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ABSTRACT

he experiment was conducted during the month of August, 2025 at the Dept. of Agril. Engg., SKNAU, Rajasthan, India, to

study the effect of moisture content on physical and frictional properties of pearl millet (Bajra). The physical and frictional
properties of pearl millet were determined at moisture contents ranging from 8.82% to 16.3%. The average values of length,
breadth, and thickness for the RHB-223 variety of pearl millet were found to be 3.135, 1.89, and 1.39 mm, respectively. The
average values of geometric, arithmetic, square and equivalent mean diameter of RHB-223 were observed to be 2.02, 2.14,
3.59 and 2.58 mm, respectively. The average data of surface area and volume for the RHB-223 variety were recorded as 14.42
mm? and 8.34 mmn? respectively. It was also observed that the average thousand seed weight of the pearl millet variety RHB-
223 was 9.258 g. The average data of bulk density, true density and density ratio for the RHB-223 variety were found to be
687.558 kg m™ and 1045.273 kg m™ and 0.658 respectively. It was also observed that the average porosity of the pearl millet
variety RHB-223 was 34.222. The average value of angle of repose for the RHB-223 variety was recorded as 27.943°. The
average coefficient of static friction for pearl millet variety RHB-223 on plastic, MS sheet and plywood surface was found to
be 0.384, 0.438, 0.513 respectively.
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1. INTRODUCTION

Pearl millet (Pennisetum glaucum) is among the most
significant staple grains globally, serving as a major food
source for over half of the world’s population (Baby et al.,
2023). Relative to maize and sorghum, the grains exhibit a
better-balanced amino acid profile, elevated iron and zinc
content, and superior nutritional value due to their high
protein and metabolizable energy levels (Rai et al., 2008).
Fermented and non-fermented flatbreads and porridges
are the main dishes made from grains that are consumed
by humans. During the dry season, a significant portion
of animal rations consists of dry pearl millet stover (Kelley
et al., 1996). A large amount of Bajra grain is utilized for
non-food applications such as chicken feed, cow feed, and
alcohol extraction (Basavara et al., 2010). Indian genotypes
of pearl millet have 62.8-70.5 g/100 g of starch, 14.0%
protein content, 5.7% fat, 2.1% ash, 2.0% crude fiber, and
76.3% carbohydrate (Suma and Urooj, 2015). The study
found that linseed capsules had an average length of 79.4
mm and width of 70.8 mm, while seeds averaged 4.54 mm
in length and 2.27 mm in width (Patel et al., 2021). It was
found for vitamins, important micronutrients, minerals,
phytochemicals, phenolic compounds, and nutraceuticals
by Amadou et al. (2014). Compared to other cereals, it has
a higher protein level (8-19%) and a superior amino acid
balance. Millets are especially rich in ferulic acid, a kind
of hydroxycinnamic acid that is well-known for its strong
antioxidant properties (Jena et al., 2023). Furthermore,
understanding the physical characteristics of grains at
a specific moisture content is crucial for the efficient,
appropriate, effective, and inexpensive design of equipment
(Bhise et al., 2014). It is the most widely cultivated millet
species and has been grown since ancient times across Africa
and the Indian subcontinent (Meena et al., 2021). The
Sahel zone of West Africa is considered both the center
of its biodiversity and the likely site of its domestication.
Ranking as the 6™ most important cereal crop worldwide,
pearl millet serves as a key dietary staple in the semi-arid
regions of Asia and Africa. It is cultivated on approximately
30 million hectares globally, with major production areas
located in Africa (around 18 mha) and Asia (over 10 mha)
(Yadav and Rai, 2013). In Africa, pear] millet is primarily
utilized in preparing traditional fermented porridges, both
thick and thin varieties. The next major use is malting,
which is employed in producing local fermented beverages
and liquors (Nengparmoi et al., 2024). In West African
nations like Senegal, millet serves as the main ingredient
for dishes such as couscous, porridge, and pancakes. In
Cameroon, porridges and steamed millet cakes made from
pearl millet are commonly prepared for young children and
infants. Malted pear]l millet is also blended with legumes
to produce nutritious weaning foods (Heiru et al., 2019).

According to Mbaeyi-Nwaoha and Obetta (2016), a
nutrient-dense complementary food can be produced from
millet (Pennisetum glaucum), pigeon pea (Cajanus cajan),
and seedless breadfruit (Artocarpus altillis) leaf powder
blends, demonstrating significant potential for improving
the nutritional quality of complementary foods. Moisture
increase (8.7-21.7% d.b.) slightly affected maize geometry,
increased size, density, and friction, reduced porosity,
with highest friction on concrete surfaces (Sangamithra,
et. al., 2016). The design of the drum seeder orifice
depended on the physical and engineering properties of
paddy seeds. Therefore, these properties of dry, soaked
(12 h), and pregerminated (24 h soaking+12 h incubation)
Basmati-370 seeds were evaluated to determine suitable

orifice dimensions (Chaudhary et al., 2023).
The study at SHUATS evaluated physical properties

of linseed varieties Alsi-2 and Neelam, including seed
dimensions, geometric traits, 1000-grain weight, densities,
porosity, and yield components at varied moisture levels
(D’souza et al., 2022). Millets are once again at the fore
front of cereal crops after a unanimous resolution was
passed designating 2023 as the International Year of
Millets, with the aim of promoting increased production
and consumption (Tagade et al., 2024). The International
Year of Millets, 2023, carried the theme “Healthy Millets
— Healthy People” and aimed to promote understanding of
the nutritional value of millets and their benefits for health
(Kumaretal.,2021). The effects of toasting and cooking on
color and antioxidant properties of flours from Indian pearl
millet cultivars were examined, focusing on total phenolics,
total flavonoids, antioxidant activity, and metal chelating

activity (Siroha and Sandhu, 2017).
2. MATERIALS AND METHODS

he experiment was conducted during the month of

August, 2025 at the Dept. of Agril. Engg., SKNAU,
to study the effect of moisture content on physical and
frictional properties of pearl millet (Bajra) seed at the
Dept. of Agril. Engg., SKNAU, Jobner. The pearl
millet grain (Variety: RHB-223) were obtained from
the agriculture research station, SKNAU, Jobner, Jaipur
(Rajasthan), India. The seeds were physically washed to
remove extraneous matter before being evaluated at the
Department of Agricultural Engineering, SKNCOA,
SKNAU, Jobner, Jaipur (Rajasthan), India. The selected
pearl millet seed variety used in the study. The physical
parameters investigated included longitudinal and lateral
diameter, shape, color, true and bulk density, porosity, and
1000-seed weight.

2.1. Preparation of samples

The moisture content of the grain on a dry basis was
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determined using the oven-dry method (Singh et al., 2009)
by drying the samples at 103+2°C for 24 hours, and it was
calculated according to ASAE (2006).

Moisture content (%) =(W_-W./W x100

Where,

v W _-Weight of grains prior to drying, g

v W -Weight of grains post-drying, g

All physical properties of the seeds were measured at varying

moisture levels in three replications using the following
methods for pearl millet.

2.2. Size and shape

Using the specified method, a set of one hundred seeds
was randomly selected. A digital vernier caliper with an
accuracy of 0.02 mm was used to measure the three principal
dimensions of each seed: length (L), breadth (W), and
thickness (T). One hundred seeds were measured at each
moisture level, and the mean values were computed. These
dimensions were utilized to compute the geometric (GMD),
arithmetic (AMD), square (SMD), equivalent diameter
(EQD), seed volume (V) and surface area (S).

GMD=(LMT)"*

AMD=(L+M+T)/3

SMD=V(LB+BT+TL)

EQD=(D,,+D,,+Dg,,)/3

2.3. Surface area

The formula suggested by Singh et al. (2010) was used to

calculate surface area (S).
S=mtx(D,,,)’
2.4. Volume (V)

The Volume was calculated by measuring the three principal
dimensions length, breadth, and thickness of pearl millet
grains in ten replications, and estimating the volume using
the equation given.

V=LxWxT
2.5. Weight of thousand seeds

An electronic scale with a resolution of 0.001 g was used
to weigh a thousand seeds. A sample of 1000 seeds was
counted and weighed ten times. The thousand seed weight
was determined by averaging these values (Zareiforoush et

al., 2009).
2.6. Bulk density and true density

The bulk density of a sample was determined by dividing its
mass by its total volume The grains were poured into a 500
mL graduated cylinder to measure the volume. The bulk
density was calculated by dividing the mass of the sample
by the volume of the cylinder using the following method:

p,=m/v

03

Where,

v’ p,-Bulk density, kg m’

v m-Seed sample mass, kg
v v-Seed sample volume, m?

Using the toluene displacement technique, true density was
figured out as the mass of the seed sample divided by its
true volume. Toluene (C,H,) was selected instead of water
because it was less readily absorbed by the seeds (Ravi and
Venkatachalam, 2015). Using this approach, 5 g of seeds
were immersed in a 100 ml graduated cylinder filled with
50 ml of toluene. The volume of displaced toluene was
recorded from the graduated cylinder scale, and true density
was calculated as the ratio of seed mass to the displaced
toluene volume

p=m/T

Where,

v p-True density, kg m™

v'T -The seed sample’s true volume, m?
2.7. Density ratio

It was calculated using the specified formula and defined as
the bulk density to actual density ratio.

Density ratio=p,/p,
2.8. Porosity

Porosity represented the portion of the bulk grain volume
that was not occupied by the grains themselves. It was
calculted using the bulk and true density values through
the following relation.

e=(p,-p,)/px100
Where,

v e-Porosity,

2.9. Frictional properties

The angle of repose was defined as the angle formed
with the horizontal surface at which the material naturally
accumulated to form a heap. It was determined by taking
measurements of the heap’s base diameter and center height
(Goriya et al., 2020). The resistance to motion between two
stationary surfaces were represented by the coefficient of
static friction (Muralidhar and Goswami, 2011). MS sheets,
plywood and plastic were used as test materials. The test
surface containing the cylinder was gradually tilted using a
screw mechanism until the cylinder just began to slip.

Five iterations of this procedure were carried out, and
observations were noted. The coefficient of friction between
the pearl millet seeds and the test surface was calculated as
the tangent of the measured angle

O=tan! [2h/d]
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Where,
v 8 denotes the angle of repose, in degrees

v’ ) represents the height of the heap, in cm
v’ dindicates the dia of the heap, in cm

p=tan@
Where,

v’ p-Static friction coefficient
v 8-Angle between the incline and the horizontal surface, °

3. RESULTS AND DISCUSSION

In the case of pearl millet (bajra), evaluations were carried
out for size, shape, bulk and actual density, porosity, angle
of repose, static friction coefficient, and moisture content
(Rai et al., 2008). Grain size and shape were thought to
have an impact on equipment design.

3.1. Effect of moisture content on size and shape dimensions

The RHB-223 variety’s geometric and arithmetic mean
diameters were computed, and the length, breadth, and
thickness of a sample of thirty different types of seeds were
measured to determine the size and form of the chosen

seeds (Table 1).

The RHB-223 variety’s moisture content ranged from
8.82% to 16.3%. A sample of thirty distinct seeds was used
to measure the length, breadth, and thickness of the chosen
seeds. For the RHB-223 variety, geometric, arithmetic,
square, and equivalent mean diameters were computed. For
RHB-223, the average measurements for length, breadth,
and thickness were 3.135, 1.89 and 1.39 mm, respectively.
The average square and equivalent mean diameters were
found to be 3.59 and 2.58 mm, respectively, whereas the
average geometric and arithmetic mean diameters were

Table 1: Effect of moisture content on size and shape dimensions for pear] millet

MC (%) Length Width Thickness GMD AMD SMD EQD

(mm) (mm) (mm) (mm) (mm) (mm) (mm)
8.82 2.89 1.68 1.24 1.819 1.937 3.244 2.333
10.12 3.06 1.86 1.32 1.959 2.080 3.491 2.510
13.8 3.23 1.93 1.46 2.088 2.207 3.710 2.668
16.3 3.36 2.1 1.52 2.205 2.327 3.919 2.817
Mean 3.135 1.89 1.39 2.02 2.14 3.59 2.58
STD DEV 0.204 0.174 0.128 0.166 0.168 0.290 0.208
Variance 0.042 0.030 0.016 0.028 0.028 0.084 0.043

recorded as 2.02 and 2.14 mm, respectively. These results
were in close agreement with the findings of Panwar et al.
(2023), who reported that millet grains showed comparable
dimensional characteristics and that mean diameter values
increased with moisture absorption due to swelling of the
grain structure. Similarly, Kumar and Karmakar (2025)
observed that moisture uptake significantly influenced
the axial dimensions and mean diameters of cereal grains,
explaining that water penetration into the seed coat
increased seed volume and led to higher calculated mean
diameter values. Therefore, the present results confirmed
that moisture content had a direct impact on the dimensional
properties of pearl millet seeds.

3.2. Effect of moisture content on surface area, volume and

1000 seed weight

The data presented in Table 2 illustrates the variations in
surface area, volume and weigh a thousand seeds of pearl

millet seeds (RHB-223 variety).

The surface area, volume and 1000 seed weight of pearl
millet were determined within the moisture content levels
of 8.82%, 10.12%, 13.8% and 16.3%. These values were
presented in Table 2. The average data of surface area and

volume for the RHB-223 variety were 14.42 mm? and 8.34
mm?® respectively. It was also observed that the average data

9.258 g thousand seed weight for the pear]l millet variety
RHB-223.

Similar increasing trends in surface area and seed volume
with moisture content were also reported by Gojiya et al.
(2020), who explained that moisture absorption caused
swelling of grains, thereby increasing their dimensional
properties. Likewise, Onwe et al. (2023) observed a rise in
thousand-seed weight with increasing moisture due to water
uptake and the corresponding increase in grain mass. The
present findings were therefore in agreement with earlier
studies, confirming that moisture content significantly
influenced the physical characteristics of pear] millet grains.

3.3. Effect of moisture content on density properties

The data presented in Table 3 illustrates the variations in
bulk, true density, density ratio and porosity of pearl millet
seeds (RHB-223 variety).

The bulk, true density, density ratio and porosity of pearl
millet seed (variety RHB-223) were determined at moisture
content levels of 8.82%, 10.12%, 13.8% and 16.3%. These
results were presented in table 3. The average data of bulk
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Table 2: Effect of moisture content on surface area, volume
and thousand seed weight for pear] millet

Moisture content  Surface Volume Thousand seed
(%) area (mm?)  (mm?) weight (g)
M, (8.82) 11.783 6.020448 8.86

M, (10.12) 13.592 7.512912 9.25

M, (13.8) 15.298 9.101494 9.39

M, (16.3) 17.007 10.72512 9.53
Mean 14.420 8.340 9.258
STD DEV 2.244 2.028 0.289
Variance 5.033 4111 0.083

Table 3: Effect of moisture content on density properties
for pearl millet

Moisture Bulk True Density  Porosity
Content (%)  density density ratio
(kgm?) (kgm?)

M, (8.82) 691.23 1049.36 0.659 34.128
M, (10.12) 689.71 1046.94 0.659 34.121
M, (13.8) 686.03 1043.23 0.658 34.240
M, (16.3) 683.26 1041.56 0.656 34.400
Mean 687.558 1045.273  0.658 34.222
STD DEV 3.602 3.533 0.001 0.130
Variance 12.974 12.481 0.000 0.017

density, true density and density ratio for the RHB-223
variety were 687.558 kg m™ and 1045.273 kg m™ and 0.658
respectively. It was also found that the mean porosity of
pearl millet variety RHB-223 was 34.222. The findings of
the present study were consistent with D’souza et al. (2022),
who reported that bulk density decreased while true density

and porosity increased with rising moisture content due
to grain swelling and increased inter-particle void spaces.
Similarly, Babojanov et al. (2022) observed comparable
trends in cereal grains, explaining that moisture absorption
increased kernel volume more rapidly than mass, resulting
in reduced bulk density and higher porosity. Thus, the
obtained density and porosity values of pearl millet seeds
agreed well with earlier reported observations.

3.4. Effect of moisture content on frictional properties

The coefficient of friction was measured on three surfaces
namely Plastic, MS sheet and plywood. The data presented
in Table 4 displayed the various frictional properties of pearl
millet seeds (RHB-223 variety).

The moisture content ranges of 8.82%, 10.12%, 13.8%,
and 16.3% were used to calculate the angle of repose and
coefficient of friction of pearl millet (variety RHB-223).
These results were presented in table 4. The average data
of angle of repose for the RHB-223 variety was 27.943°.
The average coefficient of static friction for pearl millet
variety RHB-223 on plastic, MS sheet and plywood
surface was found to be 0.384, 0.438, 0.513 respectively.
The present results were in close agreement with Nyorere
and Uguru (2018), who reported that the angle of repose
of grains increased with increasing moisture content due
to higher cohesiveness and surface adhesion between
particles. Similarly, Gampala et al. (2021) observed that
the coefficient of static friction rose with moisture content
because absorbed water increased surface stickiness and
resistance to sliding. Further, Verma et al. (2024) also
reported higher friction values on rough surfaces such
as plywood compared to smoother surfaces like plastic,
which supported the present trend of maximum friction
on plywood and minimum on plastic.

Table 4: Effect of moisture content on frictional properties for pearl millet

Moisture content (%) Angle of repose Coefficient of static friction
©) Plastic MS sheet Plywood

M, (8.82) 27.4 0.364 0.425 0.492
M, (10.12) 27.82 0.382 0.432 0.512
M, (13.8) 28.1 0.391 0.441 0.518
M, (16.3) 28.45 0.397 0.452 0.529
Mean 27.943 0.384 0.438 0.513
STD DEV 0.444 0.014 0.012 0.016
Variance 0.197 0.000207 0.000136333 0.000240917

4. CONCLUSION

An increase in moisture content resulted in a
corresponding rise in the size and shape parameters

of pearl millet grains. The surface area, volume, and
thousand-seed weight of pearl millet grains also increased
with increasing moisture content. As the moisture content
increased, the bulk density, true density, and density ratio
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of pearl millet grains decreased. Higher moisture content
caused the angle of repose of pearl millet grains to increase.
Similarly, increasing the moisture level caused an increase
in the coefficient of static friction of pear]l millet grains on

plastic, MS sheet, and plywood surfaces.
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