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Abstract

Physical properties of Agricultural products are important in the design of 

processing and storage equipment. Therefore, this study is carried out to investigate 

some of the physical properties of date fruit (Phoenix dactylifera) which can 

enhance its production now that it is becoming a household fruit in Nigeria. The date 

fruit was source from a local market in Ibadan, Oyo State. Standard methods were 

used in the determination of some of its physical properties namely, linear 

dimensions, bulk density, true density, angle of repose and porosity. Also, the 

coefficient of friction was tested on galvanized steel, stainless, mild steel, glass and 

plywood\The length varied from 28.01 to 39.63mm, the width from 13.4 to 

19.70mm and the thickness from 11.99 to 17.17mm. The geometric mean varied 
2from 16.51 to 23.75mm and the surface area varied from 857.1 to 1773.5m  while 

2mean values of geometric mean and surface area were 20.65m and 1339.81m  

respectively.  The sphericity varied from 58.94 to 59.94% with mean value of 
-3 -359.41%. The true and bulk density varied from 1.01 to 1.34 x 10 kgm  and 0.59 to 

-3 -30.68 x 10 kgm  with the mean values of 2.0306 and 1.1508 respectively. The 

porosity varied from 33.00 to 54.6% with the mean value of 42.82%. The angle of 
0 0repose varied from 26.10 to 82.41  with the mean value of 53.27 .  The coefficient of 

static friction on galvanized steel varied from 0.2773 to 0.7002, stainless varied from 

0.2680 to 0.6745, mild steel varied from 0.2401 to 0.4142, glass varied from 0.0662 

to 0.4663 and plywood varied from 0.230 to 0.46631.  These results imply that 

during processing, water cannot be used as a medium for separating the fruit from 

impurities. Also the flat bed feed mechanism will be appropriate for use during 

conveyance.

Introduction

Dates (Phoenix dactylifera) is cultivated for its edible sweet fruit although its place 

of origin is unknown because of long cultivation, and they are believed to have 
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originated around Iraq (Morton, 1987).  They have also have been cultivated since 

ancient times from Mesopotamia to prehistoric Egypt, possibly as early as 4000BCE. 

They have been a staple food of the Middle East and Indus valley for thousands of 

years. The Ancient Egyptians used the fruit to make date wines and ate them at 

harvest.

The fruit is a berry with a single large seed and it takes six to seven months to develop 

its sugar characteristics. After fruits have begun to grow the fruit bearing stalks are 

pulled down through the leaves and tied to the midrib of a lower leaf to prevent 

breakage as the fruits increase in weight. 

Dates are eaten out-of-hand, or may be seeded, stuffed or chopped and used in a 

great variety of ways: On cereal, in pudding bread, cakes, cookies, ice cream or candy 

bars. Dried dates are fed to camels, horses and dogs in the Sahara desert. In Northern 

Nigeria, dates and peppers added to the native beer are believed to make it less 

intoxicating.                                                                                                      

 Date seeds are soaked and ground up for animal feed. Their oil is suitable for use in 

soap and cosmetics. The seeds are also burned to make charcoal for silversmiths, 

and can be strung in necklaces. The seeds are also ground and used in the manner of 

coffee beans or as an additive to coffee. Dates provide a wide range of essential 

nutrients and a very good source of dietary potassium. They have no side effects and 

can be consumed in our daily diet. The sugar content of ripe dates is about 80%, the 

remainder consists of protein, fiber and trace elements including boron, cobalt, 

copper, fluorine, magnesium, manganese, selenium and zinc. (Walid Al-shahib, 

2003). 

The dates fruit is believe to assist pregnant women during labour by improving 

cervical dilation, spontaneous labor, lower use of prostin/oxytoxin and shorter 

latent phase of labor. (Al-Mehaisan et al 2011).

With the present uncertainty in the world food supply and the expected increase in 

demand, the date fruit could be a good source of food of high nutritional value. In fact, 

date fruit is rich in nutrients and due to its dietetic values it has always been held in 

high esteem by people. 

There is a need for a comprehensive study of the physical properties of date to 

develop appropriate technologies for its processing. Therefore, development of the 

technologies will require the properties of this fruit. It becomes imperative to 
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characterize the fruits with a view to understand the properties that may affect the 

design of machines to handle their processing. The major aim of this study is to 

evaluate of the physical properties of date fruits.

MATERIALS AND METHODS

The date fruits (Phoenix dactylifera) were obtained from a local market in Ibadan 

Oyo State, Nigeria. The physical properties of the date fruits were determined at 

Agricultural Science Laboratory in Tai Solarin University of Education, Ijagun, Ogun 

State. The physical properties of the date fruits determined were three principal 

dimensions, Geometric mean, sphericity, surface area, coefficient of friction (on 

plywood, glass, mild steel, galvanized steel and stainless), Bulk density, true density 

and angle repose were also determined.

The samples of the fruits were selected and it was ensured that the fruit were free 

from dirt and other foreign materials. The standards used by Aviara et al., 2005 were 

employed in this study.

For this experiment, 40 date fruits were randomly selected. Three principal 

dimensions namely; length (L), width (W) and Thickness (T) of the date fruits were 

measured using electronic digital caliper with a reading of 0.01mm. Also, the mass of 

the date fruit were measured using weighing balance. 

The geometric mean diameter (D), was calculated based on the following equations  
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The true density was determined using water. To calculate this, fruits were selected 

at random and each seed is immersed inside a measuring cylinder containing water. 

The displacement of the water (initial volume and the final volume of the water is 

then measured). Also, the mass of each fruits were obtained.

The angle of repose was determined on mild steel. This was determined using 

topless and a bottomless container, the container with filled fruits was placed at the 

center of the mild steel plate and it was then raised slowly until it formed a cone on 

the plate. The height of the cone was measured carefully with a material while the 

base of the cone which is the diameter is also measured with the meter rule. The 

angle of repose is calculated using the following expression.

The static coefficient is used to calculate the force of friction on five surfaces; glass, 

plywood, mild steel, galvanized steel and stainless. Ten fruits were randomly selected 

each and then measured on an adjustable tilting scale. The tilting scale was raised 

gradually until the seed starts to slide down. The angle of the surface was read on the scale 

and coefficient of friction (ì) was taken as the tangent of this angle. The coefficient of 

friction was then calculated using the formula below;
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Results and Discussion

Linear Dimensions

The results of the physical properties of date fruits (Phoenix dactylifera) determined 

in this study were shown in Table1. The results of the dimension showed that the 

length varied from 28.01 to 39.63mm, the width from 13.4 to 19.70mm and the 

thickness from 11.99 to 17.17mm with average values of 34.76, 16.81, and 15.06 

respectively. Dimensions of the fruit are of paramount importance in determining 

the aperture size of the machines particularly in separation of materials to process 

the fruits. Also, the dimensions could be useful in determining the shape of the seed 

since the three semi-axes of the seed are unequal. It is also useful in designing 

machine components and parameter. For example, it may be useful in estimating the 

number of fruit to be engaged at a time. The major axis has been found to be useful by 

indicating the natural rest position of the fruit.

The geometric mean varied from 16.51 to 23.75mm and the surface area varied from 
2857.1 to 1773.5mm  while mean values of geometric mean and surface area were 

220.6471mm and 1339.8146mm  respectively. Diameter obtained can be used to 

determine the volume and sphericity of the seed theoretically.

The sphericity varied from 0.58 to 0.59 with a mean value of 0.59. The importance of 

sphericity is in determining the shape of fruit. Sphericity value is essential in 

designing separation and sizing equipment. These low sphericity values shows that 

date fruits tend to slide rather than roll on specific surface.

Table 1: Some Physical properties of date fruits (Phoenix dactylifera)  
Properties  Mean           Min  Max  
Length, mm

 
34.76(3.14)           

 
28.01

 
39.63

 Width, mm
 

16.81(1.19)
 

13.41
 

19.70
 Thickness, mm

  
15.06(1.05)

 
11.99

 
17.17

 Geomean, mm

 

20.65(1.24)

 

16.51

 

23.75

 Sphericity

 

0.59(3.43) 

 

0.58

 

0.59

 
Surface area, mm2

 

1339.81(155.74) 

 

857.1

 

1773.5

 
True density,

 

*10-3 

 

kgm-3

 

2.03(0.10)

 

1.01

 

1.34

 
Bulk density, *10-3 

 

kgm-3

 

1.15(0.02) 

 

0.58

 

0.67

 

Porosity, %

 

42.82(6.35)

 

32.98

 

55.00

          
Angle of repose 0 53.27(0.26) 26.10 82.31

84

Journal of Agriculture Economics, Extension & Science



The true density and bulk density 
3 -3The true density and bulk density varied from 0.00101 to 0.00134 x 10  kgm  and 

3 -3 30.00058 to 0.00067 x 10 kgm  with the mean values of 0.00203 and 0.00115 x 10  
-3kgm  respectively as shown in Table 1. This parameter is useful in determining the 

storage capacity of the seed. It may also be used in separation and transportation of 

seeds by hydrodynamic means. Similar results were reported for the true density 

and bulk density of doum fruit, banana and potatoes. (Hsu, B et al 2006, Zogzas et al. 

2002, Wang and Brennan 2010).  

Porosity

The porosity is important because it shows the resistance of the seeds to airflow 

during drying process. The porosity varied from 33.00 to 54.6% with the mean value 

of 42.82%. Similar results were reported for doum palm fruit (Hsu, B. et al 2006).

Angle of repose

The angle of repose may be used to design an appropriate hopper or silo for storage 

of materials. Ii can be used to size a conveyor belt for transporting materials. It is 

used in designing the flow characteristics of bulk solids during conveyance. The 
0 0angle of repose varied from 26.10 to 82.31  with the mean value of 53.27  as 

observed in Table1. Similar results were reported for Bambara groundnuts (Baryeh 

2001), Cocoa beans (Bart – Plange and Baryeh 2003), Coriander seeds (Coskuner 

and Karababa 2007a), Barnyard millet (Coskuner and Karababa 2007b) and Grains 

(Singh et al 2010). Low angle of repose is often advisable during belt conveying 

while high angle of repose is more desirable when unloading onto a horizontal 

surface (Koocheki et al., 2007).

The coefficient of friction 

The coefficient of friction of (Phoenix dactylifera) date fruits against five types of 

structural surface was determined. The results were shown below in Table 2. The 

coefficient of friction is very essential in determining the steepness of the storage 

container, hopper and in the separation and transportation of the fruits. The results 

of the coefficient of static friction on galvanized steel varied from 0.28 to 0.70, 

stainless varied from 0.27 to 0.67, mild steel varied from 0.24 to 0.41, glass varied 

from 0.07 to 0.47 and plywood varied from 0.23 to 0.47. The mean values were 0.82, 

0.47, 0.33, 0.69 and 0.33 respectively. The higher the coefficient of friction is, the 

lower the mobility coefficient is hence requiring larger hopper opening. The 
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coefficient of friction is important in the design of conveyors because friction is 

necessary to hold material to the conveying surface without slipping or sliding 

backwards.

Conclusion

The angle of repose of the fruit had to be considered in the design of processing and 

handling equipment on the three structural surfaces. High angle of repose means 

rough surface imposing high resistance as they move against each other. Low angle 

of repose makes the seeds to spread out wider on a plane surface compared to high 

angle of repose. Angle of repose is not a measure of flow ability of solids but useful in 

determination of the contour of pile when free flowing bulk solids are discharged 

through a vertical or horizontal opening. Angle of repose has practical application in 

design of mechanization and agricultural products handling systems so as to 

minimized mechanical damage to crop during on-the-farm and off-the-farm 

handling, processing and storage.

The coefficient of static friction is a parameter required in the determination of 

lateral pressures on walls of storage structures, it can be deduced that increase in 

coefficient of static friction will bring about increase in lateral pressure on the walls 

of the date fruit storage structures. Therefore, maximum values of coefficient of 

static friction should be used in the design of the storage structure. 

More research should be carried out on determination of physical and engineering 

properties of date fruit to enhance mechanization of its processing.
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