
A b s t r a c t. This study was conducted to investigate the

physico-mechanical properties of lentil seed. The average diame-

ter, thickness, thousand-grain mass, angle of repose and porosity of

lentil seed increased by about 10, 8, 17, 10 and 6%, but both true

and bulk density decreased by about 10 and 13%, respectively, with

increase of moisture content from 8 to 20% w.b. Coefficient of

static friction increased against surfaces of glass (by 31%), galvani-

zed steel (by 33%), and plywood (by 17%) as the moisture content

increased. Deformation, rupture energy and rupture force of lentil

seed decreased with increasing moisture content. Compressive

tests were conducted at loading rates of 1, 3, 6 and 10 mm min-1 at

a moisture content of 8%. Results indicate that force required to

crack the seed increased from 159.6 to 182.32 N as the loading rates

increased from 1 to 10 mm min-1, respectively. With this increase in

loading rate, seed deformation showed a negative trend as it de-

creased from 0.61 to 0.18 mm.
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INTRODUCTION

Lentil (Lens culinaris Medik) is an annual plant of the

legume family. Preserving and maintaining maximum

quality during post-harvest operations is vitally important if

the growing need for high protein food is to be met for an in-

creasing world population (Vursavus and Ozguven, 2005).

Dimensions are very important in the design of sizing,

cleaning and grading machines. Bulk density and porosity

are major parameters in the design of drying and storage

systems (Dursun and Dursun, 2005). Knowledge of the coef-

ficient of friction is necessary in designing equipment for

solid flow and storage structures. Recent scientific develop-

ments have made better the handling and processing of

bio-materials through electrical, optical, thermal and other

techniques, but little is known about the basic physical cha-

racteristics of biomaterials. Such basic knowledge is impor-

tant not only to the engineers but also to food scientists, plant

breeders, processors and other scientists who may find new

uses (Mohsenin, 1978). In recent years, physical properties

have been studied for various crops, such as faba bean grains

(Altuntas, 2007), lentil seed (Amin et al., 2004), edible

squash seed (Paksoy and Aydin, 2004) and red bean (Kiani

Deh Kiani et.al., 2008).

The aim of this study was to investigate moisture depen-

dent physical properties of lentil seed (variety Khorasan).

MATERIALS AND METHODS

The lentil seeds used for this study were obtained from

several farms located in Ardebil region of NW Iran during

2008. For dehulling, the shell was cracked manually and

then cleaned to remove all foreign materials and damaged

seeds. The initial moisture content was determined by dry-

ing the lentil sample in an air ventilated oven at 103°C for 72 h

(ASAE, 1993). Samples at the desired moisture content were

prepared by adding calculated amounts of distilled water, tho-

rough mixing, and then sealing in separate sealed plastic bags.

Moisture content (MC) was chosen as: 8 (initial MC), 12,

16, and 20% (close to that of unripe seed). Samples at the

selected moisture content were sealed in separate plastic

bags and stored in a refrigerator at 7°C for 72 h. Before each

experiment, the required sample was removed from the

refrigerator and kept sealed in ambient conditions for 24 h to

equilibrate water and temperature throughout the sample.

The sample was kept in the ambient environment in sealed

conditions, so there was no change of moisture content

(Amin et al., 2004).

Lentil seed has a disc shape with dimensions of diameter

(D) and thickness (T). The physical dimensions of lentil

were determined by taking 100 seeds randomly and mea-

suring the seed diameter and thickness at different moisture

content using a digital caliper (CD-6”CS, Mitutoyo, Japan)

with accuracy of 0.01 mm. 1 000 grains mass (M1000) was
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measured by an electronic balance (GF-600, A and D,

Japan) with accuracy of 0.001 g. The true density (rt) of

grain is defined as the ratio of the mass of a grain sample to

its volume. The grain volume was determined using the

liquid (toluene) displacement method. Bulk density (rb) is

the ratio of grain mass to the volume of the sample container

(Suthar and Das, 1996).

Angle of repose (ø) was determined by using an open

ended cylinder (f=15 cm, h= 60 cm). The cylinder was placed

at the centre of a circular plate (f=60 cm), and filled with

seeds. The cylinder was raised slowly until the seeds formed

a cone on the circular plate. The diameter and height of the cone

were recorded and the angle of repose was calculated.

Coefficient of static friction (m) for lentil seeds was de-

termined against galvanized steel, plywood and glass surfa-

ces at different moisture content. An aluminium box of 150

mm length, 100 mm width and 40 mm height, without base

and lid, was filled with the sample and placed on an

adjustable tilting plate, faced with the test surface. The

sample container was raised slightly so as not to contact the

surface. The slope of the test surface was increased gra-

dually until the box just started to slide down, at which time

the angle of tilt was read from a graduated scale. For each repe-

tition, the sample in the container was emptied and refilled

with a new sample.

Rupture strength (F) of lentil seed was determined

by the testing machine (H50 K-S, Hounsfield, England).

A constant deformation rate of 3 mm min
-1

was applied

(ASAE, 2005) to compress the seed along the diameter. Force-

deformation curves were plotted in order to determine the

rupture force and deformation at rupture point. Energy

absorbed (E) by the sample was determined by calculating

the area under the force-deformation curve (Altuntas and

Yildiz, 2007).

RESULTS AND DISCUSSION

The mean diameter and thickness of lentil grains at dif-

ferent moisture content are presented in Fig. 1. The two axial

dimensions gradually increased with increasing moisture

content. Average diameter and thickness of lentil seed

varied from 5.91 to 6.53 and 2.34 to 2.54 mm, respectively,

as the moisture content increased from 8 to 20% w.b. Diffe-

rences among the values were found to be statistically signi-

ficant at the 5% level. Amin et al. (2004) and Kiani Deh

Kiani et al. (2008) found similar results for lentil seed and

red bean grain, respectively.

Bulk density and kernel density of lentil seed decreased

from 790 to 680 and 1330 to1194 kg m
-3

, respectively, when

moisture content increased from 8 to 20% (w.b) as presented

in Fig. 2. This is due to the fact that with increasing moisture

content, the increase in seed volume was higher than its

weight increase. Similar decreasing trends were reported by

Tabatabaeefar (2003) for wheat and Kiani Deh Kiani et al.

(2008) for red bean grains.

The 1 000 grains mass increased from 56.1 to 64.1 g (p<

0.05) when the moisture content increased from 8 to 20%

(Table 1). The increase of 1 000 grains mass is in conformity

with the findings of Tabatabaeefar (2003), Amin et al. (2004)

and Kiani Deh Kiani et al. (2008) for wheat, lentil and red

bean grains, respectively.

Porosity (e) of the lentil seed increased from 40.6 to

43.05%. A similar increasing trend in porosity was found by

Amin et al. (2004) for lentil seed. Altuntas and Yildiz (2007)

and Kiani Deh Kiani et al. (2008) reported similar trends in

the case of faba bean and red bean, respectively.

A linear increase of repose angle from 28.09 to 31.05°

was observed with increasing moisture content. The obtai-

ned results were similar to those reported by Amin et al.

(2004) and Altuntas and Yýldýz, (2007) for lentil seed and

faba bean, respectively.

Rupture energy generally decreased with increasing in

moisture content. The energy absorbed for seed rupture

decreased from 51.14 to 10.11 Nmm with moisture content
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Fig. 1. Dimensions of lentil seed as affected by moisture content.
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Fig. 2. Lentil seed density variation with moisture content.



increasing from 8 to 20% w.b. The decrease in absorbed

energy with moisture content was found to be statistically

significant at the 5% level. This decrease may be due to soft-

ening of the seed at higher moisture content. These findings

are similar to those reported for cumin seed (Singh and Goswam,

1998) and pine nut (Vursavus and Ozguven, 2005).

The force required to initiate seed rupture at different

moisture content is given in Table 1. It can be observed from

the table that the force required to initiate seed rupture

decreased linearly from 159.6 to 75.71 N as the moisture

content increased from 8 to 20% w.b. The small rupture

force at higher moisture content might have resulted from

the fact that the grains have soft texture at higher moisture

content. Singh and Goswam (1998), Altuntas and Yildiz

(2007) and Kiani Deh Kiani et al. (2008) also reported a de-

crease in rupture force when moisture content increased for

Cumin seed, faba bean and red bean, respectively.

The coefficient of static friction increased with increa-

sing moisture content on all three surfaces (Fig. 3). Coeffi-

cient of static friction of lentil seed ranged from 0.247 to

0.326, 0.288 to 0.337 and 0.269 to 0.360, for glass, plywood

and galvanized steel, respectively. The relationships bet-

ween coefficients of static friction and moisture content on

all surfaces are given in Table 2. Similar results were repor-

ted by Tabatabaeefar (2003), Coskun et al. (2006), and

Tekin et al. (2006) for wheat seed, sweet corn and Bombay

bean, respectively.

The effect of loading rate (V) at 8% moisture content on

the force needed to cause seed rupture and its deformation

are shown in Fig. 4. At 1 mm min
-1

, force and deformation at

seed rupture were obtained to be 159.60 N and 0.61 mm.

These were 182.32 N and 0.18 mm at 10 mm min
-1

,

respectively. Therefore, it could be deduced that rupture

force increased but deformation decreased with increasing

loading rate. Differences between values were statistically

significant at the 5% level. The results are similar to those

reported by Burubai et al. (2007) for African nutmeg.

Deformation (Dr) at seed rupture, as given in Table 1,

decreased from 0.64 to 0.26 mm as moisture content increa-

sed from 8 to 20%. Corresponding values had a significant
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Fig. 3. Effect of moisture content on coefficient of static friction of

lentil seed against various surfaces.
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Fig. 4. Effects of loading rate on failure force and deformation.
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difference at the 5% level. Although the results were similar

to those reported by Vursavus and Ozguven (2005) for Pine

Nut, a different trend was reported by Kiani Deh Kiani et al.

(2008) for red bean grain. This is due to the fact that with

increasing moisture content, the elastic limit of lentil seed

decreased. Also, the lentil seed is thinner than bean seed so

that with increasing moisture content it becomes tender and

the force required to crack the seed decreases.

CONCLUSIONS

1. Average diameter, thickness, 1 000 grains mass,

angle of repose and porosity of lentil seed increased from

5.91 to 6.53, 2.34 to 2.54 mm, 56.1 to 65.9 g, 28.09 to 31.05°

and 40.6 to 43.05% with increase of moisture content from 8

to 20% w.b.

2. True density and bulk density decreased from 1 330 to

1 194 and 790 to 680 kg m
-3

, respectively, with increasing

moisture content.

3. Coefficient of static friction increased from 0.247 to

0.326, 0.288 to 0.337 and 0.269 to 0.360, for glass, plywood

and galvanized steel surfaces, respectively.

4. Rupture force decreased from 159.6 to 75.71 N as the

moisture content increased from 8 to 20% w.b.

5. Average rupture force of 159.6 and 182.32 N, absorb-

ed energy of 51.8 and 16.2 Nmm, and deformation of 0.61

and 0.18 mm were recorded at loading rate of 1 and 10 mm

min
-1

(8% moisture content), respectively.
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