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Some compressive properties (failure force, failure energy, 

toughness, rupture power and firmness) of two groundnut 

varieties (SAMNUT 10 and SAMNUT 11) were examined in terms 

of their kernel size, in this research. The compressive test of the 

kernel was done by using the Universal Testing Machine 

(Testometric model), at three kernel size categories (small, 

medium and large). During the quasi-static test, each kernel was 

loaded in the axial orientation and compressed as the loading rate 

of 20 mm/min. From the results gotten from the test, kernel size 

and groundnut variety influenced all the compressive properties 

significantly (P ≤0.05). But the interaction of groundnut variety 

and kernel size had no significant (P ≤ 0.05) effect on all the five 

parameters studied. Failure force, failure energy, rupture power 

and firmness of the kernel rupture increased with increase with 

kernel size for both groundnut varieties. However, the highest 

values of toughness were measured for the small kernel, while the 

large kernel had the lowest toughness. The Results will be helpful 

in the design and fabrication of packaging and storage equipment 

of groundnut kernels. 
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INTRODUCTION 
 
Groundnut (Arachis hypogaea L.) is one of the key 
oilseed crop cultivated in the world, due to its nutritional 
and medicinal benefits. Groundnut kernels and its 
products are used as an alternative source of protein; 
and its production and consumption has increased 
recently (Gepts et al., 2005; Dhamsaniya et al., 2012; 
FAOSTAT, 2019). When groundnut kernels are 
processed into groundnut butter, only the skin is 
discarded. Therefore, the kernels are used in way that all 
the nutrients are available for human consumption (Desai 
et al., 1999; Dhamsaniya et al., 2012).  The nutrient 
quality and quantity of groundnut kernel varied according 
to its variety, soil type, climatic condition, insect and pest 
control methods, and farming methods (Young et al., 
1974; Prathiba and Reddy, 1994).  Groundnut (plant and 
parts) contributes to the sustainability of the soil fertility 
based on their positive externalities. During the growing 
period, groundnut plants contribute about 60 kg of 
nitrogen to one hectare of land, this they do by adding 
atmospheric nitrogen during thunderstorms into the soil. 
This process released nitrogen slower than chemical 
fertilizers, but has the ability to improve the soil nitrogen 
for crops use. Therefore,   by   substituting   for   chemical  

 
 
 
fertilizers, groundnut plants are able to improve soil 
fertility directly, thereby increasing the productivity of 
other crops planted in the land thereafter (Ndjeunga et 
al., 2013).  The mechanical response of plant tissue to 
some externally applied loading, for instance, high-
velocity impact loading or a static compressional loading 
will depend on the direction of the load’s application to 
the struts, beams, or cantilevers within the tissue (Niklas, 
1992). According to Sosa et al. (2012), loading position 
and rate affect the amount of force needed to be applied 
to groundnut kernels during post-harvest applications. 
This is because technological characteristics of different 
biomaterials are closely associated with the development 
microstructure as a result of deformations in cells and 
intercellular spaces. Harvesting of groundnut plants can 
be done manually or mechanically. But due to shotrtage 
of groundnut havesters and financal dificulties, 
mechanical  harvesting is not common in Nigeria. During 
manual harvesting, the groundnut plant is pulled up from 
the ground and left to dry for few days before threshing 
(Uys, 2016). The introduction of new groundnut varieties, 
groundnut kernels of various shapes and sizes are now 
obtainable, which   affects   their   mechanical   properties  
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(Prathiba and Reddy, 1994). The mechanical property of 
agricultural materials under compressive load is a 
function of failure force, deformation, firmness and 
toughness (Ince et al., 2009). The knowledge of the 
mechanical properties of groundnut kernels is important 
in the design and development of new harvesting, 
handling, processing and storage systems. Many studies 
have been conducted on the effects of loading rate, crop 
variety, and seed size on the mechanical behaviour of 
agricultural materials under compressive loading. 
Altuntas et al. (2013) investigated the influence of fruit 
orientation on some mechanical behaviour of plum fruits 
during compression loading. The study reported that the 
rupture energy and rupture power values of the plum 
fruits compressed along the axial axis was higher than 
the values obtained when the fruits were compressed 
along the longitudinal axis. According to Davies (2009), 
the knowledge of mechanical properties of groundnut 
kernels are important for the design and development of 
equipment/machinery for their handling, processing and 
packaging systems. Vursavus and Özgüven, (2004) 
conducted a study to determine the influence of loading 
position on the rupture force, deformation and toughness 
of apricot pit under compression loading and found that 
the highest values were obtained for apricot pit loaded 
along the longitudinal axis through the length. Nyorere 
and Uguru, (2018), studied the effect of seed size on the 
mechanical properties of gmelina seed, and reported that 
the average compressive force required to rupture the 
seed was significantly lower in the small seeds (475.8 N) 
than in the large seed (711.9 N). Also, the energy 
absorbed per unit volume at failure point increased with 
an increase in seed size, 0.166 Nm for the large seed 
and 0.104 Nm for the small seed. Gupta and Das (2000) 
investigated some mechanical properties of both the 
sunflower seed and its kernel under compressive loading 
and reported that the energy absorbed per unit volume at 
failure was higher in axial orientation than in the 
longitudinal orientation. From literature review, there is 
scarcity of information about the effect of kernels size on 
the compressive properties of groundnut kernels. 
Therefore, the objective of this study was to evaluate the 
effect of kernel size and groundnut variety on the 
compressive properties (failure force, failure energy, 
toughness, firmness and rupture power) of two groundnut 
variety (SAMNUT 10 and SAMNUT 11) in order to 
provide useful data for design and the development of 
new packaging and storage techniques. 
 
 
MATERIALS AND METHODS  
 
Samples collection and preparation  
 
The groundnut samples used for this research were 
planted under organic farming method at the research 
farm of Delta State   Polytechnic,   Ozoro,   Nigeria,   and  

 
 
 
 
harvested at maturity age, i.e. when about 80% of the 
kernels were plump and showed their true colour (Ajeigbe 
et al., 2014). They were sun-dried on an elevated 
platform for five days before threshing, and the pods 
were shelled to obtain the kernels which were used for 
this research. In order to achieve lower uniform moisture 
content, the kernels were further air-dried for another four 
days. After which, they were manually inspected to 
remove premature kernels and other contaminants.  
 
 
Size categorization of the groundnut kernels   
 
The selected groundnut kernels to be used for this 
research were further classified into three groups (small, 
medium and large), based on their three major 
dimensions. The major dimensions; length (L), width (W) 
and thickness (T), of the kernel were measured using a 
digital vernier caliper with 0.01 mm accuracy. Afterwards, 
they were sorted into three sizes, which were small, 
medium and large (Akçali et al. 2006). Table 1 showed 
the size categorization of the groundnut kernels used in 
this study.  
 
 
Compressive properties determination 
   
The compressive test of the groundnut kernels was done 
at the Material Testing Laboratory, National Center for 
agricultural Mechanization (NCAM), Ilorin, Kwara state, 
Nigeria. During the test, each groundnut kernel sample 
was loaded into the flat compression tool of a Universal 
Testing Machine (Testometric model), with accuracy of 
0.001 N.  The sample was loaded in the axial direction, 
and ensuring that it was at the centre of the tool, before it 
was compressed at the loading rate of 20 mm/min. As the 
compression progressed, a load-deformation curve was 
plotted automatically in relation to the response of the 
sample to the compression loading (Oghenerukevwe and 
Uguru, 2018), and the following compressive parameters 
(Failure force, failure energy, and failure strain), were 
interpreted by the testometric software of the Universal 
Testing Machine. Since groundnut kernel is a biological 
material with complex biomechanical systems of very 
complex behaviour, it cannot be characterized by simple 
constants (Mohsenin, 1986; Lysiak, 2007), therefore, it is 
necessary to introduce some concepts such as bio-yield 
point. The bio-yield point of the kernel indicates the micro 
structural failure in the whole kernel, and it is used as a 
criterion for maximum allowable load that the groundnut 
kernel can sustains without showing any visible damage 
(Mohsenin el al., 1965). Toughness of a groundnut kernel 
was the energy absorbed by groundnut kernel up to the 
rupture point; it was calculated with Equation 1 (Olaniyan 
and Oje, 2002a; Eboibi and Uguru, 2017). Energy 
absorbed (E) of groundnut kernel at the moment of 
rupture was determined by calculating the area under the  



 
 
 
 
force-deformation curve (Braga et al. 1999). The rupture 
power of the groundnut kernel was calculated by 
Equation 2, while the kernel firmness was calculated as 
the ratio of failure force to deformation at the failure point 
of the ground kernel, as shown in Equation 3 (Khazaei et 
al., 2002).  
 

               (1) 

 

                           (2)

  
 

                                                                          (3) 

 
Where  
 
V = kernel volume (m3);  
P = required power for rupture (W);  
F = firmness (N/mm) 
E = absorbed energy by the kernel (Nm);  
S = loading rate (mm/min);  
D = deformation at rupture point (m) (Khazaei et al., 
2002; Altuntas et al., 2013). 
 
 
Experimental design and statistical analysis  
 
A 2 x 3 factorial experiment in a completely, Randomized 
Design (CRD) was employed to study the effects of 
groundnut variety kernel size on failure force, failure 
energy, toughness, firmness and rupture power of two 
groundnut varieties kernels under quasi static 
compressive loading. Three kernels sizes and groundnut 
varieties were the main factors of this experiment. The 
data obtained were subjected to statistical analysis using 
the Statistical Package for Social Statistics (SPSS 
version 20), and Duncan's Multiple Range Test (DMRT) 
was used to compare the mean at (P ≤ 0.05). Fifteen 
replications were done and the average values were 
recorded. 
 
 
RESULTS AND DISCUSSION 
 
The Analysis of Variance (ANOVA) results of the 
compressive properties of the two groundnut varieties 
with respect to their kernel sizes are presented in (Table 
2). From (Table 2), groundnut variety and kernel size had 
significant (P ≤ 0.05) effect on failure force, failure 
energy, toughness, rupture power and firmness of the 
kernels. But the interaction of groundnut variety and 
kernel size had no significant (P ≤ 0.05) effect on all the 
five parameters studied (Table 2).  Results of the 
regression relationship between the kernel size and its 
compressive      properties   are   represented   by   linear  
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equations shown in (Table 3). The high values of the 
correlation (r ≥0.900) portrayed that there is strong 
regression relationship between the groundnut kernel 
size and its compressive properties. The compressive 
tests (failure force and failure energy) and the calculated 
results (toughness, firmness and rupture power) of the 
groundnut kernel, in respect to its size are presented in 
(Figures 1 to 5). The results showed that SAMNUT 10 
groundnut kernel has higher compressive behaviour than 
the SAMNUT 11 groundnut kernels. Variance in the 
compressive properties of the different varieties of the 
same crop may be   attributed to the differences in the 
structural compositions between the varieties (Uyeri and 
Uguru, 2018). The failure force, failure energy, rupture 
power, and firmness of the groundnut kernels increased 
with increase in the kernel’s size; higher for the SAMNUT 
10 kernels than for the SAMNUT 11 kernels (Figures 1, 2, 
4 and 5). Figures 1 and 2 illustrated the effect of kernel 
size on the failure force and failure energy of the 
groundnut kernel in the two groundnut varieties. The 
smaller kernels (from both varieties) had lower failure 
force and energy, and they were unable to withstand 
much quasi static loading, as their larger ones. 
Oghenerukevwe and Uguru, (2018) reported similar 
results on gmelina fruit where the fruit’s failure force 
increased from 51.01 N (in small size) to 86.28 N (in 
large size); while the failure energy increased from 0.186 
Nm to 0.293 Nm. However, Sadowska et al. (2013) 
stated that there was a clear tendency towards an 
increase in failure force with an increase in seed size, 
despite the accessions and varieties. The kernel 
toughness decreased with increase in the kernel size, in 
the two groundnut varieties (Figure 3). Additionally, the 
SAMNUT 10 kernel possessed higher (about 21%) 
toughness than the SAMNUT 11 kernel. The higher 
toughness value obtained in the smaller kernel over the 
larger kernel, and the variation in the toughness of the 
two groundnut varieties could be attributed to the 
differences in the kernel body mass, density and cellular 
structure (Fricke and Wright, 2016). According to Fricke 
and Wright, (2016) small seeds usually had the highest 
tissue densities across all crops species; therefore, seed 
toughness strongly decreases as its mass increases. 
Similar results were reported by Ince et al. (2009) and 
Ozturk et al. (2009). According to Ozturk et al. (2009), the 
average toughness values of two pear cultivars (Deveci 
and Santa Maria)  was 0.46 mJ cm-3 for Deveci and 0.30 
mJ cm-3 for Santa Maria. Similarly, Ince et al. (2009) 
reported that peanut kernel toughness increased from 
0.022 to 0.032 mJ/mm3 as the kernel size decreased 
from large to small size. This study showed that the 
average power requirement of SAMNUT 10 groundnut 
kernel was about 55% higher than that of SAMNUT 11 
groundnut kernel (Figure 4).  Higher power requirement 
experienced at the largest kernel and decreased 
significantly to the smallest kernel. Similar trend was also 
reported by Saiedirad et al. (2008) for cumin seeds. The 
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Table 1. Size categorization of the groundnut kernels 
 
Variety Size (mm) 

 Small Medium Large 

SAMNUT 10 L <12.0 12.0 ≤ L ≤ 19.0 L ˃19.0 
 W <8.0 8.0 ≤ W ≤ 11.0 W ˃11.0 
 T < 6.0 6.0 ≤ T ≤ 9.0 T ˃9.0 
    
SAMNUT 11 L <13.5 13.5 ≤ L ≤ 18.5 L ˃18.5 
 W <8.5 8.5 ≤ W ≤ 11.5 W ˃11.5 
 T < 7.5 7.5 ≤ T ≤ 9.5 T ˃9.5 

 
 

Table 2. ANOVA for compressive properties of groundnut kernels.  
 
Source of variation  df Failure force Failure energy Toughness Power Firmness 

Variety  1 4.56E-03* 3.17E-02* 1.86E-03* 4.90E-09* 1.91E-03* 
Size  2 4.50E-08* 1.85E-04* 2.15E-06* 3.39E-10* 1.17E-06* 
Variety x size 2 0.8189ns 0.7634 ns 0.6983 ns 0.0153 ns 0.8231 ns 

 

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

Table 3. Regression relationship between the kernel size and its compressive properties. 
  

Parameter  Variety  Linear equation R
2
 r 

Failure force  SAMNUT 10 y = -19.87 x + 95.45 0.983 0.991 
 SAMNUT 11 y = -18.48 x + 84.70 0.993 0.996 
Failure energy  SAMNUT 10 y = -0.01 x + 0.04 0.892 0.945 
 SAMNUT 11 y = -0.010 x + 0.041 0.942 0.971 
Toughness  SAMNUT 10 y = 0.025 x + 0.017 0.995 -0.997 
 SAMNUT 11 y = 0.023 x + 0.007 0.977 -0.988 
Power SAMNUT 10 y = -0.035 x + 0.234 0.932 0.965 
 SAMNUT 11 y = -0.031 x + 0.193 0.966 0.983 
Firmness  SAMNUT 10 y = -11.12x + 71.8 0.972 0.986 
 SAMNUT 11 y = -8.785 x + 61.8 0.983 0.991 

 
y = Compressive parameter, x = kernel size, R2 = Coefficient of determination, r = correlation. 
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Figure 1. Effect of kernel size on the failure force of groundnut kernel. 
Columns with same common letter are not significantly different (P < 0.05) 
according to Duncan’s multiple ranges test.  
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Figure 2. Effect of kernel size on the failure energy of groundnut 
kernel. 
Columns with same common letter are not significantly different (P < 
0.05) according to Duncan’s multiple ranges test.  
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Figure 3. Effect of kernel size on the toughness of groundnut kernel. 
Columns with same common letter are not significantly different (P < 0.05) 
according to Duncan’s multiple ranges test.  

 
 
study reported that the force and energy required 
initiating the cumin seed increased with increase in the 
seed size. Khazaei et al. (2002) reported that the rupture 
power of almond kernel increased with increasing almond 
dimension and the compression speed, but the difference 
between the power of rupture for big almonds and 
medium almonds was not statistically  significant.  Figure 

5 illustrated that the firmness of the groundnut kernel 
compressive loading. It can be depicted that the small 
kernel experienced little deformation before failure, than 
the large kernel.  Considering the groundnut variety, the 
SAMNUT 10 kernel had the higher firmness value than 
the SAMNUT 11 kernel. Therefore it is appropriate to sort 
SAMNUT 10 kernels from   SAMNUT 11   kernels   during  



Uguru and Iweka          67 
 
 
 

0

0.05

0.1

0.15

0.2

0.25

Large Medium Small

P
o

w
e

r 
(W

)

Kernel Size

SAMNUT 10
SAMNUT 11a

a
b

b c

c

 
 
Figure 4. Effect of kernel size on the rupture power of groundnut kernel. 
Columns with same common letter are not significantly different (P < 0.05) 
according to Duncan’s multiple ranges test.  
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Figure 5. Effect of kernel size on the firmness of groundnut kernel. 
Columns with same common letter are not significantly different (P < 0.05) 
according to Duncan’s multiple ranges test.  

 
 
 
packaging and storage operations. Olaniyan and Oje 
(2002b) reported similar results for shea butter nut. In 
their report the nut’s firmness decreased while 
deformation and toughness increased with increases in 
moisture content, when the nut was loaded both in the 

horizontal and vertical orientations. The large kernel 
possessed largest modulus of elasticity and capable of 
having more deformable power under compressive 
loading, than the small kernel (Oghenerukevwe and 
Uguru, 2018). Mechanical anisotropy of plant   tissues   is  



 
 
 
 
capitalized by plants in terms of how the geometries of 
tissues are oriented within the plant body with respect to 
naturally occurring types of loading (Niklas, 1992). This is 
why when plant tissues are mechanically tested, the 
anatomy of the tissue profoundly affects the response to 
a given stress level (Niklas, 1992). Knowledge of the 
compressive properties of agricultural materials is vital in 
the design and fabrication of their handling, packaging, 
processing and storage equipment/machineries. 
Therefore, the findings of this study should be considered 
while designing systems for packaging and storage of 
groundnut kernels.   
 
 
Engineering implication of the results 
 
This research results showed the importance of sorting 
groundnut kernels into various size categories, before 
their packaging and storage. As seen in the results, 
smaller kernels were not able to withstand more quasi 
compressive loading than their larger counterparts.  
 
 
Conclusion 
 
The influence of kernel size and variety on the 
compressive behaviour of two groundnut varieties was 
studied. The results showed that groundnut variety and 
kernel size had significant (P ≤ 0.05) effect on all the five 
parameters investigated in this research. From the 
results, the failure force, failure energy, firmness and 
rupture increased as the kernel size increases from small 
to large, in the two groundnut varieties. Whereas, the 
kernel toughness decreases, as the kernel size increased 
from small to large. The results further showed that larger 
kernel will be able withstand more quasi static 
compressive loading than the smaller kernel. Knowledge 
of the compressive properties of agricultural materials is 
vital in the design and fabrication of their handling, 
packaging, processing and storage 
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