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Abstract: -The average size of oil palm kernels of unknown variety was used to classify their varietal
composition. Engineering properties of oil palm kernels are important for rational design of general- purpose
handling systems for oil palm kernels. In this work, average values of size, solid density, bulk density,
compressive yield load, hardness, angle of repose, porosity, sphericity, and coefficient of friction were
determined for samples of unknown variety of palm kernels sourced from three local markets in Nsukka, Enugu
state, Nigeria. At an average moisture content of 6.1% (w.b.), the major diameter ranged between 15.68 + 2.24
mm and 22.41 + 2.19 mm with an average of 19.09 + 2.01 mm. The solid density ranged between 1.00 = 0.09
g/lem® and 1.32 + 0.02g/cm® with an average value of 1.17 + 0.13 g/cm®. Other average values were 608.05 *
14.08 kg/m?® for bulk density; 1022.44 + 90.56 N for compressive yield strength; 10.41 + 0.09 kN/m? for
hardness; 37.75 + 1.33° for angle of repose; 47.4 + 7.7% for porosity; and 0.74 + 0.04 for sphericity. The
average coefficients of friction were 0.52 £ 0.05, 0.51 £+ 0.03, and 0.46 + 0.06 on plywood, galvanized steel, and
glass surfaces respectively. The size analyses results showed that the oil palm kernels used in this study were
mixtures of dura, tenera, and pisifera varieties. Moisture content of the kernel was found to influence most of the
properties
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l. INTRODUCTION

Some engineering properties of agricultural seeds and kernels considered important for the rational
design of their handling, processing, and storage systems include: bulk density, solid density, compressive
strength, hardness, toughness, specific heat capacity, and coefficient of sliding friction, angle of repose, size,
and shape [1, 2, 3, 4, 5, ]. The size and shape of agricultural seeds are important in the design of hoppers, press
auger, and press barrel for efficient oil extraction using the screw press. They are also important in the design of
grading or cleaning equipment [6, 7, 8, and 9]. The solid and bulk densities are important in the design of
hoppers also, and for computing the throughput and the performance efficiencies of oilseed’s screw presses [10,
11, and 12]. The knowledge of rupture resistance, toughness, deformation, and hardness of oilseeds is important
in determining power requirements during size reduction and pressing operations, and for proper selection of
construction materials for handling equipment [13, 14, 15, and 9]. The specific heat capacity of palm kernels is
useful in the determination of the amount of heat required for enhanced oil expression from oilseeds, and hence
aids in the selection of the best pressing method [9]. The coefficient of sliding friction is important in the
determination of the steepness of hoppers, storage containers and power requirement calculations [10, 12, 16,
and 9]. Angle of repose is important in the design of their storage structures [9].

Oil palm kernels occur in three known varieties, namely dura, pisifera, and tenera. The two known
sources of oil palm kernels are the modern plantations and the wild groves. The wild groves, as the name
implies, often grow untended. They are found in clusters and are mainly the result of natural seed dispersal. Oil
palm kernels sourced from established plantations are easily classified based on the variety of the palm trees
cultivated. But, kernels sourced from open markets where most small to medium-scale processors procure their
materials are not classified because these kernels come mostly from wild grove oil palm trees that are usually of
unknown variety. The engineering properties of dura, pisifera, and tenera varieties have been determined by
other researchers. Koyaet al. [16] determined some properties of the dura, tenera, and pisifera varieties of oil
palm kernels. The properties included size, sphericity, density, and coefficient of friction. Gbadamosi[9] also
determined some engineering properties of oil palm kernels, for the three varieties, and the properties included
size, shape, coefficient of friction, hardness, specific heat capacity, and compressive strength. Ozumba and
Obiakor[17] determined the average compressive rupture force, deformation and toughness of the dura variety.
There is, therefore, need to determine the engineering properties of oil palm kernels of unknown variety. The
average size could be used to classify the kernels into known varieties. And the average values of other
engineering properties are considered more relevant for rational design of general-purpose handling systems
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than using the specific values published for tenera, pisifera, or dura varieties. Thus, the objectives of this study
were:

1. To determine the average values of the size, sphericity, solid density, bulk density, compressive yield
strength, hardness, angle of repose, and coefficient of sliding friction of oil palm kernels of unknown variety
procured from three local markets in Nsukka, Enugu state, Nigeria;

2. To classify the kernels into known varieties based on their sizes;

3. And to determine whether kernel moisture content has effect on some of the kernel properties.

1. MATERIALS AND METHODS

Five batches of unknown variety of palm kernels were purchased on five different days from three
different open markets in Nsukka Local Government Area in Enugu State of Nigeria. The kernels were cleaned
manually to remove dirt and other foreign materials. The batches were graded using three sieves, A, B, C, with
12.70, 9.52, and 6.7 mm-diameter apertures respectively, with a view to classifying them intoknown palm kernel
varieties based on size. The aperture sizes of the three sieves were chosen, because based on average kernel
sizes given by Gbadamosi (2006), palm kernels retained on sieve sizes of 12.70 mm and 9.52 mm are likely to
be either dura or tenera variety or both; while those retained on sieve size of 6.7 mm after passing through the
other two sieve sizes are likely to be pisifera. The moisture contents of the samples were determined by oven-
drying ground samples (100 g) at 103°C for 6 hrs. Grade 1* stands for a sample of batch 1 retained on sieve ‘A’.
Grade 2" stands for a sample of batch 2 retained on sieve ‘A’. Grade 2° stands for a sample of batch 2 retained
on sieve ‘B’. Grade 3" is a sample of batch 3 retained on the sieve ‘A’. Grade 4” is sample of batch 4 retained
on sieve ‘A’. Grade 4° is a sample of batch 4 retained on sieve ‘B’. Grade 5° is a sample of batch 5 retained on
sieve ‘B’. And grade 5 is a sample of batch 5 retained on sieve ‘C’.

For the determination of size and shape of palm kernels, twenty randomly chosen kernels
representative of each grade were measured. A Vernier caliper with 0.01mm accuracy was used to measure the
three axial dimensions of the kernels namely, the major, intermediate, and minor diameters of the kernels. The
shape of the kernels was described in terms of their sphericity. The solid density of palm kernel was obtained by
dividing the mass of a sample kernel by its volume. The mass of 20-seeds sample enclosed in a tight-fitting
plastic bag to prevent water seepage was measured with an electronic scale, and the volume obtained by water
displacement. The test was replicated five times. The bulk density of palm kernels was determined by finding
the ratio of the mass of a sample to its total volume freely filling a container without compaction. The container
used was a 100 mm long, 50 mm-diameter cylindrical container. The measurements were replicated 5 times.
The hardness of the palm kernels was determined using a hardness testing machine (Model No. 174886 by
Ogawa Seiki Co. Ltd. Japan). The machine had a compression spindle and a loading surface. With a kernel on
the loading surface, the spindle was used to produce indentation on it. The hardness value was read on a
graduated scale. The test was replicated five times.

The coefficient of sliding friction of palm kernels was determined for three structural surfaces namely,
plywood, galvanized steel, and glass. Twenty seeds of palm kernels were placed on each structural surface
measuring 50 mm by 200 mm which was attached to an adjustable tilting surface. One end of the tilting
platform was gradually raised with a wedge until some kernels just started to slide down the structural surface
on the inclined platform. The tangent of the angle of tilt at the initiation of free sliding was taken as the
coefficient of sliding friction. Five observations were made per structural surface. Angle of repose of palm
kernels was determined by piling the kernels on a circular platform apparatus in the Food and Bioprocess
Engineering Laboratory of Agricultural and Bioresources Engineering Department, University of Nigeria,
Nsukka. The conical heap formed was measured with respect to its vertical height and diameter. The angle of
repose was computed from the ratio of the vertical height of the heap to the true length (slant height) of the heap
(Gbadamosi, 2006). The experiment was replicated 5 times. Compression tests on palm kernels were performed
with a Monsanto Tensometerin the Civil Engineering laboratory of University of Nigeria, Nsukka, following
standard procedure [18] for each sample seed and replicated 3 times. The loads at yield points were recorded.

1. RESULTS AND DISCUSSION

The moisture content (% wet basis) of the test samples at the time of the experiments were 7.3 for
batch 1, 7.0 for batch 2, 4.5 for batch 3, 8.0 for batch 4, 3.8 for batch 5. The average moisture content of the
mixture was 6.1% w.b. Table 1 presents a summary of all the engineering properties that were determined. The
major diameter ranged between 15.68 + 2.24 mm and 22.41 + 2.19 mm with an average of 19.09 + 2.01 mm.
The intermediate diameter ranged between 9.77 + 0.70 mm and 15.76 + 1.10 mm with an average of 13.84 +
1.17 mm. And the minor diameter ranged between 7.72 + 1.25 mm and 12.12 + 1.55 mm with an average of
10.82 + 1.43 mm. Grades 1#, 2% 3" and 4" were retained on A-sieve, because their average major and
intermediate diameters (including their minimum values) were all greater than the sieve’s aperture. Grades 2°,
48, 58 and 5° all passed through A-sieve because their average intermediate and minor diameters (including
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their minimum values) were smaller than the sieve’s apertures. They were, however, retained on sieve ‘B’,
because their average major and intermediate diameters (including their minimum values) were all greater than
the sieve’s aperture. Grade 5 passed through B-sieve with 9.52 mm apertures but was retained on C-sieve with
6.7 mm aperture following the same principle.

Table 1: Average Values of Some Engineering Properties of the Unknown Variety of Oil Palm Kernels

P R Grade Mean
14 2728 3” Vi 4% 5B5€ value

MJD 20 2241 19.45 1717 19.01 2233 19.31 17.36 15.68 19.01
(mm) (219) (153) (1.81) (L72) (L55) (2.62) (2.47) (2.24) (2.01)

ID 20 1576 1501 1223 1503 17.42 13.05 1248 977 13.84
(mm) (1.10) (1.06) (1.10) (1.41) (155) (1.20) (L.22)  (0.70) (1.17)

MND 20 1212 12.04 906 11.87 1265 1039 1017 772 10.82
(mm) (1.55) (1.48) (1.35) (1.68) (1.46) (1.31) (1.33) (1.25) (1.43)

SPH 20 072 078 074 078 076 071 075 067 0.74
(0.04)

HDN 5 10211048 1023 1045 10.43 1048 1050 10.48 10.41
(KN/m?) (0.09)

BD 5 57516 525.14637.28 625.05 59151 609.18 647.76 653.29 608.05
(kg/m®)  (14.22)6.02) (14.40) (23.42) (24.77) (6.62) (12.49) (10.73  (14.08)

sD 5 1.32 120 103 127 130 100 103  1.02 1.17
(g/em®) (0.02) (0.12) (0.17) (0.10) (0.17) (0.09) 0.21) (0.08) (0.13)

PSTY 5 56.40 56.30 3820 50.80 5450 49.30 37.10 36.70 47.40

(%) (7.70)

SAR 5 44 - - - 39 - 35 33 37.75

@) (1.1) .7 (1.1) (1.4) (1.33)

CSFon

PWD 5 0.52 - 051 - - - 0.52 0.51 0.52
(0.04) (0.03) (0.06) (0.05) (0.05)

CSFon

GS 5 051 - 0.50 - - - 0.51 0.50 0.51
(0.03) (0.04) (0.03) (0.03) (0.03)

CSFon

Glass 5 0.46 - 0.46 - - - 0.47 0.45 0.46
(0.05) (0.06) (0.05) (0.06) (0.06)

P (Property), R (Replications), MJD (major diameter), ID (intermediate diameter), MND (minor diameter), SPH
(sphericity), HDN (hardness), BD( bulk density), SD(solid density), PSTY( porosity), SAR (static angle of
repose), CSF (coefficient of sliding friction),PWD (plywood), GS (galvanized steel). Values in brackets are
standard deviations).

This observed principle or trend is considered useful in the design of sieves for oil palm kernel grading and
cleaning purposes based on the size. The trends of variation of some kernel properties with respect to kernel
moisture contents for the different batches are depicted in Figs.1 — 7. Fig. 1 shows the variation of kernel size
(major diameter) with moisture content (m.c.) of the five kernel batches.
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Figure 1 Graph showing trend of variation of kernel size with kernel moisture content

The trend indicates that kernel sizes increased as the kernel moisture content increased (positive
coefficient of m.c.). This is plausible since drying causes kernel shrinkage and size reduction. The range of
sphericity for the grades of palm kernels worked on was 0.67 (for small kernels) to 0.78 (for big kernels) with an
average of 0.74 (Table 1). Thus the kernels would rather roll than slide on inclined surfaces. An examination of
the sphericity values of the kernels vis-a-vis the moisture contents of the batches (Fig. 2) indicates that
sphericity decreased as the moisture content of the kernels increased (negative coefficient of m.c.). This is
attributable to non-uniform shrinkage due to non-uniform drying of kernels.
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Figure 2 Graph showing trend of variation of kernel sphericity with kernel moisture content

The hardness values for the batches of palm kernels tested ranged between 10.21 kN/m? and 10.50
kN/m? with an average value of 10.41 kN/m? (Table 1). A plot of kernel hardness versus kernel moisture content

(Fig. 3) shows that kernel hardness varied negatively with kernel moisture content. This is reasonable since drier
kernels tend to be harder than moist ones.
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Fig. 3 Graph showing trend of variation of kernel hardness with kernel moisture content

The average bulk density of the various grades of kernels ranged between 550.14 kg/m® for grade 2*
and 653.29 kg/m?® for grade 5. Smaller sized kernels (grade 5°) tended to have higher bulk density than bigger
kernels (grade 1* and 2). The average value was 608.05+14.08 kg/m® (Table 1). A plot of bulk density versus
moisture content for the different batches (Fig. 4) indicates that bulk density decreased with increasing kernel
moisture content.
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Fig. 4 Graph showing trend of variation of kernel bulk density with kernel moisture content

The solid density of the various grades of kernels ranged between 1.00 g/cm® and 1.32 g/cm®. The
average solid density, however, was 1.17 g/cm® for the unknown variety (Table 1). A plot of solid density versus
moisture content of different kernel batches (Fig. 5) shows positive dependence of solid density on moisture
content of kernels.
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Figure 5 Graph showing trend of variation of kernel solid density with kernel moisture content

The porosity range was 38.2% for grade 2° to 56.4% for grade 1”. The big-sized kernels tended to
possess higher porosity values than the smaller sizes. The average porosity value for the eight grades worked on
was 47.4 +7.70% (Table 1). A plot of porosity versus moisture content of the different batches (Fig. 6) indicates
that the porosity of palm kernels increased with kernel moisture content. This is because dry kernels pack more
closely resulting in fewer voids.
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Figure 6 Graph showing trend of variation of kernel porosity with kernel moisture content

The average angles of repose were 44° for grade 1*, 39° for grade 4”, 35° for grade 5°, and 33° for grade 5°.
Overall average angle of repose for the kernels was 37.75 + 1.33° (Table 1).

The average coefficient of sliding friction of the kernels on plywood was 0.52 + 0.05. It was 0.46 + 0.06 on
glass and 0.51 + 0.03 on galvanized steel surfaces. The above values are equivalent to dynamic angles of repose
of 27.47°, 24.70°, and 27.0° on plywood, glass, and galvanized steel surfaces respectively (Table 1). The results
of the compression tests are presented in Table 2. Grade 1* kernel exhibited the maximum average compressive
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yield load of 1037.5N while the minimum average vield load of 805N was exhibited by grade 4* kernels. The
average yield load and deformation for the whole grades tested were found to be 1022 N and 4.4 mm
respectively. A plot of compressive yield loads and moisture contents of the five different batches (Fig. 7) shows
that the compressive yield loads varied negatively with moisture content. Thus drier kernels exhibited higher
yield loads than their less dry samples.

Table 2: Compression test results for the palm kernels
Grade Av. kemel mc. (Pswb) Loading axis Yield point load () Yield point deform. (mum)

* 73 Intermediste 1037.50 5.50
™ 7.0 1058.33 428
2B 7.0 1070.83 467
3* 45 - -
4 8.0 805.00 442
4 20 1075.00 3358
5" 38 1029.17 335
5 3g 1081.25 463
Mean 6.1 1022 44=00.56 447220 67
1080
1060 <
1040
1020
1000 y=-1718x+ 11

Kernel yield point load (N)
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Figure 7 Graph showing trend of variation of yield point load with kernel moisture content

V. CONCLUSIONS
The following conclusions could be drawn from this work:
1. The following average values of some engineering properties were determined for oil palm kernels of
unknown variety sourced from some local markets in Nsukka, Enugu state, Nigeria: 19.09 + 2.01 mm, 13.84 +
1.17 mm, and 10.82 + 1.43 mm for major, intermediate, and minor diameters respectively (resulting in a
geometric mean diameter of 14.20 + 0.75 mm); 608.05 + 14.08 kg/m® (for bulk density), 1.17 + 0.13 g/cm® (for
solid density), 0.74 + 0.04 (for sphericity), 10.41 + 0.09 kN/m? (for hardness), 47.4 + 7.7% (for porosity), 37.75
+ 1.33° (for angle of repose); compressive yield load of 1022.44 + 90.56 kN/m?; and average coefficient of
sliding friction of 0.52 (on plywood), 0.51 (on galvanized steel), and 0.46 (on glass).
2. Analyses of the results indicated that palm kernel size, solid density, and porosity varied positively with
kernel moisture content; whereas kernel bulk density, sphericity, hardness, and compressive strength varied
negatively with kernel moisture content. This fact underscores the importance of stating the moisture content of
experimental samples.
3. Again, the fact that any kernel whose major and intermediate diameters are greater than the aperture of a sieve
would be retained on that sieve is important for the design and utilization of sieves for kernel grading and
separation of kernels and contaminants.
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4. The major diameter range (15.68 mm to 22.41 mm) of the palm kernels used in this work indicated that the
palm kernels were probably a mixtureofdura, tenera and pisifera varieties.

5. Given standard average sizes of dura, tenera, and pisifera varieties, any sample of oil palm kernels of
unknown variety could be separated into its component varieties by appropriate sieving.
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