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ABSTRACT

The effect of moisture content on some compressive properties of shea kernels was studied so as to provide useful data
for the design of appropriate machinery for processing. The effects of moisture content on wet basis (w.b.) and loading
on compressive stress, compressive strain, Young’s modulus and crushing energy were examined. Compressive stress,
compressive strain and Young’s modulus decreased with increase in moisture content for shea kernel. Compressive
stress and strain decreased linearly from 2.0 to 0.8MPa and 0.0085 to 0.002mm/mm as moisture content increased from
5% to 24% respectively. Young’s modulus decreased non-linearly with moisture content from 2000MPa at 5.00% to
100MPa at 24.00%, while crushing energy increased non-linearly from 6 to 135mJ in the moisture content range of

5.00% to 24.00% w.b.
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INTRODUCTION

Sheanut hails from the Sapotaceae family and the
commonly known varieties include Vitellaria paradoxa
(Butryospermum parkii) and Vitellaria nilotica. Shea nut
is obtained from the shea tree, and is grown mostly
throughout West and Central Africa in the semi-arid Sahel
from Senegal to Ethiopia (Aremu and Nwannewuihe,
2011). Shea nut contains reasonably high amounts of
oleic acids from which the shea butter is obtained. Shea
butter is one of the basic raw materials for most food,
cosmetic, soap as well as the pharmaceutical industries
(Boateng, 1992; Thioune et al., 2000) and it is sometimes
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Fig. 1. Shea Nut and Shea Kernel.
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used as a substitute for cocoa butter (Bekure et al., 1997).
In Ghana, a woman collects nuts from her husband’s
plots, while wives elsewhere gather shea from trees in
fallowed fields (Fobil, 2003). The kernel is obtained from
the nut (Fig. 1) by cracking with stones or mortar and
pestle. Traditional methods of extraction of shea butter
from the kernel involve a series of operations which
includes steeping, roasting, pounding or grinding and
boiling (Aviara et al., 2005). Shea butter is marketed as
being effective at treating conditions such as burns,
eczema, rashes, severely dry skin, dark spots, skin
discoloration, chapped lips, stretch marks, wrinkles and
provides natural UV sun protection (Boateng, 1992).
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Useful data on the mechanical properties of sheanut and
kernel are necessary in the mechanization of various unit
operations involved in post-harvest processing and also
help in the development of optimization parameters for
efficient and effective processing equipment (Burubai et
al., 2007). Compressive and other engineering properties
are needed in the design of machines and the analysis of
the behaviour of the product during unit operations such
as drying, cleaning, sorting, crushing and milling
(Akaaimo and Raji, 2006; Irtwange and Igbeka, 2002).
The increasing interest in shea butter and its uses in
industries and the need for appropriate handling and
processing of shea nut and kernel cannot be
overemphasised, however, present methods of handling
and processing are both laborious and time consuming
(Aviara et al., 2005). For effective and proper design and
manufacture of systems and equipment in handling shea
kernel, its engineering properties such as the compressive
properties must be available.

Compressive  properties including rupture force,
compressive strain and stress, Young’s modulus and
crushing energy are useful information in the design of
shea kernel grinding machines. Studies have shown that
compressive properties are influenced by a number of
factors such as the cultivar, temperature and moisture
content of the product under consideration (Delwiche,
2000; Shitanda et al., 2002). The rupture force indicates
the minimum force required for shelling nuts and grinding
kernels (Sirissomboon et al., 2007; Galedar et al., 2009).
The deformation at rupture point can be used for the
determination of the gap size between the surfaces to
compress the bean for shelling. Several researchers have
studied the mechanical properties of various food and
biological materials (Shitanda et al., 2002) for rough rice;
(Khazaei and Mann, 2004) for sea buckthorn berries;
(Altuntas and Karadag, 2006) for sainfoin seed; (Isik and
Unal, 2007) for white speckled red kidney bean; (Corréa
et al., 2007) for rough rice; (Rybinski et al., 2009) for
pulse seeds; (Galedar et al., 2009) for pistachio nuts and
kernel; (Khan et al., 2010) for industrial hemp stalks and
kernel (Kalkan and Kara, 2011) for wheat grains.

Engineering properties of shea kernel is moisture
dependent and a range of moisture content exists within
which optimum performance of its processing equipment
is achieved. Negligible information is available on
compressive properties of cash crops grown in Ghana
such as shea kernel. Some information exists on the
physical and thermal properties of shea nut and kernel
(Olajide et al., 2000; Aviara et al., 2005; Aremu and
Nwannewuihe, 2011).

Therefore, the objective of this study was to investigate
the effects of moisture content and loading on
compressive stress, compressive strain, Young’s Modulus

and crushing energy of shea kernel that are relevant for
the design of processing equipment.

MATERIALS AND METHODS

Preparation of Sample

The samples were cleaned by removing foreign materials
and damaged kernels. Shea kernel samples used in the
research had all the quality checks performed and ready
for local and export market. Samples were conditioned to
four moisture content levels of 5.00, 12.00, 18.00 and
24.00% w.b. The samples were sealed in separate
polythene bags and kept in a refrigerator at 5°C for five
days to ensure uniform moisture distribution. The amount
of distilled water added was calculated using equation (1)
(Balasubramanian, 2001; Bart-Plange and Baryeh, 2003).

_ Mi(ms - mi)

1
100 — mx M

where:

M,, is the mass of distilled water (g),

M; is the initial mass of sample (g),

m is the final moisture content of sample (%w.b.) and
m; is the initial moisture content of sample (%ow.b.).

Prior to using the kernels they were taken out of the
refrigerator and allowed to warm up to room temperature.
Similar approaches have been used by Deshpande et al.
(1993) for soybean, Singh and Goswami (1996) for cumin
seed and Aviara et al. (1999) for guna seed. After
conditioning the samples to the desired moisture levels of
5.00, 12.00, 18.00 and 24.00%w.b., the dimensional
properties were determined for four replicates and the
mean values calculated.

Determination of principal dimensions

The average size was determined based on 100 randomly
selected seeds. The three principal dimensions namely
length (a), width, (b) and thickness (C) were measured
using a micrometer screw gauge with an accuracy of
0.0lmm. The width and thickness were measured
perpendicular to the major axis. The geometric mean
diameter (Dg) or equivalent diameter (De) as used by
some researchers was calculated using the following
relationship (Mohsenin, 1986):

1 Ly
D, = (abc) /2 2)

The sphericity index () was calculated using the
following formula (Mohsenin, 1986):

(abe) /=

0= 3)
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Determination of compressive properties

The compression test was conducted on the shea kernel at
four moisture content levels (5.00%, 12.00%, 18.00,
24.00% w.b) using the Instron Universal Testing Machine
(IUTM) controlled by a micro- computer. Prior to the
compression test, the linear dimensions and the sphericity
of the shea kernel were measured. During a compressive
test, the shea kernel was placed laterally on the platform
and was compressed with a motion probe at a constant
speed until the specimen fractured. The data acquisition
system generated the rupture load and the displacement
automatically during the compression. The maximum
compressive stress, strain, and crushing energy were
determined using the following equations:

P
1
Tonax = AL 4)
&t
Epax T (%)
_F
E_= 7 X AD (6)
Where @, ... is the maximum compressive stress in MPa,

Pax 18 the maximum load in N, d is the mean diameter in
mm, and L is the mean length in mm. [, is maximum
compressive strain in mm/mm, | is the mean width of the

specimen in mm, &AL} is the displacement interval in mm

and E. is the crushing energy in J.

An analysis of variance (ANOVA) was performed to
examine the effects of experimental factors and their
interactions using SPSS 2007. Means of treatments were
compared using Fisher’s least significant difference.
Regression analysis was performed on the data to
examine the trends of compressive properties in relation
to the kernel moisture content with MS excel. A
significant level of probability p< 0.05 was used for all
analysis and all measurements were replicated four times.

RESULTS AND DISCUSSION

Size and shape dimensions

Table 1 shows the mean major diameter, intermediate
diameter, and the minor diameter as well as the effective
mean diameter and sphericity of the shea kernel specimen
used for the compression test at moisture contents of 4.78
+ 0.28% and 24.17 + 0.12%. The major diameter,
intermediate diameter and the minor diameter had values
of 24.17 £ 3.20 mm, 17.55 = 2.00 mm and 14.95 + 1.54

content of 24.17 £ 0.12%, the mean values of the major
diameter, intermediate diameter and minor diameter were
found to be 24.65 mm, 18.11 mm and 1546 mm
respectively. The geometric mean diameter and sphericity
were found to be 18.48 mm and 0.769 at moisture content
of 4.78 + 0.28% and 19.01 mm and 0.775 at 24.17 +
0.12% moisture content respectively.

Compressive stress

The relationship between stress and moisture content can
be found in figure 2. Compressive stress decreased
linearly from 2MPa at 5.00% moisture content to 0.8MPa
at 24.00% moisture content. The decrease in compressive
stress with moisture content may be due to the fact that, as
the kernels absorb moisture, they become softer and the
forces acting would be minimum leading to reduction in
stress. Compressive stress was found to have the
following relations with moisture content:

Y=-0.062x +2.2897 R*=0.9958

Similar decreasing trend was observed with moisture
increase in the determination of the strength for barley
kernels under uni-axial compression (Bargale et al.,1995)
three cultivars of whole snap bean (Bay et al., 1996 )
aegyptiaca nut (Mamman et al., 2005) filbert nut and
kernel (Pliestic et al., 2006) African nutmeg (Burubai et
al., 2007), barley grains that were quasi-statically loaded
in horizontal and vertical orientations (Tavakoli et al.,
2009) wheat grains (Gorji et al., 2010) Sc 704 corn
variety (Seifi and Alimardani, 2010) and brown rice
(Bagheri et al., 2011).

Compressive strain

The relationship between compressive strain and moisture
content is found in figure 2. The compressive strain
decreased from 0.0085mm/mm at 5.00% moisture content
to 0.002mm/mm at 24.00% moisture content. The
relationship between compressive strain and moisture
content may be given by:
Y=-0.0003x +0.0106 R?=0.9642

Young’s modulus

Figure 3 indicates the relationship between Young’s
Modulus and moisture content with a decreasing trend.
Young’s modulus decreased non-linearly from 2000MPa
at 5.00% moisture content to 100MPa at 24.00% moisture
content. The relationship between Young’s modulus and
moisture content may be expressed by the following
regression equation:

mm at moisture content of 4.78 £+ 0.28% while at moisture ~ y=_7.308x>+ 117.72x +1536.7 R%=0.9576
Table 1. Dimensions of kernels used for the compression test at moisture contents of 5 and 24%w.b.
Moisture content Mean length Mean width Mean thickness Mean equivalent Mean
(%w.b) (mm) (mm) (mm) diameter (mm) sphericity
5 24.17 17.55 14.95 18.48 0.769
24 24.65 18.11 15.46 19.01 0.775




2116

Bart-Plange et al.

2.50 +

2.00 -

1.50 -

1.00 -

0.50 -

Compressive stress (MPa)

0.00 I I I

0.010
0.009
- 0.008
0.007
0.006
0.005
0.004
- 0.003
0.002
0.001

Compressive strain (mm/mm)

0 4 8 12

0.000

16 20 24 28

Moisture content (%wb)

4 COMPRESSIVESTRESS(MPa)

B COMPRESSIVE STRAIN(mm/mm)

Fig. 2. Relationship between compressive stress, compressive strain and moisture content.

2500 -

2000

1500

1000

500

Young's modulus (MPa)

0 T

5 10

15 20 25

Moisture content (%wb)

Fig. 3. Relationship between Young’s Modulus and moisture content.

The values found in this study is consistent with the
results obtained by Afkari-Sayyah and Minaei (2004)
who found Young’s modulus of wheat kernels to range
from 486 to 1631 MPa and to correlate inversely with
increasing moisture. According to Afkari-Sayyah and
Minaei (2004) a range of 230 to 4100 MPa has been
reported by different authors for the modulus of elasticity
of food materials with a mean standard error of 172 MPa
(Mohsenin, 1978; Arnold and Robert, 1969; Bargale, et
al., 1995; Afkari-Sayyah and Minaei, 2004). The results
of this study fall within this range. Other researchers such

as Mamman et al. (2005) for aegyptiaca nut, Burubai et
al. (2007) for African nutmeg seedcoat, Hemery et al.
(2010) for wheat bran, Abbaspour-Fard et al. (2012) for
pumpkin seed also found Young’s modulus to decrease
with moisture content increase.

Crushing energy

The relationship between crushing energy and moisture
content is shown in figure 4. Crushing energy increased
non-linearly with moisture content from 6mJ at 5.00%
moisture content to 135mJ at 24.00% moisture content.
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Fig. 4. Relationship between crushing energy and moisture content.

The reason for the increase in crushing energy may be
that, as moisture increases, cohesive forces within the
kernels increase and as a result, their resistance to
cracking also increases. This would reduce compressive
efficiency and may lead to increased cost of cracking. The
relationship between crushing energy and moisture
content may be expressed by the following equation:
Y=10.0002x> + 0.0001x + 0.0008 R*=0.9925

In a similar research by Tarighi et al. (2011) involving
corn seeds, rupture energy values were found to increase
from 59 to 135 mJ as the moisture content increased from
5.15 t0 22.00% d.b.

Crushing energy was found to range from 24mJ to
42.70mJ for horizontal and vertical orientations of paddy
rice (Zareiforoush et al., 2010). The increasing trend
obtained in this study was similarly observed by other
researchers including Singh and Goswami (1998) for
cumin seeds, Burubai et al. (2007) for African nutmeg,
Altuntas and Yildiz (2007) for faba beans, Saiedirad et al.
(2008) for cumin seeds, Tavakoli et al. (2009) for barley
grains, Gorji et al. (2010) for wheat grains, Seifi and
Alimardani (2010) for Sc 704 corn variety and Tarighi et
al. (2011) for corn grains. However, other researchers
have found the crushing energy to decrease with
decreasing moisture content (Mamman et al., 2005 for
aegyptiaca nut; Unal et al.,, 2008 for mung beans;
Zareiforoush et al., 2010 for two paddy rice varieties;
Alhijahani and Khodael, 2011 for strawberry fruit).
Bargale et al. (1995) in an earlier study found the energy
required to cause rupture in the barley kernel to increase
initially and then decreased with the moisture content
increase which implies that moisture content range is an
important consideration.

Engineering implications

In a bid to mechanize the various unit operations involved
in the post-harvest processing of shea kernel, information
and data on the behaviour of these strength properties as a
function of moisture is needed. The utilisation of the data
generated would save energy and promote the design and
development of appropriate, effective and efficient
process machines.

CONCLUSION

In this study, some compressive properties of shea kernel
were investigated in the moisture content range of 5.00%
to 24.00% (w.b). The following conclusions are drawn
from this investigation:

The mean dimensions used for the study ranged from
24.17 to 24.65mm, 17.55 to 18.11mm, 14.95 to 15.46mm,
18.48 to 19.01mm and 0.769 to 0.775 for length, width,
thickness, geometric mean diameter and sphericity
respectively.

Compressive stress and compressive strain decreased
linearly from 2.0 to 0.8MPa and from 0.0085 to
0.002mm/mm with increasing moisture content from
5.00% to 24.00%w.b, respectively. Young’s Modulus
decreased non-linearly from 2000 to 100MPa as moisture
content increase from 5.00%w.b. to 24.00%w.b, while
crushing energy increased non-linearly from 6 to 135mJ
with a moisture content increase from 5.00% to 24.00%
w.b.
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