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Abstract: The effects of different moisture content levels of 10, 15, 20 and 25% (wb) on 

some mechanical properties of pigeon pea (cajanus cajan) was investigated. These properties 

are important in the design of appropriate machines for harvesting, processing, transporting, 

packaging and storage of pigeon pea. The mechanical properties were significantly dependent 

(p<0.05) on the moisture content. The properties – rupture force, compressive strength, 

maximum displacement, strain at maximum load and the Young’s modulus, - had an inverse 

relationship with the moisture content. As the moisture content increased, the mean value of 

the mechanical properties decreased. The mean values recorded as the moisture content 

decreased from 10 – 25% (w.b) were from 159.10 – 69.30 N for the rupture force, 981.26 – 

437.57 N/mm
2
 for the compressive strength, 4.86 – 2.75 for strain at maximum load, 3.25 – 

1.82 mm for maximum displacement and 457.05 – 254.68 N/mm
2
 for the Young’s modulus.  
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Introduction 

 
Pigeon pea (Cajanus cajan (L.) millsp.) is a multipurpose leguminous crop that can 

provide food, fuel wood and fodder in subsistence agriculture and is widely cultivated in 

Nigeria (Remanandan and Asiegbu, 1993; Egbe and Kalu, 2006). In most locations in Nigeria 

agro-ecological zones, resource-poor farmers have through evolutionary history incorporated 

pigeon pea production into their indigenous cropping systems as field crops, backyard or as 

field border crops (Egbe and Kalu, 2006).  Egbe and Adeyemo (2006) reported that pigeon 

pea could be intercropped with maize without negative effects on the yield and yield 

components of maize. Farmers, however, maintain varying degrees of sole and mixed culture 

with crops such as as sorghum, millet, yam, cassava and sweet potatoes (Egbe and Vange, 

2008). Egbe and Vange (2008) further noted that Pigeon pea should play an important role in 

developing new strategic approaches to ensure food security and sustainable increase in 

agricultural productivity in Nigeria. It is a rich source of protein, carbohydrate and certain 

minerals. Pigeon pea seeds contain about 57.3 - 58.7% carbohydrate, 1.2 - 8.1% crude fibre 

and 0.6 - 3.8% lipids (Sinha, 1977). 
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In spite of the numerous importance of pigeon pea in human nutrition (Torres et al., 2007; 

Aiyeloja and Bello, 2006; Onu and Okongwu, 2006; Amaefule and Obioha, 2001; Agwunobi, 

2000; Eneche, 1999), pigeon pea production in Nigeria is still characterized by low 

production. The processing operations are predominantly done manually. Scientific data on 

their physical and mechanical properties are not readily available and this has caused low 

mechanization of their technological processes especially as regards to harvesting and 

production line processes (Anna and Julitta, 2003). Bhatia et al. (2009) noted that the 

effective planting, handling, processing and storage of legumes is largely dependent on the 

knowledge of the engineering properties of the seed, which will in turn aid in better design 

and fabrication of machines for different stages of their production and processing. The 

engineering properties of various agricultural products have been studied by some researchers 

such as hazelnut (Aydin, 2002), almond (Aydin, 2003), cowpea (Davies and Zibokere, 2011), 

millet (Baryeh, 2002), Guna seed (Aviaral et al., 1999), coffee (Chandrasekar and 

Viswanathan, 1999), wild plum (Calisir et al., 2005), lentil seeds (Carman, 1996), sunflower 

seeds (Gupta and Das, 1997), chick pea seeds (Konak et al., 2002), castor seed (Ardebili et 

al., 2012), soybean (Tavakoli et al., 2009), green gram (Nimkar and Chattopadhyaya, 2001), 

cotton (Ozarslan, 2002) and white sesame (Darvishi, 2012). 

A review of the literature showed that detailed measurements of the mechanical properties of 

pigeon pea in Nigerian at various levels of moisture content have not been investigated. The 

general objective of this study is to provide data on some moisture dependent mechanical 

properties of pigeon pea necessary for the design of appropriate processing methods and 

machines. The specific objective of this study was to determine some moisture dependent 

mechanical properties of pigeon pea grown in Nigeria, namely rupture force, compressive 

strength, maximum displacement, strain at maximum load and Young’s modulus in the 

moisture content range from 10 to 25% w.b. And to develop predictive models for the 

properties investigated as a function of moisture content using regression analysis. 

Materials and Methods 

Samples preparation 

The pigeon pea grains used for the study were purchased from a local market in Enugu state, 

South Eastern Nigeria and cleaned to remove foreign materials and impurities. The moisture 

content of the grains as brought in from the market was determined by drying samples in an 

air circulating oven set at 105
O
C (±2) for 24 h as described by Zewdu and Solomon (2007). 

The moisture content was determined using equation 1: 
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Where,   

MDB = Moisture content in dry basis of the grains;  Mw = Initial weight of the grain;  

MD = weight of the grain after drying 

Because of the significant effect of moisture content in the properties of grains (Singh et al., 

1990; Tabatabaeefar, 2003; Zewdu and Solomon, 2007), the mechanical properties of the 

grain was accessed at four different moisture content levels of 10%, 15%, 20% and 25% in 

wet basis in order to relate the property to moisture content. In order to attain the desired 

moisture levels for the study, moisture levels lower than the initial moisture content of the 

sample were attained by drying the grains at low temperature (40
o
C) to give a sample mass B 

as calculated below (Viswanathan et al., 1996): 

                                             
b) - a)/(100 - A(100  B =      (2) 

And moisture levels higher than the initial moisture content of the sample were attained by 

adding the required amount of distilled water, Q as calculated from equation 3. The samples 

were kept in refrigerator at 5
o
C (±1) for 5 days for the moisture to distribute uniformly 

throughout the sample. Before using the samples for the study, the required quantity of seeds 

was taken out of the refrigerator and allowed to warm up to room temperature for about two 

hours (Nimkar and Chattopadhyay, 2001). The moisture content after equilibration was 

determined at the time of each experiment using the method described above (Zewdu and 

Solomon, 2007). The mechanical properties described below were determined at each 

moisture content level. 

                                                       
b) - a)/(100 - A(b    Q =     (3) 

Where,  

 A is the initial mass of the sample in kg, B the final mass of the sample after drying in 

kg, a the initial moisture content of sample in % w.b., b the final (desired) moisture content 

of sample in % w.b., Q the mass of water to be added in kg.  

Determination of mechanical properties 

The Monsanto Universal Testing Machine was used for the determination of mechanical 

properties. The test was based on force-deformation characteristics of the grain. The 

individual grain was loaded between two parallel plates of the machine and compressed along 

its length until rupture occurred as is denoted by a rupture point in the force–deformation 
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curve. The rupture point is a point on the force–deformation curve at which the loaded 

specimen shows a visible or invisible failure in the form of breaks or cracks (Tavakoli et al., 

2009). This point is detected by a continuous decrease of the load in the force-deformation 

diagram. Once the rupture point was detected, the loading was stopped. These tests were 

carried out at the loading rate of 5 mm/min for all moisture levels (ASAE, 2006).  

Statistical analysis 

Descriptive statistics were used to analyze the data obtained for each of the properties studied 

at different moisture content level using GenStat Discovery Edition 4. Predictive models 

were developed to establish relationship between the properties and moisture content using 

regression analysis. Each test was performed four times and the mean value determined.   

Results and Discussions 

The result of the rupture force, compressive strength, maximum displacement for crushing, 

strain at maximum load and the Young’s modulus of pigeon pea are presented in Table 1. It 

was observed that the mechanical properties investigated had an inverse relationship with the 

moisture content. That is, as the moisture content increased from 10 – 25% (w.b), the mean 

values of the mechanical properties decreased.  

 

Table 1: Mechanical properties of Pigeon pea at different moisture contents 

MC, 

w.b. 

(%) 

Rupture 

Force  

(N) 

Compressive 

Strength 

(N/mm
2
) 

Maximum 

Displacement 

(mm) 

Strain at 

Maximum 

Load 

Young’s 

Modulus 

(N/mm
2
) 

10 159.10 (20.05) 981.26 (53.25) 3.25 (0.35) 4.86 (0.63) 457.05 (23.11) 

15 135.45 (13.36) 769.78 (45.82) 3.13 (0.53) 4.61 (0.87) 434.66 (33.80) 

20 105.53 (20.23) 764.13 (66.79) 2.38 (0.18) 3.63 (0.31) 368.49 (35.01) 

25 69.30 (14.45) 437.57 (55.26) 1.82 (0.45) 2.75 (0.62) 254.68 (16.55) 

      Standard deviations are in parentheses 

 

Rupture force 

The force required to initiate grain rupture for loading along the thickness axis at different 

moisture contents are presented in Table 1. It can be observed that the rupture force decreased 

as the moisture content increased from 10% to 25% w.b. The rupture force values ranged 

from 159.10 to 69.30N. As shown in Table 1, the lower rupturing forces were obtained at 

higher moisture contents. This might have resulted from the fact that the pigeon pea grain 

might have softer texture at higher moisture content (Altunta� and Yildiz, 2007). The 
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relationship between the moisture content (Mc) and rupture force (F) of pigeon pea grain as 

expressed using regression equation is shown in equation 4. Figure 1 shows the measured and 

the predicted values of the rupture force.  

                              F = -5.9864Mc + 222.107  R
2 

= 0.991    (4) 

 

 

Figure 1: Rupture force of Pigeon pea as a function of moisture content 

 

Compressive strength 

The results of the compressive strength of pigeon pea grains are presented in Table 1. It was 

observed that the compressive strength decreased from 981.26 to 437.57 N/mm
2
 as the 

moisture content increased from 10 to 25% w.b. The relationship between the moisture 

content (Mc) and compressive strength (Cs) of pigeon pea grain can be expressed 

mathematically as using equation 5. Figure 2 presents the measured and the predicted values. 

                  Cs = -32.7344Mc + 1311.037   R
2
 = 0.886   (5) 

 

 

Figure 2: Compressive strength of Pigeon pea as a function of moisture content 
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Maximum displacement 

The result of the maximum displacement of pigeon pea grains are presented in Table 1. It can 

be observed that the maximum displacement decreased from 3.25 to 1.82 mm as the moisture 

content increased from 10 to 25% w.b. The relationship between moisture content (Mc) and 

maximum displacement (Dm) of pigeon pea grain can be expressed mathematically using 

equation 6. Figure 3 presents the measured and the predicted values of the maximum 

displacement. 

                               Dm = -0.1008Mc + 4.409  R
2
 = 0.939   (6) 

 

 

Figure 3: Maximum displacement of Pigeon pea as a function of moisture content 

 

Strain at maximum load 

As shown in Table 1, as the moisture content increased from 10 – 25% (wb), the strain at 

maximum load decreased from 4.86 to 2.75. The relationship between moisture content (Mc) 

and strain at maximum load (Sm) of pigeon pea grain can be expressed mathematically as 

follows (Equation 7). Figure 4 shows the graph of the measured and the predicted values of 

the strain at maximum load obtained using the regression equation. 

                           Sm = -0.1462Mc + 6.521   R
2 

= 0.952   (7) 
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Figure 4: Strain at maximum load of Pigeon pea as a function of moisture content 

 

Young’s modulus 

The Young’s Modulus of the grains was observed to decrease with increase in moisture 

content level. The Young’s Modulus decreased from 457.05 to 254.68 N/mm
2
 as the moisture 

content increased from 10 to 25% w.b. The values of the Young’s Modulus (YM) for pigeon 

pea grain bear the following relationship with its moisture content (Mc) as expressed using 

the regression equation (8) having a correlation coefficient of 0.916. Figure 5 shows the 

predicted values from the regression equation and the measured values. 

                         YM = -13.4656Mc + 614.368  R
2
   =   0.916   (8) 

 

 

Figure 5: Young’s modulus of Pigeon pea as a function of moisture content 

 

Conclusion 

The following conclusions were drawn from the investigation on moisture-dependent 

mechanical properties of pigeon pea grains for moisture content levels of 10 to 25% w.b. The 
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mechanical properties were found to decrease with increasing moisture content level. The 

mechanical properties were significantly dependent on the moisture content with high 

coefficient of correlation ranging from 0.886 to 0.991.  
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