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ABSTRACT

One of the main problems associated with crackinfgpalm nut is the mixture of small Tenera
and the big Dura variety nuts. In general, low yiebf about 40% is obtained from cracking the
mixture of Dura-Tenera nuts. In cracking the mixt, most of the Tenera nuts are not cracked
when a large sieve size is used. When the sieweisigmall, the Dura kernels get broken, thereby
affecting the quality of the processed kernel dilence the objective of this work was to develop
a model for selecting a suitable sieve size that && used to crack the nut in order to increase
productivity and also improve the quality of the Ipakernel oil. Series of experiments carried
out confirmed the need for separation of nuts bedocracking and also the need to select an
ideal sieve size for each type of nut. In conclusi@ was established that separating the two nut
varieties before cracking led to a significant (01) increase in cracking efficiency of up to
about 90% thereby increasing the productivity by%4Gand making an economic gain of GH¢
1.07 (US$0.98, October, 2008) per every 50 kg motpssed.
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INTRODUCTION Evidence from both scientific and empirical
The different varieties and types of the oil palnresearch suggests that about 25 percent of food
(Elaeis guineensis) can be distinguished with grown in the tropics is lost before it can be util-
respect to the quantity and quality of the exised (Adzimah and Seckley, 2009). Indeed post
tractable oil. A simple classification is based orharvest losses represent the waste of all human
its internal structure, especially the thickness oénergy and other inputs expended in the culti-
its shell. The fruit may belong to one of thevation and harvesting of the crop. Processing of
following three varieties; namely Dura, whichcrops, therefore, is a widely acknowledged al-
has a shell thickness of 2 mm to 8 mm; Teneradernative approach, which can be used as an
which has a thin shell of 0.5 to 4 mm thick anceffective means of reducing post harvest losses
Pisifera, which is shell-less and has little com{Oke, 2007).

mercial use. The Pisifera is mostly used in the

breeding of commercial palms (Asiedu, 1990). Palm oil, which is derived from the outer pulpy
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layer of the palm fruit, is composed mainly ofture of shell and kernel. Greater yield could
palmitic acid (a saturated fatty acid) and oleicherefore be achieved for the cracking of the
acid (an unsaturated fatty acid) (Geoffreyhuts, if the nut can be separated into different
2003). Both acids are roughly in equal proporsizes and cracked separately using an ideal
tions. On harvesting, fats in the mesocarp of theieve size. Hence the objective of this work is
palm fruit constitute 70 — 75 per cent of the dryto develop a model that can be used to select a
matter. In addition, there is about 1 percensuitable sieve size for cracking palm kernel
palmitoleic acid, and traces of lauric and lanodepending on the variety so as to increase pro-
line acids (Koya and Faborode, 2006). Apartluction efficiency and increase the quality of
from the fatty acids, the major constituents othe palm kernel oil.

palm oil are the fat-soluble carotenoids, chiefly

carotene, which gives the palm oil its redin this study, it was established that separating
colourations. The carotene content can be dbe Dura and Tenera nut varieties before crack-
high as 1000 ppm (parts per million). The caroing resulted in a significant (p< 0.01) increase
tenoids are responsible for the high amount ah cracking efficiency of up to about 90%. Thus
vitamin A in palm oil (Koya and Faborode, increasing the economic productivity by almost
2006). 40%.

The two main products obtained from paImMMATERIALSAND METHODS
kernels besides the hard shells are the palithe kernels were cracked using a locally manu-
kernel oil and palm kernel cake. The characterfactured cracker. The cracking machine is capa-
istic feature of palm kernel oil is its high con-ble of cracking about 12 tonnes of kernel in 24
tent of saturated fatty acids, primarily laurichours of continuous operation. After cracking,
acid. Due to its high proportion of saturatedthe feed stock is winnowed to remove the dust
fatty acids, palm kernel oil does not readily turnn the shell/kernel mixture for easy and effi-
rancid (Bergert, 2000). cient separation to take place. Figure 1(a)
shows fixed impellers of the cracking machine.
One major problem associated with the proc-
essing of palm kernel is how to obtain greater
yield that depends on the quality of cracke
nuts, which is affected by the process of cracl
ing the nuts. This problem mainly occurs whe
different types of kernel are mixed together fo
cracking, that is, when the bigger Dura nuts ai
mixed with smaller Tenera nuts (Boatesi@l .,
2008).

Dadzie, (2007), redesigned and mechanised t
layout of the cracking unit of an existing oil-
seed processing machine being used by t
Golden Web factory Ltd, Suburb of Kumasi tc
improve its productivity. It was noted that, us:
ing the new design of two sieve sizes in th
factory (small and large) for the cracking of the
separated varieties increases the efficiency (6 -

15%). That is, when the large Dura nuts OUtFigurel(a)
number the smaller Tenera nuts, the latter

comes out as uncracked nuts among the mix-
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Dura nuts, respectively. Figure 1(b) shows
sieve size 9 and 10 mm used to perform the
experiments.

Deter mination of suitable sieve size
Three sacks full of 50 kg each of the Dura-
Tenera mixture were separated into Dura nuts
and Tenera nuts only. Each variety containing
50 kg was cracked using the sieves of 9, 10, 12,
13, and 15 mm mesh size. After cracking, the
clay bath system in a pot was used to separate
the kernel from the shells. A kernel yield {W
and shell fraction (\ in grams from the sam-
Figure 1(b) ple were collected for each of the varieties and
sieve size combination and analysed to find the
Figure 1. Inner parts of the cracking ma- cracking efficiency. The kernel yield samples
chine showing (a) the impellers and (b) two  were separated into uncracked nutg(Vénd

of the designed sieves used for the Experi- broken kernel (W). The shell samples were
ment also separated into the shell {Ménd the whole
nut (We).

The separation of the kernel from the shells is

done using the clay bath methotihe clay- Estimation of cracking efficiency, percentage

water concentrate is mixed in large pots intdroken kernel and whole nut in shell

which the shell-kernel stock is poured andThe cracking efficiency,d), is defined as the

stirred by swirling action for about three min-fraction of the quantity of non defective kernel

utes for the kernel to float and the shells to sinkver the total kernel sample.

to the bottom. The suspended kernel is scooped

and washed for further processing while thé his can be computed as

shells are collected from time to time. The shell

:(s useld as fuel to fire the boiler or to dry the  _ {1_(W3 W, ﬂlOO%
ernel. w, (1)

Series of experiments were performed to estab-

lish the need for separating the nuts befordhe percentage broken kerne) {s defined as

cracking by selecting an ideal sieve for each othe fraction of the broken kernels in the kernel

the constituents. The experiment was persample. This is expressed as

formed using weighing scales, cracking ma-

chine with the provision to change the sieves

and a constant speed of 1500 rpm, and a clay-g = —* x100%

bath. The palm nuts were weighed and then W, (2)
introduced into the machine. The cracking ac-

tion occurs when the nuts are fed to the rotatinq;he percentage whole nut in the shell sample

impeller which hits the nuts and through its(B). - . X
. i . is also defined as quantity of whole nuts in
centrifugal force, cracks it. Five different meshthe shell sample. This is expressed

sizes (9, 10, 12, 13 and 15 mm) were used for
the initial experiment. After the model develop- , _ W

ment, the identified appropriate sieve sizes ofIB =—x100%

10 and 14 were used to crack the Tenera and 2 ©)
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Evaluation of appropriate sieve size combined to represent the value for sample A.
To ascertain the results for the production offhe cracking efficiency, the percentage broken
the palm kernel oil, a sack of 50 kg Dura/kernel and the percentage whole nut in shell
Tenera nuts mixture were divided into threewere determined for each sample. These proc-
equal parts and labelled samples A, B and (&sses were repeated for four (4) additional
Sample A was separated into the Dura nuts arghcks of Dura/Tenera nut mixtures. Analysis of
Tenera nuts. The Dura nuts were cracked usingariance was used to determine differences in
a sieve with a size of 14 mm mesh based on thwacking efficiency, percentage broken kernel
identified appropriate mesh size establishednd percentage whole nut in shell for each sam-
which falls within the range selected for theple.

Dura nuts while a sieve with a size of 10 mm

mesh was also used to crack the Tenera nURESULTSAND DISCUSSION

which also falls within the range selected forAppropriate sieve size

the Tenera nuts. The Dura-Tenera mixture oflsing the 9 mm mesh size sieve, the results
Sample B were cracked using a sieve with abtained for the Dura-Tenera mixture were 146
size of 10 mm mesh while the Dura-Tenergy for the whole kernel in nut and 264 g for the
mixture of Sample C were cracked using aroken kernel, which leads to low quality and
sieve 14 mm mesh. For the sample A, aftelow efficiency. This is illustrated in Table 1.
cracking the two types of nuts, they were then

Table 1: Different kernel fraction yield obtained by using various sieve sizes for different nut
types

Type of Nut Sieve Size Uncracked Broken Kernel Whole Nut W

(mm) Nuts W3 (9) W, (9) )

9 146 264 18

10 120 270 24

Mixture 12 103 277 38

13 74 301 44

15 70 344 61

9 6 415 19

10 18 358 21

Dura Nut 12 36 256 24

13 58 173 17

15 67 122 8

9 21 48 18

10 33 99 33

Tenera Nut 12 67 128 54

13 135 150 62

15 208 170 74
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Separating the mixture into the Dura and thavas found to increase from 47.38% to 76.38 %
Tenera nuts, gives a high quality and high effiwhile the cracking efficiency for the Tenera nut
ciency for the Tenera nut but low quality anddecreases from 91.38% to 52.75%. The mixture
low efficiency for the Dura nut. However, us-gave the lowest value indicating that majority
ing the 15 mm mesh size sieve, the results olof the smaller size nuts pass through the sieve
tained for the Dura/Tenera mixture were 70 gvithout cracking or the larger size nuts were
for the whole kernel in nut and 344 g for thebroken.
broken kernel, which also leads to low quality
and efficiency. But, separating the mixture intoFor the mixture, the cracking efficiency in-
the Dura and the Tenera nuts, gives a low quatreases with sieve size up to 12 mm and then
ity and efficiency for the Tenera nut but highdecreases. This means that using the smaller
quality and efficiency for the Dura nut. Simi- sieves, majority of the kernel are broken due to
larly the weight of whole nuts lost to the shellthe presence of the Dura nut and also using the
for the Dura nuts was found to be 19 g whetarger sieve size, the Tenera nuts escape
using the 9 mm mesh size sieve but decreaskrough the mesh size without cracking. This
dramatically to 8 g when using the 15mm mesicontributes to low yield of kernel production
size sieve. Conversely, for the Tenera nut, 18during the cracking of Dura-Tenera nuts mix-
was obtained for 9 mm whilst 74 g for the 15ture. However, the 12 mm mesh size is an opti-
mm mesh size sieve. The nuts lost to the shellmum sieve size suitable for the mixture. From
in the mixture were found to be 18 g and 61 ghe results, it is advisable to separate the nuts
for the 9 mm and 15 mm respectively. Hencénto its constituent before cracking. Also since
separating the mixture and selecting an idedahe broken kernel contributes to the oil quality
sieve will increase the efficiency and the qualand the cracking efficiency; it is important to
ity of the palm kernel oil. determine its effect on the selection of the sieve
size for each type of nut.
Figure 2 illustrates the relationship between
sieve size and the cracking efficiency for theThe relationship of the percentage broken ker-
separate Dura and Tenera nuts and their mixel to the sieve size is presented in Figure 3.
ture. The cracking efficiency for the Dura nutsFor the Tenera nuts, the percentage broken ker-
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Figure 2: Cracking Efficiency of separate Dura and Tenera and their mixture using different
sieve sizes
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nel increases with increasing sieve size but dgyresented. The mixture and Tenera nuts only,
creases with increasing sieve size for the Durghows the percentage whole nut in shell in-
nut. Thus indicating that using a small sievecreases with increasing sieve size. However for
size for the Dura nut will decrease the qualitthe Dura nuts, the percentage whole nut lost to
of oil obtained from the production of the palmshell increases up to a sieve size of 12 mm
kernel oil. mesh size and then decrease to the mesh size of
15 mm. This indicates that using the larger
Figure 4 illustrates the loss of the kernel to thgnesh size, many of the Tenera nuts will pass
shell as given by the percentage whole nuts ithrough the sieve. However, this will increase
shell. This is influenced by the sieve size ashe quantity of uncracked nut lost to the shell
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Figure 3: Percentage broken kernel of separated Dura and Tenera and their mixture using
different sieve sizes
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Figure 4. Percentage nut in shell of separated Dura and Tenera and their mixture using dif-
ferent sevesizes
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thereby reducing the amount of oil produced. ate the cracking efficiency, percentage broken
kernel and percentage whole nut.
It is evident that the cracking efficiency, the
percentage broken kernel and the percentag&éom Figure 6, the cracking efficiency line
whole nut in shell are affected by the sieve sizéntersects the percentage broken kernel and the
The choice of sieve size also depends on thgercentage whole nut in shell at the points
palm nut variety or the mixture. Hence, a modeWhere sieve sizes are 14.5 mm and 15.5 mm
was developed relating the three efficiencies toespectively. The percentage broken kernel
the sieve size so that the point of intersectionurve also intersects the percentage whole nut
for the three can be used to select the appropiit shell at the point where the sieve size is 13.5
ate sieve size for nut type or mixture. Since thenm. This means that, for a high production rate
computed values obtained for the three efficienand high quality oil, a sieve with a size between
cies have a wide range, the result for each effit3.5 mm and 15.5 mm is ideal for cracking
ciency were normalised by dividing each valueDura nuts after the separation of the two nuts.
by the least value. The computed normalisedherefore a sieve of 14 mm mesh size was used
values for the three efficiencies for the Tenerdo evaluate the cracking efficiency, percentage
nuts and Dura nuts are presented in Figures 5 and Ibroken kernel and percentage whole nut.

From Fig. 5, it is seen that the cracking effi-Evaluation of cracking efficiency, percentage
ciency line intersects the percentage brokeproken kernel and per centage whole nut

kernel and the percentage whole nut in shell atable 2 presents the ANOVA for cracking effi-
almost the same point with a mesh of size 9.Giency (CE), broken kernel (PBK) and whole
mm. The percentage broken kernel intersectsut (PWN) in shell percentages for separate
the percentage whole nut in shell at the poinbura and Tenera nuts and their mixture. Out of
where the mesh size is 10 mm. This means thahe 50 kg sample split into three equal parts of
for a high production rate and high quality oil, aA, B and C, the sample A was cracked using
sieve with a size between 9.5 mm and 10 mmieve of 14 mm and 10 mm for the separated
mesh size is ideal for the cracking of the TenerBura and Tenera nuts, respectively; and the
nuts after the separation of the two nuts. Hencaiixture of Dura-Tenera cracked with sieve size
a sieve of 10 mm mesh size was used to evalgf 10 mm and 14 mm for sample B and C, re-
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Figure5: Normalized cracking efficiency, broken percentage and whole nut in shell variation
with sieve sizefor the Tenera nuts
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Figure 6: Normalized cracking efficiency, broken percentage and whole nut in shell variation
with sieve sizefor the Dura nuts

spectively. The analysis shows significant difthe mixture separated with any sieve size

ferences in CE, PBK and PWN for the different(Sample B or C). Thus indicating that when the

sample types. Dura-Tenera nuts mixtures are separated and an
ideal sieve size is selected for the cracking, the

Table 2 shows a significantly (p<0.01) highercracking efficiency increases to almost 90%,

cracking efficiency for separated nuts sievehereby increasing the production by 40%. Also

with appropriate sieve size (Sample A) comthe percentage broken kernel is reduced to a

pared to the mixture separated with any sievealue of 4.3% and this will lead to increase in

size (Sample B or C). Also, the broken kernepalm kernel oil quality.

percentage and whole nut in shell are signifi-

cantly lower for separated nuts sieved with ap€OST BENEFIT ANALYSIS

propriate sieve size (Sample A) compared t&iven an expected kernel oil yield of 16.33 %

Table 2: Cracking efficiency, broken kernel and whole nut in shell in percentagesfor differ-
ent samples

*Sample Cracking Broken Whole Nut
Efficiency (%) Kernel (%) in Shell (%)
A 87.5 4.3 5.7
B 43.4 12.7 8.4
C 59.7 8.9 5.1
Significance 0.00 0.00 0.00
level
LSD 1.648 1.034 0.705

*Sample A (separated Dura and Tenera sieved witmdvand 10 mm, respectively); Sample B (mixture of
Dura-Tenera sieved with 10 mm); and Sample C (méxtirDura-Tenera sieved with 14 mm)
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Table 3: Lost Income per 50 kg unsepar ated Dura-Tenera nut Mixture

. Unit Price Amount
Oilka) G GH¢
Expected income per 50 kg nut (16.33 %) 8.17 1.2 8009.
40 % oil lost due to not separating nuts and sigvin
with 10 mm mesh (A) 3.27 1.2 3.92
Additional labour cost for separating 50 kg nut (B) 2.85
Lost of income per 50 kg nut (A-B) 1.07

with a standard deviation of 0.77 and using five of Environmental Science and Technol-
replicates each for separated Dura, and Tenera ogy, 3(11): 387-398
and the mixture of nut and the unit price of
GH¢1.20 per kg of kernel oil then it can beAsiedu, J. J. (1990). Processing Tropical crops:
estimated that one expects a reduced income of A technological Approach, Macmillan
GH¢1.07 (Table 3) if the 50 kg Dura-Tenara Education Ltd: London, U.K. pp 76-96
mixture is not separated and sieved with 10 mm
mesh size. This could amount to a reduced irBergert, D. L. (2000). Management Strategies
come of over GH¢20.00 if one processes on the of Palm Oil in Response to Localized
average twenty 50 kg bags daily. However, Markets in South Eastern Ghana. Michi-
sieving with a 14 mm mesh may not lead to any ~ gan Technology University, USA.
income reduction.

Boateng, M. Okai D. B., Baah, J. and Donkoh,
CONCLUSION AND RECOMMENDA- A. (2008). Palm kernel cake extraction
TION and utilisation in pig and poultry diets in
This study establishes the need to separate nuts Ghana,Livestock Research for Rural De-
before cracking and also selecting an ideal  velopment, 20 (7): 1-8
sieve size for each type of nut. To obtain high
production efficiency and good quality oil, aDadzie J. E., (2007). Redesign of Facility Lay-
mesh size from 13.5 mm to 15.5 mm is ideal out for the Cracking Unit of a Palm Ker-
for the cracking of the Dura nuts and 9.5 mm to nel Processing Plant, Master's Thesis,
10 mm mesh size is ideal for the cracking of the Kwame Nkrumah University of Science
Tenera nuts after the separation. and Technology, Kumasi

Separating the Dura-Tenera nuts mixture int@sbadam, E. K., Simons, A and Asiam, E. K,
Dura nuts and Tenera nuts and selecting an  (2009). The Determination of Some De-
ideal sieve size for each type of nuts increases sign Parameters for Palm Nut Crackers,
the cracking efficiency by 40%. The conse- Journal of Scientific Research, 38(2):315-
quent increase in palm kernel oil production is 327

high enough to offset the additional cost in-

curred in separating the nuts. Separating alddrema, G. (2003). Small Scale Palm Oil
gives a better oil quality since the amount of Processing, FAO Agricultural Services
broken kernel is reduced by as much as 6 %. Bulletin 148: 5

REFERENCES Koya O. A. and Olufemi A., (2006)Palm Nut
Adzimah, S. K. and Seckle, E., (2009). Modifi- Cracking under Repeated Impact Load,
cation in the design of an already existing Journal of Applied Sciences, 6(11): 2471-

palm nut/fibre separatoAfrican Journal 2475

Journal of Science and Technology © KNUST DecemBé10



118 Andoh et al.

Koya, O. A. and Faborode, M. O., (2006).Engineering and Applied Sciences, 2(4): 701-
Separation Theory for Palm Kernel and705
Shell Mixture on a Spinning Disdournal
for Biosystems Engineering, 95(3): 405- Okoye, C. N., Jiang, J and Hui, L. Y. (2008).
412 Design and development of secondary
controlled industrial palm kernel nut
Oke, P. K. (2007). Development and Perform- vegetable oil expeller plant for energy
ance Evaluation of Indigenous Palm Ker- saving and recuperatiaiournal of Food
nel Daul Processing Machinggurnal of Engineering, 87(4): 578-590

Journal of Science and Technology © KNUST DecemBé10



