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In this study, some fracture resistance (rupture force and rupture
energy) of honey bean seed was investigated, in terms of three
seed sizes (small, medium and large), three loading rates (15
mm/min, 20 mm/min and 25 mm/min), and three seed
orientations (X, Y, and Z axes). The quasi-static compression of
each bean seed was done by using the Universal Testing Machine.
The results showed that the force and energy required for
fracturing a bean seed is a function of the seed size, seed
orientation and compression loading rate. In addition, the seed
was generally less flexible in vertical orientation (Y-axis), than in
the horizontal orientation (X and Y axes). The analysis of variance
showed that the loading rate, seed size and seed orientation
significantly (P ≤0.05) influenced the two mechanical parameters
studied. Results indicated that rupture force and energy of the

seed decreased with increased in the compression loading rate,
across the three seed sizes and three seed orientations. In terms of
seed size, the fracture resistance decreased with decrease in the
seed size. According to the results, the average force and its
corresponding energy of the Honey bean seed were found to vary
from 118 N, 0.743 Nm in the seed Z-axis, at the loading rate of 15
mm/min to 42.16 N, 0.0213 Nm in the seed Y-axis, at the loading
rate of 25 mm/min. The average rupture force of the large seed
was about 45 % of that of small seeds, across the three loading
rates.

Keywords: Fracture resistance, Honey bean, loading rate, seed
size, seed ordination

INTRODUCTION
Common bean (Phaseolus vulgaris L) is one of the major
leguminous crops cultivated in the world (Leterme and
Carmenza, 2002) and widely eaten in Asia and Africa
countries. Bean seeds provide nutritional quality and
variety of functional properties, such as, desirable
structure, texture, flavour and colour characteristics in
formulated food products (Oluka and Nwuba, 2001).
China (19.3 million tonnes), Indonesia (915,591 tonnes)
and India (675,188 tonnes), which are the highest beans
production countries, account for over 90 percent of the
world’s production (24.1 million tonnes) in 2017. Africa
accounts for total production of 756,345 tonnes in 2017,
with export quality of 217,077 tonnes (FAOSTAT, 2019).
Bean seeds come in many colours, sizes, chemical
compositions, etc. depending on the cultivar. These
differences come from intrinsic factors (e.g. genotype) or
extrinsic factors such as farming method, processing

method, storage conditions, type of cultivation soil, and
technological factors (Gonzalez et al., 2005; Aghkhani, et
al., 2012; Buzera et al., 2018).All beans varieties are
good source of protein; the seed contains about 26 % of
crude protein, significant amount of carbohydrates, and
rich micronutrients (e.g. copper, iron and zinc) (Boukar et
al., 2011; Cowpeas, 2019). Common bean seeds have
potential of being used as animal feeds, and
incorporating them into animal feeds can reduced feeding
cost and improved the animals’ health condition (Defang
et al., 2008). But some beans varieties contain antinutritional agents that negatively affect poultry
performances (Kayode and Olorunfemi, 2018). Some
common beans varieties grown in Nigeria include; Iron,
Brown, Kidney, Honey, soya, Butter, etc. Honey bean is
believed to originate from Africa, sweeter than the black
eyed bean with unique taste, even when cooked alone or
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used to prepared some West African recipes like MoinMoin or Akara (AfroFood, 2016)
Engineering properties of agricultural products affect
their harvesting, handling, processing, storage and
marketing values. For instance, mechanical properties of
agricultural materials are important parameter in the
analysis and prediction of their failure and breaking
behaviours during harvesting, handling and other unit
operations (Sadiku and Bamgboye, 2014). In addition,
the knowledge of the mechanical properties of bean
seeds is essential in the design of beans planters,
harvesters, sorters, washers and other postharvest
operations machines/equipment (Asoegwu et al., 2006;
Balasubramanian et al., 2012). Processing, handling,
transportation and storage of leguminous crops remains
a major problem, because of their difference in shape,
size, hardness, texture etc.; and any inappropriate
method employed can led to destruction and wastage of
these
materials
(Kayode
and
Olorunfemi,
2018).Mechanical damage of agricultural produce can
occur during harvesting, handling, processing, packaging,
storage, transportation, etc. (Igwillo, 2018). Presently,
most handling and processing operations are done
manually; therefore, the design of these machines and
equipment without considering their mechanical
properties may produce poor results (Asoegwu et al.,
2006; Polat et al., 2006).The mechanical properties of
agricultural materials do not only constitute the basic
engineering data required for their machine and system
design, but also assist in determining the best selection
methods in obtaining those data (Bagheri et al., 2011).
Results from previous research had shown that
mechanical properties of agricultural materials vary with
increased in compression loading rate and material size
and loading orientation. According to Olaniyan and Ije
(2002), the rupture force of shea nut varied in the
different loading orientations (vertical and horizontal).
Ogunjimi et al., (2002) investigated some mechanical
properties of locust bean seed, and reported that the
seed orientation significantly influenced the cracking
resistance of the seed. According to their results, the
highest cracking force was recorded at the vertical axis,
and the least at the thickness axis. In the work of
(Altuntaş and Karadag, 2006) on the mechanical
properties of bitter vetch seed, they reported that the
mean rupture force, specific deformation, and rupture
energy of the bitter vetch seed were 57.60, 45.00, 87.00
N; 7.60%, 1.62%, 1.93%; 10.14, 4.42, 0.86 N mm, when
tested (compressive loading) along the X-, Y- and Z axes.
Altuntas et al. (2013) investigated the mechanical
behaviour (rupture force, specific deformation, rupture
energy and toughness) of plum fruits to compression, as
affected by different fruit orientation. Altuntas et al.
reported that the rupture energy and rupture power
values of the plum fruits compressed along the Y- axis
were higher than the values obtained when tested in the
plum fruits in the X- and Z-axis orientations.

In order to design any machine or equipment used in
harvesting, handling, processing, and storage of bean
seed, it is important to know the effects of loading rate,
seed size, and seed orientation on the mechanical
properties of the bean seeds. The objective of this study
was to investigate the effects of bean seed size,
compression loading rate and seed orientation on some
mechanical properties (rupture force and rupture energy)
of Honey bean cultivar, widely cultivated in Nigeria.
These parameters will provide vital data for design of
processing and storage systems of Honey bean seeds.
MATERIALS AND METHODS
Study setting
The honey bean seeds were planted at the Research
Farm of the Delta State Polytechnic, Ozoro, Nigeria. The
area is located at latitude 5.544 N, longitude 6.232 East,
altitude 14 M above sea level, and average temperature
of 28ºC (Eboibi et al., 2018). The physicochemical
properties of the area where the honey bean seeds were
planted are presented in (Table 1).
Samples collection and preparation
The bean pods were harvested at full maturity age (28
days after peak flowering), sun-dried for five days in a
platform before shelling. After which they were air-dried
again for another ten days to achieve lower uniform
moisture content level. The air-dried seeds were
manually inspected to remove premature seeds and
other foreign materials, before sorting them into size
categories.
Size categorization
The selected Honey bean seeds were categorized into
sizes at the Food Processing Laboratory of the
Department of Agricultural and Bio-environmental
Engineering Laboratory, Delta State Polytechnic, Ozoro,
Nigeria. During the process, each bean seed principal
dimensions (Length “L”, width “W”, and Thickness “T”)
were measured with a digital vernier caliper, having
accuracy of 0.01 mm. The geometric mean diameter
(GMD) and sphericity of the seed were calculated by
equations1and 2 (Mohsenin, 1986).
(1)

(2)
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Table 1. Physicochemical properties of the
study area soil sample.
Parameter
Particle size distribution
Sand
Silt
Clay
Chemical analysis
Soil pH
Total nitrogen
Available Phosphorus
Copper
Nitrate
Sodium
Extractable Potassium

Level
40.3%
35.6%
24.1%
7.75
0.119(mg/kg)
0.337(mg/kg)
4.911(mg/kg)
0.303(mg/kg)
450.748(mg/kg)
687.585(mg/kg)

Source: Eboibi et al. (2018)

Table 2. The categorization of Honey bean seed
based on the seed’s GMD and sphericity.
Seed size
Small
Medium
Large

L,W,T (mm*)
9.67, 4.6, 4.1
11.1, 5.7, 5.2
12, 6.5, 6.1

GMD
5.67
6.90
7.81

Sphericity
58.65
62.19
65.05

* = value is based on the mean value of the seeds, L =
Length of the bean seed, W = Width of the Bean seed, T
= Thickness of the bean seed, GMD = geometric mean
diameter.

From the results of the calculations, the seeds were
grouped into three size lots, which were large, medium
and small seed sizes (Table 2).
Compression test
The quasi-static compression test of the honey bean
seeds was done with a Universal Testing Machine
(Testometric model, manufactured in England), with 50
KN compression load cell, Integrator, with accuracy of
0.001 N. During the test, each bean seed was loaded in
between the loading cell, making sure the bean seed is in
alignment with the centre of the loading cell. The
compression was done until the bean seed ruptured, with
the sensitivity of the machine set at number five. Three
loading rates (25 mm/min, 20 mm/min and 15 mm/min),
three orientations (X, Y and Z axes), and three seed
sizes (large, medium and small) were considered. The X
-axis is in the plane containing the seed hilium line; Zaxis is the plane perpendicular to the seed hilium line,
while Y-axis is the seed longitudinal axis (Bagheri et al.,
2011) as shown in (Figure 1).The force and energy
required for the rupture of the bean seed were
determined electronically by the microprocessor of the
machine and read directly from the screen of the machine.

Bean seed like other biological materials has complex
biomechanical systems and behaviour; therefore, it
cannot be categorized with simple constants (Mohsenin,
1986; Lysiak, 2007), consequently, it is necessary to
introduce some concepts such as bio-yield and rupture
point (Uguru and Iweka, 2019).The bio-yield point
indicates the initial cell (microstructure) rupture in the
cellular structure of a bio-material (ASAE Standard,
1980), and occurred at any point beyond the point of
Linear Limit (Eze et al., 2017). According to (Steffe, 1996;
Eboibi and Uguru, 2017) rupture point of the bean seed
correlates to the macroscopic failure (breaking point) of
the seed. Each test was done in fifteen replications and
the average value recorded.
Experimental design
A 3 x 3 x 3 Completely, Randomized Design (CRD) was
employed to study the effects of loading rate, seed
orientation and seed size on fracture resistance of Honey
bean seed under quasi static compressive loading. The
loading rate range and loading orientation were selected
based on literature review (Bagheri et al., 2011;
Oghenerukevwe and Uguru, 2018). The statistical
analysis of the study was done on randomized complete
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Figure 1. The three orientations of bean seed.

block design, and the analysis of variance (ANOVA) was
done by using the SPSS version 20.0 software. The
means were separated using the Duncan’s multiple
ranges test at (P ≤ 0.05).

withstanding more deformation under compressive
loading, and subsequently yielding an increase in rupture
force and energy (Saiedirad et al., 2008). Similar trend
was reported for Jatropha curcas seed by Karaj and
Müller, (2010).

RESULTS AND DISCUSSION
The Analysis of Variance (ANOVA) of the data obtained
from this study is shown in (Table 3). From the results
presented in (Table 3), loading rate, bean size and seed
orientation had significant effect (P ≤ 0.05) on the rupture
force and rupture energy of the Honey bean seed. The
interaction effect of loading rate and seed size also had
significant effect (P ≤ 0.05) on rupture force and energy
of the bean seed. Based on the ANOVA results,
interaction effect of loading rate and seed orientation was
not significant on rupture force and rupture force of the
Honey bean seed. In addition, the interaction of seed
size, seed orientation and loading rate, was significant at
5% level on rupture force and rupture energy of the
Honey bean seed.
Effect of bean seed size on the fracture resistance
From the results, rupture force of the bean seed
increased with increase in the seed size. The average
rupture force of the large seed was about 45 % of that of
small seeds, across the three loading rates. In addition,
the bean seed size had no significant effect on the
energy required to fracture the seed, but the energy
absorbed by the seed at rupture point increased with
increase in the seed size (Figure 2). This may be
attributed to the fact the large bean seed is capable of

Seed orientation and loading rate on the fracture
resistance
The results of the effect of seed orientation on the
mechanical properties of bean seed during quasi static
compression loading are presented in (Table 4). As
shown in (Table 4), Honey bean seed was most flexible
in the Z-axis, followed by the X-axis and least in the Yaxis. This shown that during loading, to achieve rupture
point under vertical orientation (Y-axis) required lesser
force and energy than that under horizontal orientation
(X-axis and Z axis). This could be attributed to the cellular
arrangement of the bean seed, and possibly due to the
smaller surface contact area between the bean seed and
the machine loading cell during vertical orientation
(Saiedirad et al., 2008; Uguru and Iweka, 2019). Similar
results were obtained by Altuntaş and Karadag, (2006)
when they investigated the mechanical properties
(rupture force, specific deformation and rupture energy)
of sainfoin, in respect to their loading orientation (X-, Yand Z-axes). Altuntaş and Karadag results shown that the
mean values of the rupture force, specific deformation,
and rupture energy for sainfoin seed were 7.40, 9.72, and
4.56 N; 8.94%, 1.71%, and 9.97%; and 1.97, 0.46, and
0.71 N mm along X-, Y- and Z-axes, respectively.
Saiedirad et al. (2008) investigated the effects of seed
size, orientation, and compression loading rate on the
rupture force and rupture energy of cumin seed.
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Table 3. ANOVA of the parameters investigated on the rupture force and rupture
energy of honey bean seed.
Source of variation
Loading rate
Seed orientation
Seed size
Loading rate x seed orientation
Loading rate x seed size
Seed orientation x seed size
Loading rate x seed size x seed orientation

Rupture force
2.78E-26*
5.74E-19*
9.87E-28*
ns
0.33375
1.07E-05*
5.83E-05*
0.00726*

Rupture energy
5.86E-24*
1.13E-20*
2.36E-28*
1.61E-04*
1.92E-04*
7.03E-07*
0.08210*

* = significant at (P ≤0.05); ns = not significant.

Figure 2a. Rupture force.

Figure 2b. Rupture energy
Figure 2. Effect of seed size and seed orientation on the rupture force and energy of honey bean
seed. Columns with the same common letter not significantly different (P < 0.05) according to
Duncan’s multiple ranges test.
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Table 4. Mean values of the rupture force and rupture energy of honey bean seed, as
influenced by interaction of loading rate and seed orientation.
Loading rate (mm/min)

15
20
25

Bean Seed Orientation
Rupture force (N)
Rupture energy (Nm)
X-axis Y-axis Z – axis
X-axis
Y-axis
Z – axis
a
b
c
a
ab
b
90.01
76.41
95.70
0.0520
0.0442
0.0960
a
b
c
a
ab
b
75.93
63.60
86.86
0.0419
0.0328
0.0554
a
b
c
a
ab
b
60.15
49.31
66.19
0.0337
0.0260
0.0379

The means with the same superscript letter, in the same column are not significantly different (P <
0.05) according to Duncan’s multiple ranges test.

Their results showed that the seed rupture force
decreased from 58.2 to 28.8 N for vertical and horizontal
loading orientations; while the energy absorbed at the
seed rupture decreased from 14.6 to 7.6 mJ, for vertical
and horizontal orientations, respectively.
Fracture resistance as a function of loading rate
The results presented in (Table 4) shown that the fracture
resistance of Honey bean seed was a function of its
loading rate. The rupture force and energy of the seed
decreased as loading rate increases from 15 mm/min to
25 mm/min. Similar results were reported by (Uguru and
Nyorere, 2019), on SAMNUT 11 groundnut kernels,
where the failure force of SAMNUT 11 kernels decreased
from 0.068 Nm to 0.028 Nm, as the compression loading
rate increased from 15 mm/min to 25 mm/min. Kilickan
and Guner, (2008) and Ince et al. (2009) investigated the
effect of seed orientation and size on its mechanical
properties during compressive loading. In their results,
Ince et al. (2009) recorded the highest rupture force
(122.76 N) of peanut kernel at its X-axis; while Kilickan
and Guner reported that the rupture force of olive fruit
increased with an increase in the fruit size. According to
Unal et al. (2006), the shelling resistance of black-eyed
pea along any of the three major axes was highest while
loading along the Z-axis (thickness), whereas loading
along the X-axis (width) required the least force to
resistance. In similar trend, Niveditha et al., (2013)
recorded that the force required to rupture Canavalia
cathartica seeds in the axial orientation was significantly
(p < 0.001) higher than longitudinal orientation. Rupture
force of nuts and kernels is an essential parameter in the
design and development of their shelling machines, and
their method of shelling
Conclusions
This study was carried out to determine the effects of
loading rate, seed size and seed orientation of selected
mechanical properties (rupture force and rupture energy)
of Honey bean seed. The following conclusions can be
deduced from the results obtained from the study.

(i) There was a strong relationship for Honey bean seed
fracture resistance as a function of seed size, seed
orientation and loading rate.
(ii) The fracture resistance of the bean seed increased
with increase in the seed size.
(iii) The force and energy required at rupture point for
large-size bean seed were higher in the Z – axis than in
the Y-axis and X- axis. The highest rupture energy (0.470
Nm) was obtained at the Z-axis of the seed, when loaded
at the rate of 15 mm/min; while the lowest rupture energy
(0.213 Nm) was obtained at the Y-axis of the seed, when
loaded at the rate of 25 mm/min.
(iv) The results of this study depicted that smaller bean
seed was unable to withstand higher compressive, unlike
its larger seed counterparts.
(v) The bean seed was less flexible in the vertical loading
position (Y-axis) than in the horizontal loading position (X
and Z axes), probably due to the buckling of the seed
during compression loading.
Authors` Declaration
We declare that this study is an original research by our
research team and we agree to publish it in the journal.

REFERENCES
AfroFood
(2016),
Sweet
(Honey)
Beans,
Available
at:
https://www.afrofood.com/shop-by/sweet-honey-beans/
Altuntaş E, Karadag Y (2006). Some physical and mechanical
properties of sainfoin (Onobrychis sativa Lam.), grasspea (Lathyrus
sativus L.) and bitter vetch (Vicia ervilia L.) seeds. Journal of Applied
Sciences, 6: 1373–1379.
Altuntas E, Somuncu C, Ozturk B (2013). Mechanical behaviour of plum
fruits as affected by pre-harvest methyl jasmonate applications. Agric
Eng Int: CIGR Journal, 15(2): 266－274.
ASAE Standard, (1980). ASAE S386.1 Compression test of food
materials of Convex shape. Agricultural Engineering Year Book. P.
354.
Asoegwu S, Ohanyere S, Kanu O, Iwueke C (2006). Physical properties
of African oil bean seed (Pentaclethra macrophylla Benth).
Agricultural Engineering International: CIGR Ejournal. Manuscript FP
05 006. P. 8.
Bagheri I, Payman SH, Rahimi- Ajdadi F (2011). Mechanical behavior of
peanut kernel under compression loading as a function of moisture
contents. Elixir Agriculture, 36: 3552-3557.
Balasubramanian S, Singh KK,Kumar R(2012). Physical properties of

Direct Res. J. Agric. Food Sci.

coriander seeds at different moisture content. Int. Agro-phys. 26:419422.
Boukar O, Massawe F, Muranaka S, Franco J, Maziya-Dixon B, Singh
B, Fatokun C (2011). Evaluation of cowpea germplasm lines for
protein and mineral concentrations in grains. Plant Genetic
Resources: Characterization and Utilization, 9(4): 515-522.
Cowpeas (2019). Cowpeas (black-eyed peas) nutrition facts. Available
at: https://www.nutrition-and-you.com/cowpeas.html
Defang HF, Teguia A, Awah-Ndukum J, Kenfack A, Ngoula F (2008).
Performance and carcass characteristics of broilers fed boiled
cowpea (Vigna unguiculata Wal) and or black common bean
(Phaseolus vulgaris) meal diets, Afr. J. Biotechnol., 7:1351-1356.
Eboibi O, Uguru H (2017). Storage conditions effect on
physicmechanical properties of Nandini cucumber. International
Journal of Engineering and Technical Research. 7(10): 75-82.
Eboibi O, Akpokodje OI, Uguru H (2018). Growth performance of five
bean (Phaseolus spp) varieties as influenced by organic amendment.
Journal of Applied Science and Environmental Management, 22 (5):
759 – 763.
Buzera A, Kinyanjui P, Ishara J, Sila D (2018). Physical and cooking
properties of two varieties of bio-fortified common beans (Phaseolus
Vulgaris. L) grown in DR Congo. IISTE Food science and quality
management. 71. 1-12.
Eze PC, Eze C N, Agu R S (2017). Determination of physicomechanical
properties of velvet bean (Mucuna Pruriens) from south Eastern
Nigeria. Nigerian Journal of Technology, 36(2):628 – 635
FAO FAOSTAT database. (2019). World beans production. Available at:
http://www.fao.org/faostat/en/#data/QC
Igwillo UC (2018). Impact damage to selected agricultural produce from
south Eastern Nigeria. Journal of Experimental Research, 6(1): 69 –
77.
Ince A, Ugurluay S, Güzel E, Özcan MT (2009). Mechanical behavior of
hulled peanut and its kernel during the shelling process. Philipp Agric
Scientis, 92(1): 92-99.
Kayode SE, Olorunfemi BJ (2018). Comparison of some physical and
mechanical properties of Nigerian local soybean and cowpea.
Leonardo Electronic Journal of Practices and Technologies. (33):235256.
Leterme P, Carmenza L (2002). Factors influencing pulse consumption
in Latin America. The British Journal of Nutrition, Dec; 88 Suppl. 3:
S251-5.https://doi.org/10.1079/BJN/2002714
Lysiak G (2007). Fracture toughness of pea: Weibull Analysis. J. Food
Eng, 83: 436–443.
Karaj S, Müller J (2010). Determination of physical, mechanical and
chemical properties of seeds and kernels of Jatropha curcas L. J.
Industrial Crops and Products. 32, 129–138.
Kilickan A, Guner M (2008). Physical properties and mechanical
behaviour of olive fruits (Olea europaea L.) under compression
loading. Journal of Food Engineering, 87 (2): 222–228.
Mohsenin NN (1986). Physical properties of plant and animal material.
Gordon and Breach Science Publishers, New York 487 – 492.
Niveditha VR, Sridhar KR, Balasubramanian D (2013). Physical and
mechanical properties of seeds and kernels of Canavalia of coastal
sand dunes. International Food Research Journal 20(4): 1547-1554
Oghenerukevwe PO, Uguru H (2018). Effect of fruit size and orientation
on mechanical properties of gmelina fruit (Gmelina arborea) under
quasi-static loading. International Journal of Engineering and
Technical Research, 8 (4): 47 – 51.
Olaniyan AM, Oje K (2002). Strength properties of shea-butter nuts
under compressive loading. Nigerian Journal of Technology, 21(1):917.
Ogunjimi LO, Aviara NA, Aregbesola OA (2002). Some engineering
properties of locust bean seed. Journalof Food Engineering, 55: 95–
99.
Olaniyan AO, Oje K (2002). Postharvest technology: some aspects of
the mechanical properties of shea nut. Biosyst.Eng., 81, 413- 420.
Oluka SI, Nwuba E IU (2001). Physical and Aerodynamic properties of
cowpea seeds, hulls and stalks. JEAS. 1(1): 35-43.
Polat R, Atay U, Saglam C (2006). Some physical and aerodynamic
properties of soybean. J. Agron. 5(1):74-78.

92

Sadiku OA, Bamgboye I (2014). Moisture dependent mechanical and
thermal properties of Locust bean (Parkia biglobosa). Agric Eng Int:
CIGR Journal, 16 (1): 99-106.
Saiedirad MH, Tabatabaeefar A, Borghei A, Mirsalehi M, Badii F,
Ghasemi Varnamkhasti M. (2008). Effects of moisture content, seed
size, loading rate and seed orientation on force and energy required
for fracturing cumin seed (Cuminum cyminum Linn.) under quasistatic loading. Journal of Food Engineering, 86: 565–572.
Uguru H, Iweka C (2019). The influence of size and variety on the
compressive behaviour of groundnut kernel. Direct Research Journal
of Agriculture and Food Science, 7(3): 62-69.
Uguru H, Nyorere O (2019). Failure behaviour of groundnut (SAMNUT
11) kernel as affected by kernel size, loading rate and loading
position. International Journal of Scientific and Engineering
Research, 10(2):1209 to 1217.
Unal H, Isik E, Alpsoy HC (2006). Some physical and mechanical
properties of black-eyed pea (Vigna unguiculata L.) grains. Pakistan
Journal of Biological Sciences, 9: 1799-1806.

