
A b s t r a c t. The physical properties of guna fruits, relevant in

bulk handling and mechanical processing, were determined and the

effect of variety, post harvest history and moisture content investi-

gated. Two varieties of the crop, namely Citrullus colocynthis and

Citrullus lanatus, three post harvest storage durations of eight

weeks, four weeks and fresh state that gave three moisture levels in

the ranges of 87.21-92.45% (w.b.) and 85.07-89.74% (w.b.) for the

Citrullus colocynthis and Citrullus lanatus fruits, respectively,

were used. Fruit moisture content was found to decrease with

increase in storage period. In the above moisture ranges, the major

and minor semi-axial dimensions varied from 5.27 to 5.71 cm and

5.18 to 5.61 cm, respectively, for the Colocynthis variety and from

4.53 to 4.96 cm and 4.25 to 4.66 cm, respectively, for the lanatus.

The thickness of the epicarp and mesocarp and fruit volume, the

fruit, pod and pulp masses, as well as the pod-fruit and pulp-fruit

mass ratios increased with increase in moisture content for each

fruit variety, while the average seed mass remained virtually

constant and the seed-fruit mass ratio decreased with increase in

moisture.

The true and bulk densities of the fruits also increased with

increase in moisture content and ranged from 0.767 to 0.803 g cm-3

and 0.664 to 0.698 g cm-3, respectively, for the colocynthis fruit,

and from 0.637 to 0.765 g cm-3 and 0.554 to 0.665 g cm-3, res-

pectively, for the lanatus. Regression equations that could be used

to adequately express the relationship existing between the above

properties and fruit moisture were established.

The impact strength, bioyield, yield and rupture points and the

bioyield, compressive and rupture strengths, as well as the modulus

of stiffness and modulus of elasticity of the fruits were higher at the

longitudinal loading orientation than at the lateral. At a similar

storage condition, all the properties investigated were higher for

the Citrullus colocynthis fruits than those of Citrullus lanatus.

K e y w o r d s: guna fruits, physical properties, impact

strength, seed extraction

INTRODUCTION

Guna is the Hausa name for the drought tolerant crop

that belongs to the curcubitaceae family of flowering plants

shown in Fig. 1a. Two varieties of the crop, namely Citrullus

lanatus, (Dalziel, 1937; Adamu and Dunham, 1994) and

Citrullus colocynthis (Gwandzang, 1994), respectively pre-

sented in Figs 1b and c, are mainly cultivated in the arid and

semi-arid regions of North Eastern Nigeria. The plant leaves

and fruit pods are used for medicinal purposes and as live-

stock feeds, but the crop is important mainly for its seeds

(Fig. 2) which have average protein and oil contents of 27.13

and 50%, respectively (Norton, 1993). The seeds, therefore,

serve as very good source of vegetable oil for human and

livestock consumption.

Aviara and Haque (2002) carried out a survey of the

processing and storage practices of guna crop in the North

East Arid Region of Nigeria and found that traditional

technologies that involve rigorous and time consuming

procedures are employed.

Seed extraction from matured guna fruits was reported

to be carried out either by crushing with pestle or allowing

the fruits to decay in a pit, followed by washing of the

mixture of seeds, mucilage and pods several times to retrieve

the seeds. These techniques are not only laborious and time

consuming, but also wasteful. As a result, seed extraction

from guna fruits has posed a bottle neck to guna crop pro-

duction and processing.

Little information appears to be available on the exis-

tence of a mechanical device used for the extraction of guna

seeds. There is, therefore, the need to develop an equipment
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that would be capable of handling and extracting the seeds of

guna fruits with minimum damage and losses. The design

and development of such a machine require the knowledge

of such engineering properties of the fruits as physical and

mechanical properties.

The aim of this study was to determine the relevant

engineering properties of guna fruits as affected by variety,

post harvest history and moisture content. The properties

include major and minor semi-axial dimensions, thickness

of the epicarp and mesocarp, fruit volume and mass, pod,

pulp and seed masses, pod-fruit, pulp-fruit and seed-fruit

mass ratios, fruit true and bulk densities, impact strength,

bioyield point, yield point and rupture point. Others are

bioyield strength, compressive strength, and rupture strength,

modulus of stiffness and modulus of elasticity.

MATERIALS AND METHODS

Bulk quantities of freshly harvested fruits of the two

varieties of guna crop, namely Citrullus colocynthis and

Citrullus lanatus, were purchased from farmers at Ngamdu

in Kaga Local Government Area of Borno State, Nigeria.

The fruits were sorted and the damaged ones discarded.

The undamaged ones were cleaned and divided into three

lots from each variety. The first set of lots was composed of

freshly harvested fruits, and because the on-farm storage of

products as practiced in the locality does not normally

exceed eight weeks, the second and third sets of lots were

stored on ‘zanah’ grass spread on the floor of sheds construc-

ted with ‘zanah’ mats for a duration of four and eight weeks

respectively. The roof of the sheds was made of ‘zanah’ mat.

The moisture contents of the fresh fruits were determined by

randomly selecting samples from each variety, reducing the

size of the samples and oven drying at 130�C with weight

loss monitored until constant weights were attained. This

was replicated thrice for each variety and the average moistu-

re contents were determined. The same procedure was followed
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a

b

Fig. 1. Guna plant and fruit in the field (a), varieties of guna fruit:

Citrullus lanatus (b), and Citrullus colocynthis (c).

c

Fig. 2. Matured guna fruit and seeds.



in determining the moisture contents of the fruits stored for

four and eight weeks, respectively. The above experiments

yielded the three levels of moisture content which were used

to determine the effect of moisture content and post harvest

history on the parameters being investigated.

Using one hundred randomly selected samples of fruit

from each variety at each of the three moisture contents, the

mass of fruit, mass of pod, mass of pulp and mass of seeds in

each fruit were determined using an electronic balance

reading to 0.001 g, and their average values were recorded.

The major and minor semi-axial dimensions of the fruit and

the thickness of their epicarp and mesocarp (Fig. 3) were

determined using a vernier caliper reading to 0.005 cm and

a micrometer screw gauge reading to 0.001 cm, respecti-

vely. The pod-fruit, pulp-fruit and seed-fruit mass ratios

were then determined. The average values of these para-

meters were recorded.

The fruit volume and true density were determined at

each moisture level using the water displacement method

(Mohsenin, 1986; Aviara et al., 1999; 2005a). The bulk den-

sity of fruits was determined using the AOAC (1980) me-

thod. The impact strength was determined by subjecting

samples of guna fruits to impact from a hammer on a spe-

cially constructed impact test apparatus shown in Fig. 4. The

mass of the hammer and the height of fall were used to deter-

mine the impact energy. The height of fall was varied until

the impact energy produced was able to give a 100% break-

age of thirty randomly selected fruits from each variety and

moisture level, loaded on the apparatus either in the lateral or

longitudinal orientation. The impact strength of the fruits

was determined as the impact energy that gives 100% fruit

breakage at a specified moisture content and loading orien-

tation. The experiment was replicated thrice and the avera-

ges of the percentage of fruit broken with impact energy for

each variety at various moisture contents and loading orien-

tations were recorded. A similar apparatus was used by

Oluwole (2004) in investigating the impact energies of shea-

nut. Compression tests were conducted on only the freshly

harvested fruits of the two varieties using a TESTOMETRIC

Universal Testing Machine (UTM) controlled by a micro-

computer. The fruit was placed between two parallel plates

on the machine and compressed till failure occurred.

Two loading orientations were used and thirty randomly

selected fruits from each variety were each compressed

laterally or longitudinally by the UTM (Fig. 5). The com-

pression rate was 5 mm min
-1

. Test results, statistics and
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Fig 3. Cross section of guna fruit showing the seed arrangement.

Upper clamp

Hammer release stud

Hammer

Stand

Fruit sample

Lower clamp

Fig. 4. Schematic diagram of the Impact Test Apparatus.

Fig. 5. Compressive test using the TESTOMETRIC Universal

Testing Machine (lateral and longitudinal loading).



graphs were automatically generated. As compression

progressed, a force-deformation curve was plotted automa-

tically in relation to the response of each fruit. Typical

force-deformation curves obtained during the tests are

shown in Figs 6a and 6b. The force-deformation curves were

analysed for bioyield. This is the point on the force-deforma-

tion curve at which the liquid from compressed fruit just

oozed without the tearing of the epicarp. At this point, an

increase in deformation results from either a decrease or no

change in force (Mohsenin, 1986), and the material is said to

have failed in internal cellular structure (Anazodo, 1982).

Others are yield and rupture points. The yield point is the

point on the force-deformation curve at which the fruit epi-

carp begins to tear, while rupture point is the point at which

the epicarp breaks completely and the liquid content flows

freely (Anazodo, 1982; Mohsenin, 1986). The properties

that were automatically generated include bioyield strength,

compressive strength, rupture strength and modulus of

elasticity. The modulus of stiffness, which is the ratio of the

average maximum force to the average maximum deforma-

tion at failure (Dinrifo and Faborode, 1993), was calculated

from the data obtained. A similar procedure was followed by

Mamman et al. (2005) in studying the mechanical properties

of Balanites Aegyptiaca nuts. Comparison of means tests

and regression analysis were conducted on the properties for

the two varieties of guna fruit.

RESULTS AND DISCUSSION

Fruit moisture content

The fresh fruit moisture contents of the two varieties of

guna crop investigated, namely Citrullus colocynthis and

Citrullus lanatus, were found to average 92.45 and 89.74%

(w.b.), respectively. The variation of the moisture content of

the fruits with storage duration in a ‘zanah’ shed is presented

in Table 1. The moisture content of Citrullus colocynthis

fruits decreased from 92.45 to 87.21% (w.b.) as the storage

duration increased from fresh state to eight weeks of storage,

while that of Citrullus lanatus decreased from 89.74 to

85.07% (w.b.). The results of comparison of mean tests

10 N.A. AVIARA et al.

10 20 30 40 60 70 800

100

200

300

400

500

600

700

800

900

1000

1100

1200

1300

1400

1500

1600

10 20 30 40 60 70 800

100

200

300

400

500

600

700

800

900

1000

1100

1200

1300

1400

1500

1600

10 20 30 40 60 70 800

100

200

300

400

500

600

700

800

900

1000

1100

1200

1300

1400

1500

1600

10 20 30 40 60 70 800

100

200

300

400

500

600

700

800

900

1000

1100

1200

1300

1400

1500

1600

A

10 20 30 40 60 70 800

100

200

300

400

500

600

700

800

900

1000

1100

1200

1300

1400

1500

1600

10 20 30 40 60 70 800

100

200

300

400

500

600

700

800

900

1000

1100

1200

1300

1400

1500

1600

B

Fig. 6. Typical force-deformation curves of: Citrullus colocynthis (a) and Citrullus lanatus (b) fruit under compression; A – lateral

loading, B – longitudinal loading. X – bioyield point, Y – failure point, Z – rupture point.
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(Table 2) show that at a similar post harvest history, the

moisture content of the Citrullus colocynthis fruit was signi-

ficantly higher than that of Citrullus lanatus at 1% level. The

relationship existing between the moisture content of the

fruits and storage duration was found to be expressed by the

following regression equations:

M STc �� �0655 9254. . , R
2
=0.996 (1)

M STl �� �0584 8980. . , R
2
=0.998 (2)

where: MC and Ml are moisture contents of Citrullus

colocynthis and Citrullus lanatus fruits, respectively, in %

(w.b.), ST is storage duration (weeks).

At a comparable post harvest condition, the moisture

content of guna fruits is higher than that of cocoa pod

(Maduako and Faborode, 1990) and African yam bean

(Irtwange and Igbeka, 2002).
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Parameters Variety

Citrullus colocynthis Citrullus lanatus

Post harvest

history

Fresh 4 weeks of

storage

8 weeks of

storage

Fresh 4 weeks of

storage

8 weeks of

storage

Moisture content

(%) w.b.
92.45

(0.15)

90.10

(0.25)

87.21

(0.95)

89.74

(0.45)

87.58

(0.97)

85.07

(0.75)

Major semi-axial

dimension (cm)

5.71

(2.73)

5.69

(1.02)

5.27

(1.11)

4.96

(0.80)

4.94

(0.79)

4.53

(0.72)

Minor semi-axial

dimension (cm)

5.18

(1.14)

5.59

(1.23)

5.61

(2.91)

4.25

(0.71)

4.64

(0.77)

4.66

(0.73)

Thickness of

epicarp (cm)

0.188

(0.035)

0.191

(0.028)

0.21

(0.071)

0.171

(0.019)

0.182

(0.021)

0.192

(0.021)

Thickness of

mesocarp (cm)

1.42

(0.75)

1.53

(0.77)

1.60

(0.70)

1.25

(0.59)

1.31

(0.65)

1.42

(0.55)

Volume (cm3) 635.50

(220.17)

625.97

(222.96)

602.33

(202.42)

534.20

(164.82)

517.77

(197.62)

499.67

(197.49)

Mass of fruit (g) 506.95

(203.79)

499.99

(214.92)

468.17

(199.25)

380.81

(149.71)

377.36

(159.71)

347.41

(145.70)

Mass of pod (g) 174.17

(68.43)

164.97

(66.03)

151.67

(65.42)

109.62

(48.29)

104.42

(48.29)

91.42

(46.70)

Mass of pulp (g) 260.61

(126.33)

249.03

(125.61)

222.23

(110.26)

213.74

(97.00)

192.93

(101.22)

168.99

(88.48)

Mass of seed (g) 71.86

(27.67)

71.96

(30.63)

72.06

(35.97)

51.99

(21.63)

52.19

(24.32)

52.19

(22.94)

Pod-fruit

mass ratio

0.3531

(0.05)

0.3367

(0.05)

0.3247

(0.04)

0.2881

(0.05)

0.2743

(0.04)

0.2536

(0.06)

Pulp-fruit

mass ratio

0.5034

(0.06)

0.4836

(0.06)

0.4627

(0.07)

0.5578

(0.08)

0.4992

(0.10)

0.4690

(0.09)

Seed-fruit

mass ratio

0.1432

(0.04)

0.1457

(0.05)

0.1555

(0.05)

0.1443

(0.06)

0.1463

(0.06)

0.1588

(0.07)

True density

(g cm-3)

0.803

(0.13)

0.781

(0.15)

0.767

(0.11)

0.765

(0.16)

0.724

(0.15)

0.637

(0.20)

Bulk density

(g cm-3)

0.698

(0.08)

0.675

(0.07)

0.644

(0.07)

0.665

(0.06)

0.616

(0.07)

0.554

(0.05)

(Numbers in parentheses are standard deviations).

T a b l e 1. Some physical properties of guna fruits



Fruit size and dimensions

The results obtained from the measurements of fruit

dimensions and presented in Table 1 show that the fruits

which are spheroidal in shape have major and minor

semi-axial dimensions, thicknesses of the epicarp and

mesocarp and volume that respectively increased with

increase in moisture content and decreased with increase in

storage duration. The semi-axial dimensions of the colo-

cynthis variety were found to be significantly higher than

those of the lanatus (Table 2) at 1% level of significance

when both fruits were stored under the same condition for

a particular storage period. The relationships existing bet-

ween the fruit axial dimensions and moisture content were

found to be linear and can be expressed using the equations:

a Mc � ��8629 10 2 2022. . , R
2
= 0.831 (3)

a Ml � ��9399 10 34102. . , R
2
= 0.819 (4)

b Mc � ��8432 10 2 1212. . , R
2
= 0.832 (5)

b Ml � ��8961 10 33212. . , R
2
= 0.821 (6)

where: ac and al are the major semi-axial dimensions (cm),

bc and bl are minor semi-axial dimensions (cm) of the

colocynthis and lanatus varieties of guna fruit, respectively,

M is the moisture content, % (w.b.). Data on the size of guna

fruit are important in the design of the grading and sorting

equipment and in the sizing of hoppers.

The axial dimensions of the colocynthis variety are

higher than those of orange (Haque et al., 2001), balanites

aegytiaca nuts (Aviara et al., 2005a) and sea buckthorn

berries (Khazaei and Mann, 2004), while those of the

lanatus are within the same range as the dimensions of

orange but higher than those of Balanites Aegytiaca nuts and

sea buckthorn berries.

Table 2 also shows that the thickness of the epicarp and

mesocarp of the colocynthis variety was significantly higher

than that of the lanatus variety, at 5 and 1% levels, respec-

tively, under similar storage conditions. A linear relation-

ship was found to exist between fruit epicarp and mesocarp

thickness and moisture content, and this can be expressed

using the following equations:

Tec � 4.079 10
-3

M - 0.17, R
2
= 0.805 (7)

Tel � 4.494 10
-3

M - 0.211, R
2
= 1.000 (8)

Tmc � 3.449 10
-2

M - 0.585, R
2
= 0.995 (9)

Tml � 3.607 10
-2

M - 1.808, R
2
= 0.956 (10)

where: Tec and Tel are the fruit epicarp thicknesses of the

colocynthis and lanatus varieties of guna crop (cm), respec-

tively, while: Tmc and Tml are the corresponding thicknesses

(cm) of the mesocarp, and M is the moisture content, %

(w.b.), respectively.
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The thicknesses guna fruit epicarp and mesocarp are

higher than those of the orange (Haque et al., 2001) and

cocoa pod (Maduako and Faborode, 1990).

The fruit volume of the colocynthis variety was found to

be significantly higher than that of the lanatus at 1% level of

significance under the same storage conditions (Table 2).

The relationship existing between the fruit volume and its

moisture content was found to be linear and can be expressed

using the following equations:

Vc � 6.4 M + 45.175, R
2
= 0.967 (11)

Vl � 7.389 M – 129.062, R
2
= 1.000 (12)

where: Vc and Vl are the fruit volumes (cm
3
) of the

colocynthis and lanatus varieties, respectively, M is the

moisture content, % (w.b.). The volume of guna fruit is

lower than that of the hybrid cocoa pod (Maduako and

Faborode, 1990) but higher than that of amelonado and

trinitario varieties of cocoa pod, African yam bean (Irtwange

and Igbeka, 2002), hazel nuts (Aydin, 2002) and almond nut

(Aydin, 2003).

Fruit and component mass and mass ratios

The variation of guna fruit mass, that of the pod, pulp

and seeds contained in the fruit with moisture content and

storage duration is presented in Table 1. Equally presented

in Table 1 is the variation of pod-fruit, pulp-fruit and

seed-fruit mass ratios with moisture content and period of

storage. The fruit, pod and pulp masses of each variety

increased with increase in moisture content and decreased

with increased storage duration, with their values being

significantly higher for the colocynthis variety than for the

lanatus at 1% level of significance (Table 2). The average

seed mass remained virtually constant, showing that the

moisture content of the fruit did not have any significant

effect on the mass of seeds contained in the fruits. However,

at similar storage conditions, the average mass of seed in

fruit was significantly higher for the colocynthis variety than

for the lanatus at 1% level. The pod-fruit and pulp-fruit mass

ratios increased with increase in moisture content and

decreased with increase in storage duration, while the

average seed-fruit mass ratio decreased with increase in

moisture content and increased with increase in storage

duration. At specified storage conditions, the pod-fruit mass

ratio of the Citrullus colocynthis was significantly higher

than that of Citrullus lanatus at 1% level, while their

pulp-fruit and seed-fruit mass ratios showed no significant

differences. The relationship existing between the fruit

component masses and mass ratios and moisture content can

be represented by the equations:

Q fc � 7.537 M – 186.029, R
2
= 0.915 (13)

Q fl � 7.208 M – 268.221, R
2
= 0.858 (14)

Qpc � 4.306 M – 223.550, R
2
= 0.998 (15)

Qpl � 3.932 M – 242.049, R
2
= 0.961 (16)

Quc � 7.398 M – 421.273, R
2
= 0.973 (17)

Qul � 9.581 M – 646.121, R
2
= 1.000 (18)

Qsc � – 4.16 10
-2

M + 75.607, R
2
= 0.837 (19)

Qsl � – 4.17 10-2 M + 55.769, R
2
= 0.880 (20)

where: Qfc and Qft are the masses (g) of guna fruit varieties

of colocynthis and lanatus, respectively, Qpc and Qpl are

their corresponding masses (g) of pods, Quc and Qul are the

corresponding masses (g) of pulps and Qsc and Qsl are the

corresponding masses (g) of seeds contained in the fruits, M

is moisture content, % (w.b.).

The relationship existing between the pod, pulp and

seed to fruit mass ratios and moisture content can be

expressed using the following linear equations:

R pc � 5.372 10
-3

M – 0.145, R
2
= 0.978 (21)

R pl � 7.411 10
-3

M – 0.376, R
2
= 0.995 (22)

Ruc � 7.747 10
-3

M – 0.213, R
2
= 0.998 (23)

Rul � 1.883 10
-2

M – 1.138, R
2
= 0.950 (24)

Rsc � 2.39 10
-3

M – 0.363, R
2
= 0.992 (25)

Rsl � 3.16 10
-3

M – 0.426, R
2
=0.928 (26)

where: Rpc and Rpl are the pod-fruit mass ratios of the

colocynthis and lanatus varieties, respectively, Ruc and Rul

are the corresponding pulp-fruit mass ratios and Rsc and Rsl

are the corresponding seed-fruit mass ratios, M is moisture

content, % (w.b.). The above parameters will be necessary in

the performance evaluation of a mechanical seed extractor

which could be designed for the crop and the operation of its

winnowing system.

The pod-fruit and seed-fruit mass ratios of guna fruits are

less than those of cocoa pod (Maduako and Faborode, 1990),

while the pulp-fruit mass ratio is higher than that of cocoa.

True and bulk densities

The variation of the true and bulk densities of guna fruits

with moisture content and storage duration is presented also

in Table 1. The true and bulk densities of both varieties

increased with increase in moisture content and decreased

with increase in storage duration. Table 2 shows that under

the same storage conditions the true and bulk densities of the

two varieties of guna fruit were not significantly different.

The relationship existing between the true and bulk densities

and moisture content of the fruits was found to be linear and

can be expressed using the following equations:
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�tc � 6.794 10
-3

M + 0.173, R
2
= 0.965 (27)

�tl � 2.760 10
-2

M + 1.706, R
2
= 0.974 (28)

�tl � 1.032 10
-2

M + 0.173, R
2
= 0.999 (29)

�bl � 2.379 10
-2

M – 1.469, R
2
= 0.999 (30)

where: �tc and �tl are the true densities (g cm
-3

) of the

colocynthis and lanatus varieties, respectively, �bc and �bl

are corresponding bulk densities (g cm
-3

), M is moisture

content, % (w.b.).

True density would be necessary in the determination of

the equivalent sphere effective diameter of the fruits (Aviara

et al., 1999, Aviara et al., 2005b), while the bulk density

could be used in the estimation of the seed extractor material

throughput. The true density of guna fruits is higher than that

of sheanut (Aviara et al., 2005b), but lower than that of

balanites aegyptiaca nuts (Aviara et al., 2005a), cocoa pod

(Maduako and Faborode, 1990), orange fruit (Haque et al.,

2001) and African yam bean (Irtwange and Igbeka, 2002).

The bulk density of guna fruits is higher than that of cocoa

pod, balanites aegytiaca nuts, sheanut and almond nut, but

lower than that of African yam bean.

Impact strength

The variation of percentage fruit breakage with impact

energy at different moisture contents and loading orientation

is presented in Fig. 7a for Citrullus colocynthis and Fig. 7b

for Citrullus lanatus. From these figures, it can be observed

that the percentage fruit breakage increased with increase in

impact energy but decreased with increase in moisture con-

tent at both lateral and longitudinal orientation. The impact

strength of the fruits at longitudinal loading was higher than
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the impact strength at lateral loading. Generally, the impact

strength of Citrullus colocynthis was higher than that of

Citrullus lanatus. This implies that more energy would have

to be expended in processing Citrullus colocynthis fruits for

seed extraction than would be needed for Citrullus lanatus

under the same processing conditions.

The impact strength of guna fruits is higher than

that of sheanut (Oluwole, 2004) and apple (Mohsenin and

Gohlich, 1962).

Mechanical properties

The mechanical properties of Citrullus colocynthis and

Citrullus lanatus guna fruits determined at their fresh state

moisture contents and lateral and longitudinal loading

orientations are presented in Table 3. The comparison of

means of the properties (T-ratio) for the two guna varieties

shows that the bioyield, yield and rupture points are

significantly higher for the colocynthis than for the lanatus,

and at the longitudinal orientation than at the lateral loading.

The same trend holds for the bioyield strength, compressive

strength, rupture strength and modulus of stiffness of the

fruits as well as their modulus of elasticity. This confirms the

fact that more energy will be required in processing the

Citrullus colocynthis fruits during seed extraction than

would be needed for the same quantity of Citrullus lanatus

fruits at similar processing conditions.

The values of the above properties are higher for guna

fruits than orange (Churchill et al., 1980; Haque et al.,

2001), apple (Mohsenin and Gohlich, 1962; Abbott and Lu,

1996), kiwi fruit (Abbott and Massie, 1995) and sea

buckthorn berries (Khazaei and Mann, 2004), but lower for

guna fruits than corn cobs (Anazodo and Norris, 1981) and

cashew nuts (Oloso and Clarke, 1993).
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Property

Loading orientation T-ratio (cultivars

as a source of

variation)Lateral Longitudinal

C . colocynthis C. lanatus C . colocynthis C. lanatus

Bioyield point (N) 59.17

(3.12)

32.50

(2.07)

67.65

(3.81)

43.13

(3.03)

23.809**

Yield point (N) 985.83

(11.09)

586.67

(6.27)

1214.12

( 23.81)

869.38

(9.53)
13.670**

Rupture point (N) 862.50

(9.03)

441.67

(5.24)

1136.47

( 19.34)

678.75

(5.53)
23.815**

Bioyield strength (N m-2) 6.57x103

(70.23)

6.43 x103

(55.08)

8.19 x103

(67.00)

7.63 x103

(51.27)
1.667NS

Compressive strength (N m-2) 1.04 x105

(98.11)

9.21 x104

(67.31)

1.14 x105

( 87.07)

1.14 x105

(91.14)

1.000NS

Rupture strength (N m-2) 9.19 x104

(70.00)

6.55 x104

(57.04)

1.06 x105

( 79.31)

8.73 x104

(51.61)

5.857NS

Modulus of stiffness (N m-1) 2.61 x104

(83.18)

2.48 x104

(77.44)

3.83 x104

(91.07)

3.59 x104

(88.53)
3.364NS

Modulus of elasticity (N m-2) 3.37 x105

(101.00)

2.98 x105

(96.43)

3.47 x105

(100.61)

3.20 x105

(98.62)

5.500NS

Numbers in parentheses are standard deviations. Significant at: *1% level, **5% level, NS no significant difference.

T a b l e 3. Some mechanical properties and T-ratio of fresh Citrullus colocynthis and Citrullus lanatus guna fruits at the moisture

contents of 92.45% (w.b.) and 89.74% (w.b.), respectively



CONCLUSIONS

1. The moisture content of guna fruits decreased with

increase in storage duration and was significantly higher for

the colocynthis variety than for the lanatus at 1% level of

significance.

2. The dimensions and volume of the fruits increased

with increase in moisture content and varied with variety,

with the values for the colocynthis variety being signi-

ficantly higher than those of the lanatus under the same

storage conditions.

3. The fruit, pod and pulp masses as well as the pod-fruit

and pulp-fruit mass ratios increased with increase in moisture

content, while the average seed mass was not significantly

affected by moisture content. The seed-fruit mass ratio de-

creased with increase in moisture content and did not show any

significant difference for both fruit varieties.

4. The true and bulk densities of the fruits increased with

increase in moisture content and significantly varied with

variety.

5. The percentage fruit breakage increased with increase

in impact energy but decreased with increase in moisture

content, with the impact strength of the fruit being higher at

the longitudinal loading than at the lateral loading.

6. The mechanical properties of the fruits evaluated at

the fresh state confirmed that more energy would be

required in processing the Citrullus colocynthis fruits during

seed extraction than the same quantity of Citrullus lanatus

fruit at the same processing conditions.

REFERENCES

Abbott J.A. and Lu R., 1996. Anisotropic mechanical properties

of apples. Transactions of the ASAE, 39(4), 1451-1459.

Abbott J.A. and Massie D.R., 1995. Nondestructive dynamic

force/deformation measurement of kiwi fruit firmness

(Actinidia deliciosa). Transactions of the ASAE, 38(6),

1809-1812.

Adamu D.J.M. and Dunham R.J., 1994. The guna crop:

Production and food potentials Proc. 1st Int. Conf. Res.

Development in the Arid Zone of Nigeria. University of

Maiduguri, Nigeria, AR/13.

Anazodo U.G.N., 1982. Elastic and visco-elastic properties of

agricultural products in relation to harvesting and post-

harvest processes. Agric. Mechanization in Asia, Africa and

Latin America, 13(2), 59-65.

Anazodo U.G.N. and Norris E.R., 1981. Effects of genetic and

cultural practices on the mechanical properties of corn cobs.

J. Agric. Eng. Res., 26, 97-107.

AOAC, 1980. Official Methods of Analysis. Association of

Official Analytical Chemists Press, Washington, D.C.

Aviara N.A., Gwandzang M.I, and Haque M.A., 1999. Physical

properties of guna seeds. J. Agric. Eng. Res., 73, 105-111.

Aviara N.A and Haque M.A., 2002. Processing and storage of

guna crop in the Northeast Arid Region of Nigeria. Agric.

Mechanization in Asia, Africa and Latin America, 33, 49-54.

Aviara N.A., Mamman E., and Umar B., 2005a. Some physical

properties of Balanites Aegyptiaca nuts. Biosys. Eng., 93(3),

325-334.

Aviara N.A., Oluwole F.A., and Haque M.A., 2005b. Effect

of moisture content on some physical properties of shea-

nut (Butyrospernum Paradoxum). Int. Agrophysics, 19,

193-198.

Aydin C., 2002. Physical properties of hazel nuts. Biosys. Eng.,

82(3), 297-303.

Aydin C., 2003. Physical properties of almond nut and kernel. J.

Food Eng., 60(3), 315-320.

Churchill D.B., Sumner H.R., and Whitney J.D., 1980. Peel

strength of three orange varieties. Transactions of the ASAE,

23, 173-176.

Dalziel J.M., 1937. The Useful Plants of West Tropical Africa.

An appendix to the Flora of West Africa. Crown Agents

Press, London.

Dinrifo R.R. and Faborode M.O., 1993. Application of Hertz

theory of contact stresses to cocoa pod deformation. J. Agric.

Eng. Technol., 1, 63-73.

Gwandzang M.I., 1994. Guna production in Yobe State. National

Council on Agriculture of Nigeria Annual Meeting, Lagos,

YOSADP Paper.

Haque M.A., Aviara N.A., Mamman E., and Maunde F.A., 2001.

Development and performance evaluation of a domestic

orange juice extractor. Ife J. Technol., 10(2), 1-6.

Irtwange S.V. and Igbeka J.C., 2002. Some physical properties

of two African yam bean (Sphenostylis stenocarpa) acces-

sions and their interrelations with moisture content. Appl.

Eng. Agric., 18(5), 567-576.

Khazaei J. and Mann D., 2004. Effects of temperature and

loading characteristics on mechanical and stress – relaxation

properties of sea buckthorn berries. Part I. Compressive

tests. Agric. Eng. Int. E-Journal. FP03 011, 6, 1-9;

http//cigr-ejournal.tamu.edu/html/vol.6.

Maduako J.N. and Faborode M.O., 1990. Some physical

properties of cocoa pods in relation to primary processing.

Ife J. Technol., 2(1), 1-7.

Mamman E., Umar B., and Aviara N.A., 2005. Effect of moistu-

re content and loading orientation on the mechanical pro-

perties of Balanites Aegyptiaca nuts. Agric. Eng. Int.

E-Journal, FP04 015, 7:1-16; http//cigr-ejournal. tamu.

edu/html/vol.7.

Mohsenin N.N., 1986. Physical Properties of Plant and Animal

Materials. Gordon and Breach Press, New York.

Mohsenin N.N. and Gohlich H., 1962. Techniques for de-

termination of mechanical properties of fruits and vege-

tables as related to design and development of harvesting

and processing machinery. J. Agric. Eng. Res., 7(4),

300-315.

Norton G., 1993. Guna Seed Analysis. Department of Applied

Biochemistry and Food Science. University of Nottingham

Press, UK.

Oloso A.O. and Clarke B., 1993. Some aspects of strength

properties of cashew nuts. J. Agric. Eng. Res., 55, 27-43.

Oluwole F.A., 2004. Design, Construction and Performance

Evaluation of a Sheanut Cracker. MSc. Thesis, University of

Maiduguri, Nigeria.

16 N.A. AVIARA et al.


