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Abstract

As a result of lack of information about the thermal, physical and engineering properties of okra gown in Nigeria some
of these properties were studied in order to contribute to the database for properties related to grading, handling,
packaging, transportation, cleaning, processing, storage and other futuristic processing units. The study showed that
the thermal conductivity, specific heat capacity, latent heat and thermal diffusivity were 0.26 Wm-1K-1, 1.77 KJKg1K-1,
16.75 KJKg! and 0.06x10-7m2s-1 respectively. The mean values of length, width, thickness, arithmetic mean diameter,
geometric mean diameter, equivalent diameter, surface area, volume, sphericity and coefficient of contact surface of
okra seeds were 6.58 mm, 4.75 mm, 2.37 mm, 4.56 mm, 4.20 mm, 4.33 mm, 55.44 mm?, 38.80 mm3, 63.83% and 63.97%
respectively. While the aspect ratio, flakiness, 1000 seed mass, bulk density, true density and porosity were 72.19%,
49.89%, 47.43g, 0.61, 0.62, and 27.00% respectively. The study also revealed that the angle of ripose and coefficient of
static friction for stainless steel, glass, formica and plywood were 24.51°,0.30, 0.34, 0.37 and 0.40 respectively. Stainless
steel had the lowest coefficient of static friction and so will be most suitable among the materials tested for the
production of okra seeds processing machines.
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1. Introduction

Okra (Abelmoschus esculentus (L.) Moench) belongs to the family of Malvaceae. It originates from Ethiopia around Nile
River [1] but nowadays, it is widely cultivated in tropics, subtropics, and temperate regions for its immature seed pods
which are consumed as a vegetable [2]. The whole okra plant is edible and has various food, non-food and medical
applications but the seed is the nutritionally richest part of the okra [3]. Okra is an annual, warm season crop that
provides a rich source of industrial oil and protein [4]. Medicinal plants are the gift of nature to humans and animals to
have disease-free healthy life and Okra is among the traditional plants having rich nutritional value and proved to have
many therapeutic uses [5]. Okra is a new type of healthy vegetable and belongs to the homology of medicine and food
in traditional Chinese medicine [6]. According to these researchers, okra is rich in both nutrients and active ingredients
such as dietary fiber, vitamins, oils, polysaccharides and polyphenols, which makes it to have antioxidant, anti-
inflammatory, hypoglycemic, hypolipidemic and other functions.

Okra, which is currently grown mainly as a vegetable crop, has potential for cultivation as an essential oilseed crop due
to high amount of oil content (20%-40%) in the seed [7], which consists of linoleic acid a polyunsaturated fatty acid
essential for human nutrition of up to 47.4% [8]. The major fatty acids found in okra are about 42% linoleic, 34%
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palmitic, and 18% oleic [9]. The majority of protein and fat are concentrated in the nucleus of the seed, while the fiber
are found in the pulp and crusts [10]

Okra seed is an underexploited, underutilized, readily available and cheap crop. Agricultural crops have unique thermal,
physical and engineering properties which vary between seeds, nuts, grains and fruits. These properties are important
for the design of machines and equipment required for harvesting, packing, cleaning, grading, transportation, storage
and processing. Thermal, physical and engineering properties are useful in heat processing, cooling (either by means of
air or water), amount of energy needed for specified amount of food material etc. The chemical composition of food
materials affects its thermal properties such as specific heat capacity, thermal conductivity, latent heat as well as
thermal diffusivity. Several studies have been carried out on okra plant including the seeds: Chemical composition and
the antioxidative properties of Nigerian Okra Seed (Abelmoschus esculentus Moench) Flour [3]; Okra: A potential future
bioenergy crop in Iran [4]; Okra and its various applications in Drug Delivery, Food Technology , Health Care and
Pharmacological Aspects - A Review [5]; Okra seed and seedless pod: Comparative study of their phenolics and
carbohydrate fractions and their impact on bread-making [11]; Nutritive Composition and Physicochemical Properties
and Oil Contents of Okra (Abelmoschus esculentus L.) Seed in Middle Awash, Ethiopia. [1]; Abelmoschus esculentus(L.):
Bioactive Components’ Beneficial Properties—Focused on Antidiabetic Role—For Sustainable Health Applications [12];
Preparation, amino acid composition, and in Vitro antioxidant activity of okra seed meal protein hydrolysates [13];
Physicochemical, functional, pasting and sensory properties of wheat flour biscuit incorporated with Okra powder [14];
Okra in Food Field: Nutritional Value, Health Benefits and Effects of Processing Methods on Quality [6]; Extraction of
Iraqi Okra Seeds Oil and Study of its Properties During Different Periods [10]; Rheological and physic-chemical
characteristics of okra (Abelmoschus esculentus) seed protein-stabilized oil-in-water emulsion as affected by heat and/
or ionic treatment [15]; Nutritional composition and vitamin E of three Iraqi okra (Abelmoschus esculentus L.) seed oil
[10]. Thermal, physical and engineering properties of the okra seeds grown in Nigeria which are essential in handling,
processing, transportation, packaging, and storage are still lacking. The objective of this study therefore was to
determine thermal, physical and engineering properties of dried samples of okra (Abelmoschus esculentus (L.) Moench)
seeds produced in Nigeria.

2. Material and methods

2.1. Materials

Matured and dried okra seeds were purchased from a local dealer at Uchi market, Auchi, Edo State, Nigeria.

2.2. Methods

Proximate Composition: The proximate analyses of the seeds were conducted in accordance with the methods described
in AOAC [16].

2.3. Determination of thermal properties

2.3.1. Thermal conductivity

The thermal conductivity (K) of food materials is related to the composition of the material and was estimated using the
method described by Sweat [17] as

K=0.25mc + 0.155mp + 0.16mf + 0.135ma + 0.58mm.

Where, mc = mass of carbohydrate, mp = mass of protein, mf= mass of fat, ma = mass of ash and mm = mass of moisture
present in the food material.

2.3.2. Specific heat capacity

The specific heat capacity of the roots were estimated using the method of Miles et al.[18] as
Cp = mwcw + mscs (K] Kg-1K-1).

Where, cp = specific heat capacity, mw = mass fraction of water, cw = specific heat capacity of water (4.18 KJ Kg-1k-1),
ms = mass fraction of solids, and cs = specific heat capacity of solids (1.46 K] Kg-1K-1).
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2.3.3. Latent heat of fussion

The method of Lamb [19] was used to estimate the latent heat of fussion as
L =335 mw (K] Kg-1).
Where, mw = mass fraction of water.

2.3.4. Thermal diffusivity

The thermal diffusivity was estimated as described by Lewis [20] as
a=K/pCp
where o = thermal diffusivity, K = thermal conductivity, p = density, cp = specific heat capacity.

2.4. Determination of Physical Properties

2.4.1. Seed size

Twenty (100) seeds were selected at random and the size, in terms of the major diameter (L), intermediate diameter
(W) and minor diameter (T) of the seeds were measured using a vernier caliper (Kennedy Tools) reading to 0.01 mm.
Determination was replicated thirty times. The average diameter was estimated by using the arithmetic mean and
geometric means of the three axial dimensions. The arithmetic mean diameter, Da, equivalent diameter, De and
geometric mean diameter, Dg in mm of seeds were estimated using the methods of Galedar, et al, [21]; Mohsenin [22];
and Bahnasawy [23] respectively as

_ (L+W+T)

Da= D (1)

Dg = (LWT)1/3

De=[L @]1/3

Where Da is the arithmetic mean diameter (mm), Dg is the geometric mean diameter (mm), De is the equivalent
diameter (mm), L is the length (mm), W is the width (mm), and T is the thickness (mm).

2.4.2. Sphericity

The sphericity (Sp) defined as the ratio of the surface area of the sphere having the same volume as that of the seed to
the surface area of the seed, was estimated by the method of Mohsenin [24] as

_ (wT)1/3

Sp .

2.4.3. Surface area

The surface area (S) was estimated using the formula
S = T[Dgz
2.4.4. Coefficient of contact surface

The coefficient of contact surface (C.C.S) was calculated according to the method of Abd Alla et al. [25] as

Af—At
Af

C.CS.= X 100

Where;

Ag: Flat area surface = %(LW)
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Vs
Av: Transverse area surface = " wT)

2.4.5. Aspect ratio

The aspect ratio (Ra) was estimated using the method of Omobouwajo, et al. [26].
Ra = [%] 100
L
Where Ra = aspect ratio, W = width, L = Length

Flakiness ratio (Rf) was determined by the method of Ebrahimzadeh et al. [27] as:
T

(Rf) =~

Where T = Thicknes, W = width

2.4.6. 1000 seed mass

The mass of 1000 seeds were determined by using an electronic balance to an accuracy of 0.001 g. The measurement
was replicated 5 times for 1000 seeds selected at random [24].

2.4.7. Unit volume

The unit volume of 100 individual seed was estimated from the values of length (L), width (W) and thickness (T) using
the method of Mohsenin [22] as

V== (LWT)

2.5. Gravimetric properties

2.5.1. True density

The true density of the seed was determined by the toluene displacement technique. Toluene was used instead of water
because it is not easily absorbed by agricultural produce. The volume of toluene displaced was found by immersing a
weighed quantity of tiger nuts in toluene [28].

po= " 4

Where m is the mass of the seed in kg and v is the volume of the seed in m3

2.5.2. Bulk density

The average bulk density of the okra seeds was determined by packing weighed seeds into 250ml measuring cylinder
as described by Heidarbeigi et al. [29]. The packed seeds were gently tapped to allow them to settle. The volume of the
measuring cylinder occupied by the seeds was recorded. The bulk density was calculated in g/ml using the formula;

weight of materials packed

Bulk density (Pb) =

bulk volume

2.5.3. Porosity

Porosity (E) was computed as a percentage of the true and bulk densities using the equation below as described by
Varnamkhasti et al. [30] as

2.6. Engineering Properties

2.6.1. Angle of repose

The dynamic angle of repose (emptying angle) was determined using the method of Amin et al. [31] and Sessiz et al.
[32] as adopted by Idowu and Owolarafe [33]. A regular cylinder of dimensions 100mm diameter and 150mm height
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was used in the determination of the angle of repose. The cylinder was placed on the surface and filled with the sample
and then raised gentling until it forms a cone of seeds. This was replicated 10 times. The angle of repose was then
calculated using the equation below as

O =tan1(2H / D)
Where 6 = Angle of repose, H = Height of the pile, D = Diameter of the pile

2.6.2. Coefficient of static friction

The static coefficient of friction (1) was determined for each of the following structurally materials namely formica,
plywood, stainless steel, and glass according to the method by Orhevba et al. [34]. A four-sided Formica with dimensions
of 150m x 100mm x 40mm opened at both the top and bottom was filled with tiger nuts after placing it on an adjustable
tilting surface. The structural surface with the box on its top was gradually raised until the box just started to slide down.
The angle of inclination was read from a graduated scale and the coefficient of friction taken as the tangent of the angle.
The procedure was repeated for the other structural materials.

p=tanf

where L = coefficient of static friction for the structural material, 8 = angle of inclination
B =tan?

i.e. Vertical height of inclined plane/ base length of the platform

2.7. Statistical analysis

The data obtained were statistically analyzed using Analysis of Variance (ANOVA) with the use of Statistical Package for
Social Sciences (SPSS) version 23. The means were compared and separated using Duncan’s Multiple Range Test
(DMRT) and LSD at p<0.05.

3. Results and discussion

3.1. Proximate composition

The results of the proximate analysis of the dried and grind okra seeds and flour are presented in Table 1. The protein,
fat and ash contents obtained in this study for the dried seeds are lower than the value 28.21+1.55%, 22.62+1.48%,
5.21+1.09% reported by Caglayan et al. [35] respectively for dried and grind Turkish okra seed. The fiber content of
17.28+0.94% reported for Turkish okra seed was lower than the value obtained in this study. Abdel-Nabaey and Abou-
Tor [36] reported values of 10.16+0.08%, 24.32+0.45%, 15.20+0.18%, 4.00+0.11% and 25.55+0.21% for moisture,
protein, fat, ash, and fiber respectively for Egyptian okra seed flour. The differences in the reported values could be
attributed to different agronomic practices. Zerihun et al. [1] reported values which are similar to the ones obtained in
this study. They reported 21.27+0.02, 15.74+0.13, 4.70+0.10, 4.72+0.01 and 53.57+0.22% for protein, fat, ash, moisture
and carbohydrate respectively for dried and grind okra seed grown in Addis Ababa. The protein, fat, fiber and ash
reported by Georgia de Sousa et al. [37] for okra seed flour were 22.14+1.04, 14.01+0.50, 30.81+0.31 and 4.01+0.21%
respectively. These values are slightly lower than the reported values obtained in this experiment.

Table 1 Proximate composition of dried okra seeds g/ 100g

Parameter Dried seed Flour
Protein 18.07+0.172 | 18.39+0.162
Fat 14.00+1.002 | 13.11+0.602
Fiber 31.00+0.102 | 27.00+£1.00P
Ash 4.13+0.122 3.33+0.582
Moisture 5.00+0.002 5.00+0.102
Carbohydrate | 39.93+0.112 | 33.17+0.27b

Values with the same superscript along rows do not differ significantly at P < 0.05 +SD
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3.2. Thermal properties

The results of the thermal properties of okra seeds are presented in Table 2. The values obtained showed that there
were no significant difference between the seeds and the flour (P<0.05) for thermal conductivity, latent heat and
thermal diffusivity. But the results showed that significant difference exist between the seeds and four in terms of
specific heat capacity. The specific heat capacity for the seeds was found to be significantly higher than that of the flour.
The means that more energy will be needed to cook the seed than the flour.

Table 2 Thermal properties of dried okra seeds

Parameter Dried seeds Flour
Thermal conductivity Wm-1K-1 0.26+0.012 0.23+0.012
Specific heat capacity K] Kg1K-1 1.77+0.122 1.60+0.11b
Latent heat of fussion K] Kg! 16.75+0.152 | 16.75+0.012
Thermal diffusivity x10-7m2s-1 0.06+0.01" 0.22+0.012

Values with the same superscript along rows do not differ significantly at P < 0.05 +SD

3.3. Physical properties

The results of the physical properties for okra seeds are presented in Table 3. The value of major diameter obtained in
this study was found to be lower than 8.10 mm reported by Davis [38] for okra produced in Yenagoa, Nigeria but higher
than 5.50 mm reported by Badgujar et al. [39] for Punjab okra, 5.73mm reported by Vinod et al. [40] for Indian okra and
5.85mm reported by Darwish and Moussa [41] for okra cultivated in Egypt. The intermediate diameter was found to be
slightly lower than 4.83 mm reported by Vinod et al. [40] but higher than 2.70 mm reported by Davis [38], 4.60 mm
reported by Badgujar et al. [39] and 4.40 mm reported by Darwish and Moussa [41]. The minor diameter obtained in
this study is lower than 2.50 mm reported by Davis [38], 4.10 mm reported by Badgujar et al. [39], 4.49 mm reported
by Vinod et al. [40] and 4.01 mm reported by Darwish and Moussa [41]. Abdel-Nabey and Abou-Tor [36] reported 5.35
mm, 4.88 mm and 4.24 mm for major, intermediate and minor diameters for Egyptian okra seed flour. The arithmetic
mean diameter reported in this experiment was found to be similar to 4.40 mm and 4.75 mm obtained by Davis [38]
and Darwish and Moussa [41] respectively. The geometric mean diameter reported in this study is higher than 3.80 mm
obtained by Davis [38] but similar to 4.70 mm, 4.98 mm and 4.68 mm obtained by Badgujar et al. [39], Vinod et al. [40]
and Darwish and Moussa [41] respectively. The value for equivalent diameter reported in this research work was found
to be similar to the value 4.00 obtained by Davis [38]. The okra seeds used in this work are more spherical in shape than
those used by Davis [38] with 47.52% spericity but less spherical than those of Badgujar et al. [39], Vinod et al. [40] and
Darwish and Moussa [41] with values for sphericity of 85%, 87.90% and 80.43% respectively.

Table 3 Physical properties of dried okra seeds

Parameter Value
Major diameter (L) mm 6.58+0.15
Intermediate diameter (W) mm 4.75+0.16
Minor diameter (T) mm 2.37+0.15
Arithmetic Mean Diameter (Da) 4.56+0.12
Geometric Mean Diameter (Dg) 4.20+0.13
Equivalent Diameter (De) 4.33+0.13
Sphericity % 63.83+15.72
Surface area x 10*mm?2 55.44+0.36
Coefficient of contact surface 63.97+1.10
Aspect ratio % 72.19+14.39
Flakiness ratio 49.89+0.27
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1000 seed mass (g) 47.43+3.67
Unit volume (mm?3) 38.80+0.04

3.3.1. Values are means of ten determinations

The surface area of okra seeds reported in this study was 55.44 mm?2. This value is higher than 4.50 obtained by Davis
[38] but lower than 69.77 mm? obtained by Darwish and Moussa [41]. The coefficient of contact surface obtained in this
work was found to be far higher than the value 30.77 reported by Darwish and Moussa [41]. The value for aspect ratio
obtained in this study was far higher than the 32.92% reported by Davis [38]. This implies that the seeds used in this
experiment will roll while the seeds used by Davis [38] will slide rather than roll. This information is required for the
design of hoppers. The 1000 grain mean mass obtained in this work was lower than 93.54g reported by Davis [38],
55.16 reported by Vinod et al. [40] and 61.27g reported by Darwish and Moussa [41].

3.4. Gravimetric properties

The results of the gravimetric properties are presented in Table 4. The value for the bulk density obtained in this study
is slightly lower than the value 0.63+0.03kgm-3 reported by Darwish and Moussa [41] for okra seed grown in Cairo but
higher than the values 0.51 kgm-3 reported by Vinod et al. [40] for okra seeds grown in India, 0.59 kgm-reported by
Badgujar et al. [39] for okra seeds cultivated in Punjab and 0.46 kgm-3 reported by Davis [38] for okra seed grown in
Yenagoa, Nigeria. The true density obtained in the work is lower than 0.90 kgm-3 reported by Darwish and Moussa [41]
for Egyptian okra seeds, 1.07kgm-3 obtained by Vinod et al. [40] for okra seed grown in India and 0.74 kgm-3 reported
by Davis [38] for okra seed cultivated in Yenagoa, Nigeria. The differences observed in these values could be due to
varietal difference and agronomical practices. Density is also affected by moisture content of the seeds [39].

Table 4 Gravimetric properties of dried okra seeds

Parameter Value
True density (kgm-3) 0.62+0.01
Bulk density (kgm-3) 0.61+0.01
Porosity % 27.00£0.94

3.4.1. Values are means of ten determinations

The porosity of okra seeds obtained in this experiment was observed to be lower than 33.81% reported by Darwish and
Moussa (2020), 37.27% reported by Davis (2020), and 49.10% reported by Vinod et al. (2018).

3.5. Engineering properties

The engineering properties of dried okra seeds are presented in Table 5. The angle of ripose obtained in this study is
similar to 24.24° reported by Badgujar et al. [39] for Punjab okra seeds but lower than 28.93° obtained by Davis [38]
for okra seed cultivated in Yenagoa, Nigeria, 28.65° reported by Vinod et al. [40] for okra seed of India origin and 29.15°
reported by Darwish and Moussa [41] for Egyptian okra seeds.

Table 5 Engineering properties of dried okra seeds

Parameter Value

Angle of repose (°) | 24.51+1.15

Coefficient of static friction

Formica 0.37+0.03
Glass 0.34+0.03
Stainless steel 0.30+0.04
Plywood 0.40+0.07

Values are means of ten determinations
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The coefficient of static friction for stainless steel obtained in this experiment is similar to the values 0.33 reported by
Davis [38] for okra seed grown in Yenagoa, Nigeria and 0.27 reported by Darwish and Moussa [41] for Egyptian okra
seeds. Also the value for plywood obtained in this study is in agreement with the value 0.40 reported by Darwish and
Moussa [41] for Egyptian okra and 0.45 reported by Davis [38]. The value for plywood was found to be higher than all
other materials while stainless steel was lowest. This is because stainless steel has a smoother and polished surface
follow closely by glass, formica and lastly by plywood. Angle of ripose and coefficient of static friction are required in
designing equipment for solid flow and storage structures.

4. Conclusion

This study on okra seeds at 5.00% moisture content revealed the following conclusions

The thermal conductivity, specific heat capacity, latent heat of fusion, and thermal diffusivity were 0.26 Wm-1K-1,
1.77KJKg 1K1, 16.75 KJKg1 and 0.06x10-7m2s-1,

The mean length, width, and thickness were 6.58 mm, 4.75 mm and 2.37 mm. The sphericity, aspect ratio, and flakiness
were 63.83%, 72.19% and 49.89%.

The volume, bulk density, true density and porosity were 38.80 mm3, 0.61 Kgm-3, 0.62 Kgm-3 and 27.00%.

The angle of ripose and coefficient of static friction for stainless steel, glass, formica and plywood were 24.51¢, 0.30,
0.34,0.37 and 0.40.
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