Physical and Mechanical Properties of Mustard Seeds Cultivated in North Eastern Hilly Region of India
Abstract
The physical and mechanical properties of mustard seeds cultivated in the North Eastern Hills (NEH) region were investigated at five different level of moisture content i.e., 10%, 12%, 14%, 16%, 18%to know how it affects the physical and mechanical properties of mustard seeds to optimize the seed handling, processing and sowing operations. It was found that the average size of seeds like mean diameter, surface area, thousand seed weight were increased where as the bulk density, true density and porosity of seeds was decreased when the increasing moisture content. Mechanical properties i.e. static coefficient of friction and angle of repose were increasing and decreasing, respectively as the moisture content increase. With increasing moisture content from 10 to 12% dry basis the average diameter, surface area, thousand grain weight, coefficient of static friction and bulk density, true density, porosity, angle of repose was found from 2.13 to 2.29 mm, 6.71 to 7.21 mm2, 5.22 to 6.10 g, 0.28 to 0.51 and 807 .99 to 778.41 kg cm-3, 1250.90 to 1122.86 kg cm-3, 35.41 to 30.67%, 23.65 to 21.46 degree, respectively. These physical attributes provides a crucial data for designing agricultural machinery components such as seed hopper, ensuring precise seed metering, uniform delivery, and optimal seed placement in the field. Understanding these properties aids in efficient seed handling and contributes to improved planting efficiency and crop establishment. The study highlights the importance of these parameters in mechanized farming and provides a scientific basis for developing region-specific agricultural equipment, enhancing productivity and resource utilization. This research supports better development of seed drills, planter metering plates and augments the overall effectiveness of mustard cultivation in the NEH region by aligning machinery design with locally adapted seed characteristics.
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1. Introduction
Rapeseed-mustard (Brassica juncea), is one of the most important oilseed crop belongs to the family of Cruciferae holds third place in oil production in the world after soybean (Glycine max) and palm oil (Elaeisguineensis Jacq.)( Sachin et al., 2023). Mustard seeds, the tiny, spherical seeds of plants in the Brassica genus (mainly B. juncea, B. nigra, and B. alba), are a crop of enormous global importance. While traditionally valued as a culinary spice and condiment, their significance has grown drastically as a key oilseed crop, a source of animal feed, and a feedstock for the developing biofuel industry. Mustard seed processing must be efficient, from sowing to harvesting, cleaning, drying to dehulling, milling, and oil extraction, in order to maximize grain and oil output, preserve quality, and ensure economic sustainability (Aliev et al., 2017). This efficiency is achieved by determined the seeds inherent physical and mechanical properties.
“Physical properties encompass the measurable characteristics that define the seed's form and structure without the application of an external force that causes deformation. These include size, shape, moisture content, bulk density, true density, porosity, thousand-grain weight, angle of repose and static coefficient of friction” (Singh & Goswami, 1996; Coskun, et al., 2005). These parameters are critical for the design of seed metering plate, selection of material for hopper and to determine the capacity of the seed hopper.  (Mohsenin, 1986).
[bookmark: _GoBack]Study of these qualities is not an academic exercise, but also equally important for the design and development of engineering equipments for better cultivation of crop and processing of seeds. Significant variety exists due to genetic (varietal) variances, agro-climatic growth circumstances due different ambient temperature, moisture content present in seeds and soil (Mwithiga and Sifuna, 2006; Grewal & Singh, 2016). Moisture content is an important element since it plasticizes the seed material, reducing its mechanical strength and changing the energy needs for grinding and oil output (Garnayak, et al., 2008).The design and development of farm machineries for sowing, planting, harvesting, storage and processing operations needs the information about the physical and mechanical properties of mustard seed to enhance all theses process. Diameter of seed, static coefficient of friction and angle of repose supports the finding of size of groves of metering plate, selection of material for better flow of seeds from hopper to metering plat (Cserhalmi et al., 2000). Moisture content is one of the important parameter to be considered because all these properties majorly depend on the moisture content (Cui et al., 1993; Juszczak et al., 2004).
The main purpose of this study was to determine the physical and mechanical properties of mustard seeds at five different level of moisture content i.e. 10%, 12%, 14%, 16% and 18% to study the effect of moisture on these properties.
2. Materials and Methods
Physical properties of mustard seeds
Physical and mechanical properties of mustard L. Brassica nigra variety seeds namely size, shape, moisture content, bulk density, true density, thousand-grain weight, angle of repose and static coefficient of friction  were determined by adopting the standard procedures available in the literature as discussed below.
a. Moisture content
Moisture content is the ratio of the mass of moisture in the sample to its dry mass. The initial moisture content of the mustard seeds was determined using standard hot air oven method at 105 ± 2°C until a constant weight of seeds after drying was reached expressed in terms of dry basis by using the following relationship.
M.C. (% d.b.) =                       … (1)
Where,
M.C. = Moisture content of sample in % d.b. 
M1 = Mass of wet seeds, g and 
M2 = Mass of dry seeds, g.
b. Preparation of samples 
The Mustard seeds were collected from the local market of Gangtok, Sikkim. Foreign material and broken seeds presents in the seeds were removed manually. Based on the preliminary examination of seeds 10% moisture content was found. Generally, at the time of sowing and harvesting of mustard, seeds  moisture content varies in the range of 10% to 18 %.Therefore, five level of moisture content 10%, 12%, 14%, 16% and 18%  were selected for the study and effect of moisture content on physical and mechanical properties were determined. To achieve this level of moisture content a calculated amount of distilled water is mix thoroughly on a seeds and all samples were tightly packed in air tight polythene bags and kept in a refrigerator at a temperature of 5 Degree Celsius for one week for uniform distribution of moisture throughout the seed samples to achieve new desired level of moisture content. Before starting the experiments all sample were kept in ambient temperature for one hour so the samples maintains environment temperature.
The samples having higher level of moisture content were achieved by adding a distill water and amount water needed achieved that level was calculated by using the formula
W=                                                              ... (2) 
Where, 
IM = Initial mass of the sample in kg; 
Imo = Initial desired moisture content of sample in % (dry basis) 
Fmo = Final desired moisture content of sample in % (dry basis) 
W= Mass of water to be added in kg. 
Five levels of moisture content selected for the study of physical and mechanical properties of mustard seeds were 10%, 12%, 14%, 16% and 18% dry basis. At the time of test ambient temperature and relative humidity was 20-22°C and 55-56%, respectively.
c. Seed diameter and surface area 
Size of mustard seeds were generally measured in terms of diameter. Digital vernier caliper with accuracy 0.01 mm was used to measure the size of seeds (Fig.1). Hundred seeds were selected to measure the size up to one decimal point, measured diameter of seed was used to measure the surface area of seeds and equation 3 was used to determine the surface area of seeds
A = πD2                ….(3)
Where,
A = Surface area of seeds, mm2
D = Diameter of seed, mm
 (
Fig. 1
Measurement of the dimensions of seeds
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d. Bulk density
Bulk density of mustard seeds was analysed by using the cylindrical container. A 500 milliliter container was filled thoroughly without any compaction and its weight was taken. The bulk density of seeds was calculated by using the following standard relationship (Sahay and Singh, 1996).
ρb  =                … (4)
Where,
ρb = Bulk density, g cm-3
M = Mass of seeds, g and 
V = Volume of seeds, cm3.
e. True Density 
Actual density (true density) of the seeds was calculated the using the toluene (C7H8) displacement procedure and equation (5) was used to calculate the actual density. The ratio of the sample's mass in air to its volume was used to determine the true density.
                            ….. (5)
Where, 
ρt = True density, kg.m-3; 
m = Mass of sample, kg; 
Vt = Volume of the toluene displaced by the sample, m3. 



f. Porosity
Porosity is the void space present between the samples. Using the relationship provided by Karimi et al. (2009), the porosity was computed using the measured values of bulk density and actual density. Equation (6) presents this relationship (Damian, C. (2014).
𝜀𝑝= (1-  × 100 …….(6)
Where, 
Ɛp= Porosity, %; 
ρb= Bulk density, kg.m-3 
ρt=  True density, kg.m-3 .
g. Thousand-grain weight
The 1000 seed weight is used for calculation of recommended seed rate. Mass of randomly selected 1000 mustard seeds were measured by digital electronic balance with an accuracy of 0.001 g. The average of the five measurements reported as the 1000 grain weight.
h. Angle of repose
The angle of repose was analyzed by an open-ended cylinder having 7.0 cm diameter and height of 15.0 cm. The cylinder was placed on a white paper sheet and seeds were filled up to the top of the cylinder. The cylinder was then lifted slowly so that circular cone was formed by seeds. With the help of vertical height gauge and measuring scale, cone height and base diameter of the cone were recorded. The measurement was repeated five times and the mean mass was calculated. The angle of repose of mustard seeds was calculated by following standard relationship (Grewal and Singh, 2026).
Angle of repose (Ø) = tan-1 (2h/d)          … (7)
Where,
h = Height of the cone, cm  
d = Radius of the cone, cm.
i. Static coefficient of friction 
The displacement of seeds on four distinct surfaces—plywood, aluminium, mild steel, and galvanized iron—was used to calculate the static coefficient of friction (μ) of mustard. A square box containing seeds was set on a table with a tilted top. The angle at which the seed box begins to move was measured after the table top was gradually tilted. The coefficient of friction was calculated by using the following formula (Eq. 8). (Sahay and Singh, 2009).
µ = tanα     .... (8)
 Where, 
μ= Static coefficient of friction; 
α = Angle of tilt.

3. Results and Discussions
Physical and mechanical properties
Physical and mechanical properties of mustard seeds were determined in five different moisture levels using methodology discussed in section 2 and the relevant properties are summarized in Table 2 and 3.
a. Moisture content of seeds
Moisture content drastically affects how seeds flow and seed shape and size can change slightly with moisture. At the time of purchase mustard seeds, seed have a moisture content 10.06±0.44% which was calculated by equation 01 and tabulated in Table1.
Table 1. Initial moisture content of mustard seeds
	Moisture content of seed, %d.b.

	Sl.
No.
	Weight of empty container (g)
	Weight of seed before drying(g)
	Weight of seed after drying (g)
	Moisture content%

	
	
	With
container
	Without
container
	With
container
	Without
container
	

	01
	14.0
	26.70
	12.71
	25.48
	11.48
	10.59

	02
	13.3
	25.20
	11.90
	24.07
	10.77
	10.49

	03
	13.3
	26.50
	13.21
	25.33
	12.02
	9.75

	04
	12.9
	25.50
	12.61
	24.39
	11.49
	9.66

	05
	13.0
	26.12
	13.02
	24.84
	11.83
	9.83

	Average moisture content= 10.06±0.44%



b. Size of mustard seeds
The dimensional characteristics for moisture concentrations between 10 and 18 percent (d.b.) are shown in Table 2 shows that when the moisture content increased from 10 to 18% d.b., mean diameter, increases from 2.14 to 2.29 mm this was a significant (p < 0.05). The expansion of the seeds diameter (D) as a result of moisture absorption in the empty spaces within the seeds may be the cause of the size growth. The following equations could be used to show how these characteristics rely on moisture content (M). 
D = 0.0216M+1.911 (R2 =0.9711)

Fig. 2 Effect of moisture content on diameter of mustard seed 
Table 2. Physical properties of mustard seeds at different levels of moisture content
	Sl. No.
	Moisture content % (d.b)
	Diameter of seeds, mm
	Surface area, mm2
	Bulk density, kg m-3
	True density,
kg m-3
	Porosity, %
	1000 grain weight, g

	01
	10
	2.14±0.20
	6.71±0.61
	807.99±1.70
	1250.90±3.00
	35.41±0.23
	5.22±0.02

	02
	12
	2.15±0.27
	6.78±0.86
	796.07±2.01
	1183.40±2.41
	32.73±0.19
	5.40±0.15

	03
	14
	2.22±0.34
	6.96±1.06
	791.32±2.44
	1157.30±1.64
	31.62±0.25
	5.60±0.15

	04
	16
	2.27±0.16
	7.13±0.49
	785.92±2.42
	1135.80±1.62
	30.80±0.22
	5.75±0.19

	05
	18
	2.29±0.30
	7.21±0.93
	778.41±2.28
	1122.80±1.48
	30.67±0.21
	6.10±0.06



c. Surface area 
Equation (3) was used to compute the surface area (A) of seeds, and when the moisture content increased from 10% to 18% db, a linear significant increase (p < 0.05) from 6.71 to 7.21 mm2 was seen (Fig 3). The following regression equation can be used to express the relationship between surface area and moisture content:
A = 0.0673M + 6.0171 (R2 = 0.978)

Fig. 3 Effect of moisture content on the surface area (A) for mustard seeds
d. Bulk density
Bulk density of seeds is an important parameter for deciding box capacity and for the seed rate of the crop. When the moisture content increased from 10% to 18% db, the mustard seed’s bulk density (ρb) altered considerably (p < 0.05) from 807.99 to 778.41 kg.m-3 (Fig. 4). This behavior may be explained by the fact that the rate at which the sample's mass increased in response to increased moisture was slower than the rate at which the seeds' volume expanded as a result of moisture absorption. As a result, the wetter seeds had more voids between them than the drier seeds. The following formula can be used to express the relationship between mustard seed bulk density (ρb) and moisture content:
ρb =-3.465M+840.46 (R2 = 0.9718)
 
Fig. 4 Effect of moisture content on bulk density (ρb) of mustard seeds 
e. True density
When the moisture content increased from 10 to 18% db, the actual density (ρt) mustard seeds decreased significantly (p < 0.05) from 1250.90 to 1122.80 kg m-3 (Fig. 5). The observed decrease in ρt might be explained by the fact that the increase in seed weight brought on by the moisture gain was proportionally less than the volume expansion of seeds, as the real density is related to the mass of seeds contained in a seed volume. The following regression equation can be used to depict the moisture dependency of true density.
ρt = -15.19M+1382.7 (R2 = 0.8975)

Fig. 5 Effect of moisture content on bulk density (ρt) of mustard seeds
f. Porosity 
Using the average bulk density and actual density data for each batch, the porosity was computed using Equation (9). Porosity was found to decrease considerably (p < 0.05) from 35.41% to 30.67% when moisture content rose from 10 to 18% db, as illustrated in Fig. 6. The explanation is that as the seeds absorb moisture, their individual volume increases, particularly as a result of their length growing faster than their breadth and thickness. As a result, the seeds bulk volume and shape alter. Because of this behavior, there are fewer seeds in a given volume, which lowers the bulk density. The real density of the seed decreases when water is added to its structure. However, the seeds' distinctive dimensions primarily their length and width are altered by the volume change brought about by wetting them. The moisture content and the porosity (εp) value are related in the following way:
εp = -0.5697M+40.224 (R2 =0.856)

Fig. 6 Effect of moisture content on porosity (Ɛp) of mustard seeds
g. 1000 seed weight
1000 seed weight of the mustard seeds is an important parameter to estimate the seed rate per hectare. Fig. 7 illustrates the variance in the weight of a thousand seeds (W1000). As the moisture content rose from 10 to 18% d.b., the W1000 significantly (p < 0.05) increased linearly from 5.22 to 6.10 g. The following regression equation indicates the relationship between moisture content and the weight of a thousand seeds.
W1000 = 0.1063M+4.127 (R2 = 0.9768)

Fig. 7 Effect of moisture content on 1000 grain weight of mustard seeds
h. Angle of repose
This parameter is estimated to decide the grade of the seed hoppers sidewall to ensure free flow of the seed inside seed hopper (Beg and Chauhan, 2023). Table 3 displays the angle of repose testing results in relation to moisture content. 
When moisture increased from 10% to 18% d.b., the angle of repose significantly decreased from 23.65 to 21.46 degrees (p < 0.05) (Fig. 8). This is most likely due to the fact that mustard seed’s surfaces smooth down at greater moisture levels compared to dried mustard seeds (low moisture content), which facilitates the seeds' easy sliding. When designing hopper apertures, side walls, and storage structures, the angle of repose is crucial.
Therefore, when building such structures and equipment, the moisture content of the seeds should be considered. The following equation explains the linear relationship between the moisture content and the angle of repose (Ø):
Ø = -0.254M+26.07 (R2 =0.972)

Fig. 8 Effect of moisture content on angle of repose of mustard seeds
Table. 3 Mechanical Properties of mustard seed at different levels of moisture content
	Sl. No.
	Moisture content % (d.b)
	Static Coefficient of friction
	Angle of repose, %

	
	
	PLY
	GI
	AL
	MS
	

	01
	10
	0.32±0.01
	0.35±0.01
	0.31±0.01
	0.28±0.01
	23.65±0.18

	02
	12
	0.34±0.01
	0.39±0.01
	0.32±0.01
	0.33±0.01
	22.81±0.16

	03
	14
	0.37±0.02
	0.38±0.02
	0.32±0.01
	0.35±0.01
	22.51±0.09

	04
	16
	0.38±0.01
	0.44±0.03
	0.33±0.01
	0.38±0.01
	22.11±0.05

	05
	18
	0.41±0.01
	0.51±0.01
	0.34±0.01
	0.42±0.01
	21.46±0.15





i. Coefficient of static friction
Table 3 displays the mustard seeds coefficient of friction data. The static coefficient of friction  (µ) of mustard seeds with the four surfaces (plywood, galvanized steel, aluminum, and mild steels) was shown to be statistically non-significantly affected by moisture content between 10 and 18% d.b. (p < 0.05). Plywood, galvanized iron, aluminum, and mild steel surfaces were found to have static coefficients of friction of 0.32-0.41, 0.35-0.51, 0.31-0.34, and 0.28-0.42, respectively. The following formulas showed the link between the moisture content and the static coefficient of friction of plywood (PLY), galvanized steel (GI), aluminum (AL), and mild steel (MS):
µPLY = 0.011M+0.198 (R2 = 0.972)
µGI = 0.0019M +0.142(R2 = 0.861)
µAL = 0.003M+0.274 (R2 = 0.878)
µMS = 0.017M+0.111 (R2 =0.981)
4. Conclusion
The engineering characteristics of mustard seeds were examined in this study in relation to their moisture content, which ranged from 10 to 18% (d.b.). Within the range of 10% to 18%, there was a positive linear association between the moisture content and the dimensional characteristics such as diameter and surface are. Due to the expansion of the seeds volume caused by moisture absorption, the gravimetric parameters such as bulk density, true density, and porosity decreased as the moisture content increased. The bulk and actual densities ranged from 807.99 to 778.41 kg m−3 and from 1250.90 to 1122.80 kg m−3, respectively. Galvanized steel surfaces had the highest coefficient of friction, whereas aluminum surfaces had the lowest.  Precise knowledge of seed size, bulk density, angle of repose, and moisture content ensures efficient seed handling and uniform distribution during planting operations.
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