg. 
` 

To vary the moisture content of the sample, the randomly selected quantity of grain 

seeds is dried down to the desired moisture content. To obtain higher moisture content, 

calculated amount of distilled water is added using the following Equation [20]; [41];  

[21]. 

   Q = 
𝑊𝑖 (𝑀𝑓−𝑀𝑖)

100−𝑀𝑓
                                                  ………….. (11) 

 

Where: Q = quantity of water added (mL); WI = initial mass of sample (g);  

Mi = initial moisture content, % (d.b.); Mf = final moisture content, % (d.b.) 
 

Then the conditioned grain seeds are preserved in air tight and moisture resistant 

polyethylene bags; and stored at 5oC in a refrigerator for 7 days to ensure homogeneous 

distribution of moisture all over the bulk grain seeds [34]; [11]. 
  

Determination of Angle of repose  
 

The angle of repose is determined by using a known size of plywood box with a 

removable front panel. The box is filled with the sample, and then the front panel is swiftly 

removed, making the seeds to flow and assume a heap with regular slope (Figure 6). The 

angle of repose is calculated from the measurement of the height of the free surface of the 

sample at the centre, using Equation (12) [42]; [43]; [21]; [13]. 
 

Ø = tan-1( 
ℎ

𝑏
)          …….. ….(12) 

 

 

 

 

 

  

   
 

Figure 6. Angle of repose of grain seeds 
 

Where: Ø = angle of repose, degrees; h = height of the grains, mm,  

              b = 
1

2
 base covered by the grain samples, mm. 
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MECHANICAL PROPERTIES 

 

Compression Test 

 

The quasi-static plate compression tests can be performed using the Monsanto 

Tensometer (Plate 1) according to [44] to determine the force-deformation characteristics 

along the major, minor and intermediate axes of the seeds at the desired moisture content 

levels. In the method, grain seeds whose diameters are already determined are placed 

individually using a laboratory thumb on the compression jaws or grips, ensuring that the 

centre of the tool is in alignment with the peak of the curvature of the seed. Force is applied 

while turning the load arm of the testing machine at desired rate of speed (0.5 – 3.5 mms-

1) and the grain loaded to point of rupture. This is accompanied by the corresponding drop 

on the force-deformation graph (Figure 7), which is plotted concurrently by the cursor of 

the tool and its attached needle, which punctured the graph sheet at frequent intervals; thus 

recording the force produced by joining the successive punctures showing force-

deformation curve of the seed. Bio-yield point and the rupture points are measured at 

different loading positions and moisture contents in the process. 

 

 

 

 

 

 

 

 

 

 
Figure 7. Force-deformation curve for biomaterials, [6]. 

   P1 = Inflection point; DP1 = Deformation at inflection point 
 

 

 

 

 

 

 

 

 

 

 
 

 

Plate 1. Honsfield Monsanto Tensiometer (Source: Civil Engineering Department, UNN) 

 

Alternatively, the Instron universal testing machine with Load cell of 500 N to  an 

accuracy of 0.5 N sensitivity can be used (Figure 8) ([27]; [45]. The seeds are placed 

between two aluminum jaws of the tool and pressed at 0.5 mms-1 speed until rupture point 

is reached.  
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The force-deformation curves are recorded by the computer and the rupture force is 

determined. 

 

 

 

 

 

 

 

 

 
Figure 8. Universal test machine, [13]. 

 

Determination of compressive strength 

 

The compressive strength of the seeds is computed using Equation (13) 

                     𝛾𝑐 =
𝐹𝑐

𝐴
            ……….. (13) 

Where: 𝛾𝑐 = compressive strength (Nmm-2); Fc = maximum load at fracture (N) 

A = cross sectional area of specimen (mm2) 

 

Determination of stiffness  

 

Stiffness modulus is evaluated using equation 14 as given by [6] 

SM = 
Fmax

Dmax
                                               ……….. (14) 

 

Where: SM = Stiffness modulus, Nmm-2; Fmax = maximum breaking force, 

 N and Dmax = maximum deformation at breaking point, mm  

 

 

Determination of Toughness  

 

Toughness is the amount of work or energy required to bring about rupture in a 

material. It is determined by computation of the area under the force deformation curve 

before rupture, expressed as: 

β = 
𝑅𝑓

𝑉𝑚
                 ……….. (15) 

Where:  β = Toughness, kNmm-2, Rf = rupture force, kN and  

Vm = volume of material, mm3  

 

Determination of Deformation 

 

Deformation which is the relative displacement of points within a body as a result of 

an applied force is determined by measuring the increase in the three characteristic 

dimensions of the seeds. 
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Determination of Static coefficient of friction  
 

The static coefficient of friction for grain seeds may be determined with respect to 

three selected surfaces (plywood, mild steel and glass). A glass box of known dimensions 

(length, width and height) without base and lid is filled with sample and placed on an 

adjustable tilting plate, faced with test surface. The surface is raised gradually until 

cylinder started to slide down. The angle of inclination is read from graduated scale and 

the static coefficient of friction is evaluated based on Equation (16) [18]; [27]; [13].  
 

μ = tanα                                                          ….……….. (16) 
 

Where: μ = Static coefficient of friction,  α = angle of inclination, degree 
 

In an alternative, the coefficient of friction of grain seeds maybe determined against four 

metallic surfaces, made of mild steel, galvanized iron, stainless steel and aluminum 

according to the method described by [32]; [46] and [21]. 

 

AERODYNAMIC PROPERTIES 

The aerodynamic characteristics of grain seeds may be determined according to the 

methodology described by [47] as adopted by [22] 
 

 

Determination of terminal velocity 

Terminal velocity is determined experimentally following the method of [47] or 

mathematically using the relationship according to [48] and  [49]     

 Vt = √
2𝑚𝑔    

ρACd 
                       …..……….. (17) 

 

Where: Vt = terminal velocity ms-1; m = mas of seeds, g;  

ɡ = acceleration due to gravity, ms-2; Cd = drag coefficient;  

ρ = density of the fluid through which the grain is falling, gcm-3 and  

A = surface area of grain seeds, mm2. 

The drag coefficient, Cd is evaluated using the expression described by [48]  

                            𝑐𝑑  =  
2𝐹𝑑

𝜌𝜇2𝐴 
                                      ……………….. (18) 

Where, Fd = drag force,N; ρ = mass density of the fluid, gcm-3,  

μ = flow speed of the object relative to the fluid, ms-1 ,  

A = reference area, cm2. 

 

CONCLUSIONS 

 

Information of the engineering properties of grain crops and their characteristics under 

different moisture content levels are of considerable importance when designing tools to 

be used proficiently for sowing, post-harvest processes and handling of the grains. 

Grain kernels are sensitive to moisture content.  

 

 

https://en.wikipedia.org/wiki/Drag_coefficient
https://en.wikipedia.org/wiki/Density
https://en.wikipedia.org/wiki/Drag_%28physics%29
https://en.wikipedia.org/wiki/Mass_density
https://en.wikipedia.org/wiki/Flow_speed
https://en.wikipedia.org/wiki/Area
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Thus, the compressive force required to initiate grain kernel rupture decrease with the 

increase in moisture content. The terminal velocity of the kernels increases with the 

increase in the moisture content while the drag coefficient decreases with the increase in 

moisture content. Most physical properties increase with the increase in moisture content 

except the bulk density of the seeds. 

The aerodynamic properties are basically applicable in the pneumatic separation, 

conveying and handling of biomaterials during processing. Proper cleaning during 

threshing operation requires the knowledge of some physicals and aerodynamic 

characteristics of grain crops, hulls and stalks. 

 

RECOMMENDATIONS FOR FUTURE STUDIES 

The following recommendations are made for future studies: 

I. Differences exist in engineering properties among different types and varieties of 

grains seed crops; it is therefore recommended that studies should be conducted in every 

grain crop to obtain data on their engineering properties based on moisture content which 

will guide farmers, processors and manufacturers of machines in  designing and/or 

selecting proper machines that would suit their production/processing process  of grain 

crops for increased production at reduced damage/loss of the seeds. 

II. Studies of the engineering properties of grain crops should be strictly based on 

moisture content since moisture content has great influence on the engineering properties 

of grain kernels and grain seeds are very sensitive to moisture.  

III. Farmers, and users of the machinery should strictly use the engineering 

characteristics data of the seeds in selecting proper machines for their operations to avoid 

damage/ loss of the seeds during operation. 
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Apstrakt: Urađen je pregled procesa ispitivanja i evaluacije rezultata nekih 

inženjerskih karakteristika zrna žitarica i korišćenje za mehanizovanu proizvodnju i 

preradu u Nigeriji. Različiti slični radovi koji su bili relevantni za studiju su istraženi i 

korišćeni za ovaj pregled. Pravilna procena i korišćenje inžinjerskih karakteristika žitarica 

bi unapredila dizajn i/ili razvoj opreme koja bi bez napora unapredila proizvodnju i proces 

ubiranja ili prerade žitarica posle žetve i minimizirala nepotrebno oštećenje/gubitak 

semena/zrna.  

Ispitivanjme je utvrđeno da sadržaj vlage ima veliki uticaj na inženjerske osobine zrna. 

Rezultati istraživača su pokazali povećanje mase semena korijandera sa 8,89 na 9,826 g 

kada je sadržaj vlage povećan sa 8,5 % na 15,89 % (v.b.).  Ugao trenja je povećan sa 25,5 

o na 31o uz povećanje sadržaja vlage sa 8,5 % na 15,89 % (v.b.).  

Koeficijent trenja za različite površine je u porastu sa povećanjem sadržaja vlage (%), dok 

nasipna gustina (zapremina) opada sa povećanjem sadržaja vlage.  

Sila kompresije potrebna za pojavu rupture (oštećenje) zrna opada sa povećanjem sadržaja 

vlage.  

Dakle, deformacija kod oštećenja-rupture zrna se povećava sa povećanjem sadržaja vlage.  

Rezultati ispitivanja ukazuju na smanjenje sile loma u rasponu od 63 do 38N za uzorak sa 

oznakom IT86D-I0I0, 64 do 40N i 70 do 46 N, respektivno za sorte IAR-339-1 i Ife Brown 

pri sadržaju vlage u rasponu od 15 do 30% (v.b).  

Istraživanje je dalje pokazalo da je većina studija bila fokusirana na nekoliko žitarica i da 

podaci o inžinjerskim osobinama dobijeni za različita semena (zrna) žitarica variraju od 

useva do useva i od sorte do sorte. 
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Ova varijacija zahteva studije inženjerskih svojstava različitih vrsta i varijeteta žitarica na 

različitim nivoima sadržaja vlage koje bi usmeravale poljoprivrednike, prerađivače i 

dizajnere/proizvođače mašina u razvoju i izboru odgovarajućih mašina za njihov rad na 

bilo kom nivou kako bi se povećao njihov učinak uz smanjen gubitak ili oštećenje semena 

(zrna).  

 

Ključne reči: Žitarice, inženjerska svojstva, ispitivanje, evaluacija, mašine, prerada. 
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