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Abstract ®

The physico-mechanical properties of four popular cultivable onion varieties

i.e., Ballari red, Arka kalyan, Satara (local verity), Kalasa (local variety) in
Koppal (Karnataka)were studied to form an important database for designing
of storage structures, cleaning, grading, sorting and harvesting equipments.
The equatorial diameter of all size category Ballari red onion variety ranged
from 4.01 to 8.35 cm, polar diameter ranged from3.82 to 6.62 cm and thickness
of Ballari red onion variety ranged from 1.25 to 2.51 cm where as the lowest
values of equatorial diameter was observed in Kalasa (local variety) i.e., 3.2 to
7.12 cm, polar diameter ranged from 2.89 to 5.12 cm and thickness from 1.22
to 2.01 cm, respectively. Shape index of three out of four was oval in shape. The
geometric mean diameter (Dgm) and arthematic mean diameter (Dam) of large,
medium and small size verities as Ballari red, Arka kalyan, Satara, Kalasa had
2.65t0 5.09, 2.5 t0 4.58, 2.35 to 4.43 and 2.23 to 4.13 cm, respectively. The
highest mean value of bulk density from 678.9 to 390.42 kg/cm? was observed
in Ballari red onion followed by Arka kalyan of 662.7to 390.42 kg/cm?, Satara
628.4 to 390.23 kg/cm?, Kalasa 618.59 to 385.24 kg/cm®and highest mean
value of angle of repose which was observed in Ballari red i.e, 37° (large size)
and lowest was observed 20.90° in Kalasa (small size) variety.
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Introduction
India place world’s second most largest producer of
onion (Alliumcepal_.) and China being at top followed

by USA, Turkey, Pakistan, Iran, Indonesia, Vietnam
and Myanmar. India produces about 13 per cent of
total world’s onion product and ranked second after
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China. In India 1.0 million hectare (mha), onion
is grown with the production of 15.1 million tones
(mt) and productivity of 14.2 t/ha’.The overall onion
export from India was 203 lakh tones (lt) in the year
2015-16. In India vegetable production occupies
10.5 percent and Maharashtra (28.9 %) placed
highest in production?. In Karnataka the total onion
cultivation area is 1.90 lakh hectares (lha) with a
production of 2.5 mt and productivity of 13.6 t/ha2.
In Koppal, agriculture is the main resource and it
plays important role in the economic development
of the district and has an area 14,329 ha with of
onion production 49,529 mt (Anonymous, 2016)
and has 24 percent share of agriculture in GDDP
(Gross District Domestic Product). The knowledge of
physico-mechanical properties of onion are required
for (a) cleaning, grading and sorting machines design
(b) prediction of total surface chemical applied (c)
during thermal processes to depict heat and mass
transfer (d) during handling process to quantify
damage caused due to bruise and abrasion.

Studies on physico-engineering properties of
most agricultural products were carried out for
the designing of grading and pulpers®*%¢. So, the
knowledge on density, size and crushing strength
are necessary’ and for designing of handling system
and grading equipment the physico-mechanical
properties are also required®. In milling process of
rice grains the shape index and coeffcient of contact
surface had significant effect on the percentage
broken and rupture force®.

The physico-mechanical properties of three onion
varieties viz., Agri found Dark Red, Pusa Red and
NP-53 were studied. Pusa Red verities were larger
in size when compared with the other two varieties®.
In all three varieties the cutting force was increased
with neck diameter. The mean length was varied
from 30.85 to 36.68 mm and the number of leaves
ranged from 8 to 10 for all three varieties of the onion
crop, respectively. The pusa red variety was denser
(270kg/m?) when compared with other two varieties.
The mean values of co-efficient of static friction were
found 0.43, 0.41 and 0.41, respectively for all the
three onion varieties and it had inverse relationship
with equatorial diameter.

Roundness and sphericity were important parameters
that determine the geometric shape of agriculture

382

products'. The current study focus on to determine
the physico-mechanical properties viz moisture
content, geometric mean diameter, arithmetic mean
diameter, volume, mass, density, angle of repose
and crushing load which form an important database
for four popular grown onion varieties viz Ballari
red, Arka kalyan, Satara (local variety), Kalasa
(local variety). This information is required to analyze
the behavior of the product during the post harvest
operations such as cleaning, curing, transportation,
sorting, grading, packaging, storage and designing
of harvesting equipments. This data is also helpful
in food processing operations.

Materials and Methods

Most commonly cultivable onion varieties at Koppal
district (Karnataka) were surveyed and brought
from the local market and categorized into small
(< 4cm), medium (4 to 7 cm) and large (> 7cm) size,
respectively. The physico-mechanical properties of
onion were measured.

Linear Dimensions

Equatorial Diameter (De)

Equatorial diameter is the maximum width of the
onion in a plane perpendicular to the polar diameter.
The equatorial diameter was measured by digital
vernier calipers of 0.01 mm least count'".

Polar Diameter (Dp)

Polar diameter is the distance between the onion
crown and the point of root attachment to the onion.
The polar diameter was measured by digital vernier
calipers of 0.01 mm least count!'.

Thickness (T)

It was measured as the dimension between
equatorial and polar diameter surfaces of onion bulbs
which was smaller than other two dimensions.

Shape Index

The shape index of the onion bulb is the ratio of the
equatorial diameter and square root of the product of
polar diameter and thickness of onion bulbs. Shape
index was used to assess the shape of onion bulbs’.
If the shape index >1.5 then it was considered as oval
and if the shape index <1.5 then it was considered
as spherical.

Shape index =

DG
ot (1)
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Geometric Mean Diameter (Dgm)

It was calculated from a number of linear dimensions
viz., polar diameter (Dp), equatorial diameter (De),
and thickness (T) of the sample. Itis the cube root of
the product of linear dimensions Dp, De and T.

ng:(Ds)(Dp‘T) 0333 (2)

Where,

ng- Geometrical mean diameter, cm
De - Equatorial diameter of onion, cm
Dp - Polar diameter of onion, cm

T - Thickness of onion, cm

Arithmetic Mean Diameter (Dam)

It is the sum three linear dimensions namely
equatorial diameter, polar diameter and thickness
of the sample divided by the total number of linear
dimensions. The linear dimensions were measured
using digital vernier calipers of 0.01mm least
count™.

_D,xD,*T
Pam =—3— -(3)
Where,
D, -Arithmetic mean diameter, cm
De — Equatorial diameter of onion, cm
Dp- Polar diameter of onion, cm
T - Thickness of onion, cm

Physico-Mechanical Properties

The Physico-mechanical properties are important
during the handling of material for filling in bags,
storage and designing of harvesting equipments.

Moisture Content (MC)

Moisture content is the basic parameter for all the
properties studied of onion bulb. The fresh onions
skins were removed manually. Which were sliced
into 1 mm thick and placed on perforated metal
trays and dried at 55 °C in hot air oven till a constant
weight'2. The observations were recorded and it was
calculated by the following equation’.

W, — W, -(4)

Where,
M,,,-Moisture content, per cent wet basis
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W, - Initial weight of the sample, g
W,- Final weight of the sample, g

Bulk Density (BD)

Itindicates the weight of the sample per unit volume
and variation of densities tends to cause the
undesirable stratification as bags or bins are filled.
The porous nature of some agricultural materials
presents a number of problems in volume and
density measurement'*. It was determined by filling
onion bulbs of known volume of steel container
and it was weighed. The ratio between the mass
and volume (10 x 10 x 10 cm) was calculated as
bulk density. The average value of bulk density was
reported by repeating the experiments in thrice.

Bulk density (kg/m?®) = Weight of onion in Kg/Volume
of container, m®x 100 ...(5)

Angle of Repose

It was calculated by placing the samples at the
center of the horizontal platform. The platform was
inclined by rotating the handle at minimum speed,
until the samples begins to roll. At this point, angle
of inclination of the platform was recorded. For next
sample, the platform was placed into the initial
horizontal position. Experiment was repeated in
thrice'.

Crushing Load (CL)

Itimplies onion sample partial or complete destruction.
The sample was placed on a horizontal plate then
crosshead of apparatus was brought into contact
with the sample then a compression force was
applied by adding weights or loads until permanent
destruction was found and loads were recorded'".

Results and Discussions

Leaner Dimensions

The Equatorial & Polar Diameters

The average value of equatorial diameter of bigger
size verities was 8.35 cm (Ballari red), 7.53 cm
(Arka kalyan), 7.35 cm (Satara) and 7.12 cm
(Kalasa) where as polar diameter 6.62 cm (Ballari
red), 5.75 cm (Arka kalyan), 5.42 cm (Satara) and
5.12 cm (Kalasa), respectively. In medium size
category, the equatorial diameter was observed
as 6.85 cm (Ballari red), 6.52 cm (Arka kalyan),
6.24 cm (Satara) and 5.89 cm (Kalasa), where as
polar diameter 5.71 cm (Ballari red), 5.01 cm (Arka
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diameter was higher in Ballari red variety in all

kalyan) 5.02 cm (Satara) and 4.89 cm (Kalasa),

the three sizes when compared to other varieties

(Table 1).

respectively. In case of small size category similar
trend was observed. The mean value of equatorial
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Thickness

The lowest mean value of thickness was observed
in Kalasa (local variety) of small size category
1.22 cm where as the highest was observed in Ballari
red of large size category 2.51cm.

Shape Index

From the table 1, it was observed that the shape
index values were >1.5 cm for all four varieties
of three size category onions. All four varieties
were regarded as oval shape''. The highest mean
value of shape index was observed in Kalasa of
large size category 2.22 cm followed by Satara
2.13 cm, Arka kalyan 2.06 cm, Ballari red 2.04 cm
where as lowest was observed 1.71 cm in Kalasa
(local variety ) of small size category followed by
1.82 cm (Satara), 1.84 cm (Ballari red), 1.98 cm
Arka kalyan, respectively.

Geometric Mean Diameter (Dgm) and Arithmetic
Mean Diameter (Dam),

The Dgm and Dam mean values pertaining to all
three size category range from 2.65 to 5.09 cm
(Ballari red), 2.5 to 4.58 cm (Arka kalyan), 2.35 to
4.43 cm (Satara) and 2.23 to 4.13 cm (Kalasa),
respectively (Table 1).

Physico-Mechanical Properties

Moisture Content and Angle of Repose

The angle of repose was affected by the moisture
content. As the value of moisture content increases
the value of angle of repose will also increases'. The
same trend was observed in all the four varieties of
all three size categories, the highest mean value of
moisture content 85.25 % and angle of repose 37.5°
observed in Ballari red of big size category where
as lowest mean value of moisture content 80.01 %
and angle of repose 20.90° was observed in Kalasa
of small size variety followed by Satara (80.14 %
& 21.60°), Arka kalyan (81.07 % & 22.75°) and Ballari
red (82.11 % & 25.50°). In medium size category,
the highest mean value of moisture content was
recorded in Ballari red 81.72 % and lowest was
in Kalasa 80.12 % whereas the similar trend was
observed in case of angle of repose

Bulk Density

For designing of silos, cleaning equipments and
storage bins the values of bulk density are required’.
The highest mean value of bulk density was observed

in Ballari red variety 678.90 kg/cm?® (big size), 555.82
kg/cm?® (medium size), 391.42 kg/cm® (small size),
and lowest value where observed in Kalasa local
variety 618.59 kg/cm? (big size), 532.12 kg/cm?
(medium size), 385.24 kg/cm?® (small size).

Crushing Load

As onion bulb size of four varieties of all three
size categories increased the crushing load also
increased. Ballari red onion of all three size category,
the average crushing load was between 425.70
to 842.52 N, 415.60 to 832.40 N for Arka kalyan
405.12 t0 821.32 N for Satara and for Kalasa ranged
398.40t0 819.70 N. These results were similar to the
Egyptian onion cultivars'.

Conclusion

Physical and mechanical properties of four commonly
grown onions in Koppal district, Karnataka were
studied and the following conclusions were made:

o The equatorial diameter of all size Ballari
red onion variety ranged from 4.01 to 8.35
cm ,polar diameter ranged from 3.82 to 6.62
cm and thickness ranged from 1.25 to 2.51
cm where as the lowest values of equatorial
diameter was observed in Kalasa (local
variety) i.e., 3.2 to 7.12 cm, polar diameter
ranged from 2.89 to 5.12 cm and thickness
from 1.22 to 2.01 cm, respectively.

o Onions of different size were observed in oval
shape.
. Dgm and Dam of all three size category range

from 2.65 to 5.09 cm (Ballari red), 2.5 to 4.58
cm (Araka kalyan), 2.35 to 4.43 cm (Satara)
and 2.23 to 4.13 cm (Kalasa), respectively.

. The highest mean value of bulk density
from 390.42to 678.9 kg/cm3 was observed
in Ballari red onion followed by Arka kalyan
390.42 to 662.7 kg/cm3, Satara 390.23to
628.4 kg/cm3, Kalasa 385.24 to 618.59 kg/
cm3 and highest mean value of angle of
repose which was observed in Ballari red
i.e, 370 (large size) and lowest was observed
20.900 in Kalasa (small size) variety.

o Onion bulb size is directly proportional to
crushing load. The highest crushing load
ranged from 425.70 to 842.52 N in Ballari
red onions and lowest was 398.40 to 819.70
N for Kalasa variety.
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On the basis of current study on onion varieties, it
has been observed that the different size of Ballari
red onion variety is superior to all other varieties,
followed by Arka kalyan, Satara and Kalasa.
Therefore, it will be easy to develop cleaning, sorting,
grading, packaging, harvesting equipments and this
data is helpful in processing operations.
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