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Abstract

Soybean varieties (cv. TAMS-38 and JS- 335) were evaluated for their physical properties that
are often required in order to design production processes and equipments; at moisture contents of
7.30 to 30.80% and 7.33 to 30.70% (d. b.) for TAMS-38 and JS-335 respectively. The grain size,
thousand grain weight, and angle of repose were found linearly increased with increase in moisture
contents. The per cent increase found was 10.97, 11.45%; 19.51, 24.61% and 9.87, 8.70%
respectively for TAMS-38 and JS-335 with the corresponding increase in moisture contents. The
bulk density, true density, porosity and sphericity were found linearly decreased with increase in
moisture content. The per cent decrease found was 4.53, 9.65%; 17.49, 13.83%; 12.37, 12.41%
and 9.03, 9.21%, respectively for TAMS-38 and JS-335 with the increase in moisture content. The
values of static coefficient of friction ranged from 0.43 to 1.35 and from 0.71 to 1.45 against
various surfaces for TAMS-38 and JS-335 varieties in the specified level of moisture content. The
variations in the properties were significant at 1% level of significance.
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Introduction

Soybean (glycine max L.) 1is a food source
which contains high quality protein and does not
contain cholesterol and saturated fatty acids. It is
used in food industry for products like glycerol and
soybean oil. It contains about 40% protein and 20%
oil. Soybean protein is rich in the valuable amino
acid lycine (5%). India contributing 4% of the
soybean production to the total world production.
In India during 2010-11 area, production and yield
of soybean is reported as 9.30 million hectares,
10.13 million tonnes and 1089 kg ha™, respectively.
(ISO, 2011). Production of soybean in India at
present time is restricted mainly to Madhya
Pradesh, Uttar Pradesh, Maharashtra and Rajasthan.
It is also grown on a small acreage in Andhra
Pradesh, Karnataka, Nagaland, and Gujarat.
Modern technology of harvesting and threshing
requires the knowledge of physical and mechanical
properties of agricultural produce (Grundas and
Skubisz, 2008). The moisture dependent physical

properties were studies for minor millets
(Subramanian and Viswanathan, 2006), wheat
kernel (Dziki et al., 2010), pomegranate seeds
(Kingsly et al., 2006) and feba beans (Altuntasa and
Yildizb, 2007). To design machines for handling,
cleaning, conveying, storing and milling, the
physical properties of soybean at different moisture
contents must be known (Tarighi et al., 2010). The
present investigation was planned to evaluate the
elevated moisture properties of soybean within
wide range of moisture content since harvesting,
transportation, storage and most of the processing
operations are carried out in theses ranges of

moisture content.
Materials and Methods

The test sample of soybean (cv.TAMS-38 and
JS-335) having initial moisture content of 11.13
and 10.35% (d.b.), respectively were sundried and
the corresponding moisture contents found to be 7.3
and 7.35% (d.b.). Sundried sample was moistened
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with a calculated quantity of distilled water and
conditioned to raise their moisture content to the
desired levels with the method described by Nimkar
et al. (2005).

The physical properties, viz., grain size,
sphericity, bulk density, true density, porosity,
thousand grain weight, angle of repose and static
coefficient of friction for selected varieties of
soybean were studied at different five levels of
moisture content from 7.30, 13.15, 19.10, 24.90 and
30.80% and 7.33, 13.20, 19.05, 24.80 and 30.70%
(d.b.), respectively for TAMS-38 and JS-335 in
order to relate the property to moisture content.
Moisture content of grain sample of known weight
(about 25 g) was determined following a standard
oven drying method (Mohesenin, 1986) at an air
temperature of 103+2°C for 72 h and subsequently
cooling in desiccators for one hour before taking a
final weight. Average of five replications was noted
and reported as moisture content of the sample.

The geometric mean diameter (grain size) and
sphericity were determined by the method
suggested by Mohsenin (1986). Bulk density, true
density and porosity were determined as per the
method given in IS: 4333 (Part III)- 1967. One
thousand randomly selected sound grains of
soybean sample at various moisture levels were
measured as per the procedure described in IS:
4333 (Part 1V)-1968. Angle of repose was
determined by angle of repose apparatus as
suggested in IS: 6663, (1972). The static coefficient
of friction was determined (Izli et al., 2009) for six
different structural materials, namely, stainless
steel, aluminium, galvanized iron, mild steel,
plywood, and rubber on the laboratory instrument
developed at the department. All the observations
were replicated five times and the average values
were reported.

Data Analysis

The results obtained was analyzed by using
completely randomized design for the analysis of
variance showing the effect of moisture content on
these physical properties of soybean. Two varieties
of soybean and five moisture levels were the
independent variables and the physical properties
were the dependent variables. The treatment effects
were analyzed using ANOVA PROC of SAS
software.
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Results and Discussion

The results obtained for all the physical
properties of elevated moisture content for both the
varieties of soybean are presented in Table 1 and
Table 2. The analyses of variance (ANOVA)
showing the effect of elevated moisture on physical
properties are given in Table 3.

Grain Size

It was observed form Table 1 that the grain size
increased linearly with increase in moisture content.
The grain sizes were found to be increased from
5.92 to 6.65 mm and 5.64 to 6.37 mm respectively
for TAMS-38 and JS-335 with the corresponding
increases in moisture content. This variation in
grain size with moisture content was significant at
1% level of significance (Table 3). The results
showing increase in grain size with increase in
moisture content were in agreement with the earlier
findings for rough rice (Araghi et al., 2010), laurel
seeds (Yurtlu et al.,, 2010), soybean (Kibar and
Ozturk, 2008) and for lentils (Amin et al., 2004).
Following relationship could represent the variation
in grain size with moisture content.

TAMS-38 D, =5.688 +0.030M R>=0.994 (1)
JS- 335 D, =5399+0.032M R>=0.998 (2)
where,

D,, = grain size, mm and
M = moisture content, % (d.b.)

Sphericity

The experimental results in respect of sphericity
of soybean with increase in the moisture content are
as shown in Table 1; which indicated that the
sphericity decreased linearly with increase in
moisture content. The values of sphericity was
found decreased from 85.13 to 77.44% and 86.30
t078.35%, respectively for TAMS-38 and JS-335.
This variation in sphericity with moisture content
was significant at 1% level of significance (Table
3). The sphericity of these grains was found to have
the following relationship with moisture content.

R*=0.994 3)
R*=0.990 (4

TAMS-38
JS-335
where,
S = sphericity, % and
M = moisture content, % (d.b.)

§=287.18-0.321M
§=-0.331M +88.77
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Table 1 Physical property of different varieties of soybean at elevated moisture content.

Moisture .
content TAMS-38 Mm:ture content 1S-335
% (d.b.) 70 (d-b)
Grain size (mm)
7.30 5.92%% (£0.11)* 7.33 5.64 (£0.02)
13.15 6.10 (£0.08) 13.20 5.81 (£0.09)
19.10 6.25 (£0.01) 19.05 6.01 (+0.04)
24.90 6.46  (£0.03) 24.80 6.21 (£0.01)
30.80 6.65 (£0.01) 30.70 6.37 (£0.01)
Shericity (%)
7.30 85.13 (+0.51) 7.33 86.30 (+0.06)
13.15 82.65 (x1.15) 13.20 85.71 (£0.02)
19.10 80.96 (+£0.10) 19.05 80.62 (+£0.03)
24.90 79.15 (£0.45) 24.80 79.82 (£0.04)
30.80 77.44 (£0.20) 30.70 78.35 (£0.02)
Bulk density (kg m™)
7.30 637.59 (£0.41) 7.33 662.41 (+0.90)
13.15 658.92 (£0.25) 13.20 646.12 (£ 0.19)
19.10 641.48 (+0.16) 19.05 631.34 (£0.12)
24.90 625.80 (+0.38) 24.80 615.46 (=0.23)
30.80 608.69 (+0.36) 30.70 598.43 (£ 0.27)
True density (kg m™)
7.30 1192.02 (=4.91) 7.33 1147.12 (£ 0.96)
13.15 1139.50 (£0.31) 13.20 1092.43 (£ 0.07)
19.10 1085.02 (+0.29) 19.05 1043.60 (£ 0.12)
24.90 1083.50 (£0.29) 24.80 995.30 (+ 0.05)
30.80 983.42 (+0.27) 30.70 948.40 (= 0.01)

*Values in parentheses are standard deviations
**Mean values of five replications

The linearly negative change of sphericity
depending on the increase of moisture content was
reported in earlier findings for pigeonpea (Baryeh
and Mangope, 2002), lathyrus (Zewdu and
Solomon, 2008), soybean (Kibar and Ozturk, 2008)
and for red bean (Kiani et al., 2008).

Bulk Density

It was observed from Table 1 that the bulk
density decreased linearly with increase in moisture
content and this change was significant at 1% level
of significance (Table 3). The bulk density was
decreased from 673.59 to 608.69 kg m™ and 662.41
to 598.43 kg m™, respectively for TAMS-38 and
JS-335. The decrease in bulk density for soybean
sample with increase in moisture content indicated
that the increase in mass owing to moisture gain in

the grain sample was lower than accompanying
volumetric expansion of the bulk. The bulk density
of this grain was found to have the following
relationship with moisture content.

TAMS-38  p,=694.5-2.773M  R*=0.994 (5)
JS-335 pp=682.5-2.720M R*=0.999 (6)
where,

p» = bulk density, kg m>,and
M = moisture content, % (d. b.)

Similar trends were reported for laurel seed
(Yurtlu et al., 2010), lentils (Amin et al., 2004),
shelled and kernel walnuts (Altuntas and Erkol,
2010) and for minor millets (Balasubramanian and
Viswanathan, 2010).
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True Density

It was found from Table 1 that the true density
values decreased linearly with increase in moisture
content. The values of true density were decreased
from 1192.02 to 983.42 kg m™ and 1147.12 to
948.40 kg m™ respectively for TAMS-38 and JS-
335. The decrease in true density value for the
soybean grain with increase in moisture content
might be attributed due to the relatively higher true
volume as compared to corresponding mass of the
grain attained due to adsorption of water. The
variation in true density with moisture content of
soybean was significant at 1% level of significance
(Table 3) . The relationship between true density
and moisture content could be represented with the
following relationship:

TAMS-38 p,=1250 - 8.058M R*=0.934 @)
JS-335  p,=1206-8484M R>=0.999  (8)
where,

p, = true density, kg m>, and
M = moisture content, % (d. b.)

Similar trends were also observed for red kidney
bean (Isik and Unal, 2007), safflower seed
(Baumler et al., 2006) and for moth gram (Nimkar
et al., 2005).
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Porosity

The experimental results (Table 2) for bulk
porosity with elevated moisture content were found
to be decreased linearly with increase in moisture
content and this change was significant at 1% level
of significance (Table 3). The decrease in porosity
values were 43.48 to 38.10% and 42.21 to 36.97%,
respectively for TAMS-38 and JS- 335. The
relationship between porosity and moisture content
of soybean is represented with the equation:

TAMS-38  £=45.18-0.229M R*=0.995 (9)
JS- 335 £=4385-0227M  R*=0.999 (10)
where,

€ = porosity, % and
M = moisture content, % (d.b.).

The results were in agreement with the reported
results for sorghum seed (Mwithiga and Sifuna,
2005), soybean (Kibar and Ozturk, 2008) and
bambara groundnuts (Baryeh, 2001).

Thousand Grain Weight

It was observed from Table 2 that thousand
grain weight increased linearly with the increase in
moisture content and this change was significant at
1% level of significance (Table 3). The values

Table 2 Physical property of different varieties of soybean at elevated moisture content.

Moisture content

Moisture content

% (db.) TAMS-38 % (db.) JS-335
Porosity (%)
7.30 43.48 (£0.27) 7.33 4221 (£0.63)
13.15 42.18 (£0.02) 13.20 40.82  (£0.03)
19.10 40.88 (+0.02) 19.05 39.54 (£0.02)
24.90 39.45 (£0.04) 24.80 38.15  (+£0.02)
30.80 38.10 (£0.03) 30.70 36.97  (+0.03)
Thousand grain weight (g)
7.30 124.29 (£0.13) 7.33 103.50 (+0.03)
13.15 131.44 (£0.06) 13.20 111.40 (£0.06)
19.10 139.30 (+0.15) 19.05 120.40 (£0.09)
24.90 147.29 (+0.06) 24.80 129.30 (+0.08)
30.80 154.43 (£0.09) 30.70 137.30 (£0.05)
Angle of repose (Deg.)
7.30 27.37 (+0.12) 7.33 28.12  (+0.03)
13.15 28.17 (x0.05) 13.20 28.61  (£0.64)
19.10 28.93 (x0.14) 19.05 29.70  (£0.06)
24.90 29.73 (£0.04) 24.80 30.00 (+0.04)
30.80 30.37 (+0.08) 30.70 30.80 (£0.01)

*Values in parentheses are standard deviations
**Mean values of five replications
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Table 3 Analysis of variance (ANOVA) showing the effect of moisture content on physical properties of soybean.

Physical property/variety DF SS MS F Calculated %CV
TAMS-38
Grain size (mm) 4 0.988 0.2471 67.16* 0.96
Shericity (%) 4 107.37 26.843 72.33 0.75
Bulk density (kg m™) 4 7968.50 1992.12 13280.83* 6.03
True density (kg m™) 4 72178 18044.5 3759.27* 0.19
Porosity (%) 4 54.47 13.619 905.61* 0.30
Thousand grain weight (g) 4 1739.62 434.90 46390* 6.94
Angle of repose (Deg.) 4 17.20 4.300 508.14* 0.31
JS-335
Grain size (mm) 4 1.043 0.2608 131.0* 0.74
Shericity (%) 4 113.06 28.265 64.955%* 0.79
Bulk density (kg m™) 4 7553 1888 9441* 7.08
True density (kg m™) 4 73460 18365 672.7* 0.49
Porosity (%) 4 52.95 13.237 163.7* 0.71
Thousand grain weight (g) 4 2199 549.7 87966* 6.56
Angle of repose (Deg.) 4 15.104 3.776 664.45* 0.25

* Significant at 1% level of significance

found increased from 124.29 to 154.43 g and
103.50 to 137.30 g, respectively, for TAMS-38 and
JS-335. This increase could be attributed to the
moisture absorbed by the grains. The variation of
thousand grain weight with the moisture content of
the grains could be represented by the following
equation:

TAMS-38  W,=1145+1295M R>=0.994 (11)
JS-335 W,=92.50 + 1.468M R>=0.999 (12)
where,

W, = thousand grain weight, g and
M = moisture content, % (d.b.)

The results of effect of grain moisture on
thousand grain weight have been reported for olive
cultivars (Ozturk et al., 2009), rough rice (Araghi et
al., 2010), paddy grains (Asli et al., 2010), and for
red bean (Kiani et al., 2008).

Angle of Repose

The variation observed in angle of repose of
soybean with increase in the moisture content is
shown Table 2. It was observed that angle of repose
increased linearly with the increase in moisture
content and this change is significant at 1% level of
significance (Table 3). The values of angle of
repose was increased from 27.37 to 30.37 deg and
28.12 to 30.80 deg., respectively for TAMS-38 and
JS-335. At higher moisture content within the

experimental range grain might tend to stick
together resulting in better stability and less flow
ability, which increases the value of angle of
repose. The variation in angle of repose with the
moisture content of the grain could be represented
by the following equation:

TAMS-38  ®=2645+0.128M R>=0.992 (13)
JS-335 ®=2725+0.12IM R>=0981 (14)
where,

@ = angle of repose, degree and
M = moisture content, % (d.b.).

The results were similar as reported for lentil
(Amin et al., 2004), Brachystegia eurycoma seeds
(Ndukwu, 2008) and for soybean (Kibar and
Ozturk, 2008).

Static Coefficient of Friction

The static coefficient of friction for soybean
determined with respect to six different structural
surfaces are given in Table 4. It was observed that
the static coefficient of friction for soybean
increased with increase in moisture content on all
surfaces. The values of static coefficient of friction
were found in the range of 0.43 to 1.35 and 0.71 to
1.45 against various surfaces for TAMS-38 and JS-
335 soybean varieties tested in the specified level
of moisture contents. At all moisture levels, the
static coefficient of friction was greatest against
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Table 4 Values of static coefficient of friction for different varieties of soybean against different surfaces.

Moisture

Soybean content Stainless Aluminium Galyamzed Mild steel Plywood Rubber
Variety %(d.b.) steel iron
TAMS-38
7.30 0.43 0.99 1.10 1.14 1.16 1.19
(£0.021) (£0.012) (+0.004) (£0.004) (+0.015) (+0.002)
13.15 0.56 1.01 1.09 1.17 1.18 1.19
(£0.001) (+0.100) (£0.002) (+0.015) (£0.002) (£0.001)
19.10 0.75 1.09 1.14 1.19 1.20 1.22
(£0.002) (£0.002) (£0.020) (£0.020) (£0.030) (£0.002)
24.90 0.89 1.10 1.18 1.22 1.23 1.24
(£0.001) (£0.002) (£0.001) (£0.002) (£0.003) (£0.003)
30.80 0.86 1.18 1.31 1.31 1.33 1.35
(£0.050) (£0.002) (£0.025) (£0.007) (£0.002) (£0.001)
JS-335
7.33 0.71 0.90 0.92 1.10 1.25 1.28
(£0.040) (£0.030) (£0.002) (£0.001) (£0.002) (£0.003)
13.20 0.61 1.00 1.03 1.19 1.28 1.29
(£0.002) (£0.002) (£0.002) (£0.030) (£0.003) (£0.002)
19.05 0.65 1.02 1.05 1.19 1.29 1.33
(£0.002) (£0.003) (£0.003) (£0.003) (£0.002) (£0.020)
24.80 0.79 1.18 1.21 1.23 1.28 1.30
(+0.001) (£0.001) (£0.015) (+0.002) (£0.002) (+0.001)
30.70 1.01 1.20 1.24 1.28 1.33 1.45
(£0.100) (£0.002) (+0.002) (+0.002) (£0.001) (+0.003)

Mean values of five replications, values in parentheses are standard error.

rubber followed by plywood, mild steel, galvanized
iron, aluminium and the least for stainless steel. It
was observed that moisture had more effect than
the material surface on the static coefficient of
friction. This is owing to the increased adhesion
between the grain and the material surface at higher
moisture content. Similar results were reported for
rye kernel (Dziki and Laskowski, 2007), wheat
grain (Wozniak, 2001), wheat kernel (Dziki et al.,
2010) and minor millets (Subramanian and
Viswanathan, 2006).

Conclusions

The physical properties of soybean grains
showed linear regression equations as a function of
moisture content with high correlation. The grain
size, thousand grain weight, and angle of repose
were found linearly increased for TAMS-38 and JS-
335. The bulk density, true density, porosity and
sphericity were found linearly decreased with
increase in moisture content. The static coefficient
of friction was greatest against rubber followed by

plywood, mild steel, galvanized iron, aluminium
and the least for stainless steel for both the soybean
varieties tested in the specified level of moisture
contents.
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