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ABSTRACT: Mechanical properties of agricultural materials are necessary for the proper design and development of 
their planting, harvesting, handling and processing machineries. In this research, fracture resistance of whole gmelina seed 
was evaluated in terms of its rupture force, rupture energy and deformation at rupture under four moisture content levels 
and three loading rates. The quasi-static compressive tests were conducted at 20, 25, 30 and 35 percent moisture levels 
(wb); and 5, 10 and 15 mm/min loading rates. Based on the results obtained, moisture content and loading rate had 
significant (P ≤0.05) effect on all the three parameters investigated. The force required for initiating seed rupture decreased 
with increase in moisture content and loading rate. The highest rupture energy was 0.268 Nm at 35% moisture content 
under 5mm/min loading rate, and the lowest was 0.116 Nm at 20% moisture content under 15 mm/min loading rate. In 
addition, the deformation capability of the seed decreased from 1.017 mm at 35% moisture content (wb), under 5 mm/min 
loading rate, to 0.458 mm at 20% moisture content (wb) under 15 mm/min loading rate. The results obtained from this 
research would be useful in the design and development of machines used in gmelina seed processing operations. 
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Gmelina arborea (Gmelina arboreal Roxb) is a fast-
growing tree, which grows on different localities and 
prefers moist fertile valleys, they attain moderate to 
large height up to 40 m and 140 cm in diameter 
(Tewari, 1995). It is occurring naturally throughout 
greater part of India at altitudes up to 1500 m. It also 
occurs naturally in Myanmar, Thailand, Laos, 
Cambodia, Vietnam, and in southern provinces of 
China, and has been planted extensively in Sierra 
Leone, Nigeria and Malaysia (Adegbehin and 
Nwaigbo, 1988). The fruits, leaves and seeds extract 
of gmelina have been reported by many authours from 
various locations to contain nutrients, mineral 
constituents and phytochemicals like alkaloids, 
steroids, carbohydrates, anthraquinone, glycosides, 
triterpenoids, saponinns gums, mucilages, tannins, 
phenolic compounds and flavonoids and proteins 
(Adegbehin and Nwaigbo,1988 and Nayak et al., 
2012). 
 
Some impact of moisture content and loading rates on 
the mechanical properties of grains and seeds have 
been investigated by previous researchers.  The 
shelling resistance of white speckled red kidney bean 
grain decreased with increased in moisture content of 
the grain (Işik and Ünal, 2007). Saiedirad et al. (2008) 
studied effects of moisture content, seed size, loading 
rate and seed orientation on force and energy required 

for fracturing cumin seed under quasi static loading. 
Their results showed that the force required for 
initiating seed rupture decreased from 15.7 to 11.96 N 
and 58.2 to 28.8 N, and the energy absorbed at seed 
rupture increased from 1.8 to 8.6 mJ and 7.6 to 14.6 
mJ, with increase in moisture content from 5.7% to 
15% d.b., for vertical and horizontal orientations, 
respectively. In addition, Babic et al., (2013), worked 
on six corn hybrids, and observed that the deformation 
– head displacement at the ultimate strength point of 
the kernels increased, as the moisture content of the 
kernels increased for all compression tests. Mamman 
and Umar (2005) studied the effects of moisture 
content and loading orientation on the mechanical 
properties of balanites nuts. They reported that the six 
mechanical properties investigated (modulus of 
elasticity, bioyield point, bioyield stress, compressive 
strength, rupture strength and modulus of stiffness), 
decreased with increase in moisture content. 
 
Study of mechanical behaviour of gmelina seed is 
important, especially at dehulling and cracking stages 
of the seed. Only few researches have been conducted 
on the physical and mechanical properties of gmelina 
fruit and seed. Oghenerukevwe and Uguru (2018) 
reported that gmelina fruit’s size and orientation 
affected its mechanical properties. In their report, 
lowest values of mechanical parameters were obtained 
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at smallest fruit size. However, there is no cited 
literature on the effect of seed moisture content and 
loading rate on the fracture resistance of gmelina seed. 
Therefore, the objective of this study was to 
investigate the fracture resistance of gmelina seed at 
different moisture contents (20, 25, 30, and 35% wb) 
and loading rates (5, 10 and 15 mm/min). This is to 
evaluate the impact of moisture content and loading 
rate on the fracture resistance of gmelina seed, which 
is essential for the design and development of gmelina 
processing machines.   
 

MATERIALS AND METHODS  
Samples collection: The gmelina fruits were obtained 
from Delta State Polytechnic, Ozoro, Delta State, 
Nigeria. The fruits were soaked in water for ten days 
to facilitate the separation the seeds from the fruits 
pulp. The recovered seeds were sun-dried for ten days, 
to attain uniform moisture content. After the sun 
drying, the seeds were cleaned manually, where 
foreign matters, broken and immature seeds were 
removed.  
 
Moisture content determination and reconditioning of 

the seeds: The mean initial moisture content of the 
seed was determined by the standard hot air oven 
method (ASAE, 1999). The rewetting formula used 
was Equation 1. The conditioned samples were sealed 
in low density polyethylene bags of 90 µm thickness, 
kept in a refrigerator at 4°C for one week for uniform 
moisture distribution throughout the sample. Before 
starting the experiment, a required quantity of the 
sample was taken out from the refrigerator and allowed 
to equilibrate with room temperature for two hours 
(Singh and Goswami, 1996). 
 

∆�� = �� ��	
��
�
�	

�   (1) 

 
Where Mi = initial moisture content (% wet basis), Mf 

= final moisture content (% wet basis), Wt = total 
weight of sample, (g) 
 
Mechanical properties determination:  The Quasi-
static compression tests of the gmelina seeds were 
performed using a Universal Testing Machine 
(Testometric model) equipped with a 50 N 
compression load cell and integrator, with 
measurement accuracy of 0.001, at the Material 
Testing Laboratory of the National Center for 
Agricultural Mechanization (NCAM), Ilorin, Kwara 
state, Nigeria. Individual gmelina seed was loaded 
between two parallel plates, and compressed at the 
crosshead speed of 5, 10 or 15 mm/min as the case may 
be, until rupture occurred. As the compression 

progresses, the mechanical parameters (rupture force, 
rupture energy and deformation at rupture) were 
generated automatically by the machine. Also, a load-
deformation curve was plotted automatically in 
relation to the response of each seed to compression. 
The mechanical properties were determined at 
moisture content levels of 20, 25, 30, and 35 % wb, 
and three loading rates of 5, 10, and 15 mm/min. 
Twenty seeds were tested at each moisture level, and 
loading rate, then the average recorded.  
 
Due to changing surface area contact between gmelina 
seed and the compressive plate during compression, 
the rupture stress is difficult to determine; therefore, 
rupture energy seems to be a better parameter of the 
seed hardness. Since gmelina seed is a biological 
material, it has complex biomechanical systems of 
very complex behaviour and cannot be characterized 
by simple constants (Lysiak, 2007 and Mohsenin, 
1986). Therefore, it is necessary to introduce some 
concepts such as bio-yield and rupture points. The bio-
yield point indicates the initial cell rupture in the whole 
seed and is used as a criterion for maximum allowable 
load that the gmelina seed can sustains without 
showing any visible damage (Mohsenin el al., 1965). 
The rupture point dictates failure over a significant 
volume of material causing fracture planes or cracks in 
the macrostructure of the gmelina seed. The rupture 
energy (Toughness) is the work required to initiate 
rupture of the gmelina seed, which is the area under the 
force-deformation curve up to the rupture point 
(Mohsenin, 1986). The deformation (strain) of the seed 
is the change in the original dimension of the seed 
during compression. 
 
Statistical analysis: The results of physical properties 
were subjected to analysis of variance (ANOVA) to 
evaluate a statistical significance of observed 
differences among treatment means at 95% confidence 
level using SPSS 20.0 software (IBM Corporation, 
USA). The F test was used to determine significant 
effects of each treatment, and Duncan’s multiple 
ranges test was used to separate means at the 5% 
probability level.  
 

RESULTS AND DISCUSSION 
The analysis of variance (ANOVA) result (Table 1) 
shows moisture content and loading rate had 
significant (P <0.05) effect on rupture force, rupture 
energy and deformation at rupture point. According to 
Table 1, the interaction effects of moisture content and 
loading rate were not significant on rupture force and 
rupture energy, but was significant (P<0.05) on the 
deformation at rupture of the gmelina seed. 
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Table 1: Analysis of the variance of parameters considered on rupture force, rupture energy and deformation at rupture of gmelina seed 
Source of variation df Rupture force Rupture energy Deformation at rupture 

  F sig F sig F Sig 
L 2 27.78 5.02E-08* 95.45 4.05E-15* 88.23 1.32E-14* 
M 3 34.48 1.10E-10* 40.49 1.25E-11* 137.06 9.47E-20* 
L x M 6 0.88 0.51788ns 1.36 0.25671ns 12.48 1.47E-07* 

L = loading rate; M = moisture content; * = significant at p ≤ 0.05; ns = not significant 

 
Rupture force:  The research results showed that the 
force needed to rupture (crack) gmelina seed was a 
function of moisture content and loading rate. As 
shown in Figure 1, the force required for initiating 
gmelina seed rupture decreased with increase in 
moisture content. In addition, the results showed that 
the rupture force decreased as loading rate increased 
from 5 to 15 mm/min, at all the moisture content 
levels. According to Duncan’s multiple range tests, the 
rupture force of the gmelina seed at 20% moisture 
content was significantly higher (p ≤0.05) than 25%, 
30% and 35% moisture content. The Duncan test also 
showed that there were significant differences (p 
≤0.05) between the three loading speeds.  
 

 
Fig 1: Effect of moisture content and loading rate on rupture force 
of gmelina seed. The columns with the same latter are not 
significantly different (P < 0.05) according to Duncan’s multiple 
ranges test 

 
For all the moisture content evaluated, the highest 
rupture force (803.6 N) was obtained at 20% moisture 
content and loading rate of 5 mm/min. While the 
lowest rupture force (361.7 N) corresponded to 35% 
moisture content at 15 mm/min loading rate (Figure 1). 
This could be attributed to weaken structure of the seed 
cells, induced by higher moisture content; thereby 
lowering its resistance to higher compressive force. 
Similar results of effect of loading rate on rupture force 
and energy were reported by Saiedirad et al. (2008) for 
cumin seed. Also, Altuntaş and Yildiz (2007) noted in 
their research that the rupture force of faba bean grains 
ranged from 314.17 to 185.10 N, as the moisture 
content increased from 9.89% to 25.08%, wb. The 
increasing trend of rupture force with an increase in 

moisture content was also documented by Baumler et 

al. (2006), who observed that during the quasi-static 
compressive loading of safflower seed, the force 
required for hull rupture decreases as the moisture 
content increased. 
 
Rupture Energy (Toughness): The results showed that 
the energy needed to rupture the gmelina seed was a 
function of both moisture content and loading rate 
(Figure 2). The rupture energy of the gmelina seed 
continued to decline as the compressive loading rate 
increased from 5 mm/min to 15 mm/min. In addition, 
smaller energy was required to initiate gmelina seed 
rupture at higher moisture content (Figure 2). 

 
Fig 2: Effect of moisture content and loading rate on rupture energy 
of gmelina seed. The columns with the same latter are not 
significantly different (P < 0.05) according to Duncan’s multiple 
ranges test 

 
This was because at higher moisture content, the seed 
became softer and required lesser energy to crack 
(Saiedirad et al., 2008; Khodabakhshian et al., 2010). 
According to Duncan’s multiple range test, the values 
of rupture energy had significant differences (p<0.05) 
from each other for three loading speeds and moisture 
contents.  Khodabakhshian et al. (2010) investigated 
mechanical properties of Iranian sunflower seed under 
quasi static loading, and observed that rupture force for 
both seed and kernel decreased with increasing 
moisture content from 3 to 14%.  Similar result was 
reported by Kermani et al. (2008), who investigated 
energy absorbed in brown rice rupture under quasi-
static compressive loading and reported that with an 
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increased in grain moisture content, the energy 
absorbed by the grains increases too.  
 
Deformation at rupture: The results of the effect of 
moisture content and loading rate on the deformation 
of the gmelina seed are presented in Figure 3. The 
results revealed that the deformation at seed rupture 
point increased with increase in moisture content, but 
decreased with increase in the seed loading rate. These 
observations depicted that, at higher moisture content 
and lower loading speed, gmelina seed will experience 
more deformation, making mechanical damage 
inevitable. 
 
This observation is consistent with the finding of 
Burubai et al., (2008) who observed a deformation of 
0.63mm at 8.0 percent moisture and 1.538mm at 28.7 
percent moisture all in the axial loading position on 
Africa nutmeg. Zoerb (1967) reported that most 
agricultural materials are elastic during the first 
portion of a load–deformation curve, but the increased 
in loading rate increases their viscoelastic properties. 
Thus, once the elastic region is extended, properties 
are time-dependent and the effect of loading rate 
becomes more noticeable. In addition, Baritelle and 
Hyde (2000) 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. 

 
Fig 3: Effect of moisture content and loading rate on deformation at 
rupture of gmelina seed. The columns with the same latter are not 
significantly different (P < 0.05) according to Duncan’s multiple 
ranges test 

 
Engineering implications of results: Knowledge of 
this compressive properties as a function of moisture 
content and loading speed is vital in the processing of 
gmelina seeds. For product quality and energy 
conservation, it is recommended that seeds should be 
cracked at lower moisture content and higher 

compressive loading speed. This is because, trying to 
crack the seed at higher moisture content, the seed will 
experience larger deformation, resulting in breakages 
and poor product quality.  
 
Conclusions: This present study was carried out to 
investigate the impact of loading rate and moisture 
content on the fracture resistance of gmelina seed. The 
results showed that the fracture resistance of the seeds 
was both function of the moisture content of the seed 
and the loading rate. The rupture force, rupture energy 
and deformation of the seed decreased with an increase 
in the loading rate. While the rupture force of the seed 
increased with decreased in moisture content of the 
seed; the rupture energy and deformation increased 
with increase in moisture content of the seed. The 
knowledge of fracture resistance of gmelina seed is 
essential for the design and development of its 
processing machines.  
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