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This study was carried out to evaluate the importance of 

maturation level on the mechanical properties of agricultural 

materials. In this study, some mechanical parameters (failure 

force, failure energy, rupture force and rupture energy) of Bello 

eggplants were tested in three maturation levels. The fruits were 

harvested at periods of 25, 30 and 35 days after pollination (DAP), 

and the mechanical parameters tested for immediately using the 

Universal Testing Machine. The results showed that maturation of 

the eggplant fruit had significant effect (P ≤ 0.05) all the 

mechanical parameters tested for. From the results, the failure 

force increased by about 100% between maturity stage 1 and 

stage 2; before it drops again by about 28% between stage 2 and 

stage 3. The rupture force increased from 353.88 to 700.20 N 

between maturity stages 1 and 2 but decreased to 542.91 N as 

maturity processed to stage 3. The data obtained from this study 

will be helpful in designing harvest and post-harvest machines for 

eggplant production.   
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INTRODUCTION 
 
Eggplant (Solanum aethiopicum L.) is one of the 
indigenous crops planted in Africa countries. The 
consumption of eggplant is steadily increasing because 
of greater awareness of the health beneficial effects 
associated with increased consumption of fruits and 
vegetables (Singh et al., 2009). It is consumed as fresh 
and a whole product or, more recently, as a minimally 
processed vegetable, a rising commercial area in the 
fresh-cut industry (Barbagallo et al., 2012). The fruit 
colour, shape and size are some of the perceivable 
quality attributes of African eggplant fruits (Hornal et al., 
2007). When compared to other fruits cultivated in the 
African countries, African eggplant fruits have relatively 
higher carbohydrate (7.2 g/100g), crude fibres (2.0 
g/100g), calcium (28 mg/100g), iron (1.5 mg/100), 
carotene (0.35 mg/100g) and ascorbic acid (8 mg/100g) 
(Hornal et al., 2007; Msogoya et al., 2014). The mature 
fruits of some eggplant varieties are either boiled or 
roasted with onions and tomato, while the leaves are 
used as vegetables (Msogoya et al., 2014).  Maturity 
stage of crops is one of the important factors that 
influenced their engineering   properties   and   nutritional  

 
 
 
qualities (Kader, 1986; Kader, 2008). Delayed harvesting 
leads to fruit over-maturity, and declined in some of the 
engineering properties and nutritional qualities of the 
crops (Hornal et al., 2007, Kader, 1996). Crops harvested 
at prematurity stages results in faster shrivelling and fruit 
susceptibility to mechanical damages (Kader, 1999).  

Since biological materials are commonly anisotropic, 
their mechanical properties differ according to the 
orientation and position in which they are tested. Several 
factors namely, drying temperature, water content, kind of 
force, grain area the kind of force is applied and maturity 
of the material affect the mechanical properties of 
agricultural products (Mohsenin, 1986; Resende et al., 
2007). Many researchers have studied the importance of 
mechanical properties of fruits and vegetables 
machine/systems design, mostly for sorting, grading, bulk 
handling, storage and processing operations. Diener et 
al., (1979) reported that, at harvest, more mature apples 
were less easily bruised, whereas Klein, (1987) claimed 
the opposite. He also noted a decrease in damage after 
longer storage periods following harvest. However, 
Schoorl    and   Holt, (1978)    found     increased    bruise  
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susceptibility with increasing storage time.  

Salvador et al. (2007) studied the changes in color and 
texture of banana during storage at 10°C and 20ºC, and 
reported that during storage, the peel colour change 
(from green to yellow) was gradual in the M. Cavendish 
samples, whereas the M. Paradisiacal variety remained 
green for the first 8 days and then changing rapidly to a 
yellow from day 12 onwards.  

Knowledge in the rheological and textural attributes of 
biomaterials is also necessary for genetic improvement 
(Sirisomboon et al., 2012), design and development of 
specific equipment and structures of post-harvest 
handling, packaging, peelers, fresh-cut processing, and 
assessing final product quality (Emadi et al., 2005; Singh 
and Reddy, 2006). 

From literature review, there is little information on the 
influence of maturation (maturity stages) on the 
mechanical properties of local varieties of eggplant. 
Therefore, the objective of this study was to determine 
the effect of maturation (harvesting stages) on some 
mechanical properties (failure force, failure energy, 
rupture force and rupture energy) of Bello eggplant. 
 
 
MATERIALS AND METHODS 
 
Description of study site  
 
The experiment was carried out at the Delta State 
Polytechnic Research Centre, Ozoro, Nigeria. It has the 
coordinates of 5°32′18″N and 6°12′58″E, with elevation of 
68 m above sea level, as reported by Polytechnic 
metrological Station (Eboibi et al., 2018), situated 200 m 
from the experimental area.  
 
 
Africa eggplant cultivation  
 
A popular variety of eggplant namely Bello used for this 
research work was collected from Technisem Seed 
Company. The seeds were sown in nursery beds where 
they were nursed for four weeks before they were 
transplanted to the already prepared experimental plots. 
Before the transplanting, the experimental plots were 
fumigated with Mancozeb (80 % WP), to prevent fungi 
attacks.  
 
 
 
Collection and sampling 
 
The Bello eggplant fruits used for this research were 
harvested at three maturity stages. The fruits were 
harvested at periods of 25, 30 and 35 days after 
pollination (DAP). After harvest, the fruits were manually 
inspected to remove disease and unhealthy fruits, before 
they were taken to the laboratory for compression test.   

 
 
 
 
Mechanical properties determination 
 
The quasi-static compression tests on Bello eggplant fruit 
was done with a Universal Testing Machine (Testometric 
model) equipped with a 500 Kgf compression load cell 
and integrator. During the test, each Bello fruit was 
placed in the machine under the flat compression tool, 
ensuring that the sample was in alignment with tool, and 
compressed at a loading rate of 20 mm/min. As the 
compression progresses, a load-deformation curve was 
plotted automatically, by the micro-processor of the 
machine in relation to the response of the Bello fruit that 
was under compression, until rupture point when the 
machine stops automatically (Eboibi and Uguru, 2017). 
The following mechanical parameters were calculated by 
the machine read from the screen.  
 
(i) Failure force 
(ii) Failure energy  
(iii) Rupture force  
(iv) Rupture energy  
 
Bello eggplant fruit like other agricultural materials has 
complex biomechanical systems and cannot be 
characterized by simple constants (Mohsenin, 1986), it is 
therefore necessary to introduce some concepts such as 
bio-yield and rupture points (Nyorere and Uguru, 2018).  
The American Society of Agricultural Engineers (ASAE, 
St. Joseph, MI) has established a standard method for 
the compression testing of food materials of convex 
shape (ASAE Standard S368.2) (Steffe, 1996).  
According to Steffe, (1996) bioyield point (also expressed 
as the failure point) is related to a failure in the 
microstructure of the material associated with an initial 
disruption of cellular structure; and the rupture point of 
the material, correlates to the macroscopic failure 
(breaking point) in the sample, the failure strength was 
taken as the stress at which the sample failed in its 
internal cellular structure (Eboibi and Uguru, 2017).  
 
Statistical analysis 
 
All data obtained from this study were subjected to 
statistical analysis using the using the Statistical Package 
for Social Statistics (SPSS version 20.0) and Duncan's 
Multiple Range Test (DMRT) was used to compare the 
mean at 95 % confidence level. The test was replicated 
eight times and the mean value of each parameter was 
recorded.  
 
 
RESULTS AND DISCUSSION 
 
The analysis of variance (ANOVA) result of the 
mechanical properties of Bello eggplant fruit is presented 
in (Table 1). As shown in (Table 1), maturity stage 
significantly influenced   (P ≤0.05)   the   four  parameters  
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Table 1. The ANOVA of effect of maturity stage on the mechanical properties of Bello eggplant fruit 
 
Source  Failure force Rupture force Failure energy Rupture energy 

Maturity stage 2.84E-05* 5.81E-05* 2.18E-04* 3.81E-04* 
 

* Significant at P ≤ 0.05. 

 
 

Table 2. Effect of maturation on the mechanical properties of Bello 
eggplant fruit 
 
Parameter  Stage 1 Stage 2 Stage 3 

Failure force (N) 341.76
a
±29.90 698.38

b
±76.72 540.99

c
±49.40 

Rupture force (N) 353.88
a
±23.82 700.20

b
±82.57 542.91

c
±54.33 

Failure energy (Nm) 2.518
a
±0.22 5.390

b
±0.85 4.231

c
±0.49 

Rupture energy (Nm) 2.562
a
±0.24 5.471

b
±0.93 4.372

c
±0.54 

 

Values are mean ± SD, Means with similar common letter (a, b, and c) superscript in 
the row did not differ significantly (p ≤ 0.05). 

 
 
 
(failure force, failure energy, rupture force and rupture 
energy) investigated in this study. The mean values of 
the mechanical parameters tested are presented in 
(Table 2). 

In reference to the mean separation table (Table 2), the 
mechanical parameters investigated increased with 
maturation, but there was a drop in the values between 
maturity stage 2 and maturity stage 3, which could be 
attributed to the repining of the fruit as maturation 
processes. The failure force of the Bello fruit increased by 
356.62 N between maturity stages 1 and 2; but drops by 
157.39 N between stage 2 and stage 3. This result 
signified that Bello fruit harvested at stage withstand 
more static loading before failing than those harvested at 
stage 1 or 3.  Generally, the energy absorbed by the fruit 
before failure and rupture at stage 1 was far lesser that 
the energy absorbed in stage 2 and 3. Canakci and 
Akinci, (2006) reported that energy requirement for 
eggplant harvesting is significantly greater than that for 
tomatoes, peppers, and cucumbers. A major problem 
associated with mechanical harvesting is the mechanical 
stresses (Li et al., 2011) which are imposed on fruit 
during the gripping process by robot fingers (Li et al., 
2010). Therefore, measuring the mechanical parameters 
of eggplant is essential for reducing mechanical damage 
harvest and post-harvest operations.  

During harvest and post-harvest operations of eggplant 
fruits, three main forces (compression, impact and 
puncture) are encountered. Mechanical damage and 
excessive compression are unpleasant for both fresh 
fruits and vegetables market and industrial processing 
(Ashtiani et al., 2016). These damages cause both 
immediate and subsequent physiological responses in 
wounded and adjacent tissues, leading to complex 
physiological, metabolic, and enzymatic changes (Pérez-
López et al., 2014), increased respiration at the injured 
sites, increasing general deterioration, excessive tissue 
softening, browning of the tissue, wilting, discoloration, 

development of off-flavor, texture breakdown and, as a 
consequence, decreasing the visual appearance aspects, 
their commercial value, and the quality of final products 
(Hu et al., 2010; Li et al., 2010; Sirisomboon et al., 2012). 
Hence, an understanding of the mechanical 
characteristics of fruits and vegetables can decrease the 
effects of unwanted mechanical loading, quantity of mass 
wastage and energy consumption during processing 
operation like peeling stage (Emadi et al., 2005). From 
the results it could be seen that is Bello fruits harvested 
at different maturation levels are stored together, during 
the storage period, the fruits with lower maturation level 
will be deformed faster under the same force than those 
harvested at higher maturation levels.  
 
 
Conclusion 
 
From the results of this study, it can be concluded that 
maturation of Bello eggplant fruit markedly influences its 
mechanical properties. The failure point, which is an 
essential parameter of fruits during storage and 
packaging, was significantly affected maturation. Like the 
failure parameters, the rupture parameters (force and 
energy) generally increased with maturation of the fruit, 
even though there was significant decline in the 
parameters between maturity stage 2 and maturity stage 
3. The results gotten from this research will provide 
useful data for mechanical engineers in the design and 
development of suitable eggplant fruit handling, storage 
and processing systems. 
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