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ABSTRACT

The processing of egusi melon fruits has bee
efficiency is usually low and the machin
determine some mechanical properties of
and shelling. In this work, points of line
were determined by subjecting the mel
compression test, the maximum force re
deformation is 35mm.while, the minimu
The maximum shear force and the corres

n mostly traditional and where processing machine exists, the
e therefore not economical. Thus, there is a great need to
melon fruits that are relevant for its seed extraction, washing
ar limit (POLL), bioyield point (BYP) and rupture point (RP)
on fruit to compression test and shear stress. Based on the
quired to deform melon fruit is 2531N and the corresponding
m force is 506N and the corresponding deformation is 16mm.
ponding deformation is 608N and 26mm, respectively, while the
minimum shear force and the corresponding deformation is 297N and 8mm, respectively. The results
from this work are therefore recommended for use in the design consideration of melon processing
equipment.
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1. INTRODUCTION

In West Africa, Egusi melon (colocynthis citrullus L.) seeds (Fig. 1a) obtained from egusi melon plant
(Fig. 1b) are a common component of daily meals. Egusi melon is popular in Nigeria because of its edible
seeds, which have been used in the preparation of local soup. It is one of the members of the family
cucurbitaceae, which has bitter fruit pulp. Basically, the seeds are small or large with thin, thick or
encrusted seed coats, the seed edges may be flat or moulded (Oyolu, 1977).
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5 Figure 1b, Egusi melon plant

i i ficial
Melon fruit is slender hairy and grown annually over the ground with a ve(:ir); gx:(e)nssnrr;eztl:r(i ?sl;:zr :vith
3 i Al mat;Jred. The: o e Bt [ S grooveclll . wn at the begir.ming of the
% white hairs; the fruit is hard, bitter and inedible. The seeds are generally ts)(;r) i il ot S
4 s (May/il une) or towards the end of the raining season .(Au.gUSt/ Sg pterr:-ri ¢ when the fruits changes
é: months, they are identified as ripe fruits when the stem s dried, and over-rip
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from green to yellowish / brown colour. The seeds are white inside lh:; [_'nulp _it‘lhc_\' are not _pmperl_\' rpe.
The harvest is preferred when they are yellowish /brownish. The origin ot mclqn is Affrica, .and other
areas where they are widely cultivated include the Caribbean and Indonesia. In Nigeria, the existence of
melon dates back to the 17th century. Statistics shows that 100,000 and 488.000 metric tons of melon
were produced in Nigeria in 1992 and 1997 respectively (Federal Office of Statistics, 1999) as referenced
by Oloko and Adetoye (2006).

Egusi melon seed is ol bearing and contains about 20-40% by weight of oil. Oyenuga (1968) reported
that melon contains 30-50% of oil which is comparable to other oil

plants. Egusi seed oil contains a high
level of unsaturated fatty acids, which has a wide use both for domestic and industrial purposes. Domestic

use of egusi oil include cooking soup, frying, while industrially it can be used for production of soap,
pomade, metal polish, lubricant adhesive, candles and animal feed.

As reported by Nwagugu and Okonkwo (2009), various methods of determining mechanical properties of
agricultural materials exists (tensometer, uniaxial tension test. shear test, etc.). However., compression test
seemed to provide an objective result (Moshenin, 1984). Compression test of agricultural materials
requires the production of a complete force — deformation curve from which force and deformation at
linear limit, bioyield point, and rupture point can be determined. The objective of this study is therefore to
determine the maximum force and deformation required for ripped melon fruit.

2. RESEARCH METHODOLOGY

The mechanical properties studied are compression and shear forces re
aids the determination of the power required to cn
tests were performed at the National Centre for Ag
The machine used was a 50kW
532) (2006).

quired to deform melon fruit. This
1sh melon fruits during the extraction of its seeds. The
ricultural Mechanization (NCAM) llorin, Kwara State.
capacity automated universal testing machine (Testometric, Series 500-

2.1 Materials

The melon fruits were obtained from a farm in Nasarawa town, N
melon fruits referred to as, thick edge and the white big size v
were selected randomly and grouped into fiv
group two were used in the determination
compression testing,

asarawa state. The local type variety of
ariety was used. Twenty (20) melon fruits
€ groups of four fruits each base on the size. From each
of shear stress, and the remaining two were selected for

2.2 Methods

Compression test: using the method of Guan et al.
were measured. Melon fruits were placed between
that the centre of the foot was in alignment with th
The test speed was set at 25mm / min (Moshenin
hence, the force and deformation at linear limit, Bi

. (2005) as given by Fayose (2009) compression forces
the flat steel compression tool of the machine ensuring
€ peak of the curvature of the fruits as shown in Fig 2a.
s 1984). Each fruit was loaded to the point of rupture;
oyield and rupture points were all recorded.

Shear Test: The conduct of the shear test was similar to the com
the shear test, the flat steel compression tool at the top w
shear the melon fruit (Fig.2b). The fruit was placed in the
centre of the sharp knife was in alignment with
loaded to point of shearing, and a force deform
of linear limit (POLL), bioyield point (BYP), a

pression test method. However, during
as replaced with shear tool in a knife form to
machine under the stee] knife ensuring that the
the peak of the curvature of the fruits. The frujt was

ation curve was produced automatically from which point
nd rapture point (RP) were determined.
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Fig.2a Compression test on melon fruit Fig.2b Shear force test set up on melon fruit
using UM'T using UMT

Modulus of deformability: ‘The modulus of deformability of most biomaterials depends on the point at
which it is calculated (Moshenin, 1990). This means that for the same material, there could be different
values ol modulus of deformability depending on the point at which it is caleulated. The following
expression could be used for flat and spherical indenter,

R R G R RV 0 L

Where: Si = Stress index: di = diameter of the indenter; I = force; A = area R = radius,

3. RESULTS AND DISCUSSION

3.1 Compression of Melon Fruit

Fig. 3 shows the forces at point of linear limit (POLL), bioyickd point (BYP), and rupture point (RP) as
the fruit diameter increased. It suggests that during the compression test, the rupture and the bioyield

point of the melon fruit forces are same. And the magnitude of force at POLL, BYP, and RP increases
with increase in the melon fruit diameter,
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Faomre 3. Compressive forces at POLL. BYP, and RP versus melon fruit diameter 2

The Ivesure dinmens of the mnelon St whieh was wsad in the compression test was 104.7 + 23 7mm.
Amd the :.;ﬁ‘mc&i’..‘?é Tveme forves 22 point of lmear fumt (POLL), biovield point (BYP), *‘_“d nupture
gt (RP) were S3¥ = J0S2IN, 1T858 ST20L20N, and HI62.51 = 716.62N respectively. These had
::r-:s:_mm.;: ;1'-'1::'.1;_3:‘ fuit deformation of 1233 372 mm 25183 & 7.74mm and 25,0153 # 7.7mm

oespestuedy.
Tabie | crosemes $he forces and e cormespending deformation of melon truits under compression force,
& dos Tabie. the savimue: force roquined i deforming melon fruit was 253N and the corresponding

Sefremiton: was 3Smm. while the minimum force was S00N and the corresponding deformation was
Leomm

Tadie [: Foross and deformation of melon fuis under co mpresston test

SN Sempie Heghe  Point of inesr hout Biovield poiut Rupture point
(=m)
Forees Deformation  Forces  Deformation Forces  Deformation
Y mm (N) mm (N) mm
I A 39 I < 6181 155
2 A =3l JE A L Q50 185 505 i
3 B, &3 L0 7 10320 182
< = 182 sa 198 &tle 232 o416 232
3 G g 2=Q It 3266 222 5765 222
& C- &L 3 0 b2 3585 219
¥ D IZIS 30 63 6743 324 16745 323
& D~ Wes &0 3 1301.0 R 15010 347
< E: £ Q00 3 25311 M43 23301 345
Ig E I33¢ exp 23 %026 323 19698 323
Ml 27 333 123 11579 230 Ie2s 250
SD 237 082 720 3212 7.7 716.6 7.7

Ferves sod deformation of melon fruits under shear force

Fiz £ sows e Soroes 2 POLL. BYP. and RP as the fruit diameter increased. Forces at POLL were
ebserved © be less fon forces 2t BYP and RP as shown in Fig. 4. 1t was also observed that there was a
Bl i the mmeninnde of forees at POLL. BYP and RP tor melon fruit diameter greater than QSmm. This
WS o] w the mhecer: properues of the biological material, Perhaps the wall thickness of the fruits
ff Simrmer 2t dmmensrs greater than 93mm 2nd 1t required lesser shear torce to initiate POLL, BYP and

- Azother possible rersos could be the degree of ripeness of the truit,
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3.3 Determination of Linear Limit, Bioyield Point and Rupture Point from Force — Deformation
Curve

a. Linear limit: In engineering materials, the linear limit of a biomaterial is the greatest force (stress)
which the material is capable of sustaining without any permanent deformation (strain) remaining
upon complete release of the forces (stress). For ripped melon fruit the average force and the
corresponding deformation at point of linear limit were 750N and 10mm, respectively.

b. Bioyield point: Bioyield point of a biomaterial is an indication of initial cell rupture in cellular
structure of material. Bioyield point was noticeable on curve, the forces and the corresponding
deformation at bioyield point were 1650N, and 20mm respectively.

. Rupture point: This is the point on force deformation curve were the material ruptures. The force at
this point is the minimum required to break the material. The values of force and deformation at
these points were determined by noting the calibration along, these points, along y — axis for the force

and x — axis for deformation. For ripped fruit, the minimum force and deformation required to rupture
the fruit were 2550N and 33mm, respectively.

d. Modulus of deformation: In engineering materials, modulus of elasticity is a measure of stiffness or

rigidity of the material. This is the same with biomaterial except that the values of forces and
deformations differ,

4. CONCLUSION

machine.
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