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ASSESSMENT OF THE PHYSICAL AND ENGINEERING PROPERTIES OF Baillonella toxisperma Pierre (Moabi) NUTS

.
ABSTRACT 
	Background: Baillonella toxisperma Pierre, commonly known as Moabi, is a valuable timber tree species native to Central Africa, widely distributed in Cameroon and exploited for its hardwood, edible fruits, and medicinal bark. Despite its economic importance, there is a lack of technical information on the physical and engineering properties of Moabi nuts, hindering the design of efficient post-harvest equipment.
Aims: The study aimed at determining the physical and engineering properties of nuts and kernels of  Baillonella toxisperma Pierre. 
Methodology: Samples for this study were collected from Malen IV, Malen II and Kabillon, villages in the East region of Cameroon. All methods used  for determination of length, width, thickness, swelling capacity, swelling index, hydration capacity, surface area, arithmetic and geometric mean diameter followed standard protocol with the use of a vernier caliper to obtain basic size parameters of length, width and thickness. The angle of repose was measured by the fixed funnel and heap formation technique while the coefficient of friction was measured using an inclined plane with three different surfaces (wood, galvanized sheet and glass). 
Results: The fresh Moabi nuts have a length ranging from 46.80 to 69.20 mm, width ranging from 30.40 to 46.20 mm, and thickness ranging from 15.10 to 44.60 mm. The fresh kernels have a length ranging from 34.30 to 56.30 mm, width ranging from 21.30 to 38.90 mm, and thickness ranging from 11.80 to 29.10 mm. The dry nuts have length, width and thickness of 46.61 to 69.01, 30.35 to 46.15, 14.03 to 44.53 mm respectively. On the other hand, the dry kernels have length, width and thickness ranging between 40.30 t0 55.10, 18.70 to 33.20, 10.60 to 24.20 mm. Angle of repose for both nuts and kernels in both states were between 27 and 330. Swelling capacity moved from 1.57 in fresh nuts to 4.33 in dry nuts while fresh and dried kernels had values of 1.89 and 6.78 respectively.
Conclusion: The nuts and kernels of Moabi are significantly larger than most nuts available in literature. This will require grading before handling with already existing equipment and further design adjustments to accommodate all shapes of the Moabi for both nuts and kernels.
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1. INTRODUCTION 

“Baillonella toxisperma Pierre is an emblematic timber tree species from Central Africa, that is found disseminated in the forest frequently exploited for its wood. Baillonella toxisperma Pierre belongs to a monospecific genus from the Sapotaceae family, and is traditionally called the “Moabi” or African pearwood” (Wego   et al., 2019). “It is a large lowland rain forest species that grows up to 60 m high and 5 m in diameter, therefore representing one of the largest tree species from the Guineo-Congolian rainforest” (Duminil   et al., 2016). “widely distributed throughout Cameroon, mostly in Douala, Yabassi, Southwest and Eastern regions” (Wego   et al., 2019; Fungo   et al., 2017). “The elongated leaves have many secondary veins and are grouped at the ends of the branches. It is a multipurpose species, highly appreciated for hardwood timber and important non timber forest products like edible fruits, cooking oil extracted from kernels and bark used for medicinal purposes” (Houessou et al.., 2019). “The Moabi fruit is a large, globose, smooth berry 5-8 cm grey-green, becoming greenish yellow when ripe. They are drupes sometimes containing several seeds in a pale yellowish pulp. Seeds could be described as ellipsoid, slightly laterally compressed, smooth shining in dorsal part, rough and  bullate in ventral part. The irregular shape of most biological materials complicates the analysis of their behaviour.The physical properties of Moabi nuts and kernels have unique characteristics which set them apart from other engineering materials. In order to appropriate the full economic potential of Moabi, there is the need to develop machines and equipment for carrying out the handling operations that will be efficient in terms of time and energy  consumption. The development of such machines and equipment requires knowledge of the physical and mechanical properties of the seeds. In recent years, several researchers have investigated the geometric, volumetric, colour, mechanical and frictional properties of nutmeg” (Yamagar and Borkar, 2018), cashew (Oluwaseun   et al., 2018; Aneke   et al., 2019) walnuts (Iordănescu et al, 2021), tea seeds (Altuntas and Yildiz, 2017),  groundnut (Ghosal and Jyoti, 2020), respectively. Unlike these other nuts, there is a paucity of technical information and data in the scientific literature with regards to the physical and engineering properties of Moabi. Therefore, designing post-harvest equipment without this information leads to inadequate application which could result in a reduction of work efficiency and increase product loss.
The objective of this study was, therefore to determine some physical and engineering properties of Moabi nuts with the use of similar methodologies addressed in the literature that can provide useful information to facilitate equipment design for processing and handling.

2. material and methods 
The determination of the physical and engineering properties of seeds are useful in the design of grading, conveying, processing and packaging systems. These physical properties were done following the methods below and all experiments done in triplicates.
Percentage Moisture content 
Moisture content was determined by drying 30g of the fresh nuts in a ventilated electric oven at 105oC for 24 hours (Maki, 2024). The dried nuts were cooled in a desiccator and reweighed. Moisture content was determined from equation 1.
	
	[1]



 Where; MC is moisture content, W0 is wet mass of sample and W1 is the dry weight of the sample  

Mass
The mass of 200 randomly selected samples were taken using an electronic balance with an accuracy of ± 0, 0001 g (Vasco-Leal   et al., 2018)

Length, Width and thickness
200 nuts and kernels were randomly selected and their length, breadth and thickness were measured using a vernier calliper (Kyeremateng   et al., 2018). The average measurements obtained were used in the calculation of geometric mean diameter (Dg; equation 2), arithmetic mean diameter (Da; equation 3), aspect ratio (equation 4), surface area (equation 5), volume (equation 7) and sphericity (equation 8) (Emesu   et al., 2023; Soyoye   et al., 2018; and Kuźniar   et al., 2016; Fayed et al., 2020).
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Where:L, W, T = length (mm), width (mm) and thickness (mm) respectively, Φ = sphericity, Sa= surface area, V=volume 

Bulk Density
Bulk density was determined using the method proposed by Kipoo   et al. (2018). The bulk density of Moabi seeds was calculated by placing the sample of seeds in a cylinder which has 7 cm of diameter and 10 cm of length. The samples placed in the cylinder were weighed using an electronic balance and the bulk density calculated from equation 9
	
	[9]


ρb= Bulk density, Wt = Weight of sample, L = Length of cylinder, and d = Diameter of cylinder.

True Density
This was determined using the water displacement method. 500 ml of distilled water was placed in a 1000 ml measuring cylinder and 100 g of the different samples was immersed in the liquid. The difference in volume was recorded and the true density calculated using equation 10 (Gojiya et al., 2020; Sonboier   et al., 2018).
	
	[10]


W; weight of sample, V; volume displaced 
Porosity
The porosity was determined from equation 11 using the bulk and true densities (Bashiru et al., 2023).
	
	[11]


Hydration capacity and hydration index
The weight of 10 seeds before and after overnight soaking was measured and the hydration capacity calculated using equation 12 as described by Kyeremateng   et al. (2018).
	
	[12]


The hydration index was obtained from equation 13
	
	[13]


Where Wb = weight of seeds or kernels before soaking; Wa = weight of seeds or kernels after soaking; N = number of seeds or kernels, W1, weight of one seed.

Swelling capacity and swelling index
The volume of 10 seeds was determined before and after an overnight soaking in distilled water. The swelling capacity was determined using equation 14 as described by Latha and Uma (2020).
	
	[14]



Swelling index, Si which is the ratio of swelling capacity of seed or kernel to that of volume was determined from equation 15
	
	[15]



Where Vb = volume of seeds or kernels before soaking; Va = volume of seeds or kernels after soaking; N = number of seeds or kernels.

Angle of repose
The angle of repose gives indications of the nature of pile formed by the material. It is an angle formed with respect to the horizontal axis at which the material stands when piled (Nisha and Amarjeet, 2017). A measuring cylinder was filled with the samples and gently lifted, allowing the kernels to form a heap. The height of the cone was measured and the filling angle of repose (θ) was calculated using equation 16.
	
	[16]


θ= angle of repose, H= height of the cone, D= diameter of cone base

Coefficient of static friction
The static coefficient of friction for peanut kernels was determined with respect to three different surfaces such as glass, wood and aluminium sheet. Samples were filled in a rectangular box, open on both ends and placed on the surface. It was raised gradually until the filled box just started to slide down (Emurigho et al., 2020). The coefficient of friction (μ) was calculated by using equations 17.
	
	[17]


Where θ is the angle at which the product begins to slide

STATISTICAL ANALYSIS
 Statistical Package for Social Sciences  (SigmaPlot  version 12.5) was used to determine the minimum, maximum, mean and standard deviation.
.
3. results and discussion
PHYSICAL PROPERTIES
The results of the basic physical properties of  Baillonella toxisperma Pierre nuts and their kernels determined in this study are shown in Table 1. The mean moisture content  of the nuts were  42.09 and 8.94 % for the fresh and dried nuts respectively, while the mean value of the moisture content of the kernels  were 40.99 and 8.79  % for fresh and dried kernels respectively. Moisture content is the valid determinant of storability for any nut. High moisture content as recorded for fresh nuts and kernels can easily cause growth of mould on the nut. Therefore, this indicates that the nut may have a short storage life (Ali  et al. 2018). Oguntoyinbo   et al. (2021), Rharrabti and Sakar (2016), “have used different seeds (nuts and kernels) to show that there is a significant difference in some major physical and engineering properties of the studied material with a difference in moisture content”. “Moisture content of nuts, kernels and seeds of agricultural materials has been reported to have a significant influence on the adjustment and performance of handling and processing equipment such as cracking and shelling” (Kumar   et al., 2016). “This is because the properties of shape, size and seed surface area of these seeds vary due to water content” (Emesu   et al. 2020). Therefore, moisture content is very important in the determination of physical properties of food material.
The fresh Moabi nuts have a length ranging from 46.80 to 69.20 mm, width ranging from 30.40 to 46.20 mm, and thickness ranging from 15.10 to 44.60 mm. The fresh kernels have a length ranging from 34.30 to 56.30 mm, width ranging from 21.30 to 38.90 mm, and thickness ranging from 11.80 to 29.10 mm. The dry nuts have length, width and thickness of 46.61 to 69.01 mm, 30.35 to 46.15 mm and 14.03 to 44.53 mm respectively. On the other hand, the dry kernels have length, width and thickness ranging between 40.30 to 55.10 mm, 18.70 to 33.20 mm, 10.60 to 24.20 mm. There is a decrease in the dimensions of the nuts due to the loss of moisture content and shrinkage. Bup   et al., (2008), studied the physical properties of shea and reported mass of the fresh kernels, major, intermediate and minor diameters ranging from 10.2 ± 2.1 to 28 ±6.1g, 33.9 ± 3.2 to 45 ± 3.6mm, 22.64 ± 1.9 to 33.9 ± 4.9 mm and 18.8 ± 2.4 to 30.5 ± 3.1 mm respectively. The length, width, and thickness of almond nuts studied by Nizam and Sebahattin (2017), had mean values of 39.04 ±2.94, 23.56 ±1.88 and 15.60 ±1.15 mm respectively. The corresponding values for almond kernels were reported to be 28.25  ±1.92,14.28 ±1.17 and 6.87±0.53 mm, respectively. Overall, these nuts have shown to be larger than most nuts found in literature. The size and shape are important in the electrostatic separation of agricultural products from undesirable materials and in the development of sizing and grading machinery.  Shape is exploited singly or together with other characteristics to determine the free flowing or bridging tendencies of a seed mass in many separators used in seed cleaning.

	Table 1: Some physical properties of nuts and kernels

	N           
	Fresh Nuts
	Fresh kernels
	Dry kernels
	Dry Nuts

	Par
	Mean
	Max
	Min
	St. dev
	Mean
	Max
	Min
	St. dev
	Mean
	Max
	Min
	St. dev
	Mean
	Max
	Min
	St. dev

	Moisture content(%)
	42.09
	/
	/
	0.27
	40.99
	/
	/
	0.60
	8.79
	/
	/
	0.27
	8.94
	/
	/
	0.67

	Mass (g)
	26.63
	40.21
	12.06
	4.69
	13.61
	23.71
	5.98
	1.63
	6.91
	9.56
	5.03
	1.19
	12.82
	16.37
	6.53
	2.34

	Length (mm)
	58.28
	69.20
	46.80
	0.42
	46.99
	56.30
	34.30
	0.43
	46.29
	55.10
	40.30
	4.31
	53.48
	69.01
	46.61
	0.45

	Width(mm)
	40.91
	46.20
	30.40
	0.27
	27.52
	38.90
	21.30
	0.24
	23.43
	33.20
	18.70
	3.03
	40.85
	46.15
	27.60
	0.24

	Thickness(mm)
	32.03
	44.60
	15.10
	0.32
	17.22
	29.10
	11.80
	0.22
	18.55
	24.20
	10.60
	2.11
	31.96
	44.53
	14.03
	0.23



The average values of geometric and arithmetic mean diameter, aspect ratio, surface area, projected area, volume and sphericity of  nuts and  kernels are detailed on Table 2. The ability of any grains or fruits to either roll or slide depends on the aspect ratio and sphericity (Chukwu   et al., 2018). The average sphericity of the nuts was higher than those of the kernels. Sphericity values greater than 70 % indicate a fairly spherical product. Values >70 % were recorded in the nuts as 72.59 and 72.55 % for fresh and dry nuts respectively but was not the case with the kernels with the dry kernels having the lowest mean sphericity of 58.60 % which could be associated with shrinkage. Sphericity and aspect ratios are some indices used to measure and characterize the shape of agricultural materials (Emurigho   et al. 2020). “High sphericity and aspect ratio are an indication of the seeds tending to a spherical shape. These properties are useful in the design of dehulling equipment” (Chukwu   et al. 2018).
Seweh   et al. (2015), “studied some physical and engineering properties of shea nuts and reported mean sphericity above 72 %, an indication that shea nuts exhibit high sphericity in both nuts and kernels”. Sphericity closer to 100 % were reported for tiger nuts and shelled and kernel tea by Emurigho   et al. (2020) and (Altuntas and Yildiz. 2017) respectively. “The nuts in both states showed a higher surface area of 5634.58 and 5609.67 mm3 for fresh and dried samples respectively, which are about twice that recorded for their respective kernels. Increased surface area to volume ratio elevates heat and mass transfer rate of seeds or kernels facilitating drying, cooling and heating operations” (Niveditha   et al. 2013).
The mean volume moved from 40090.57 mm3 in fresh nuts to 22961.01 mm3 and from 11722.13 mm3 to 10561.06 mm3 in fresh and dry kernels respectively. This volume change or shrinkage is caused by reduction of water from the seeds and nuts during drying as a result of its inability to hold its structural arrangement when the space occupied by water is constantly emptied and air-filled and the collapse of its exterior skin structure. It’s therefore easier and more economical to design storage facilities for dry kernel samples given their smaller values of volume.

	Table 2: Some physical properties of nuts and kernels

	N           
	Fresh Nuts
	Fresh kernels
	Dry kernels
	Dry Nuts

	Par
	Mean
	Max
	Min
	St. dev
	Mean
	Max
	Min
	St. dev
	Mean
	Max
	Min
	St. dev
	Mean
	Max
	Min
	St. dev

	Sphericity (%)
	72.59
	79.14
	59.20
	3.22
	59.71
	69.18
	47.03
	3.62
	58.60
	66.40
	47.40
	0.43
	72.55
	79.24
	59.24
	2.14

	GMD (mm)
	42.22
	48.34
	27.71
	0.29
	27.10
	34.24
	20.74
	0.24
	27.04
	32.95
	23.62
	0.30
	42.13
	48.25
	27.61
	0.26

	AMD (mm)
	43.74
	50.20
	30.77
	0.30
	30.58
	35.73
	24.23
	0.25
	29.42
	35.20
	25.80
	0.21
	43.64
	50.10
	30.66
	0.27

	Surface area (mm3)
	5634.58
	7341.27
	2412.03
	6.55
	2479.35
	3682.96
	1351.50
	3.31
	2312.11
	3410.31
	1752.85
	3.94
	5609.67
	7313.28
	2630.71
	4.79

	Aspect Ratio
	0.70
	0.78
	0.62
	0.03
	0.59
	0.70
	0.39
	0.05
	0.51
	0.65
	0.38
	0.23
	0.70
	0.70
	0.62
	0.04

	Projected area (mm3)
	1881.07
	2402.85
	1117.55
	2.13
	1020.82
	1357.16
	599.28
	1.39
	854.73
	1332.62
	611.06
	0.24
	1872.69
	2393.38
	1111.18
	1.77

	Volume (mm3)
	40090.57
	59142.93
	11138.31
	5.92
	11722.13
	21015.53
	4671.62
	1.89
	10561.06
	18725.59
	6900.21
	3.96
	22961.01
	33425.71
	12686.89
	3.59




Gravimetric properties
Table 3 summarizes some of the gravimetric properties covered in this study. Swelling capacity moved from 1.57 in fresh nuts to 4.33 in dry nuts while fresh and dried kernels had values of 1.89 and 6.78 respectively. These values resulted in a swelling index of 0.02, 0.04, 0.22 and 0.19 in fresh nuts, fresh kernels, dry kernels and dry nuts respectively. The porosity, true and bulk density, hydration capacity and index are represented on Table 3. Both dry nuts and kernels had higher swelling and hydration capacity alongside their corresponding indices than the fresh samples. The true density of the fresh samples were higher than those of the dry samples The trends observed in this study followed those reported by Ghosal and Jyoti (2020), for other food material. This increase in true density indicates that there is a higher grain mass increase in comparison to its volume increase as its moisture content increases (Bart-Plange   et al., 2012). Seweh   et al. (2015), also recorded “higher values for true density of shea nuts (1.03g/cm3) which indicates that these could easily be separated from other products during wet cleaning. Bulk density on the other hand decreased in the dried samples”. Maleki   et al. (2013) reported “bulk densities for the nuts as higher than their corresponding kernels suggesting that this could be due to the shell, which is bulkier than the kernel such that it causes a reduction in the total mass per unit volume occupied by the nut”.

	Table 3:Gravimetric properties of Moabi nuts and kernels

	Parameters studied
	Fresh Nuts
	Fresh Kernels
	Dry Nuts
	Dry Kernels

	Swelling Capacity 
	1.56±0.19
	1.89±0.39
	4.33±0.67
	6.78±0.51

	Swelling Index
	0.02±0.005
	0.04±0.005
	0.19±0.07
	0.15±0.02

	Hydration Capacity 
	0.87±0.27
	0.87±0.27
	5.41±0.20
	4.93±0.56

	Hydration Index
	0.04±0..01
	0.05±0.01
	0.99±0.18
	0.31±0.07

	True Density (g/cm3)
	0.95±0.03
	0.90±0.003
	0.64±0.02
	0.70±0.01

	Bulk Density (g/cm3)
	0.52±0.01
	0.52±0.001
	0.40±0.02
	0.44±0.004

	Porosity (%)
	45.15±2.33
	42.72±0.35
	37.49±1.07
	37.72±1.07



Engineering properties
Angle of repose for both nuts and kernels in both states were between 27 and 330 as seen on Table 4.  The lowest value was recorded for dry nuts as 27.300 and the highest angle was 32.120 in fresh kernels. The coefficient of friction for dry nuts was found to be 0.540, 0.466, and 0.459 for wood, galvanized sheet and glass respectively, that of fresh nuts recorded coefficients of 0.675, 0.510, 0.474. The coefficients for both fresh and dry kernels were 0.772 (wood), 0.569 (sheet), 0.820 (glass) and 0.736 (wood), 0.650 (sheet), 0.727 (glass). The fresh and dry kernels had high coefficients of friction on both wood and glass while the nuts had relatively lower coefficients on all surfaces. 

	Table 4:Engineering properties of Moabi nuts and kernels

	Parameters studied
	Fresh Nuts
	Fresh Kernels
	Dry Nuts
	Dry Kernels

	
	
	
	
	

	Angle of Repose
	28.51±0.96
	32.12±0.79
	27.30±2.33
	31.40±1.78

	Coefficient of friction Wood
	0.68±0.02
	0.77±0.03
	0.54±0.03
	0.74±0.04

	Coefficient of friction Sheet
	0.51±0.02
	0.57±0.01
	0.47±0.02
	0.55±0.03

	Coefficient of friction Glass
	0.47±0.03
	0.82±0.02
	0.46±0.03
	0.73±0.03

	
	
	
	
	


The reason for the increased coefficient of friction is higher in the fresh samples may be due to the water present in the fresh  kernel offering a cohesive force on the surface of contact. While in the dry kernels after drying there is a rupture of some oil cells which leads to the presence of oil on the surface increasing the cohesive forces too. These effects were more on glass than the other two surfaces. The lowest values of coefficient of friction for nuts were recorded in glass. This could be due to the smoother and polished surface of the glass sheet compared to other surfaces used. Overall for both nuts and kernels the lowest values for coefficient of friction were obtained with the galvanized sheet. The dual surface nature of the Moabi too contributed to the results obtained for its coefficient of friction on the different surfaces studied. The filling of a flat storage facility when grain is not piled at a uniform bed depth but is peaked is deduced from angle of repose. This factor is also beneficial for designing equipment for mass flow, storage structure and determining the contour of a pile (Gojiya   et al., 2020). 


4. Conclusion

[bookmark: _GoBack]The physical and engineering properties of the nuts and kernels of Moabi were studied which provide essential data for equipment design for post-harvest handling. The nuts and kernels of Moabi are significantly larger than most nuts available in literature. This will require grading before handling with already existing equipment and further design adjustments to accommodate all shapes of the Moabi for both nuts and kernels. Their unique properties not only promote the design of efficient processing technologies but enhance design optimization of equipment to me more inclusive and adaptable.
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