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ABSTRACT 
 

Mechanical properties of agricultural materials are essential for the proper design and fabrication of 
harvesting, handling, and processing equipment/machineries. In this research, some compressive 
resistance (force, energy and deformation at rupture point) of two groundnut (SAMNUT 10 and 
SAMNUT 11) kernels were investigated in terms of kernel sizes. During the test, the groundnut 
kernels were loaded quasi-statically in the axial orientation at a compressive loading rate of 20 
mm/min, using the Universal Testing Machine. Results obtained from the test showed that kernel 
size and groundnut variety had significant (P ≤0.05) effect on all the mechanical parameters 
studied. The force required for initiating the kernel rupture increased from 37.21 to 76.10 N for 
SAMNUT 10; and 30.10 to 64.19 N for SAMNUT 11, as the kernels size increased from small to 
large size. In addition, the energy absorbed by the kernel at rupture point increased from 0.021 to 
0.054 Nm for SAMNUT 10; and 0.016 to 0.044 Nm for SAMNUT 11, for the small and large kernel 
sizes respectively. Furthermore, the results showed that SAMNUT 10 kernels had slightly higher 
compressive resistance values than the SAMNUT 11 kernels. Data obtained from this research will 
help to design and fabricate equipment used in handling and processing of groundnut kernels.  
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1. INTRODUCTION  
 
Groundnut (Arachis hypogaea) belongs to the 
family leguminosae, with two major varieties, 
which are the runner and bunch varieties [1-2]. 
Groundnut plant shows high sensitivity to soil 
salinity, tolerating a wide range of pH values, but 
prefers neutral to slightly acidic soils [3]. 
Groundnut kernels are rich in protein, vitamins 
and contain significant amount of high quality 
edible oil. Since 1990, the International Crops 
Research Institute for the Semi-Arid Tropics 
(ICRISAT), and other research centres like, 
Institute for Agricultural Research, and the 
University of Georgia have developed and tested 
over 30 groundnut varieties, which are less 
susceptible to foliar diseases and resistant to 
rosette disease [4]. 
 
Mechanical properties of groundnut pod and 
kernel, such as, rupture force, toughness, failure 
point, etc. are essential in designing peanut 
harvesting, handling and processing, 
machineries. This is because these mechanical 
properties not only constituted the basic 
engineering data required for machine and 
equipment design, but also they assist the 
selection of suitable methods for obtaining those 
data [5]. In addition, Davies [6] stated that, the 
knowledge of physical and mechanical properties 
of groundnut are important in order to facilitate 
the design and development of its harvesting, 
shelling, conveying, cleaning, delivering, 
separation, packing, storing, drying, mechanical 
oil expelling and processing equipment and 
machineries. 
 
In order to design efficient handling and 
processing equipment for agricultural products, it 
is necessary to have the knowledge of their 
fracture characteristics under compressive 
loading rate. Mechanical properties of several 
agricultural materials had been studied by many 
researchers, in the past four decades. Kang et al. 
[7] reported that mean values of bio-yield strain 
and energy to bio-yield of wheat decreased as 
the moisture content increased at a loading rate 
of 1 to 25 mm/min. Also, [8] investigated some 
moisture dependent engineering properties of the 
peanut kernels. His results showed that rupture 
strength of groundnut kernel was highly 
dependent on moisture content. The highest 
rupture strength was obtained as 13.22 N/mm

2
   

at the moisture content of 11.3% d.b. in    
addition, Braga et al. [9] determined the force, 

deformation, and energy required to initiate 
macadamia nut rupture under compression, with 
respect to moisture content, nut size, and loading 
position. They reported that the required force, 
deformation, and energy to initiate the rupture of 
macadamia nuts were higher when compressed 
perpendicular to split plane, depending on both 
moisture content and size. Seed and kernel sizes 
played significant roles in engineering design, 
and they vary greatly both among plant 
individuals, populations or species [10].  
 
Currently, there is dearth information on the 
effect of kernel size on the mechanical properties 
of SAMNUT 10 and SAMNUT 11 groundnut 
kernels. Therefore, the objective of this study 
was to investigate compressive resistances 
(rupture force, rupture energy and deformation at 
rupture point) of two groundnut varieties 
(SAMNUT 10 and SAMNUT 11) kernels, 
classified into three categories as large, medium 
and small sizes. The results that would be 
obtained from this research will provide useful 
data from the design and development of 
efficient groundnut processing machines. 
 

2. MATERIALS AND METHODS 
 
2.1 Samples Collection and Preparation  
 
Two popular varieties of groundnut (SAMNUT 10 
and SAMNUT 11) widely cultivated in Nigeria, 
due to its high tolerance to diseases were used 
for this research. The groundnut were obtained 
from ICRISAT Kano State, Nigeria, and planted 
in the research farm of Delta State Polytechnic, 
Ozoro, Nigeria, in April 2018. The groundnuts 
were grown under organic farming practices, with 
no artificial fertilizers or chemicals used during 
the growing period. Since groundnut did not 
responds better to direct fertilization [11], poultry 
waste and cattle dumps were broadcast and 
incorporated into the soil during the land 
preparation. Weeding was done manually, while 
disease infested plants were uprooted and burnt.  
 

The groundnut samples were harvested at full 
maturity stage, when about 80% of the kernels 
were plump and showing their true colour [11].  
After harvesting, they were sun-dried for five 
days on an elevated platform, to facilitate their 
threshing. The threshed groundnut pods were 
shelled carefully, to prevent mechanical damage 
to the kernels. In order to attained lower 
uniformed moisture content, the shelled kernels 
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were air-dried for another ten days. Lastly, the 
kernels were checked carefully, to remove 
contaminants such as, foreign materials, 
premature and damage kernels, disease and 
pest infested kernels, etc. 
 
The groundnut kernels used for this research had 
moisture content of 20% wet basis. Moisture 
content of the groundnut kernels were 
determined by using gravimetrical method, and 
was calculated using Equation (1) [12-13]. 
 

Moisture content  
 

= 
������	��	���	������	–	������	��	���	������

������	��	���	������	
× 100 (1) 

 
Furthermore, the selected groundnut kernels 
were classified into three categories (large, 
medium and small sizes). In order to determine 
the kernel size, the three main dimensions, 
length (L), width (W) and thickness (T), of 
groundnut kernels were measured using a digital 
vernier caliper with accuracy of 0.01 mm. The 
size classifications of the kernels used for this 
research are shown in Table 1. 
 

2.2 Compression Test 
 
The mechanical test of the groundnut kernels 
was carried out at the National Centre for 
Agricultural Mechanization (NCAM), Ilorin, Kwara 
State, Nigeria. During the test, each sample 
(groundnut kernel) was placed under the loading 
cell of the Universal Testing Machine 
(Testometric model, manufactured in England), 
with accuracy of 0.001 N, ensuring that the 

sample was at alignment with the loading cell, 
and compressed at the speed of 20 mm/min [14-
15]. As quasi compression of the sample 
progressed, a force-deflection curve was plotted 
automatically by the Universal Testing Machine 
(Fig. 1), in relation of the sample to the 
compression, up to the rupture point. From each 
test, these compressive parameters (rupture 
force, deformation at rupture, and rupture 
energy) of the sample were calculated 
automatically by Machine. According to [16], the 
rupture point of material correlates to the 
macroscopic failure (breaking point) of the 
sample.  The rupture energy (Toughness) is the 
work required to initiate rupture of the groundnut 
kernel, which is the area under the force-
deformation curve up to the rupture point [17]. 
Fifteen samples were tested individually, under 
each variety and size category and the average 
value recorded. 
 

2.3 Statistical Analysis 
 
A 2 x 3 factorial experiment in a Completely 
Randomized Design (CRD) was employed to 
study the effects of groundnut variety and kernel 
size on selected mechanical properties of 
groundnut kernels. Two groundnut varieties 
(SAMNUT 10 and SAMNUT 11), and three 
kernel sizes (Large, medium and small) were the 
considered experimental factors which were 
replicated fifteen times. The Results obtained 
from this research were subjected to analysis of 
variance, using SPSS 20.0 statistical software. In 
addition, the mean separation was done by using 
Duncan’s Multiple Range tests at 95% 
confidence level. 

 

 
 

Fig. 1. A force-deformation curve of SAMNUT 10 kernel under quasi compressive loading 
a = bio-yield point, which is also expressed as failure point [16] 
b = breaking point, which is also expressed as rupture point [16] 
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Table 1. Size classifications of the groundnut kernels 
 

Variety Size (mm) 
Small Medium Large 

SAMNUT 10 L <12.5 12.5 ≤ L ≤ 17.5 L ˃17.5 
 W <7.5 7.5 ≤ W ≤ 9.5 W ˃9.5 
 T < 6.5 6.5 ≤ T ≤ 8.5 T ˃8.5 
SAMNUT 11 L <12.5 12.5 ≤ L ≤ 17.5 L ˃17.5 
 W <7.5 7.5 ≤ W ≤ 9.5 W ˃9.5 
 T < 6.5 6.5 ≤ T ≤ 8.5 T ˃8.5 

 
3. RESULTS AND DISCUSSION  
 
The effect of kernel size on the compressive 
resistance of the two groundnut varieties was 
statistically found significant (P <0.05), in the 
three parameters studied, as shown by the 
analysis of variance (ANOVA) presented in Table 
2. In addition, the interaction effect of kernel size 
and groundnut variety was not significant on the 
compressive resistance parameters of the 
groundnut kernel. 
 
The compressive resistance (rupture force, 
rupture energy, and deformation at rupture) of 
the groundnut kernels (large, medium and small 
sizes), with their respective separated means are 
presented in Table 3. Furthermore, the 
regression relationship between kernel size and 
the mechanical parameters are represented by 
linear equations presented in Table 4. 
 

From the results, all the compressive resistance 
parameters (force, energy and relative 
deformation at rupture point) increased with 
increase in the kernel’s size. In addition, the 
compressive resistance of the SAMNUT 10 
kernels was statistically higher than those of the 
SAMNUT 11 kernels (Table 3). This could be 
attributed to the differences in the structural 
compositions of the two groundnut varieties.  The 
results of the effect of kernel size on the 
deformation of the groundnut kernel presented in 
Table 3 revealed that, deformation at kernel 
rupture point increased with increase in kernel 
size. This depicted that, at larger kernel size, the 
kernel will experience more deformation, 
therefore absorbing more compressive loading. 
Furthermore, the high values of the correlation (r 
≥0.850), presented in Table 4, showed that there 
is strong regression relationship between the 
kernel size and its compressive resistance. This 
behavioural trend of the kernels could be 
attributed to the fact that, increment in the kernel 
size will lead to its more resistance to rupture. 
Also, larger kernel possessed larger modulus of 
elasticity and capable of having more deformable 

power under compressive loading [18]. From the 
results, SAMNUT 10 groundnut kernels will 
withstand more loading before rupture than the 
SAMNUT 11 groundnut kernels, during their 
handling and packaging operations. Also during 
processing operation like oil extraction, SAMNUT 
11 kernels will require lesser compressive energy 
and lower power consumption than the SAMNUT 
10 kernels. According to Sadowska [19], despite 
variability of the size and the fracture force of 
seeds representing different accessions and 
varieties, there was a clear tendency towards an 
increase in fracture force along with an increase 
in seed size. These results were similar to those 
reported by Aydin C and Ozcan M [20] for 
terebinth and [21] for almond kernel. Similar 
trend was also reported by Saiedirad [22], on 
cumin seed, where the force and energy required 
initiating the seed rupture increased as the seed 
size increased from small to large. 
 
These results confirm the sensitivity of 
agricultural materials to mechanical damage due 
to variation in their variety and size. Groundnut 
rupture force which is affected by variety and 
kernel size, are significant factors that influenced 
its mechanical damage during handling and 
storage. Due to changing surface area contact 
between groundnut kernel and the compressive 
plate during quasi compressive loading, the 
rupture stress of the kernel is difficult to 
determine; therefore, rupture energy seems to be 
a better parameter of the kernel hardness [23], 
Additionally, [24] determined strain rate and size 
effects on pear tissue failure. They observed that 
as the strain rate increased, the failure stress 
also increased while failure strain remained 
nearly the same. Thus, toughness and stiffness 
of pear both increased with increasing strain rate. 
Ince [25] reported that the rupture force of peanut 
statistically (P ≤ 0.01 level of significance) 
increased with an increase in size of hulled 
peanut and kernel. According to their results, the 
rupture force of peanut kernels increased 38.03 
N (small size) to 59.30 N (large size). 
Compressive resistance of groundnut kernel is a
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Table 2. ANOVA of the compressive resistance of groundnut kernels 
 

Source of variation  df Rupture force  Rupture energy  Def. at rupture  

Variety  1 5.34E-07* 3.12E-02* 4.51E-03* 

Size 2 2.54E-07* 9.04E-05* 2.04E-08* 

Variety x Size 2 0.6588
ns

 0.6202
ns

 0.1466
ns

 
* =Significant at (P ≤0.05); ns = non-significant at (P ≤0.05); df = degree of freedom 

 
Table 3. Some descriptive statistics for the compressive resistance of groundnut kernels 

 

Parameter Variety    Large  Medium  Small 

Rupture force (N) SAMNUT 10 76.10
c
 ±5.28 52.74

b
±1.73 37.31

a
±6.17 

 SAMNUT 11 64.19
c
±7.49 46.08

b
±4.18 30.10

a
±5.55 

Rupture energy (Nm) SAMNUT 10 0.054c±0.004 0.032b±0.005 0.021a±0.003 

 SAMNUT 11 0.044
c
±0.019 0.018

b
±0.001 0.016

a
±0.004 

Def. at rupture (mm) SAMNUT 10 1.399c±0.082 0.781b±0.056 0.687a±0.035 

 SAMNUT 11 1.156c±0.152 0.719b±0.048 0.599a±0.041 
Values are mean ± SD; Means with the same common letter in superscript in the same row are not significantly 

different (P < 0.05) according to Duncan’s multiple range test 
 
Table 4. Regression equations of compressive resistance of groundnut kernel as a function of 

its size 
 

Parameter  Variety  Linear equation  R2 r 

Rupture force  SAMNUT 10 y = -19.39 x + 94.16 0.986 0.993 

 SAMNUT 11 y = -17.04 x + 80.87 0.998 0.999 

Rupture energy (Nm) SAMNUT 10 y = -0.016 x + 0.068 0.964 0.981 

 SAMNUT 11 y = -0.014 x + 0.054 0.803 0.896 

Deformation at rupture (mm) SAMNUT 10 y = -0.356 x + 1.667 0.847 0.920 

 SAMNUT 11 y = -0.278 x + 1.381 0.902 0.950 
y = the compressive parameter, x = kernel size, R

2
 = Coefficient of determination, r = correlation 

 
vital attribute in the design of its handling, 
processing and packaging systems. In addition, 
rupture force is one of the significant parameters 
in determining the shelling method of groundnut, 
and in the design of groundnut sheller [25]. 
 
3.1 Engineering Implication of the Results 
 
The results of this results showed that it is 
important to sort groundnut kernels into size 
categories, before their processing operation to 
save energy. This is because larger groundnut 
kernels will require more force, to initiate their 
rupture than smaller groundnut kernels. 
 

4. CONCLUSIONS 
 
This research paper focused on the effect of 
kernel size on the compressive resistance of 

SAMNUT 10 and SAMNUT 11 groundnut 
kernels. From the results obtained, it can be 
seen that kernels size had significant influence 
on the compressive resistance of the two 
groundnut varieties studied. The results showed 
that rupture force, rupture energy and 
deformation at rupture increased with increase in 
kernel size, for both groundnut varieties. This 
showed that lager kernel can withstand more 
deformation, therefore absorbing more 
compressive loading.  The knowledge of 
compressive resistance of groundnut kernel is 
essential for the design and fabrication of its 
handling and processing machines. 
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