Evaluation of Engineering Properties of Groundnut Plants and Pods for Efficient Pod Stripper Design

ABSTRACT:  This study investigated the physical and mechanical properties of properly grown groundnut plants and their pods across a moisture content range of 20–50% (db). The evaluation focused on dimensional, gravimetric, and frictional characteristics relevant to handling, storage, and processing. The results showed that all linear dimensions, including length, width, thickness, and geometric mean diameter (GMD), increased with rising moisture content. The maximum recorded values for randomly selected pods were 33.04 mm in length, 12.39 mm in width, 11.01 mm in thickness, and 16.47 mm in GMD. Among the shape-related parameters, the highest sphericity was 0.59, confirming that groundnut pods are oblong rather than spherical. Gravimetric properties also varied with moisture, with true density reaching 279.84 kg/m³, bulk density 574.60 kg/m³, porosity 50.72%, and thousand seed mass 1214.77 g. The angle of repose was observed within the range of 25.9–27.5°, while the average coefficients of friction were 0.36 on glass, 0.44 on steel, and 0.39 on plywood. Statistical analysis using two-factor ANOVA indicated significant differences in the physical properties of plants and pods under varying moisture conditions. These findings provide essential baseline data for the design and optimization of groundnut harvesting, handling, and post-harvest processing equipment.
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INTRODUCTION
Groundnut (Arachis hypogaea L.) is a leguminous crop cultivated extensively across tropical and subtropical regions between 40°N and 40°S latitudes. It is highly valued for its oil-rich edible seeds, ranking as the world’s fourth-largest source of edible oil and the third-largest source of vegetable protein. Beyond its role as an oilseed crop, groundnut seeds are widely utilized in confectioneries, snack mixtures, breakfast items, and processed products such as peanut butter, which serves as a substitute for dairy butter. Due to its high nutritional and economic value, groundnut is considered one of the most important oilseed crops in India and a major agricultural commodity in international trade.
Globally, groundnut is cultivated on approximately 295 million hectares, producing 487 million tonnes at an average yield of 1647 kg ha⁻¹. India accounts for the largest acreage under groundnut cultivation and is the second-largest producer, with an annual production of 101 lakh tonnes from 55.6 lakh hectares across all seasons (Anonymous, 2021). Cultivation occurs during kharif, rabi, and summer seasons, although nearly 80% of the crop is produced during the kharif season (June–October). Among Indian states, Gujarat leads in area (1.83 m ha), followed by Andhra Pradesh (1.38 m ha), Karnataka (0.65 m ha), Tamil Nadu (0.33 m ha), and Maharashtra (0.31 m ha). In terms of productivity, Tamil Nadu ranks first (2382 kg ha⁻¹), followed by Gujarat (1603 kg ha⁻¹), Maharashtra (1247 kg ha⁻¹), Karnataka (705 kg ha⁻¹), and Andhra Pradesh (650 kg ha⁻¹) (Anon., 2014; Anon., 2015).
In Chhattisgarh, groundnut covers a total area of 67.7 thousand hectares, producing 70.2 thousand tonnes with an average productivity of 1036 kg ha⁻¹ (Anonymous, 2018). Among its 27 districts, Raigarh contributes significantly, accounting for 24.33% of the total groundnut acreage and 23.30% of state production. The soils of Chhattisgarh, primarily entisols in districts such as Raipur, Durg, Rajnandgaon, and Bilaspur, and vertisols in Surguja and Raigarh, provide a favorable environment for expansion of groundnut cultivation. Over time, improvements in irrigation infrastructure and promotion of low-cost input technologies have further encouraged its adoption. Consequently, the cultivated area under groundnut in Chhattisgarh is showing a steady and significant upward trend.
Despite its potential, the cultivation and post-harvest handling of groundnut face several challenges. One of the most labour-intensive operations is pod stripping, which involves separating pods from harvested plants. Traditional stripping methods rely heavily on manual labor, requiring continuous knee bending and hand-picking. This not only causes drudgery and musculoskeletal strain among farm workers, particularly women, but also leads to injuries to fingers during repetitive operations. Damaged pods resulting from manual stripping are downgraded and used primarily for oil extraction rather than for higher-value food purposes, thereby reducing farmer income. Furthermore, continuous hand-picking exposes laborers to insect bites and, in some reported cases in Chhattisgarh, scorpion stings.
The average cost of groundnut cultivation in Chhattisgarh is estimated at Rs. 18,276.43 per hectare, with stripping and cleaning operations accounting for nearly 98% of the labor costs (Anonymous, 2018). This underscores the urgent need for research and development of mechanized stripping solutions to minimize labor requirements, reduce post-harvest losses, and enhance economic returns for farmers. A better understanding of the physical and mechanical properties of groundnut plants and pods is critical for the design of efficient machinery suited to local agro-climatic conditions. Such advancements would not only improve productivity but also alleviate the drudgery associated with traditional post-harvest practices, ensuring sustainable groundnut cultivation in regions like Chhattisgarh.
Materials and Methods
The groundnut pods were randomly collected in adequate quality from agronomy department IGKV Raipur, Chhattisgarh, India. Pods were cleaned manually to remove all foreign materials such as dust, dirt and broken and immature pods. The initial moisture content of pods was determined by using the standard hot air oven method using the following formula (AACC, 1995).

Where, 
MC 	= 	Moisture content on a dry basis, in percentage;W1=  The bowl's initial weight, g; W2= 	The sample's weight upon drying; and W3	= Bowl weight, g, plus sample weight upon drying.
A. Linear dimension of pods
To determine the size and shape of groundnut pods, length, breadth and thickness of randomly selected 10 pods for measurement by using digital Vernier caliper with least count reading 0.01 mm and its average was recorded.

B. Surface area
The surface area (S) was calculated by using the following formula by (Zibokere et al., 2011).

C. Sphericity
Sphericity is defined as the ratio of the surface area of the sphere having the same volume as that of the pods to the surface area of the pod and it was determined using following formula (Mohsenin, 1986).

Where, L=Length of pod, mm; B= Breadth of pod, mm; and  T= Thickness of pod, mm.
D. Volume
             By measuring the grain along its three axes of length, breadth, and thickness, the volume of the pod was calculated then used the following relationship to estimate the pod's volume Mohsenin (1986).

Where, V = Volume, mm³; L = Length of pod, mm; B = Breadth of pod, mm; T = Thickness of pod, mm; and   π = constant (22/7).
E. Thousand Pod Mass
             Using a precise electronic balance with 0.01g accuracy, the mass of 1000 units was calculated. 100 randomly chosen samples were weighed in order to test the 1000 unit mass, and the mean results were given (Davies, 2009; Balasubramanian et al., 2011; Sharma et al., 2011).
F. Bulk Density
        The method reported by Maduako and Hamman (2004), Shkelqim and Joachim (2010) was adopted for bulk density determination. A 75 × 75 × 90 mm box was filled with groundnut pods and weighed using an electronic balance of 0.01g accuracy. The trials were repeated five times using different sets of pods for each variety and the bulk density was calculated from the following equation.

Where, BD = Bulk density in kg/m3; Ws = Weight of the sample in kg; and Vs= Volume occupied by the sample, m3.
G. True Density
             The toluene (C7H8) displacement technique was used to calculate the real density, which is defined as the sample's mass to its true volume. Water was substituted with toluene because seedlings may absorb it more slowly. 5 g of pods were dissolved in 50 milliliters of toluene in a 100 milliliter graduated measuring cylinder (Mwithiga and Sifuna, 2006; Ovelade et al., 2005). The graduated scale of the cylinder was used to measure the amount of toluene that had been displaced. The real density was determined by dividing the weight of the pods by the volume of toluene displaced.
True volume of pods (ml) = (initial toluene level in measuring jar) – (final moisture level  in measuring jar).

Where, TD = True density, kg/m3; Ws = Weight of seed, kg; and = True volume of seed, m3.
H. Porosity
            The percentage of the bulk pod's volume that is empty space of pods is known as the porosity. Using the values of true density and bulk density, the porosity of the bulk pod was calculated:

Where, ε = Porosity; TD = True density, kg/m3; and BD = Bulk density, kg/m3.	
I. Aspect Ratio
The following relationship was used to compute the aspect ratio (R). (Davies, 2009).

Where, W = Width, mm; L = Length, mm.
J. Coefficient of Friction
             The static friction may be defined as the friction forces acting between surface of contact at rest with respect to each other. The coefficient of friction apparatus (Plate 1) consists of a horizontal plane and a bottomless open container and a pan. Known weights of pods were taken in the container. The weights were added in the pan and at the instant at which the pan weight exceeds the pods weight and friction; the container starts to slide on selected surface. The static coefficient of friction for groundnut pod was determined with respect to three test surfaces viz., plywood, MS sheet and wood by inclined surface method. The static coefficient of friction was calculated using the equation suggested by Sahay and Singh, 1994, Balasubramanian, 2001, Bahnasawy, 2007.

Where,  = Coefficient of friction, F = Frictional force (force applied), N = Normal force (weight of the pods).

K. Terminal Velocity
             The terminal velocity of the particle may be defined as the air velocity at which a particle remains in suspended state in a vertical pipe. When air stream is used for separation of a product such as pods from its associated foreign materials, the knowledge of terminal velocity of all the particles involved would define the range of air velocities affecting good separation of the pods from foreign materials. For these reasons, terminal velocity has been used as important aerodynamic properties of materials in such applications as conveying and separation from foreign materials (Mohsenin, 1986).
L. Angle of Repose
           The angle of repose is the angle between the base and the slope of the cone formed on a free vertical fall of the granular material to a horizontal plane. A tapering hopper (Plate 2) made of sheet metal with the top and bottom having a dimension of 300 × 300 mm and 100 × 100 mm, respectively and a height of 300 mm was used to measure the angle of repose. At 200 mm from the top, a circular disc of 100 mm diameter was fixed so that enough gap was left between the hopper wall and disc which allows the pods to flow through during the test. A horizontal sliding gate was provided right below the disc for sudden release of the pods during the test. Similar method was used by (Nimkar and Chattopadhyay, 2001; Taser et al., 2005 and Razavi et al., 2007). While testing, pod was filled in the hopper and the horizontal sliding gate was suddenly opened. The height of seed piled on the circular disc was measured and used to calculate the angle of repose by using the formula;

Where, H = Height of the cone, cm; and D = Diameter of cone, cm.
M. Rupture Force
The experiments were also conducted at two loading rates of 10 and 15 mm/min. The effect of loading rate on the rupture force of brown rice grain was determined using a biological material test apparatus. A texture analyzer was used in order to determine the rapture force of groundnut pods and kernels. The samples were put under a compression load until the pod rupture was initiated. This apparatus is composed of three components including a/an platform, driving unit, electric circuits for inducing the several certain speed and a force gauge (Lutron FG-5020). The groundnut pod l was placed on the specific seat at the bottom of platform and pressed with the motion probe 27.5 mm at a constant speed of 25 mm min-1. When rupturing of the pod was initiated, it was recorded by the force dynamometer (with a reading accuracy of 0.01N) after switching off the motion mechanism. Number of 60 pod having approximately similar shape and size were selected for experiment. These 60 pod were placed into three sets which were considered for rupture force test. Hence, measuring rupture force towards each main direction was carried out for 20 pod. A system of orthogonal axes was used as a reference for the three compressing directions of the pod, as shown in the axis numbered 1 is in the plane containing the suture line, while axis number 2 is perpendicular to that plane. Axis 3 is on the longitudinal axis through the hilum (Braga et al. 1999). Also, rupture force test was performed on 20 peanut pods at the initial moisture content and only at direction 2. (Bagheri et al. 2011)
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Fig. 1. Representation of the three directions view for rupture test.
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Discussion
[bookmark: _GoBack]The present study revealed that moisture content significantly influenced the physical, gravimetric, and mechanical properties of groundnut pods, which are critical parameters for the design and optimization of handling and processing equipment. The linear dimensions (length, width, thickness, and geometric mean diameter) showed an increasing trend with moisture content, consistent with findings reported by Muhammad et al. (2015). The observed mean pod length (33.04 mm), width (12.39 mm), and thickness (11.01 mm) indicate that groundnut pods are oblong in shape, which was further supported by a relatively low sphericity value of 0.59. Such shape irregularities may influence flow dynamics during mechanical separation and grading processes.
Gravimetric properties including bulk density (279.84 kg m⁻³), true density (574.60 kg m⁻³), and porosity (50.72%) were in agreement with the earlier reports of Davies et al. (2009). The porosity value highlights the potential ease of aeration during storage, which is essential for minimizing post-harvest deterioration. The thousand-pod mass (1214.77 g) provides a reliable benchmark for seed processing applications.
Frictional properties also demonstrated practical importance in machine design. The average static coefficient of friction values of 0.36 (glass), 0.44 (steel), and 0.39 (plywood) were comparable to results reported by Bahnasawy (2007). These values are essential in determining the material selection and slope inclination of conveying, hulling, and separating equipment. The angle of repose (25.9°) indicates moderate flowability of pods, aligning with findings by Razavi et al. (2007). Terminal velocity (9.08 m s⁻¹), which influences pneumatic separation, was consistent with the work of Sayed et al. (2001).
The rupture force varied considerably with loading orientation, being highest in the lateral direction (240.23 N), followed by longitudinal (64.36 N) and vertical orientations (32.74 N). These results agree with earlier studies (Polat et al., 2006; Bagheri et al., 2011; Aydın, 2007; Altuntas & Demirtola, 2007), confirming that pod orientation plays a key role in mechanical damage susceptibility. Such findings are particularly relevant for the development of dehulling and shelling machines where applied forces must be optimized to minimize kernel breakage.
Conclusion
This study comprehensively evaluated the physical, gravimetric, frictional, and mechanical properties of groundnut plants and pods under varying moisture contents. The results confirmed that groundnut pods are oblong in shape with moderate porosity and bulk density, which affect their handling and storage behavior. The frictional and flow properties, including coefficient of friction, angle of repose, and terminal velocity, provide critical design inputs for conveyors, hoppers, separators, and pneumatic handling systems. Furthermore, rupture force analysis demonstrated orientation-dependent resistance, with lateral loading requiring the highest force, which is vital for designing shelling and dehulling equipment.
Overall, the findings establish a scientific basis for the design, selection, and optimization of groundnut post-harvest machinery and storage structures. Incorporating these parameters into engineering models will reduce pod damage, minimize post-harvest losses, and improve processing efficiency. Future research should investigate varietal differences and moisture-dependent mechanical responses to further refine equipment design for diverse agro-climatic conditions.
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