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Abstract: Urbanization and soil degradation have placed significant pressure on agricultural sustainability
and food security, prompting the exploration of alternatives to soil. The potential of corncob as soilless
substrate, an innovative growing media for sustainable urban agriculture, has been preliminary established.
Hence, this study investigated the design-related properties of corncob necessary for developing crusher for
producing corncob substrate using standard methods. Corncobs from yellow and white corn varieties were
used for the study at five moisture levels (9.71, 11.01, 14.29, 17.58 and 21.87% w.b). The results indicate
that moisture content rise increased the major axes, angle of repose, surface area and static coefficient of
friction. Sphericity decreased for yellow corncob from 0.50 to 0.47 but increased for white corncob from
0.63 to 0.65. Solid and bulk densities decreased: yellow corncob from 0.365 to 0.290 g/cm?® and 0.325 to
0.225 g/cm3, respectively; white corncob from 0.395 to 0.340 g/cm? and 0.345 to 0.270 g/cm?, respectively.
Rupture strengths decreased from 1.12 to 0.80 N/mm? and 1.12 to 0.80 N/mm? for yellow and white corncobs,
respectively. Valorization of corncob will create new economic opportunities and give farmers more value
for their corn. Hence, this work is pivotal in achieving that with the empirical data provided for developing
a corncob crusher for soilless substrate production.

Keywords: corncob, soilless substrate, yellow and white corncob, axial dimensions, compressive and
rupture strength, corncob crusher

1. Introduction

orn (Zea mays) led the world grain production in 2024 with 1253.73 million metric tons [1]. Apart from
C the rich nutritious contents of corn, the variety of delicacies it provides endeared it to many households.
Corn can be processed into various types of products such as cornmeal, grits, starch, flour, tortillas, snacks,
and breakfast cereals [2]. It is a staple food in many parts of the world. Corn seeds are crushed to produce
animal feeds and biofuel, while the stalks are used as fodder for feeding livestock. USA and China dominate
industrial consumption of corn, and this is because of increasing demand for animal feed and alternative
energy using plant feedstock [3]. It is also a valuable raw material for manufacturing industries [4]. Corn is

one the most important cereal crops produced and consumed in Nigeria [5]. Nigeria produces over 12 million
metric tonnes of corn annually [6,7]. A ton of shelled corn generates approximately 180 kg of cobs [8]. Nigeria
produces about 2.16 metric tonnes of corncob annually. This bioresource is unutilized and wasted in Nigeria,
except in rural communities where farmers use dried corncobs as heat source for cooking food and roasting
meat. Corncob is an agricultural waste product from corn [9]. Heat, electricity, gas and liquid fuels, and a wide
range of chemical compounds like furfural, xylitol, and activated carbon can all be produced from corncobs
[10].
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Soil, the most available growth medium for plants, is facing many serious challenges in Nigeria. Some
of these challenges include urbanization, dessert encroachment, over-utilization, oil pollution, degradation,
erosion and poor soil remediation [11-13]. In view of this, alternative agricultural waste that can replace soil
should be explored. Corncob is one of the available agricultural wastes that can be used as soilless substrate for
growing crops. It will provide anchorage, nutrients, air, water, etc. for successful plant growth. On the other
hand, engineering properties of agricultural products are those properties that guide engineers in designing
agricultural equipment like crushing machines. Crushers are categorized as impact or compressive based on
the type of applied force [14]. To design any of these crushers for corncob, determination of the engineering
properties of corncob is a prerequisite. Researchers have described these properties as valuable data to
engineers, food scientists and processors towards design of efficient machines, processes and equipment in
agriculture [15,16]. The importance of these properties has led researchers to determine them for various
crop materials [17-26]. Evaluating these properties as a function of moisture content and variety is very
important [22,23,27-30]. The effect of varieties and moisture content on mechanical properties of corn, and
the properties of maize kernel and pedicel have been studied [31,32]. Apart from the work of Zou et al. [33]
on the microstructure effects on the mechanical properties of corncob, there is no literature on the effects of
variety or moisture content on the engineering properties of corncob till date.

Considering the potential of corncob as substrate for growing crops, there is a need to study the
engineering properties to generate empirical data that will be used to design a crusher for corncob. Therefore,
the aim of this work is to determine the properties of two varieties of corncob as influenced by moisture for
the development of an efficient corncob crusher.

2. Materials and methods

2.1. Sourcing of sample

Two varieties of sweet corn (white and yellow) used in this research were procured at Ndoro Market in
Ikwuano, Abia State, Nigeria. The corn kernels were manually shelled from the cobs. The cobs were carefully
separated and kept in labeled containers to avoid mixing them up.

2.2. Sample preparation

The moisture content and sample conditioning were done using the method described by Arjun et al. [34].
This method involved drying samples at 105 £ 1°C for 24 h using an air-ventilated oven (Memmert ULE 500,
Germany), and then adding calculated amount of water to vary samples moisture content.

a- Major b- Intermediate c- Minor

Figure 1. Corncob principal axes

2.3. Axial dimension measurement

The three principal axes (Figure 1), major axis (a), intermediate axis (b) and minor axis (c) at each moisture
level were measured using a vernier caliper (Mitutoyo, Japan) with an accuracy of 0.01 mm. The arithmetic
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mean diameter D, and geometric mean diameter Dy, sphericity, and surface area, and volume were calculated
by using Eqgs. (1) to (4) of Table 1.

Table 1. Equations for computing corncob properties

Property Symbol Equation Equation no. | Reference
Arithmetic mean diameter, mm D, D, = %ﬂ 1 [16]
Geometric mean diameter, mm D, Dy = (abc)'® 2 [16]

Sphericity %) @ :M 3 [35]
Surface area, cm? S S= 7TD§ 4 [36]
Volume, cm? 7 V, = M 5 [37]
Solid density, gcm_3 0s 0s = % 6 [38]
Bulk density, gcm 3 Op op = %b 7 [39]

2.4. Determination of gravimetric properties

2.4.1. Solid density

The solid density is the mass of individual material divided by the volume of the material. The solid
density of the corncobs was determined by taking the ratio of the mass and the volume sample. A digital
weighing balance (Model SF-400, ASTRECA, Surat, India) with an accuracy 0.01g was used to weigh the
samples. The volume and solid density of the corncobs were computed using Egs. (5) and (6) of Table 1.

2.4.2. Bulk density

The bulk density shows the maximum weight of a material that may be contained in an area. A container
of known weight and volume was filled with corncob from a height and tapped gently and repeatedly for the
samples to settle and weighed with an electronic weighing balance. Equation 7 was used to compute the bulk
density of corncobs for each variety and at the corresponding moisture level.

2.4.3. Angle of repose of corncob

The schematic drawing of the apparatus used for determining the angle of repose of the corncobs is shown
in Figure 2. Corncobs were placed on the surface of the angle of repose device. The device was raised slowly
until the frictional force between the corncobs and the surface on which samples were kept was overcome by
the force of gravity, and downward movement started. The angle at which the corncob starts to slide down
was read from a graduated protractor attached to the device to obtain the angle of repose of the corncobs [40].

Sample Box
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Figure 2. Schematic of apparatus for determining angle of repose

2.5. Determination of strength properties

The maximum stress or force that a corncob can withstand before it breaks was also determined using
UTM Universal Testing Machine (UTM) (Testometric M350-10AT, United Kingdom). The parameters used
are the maximum load during a compression test and the original cross-sectional area of corncob samples. A
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corncob sample is placed between the UTM jaws, and a gradually increasing force is applied until the sample
fractures. The UTM records the force — deformation data which is used to calculate the corncob rupture fracture
strength.

2.6. Data analysis

Microsoft Excel software Version 2024 was used for data analyses and the relationships the corncob
properties had with the varieties and moisture content were evaluated at P < 0.05 levels.

3. Results and discussion

The effect of moisture content on all physical and mechanical properties of corncobs from white and
yellow corn varieties was significant at 5 % probability level.

3.1. Axial dimension analysis

The results of the axial dimensions are shown in Table 2. The values in Table 2 are mean =+ standard
deviation of duplicate measurements for corncobs and means with different superscripts in the same column
are significantly different (p<0.05).

Table 2. Axial dimensions of corncobs from white and yellow corn at different moisture levels

Variety MC (%) a (mm) b (mm) ¢ (mm) D¢(mm) D,(mm) )
9.71 98.37°+£0.01 | 26.89/+0.01 | 20.73/+0.01 | 37.96"+0.04 | 48.64°+0.04 | 0.50°+0.01
11.01 | 119.619+0.27 | 28.52/1+0.01 | 22.15°+0.01 | 42.28°4+0.02 | 56.767+0.09 | 0.46°+0.01
Yellow Corncob | 1429 | 120.91°+0.13 | 30.46"+0.03 | 22.97"+0.04 | 43.9097+0.03 | 58.10°+0.03 | 0.477+0.01
1758 | 131.5974+0.02 | 32.085+0.03 | 24.438+£0.04 | 46.897+0.04 | 62.70°4+0.03 | 0.47°+0.01
21.87 | 133.2779+0.02 | 33.77°+£0.01 | 24.83/4+0.25 | 48.17°+0.16 | 63.95°+0.07 | 0.477+0.01
9.71 62.23/+0.04 | 33.63/+£0.01 | 26.39°+0.01 | 38.06"+0.04 | 40.71/+0.06 | 0.63°+0.03
11.01 62.71'4£0.10 | 34.287+0.02 | 28.677+0.04 | 39.508+0.01 | 41.88'+0.03 | 0.657+0.03
White Corncob | 14.29 65.10"+£0.18 | 35.22°+0.01 | 30.23°+0.04 | 41.07/+0.06 | 43.51"+0.07 | 0.65°+0.03
1758 | 66.818+£0.01 | 36.4674+0.02 | 31.20°+0.03 | 42.36°+0.02 | 44.828+0.01 | 0.65°+0.03
21.87 | 70.09/4+0.01 | 38.75°+0.02 | 31.93740.05 | 44.26°+0.04 | 46.92/+0.03 | 0.65°+£0.03

It is observed that moisture content varies with the axial dimensions of corncob of both varieties (Figure
3). The major axis of the yellow variety corncob is in the range of 98.37 to 133.27 mm and increased as moisture
content rise from 9.71 to 21.87 % (Table 2).

i s #a, yellow Ma, white

b, vellow b, white

Axial dimensions (mm)
3
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Figure 3. Effect of moisture content on the corncob axes dimensions

The major axis of yellow corncob is higher than that of white corncob, and both varieties of major axes
increased linearly with moisture increase. The intermediate and minor axes of yellow variety are in the range
of 26.89 — 33.77 mm and 20.73 — 24.83 mm, respectively. These values are lesser than those of white variety
that ranged from 33.63 — 38.75 mm and 26. 39 — 31.93 mm, respectively. The intermediate and minor axes are
affected by moisture as their values increased with moisture content rise (Table 1). The relationships between
moisture content and the axial dimensions are plotted in Figure 3.
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The geometric and arithmetic mean diameters of both corncob varieties increased proportionally with
moisture content (Figure 4). Similar results were obtained for Indian browntop millet (Brachiaria ramosa)
dimesions [30] and psyllium seeds axial dimensions [20]. The geometric and arithmetic mean diameter of
corncob ranged from 37.96 to 48.17 mm and 48.64 to 63.95 mm for yellow corn and from 38.06 to 44.26 mm
and 40.71 to 46.92 mm for white corn in the moisture content range of 9.71% to 21.87% w.b. (P < 0.05) (Table
2). Axial dimensions are necessary to estimate the roller diameter, length and clearance [41]. To design an
efficient crusher that will allow no material to pass through uncrushed, the distance between the rolls must
be designed in relation to the material’s size and shape. The size of particle that is nipped in-between the roll
without slippage depends on friction, distance between rolls and roll size [42]. All of these are computed using
the size and friction of material to be crushed in designing a crusher. The sphericity of yellow corncob variety
decreased from 0.50 — 0.47 while that of white variety increases from 0.63 to 0.65 as moisture increased (Table
2). Zewdu & Solomon [43] found the sphericity of tef seed to decrease from 0-70 to 0-63 with an increase in
the moisture content from 5-6% to 21-43%. On the other hand, the increase in moisture content increased the
sphericity of rapeseed [44]. The variation in sphericity of corncob varieties in relation to moisture content is one
of the reasons why it is important to study each variety to understand the behaviour for efficient postharvest
handling. The sphericity values that are not close to 1.0 means that corncobs will not rotate easily about any of
the given axis. The effect of moisture content on corncob sphericity is shown in Figure 5.

& Tl #GMD Yellow

nean diameters
\

55 e BGMD White

A AMD Yellow

AMD White

Arithmetic & geor
&=
E

Moisture content (% w.b)

Figure 4. Effect of moisture content on the geometric and arithmetic mean diameters of corncob
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Figure 5. Effect of moisture content on corncob sphericity

The surface area of corncob showed a significant increase with a moisture increase (Figure 6). The surface
area of corncob ranged from 4532 to 7304.04 mm? and from 4551.94 to 6168.63 mm? for yellow corn and white
corn, respectively.

3.2. Gravimetric properties analysis

The solid density of corncobs from yellow corn at different moisture contents varied from 0.365 to 0.290
g/cm3 (P < 0.05); and from 0.395 to 0.340 g/cm? (P < 0.05) for corncob from white corn (Figure 7). The effect
of moisture content on solid density of the corncobs showed a decrease with increasing moisture content. In
the same vein, corncob bulk density decreased with moisture increase. The bulk density of corncobs from
yellow corn at different moisture contents varied from 0.325 to 0.225 g/cm? (P < 0.05); and from 0.345 to 0.270
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g/cm? (P < 0.05) for corncob from white corn (Figure 8). Reduction in moisture content reduces the bulk
densities of the two corncob varieties. Similar trends were observed for gram [45], wheat [46], castor [47],
Brachystegia Eurycoma [48], fluted pumpkin [49], and solid biomass [50]. The bulk density decreasing as the
moisture content rises indicates that the mass gain from the sample’s moisture gain is less than the volumetric
expansion of the bulk that occurs concurrently [47].
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Figure 6. Effect of moisture content on the surface area of corncob
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Figure 7. Effect of moisture content on the solid density of corncob

0.40
# Bulk density yellow

0.35 -
= WBulk density white
-]
5030
=
£<
]
< 02
¥ 5
p 0.25
R

0.20

0.15 v T T

8 12 16 20 24

Moisture content (% w.b)

Figure 8. Effect of moisture content on the bulk density of corncob
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In contrast, researchers have reported an increase in bulk density with moisture content [51]. The
experimental result for corncob angle of repose with respect to moisture content is shown in Figure 9. The
values of the angle of repose () for the two corncobs varieties were affected by moisture content. Angel of
repose of yellow variety corncob was found to increase from 12.50° to 31.00° (P < 0.05) and that of white
variety corncob increased from 17.50° to 28.00° (P < 0.05) in the moisture range of 9.71% to 21.87% w.b.
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Figure 9. Effect of moisture content on the angle of repose of corncob

Mirzabe et al. [52] obtained similar results for arugula seed when they investigated the engineering
properties of the arugula seed needed for bulk handling and mechanical processing as a function of moisture
content. The angle of repose is important for the design of containers and storage structures [53].

3.3. Static Coefficient of Friction Analysis

The result of static coefficients of friction of corncobs on three material surfaces (plywood, metal and
glass) in relation to moisture content in the range of 9.71% to 21.87% w.b. is presented in Figure 10.
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Figure 10. Effect of moisture content on the static coefficient of friction of corncob

It was observed that the static coefficient of friction increased linearly with an increase in moisture content
for all the three materials tested. The yellow corncob coefficient of friction increased from 0.22 - 0.60, 0.21 - 0.40
and 0.14 - 0.30 for plywood, metal and glass materials, respectively with rise in moisture content from 9.71 -
21.87% w.b. In the same vein, the coefficient of friction of white corncob variety increased from 0.32 - 0.53, 0.20 -
0.48 and 0.18 - 0.48 for plywood, metal and glass, respectively, in the moisture range of 9.71 - 21.87% w.b. Atall
moisture content levels, the maximum friction was offered by plywood, followed by metal and glass surface.
Glass materials gave the least static coefficient of friction in all the materials studied and could be attributed to
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the smooth and more polished surface of glass surface compared to the other materials used. Chowdhury et al.
[45] obtained similar result when they evaluated the coefficient of friction of gram using plywood, galvanized
steel, celluloid sheet, and glass sheet. Their result showed that glass sheet had the lowest coefficient of static
friction and plywood the highest for gram just like the result presented here for corncob coefficient of friction.
The static coefficient of friction is important in selecting appropriate materials for different types of machinery,
especially components requiring flow.

Coefficient of friction also finds application in the design of loading and unloading equipment, such as
hoppers, and for storage systems, such as silos. The relationships between moisture content (M.) and the static
coefficient of friction (y) for plywood, metal, and glass surfaces for both corncob varieties are linear (Table 3).

Table 3. Equations showing corncob engineering properties relationship with moisture content

Property Regression equation with coefficient of determination for each property

Yellow corn White corn
Arithmetic mean diameter | D, = 1.094M, + 41.73 (R2 = 0.801) D,=0.490M, + 36.26 (R?2 = 0.991)
Geometric mean diameter D¢ =0.762M, + 32.48 (R* = 0.878) D¢ = 0.482M, + 33.85 (R* = 0.979)
Sphericity @ = 0.0004M_ 2 - 0.0133 M, + 0.5892 (R2 = 0.959) | @ =-0.0003M, Z + 0.0106 M, + 0.5546 (R? = 0.959)
Surface area (mm?) S =209.83M, + 2958.3 (R? = 0.9016) S =125.39M, + 3443.4 (R? = 0.9849)
Solid density (g/cm®) 0s =-0.0059M, + 0.4129 (R? = 0.9257) Ps =-0.0043M, + 0.4343 (R2 = 0.9895)
Bulk density (g/cm?) 0p =-0.0072M, + 0.3726 (R? = 0.8334) P, =-0.0064M, + 0.4037 (R2 = 0.9765)
Angle of repose (°) o« =1.4691M, + 1.3225 (R? = 0.8783) o = 0.8508M, + 9.5296 (R? = 0.997)
CoF on Plywood pw = 0.030M, - 0.021 (R? = 0.893) Ppw = 0.018M, + 0.129 (R? = 0.984)
CoF on Metal Um = 0.014M, + 0.066 (R? = 0.981) Hm = 0.022M, - 0.003 (R? = 0.977)
CoF on Glass pe = 0.011M, + 0.049 (R? = 0.897) pe = 0.017M, + 0.051 (R? = 0.893)
Rupture strength (N/ mm?) | 7, =-0.0465M, + 2.1463 (R? = 0.9051) vr =-0.024M, + 1.3039 (R2 = 0.9223)
M. = moisture content (%), CoF = Coefficient of friction

3.4. Strength properties analysis

The result of corncob rupture strength at different moisture contents is presented in Figure 11.
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Figure 11. Effect of moisture content on the rupture strength of corncob

The rupture strength values of corncob from yellow corn were found to decrease from 1.80 N/mm? to
1.19 N/mm? and white corncob decreased from 1.12 N/mm? to 0.80 N/mm?. It is observed that the rupture
strength decreased as the moisture content increased from 9.71% to 21.87% w.b. The cellulose in corncob
cell walls provides structure and strength, and Isa et al. [54] reported that corncob is composed of 44.9%
cellulose. Moisture content affects cellulose materials because of their hydrophilic nature [55]. It has been
reported that the toughness of cellulose materials decreased with rise in moisture content making it susceptible
to fracture by an applied force [56]. This knowledge is vital in designing an energy efficient corncob crusher.
The relationship between moisture content (M.) and rupture strength (y,) of corncobs can be expressed using
the following equations (Table 3). With these relationships established, the values of engineering properties
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of corncobs of yellow and white corn varieties can easily be mathematically computed once their moisture
content is known. Gaining a better understanding of the moisture absorption processes and how moisture
affects the properties of these cellulose materials, and their composites is crucial for improving control over
these novel biomaterials [57]. The knowledge of these properties is required to design efficient agricultural
materials processing equipment and machines [58,59].

4. Conclusions

Soilless substrates enable food production in environments where traditional soil-based agriculture may
not be feasible—like urban areas, deserts, or regions with degraded soils. This ensures food security and
hunger reduction. In this study, the engineering properties of corncob, a cellulose and hydrophilic material,
were investigated as a function of variety and moisture level. The varieties studied were from yellow and
white sweet corn in the moisture range of 9.71 to 25.87%, wet basis. These properties were evaluated to obtain
empirical data for designing a crushing machine for corncobs that will be used to produce soilless substrate
for urban agriculture. The data obtained showed that the major, intermediate and minor axes of both corncob
varieties ranged from 62.23 — 133.27 mm, 26.89 — 38.75 mm and 20.73 — 31.93 mm, respectively.

The major axis of the yellow corncob is bigger than the white corncob, whereas the intermediate and
minor axis are smaller than the white corncob. All the properties investigated increased with moisture increase
except the sphericity of yellow corncob, and the bulk density, rupture strength of both corncob varieties. The
regression equations developed for each of the properties will be useful in calculating the properties given
any moisture content value. All the empirical data determined will guide in developing an efficient crusher
that will be used in producing corncob substrate. Lastly, this work promotes responsible consumption and
production and facilitates efficient agricultural waste management systems that encourage a circular economy
where waste becomes a resource.
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