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A bstract. The physical properties of the Polish variety of
lentil seed, Tina and the Canadian variety, Laird Lentil (the most
popular variety imported into Poland) were compared. The para-
meters of individual seeds (size distribution, mass per 1000 seeds)
and the parameters of bulk seed (the bulk density, the porosity, the
angle of internal friction, the wall friction coefficient and the
pressure ratio) of both varieties were compared for the moisture
content of the seed within the range 9 to 21%. The seeds of the
Canadian variety were found to be shapelier than the seeds of the
Polish variety. The different swelling characteristics observed be-
tween the two varieties can be attributed to the different anatomical
structures of the seed coating /husk/ in the two varieties. The seed
coating of the Polish variety is rougher than that of the Canadian
variety. Microscope photos of cross-sections of the seeds indicated
that the seed coat of the Canadian variety is approximately twice as
thin as the Polish variety. The concentration of papillary cells on
the surface of the seed coat is higher in the case of the Canadian
variety which produces a smoother surface than does the Polish
variety. The mechanical properties of bulk seed were similar for
both varieties.
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INTRODUCTION

The lentil (Lens culinaris Medic.) is one of the oldest
plants to be cultivated by man. Its high nutritional value was
known in ancient times. It is also the oldest plant — besides
the pea — with high protein content to be cultivated in Poland
(Chorazy, 1988; Pirog, 1995). As agricultural intensifica-
tion occurred, the lentil was systematically ignored. Neg-
ligence in growing it was additionally a negative factor. The
last two decades can be called the New Age of the lentil on a
world scale; witness the high increase in production, the
development of fundamental and applied research in the

*Corresponding author’s e-mail: jhorabik@demeter.ipan.lublin.pl

most famous research centres in Canada (University of
Saskatchewan), the USA (Washington State University) and
other countries as well as breeding new fruitful varieties.
Biochemical and applied research have confirmed the high
nutritional and taste quality of lentil seeds. These advanta-
ges have resulted in placing the lentil on the world’s list of
healthy foods. Some medicinal properties of the lentil have
also been demonstrated (Bhatty, 1980; Chorazy, 1988;
Pir6g, 1995). The lentil has been promoted as a leading legu-
minous crop. Lentil seeds are rich in cellulose, carbohydrate
compounds and folic acid, are low in calories, low in fat and
are cholesterol free (Troszczynska et al., 1993). Recently,
the lentil has been the focus of interest in Poland. Funda-
mental breeding research (Milczak et al., 1991; Milczak,
1996) and culinary studies have been published (Carper,
1995; 1996; Debski and Dgbska, 1989). The first Polish
lentil variety, the Tina was registered in 1998, the second
one, the Anita in 1999.

The revival of the lentil leads to an extension of the stu-
dy of the other properties of the lentil which can be useful in
characterizing seeds for technological processes. One of
them is the physical property which is strongly influenced
by moisture content. Therefore, it seems useful to supple-
ment knowledge about the physical properties of this plant.
Such a study of the Polish varieties of lentil seeds was started
by Szot et al. (1998). The study was later extended to some
other properties by Szot and Rudko (2000), Dobrzanski and
Szot (2001), and Szot and Stepniewski (2001a, 2001b).

The object of this study was to determine the characte-
ristics of the physical properties of the most popular Polish
and Canadian varieties of lentil seed to support engineers
engaged in storage, handling and processing in the basic
parameters of the material.
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MATERIALS AND METHOD

Tests were performed on the Polish and Canadian varie-
ties of lentil seeds. The variety Tina is the first Polish variety
registered in 1998. This variety was cultivated in an experi-
mental field of the Institute of Agrophysics in Lublin and
originated from qualified seed produced by the Horticulture
Breeding and Seed Production Company, Nochowo. The
variety, Laird Lentil is the most popular imported variety in
Poland and originates from Canada.

The physical properties of the selected seeds were per-
formed for moisture contents of 9, 12, 15, 18 and 21+ 0.2%
w.b. For obtaining higher levels of moisture content, sam-
ples of seed were moistened according to the procedure
elaborated in the Institute of Agrophysics in Lublin (Szot
and Wozniak, 1980). Frictional properties and the pressure
ratio were determined for the moisture content of the seed at
9% w.b.

The thickness and width of the seeds was determined
applying the specially adopted slide caliper with an accuracy
of 0.01 mm. Samples of 300 dry seeds were tested to obtain
size distribution. For higher moisture content, samples of 60
seeds were tested.

The 1000 seed mass was determined using the LN-S-
50A seed counter. The non-compacted bulk density was de-
termined according to Polish Standard PN R-74007.

Porosity was determined with the prototype air picno-
meter (Szot and Wozniak, 1974). Ten replications of poro-
sity measurement were performed for each level of moisture
content.

The angle of internal friction was determined in a Jenike
(1961) shear tester with a diameter of 210 mm. The sample
was consolidated under normal stress reference o, of 100
kPa. The standardized twisting of the top plate of the shear
box was applied to consolidate the sample (Eurocode 1,
1996). Next, the samples were sheared at normal stress ;, of
20, 40, 60, 80 and 100 kPa after pre-loading to the reference
stress. Maximum shear stress 7 (developed before the hori-
zontal displacement of 10% of the shear box diameter had
been attained) was used to calculate the angle of internal fric-
tion. The displacement velocity was equal to 0.35 mm s
The angle of internal friction ¢ and cohesion ¢ was deter-
mined from the relationship:

T=0,tgp+c. (1

The pressure ratio was determined in a uniaxial com-
pression tester 0.21 m having a diameter according to the
general guideline of the Eurocode 1 standard (1996). The
height of the seed layer to the chamber diameter was 0.4. The
experimental set allowed the mean lateral pressure o, to be
determined, the mean vertical pressure o, on the bottom, and
the mean vertical pressure o,, on the top plate (Horabik and
Molenda, 2000). The sample was poured into the test cham-
ber through a centrally located spout, without vibration or
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other compacting action. The specimen was loaded to the
reference normal stress of 100 kPa using a universal loading
frame with a constant displacement rate of 0.35 mm min .
The top plate was rotated backwards and forwards three
times through an angle of 100to consolidate the sample.
Next the sample was reloaded to the reference vertical stress,
and slope of the lateral to the vertical pressure increase was
determined. Pressure ratio ky appropriate for filling and
storing was determined as (Eurocode 1, 1996):

ks: 11 kso, (2)

where:

k50:A0x/Aazm (3 )

at the reference vertical stress 0, = (oz +GZO) /2=

100 kPa.

The pressure ratio was determined also from empirical
formula relating pressure ratio k, to the angle of internal
friction ¢ Eurocode 1 (1996):

kp=1.1 (1-sinp). @)

The coefficient of wall friction u (for pressures evalu-
ation in the silo) was determined for three wall materials:
smooth galvanized steel, smooth stainless steel and concrete
B 30 treated as the reference silo wall materials (Eurocode 1,
1996). Tests were performed in a Jenike shear tester sub-
stituting the lower part of the measuring cell with the wall
materials tested. Tests were performed under normal stress
equal to 20, 30, 40, 50 and 60 kPa corresponding to the
average horizontal pressure in the silo.

The angle of wall friction ¢,, (for flow evaluation)
against three tested wall materials was measured with the
tilting table method (Molenda et al., 2000). A square 20 cm
seed compartment was placed on the test surface, filled with
seeds and a loaded plate was placed on the free surface of the
seed. The clearance between the frame and the test surface
was maintained throughout the tests to eliminate frictional
interaction. The table was tilted slowly using a screw
mechanism and the angle at which the samples started
sliding was treated as the angle of wall friction ¢,,. Test were
performed at low pressure (in the range 0-2.5 kPa) corre-
sponding to the pressures occurring during discharge near
the outlet of the silo.

Three replications of the friction and the pressure ratio
tests were performed.

RESULTS

Lentil seeds have a characteristic shape similar to a
biconvex lens. Therefore, two characteristic dimensions
were considered: thickness and width (diameter) to describe
the shape of the seeds. For a moisture content of about 9%
(the air dry state of the seeds) both varieties had the same
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thickness 2.47 mm (Table 1). The range of variability of the
thickness was 1.91-2.98 and 1.77-2.99 mm for the Laird
Lentil and the Tina variety, respectively. The width of the
two tested varieties was different. The Laird Lentil variety
had a mean width of 6.15 mm (min. 5.1 and max. 7.04 mm)
while the Tina variety had a mean width of 5.6 mm (min.
4.46 and max. 6.45 mm). Distributions of the thickness and
width (300 replications of measurement) confirmed the dif-
ference in dimensions of both varieties (Figs 1 and 2).
With a moisture content increase from 9 to 21% the
thickness of the lentil seed variety Laird Lentil increased
from 2.47 to 2.80 mm (13%) while the thickness of the Tina
variety increased only 4% (from 2.47 to 2.57 mm). Increase
in the width of the both varieties was similar: 6% — for the
Tina and 8% for the Laird Lentil variety (Table 1). The
difference in the swelling characteristics observed in the two
varieties can be attributed to the different anatomical struc-
ture of the seed coat of the two varieties. The relatively low
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level of coefficients of variability (4.6-8.9%) indicates the
good equalization of seed size.

The seeds of the Canadian variety (Laird Lentil) are
shapelier than those of the Polish variety Tina. With a moisture
content equal to 9%, the mass of 1000 seeds of the Canadian
variety was considerably higher (64.27 g) than the mass of the
Polish variety (46.52 g). The mass of 1000 seeds, increased
linearly with the moisture content increase and with a moisture
content of 21% reached 72.73 g for the Canadian variety and
58.48 g for the Polish variety (Table 2).

With a moisture content of 9%, the bulk density of the
Laird Lentil variety equal to 791.0 kg m™ was 1% higher
than that of the Tina variety. With the moisture content
increase the bulk density decreased faster in the case of the
Laird Lentil variety. Consequently, for a moisture content of
21% the bulk density of the Laird Lentil variety was 2.2%
less than that of the Tina variety.

T able 1. Geometrical characteristics of the Polish (Tina) and the Canadian (Laird Lentil) varieties of lentil seeds as influenced by

moisture content

Moisture Thickness (mm) Width (mm)
Variety content Mean Min. Max. Variability Mean Min. Max. Variability
w.b. (%) (%) (%)
Tina 9 2.47 1.77 2.99 8.91 5.60 4.46 6.45 6.64
12 2.51 1.95 2.86 7.41 5.64 4.92 6.27 5.96
15 2.60 2.05 2.92 8.09 5.77 5.00 6.62 6.93
18 2.61 2.15 2.75 5.78 5.76 5.33 6.67 5.01
21 2.57 2.25 2.80 4.88 5.93 5.46 6.56 4.63
Laird Lentil 9 2.47 1.91 2.98 8.62 6.15 5.10 7.04 6.37
12 2.58 2.10 3.00 7.27 6.46 5.63 7.31 6.39
15 2.60 2.13 2.96 7.49 6.62 5.67 7.56 5.72
18 2.66 2.20 3.18 8.31 6.61 5.55 7.55 7.31
21 2.80 2.25 3.28 7.92 6.63 5.70 7.50 6.14
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Fig. 1. Thickness of distribution of the Polish (P) and the Canadian
(C) varieties of lentil seeds.

Width (mm)

Fig. 2. The width of distribution of the Polish (P) and the Canadian
(C) varieties of lentil seeds.
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T able 4. The angle of wall friction ¢,, (mean + st.dev.) of the Polish (Tina) and the Canadian (Laird Lentil) varieties of lentil seeds
against stainless steel, galvanized steel and concrete B 30 determined at a moisture content of 9 % w.b.

Variety Normal stress Angle of wall friction ¢, (°)
(kPa) Stainless steel Galvanized steel Concrete B 30
Tina 0 20.9+0.3 16.7+0.3 19.5+0.3
0.5 142+0.3 155+0.3 153+0.3
1.0 13.6£0.1 15.0+0.1 16.7+0.3
1.5 13.9+0.3 157+0.3 16.8 £0.1
2.1 14.0+0.1 154 +0.1 18.7+0.5
2.5 14.0+0.1 154 +0.1 19.0+0.3
Laird Lentil 0 20.3+0.3 16.2+0.3 19.8 £0.3
0.5 15.4+0.1 145+0.1 142 +0.6
1.0 13.6 £ 0.1 13.6 £ 0.1 14.4+0.1
1.5 145+0.5 14.0+0.1 145+0.5
2.1 154+0.1 13.9+0.3 156+ 1.0
2.5 15.4+0.1 14.6 £0.1 17.0+ 0.6

normal stress is attributed to the less than proportional
increase in the normal and tangent stresses at any single
contact area of the grain with the wall surface with an
increase in normal load. To explain the influence of the
range of normal stress and the roughness of the surfaces
tested on the friction coefficient, two components of friction
resistance should be taken into account: adhesion and the
deformation of asperities (Molenda et al., 1995).

CONCLUSIONS

1. Seeds of the Canadian variety were larger than the
Polish variety. The mean width (diameter) of the Laird
Lentil variety was approximately 10% greater than that of
the Tina variety while the thickness of both varieties was
similar. The Canadian variety accumulated water more
readily than did the Polish variety, due to the thinner seed
coat.

2. With a moisture content of 9%, the bulk density of the
Laird Lentil variety was higher than the Tina variety. With a
moisture content increase, bulk density decreased in both
varieties. The porosity of the Canadian variety was higher
than the Polish variety for all levels of moisture content.

3. The angle of natural repose of the dry seeds of the
Tina variety was 3[higher than the Laird Lentil variety as a
result of the different structure of the seed coat in both
varieties.

4. The pressure ratio, the angle of internal friction and
cohesion was similar in both varieties. The pressure ratio
calculated from the recommended empirical formula was
significantly higher than had been determined in the uniaxial
compression test.

5. The friction coefficient against the concrete was
higher than for that against the galvanized and stainless steel
plates for both varieties. In the case of the galvanized and
stainless steel, the friction coefficient decreased with normal

stress increase and was higher for the Laird Lentil seeds.
Consequently, the friction coefficient against galvanized
and stainless steel determined in the tilting table was higher
than had been determined in the Jenike tester.

6. Values of physical parameters were similar for both
varieties (the pressure ratio, the angle of internal friction, the
wall friction coefficient) and different for both varieties
(seed dimensions, the mass of 1000 seeds, the porosity, the
density, the angle of natural repose) and provide information
useful for engineers engaged in the storage, handling and
processing of this material.

ACKNOWLEDGMENT

The authors wish to express their appreciation to
Professor J. Fornal and his team of the Division of Food
Science, Institute of Animal Reproduction and Food Re-
search of the Polish Academy of Sciences, Olsztyn, for the
microscope photos of the lentil seeds.

REFERENCES

—_

. Bhatty R.S., 1980. Composition and quality of the lentil (Lens
culinaris Medic.). Can. Inst. Food Sci. Technol., J., 21, 2,
144-160.

2. Carper J., 1995. Food: Your Miraculous Medicine (in Polish).

Hannah Publishing LTD, London.

3. Carper J., 1996. Pharmacy of Food (in Polish). Hannah Pub-

lishing LTD, London.
4. Chorazy W., 1988. Traditions and development of food scien-
ce (in Polish). Zdrowa Zywnos$¢, 1, 11-12.

5. Debski H. and De¢bska D., 1989. Kitchen Vegetables (in
Polish). Institute of Healthful Food, Warszawa.

6. Eurocode 1, 1996. Basis of design and actions on structures.
Part 4. Actions in silos and tanks. DD ENV 1991-4.

7. Dobrzanski B., jr and Szot B., 2001. Scanning Microscopy in

estimating seed coat strength of soybean, pea, and the lentil

seed (in Polish). Acta Agrophysica, 58, 51-58.



CHARACTERISTIC OF POLISH AND CANADIAN LENTIL SEEDS

8. Horabik J. and Molenda M., 2000. Device for determining
pressure ratio of granular solids (in Polish). Patent application
No. P-340014. Bulletin of the Patent Office No. 22(700),
A1(21) 340017.

9. Horabik J. and Molenda M., 2002. Properties of grain for silo
strength calculation. Physical methods in agriculture: Ap-

proach to precision and quality. Part 2. Properties and quality.
Kluwer Academic/Plenum Publishers, 195-217.

10. Jenike A.W., 1964. Storage and flow of solids. Eng. Expt. Sta.,
Utah State Univ., Bull., 123.

11. Milczak M., 1996. The use of the multi-pod mutant in lentil
(Lens culinaris Medic.) breeding (in Polish). Biul. IHAR, 200,
349-353.

12. Mileczak M., Gryka J., and Segit Z., 1991. Variability and
interrelation of some quantitative traits in lentil (Lens culinaris
Medic.) (in Polish). Biul. IHAR, 179, 59-65.

13. Molenda M., Horabik J., Grochowicz M., and Szot B., 1995.
Friction of wheat grain (in Polish). Acta Agrophysica, 4, 1-88.

14. Molenda M., Thompson S.A., and Ross 1.J.,2000. Friction of
wheat on corrugated and smooth galvanized steel surface. J.
Agric. Engng Res., 77(2), 209-219.

15. Pirég H., 1995. The Lentil (Lens culinaris Medic.) — the valua-
ble leguminous plant (in Polish). Proc. National Conf. Science

129

for Horticultural Practice, University of Agriculture, Lublin,
653-660.

16. Szot B., Milczak M., and Wasik A., 1998. Basic physical
properties of lentil seeds (Lens culinaris Medic.) (in Polish).
National Sci. Conf. Leguminous protein crops. III. Lentil and
everlasting pea. University of Agriculture, Lublin, 31-36.

17. Szot B. and Rudko T., 2000. A method of estimating the lentil
pod’s susceptibility to cracking (in Polish). Acta Agrophysica,
37,217-224.

18. Szot B. and Stepniewski A.,2001. Some physical properties of
lentil seeds of Polish varieties (in Polish). Acta Agrophysica,
46, 187-196.

19. Szot B. and Stepniewski A., 2001. Physical properties of bulk
lentil seed (in Polish). Acta Agrophysica, 58, 181-188.

20. Szot B. and Wozniak W., 1974. The use of the pressure poro-
meter to determine the porosity of a layer of cereal grains (in
Polish). Biul. [HAR, 1-2, 45-48.

21. Szot B. and Wozniak W., 1980. Moisture as a factor deter-
mining the variability of the grain mass porosity of spring
wheat. Proc. II Int. Conf. on Physical Properties of Agric.
Materials, 2, 38, 6.

22. Troszezynska A., Honke J., Milczak M., and Kozlowska H.,
1993. Anti - nutritional substances in lentil (Lens culinaris) and
everlasting pea (Lathyrus sativus) seeds. Pol. J. Food Nutr.
Sci., 2/43, 3, 49-54.



