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Effect of moisture content and loading orientation on some
strength properties relevant in the design of snake gourd

(trichosanthescucumerina. l) seed handing device
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Abstract: The knowledge of mechanical properties under applied forces is very important to engineers during the design and
handling of agricultural products. This study was carried out to evaluate the effect of moisture content and loading orientation
on some strength properties of snake gourd (Trichosanthes cucumerina.L) seed. The strength properties measured are
compressive extension at yield, compressive strain at yield, compressive load at yield, compressive load at break and energy
at yield. These properties were evaluated at five moisture levels (6.3%, 8.6%, 12%, 14%, and 17% dry basis) under the three
loading orientations (length, width and thickness). The results show that loading orientation has great effect on the
compressive properties of the seed. At all moisture content of the seed considered, it was found that the width orientation had
the highest compressive extension (32.5mm) and compressive strain at yield (1.3 mm/mm) while the thickness orientation had
the highest measurement for compressive load at yield (73 N)and load at break (260 N)at 6.3 % (db) moisture content. The
energy at yield was found to be highest at the length orientation (1.3 J) and lowest at the width orientation (0.16J) at 6.3 %
(db) moisture content. The result of this experiment shows that as the moisture content is increasing the value of the
compressive forces decreases. The result of this study will be very useful in the design of the seed washer, cleaner and
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decorticator.
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1 Introduction

Snake gourd also known as snake tomato
(Trichosanthes cuaimerina. L) is a climbing herb with
tendrils divided into three parts and stem growing to
about 5 m. They are widely distributed all over the world
with about 70 general and over 700 species (Robinson
and Decker-Walters, 1997). The fruit is long with deep
background (Figure 1). Most gourd specialist agrees
that Trichosanthes cucumerina and Trichosanthes

auguring are the same recommending, however, that the
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name Trichosanthes auguring be reserved for the wild
species (Echo, 2006).

Figure 1 Snake gourd fruit

Snake gourd is grown principally in India for the
immature fruit (that can be cooked and served as
vegetable like Zucchini squash (a food delicacy eaten by

the Indians).It can be used in curries or eat as vegetable
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like green beans (Grey-Wilson and Mathew, 1983). The
bright red pulp around the matured seeds is extracted and
used in cooking in much the same way that tomatoes are
used (Enwere, 1998). It has been reported by Adebooye
et al. (2005) that T. cucumerina seed (Figure 2) is a good
source of nutrients and vitamins. Also the percentage of
oil (34%) in the seed of snake gourd favourably
compared with other oil seeds (Folarin and Enikanoselu,
2010). It has been reported that kernel washing before oil
extraction also improve the oil content extraction to
about 54 % (ldowu, 2015). There are several medicinal
uses of this fruit viz: it helps to stimulate the production
of body fluids, thus, relieving dryness; it can act as a
natural antibiotic expectorant laxative and it has been
shown to be excellent for diabetes. The leaves are used
in indigenous medicine in India to treat jaundice, heart

problems, fevers and alopecia.

Figure 2 Snake gourd seeds

Perhaps the most interesting news is that the new
"AIDS" drug, compound "Q" is a refined protein called
Trichosanthin which is derived from the 'Trichosanthes
(snake gourd) family. It has been shown that this protein
has the ability to kill an “HIV” infected cell without
affecting surrounding tissues (Shaw et al., 2005; Sha et
al., 2013; Tropical data base, 2008).

fibrous

Compression of

agricultural materials is experienced in
processing operations such as cracking, shelling and oil
pressing. The design of machines such as sheller,
dehuller, harvester, etc. requires the knowledge of the

force and pressure required to perform the desired

operation. Compression properties have been found to
depend on moisture content and orientation of the
materials especially seeds Makanjuola (1972) evaluated
the compression properties of melon seed as a function
of moisture content and orientation of loading.
Ramakrishna (1986) reported that the load required to
open the hull of melon seeds varied along the edges and
was minimal near the sharp tip. Teotia et al. (1986)
reported reduction in hull breaking force as the moisture
of pumpkin seed increased. Suthar and Das (1996)
reported a differential force requirement for hull
breaking of Karingda (citrulluslanatus) along different
orientations. In addition they found that the cracking
force of bambara groundnut decrease from 262 to 100N
with increase in moisture content while deformation
increased from 19 to 45 mm with increase in moisture
content. There is little or no information on the
compressive properties of snake gourd seed and these are
necessary for the development of indigenous
technologies for the processing of the crop. Therefore,
the objective of this study is to determine the effect of
moisture content on some compressive properties of the

seed at different loading orientation.

2 Materials and methods

2.1Material collection

Snake gourd fruit were collected from the research
farm of Agricultural Engineering Department of Ladoke
Akintola University, Ogbomoso, Nigeria. The seeds
were removed from the fruit and cleaned manually
before storing for use in the experiments. It was ensured
that the seeds were free of dirt, broken and immature
ones and other foreign materials.
2.2 Moisture content determination

The moisture content of the seed was determined by
using oven-drying method as adopted by Idowu and
Owolarafe (2013) for the seed. A weighed sample of
the seed was kept in an oven at a temperature of 105°C
for 6 h. The sample was weighed again at the end of

the period to determine its final weight. This experiment
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was replicated five times and the average weight was
recorded.
2.3 Moisture conditioning of the seed

The wetting techniques adopted by Shepherd and
Bhardwaj (1986); Carman (1996); Deshpande et al.
(1993); Aydin (2007) and Idowu and Owolarafe (2014)
were used to vary the moisture content of the seed.
Samples of the seed at desired moisture levels were
prepared by adding calculated amounts of distilled water
and sealing in separate polyethylene bags. Lower
moisture content was achieved by oven-drying to the
desired moisture.  The samples were kept at low
temperature (5°C) in a refrigerator to equilibrate the
samples and to avoid the growth of micro-organisms.
Before starting a test, the required quantity of the sample
was taken out of the refrigerator and allowed to warm up
to room temperature. The final moisture content of the
seed was then determined by oven-drying method.
2.4 Determination of compressive properties of snake
gourd seed
The compressive properties were measured at five
different moisture contents (6.3%, 8.6%, 12%, 14% and
17% dry basis).The three linear dimensions (Figure 3)
were identified, that is, length (L), width (W) and
thickness (T), of all the

compressive properties were done on these orientations

hence, measurements

s
Y
%
N

Figure 3 The three orientations of snake gourd seed
(length (L), width (W), thickness (T))

Compressive test were conducted using a Universal
Testing Machine (UTM) i.e. (Istron Electromechanical
Model 3369, 100KkN,

Seeds at different orientation

Testing  Systems, Istron
corporation, USA).
(length, width and thickness) were loaded using the
machine. The test result and graphs were automatically
generated. Data obtained includes energy at yield, strain
at yield, load at break, stress at yield and compressive
extension at yield. For each of the moisture content,
the experiment was replicated five times. The summary
of the reading wereplotted inMicrosoft Excel 2007 and

analyzed statistically using SPSS 13 software.

3 Results and discussions

The result of the experiment on the effect of
moisture content and orientation on the compressive

properties of snake gourd seed is as presented in Table 1.
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Table 1 Effect of moisture content and seed orientation on the compressive properties of snake gourd

seed
Compressive properties Moisturecontents, % db. Length, mm Width, mm Thickness, mm
6.30 7.50+0.43 32.5+2.63 4.90 £0.30
8.90 4.70 £0.32 29.0+3.33 4.70 £0.25
Compressive extension at yield, mm 12.0 4.20 +0.09 25.0+4.35 4.20 +0.12
14.0 3.80 +0.67 23.5+3.22 3.80 +0.32
17.0 1.20 +0.03 22.3+2.44 3.30 +0.15
6.30 51.0+2.02 60.0+4.30 73.0+3.22
8.90 43.0+1.20 49.0+4.33 54.0+2.50
Compressive load at yield, N 12.0 20.0+1.06 43.0+5.32 50.0+2.30
14.0 12.0+£1.20 30.0+2.44 42.0+3.15
17.0 8.0+0.62 28.0+3.01 20.0+1.05
6.30 260.6645.60 155.0+2.03 60.0+2.30
8.90 2550.0+5.44 80.1+3.04 50.30 +2.42
Compressive load at break, N 12.0 243.9+4.72 72.65+4.50 46.20 H.22
14.0 235.0+5.35 63.41+3.62 40.40 £2.30
17.0 150.0+5.5 50.0+2.40 32.12 £3.33
6.30 1.1+0.01 0.2+0.02 0.16+0.01
8.90 0.95%+0.03 0.18+0.03 0.16+0.03
Compressive energy at yield, J 12.0 0.50+0.01 0.16+0.01 0.10 +0.001
14.0 0.44+0.02 0.09+0.01 0.09+0.001
17.0 0.39+0.01 0.35+0.08 0.04 +0.001
6.30 1.1+0.01 1.35 1.20 +0.03
8.90 0.8+0.01 1.18+0.09 1.0+0.01
Compressive strain at yield, mm/mm 12.0 0.76+0.03 0.90+0.06 0.76+0.01
14.0 0.65+0.04 0.81+0.06 0.48+0.001
17.0 0.23+0.01 0.79+0.03 0.40+0.002

3.1 Effect of moisture content on compressive
extension at yield of the seed

The compressive extension of the seed at the three
orientations was found to reduce as the moisture content
increased (Figure 4). The results show that the
compressive extension is highly dependent on moisture
content and also on seed orientation for the range of
moisture content investigated (6.3% tol7 % d.b). The
results indicate that the compressive extension for width
orientation was highest and varied from (32.5 to 22.3

mm) followed by length (7.5 to 1.2 mm) and thickness

(49 to 3.3 mm) in the range of moisture content
investigated. This implies that deformation is highest
at width orientation of the seed and lowest in the length
orientation. The result agrees with the earlier findings
of Cecil and Watt (1997) for cowpea, Gezer et al. (2002)
for apricot pit, Gubta and Das (1997) for sunflower seed,
Altuntas and Yildiz (2007) and Konak et al. (2002) for
chick pea seed. The deformation at higher moisture
content might have resulted from the fact that the seed

tended to be very brittle at high moisture content.
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Figure 4 Effect of moisture content on compression extension at
yield on length (L), width (W) and thickness (T) Orientation

The relationship between the compressive strain
and moisture content of the snake gourd seed at different

orientation can be represented by the correlation
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The deformation of the seed decreased as the
moisture content increased from 6.3 to 17% db (Figure

5).As the moisture content increased from 6.8% to 17 %
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Figure 5 Effect of moisture content on strain at yield on
length (L), width (W) and thickness (T) seed orientation

Equation (1), Equation (2) and Equation (3).
€y, (lenght) = -0.2643mc?+ 0.1957mc + 7.28

(R?=0.9172) (1)
€yw. (width) = -0.5071mc? 5.6329mc + 37.78
(R?=0.9937) 2)
€yt (thickness) = -0.0357mc? - 0.1957mc + 5.16
(R? =0.9946) (3)

Statistical analysis on the effect of moisture and
seed orientation on the compressive strength was
significant (p > 0.05).

3.2 Effect of variation of moisture content on

compressive strain at yield

db the compressive strain at yield decreased from 1.1 to
0.23 mm/mm for length, 1.35 to 0.79 mm/mm for width
and 1.2 to 0.4 mm/mm for thickness. This shows that the
deformation was highest at length orientation and least
for width orientation which implies that the seed is more
flexible in the length orientation. The ratio of the size of
seed under pressure is very important in deciding the
screen size in the design of a Sheller or cleaner. The
regression analysis indicates the relationship between
moisture content and compressive strain can be
represented as in Equation (4), Equation (5) and
Equation (6).
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Csy. = -0.0035m/+0.0105m, + 1.1135
(R?=0.9267) (4)
Csyw = 0.0048mZ? - 0.167m, + 2.2376
(R?*=0.984) (5)
Csyy =  0.0046m¢> - 0.1739 m¢ - 2.1649
(R?= 0.9846) (6)

The results of the statistical analysis on the effect of
moisture and seed orientation on the compressive strain
were significant (p< 0.05).

3.3 Effect of moisture content on energy at yield (J)

The effect of moisture content and orientation of

loading on energy at yield are presented in Figure 6. It
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could be observed that energy at yield depend on
moisture content and orientation of the seeds. The
energy at yield reduced from 1.1 to 0.39 J for length, 0.2
to 0.035 J for width, and 0.16 to 0.35 J for thickness
orientation as the moisture content increase from 6.3% to
17.0 % db. This result shows that seed require more
energy to rupture when compressed in the length
orientation than in the other orientations. The result is in
agreement with the report of Cecil and watts (1997) on
cowpea. The mathematical relationship between the
energy at yield and moisture content is as represented in

Equation (7), Equation (8) and Equation (9) bellow.

=—¢—Energy at yield(L)
== Energy at yield (T)
Energy at yield (W)

0 5 10

15 20

Moisture content (d.b%)

Figure 6 Effect of moisture content on energy at yield of
seed on different seed orientation

Ey,s =-0.005m¢+0.210 (R?=0.986) (7)
Eyws =1.36m.*"° (R%=0.925) (8)
Eyrs  =0.101m %% (R?=0.972) (9)

The results of the analysis shows that effect of
moisture content and seed orientation are significant at
0.05% level on energy at yield
3.4 Effect of variation of moisture content on
compressive load at yield

Figure 7 shows how moisture content affects the
compressive load at yield at different orientations. It

could be observed that as the moisture content increased

from 6.8 to 17 % db, the compressive load decreased
from 73 to 20 N for thickness, 60 to 28 N for length and
51 to 8.0 N for width orientation. This shows that less
force would be required to break the seed at higher
moisture than at lower moisture. The reports are similar
to those reported for various crops such as terbinth
(Aydin and Ozcan, 2002) and almond nut (Aydin, 2003).
The compressive force at length and width of the seed
follows a gentle slope, while higher force is required

when it is compressed along the thickness axis.
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Figure 7 Effect of moisture content on compression load
on length (L),width (W) and thickness (T) Orientation

The regression Equation (10), Equation (11) and
Equation (12) on the effect of moisture content of the
seed on the compressive load at different orientations are

as shown below:

CFY,s =1.6429m:-21.557m, + 73.4
(R*=0.959) (10)

CFYws =0.7857m¢?-13.01m, + 72.4
(R*=0.977) (11)

CFYys  =-0.7143mJ—7.5143m; + 78.2
(R*=0.943) (12)

The result of the statistical analysis on the effect of

moisture content and seed orientation on the

compressive load was found to be significant (p > 0.05).
3.5 Effect of variation of moisture content on
compressive load at break

It could be observed from Figure 8 that as the
moisture content increased the load at break reduced.
The force required to break the seed under the length
orientation decreased from (260 to 150.9 N), width (155
to 50 N) and thickness (60 to 32 N) as moisture content
increased from 6.3 % to 17 % db. This may be because
the increase in moisture content impaired the cellular
matrix of the seed and consequently crack occurred at a

lower level of compressive force.

300 -
> 250 -
= 200 -
Q
& 150 =—_Load at break on
= Length
T 100 -
P =l-Load at break on
0 . - - - Load at break on
6.3 8.9 12 14 17 width

Moisture Content , % d.b

Figure 8 Effect of moisture content onLoad at break at
different Orientation

The average load suddenly reduced immediately

there is crack or fracture in seed. This is because there

is less resistance by the whole seed. The results are
similar to those reported by Liang et al. (1984) on
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macadamia nut kernel and Dursun (1997) for some crops.
The mathematical relationship between the load at break
and moisture content is as represented in Equation (13),
Equation (14) and Equation (15) below.

LBis =-0.833m.> +13.02 m, - 72.33

(R?=0.986) (13)
LBws =-18.04m? +123.3m, — 295.4

(R*= 0.944) (14)
LBrs = 8.822m/-.69.74m, - 217.4

(R?= 0.906) (15)

The result of the statistical analysis on the effect of
moisture on the load at break shows that the effect was
significant on the three orientations of the seed at 0.05

significant levels.

4 Conclusions

The effect of moisture content and loading
orientation on compressive strength properties of snake
gourd seed was carried out in this study. The following
can be drawn out as conclusion from the study.

i) It is observed that the effect of moisture content is
highly significant on compressive properties of snake
gourd seed. The higher the moisture the lower the
compressive properties.

ii) The loading orientations of the seed were also
found to be wvery significant on the compressive
properties of the seed.

iii) At lower moisture content, the snake gourd seed are
tough and their fracture will be initiated by a high force
irrespective of loading orientation of the seed.

iv) The force required to break the seed was found to
be greater on the length orientation than on the other two
orientations.

v) The effect of moisture content and loading
orientation were found to be significant (p<0.5) on the

compressive properties of snake gourd seed.
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