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Abstract

The physical properties depend on moisture content of agricultural grains are important to design post
harvest equipments. Physical and engineering properties are important in many problem associated with
the design of machines and the analysis of the behavior of the product during agricultural process
operations such as handling, planting, harvesting, threshing, cleaning, sorting and drying. In the current
study, various physical properties of paddy Ratnagiri-7 was determined at three moisture content levels
of 10, 15 and 20%. The physical properties were found to increase from 10% to 20% M.C. The average
length, width and thickness were increased from 8.26mm, 2.38 mm and 1.81 mm to 8.32 mm, 2.60 mm
and 1.95 mm. Also size, surface area, volume, sphericity and equivalent diameter were increased from
35.86 mm?, 36.13 mm?, 19.14 mm?3, 0.40 and 3.31 mm to 42.09 mmd, 40.25 mm?, 22.53 mm?3,0.42 and
3.50 mm respectively. The gravimetric and frictional properties of paddy were also found to increase
with increase in moisture content from 10% to 20% moisture content. The bulk density, true density,
porosity, angle of repose and thousand grain weight were found to increase from 527.20 kg/m3, 1085.24
kg/m3, 50.17%, 34.37° and 19.46 g to 537.80 kg/m3, 1220.40 kg/m3, 56%, 37.23° and 21.67 g
respectively. Static coefficient of friction of paddy against various surfaces namely Gl sheet, MS sheet,
glass and wooden surface were found to increase from 0.45, 0.62, 0.42 and 0.49 to 0.64, 0.73, 0.50 and
0.64 respectively.

Keywords: Post harvest equipment, three level of moisture content, paddy variety, physical and
engineering properties etc.

1. Introduction

Paddy (Oryza sativa L.) is one of the most important food crops of the world and is the second
emerging crop in India after wheat [*l. Rice is a grain belonging to the grass family. Rice is
considered as a critical source of food for more than 3 billion people yearly (Approximately
680 million tons of rice is grown annually, second to wheat for the most food produced around
the world [, Globally, India stands first position in paddy area and second in paddy
production, after China. It contributes 21.5 per cent of global paddy production. It feeds more
than 50% of the world’s population [*2],

The global production of rice has been estimated to be at the level of 500 MT and the area
under rice cultivation is estimated 156 million ha. The total area under rice cultivation in India
is about 44.11 million ha with a rough rice production of 115.62 million tones. In Maharashtra
state, rice is the second important food grain of the people, which grown over an area of 15.57
lakh hectares. Konkan region is a major rice producing area of Maharashtra. Nearly 3.69 lakh
ha area of Konkan is under rice crop with rough rice production of 15.70 lakh tones. The
average rough rice productivity of the Konkan region is 4.25 t/ha. [,

There are many varieties of rice cultivated in India. Among them red rice variety (Ratnagiri-7)
which is cultivated in Konkan region has many health benefits. Ratnagiri-7 consists of 28.50%
(17.35 ppm) and 32.7% (7.9 ppm) high iron content and zinc content in brown and polished
rice respectively. It also having low glycemic index (53). Ratnhagiri-7 having high milling
(64.17%) and head rice recovery percentage (60.65%) with good cooking quality. With the
view of these benefits the rice variety Ratnagiri-7 recommended for release for commercial
cultivation in Konkan region of Maharashtra in the year 2017. In addition of being nutritive
and having medicinal value, red rice possesses many other special features 4!

2. Material and Methods
The paddy Ratnagiri-7, used for this study was obtained from the research station, Vakavali.
Dr. Balasaheb Sawant Konkan Krishi Vidyapeeth, Dapoli.
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Vidyapeeth, Dapoli. The variety used in the current study was
variety in Konkan. The variety used in the current study was
variety in Konkan. The samples were manually cleaned. The
initial moisture content of the samples was determined by
oven drying method at 130°C for 2 h [,

W2-W3
W2-Ww1

MC, %( w.b.) =

The initial moisture contents of grains 10% for paddy variety
Ratnagiri-7, respectively. Samples that their moisture content
should be raised were moistened with a calculated quantity of
distilled water by using the following Eq. and conditioned to

raise their moisture content to the desired two different levels
31

_ Wby - )
IDD—Mf

In order to obtain three desired level of moisture content
below the initial moisture contents, the samples were kept in
an oven at a constant temperature greater than 43°C until the
desired moisture contents of the samples were obtained (4.
After making three levels of moisture contents, for selected
paddy, the samples were poured in polyethylene bags and the
bags sealed tightly. All the physical properties of the grains
were determined at moisture levels of 10, 15 and 20% for the
selected paddy variety.

The length, width and thickness of paddy grains were
measured in randomly selected 100 paddy grains. The length,
width and thickness of grains were measured using vernier
calipers to an accuracy of 0.01 mm.

Size of the seeds (S) was calculated with the following
formula proposed by !

S=L XW XT e, 2)

For measuring the Surface area (S) of paddy grain following
equation was used to calculate the S P,

Volume of paddy is given by following equation proposed by
(8]

V= 0.25[@ LOW 4 T)2 T oo (4)

Sphericity (@) is defined as the ratio of surface area (S) of
having same volume (V) as that of the particle to the S of the
particle. The sphericity is expressed in percent [

_ (LXxWxT)/3

o L

The bulk density was calculated by the ratio of the weight of
the paddy to the volume of the cylinder container. The
hectolitre apparatus was used for determination of bulk
density of paddy. Paddy grains were poured into a calibrated
container up to its top from a height of about 15 cm. Excess
paddy grains were removed by strike-off plate of hectolitre
apparatus indicating that volume of remaining of paddy was
1000 cm3. The paddy grains were weighed on an electronic
balance; and the bulk density was estimated.
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The bulk density was calculated by.

YRR EURNY ()

True density of paddy was determined by the toluene
displacement method. In this method, a paddy, was weighed
and dropped in 20 ml toluene taken in measuring cylinder of
1000 ml capacity. The increase in volume of sample was
noted. The ratio of the mass of sample to the incremented
volume gave the true density. The replications were taken and
the average value of true density was reported and expressed
as kg/m*

w

pt
The porosity of paddy refers to the fraction of the pore spaces
in the bulk grain that is not occupied by the grain. It is
calculated from the values of true density and bulk density by
the following relationship:

e=1- ;’—; X 100 e ees e eee e et e oo e eee e e (8)

The equivalent diameter of paddy (Dp) in mm was calculated
through the following formula &,

W+T)2, 2
op = (L (227
The 1000 grain mass was determined by selecting different
thousand grains counted manually and were recorded for their
corresponding weights by the use of digital weighing balance
with an accuracy of 0.001 g. The average value of five
replications was taken.
The angle of repose of the paddy was measured which helped
to design the hopper and collection unit of rice mill. The angle
of repose is the angle made by paddy with the horizontal
wooden surface when piled from a known height with help of
empty cylindrical cone of particular height and particular
diameter. Paddy sample was piled over a horizontal surface.
The radius of the pile was calculated from the circumference
of the pile and the height of the pile was determined. The
angle of repose was calculated using the formula [,

0 =tan-1 (H/) c.veoeeeoee oo, (10)

The static co-efficient of friction of paddy was determined
against four different structural materials namely: plywood,
galvanized steel sheet, mild steel sheet and glass. The static
angle of friction was recorded when the paddy grains just
began to slide. It is given by formula (1%,

The data were analyzed statistically using Microsoft Excel
software. The mean and standard deviation of dimensions and
other characteristics of paddy grain were determined using
Microsoft Excel software program.

3. Results and Discussion

3.1 Grain Dimensions

The effect of moisture content on the three axial dimensions
of paddy grain, namely, length, width and thickness is shown
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in table 1,2 and 3. As it can be seen, upon moisture
absorption, the paddy grain expands in length, width and
thickness within the moisture range of 10 to 20% (d.b.). The
average length, width and thickness of the 100 grains
increased from 8.26mm, 2.38 mm and 1.81 mm to 8.32 mm,
2.60 mm and 1.95 mm, respectively, as the moisture content
increased from 10 to 20% (d.b.).

3.2 Size

The variation of size for the paddy grain with moisture
content is shown in Table 1, 2 and 3. It can be seen that the
surface area of paddy grain increases linearly from 35.86 to
42.09 mm when the moisture content increases from 10 to
20% (d.b.).

3.3 Surface area
The variation of surface area for the paddy grain with
moisture content is shown in Table 1, 2 and 3. It can be seen
that the surface area of paddy grain increases linearly from
36.13 to 40.25 mm? when the moisture content increases from
10 to 20% (d.b.).

https://www.thepharmajournal.com

3.4 Volume
The variation of volume for the paddy grain with moisture
content is shown in Table 1, 2 and 3. It can be seen that the
surface area of paddy grain increases linearly from 19.14 to
22.53 mm® when the moisture content increases from 10 to
20% (d.b.).

3.5 Sphericity

The average values of the grain sphericity at different
moisture contents are presented in table 1, 2 and 3. As shown,
the sphericity of the paddy grain increased significantly from
0.40 to 0.42% as the moisture content increased from 10 to
20% (d.b.) 1 and ! considered the grain as spherical when
the sphericity value was more than 0.70 and 0.80,
respectively. In the current study, Paddy grain should not be
treated as an equivalent sphere for calculation of the surface
area.

3.6 Equivalent Diameter

The experimental results of the equivalent diameter of the
paddy grain at different moisture contents are given in table 1,
2 and 3. As shown in Table 1, 2 and 3, the equivalent
diameter of paddy grain increased from 3.31to 3.50 mm, as
the moisture content increased from 10 to 20% (d.b.).

Table 1: Physical properties of paddy Ratnagiri-7 at 10% moisture content

Particulars|Length, mm|Breadth, mm| Thickness, mm |Size, mm|Surface area|Volume|Sphericity| Equivalent diameter
Mean 8.26 2.38 1.81 35.86 36.13 19.14 0.40 3.31
Max 9.85 2.80 2.06 50.68 44.56 26.80 0.44 3.71
Paddy| Min 7.13 2.06 1.15 19.40 28.30 11.01 0.32 2.76
S.D 0.46 0.18 0.14 5.72 3.99 3.05 0.02 0.18
Table 2: Physical properties of paddy Ratnagiri-7 at 15% moisture content
Particulars|Length, mm | Breadth, mm | Thickness, mm [Size, mm | Surface area |Volume|Sphericity| Equivalent diameter
Mean 8.29 2.57 1.96 41.89 39.61 22.38 0.42 3.49
Max 9.96 3.61 2.26 62.33 63.28 35.87 0.47 4.09
Paddy| Min 7.30 211 1.20 23.46 30.44 13.68 0.34 2.97
S.D 0.58 0.24 0.15 6.81 5.14 3.72 0.03 0.19
Table 3: Physical properties of paddy Ratnagiri-7 at 20% moisture content
. Thickness | . . . .
Particulars | Length, mm | Breadth, mm mm Size, mm | Surface area | Volume | Sphericity | Equivalent diameter
Mean 8.32 2.60 1.95 42.09 40.25 22.53 0.42 3.50
Max 9.86 3.15 2.17 55.84 48.88 30.29 0.45 3.87
Paddy | Min 7.78 2.27 1.27 27.53 52.50 16.32 0.36 3.15
S.D 0.41 0.18 0.11 4.75 3.87 2.61 0.02 0.13

3.7 Thousand Grain Mass

Mean values of the thousand grain mass of paddy at different
moisture contents are shown in table 4. As the moisture
content increased from 10 to 20% (d.b.), the thousand grain
mass of paddy increased significantly from 19.46 to 21.67g.

3.8 Bulk Density

The effect of moisture content on the bulk density of paddy
grains was significant is presented in table 4. The results
showed that the grains bulk density increases linearly from
527.20 to 537.80kg/m?® with an increase in moisture content
from 10 to 20% (d.b.). This was due to the fact that an
increase in mass owing to moisture gain in the sample was
higher than accompanying volumetric expansion of the bulk.

3.9 True Density
Variation of the true density of paddy grains at different

moisture contents is given in table 4. The true density of
paddy grains found to be increased from 1085.24 to
1220.40kg/m® as the moisture content increased from 10 to
20% (d.b.).

3.10 Porosity

The variation of porosity in accordance with the moisture
content is shown in table 4. The results indicated that as the
moisture content of paddy grains increases from 10 to 20%
(d.b.), the porosity increases linearly from 50.17 to 56%.

3.11 Angle of Repose

The average values of the angle of repose relative to the
moisture content are presented in table 4. The angle of repose
of paddy grains increases significantly from 34.37° to
37.23°in the moisture range of 10— 20% (d.b.).

This is due to the fact that increasing in moisture absorption
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leads to create a larger surface layer of moisture surrounding

the
prod

3.12
As i

particles, holding the aggregate of grains together by
ucing higher surface tension.

Static Coefficient of Friction
t can be seen, the static coefficient of friction of paddy

grains increases linearly with increase in moisture content, for
all the evaluated surfaces due to the fact that the water present
in the grain offering a higher cohesive force on the surface of
contact as it seen table 4.The results also showed that at all
levels of moisture contents, the maximum static coefficient of
friction was offered by mild steel sheet, followed by plywood,
galvanized iron sheet and glass surfaces 0.62, 0.49, 0.45 and

0.42

to 0.73, 0.64, 0.64 and 0.50 respectively. The least static

coefficient of friction may be owing to smoother and more
polished surface in the case of glass comparing with the other
surfaces evaluated.

Table 4: Gravimetric and frictional properties of paddy Ratnagiri-7

at 10%, 15% and 20% mc

Sr. Properties Moisture Content
No. 10% 15% 20%
1 Bulk Density, kg/m3 527.20 | 536.40 | 537.80
2 True Density, kg/m3 1085.24 | 1190.80 | 1220.40
3 Porosity, % 50.17 55 56
4 Angle of Repose, deg 34.37° 36.41° 37.23
5 | Thousand grain weight, g | 19.46 21.25 21.67
Static coefficient of friction
Galvanized iron surface 0.45 0.60 0.64
6 Mild steel surface 0.62 0.63 0.73
Glass surface 0.42 0.49 0.50
Wooden surface 0.49 0.61 0.64
4. Conclusion

5. R
1.

The mean values of moisture content (w.b.) for Ratnagiri-
7 paddy variety were 10%, 15% and 20%.The physical
properties of paddy were calculated at these three
moisture content.

It is concluded that all the physical properties were
increased with increase in moisture content from 10% to
20%. The length, width and thickness were increased
from 8.26mm, 2.38 mm and 1.81 mm to 8.32 mm, 2.60
mm and 1.95 mm. Also size, surface area, volume,
sphericity and equivalent diameter were increased from
35.86 mm®, 36.13 mm?, 19.14 mm?,0.40, 3.31 mm to
42.09 mmd, 40.25 mm?,22.53 mm?,0.42 and 3.50 mm
respectively.

The gravimetric and frictional properties of paddy were
found to increase with increase in moisture content from
10% to 20% moisture content. The bulk density, true
density, porosity, angle of repose and thousand grain
weight were found to increase from 527.20 kg/m3,
1085.24 kg/m3, 50.17%, 34.37° and 19.46g to 537.80
kg/m3, 1220.40 kg/m3, 56%, 37.23° and 21.67 ¢
respectively. Static coefficient of friction of paddy
against various surfaces namely Gl sheet, MS sheet, glass
and wooden surface were found to increase from 0.45,
0.62, 0.42 and 0.49 to 0.64, 0.73, 0.50 and 0.64
respectively.

eferences

Anonymous. Commodity profile for Rice - 2019,
Department of Food & Public Distribution, Department
of Commerce, Directorate of Economics &Statistics

10.

11.

12.

13.

14.

15.

16.

~583 %

https://www.thepharmajournal.com

Department of Agriculture & Cooperation, 2019.

AOAC. Official Methods of Analysis. Association of
Official. Analytical Chemists, Washington, D.C. USA,
2000.

Bal S, Mishra HN. Engineering properties of soybean. In:
Proceedings of the National Seminar on Soybean
Processing and Utilization in India, 1988, 146-165.
Coskun MB, Yalcin I, Ozarslan C. Physical properties of
sweet corn seed (Zea mays saccharata Sturt.). Journal of
Food Engineering 2005;74(4):523-528.

Dhande KG, Patil AK, Jadhav SK, Patil VS. Some
Physical Properties of Paddy grown in Konkan Region.
International Journal of Sciences & Applied Research.
2016;3(7):27- 33

Dutta SK, Nema VK, Bhardwaj RK. Physical properties
of gram. J Agric. Eng. Res. 1988;39:259-268.

Foo KY, Hameed BH. Utilization of rice husk ash as
novel adsorbent: Ajudicious recycling of the colloidal
agricultural waste. Advance  Colloid Interface Science.
2009;152:39-47.

Jain RK, Bal S. Properties of pearl millrt.Journal of
Agricultural Engineering Research. 1997;66:85-91.
Mohsenin NN. Physical Properties of Plant and Animal
Materials. second ed. Gordon and Breach Science
Publishers, New York, 1986.

Pandiselvam R, Venkatachalam T. Important engineering
properties of paddy Znacajnstinge tehnicke karakteristike
zrna.../Polj. Technology. 2014;4:73-83.

Razavi S, Milani E. Some physical properties of the
watermelon seeds. African Journal of Agricultural
Research. 2006;13:65-69.

Sinha MK. Weed diversity and its associated
phytosociology under direct dry seeded rice systems in
Koria District (C.G.) India. Advanced Plants Agricultural
Research. 2017;7(2):246-252.

Umadevi M, Pushpa R, Sampathkumar KP, Bhowmik D.
Rice a traditional medicinal plant. Journal of
Pharmacognosy and Phytochemistry. 2012;1(1):2278-
4136.

Waghmode BD, Sonone NG, Navhale VC, Kadam SR,
Bhave SG. Ratnagiri 7 - Red Kernel, Semi Dwarf and
High Yielding Rice Variety for Konkan Region of
Maharashtra State in India. International Journal of
Current  Microbiology and  applied  sciences.
2018;7(4):2319-7706.

Yang W, Siebenmorgen TJ, Thielen TPH, Cnossen AG.
Effect of glass transition on conductivity of paddy.
Biosyst. Eng. 2003;84:193-200

Zareiforoush H, Hosseinzadeh B, Adabi ME, Motavali A.
Moisture dependent physical properties of paddy grains.
Islamic Azad University, Shahreh Qods Branch,
Department of Engineering, Shahreh Qods, Iran
hemad.zareiforoush@yahoo.com Journal of American
Science, 2011, 7(7).


https://www.thepharmajournal.com/

