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Turgenia latifolia (T.L.) is an annual weed in wheat fields of IramdaMiddle East region.
Despite the separation process its seeds do naratepfrom wheat kernels in the milling
process. Some physical properties of wheat ker(mils Sardari) and T.L. seeds, namely
dimensions, equivalent diameter, sphericity, budingity, true density, angle of repose and
static coefficient of friction as a function of nstire content, 7% to 20.8% w.b. were
investigated. There was significant difference lestwall physical properties of wheat and T.L.
seeds and the effect of moisture content on thesggepties that was significant except for true
density and length. True density varied nonlineémdyn 1270 to 1300 kg/fand from 970 to
1080 kg/mi for wheat and T.L. seeds, respectively, as theiistae content increased. Wheat
and T.L. had the lowest static coefficient of fiect on the plywood and steel surface,
respectively. The highest static coefficient o€tion was obtained on the aluminum surface for
both of them. However, there was highly differebetween the true density of wheat and T.L.
seeds and the static coefficient of friction on #éheminum surface. Therefore, these properties
can be used to design separation equipments.
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Nomenclatures

al  Aluminum Mc  Moisture content, % w.b.
de Equivalent diameter, mm st Steel

L  Length of kernel, mm T Thickness of kernel, mm
M  Mass of kernel, kg W Width of kernel, mm

V  Volume of graduated cylinder,’m ¢ Sphericity of kernel, %
w  Plywood po Bulk density, kg/ m
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I ntroduction

Physical properties are important factors in s@vomoblems associated
with design specific machines or analysis of thiedvéor of the product during
agricultural processes such as planting, harvestiagdling, threshing, sorting
and drying. Solution to these problems involvesifgknowledge of physical
and engineering properties of products (Irtwangd Bigbeka, 2002). In the
milling process, it is an important operation tpa®te foreign materials from
wheat grains. Many types of equipment have beeigmied to separate foreign
materials from wheat grains using the physical edgéhces between them.
Separation of foreign materials from wheat kerneds been done in two
phases: primary separation and secondary separ&udrthe moisture content
of materials is different at these processes. énghmary separation process,
the moisture content is in the range of 7-10 % vabd in the secondary
separation process; it is in the range of 12-14 % Wespite the separation
process T.L. seeds do not separate from wheatsgiraithe milling process. In
order to separate T.L. seeds from wheat graimns niécessary to determine their
physical properties. This knowledge may lead to esaype of equipment can
be designed and constructed to separate T.L. f@gdsvheat kernels.

The physical properties of various seeds and fiuie measured such as
sorrel seeds by Omobuwagh al. (2000); terebinth fruits by Aydin and Ozcan
(2002); Prosopis africana seeds by Akaaimo and ®8[6); sugarbeet seeds
by Dursunet al. (2007); peanut and kernel by Aydin (2007) and igreeybean
by Sirisombooret al. (2007). But there is no information about the ptgls
properties of T.L. seeds.

The objective of this study was to measure somestun@ dependent
physical properties of T.L. and wheat (cv. Sardakgjnels such as static
coefficient of friction, dimensions, equivalent wtiater, sphericity, bulk and
true densities and angle of repose. Moisture corkseeds was considered in
the range of 7% to 20.8% w.b., which spans the tm@srange of harvested
crop and milling operation.

Materials and methods
Sample preparation

Wheat and T.L. seeds were manually cleaned to rerfareign materials
such as dust, dirt, stones, chaff and broken kerfidley were classified into
two grades based on their length. Cut points béi@g and 7.54 mm for wheat
and T.L. seeds, respectively. Grade A and gradef@red to above and below
the cut point, respectively. The initial moistuentent of seeds was determined
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at 103 + 1 °C for 19 h (ASAE standard, 1998). Tin&al moisture content of
wheat and T.L. seeds were of 10% and 7% w.b., ctisply. The seeds with
higher moisture content were obtained by addingskn@amount of distilled
water. The samples were kept at 5°C for a weekntble the moisture to
distribute uniformly throughout the seeds (Al-Mahas and Rababah, 2007).
Wheat and T.L. seeds were left to get dry at 7@8@ 30 °C, respectively for
different periods of times to obtain 5 levels ofistore content namely, 20.8%,
17%, 14%, 10% and 7% w.b.

Size and shape measurement

The three principal dimensions of 20 seeds of &hd wheat kernels
(selected randomly) were measured using a diggalier caliper (resolution:
0.01 mm). The equivalent diameter and sphericityevaalculated by the three
principal dimensions using Eqgs. 1 and 2, (Mohsedi®78; Irtwange and
Ugbeka, 2002).

1

d, = (LWT)? [1]
~ (LWT)%
¢ = L [2]

Bulk and true density

Bulk density of wheat and T.L. seeds was measus#igua graduated
cylinder. The cylinder was filled and tapped 10dsno cause the seeds to
settle. A sharp edge flat used to remove excesselkepr seeds to level the
surface at the top of the cylinder (Jain and B&97). Bulk density was
calculated using Eq. 3.

M
P=y [3]
True density was measured by toluene displacemetitad. The mass of
seeds were measured and then poured in a pycnotinatevas full of toluene.
The true density of seeds was found as the rattbesf mass to the volume of

toluene displaced by the seeds (Chakraverty ani] Z2aQd).

Static coefficient of friction

The static coefficient of friction of wheat and Tdeeds was determined on
the plywood, steel and aluminum sheet. These ®gfaecre put on the titling
table. A topless and bottomless circular cylin88rmm in diameter and 50 mm in



high, was placed on an adjustable tilting table fdledl with seeds. The cylinder
was raised slightly so as not to touch the surfabe. surface with the cylinder
resting on it was inclined gradually with a scresvide until the cylinder began to
slide. At this time, the angle of table surface vessl from the graduated scale and
the tangent of this angle is static coefficientfraftion on that surface (Jain and
Bal, 1997; Baryeh, 2002; Ozarslan, 2002; Yadtial, 2007).

Angle of repose

The angle of repose was measured using a woodehdibfull of seeds
mounted on a tilting table. The table was tiltediluthe seeds began to move
leaving an inclined surface. At this time, angltittéd table was measured as
the angle of repose for samples (Mohsenin, 197&s6imiet al, 2008).

Statistical analysis

Data analysis of length, width, thickness, equinaliameter, sphericity,
bulk density, true density and angle of reposesémples were carried out by a
nested split plot form arranged in Completely Ranided Design (CRD).
Wheat and T.L. seeds were as a main plot and meistintent levels were as a
sub plot. Data analysis of static coefficient ation of seeds was carried out
by a nested factorial split plot form arranged ROC The first factor was type
of seeds (wheat and T.L.) and the second factor type of surfaces
(aluminum, steel and plywood). These were as a rplihand the moisture
content of seeds was as a sub plot. Mean compawssncarried out at 5%
probability level. Data were analyzed by MSTATC &#SS software.

Results and discussion
Size and shape

The results showed that there was significant diffee between length,
width, thickness, equivalent diameter and sphegrmiitwheat and T.L. seeds (at
both grades, A and B). Also the effect of moistaoatent on these properties
was significant, except for length of seeds. Edeiviadiameter, sphericity and
three principal dimensions of wheat and T.L seatib@th grades) are shown in
Table 1. It can be observed that these propertieseased as the moisture
content increased. This indicates that the seedenekin length, width and
thickness as the moisture content increased. Rutdte of their expansion is
different from each other. It could be due to tled arrangement is different.
This results are in agreement with published liteess for millet (Baryeh,
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2002), African yam bean (Irtwange and Ugbeka, 20€2) for green wheat
grains (Al-Mahasneh and Rababah, 2007).

Knowledge of sphericity values is essential to aetee the shape and
dimensions of screen mesh in designing of separatiol cleaning equipments.
Sphericity of wheat T.L. seeds was in the rang&®fto 56% and 51-53%,
respectively. These low sphericity values shows tihese seeds trend to slide
rather than roll on specific surface (Al-Mahasnell &ababah, 2007). On the
other hand, it indicates that wheat and T.L. semddcnot be assume as sphere
therefore, separation of T.L. seeds from wheat édsrrusing separation
equipment such as sieve or screen with circulaeswill not be successful.

Despite the significant differences between theedpity and dimensions
of wheat and T.L. seeds, they could not be sephratecessfully in the
cleaning and separation processes using sievesusedhe dimensions of
wheat and T.L. seeds are not too different fronihedber.

Table 1. Mean of dimensional characteristic of wheat arld $eeds.

Moisture . . Equivalent -
Seed Grade content L(fnnr%t)h \zvnl](rjrt];] Th('rﬂ::)as diameter Sprzoe/r ')C' ty
% (w.b.) (mm) 0

A 20.8 7.85 3.44 3.05 4.35 55

Wheat 7 7.63 3.31 2.92 4.19 55
B 20.8 6.71 3.08 2.77 3.85 57

7 6.69 2.98 2.65 3.74 56
A 20.8 9.57 4.05 3.39 5.07 53

TL 7 9.49 3.87 3.30 4.94 52
T B 20.8 6.83 2.73 2.39 3.54 52

7 6.76 2.66 2.37 3.46 51

True density

The analysis of variance showed that there wasifisant difference
between the true density of wheat and T.L. seddsoth grades). But the effect
of moisture content on this property was not sigaift. The maximum value of
true density for wheat kernels was related to gBd# the moisture content of
17% w.b and the minimum amount of it was obtair@dyfade A at the moisture
content of 7% w.b. (1,315.77 and 1,274.55 Ry/raspectively). T.L. seeds had
the maximum value of true density at grade B, atrioisture content of 20%
w.b. and the minimum value at grade A at the moestontent of 7 % w.b.
(1,057.64 and 958.02 kg’nrespectively). As shown in Fig. 1 the true dgneft
wheat and T.L. seeds increased as the moisturertantreased. It indicates that
as the moisture content increased, the both of raass volume of seeds
increased, but the mass of seeds increased maréhihia volume. These results



are in agreement with published literature for enilBaryeh (2002) reported that
the true density of millet increased from 1,555L{812 kg/mi, as the moisture
content increased from 5 to 22.5% d.b. Howevery€laa (2002) showed that as
the moisture content increased from 8.33 to 13.7BB6, the true density of
cotton seeds decreased from 1,091 to 1,000%gfimo0, for African yam bean
(Itwange and Ugbeka, 2002), barbunia bean seeesn(007), green wheat
grains (Al-Mahasneh and Rababah, 2007) and pea ¢$€altinet al, 2007), the
true density was reported to decrease as the moigbatent increased. Coskuner
and Karababa (2007) indicated that as the moistumgent increased from 7.1 to
12.82% d.b., the true density of coriander seedsedsed from 345 to 332
kg/m?, and it increased from 332 to 349 kd/ms the moisture content increased
from 12.82 to 18.94% d.b.

True density of wheat kernels was higher than Tseeds and the
difference between them was about 185 Kganall studied moisture content
levels (Fig. 1). Therefore, this difference is Enough to separate T.L. seeds
from wheat kernels using equipment which operattherbasis of true density.

Bulk density

As the moisture content increased from 7% to 20\8%., the bulk
density of wheat kernels was found to decrease 88tnto 735 kg/m(Fig. 2).
Increase in the moisture content leads to increaseboth of weight and
volume of kernels. But the rate of volume incregsives higher than weight.
Therefore, the bulk density of wheat kernels deswda The bulk density of
T.L. seeds increased from 373 to 391 Ky/as the moisture increased from 7%
to 20.8% w.b. It indicates that the volume of Tdeeds did not increase
considerably as the moisture content increasedth®rother handthe results
showed that there was significant difference betwmdk density of wheat and
T.L. seeds. Also the effect of moisture contenttos property was significant
at 1% probability level. Ozarslan (2002) showed ths the moisture content
increased from 8.33 to 13.78% d.b., bulk densitycaiton seeds decreased
from 642 to 610 kg/th Al-Mahasneh and Rababah (2007) reported that bulk
density of green wheat grains decreased from 7@8.875.2 kg/m as the
moisture content increased from 9.3 to 41.5% dlos Tesults are also in
agreement with published literatures for Africanmydean (Irtwange and
Ugbeka, 2002), barbunia bean seeds (Cetin, 20@peaa seeds (Yalciet al.,
2007). Knowledge of bulk density has an importané rin hopper designing.
But it cannot be useful to design separation eqams
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Angle of repose

Wheat and T.L. seeds had significant differencevéet the angles of
repose. The angle of repose for T.L. seeds waghtgan wheat kernels (Fig. 2).
It was due to differences in shape, size and sanfsoperties of two kinds of
seeds. The high sphericity values of wheat kermrelsomparison with T.L.
seeds lead to wheat kernels trend to roll on ediobr@and have low angle of
repose. The effect of moisture content on this @riypwas significant at 1%
probability level. The angle of repose for wheatl 8nL. seeds increased from
38 °C to 52°C and from 63 °C to 69 °C, respectivadythe moisture content
increased from 7% to 20.8% w.b. Several authorse Haeen measured this
property for other grains. Baryeh (2002) reportedt the angle of repose for
millet grains increased from 34.5 °Cto 48.5 °C &s moisture content
increased from 5% to 22.5%. Coskuner and Karab2®d7) showed that this
property for coriander kernels varied from 24.9t%C30.7 °C as the moisture
content increased from 7.1% to 18.94%. Jain and(B287) and Ogunjimet
al. (2002) indicated that the angle of repose for peallet and locust bean
seeds were in the range of 20 °C — 23 °C and 232& °C, respectively.



Static coefficient of friction

The analysis of variance showed that the main &ffand interaction
effects between kind of seeds and the materiatdtedl surfaces on the static
coefficient of friction were significant. Wheat afidL. had the lowest static
coefficient of friction on the plywood and steelfsice, respectively (0.324 and
0.317) and the highest static coefficient of foatiwas on the aluminum surface
for both of them (0.482 and 0.534). It was duehe surface properties of
seeds. As shown in Fig. 3 as the moisture conteméased from 7% to 20.8%
w.b.; the static coefficient of friction of wheaterkels on the aluminum,
plywood and steel surface increased from 0.428.%89) 0.315 to 0.394 and
0.351 to 0.459, respectively. Also at the sameearfgnoisture content, static
coefficient of friction of T.L. seeds was in thenge of 0.484 to 0.585, 0.325 to
0.473 and 0.287 to 0.360 on the aluminum, plywood ateal surface,
respectively (Fig. 4). This is due to this factttles the moisture content
increased; the adhesion between the seeds andesiifecreased and led to
increase the static coefficient of friction. Ce{2007) reported that the static
coefficient of friction of barbunia bean seeds @aged linearly against surfaces
of four structural materials, namely rubber (0.21.2%1), aluminum (0.161—
0.222), stainless steel (0.147-0.207) and galvdniza (0.169-0.246) as the
moisture content increased from 18.33% to 32.43%. Coskuner and
Karababa (2007) showed that as the moisture contenéased, the static
coefficient of friction of coriander seeds increhs®nlinearly from 0.435 to
0.877, 0.425 to 0.775, 0.379 to 0.839, 0.364 t81.0.344 to 0.650, and 0.325
to 0.694 for plywood, polypropylene knitted bag, lywoyl chloride,
galvanized iron, cast polypropylene and stainléssl surfaces, respectively.

Mean comparison also showed that at the moisturéend of 7% and
10% w.b., the static coefficients of friction vatuef T.L. seeds on the
aluminum surface was about 0.484 and 0.539, raspBctThese values were
higher than the static coefficients of friction wheat kernels. Also there was
significant difference between them at the bothstuwe content levels, 7% and
10% w.b. (Fig. 5). It is evident that T.L. seeds ¢ee separated successfully
from wheat kernels on the aluminum surface in th@gry separation when the
moisture content is in the range of 7-10% w.b.
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Conclusion

Physical properties of T.L. seeds were signifigadifferent from those of
wheat kernels. Moisture content had significaneé&fion all physical properties
of both wheat and T.L. seeds except for lengthtareldensity. The true density
of wheat kernels was higher than T.L. seeds. THereinces between the true
densities of them were about 185 ki/ihindicates that separation of T.L. seeds
from wheat could be done according to this propertye static coefficient of
friction values of wheat and T.L. seeds were d#iféron the various surfaces.
The maximum difference between them was obtainetheraluminum surface.



Consequently, the separation of T.L. seeds fromatvkernels based on this
property should be done on this surface and irptheary separation when the
moisture content of seeds is in the range of 7-008b
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