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ABSTRACT

The availability of draft and power requirements data of tillage implements is an important
factor in tractor selection and matching of tillage implement. Previous studies had attributed
the lack of relevant data to frequent breakdown of tractors and implements on Nigerian farms.
The effects of tillage depths (10, 20 and 30 cm) and tractor forward speeds (3.6, 5.4, 7.2, 9.0
and 10.8 km/hr) on draft and power requirements for three selected tillage implements namely
3-bottom disc plough, spring tine cultivator and offset disc harrow operating in loamy soil
were investigated. At a tillage depth of 10 cm, draft and power requirements for 3- bottom
disc plough at 0.82 m/s; spring tine cultivator at 0.74 m/s and offset disc harrow at 0.79 m/s
implements’ speeds were 1.06 kN and 0.87 kW; 0.12 kN and 0.09 kW and 0.92 kN and 0.72
kW. The results showed that draft and power requirements increased with increases in tractor
speed at increasing levels of tillage depth. There were no optimum values of speed and depth
for which minimum draft and power occurred. The 3- bottom disc plough and spring tine
cultivator had the highest and lowest draft and power requirements, respectively in loamy soil.
Statistical analysis indicated that tractor speed and tillage depth and their interactions had
significant effect on draft and power requirement at probability of 5 % (P<0.05).

Keywords: Tillage, Power requirement, Soil parameters, Bulk density, Loamy soil, Nigeria.
1. INTRODUCTION

Mechanized tillage is a component of agricultural mechanization and agricultural
mechanization is the use of mechanical devices or systems to replace human muscle in all
forms and at any level of sophistication in agricultural production, processing and storage etc.,
in order to reduce human drudgery, improve timeliness and efficiency of various farm
operations, bring more land under cultivation, preserve the quality of agricultural produce,
provide better rural living condition and markedly advance the economic growth of the rural
sector ( Anazodo, 1982; Onwualu et al., 2006).

Studies continue to be conducted to measure draft and power requirements of tillage
implements under various soil conditions in the developed nations of the world in Asia,
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America and Europe. Mathematical models have been developed to predict draft of some
tillage tools. American Society of Agricultural Engineers (ASAE), (1990) provided
mathematical expressions of draft and power requirements for tillage tools in several soil
types. Kydd et al. (1984) developed draft equations for tillage implements and found out that
variations in climatic conditions, soil moisture, soil hardness and soil types made it difficult
to obtain repeatable draft data. Bowers (1985) developed a computer programme using tillage
data to calculate implement power requirements. He concluded that thorough reporting of soil
conditions, implement description and draft requirement was necessary to obtain useful
results. Boston and Rackham (1981) found no mathematical model that predicts draft of tillage
tools accurately.

Upadhyaya et al., (1984) reported that draft requirements of a tillage implement depend on
soil type and conditions, manner of tool’s movement and tool shape. It is a function of
implement width, operating depth and the operating speed at which it is pulled (Upadhyaya et
al., (2009). Harrigan and Rotz (1994) proposed a simple function for a range of soil conditions
to model tillage draft under general conditions, where draft per unit width or cross-sectional
area of the tilled zone is a function of soil type and the operating speed at which the implement
is pilled. It has been reported that the draft force of a tillage implement increases with
increasing bulk density (Mouazen and Ramon, 2002). This holds true because the soil strength
usually increase with increasing bulk density (Horn, 1993).

2. MATERIALS AND METHODS

2.1 Site for Field Experiment

Experiments were conducted at Use Offot, Uyo Local Government area of Akwa-lbom state,
Nigeria. The soil at the experiment site was loamy. Soil samples were collected during the
tillage experiments to determine the soil conditions under which the experiment was
conducted. The samples were weighed using a weighing balance and the weight of each
sample was recorded. Then the samples were placed in an Oven maintained at 110°C for 48
hrs. The dried soil samples were re-weighed and the weight was again recorded. The moisture
contents were calculated on a dry weight basis. (Okoko, 2017).

2.1.1 Tractor and Tillage Implements

A set of primary and secondary tillage implements comprising a 3 — bottom disc plough, and
Offset Disc Harrow and a spring tine cultivator were used in this study for evaluating draft
and power requirements over a wide range of implement travel speed and tillage depths. These
implements were representative of the standard primary and secondary tillage implements
most commonly used for seedbed preparation in Akwa — Ibom State and the study location.
They were owned by the Department of Agricultural Engineering, University of Uyo. Tractor
and implement specifications are given in Tables 2 and 3, respectively

2.1.2 Experimental Layout

The parameters investigated for draft and power requirements determination was speed and
tillage depth. An experimental plot of 100 m long by 20 m wide was used for each implement,
making 100 m by 40 m for a location. A plot of 30 m long by 10 m wide was used as a practice
area prior to the beginning of the experimental runs to enable the tractor and the implement to
reach the required depth. The implement travel speeds were changed using the hand throttle
after ploughing for 50 m and the tillage depths were fixed using the tractor depth controller.
Ploughing time, ploughing depth, implement type and width of implement cut of each
implement were measure and recorded in three replications. There were fifteen (15) i.e 3 x5

2
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runs for each of the three implements given a total of 45 runs i.e in the factorial of 3 x 3 x 5
and replicated three times for each implement resulting in one hundred and thirty five (135)
runs. The ploughing depths were measured using a steel measuring tape with the undisturbed

surface

as a reference (Okoko, 2017).

2.2 Determination of angle of internal friction (soil — soil) and Soil Cohesion

Soil cohesion and soil angles of internal friction (soil — soil) were determine using the direct
sheer test method as described by Mamman and Oni (2005) while coefficient of friction (soil

on soil) was determined using equation (1) as adopted by Grissor et al., (1994):

Where:

F
p=tang =~ )

M = coefficient of friction (soil on soil)

F = frictional force tangent to the surface, N

N = normal force (perpendicular to the surface), N
¢ = angle of internal friction, deg.

2.3 Determination of shear strength of soil

The strength of the soil in the studied location were determined using an equation given by

Gill and Vanden-Berg (1967):

Where:

S=c+ 6tand 2

S = shear strength of the soil, kPa

¢ = soil cohesion, kPa

& = normal stress, kPa

@ = angle of internal soil friction, deg.

2.4 Weight of soil determination

The weight of soil was calculated from the equation according to Srivastava et al., (2006):

W =pbd’ (L, + 2=2) 3)
Where:

W = weight of soil, N

p = bulk density of soil, kg/m3

b = width of implement, m

d = tillage depth, m

d* = d{[sin(8 + B)]/sinf}, m (4)
Lo = length of implement, m
L, = d{[cos(6 + B)]/sinB}, m (®)

Lo =d* tan 6, m
0 = rake angle, deg.

90— ®
B =" deg (6)
@ = angle of internal friction, degree



The proceedings 12" CIGR Section VI International Symposium 22 —25 October, 2018

2.5 Determination of draft requirements

Draft refers to the force required to pull an implement in the horizontal direction of travel
(Tajudeen et al., 2010). Machine selection and sizing require an estimate of draft requirements
of the implement. The lack of information about implement performance forces the farmer to
rely on past experience for selection of tractors and implements. With the escalation in the
size of equipment and speed of many new agricultural implements, the farmer’s previous
experience may be of little value in selecting new machines. Draft force of all the tillage
implements was determined using the equation as given by Srivastava et al., (2006):

w c( bd )+pbdv§siné‘/sin(6+8)

b= z T - Z(sinfB+ucosp) (7)
Where:
D = Draft of tillage implement, N
W = Weight of soil, N
C = Soil cohesion, kPa
W = coefficient of internal soil friction
= angle of the forward failure surface, deg
V, =speed of operation, m/s.
_ cos§—u'sind | cosf—usinf ®)

siné+u'cosé  sinf+ucosp
u' = coefficient of internal soil — metal friction

2.6 Determination of power requirement

Most farm tractors are rated power- wise according to the maximum observed power take off
(PTO) horse power. Draw bar horse power is the horse power actually available to be
transmitted by traction through the tractor draw bar to the implement and this is always less
than the PTO due to a combination of power losses through the transmission train, rolling
resistance and slippage losses of the tires when operating on a traction surface (John et al.,
2016). Power requirement for tractor - powered implements is computed according to
equation (9) as given by ASABE (2003).

DXS
Where:
P = power requirement, W
D = implement draft, N
S = implement travel speed, m/s

2.7 Data Analysis

Statistical analysis based on randomized complete block design (RCBD) with a factorial
treatment design of 3 x 3 x 5 to investigate the interactions between implement forward speed
and tillage depth was carried out in Excel Programme. Analysis of Variance (ANOVA) tests
were carried out to investigate the interactions between implement forward speed and tillage
depth to study their significant effect.
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3. RESULTS AND DISCUSSION
The result of the soil analysis test carried out at Use Offot (loamy soil) is presented in Table
1, while the specifications of the tractor and implements used are presented in Tables 2 and 3

respectively.

Table 1: Soil Analysis Test on Use Offot for the Tillage Implements

Values

Soil Parameter 3-Bottom Disc ~ Spring Tine  Off-set Disc

Plough Cultivator Harrow
Soil Composition % (%) (%)
Sand 41 41 41
Silt 35 35 35
Clay 24 24 24
Classification Loamy Loamy Loamy
Average Bulk density at depth of: (g/cmd) (g/cmd) (9/cmd)
0-30cm 1.32 1.32 1.32
Qg/strﬁ%?:M0|stu re content at (%) (%) (%)
0-30cm 13.9 16.2 15.0
(F;]Enetratlon resistance at depth (MPa) (MPa) (MPa)
10 cm 0.63 0.21 0.15
20 cm 0.94 0.28 0.22
30 cm 1.98 1.33 0.23
Soil cohesion at depth of: (kPa) (kPa) (kPa)
0-30cm 12.67 12.67 12.67
Shear stress at depth of: (kPa) (kPa) (kPa)
0-30cm 18.4 18.4 18.4
Soil strength at depth of: (kPa) (kPa) (kPa)
0-30cm 14.9 14.9 14.9
Soil adhesion at depth of: (kPa) (kPa) (kPa)
0-30cm 0.23 0.34 0.30
Weight of soil at depth of: (N) (N) (N)
10cm 1226.5 124.9 1123.3
20 cm 2821.4 297.5 2594.9
30 cm 4789.3 517.5 4417.0
Angle of internal soil-soil friction o o o
at depth of: ©) ©) )
0-30cm 344 34.4 344
Coefficient of internal soil-soil
friction at depth of :
0-30cm 0.68 0.68 0.68
Angle of soil/implement friction o o o
at depth of: ©) ©) )
10 cm 21.7 115 19.8

5



The proceedings 12" CIGR Section VI International Symposium 22 —25 October, 2018

20 cm

30cm

Coefficient of soil/implement
friction at depth of:

10 cm

20 cm

30 cm

23.6
25.3

0.40
0.44
0.47

13.7 21.3
15.8 23.2
0.20 0.36
0.24 0.39
0.28 0.43

Table 2: Specifications of tested Tractor

Specification

Swaraj Tractor (Model 978 FE)

Effective output (hp)
Type of Engine

Type of Fuel

Type of steering system
Type of injector pump
Fuel tank capacity (L)
Lifting capacity (kg)
Rated engine speed (rpm)
Type of cooling system
Country of manufacture
Front tyres (size)
Inflation pressure (kPa)
Rear tyres (size)

Inflation pressure (kPa)

72

4 — cylinder
Diesel

Power assisted
In — line injector
98

1250

2200

Water — cooled
China

6.0 - 16

360

14.9 - 28

180

Table 3: Specifications of Implements used during Field Test

S/No Item Disc Plough Tine Offset Disc
Cultivator Harrow
1 Type Mounted Mounted Mounted
2 Number of bottoms / discs/Share 3 14 18
blade
3 Type of disc blade Plane concave - Plane
concave
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4 Diameter of bottom/ disc (cm) 65.3 7 62
5 Spacing of discs/share Blade (cm) 68 10 22.5
6 Rake angle (deg.) 35 49 36

3.1 Influence of Speed on Draft at different levels of Depth

Figures 1-3 illustrates the effect of tractor forward speed on draft at different levels of tillage
depth for 3- bottom disc plough, spring tine cultivator and offset disc harrow operating on
loamy soil. From these figures, it was observed that draft increased with increase in forward
speed. For all levels of speed, draft increased with increase in tillage depth. For a 3 — bottom
disc plough, at a tillage depth of 10 cm, draft increased from 1061.4 to 1322.8 N at implement
speeds of 0.82 and 2.58 m/s, respectively. The draft obtained at an implement speed of 0.82
m/s increased from1061.4 to 4454.1 N while at speed of 2.58 m/s, draft increased from 1322.8
to 5305.1 N. For a tillage depth of 30 cm, draft increased from 4454.1 to 5305.1 N at
implement speeds of 0.82 and 2.58 m/s respectively. For a spring tine cultivator, at a tillage
depth 10 cm, draft increased from 116.5to 149.2 N at implement speeds of 0.74 and 2.60 m/s,
respectively. The draft obtained at implement speed of 0.74 m/s increased from 116.5 to 527.4
N while at speed of 2.60 m/s, draft increased from149.2 to 634.6 N. For a tillage depth of 30
cm, draft increased from 527.4 to 634.6 N at implement speeds of 0.74 and 2.60 m/s,
respectively. For an offset disc harrow, at a tillage depth of 10 cm, draft increased from 917.0
to 1141.5 N at implement speeds of 0.79 and 2.54 m/s respectively. The draft obtained at
implement speed of 0.79 m/s increased from 917.0 to 3857.3 N while at speed of 2.54 m/s,
draft increased from 1141.5 to 4585.2 N. For a tillage depth of 30 cm, draft increased from
3857.3 t0 4585.2 N at implement speeds of 0.79 and 2.54 m/s, respectively.

6000
>000 y =142.21x?- 0.0108x + 43 5,8.,5.////"‘”""”'
‘7777<R%*=*’I"”’
< 4000
3 = 2
S 3000 y =90.835x* + 20.3055x+ 2477.6
(<) R2o1
L
&
g 2000 y =43.729x% - 0.1683x + 1032.1
0
0 0.5 1 15 ) )s 5
Speed (m/s)
Depth=10cm Depth=20cm

Figure 1: Effect of Speed and Depth on Draft Force for 3-Bottom Disc Plough at Use
Offot (loamy soil).
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S ]
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e R2=1
)
(1Y
& 2000 y =43.729x2 - 0.1683x + 1032.1
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0
0 0.5 1 1.5 2 2.5 3
Speed (m/s)
Depth=10cm Depth=20cm ® Depth=30cm

Figure 2: Effect of Speed and Depth on Draft Force for Spring Tine Cultivator at
Use Offot (loamy soil).
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Figure 3: Effect of Speed and Depth on Draft Force for Offset Disc Harrow at Use
Offot (Loamy soil).

3.2 Influence of Speed on Power requirements at different levels of Depth

Figures 4 — 6 illustrates the effect of tractor forward speed on power requirement at different
levels of tillage depth for 3 — bottom disc plough, spring tine cultivator and offset disc harrow
on loamy soil. For a 3 — bottom disc plough, at a tillage depth of 10 cm, power requirement
increased from 870.3 to 3412.8 W at implement speeds of 0.82 and 2.58 m/s, respectively.
The power requirement obtained at an implement speed of 0.82 m/s increased from 870.3 to
3652.4 W while at speed of 2.58 m/s, power requirement increased from 3412.8 to 13687.2
W. For a tillage depth of 30 cm, power requirement increased from 3652.4 to 13687.2 W at
implement speeds of 0.82 and 2.58 m/s, respectively. For a spring tine cultivator, at a tillage
depth 10 cm, power requirement increased from 86.2 to 387.9 W at implement speeds of 0.74
and 2.60 m/s, respectively. The power requirement obtained at implement speed of 0.74 m/s
increased from 86.2 to 390.3 W while at speed of 2.60 m/s, power requirement increased from
387.9 to 1749.9 W. For a tillage depth of 30 cm, power requirement increased from 390.3 to
1649.9 W at implement speeds of 0.74 and 2.60 m/s, respectively. For an offset disc harrow,

8
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at a tillage depth of 10 cm, power requirement increased from 724.4 to 2899.4 W at implement
speeds of 0.79 and 2.54 m/s respectively. The power requirement obtained at implement speed
of 0.79 m/s increased from 724.4 to 3047.3 W while at speed of 2.54 m/s, power requirement
increased from 2899.4 to 11646.4 W. For a tillage depth of 30 cm, power requirement
increased from 3047.3 to 11646.4 W at implement speeds of 0.79 and 2.54 m/s, respectively.

16000
14000 °
12000 y = 725.55x% + 3217.9x + 537.12 4
s 10000 .
g 8000 y = 463.73x2 + 1749.1x + 343.02
£ 6000 R2=1 &
4000
y = 222.88x2 + 680.8x ¥ 165.73
2000 R? = 0.9999
0
0 0.5 1 15 2 2.5 3
Speed (m/s)
Depth=10cm Depth=20cm ® Depth=30cm

Figure 4: Effect of Speed and Depth on Power Requirement on a Disc Plough at Use
Offot (loamy soil)
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400 y ©26.036x% + 74:615x + 17.207
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0
0 0.5 1 1.5 2 2.5 3
Speed (m/s)
Depth=10cm Depth=20cm ® Depth=30cm

Figure 5: Effect of Speed and Depth on Power Requirement on a Spring Tine
Cultivator at Use Offot (loamy soil)
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Figure 6: Effect of Speed and Depth on Power Requirement on an Offset Disc
Harrow at Use Offot (loamy soil)

3.3 Analysis of Variance for Speed and depth on Draft requirements

The result of the analysis of variance (ANOVA) for the test of speed and tillage depth effect
on draft for 3- bottom disc plough, spring tine cultivator and offset disc harrow on loamy soil.
The result showed that forward speed and tillage depth affected the draft of the tillage
implements significantly at 5% level of probability (p<0.05). The interaction between the two
factors was also statistically significant at 5% level of probability (p<0.05).

3.4 Analysis of Variance for Speed and Depth on Power requirements

The result of the analysis of variance (ANOVA) for the test of speed and tillage depth on
power requirement for 3 — bottom disc plough, spring tine cultivator and offset disc harrow
on loamy soil. The result indicated that forward speed and tillage depth affected the power
requirement of the tillage implements significantly at 5% level of probability (P<0.05). The
interaction between the two factors was also statistically significant at 5% level of probability
(P<0.05).

4. CONCLUSION

Field experiments were conducted to examine the effects of implements travel speed depth on
the three tillage implements mostly used for seed bed preparation in Use Offot (loamy soil),
Uyo Local Government Area of Akwa-Ibom state, Nigeria. A significant increase in draft and
power requirements were noticed for all the three tillage implements with an increase in
implement travel speed and tillage depth. Analysis of variance (ANOVA) showed that the
implement travel speed and tillage depth have significant effect (P<0.05) on draft and power
requirement. In the same way, the interaction between implement travel speed and tillage
depth was significant at (P<0.05).
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ABSTRACT

Tigernut (Cyperus esculentus) is one among the underutilized crops in Nigeria despite its high
economic value. The compressive strength as influenced by moisture content at 8%, 16%,
24%, 32% and 40% (db) respectively was investigated. The tigernut samples were collected
directly from a farm in Minna, Niger State and cleaned to remove all foreign materials, initial
moisture content was determined using ASAE 1990 standard after which samples were
conditioned to the desired moisture levels following standard method. A Universal testing
machine was used for the compressive test. The Maximum compressive stress ranged from
1.76 to 2.87 MPa, Compressive strain at maximum compressive stress ranged from 0.231 to
0.344 mm/mm, Energy at maximum compressive stress ranged from 0.157 J to 0.222 J,
Compressive load at maximum compression stress ranged from 144 N to 234 N, Compressive
extension at maximum compression stress ranged from 2.18 mm to 2.87 mm. Compressive
stress at break ranged from 1.64 MPa to 2.22 MPa, Compressive load at break ranged from
134 N to 181 N. Compressive strain at break ranged from 0.27 to 0.387 mm/mm, Load at
maximum compressive stress ranged from 144 N to 234 N, Extension at maximum
compressive stress ranged from 2.18 mm to 2.87 mm, Compressive extension at break ranged
from 2.12 mm to 3.03 mm. Load at break ranged from 134 N to 181 N, extension at break
ranged from 2.27 mm to 2.81 mm, Energy at break ranged from 0.178 J to 0.245 J,
Compressive stress at yield ranged from 1.79 MPa to 3.33 MPa and compressive load at yield
ranged from 156 N to 271 N. ANOVA (at p<0.05) revealed a significant effect of moisture
content on the maximum compressive stress, compressive load at maximum compressive
stress, load at maximum compressive stress, extension at break, compressive stress at yield
and compressive load at yield. Correlation and regression analysis revealed a positive linear
relationship between all the measured parameters and moisture content with a stronger
correlation coefficient for compressive stress at yield and compressive load at yield. These
information is needed in the design and adjustment of machines used for harvesting, handling,
processing and storage of tigernut.

Keywords: Compressive Strength Test, Mechanical Properties, Moisture Content, Tigernut

1. INTRODUCTION
Tigernut (Cyperus esculentus) is a perennial grass-like plant that is cultivated between March

and December in Nigeria with spherical tubers of dimension 8 mm-16 mm as reported by
Osagie et al. (1986). It is a pale yellow cream kernel surrounded by a fibrous sheath that have
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been cultivated for over 400 years ago in both commercial and substantial quantity depending
on its demand. According to Obadina et al. (2008), tigernut was cultivated in the ancient
Mesopotamia between the rivers Tigris and Euphrates. Tigernut generally is called earth
almonds but different people from different countries have different names for tigernut.

In Nigeria, Tigernut is call (aya) by the Hausas, (akiawusa) by the Igbos and (ofio) by the
Yorubas. It is cultivated more in the middle belt and northern regions of Nigeria. Tigernut has
three varieties classified based on colour, which are Black, Brown and Yellow varieties
(Osagie and Eka, 1998). According to Okafor et al. (2003) and Ebringa (2007), the yellow
variety is considered the best among the three varieties because of its large size; the fact that
more milk can be extracted from it when processed, contains higher protein, has lower fat
content and less anti nutritional factors such as polyphenol.

Tigernuts are edible, sweet, nutty, flavoured tubers that contain protein, carbohydrate, sugars,
and lots of oil and fiber, and can be processed into many other edible products (Gambo and
Da’u 2014). According to Gambo and Da’u (2014), it is one among the best nutritional crops
used to augment the diet of humans and it produces high quality oil of about 25.5 % and
protein content of about 8 %. Tigernut can be roasted, dried, baked and made into milk
recommended for those who have heavy digestion, diarrhea and dysentery because of its high
content of digestive enzymes and no lactose or gluten content (Abaejoh et al. 2006). The
Egyptians and the Mediterranean uses tigernut as sources of food, medicine and perfumes
(Ndubuisi, 2009).

Tigernut has very high fiber content that makes it very healthy and does not lose its nutritional
contents during milling process as reported by Salau et al. (2012). Bamishaiye and
Bamishaiye (2011) reported that tigernut is an excellent source of minerals such as iron and
calcium that are essential for body growth and development. Tigernut can help to prevent
heart attacks, thrombosis and activate blood circulation and due to the high contents of soluble
glucose, it can help prevent cancer and reduce the risk of suffering colon cancer.

Mechanical properties are those properties that indicate the behavior of biomaterials under
applied forces or load. Mechanical damage to seeds and grains which occur during harvesting,
threshing and handling can seriously affect viability and germination power, growth vigor,
insect fungi attach and quality of final product (Mohsenin, 1990). Mechanical properties such
as compressive strength, impact and shear resistance are important and necessary engineering
data in studying size reduction of cereal grains as well as seed resistance to cracking under
harvesting and handling conditions. Jha et al. (2006) reported that in the design of a dehulling
machine, milling machines, mechanical properties such as rupture force, hardness and energy
used for rupturing fruits are useful information. As seen by the food engineer, one of the
problem of agricultural mechanization has been mechanical damage to the crop during
harvesting and handling; when it is dropped (impact), when it is piled up (quasi-static loading),
and when it is shaken or struck in transit (vibrational bruising). During tigernut harvesting,
for instance, the possibilities for injury to the tuber are numerous. Mechanical action can cause
skinning, external cracking, and puncturing. In handling and processing of agricultural
produce or biomaterials, mechanical damages are majorly due to external forces under static
and dynamic conditions. However, internal forces that cause mechanical damage include
variation in temperature and moisture content. Mechanical damage to agricultural produce
becomes more susceptible to infection and diseases Bamgboye and Adebayo (2012).
Information on the mechanical properties of agricultural products as a function of moisture
content is needed in the design and adjustment of machines, used during harvest, separation,
cleaning, handling and storage. It is also use in processing these agricultural materials into
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food. The properties useful for design must be determined at laboratory conditions (Girsoy
and Guzel, 2010). The physical and mechanical properties of nuts, kernels, seeds and fruits
such as soya, sunflower, pigeon pea, apricot kernels have been studied (Deshpande, 1993).
Oladele et al. (2007) studied some engineering properties of cassava tuber under five moisture
content levels of 70 %, 65 %, 60%, 55 %, and 50 % wet basis. The properties measured were
tensile strength, compressive strength and elasticity. The studies showed that tensile,
compressive and shear strength of cassava reduces as the moisture content of the tuber
decreases. The effect of different moisture content of 10, 15, 20 and 25% (wb) on some
mechanical properties of pigeon pea (Cajanus cajan) was investigated by Okey et al. (2014).
The properties; rupture force, compressive strength, maximum displacement, strain at
maximum load and the Young’s modulus, were significantly dependent (p<0.05) on the
moisture content.

Despite these numerous importance of tigernut as a multipurpose tuber, it has been one among
the neglected and underutilized crops in Nigeria as reported by Bamishaiye and Bamishaiye
(2011) because of inadequate knowledge on its production, utilization, nutritional and health
value, and non-availability of processing machines in Nigeria. Tigernut is locally processed
without minding its effect on its nutritional quality or value. Developing mechanized
processes for harvesting, size reduction, oil or milk extraction, handling and storage facilities
for tigernut cannot be successful without an accurate knowledge and availability of its
engineering properties such as physical, mechanical, thermal, optical, electrical properties
among others. Tigernut can be a raw material for industries in Nigeria if well utilized for the
production of milk, flour, oil, bread among many other products. Studies carried out are
majorly on physical properties of tigernut and little has been reported on its mechanical
properties. These properties are needed in the designing of machines for unit process
operations such as size reduction, sorting, cleaning, drying, storage and extraction of oil and
juice for modern processing of tigernut.

Therefore, this work is aimed at determining the mechanical properties of tigernut as
influenced by moisture content which is relevant in the design and handling of tigernut
processing machines.

2. MATERIALS AND METHODS

2.1  Sample Preparation
The tigernut was purchased from a farm located in Minna Local Government Area of Niger
State, Nigeria after harvest and were cleaned and sorted manually of all foreign matter (such
as dirt, stones, premature and broken seeds) and stored in a plastic container. The initial
moisture contents of the sample was determined to be 7.8%db using the ASAE standard
(ASAE, 1990) by oven drying the sample at 103°C for 48 hours at the multipurpose central
laboratory, University of Ibadan
2.2 Seed conditioning
The sample was divided into five equal weight and conditioned to the desired moisture
contents range of 8, 16, 24, 32 and 40 (% db) which captures the moisture content at harvest
and storage by weighing and adding a calculated amount of distilled water using the equation
1.

M¢—M;
Q=W |He ©)
Where; Q is the mass of water to be added in kg,

15



The proceedings 12" CIGR Section VI International Symposium 22 —25 October, 2018

W is the initial mass of the sample in kg, M; is the initial moisture content of the sample in
% d.b and M is the final moisture content in % d.b

The conditioned samples were stored in airtight bag and kept in a refrigerator at 5°C for 168
hours to ensure uniformity of distributed moisture throughout the samples. The moisture
content of the conditioned samples were verified after the seventh day before being used for
the tests.

2.3  Determination of Mechanical Properties

Quasi-static compression strength test was performed on the tigernut samples using an Instron
Universal Testing Machine (Model 3369) at the Centre for Energy Research and Development
(CERD), Obafemi Awolowo University, lle-Ife. The Instron Universal Testing Machine was
fitted with a compression cage, comprising two parallel plates made of hardened stainless
steel. A deformation rate of 1.0 mm/min was used as specified by ASAE (1990). The seeds
were loaded along the major axis on the static plate and the moveable plate was allowed to
touch the top of the sample without any pressure on it. The start button was pressed and the
resulting compression strength test of the sample was analyzed automatically by the UTM
software in both tabular and graphical form on the computer for usage. The experiment was
repeated five (5) times on each sample and analysis of variance (ANOVA) was performed
using SPSS (Version 20) where the level of significant difference was found among the
experimental data at 95% confident level, means separation was performed using Duncan
New Multiple’s range test (DNMRT) as well as correlation and regression analysis to check
the relationship of moisture content and the tested parameters.

3. RESULTS AND DISCUSSION

3.1.  Mechanical Properties
Results for compressive test at the different moisture contents are presented on figure 1-16
below
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The compressive test of tigernut as influenced by moisture content using the Universal testing
machine revealed that the maximum compressive stress ranged from 1.76 MPa to 2.87 MPa.
The compressive strain at maximum compressive stress ranged from 0.231 mm/mm to 0.344
mm/mm. The energy at maximum compressive stress ranged from 0.157 J to 0.222 J. The
compressive load at maximum compression stress ranged from 144 N to 234 N. The
compressive extension at maximum compression stress ranged from 2.18 mm to 2.87 mm.
The compressive stress at break ranged from 1.64 MPa to 2.22 MPa. The compressive load at
break ranged from 134 N to 181 N. The compressive strain at break ranged from 0.270
mm/mm to 0.387 mm/mm. The load at maximum compressive stress ranged from 144 N to
234 N. The extension at maximum compressive stress ranged from 2.18 mm to 2.87 mm. The
compressive extension at break ranged from 2.12 mm to 3.03 mm. The load at break ranged
from 134 N to 181 N. The extension at break ranged from 2.27 mm to 2.81 mm. The energy
at break ranged from 0.178 J to 0.245 J. The compressive stress at yield ranged from 1.79
MPa to 3.33 MPa while the compressive load at yield ranged from 156 N to 271 N. It was
observed that the compressive test parameters were all increasing as the moisture content
increases which was in line with the report by Oladele et al. (2007) and Tavakoli et al. (2009)
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in their study of cassava tuber and soybean grains respectively. Riswanti (2014) also reported
a similar observation in his study of Jatropha curcas seeds.

Analysis of variance performed on the compressive test results (table 1), revealed a significant
difference among the maximum compressive stress, compressive load at maximum
compressive stress, load at maximum compressive stress, extension at break, compressive
stress at yield and compressive load at yield at P<0.05. Regression and correlation Analyses
carried out on the compressive strength test revealed poor positive linear relationship between
moisture content with all the measured compressive parameters except for the compressive
stress at yield and compressive load at yield having a stronger positive relationship of R and
R? of 0.855 and 0.732 respectively. The compressive stress at yield (CSY) and compressive
load at yield (CLY) as a function of moisture content (M) can be expressed using the
regression equations 2 and 3 below.

CSY =1.422+0.356M (2)

CLY =122.166+28.545M  (3)

Table 1: ANOVA Result on Mechanical Properties of Yellow Tigernut at 95% Significant

Level

Mechanical Sum of Df Mean F Sig.
Properties Squares Square
Maximum Between 3.356 4 0.839 3.003  0.041*
compressive stress Groups
(MPa) Within Groups 6.147 22 0.279

Total 9.503 26
Compressive strain at  Between 0.050 4 0.013 2.167 0.106
maximum Groups
compressive stress Within Groups 0.127 22 0.006
(mm/mm) Total 0.178 26
Energy at maximum Between 0.014 4 0.003 1.373 0.275
compressive stress (J)  Groups

Within Groups 0.055 22 0.002

Total 0.069 26
Compressive load at Between 21346.717 4 5336.679 3.067  0.038*
maximum Groups
compressive stress (N)  Within Groups ~ 38281.386 22 1740.063

Total 59628.102 26
Compressive Between 1.624 4 0.406 1.017 0.420
extension at maximum  Groups
compressive stress Within Groups 8.785 22 0.399
(mm) Total 10.409 26
Compressive stress at ~ Between 1.014 4 0.253 1.419 0.261
break (MPa) Groups

Within Groups 3.930 22 0.179

Total 4.944 26
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Compressive load at Between 6810.808 4 1702.702 1.420 0.260
break (N) Groups

Within Groups ~ 26376.982 22 1198.954

Total 33187.790 26
Compressive strain Between 0.049 4 0.012 2.045 0.123
break (mm/mm) Groups

Within Groups 0.131 22 0.006

Total 0.179 26
Load at maximum Between 22765.187 4 5691.297 3.378  0.027*
compressive stress (N)  Groups

Within Groups ~ 37067.827 22 1684.901

Total 59833.014 26
Mechanical Sum of Df Mean F Sig.
Properties Squares Square
Extension at maximum Between 1.616 4 0.404 1.016 0.421
compressive stress Groups
(mm) Within Groups 8.743 22 0.397

Total 10.358 26
Compressive Between 2911 4 0.728 1.753 0.175
extension at break Groups
(mm) Within Groups 9.134 22 0.415

Total 12.045 26
Load at break (N) Between 6847.944 4 1711.986 1.441 0.254

Groups

Within Groups  26131.490 22 1187.795

Total 32979.434 26
Extension at break Between 1.076 4 0.269 4617  0.007*
(mm) Groups

Within Groups 1.282 22 0.058

Total 2.357 26
Energy at break (J) Between 0.013 4 0.003 0.927 0.466

Groups

Within Groups 0.074 22 0.003

Total 0.087 26
Compressive stressat ~ Between 6.795 4 1.699 17.156  0.000*
yield (MPa) Groups

Within Groups 2.178 22 0.099

Total 8.973 26
Compressive load at Between 42776.585 4 10694.146  15.744  0.000*
yield (N) Groups

Within Groups ~ 14943.274 22 679.240

Total 57719.858 26

* Represents significant difference at P< 0.05
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4. CONCLUSION

The effect of moisture contents on compressive strength of tigernut has been studied and
moisture content has significant influence at P<0.05 on the maximum compressive stress,
compressive load at maximum compressive stress, load at maximum compressive stress,
extension at break, compressive stress at yield and compressive load at yield. The
Compressive strain at maximum compressive stress, Energy at maximum compressive stress,
Compressive extension at maximum compressive stress, Compressive stress at break,
Compressive load at break, Compressive strain break, Extension at maximum compressive
stress, Compressive extension at break, Load at break, Energy at break were not significantly
influenced by moisture content at P<0.05 though there is a poor positive linear relationship
between them and moisture content with compressive stress at yield and compressive load at
yield having the strongest correlation coefficient.
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ABSTRACT

This study was carried out to investigate the physicochemical and thermal properties of natural
honey collected from different floral locations in Enugu North senatorial zone. The
physicochemical and thermal parameters like moisture content, pH, sucrose, glucose, fructose,
acidity, density, thermal conductivity, thermal heat diffusivity, specific heat capacity,
viscosity, ash content, colour and electrical conductivity were analyzed. The results obtained
show that the pH values of the samples ranged from 4.7 — 5.7. The maximum and minimum
moisture content were 22.5 and 16.59% (whb) respectively, with sample from Igbo-Etiti having
the lowest moisture content. The density value ranged from 820-1250 kg m=, with honey
samples from Igboeze- South recording the highest density. It was also observed that the
sucrose content of the samples ranged from 1.037- 1.78g/100g which is considered good and
within international acceptable value for honey. Electrical conductivity values for Ighoeze-
North, Udenu, Igboeze-South, Igbo-Etiti and Nsukka were 16.5, 6.0, 25.4, 3.5 and 11.4uS/cm
respectively, Fructose values were 34.339, 33.484, 34.515, 39.434 and 33.136 ¢/100g
respectively and glucose contents were 31.361, 30.856, 31.639, 35.224 and 30.621 g/100g
respectively It was also observed that honey from Igbo-Etiti is more viscous than all the
samples. The honey samples from the different floral locations in Enugu North Senatorial
zone were acidic. The colour of the sample is classified as Amber for sample from Igboeze-
North, Ighoeze-South and Igbo-Etiti, while that of Udenu is Light Amber and that of Nsukka
is Extra White. The thermal properties fell within international acceptable range of values.
Thermal heat conductivity ranged from 0.4358-0.4490 WmK, specific heat capacity was
from 1.3024-1.6355 kJkg*K™and thermal heat diffusivity ranged from 2.4252x 107* -
3.8313x 10 *m?s™. Honey is a promising source of food, raw material and essential minerals.
Knowledge of its physicochemical and thermal properties is inevitable in other to facilitate its
postharvest processing.

Keywords: moisture content, sucrose, acidity, density, thermal heat diffusivity, viscosity,
ash content, electrical conductivity

1. INTRODUCTION

Honey is the natural sweet substance produced by honeybees from the nectar of plants or from
secretions of living parts of plants or excretions of plant sucking insects on the living parts of
plants, which the bees collect, transform by combining with specific substances of their own,
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deposit, dehydrate, store and leave in the honeycomb to ripen and mature (Codex
Alimentarius, 2001). Honey is considered as oldest sweetening substance consisting mainly
of 70% of sugars such as glucose and fructose (Nayik et al., 2014; Smanalieva and Senge,
2009; Nayik et al., 2016a). It possesses valuable nourishing, healing and prophylactic
properties. Honey is perhaps one of the most complex foodstuffs produced by nature and
certainly the only sweetening agent that can be used by humans without any processing
(Khaled, 2007, Hernandez et al., 2004).

Bee honey can be a good source of major and trace elements needed by humans. The general
features and elemental composition of honey depend on its botanical and geographical origin.
The concentration of mineral compounds ranges from 0.1% to 1.0% that varies widely
depending on the particular floral location, pedoclimatic conditions and extraction technique
(Kebede et al., 2012). The dominant element in honey is potassium, followed by chlorine,
sulphur, sodium, phosphorus, magnesium, silicon, iron and copper (La Serna et al., 1999).
Bee honey can contain metals up to 0.17%. Metals such as Cr, Co, Cu, Fe, Mn and Zn are
essential for humans, and they may play an important role in a number of biochemical
processes. Some of them are present at the trace level, being toxic if they exceed safety levels.
As a foodstuff used for healing purposes, honey must be free of any objectionable content and
should contain only small amounts of pollutants, such as heavy metals (Khaled et al., 2007).

Honey has a variety of uses. Honey provides a good source of energy, used in cooking, baking,
as a spread on bread, and as an addition to various beverages, such as tea, and as a sweetener
in some commercial beverages. It is also used in the fermentation of alcoholic beverages,
blood sugar control, wound healing, cough suppressant, and can be used to boost immunity
(Karen, 2014). It also has antioxidant and antimicrobial properties.

The physicochemical parameters are of vital importance to industries using honey. These
constituents such as minerals, moisture content, reducing sugars, electrical conductivity, free
acidity, sucrose content and Hydroxymethylfurfural (HMF) have influence on nutritional
quality, granulation, the storage quality, flavour and texture of the honey. The medicinal value
of honeys is also due to these constituents. Therefore, the International Honey Commission
(IHC) has proposed certain constituents as quality criteria for honey. In order to have a
beneficial effect, honey must be free of any contaminating agents. High concentration of
metals in honey can be a source of illness to human beings, especially heavy metals
(Aghamirlou et al., 2015). Artificial honeys can be produced from carbohydrate sources that
have glucose-fructose composition that are within a close range with that of natural honey.
These artificial honeys often have similar taste and physical appearance as natural honeys, but
they lack the medicinal and nutritional properties of natural honeys because of the absence of
the minor constituents that are present in natural honeys (James et al., 2009). Natural honey
was found to be a suitable alternative for healing wounds, burns and various skin conditions
and also to have a potential role in cancer care. The intrinsic properties of honey have been
reported to affect the growth and survival of microorganisms by bacteriostatic or bactericidal
actions (Mudasar et al., 2013). It is high in carbohydrates and adds useful varieties to diets.
Most honey have fructose and glucose, it is more readily digestible than cane sugar. Honey
varies in taste, aroma and colour according to its source.

Thermal properties of foods and beverages must be known to perform the various heat transfer

calculations involved in designing storage and refrigeration equipment and estimating process
times for refrigerating, freezing, heating, or drying of foods and beverages (ASHRAE, 2006).
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Because the thermal properties of foods and beverages strongly depend on chemical
composition and temperature, and because many types of food are available, it is nearly
impossible to experimentally determine and tabulate the thermal properties of foods and
beverages for all possible conditions and compositions. Thermo-physical properties often
required for heat transfer calculations include density, specific heat, enthalpy, thermal
conductivity, and thermal diffusivity.

Many researchers have worked on various properties of natural honey in different parts of the
world, which have been compared with international standard. Sohaimy et al. (2015)
conducted a study on the physicochemical characteristics of honey from different origins.
Vazquez-Quinones et al. (2017) did a work on the microbiological assessment of honey in
México. James et al. (2009) had earlier conducted a study on the physical characterisation of
some honey samples from North-Central Nigeria. Some physicochemical and rheological
properties of Iranian honeys and the effect of temperature on its viscosity was evaluated by
Mehryar et al. (2013). However, very little information is available in literature on the
physicochemical and thermal properties of Nigerian indigenous honey from Enugu North
senatorial zone. Therefore understanding the physiochemical and thermal properties of honey
IS very important in determining the nutritional quality, economic value and in the design of
processing equipment, packaging material and evaluation of the storage conditions of honey.

The aim of this study is to characterize honey samples from from different floral locations
within Enugu North senatorial zone based on their physicochemical and thermal properties,
and compare the values obtained in each local government area with others, as well as the
international standards.

2. MATERIALS AND METHODS

2.1 Raw materials: About 75 cm® honey samples were sourced from floral location in each
Local Government Area of Enugu North senatorial zone. Honey sample from Udenu was
collected at Obollo-Afor main market, that of Igboeze-North Local Government, was
collected from Eke market at Ogurute Enugu-Ezike. Sample from Nsukka Local Government
Area was collected at Afor-Opi market, that of Igbo-Etiti was sourced at Nkwo Ogbede market
and that of Igboeze-South was sourced at Eke Ovoko market (Figure 1).
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Figure 1. Map of Enugu State showing Enugu North senatorial zone

2.2 Determination of Physico-chemical properties
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Determination of colour: The undiluted honey samples was filtered with Whatman filter
paper and 2 cm? of each filtrate was measured directly with a UV spectrophotometer (Genesys
UV Spectrophotometer) at 560nm. The colour of the samples was also visually observed in a
1cm® cuvette before each reading and compared with a colour chat. This method was based
on International Honey Commission (2002).
Determination of pH: About 10 cm?® honey solution was used for the measurement of pH.
The pH was measured using a digital pH meter (Eutech Instruments Pvt Ltd., Singapore)
according to the method described by the Association of Official Analytical Chemist (AOAC,
2000). The color of the honey samples was determined by using a spectrophotometer
measurement of the absorbance of 50% (w/v) honey solution at 560 nm according to the
method of White (1984). The color of honey samples were classified according to the Pfund
scale after conversion of the absorbance values.
Determination of ash value: The ash content was determined by incinerating 5 g of the honey
samples in a muffle furnace at a temperature of 550 °C for 5 hours according to the method
described by AOAC (2000) Finally ash content was calculated, using Equation (1).
Ash content (%) = % x100 (1)
T

Where Ma is mass of honey sample before testing and M+ is mass of honey sample after
testing
Determination of moisture content: Moisture content of the honey samples were measured
using an Abbe refractometer (Atago Co., Ltd., Tokyo, Japan) at 20 °C. The corresponding
moisture content values were obtained from the Chatway table (AOAC (2012).
Determination of electrical conductivity: The electrical conductivity (uS/cm) was evaluated
by using the expression reported by Piazza et al. (1991) in Equation 2

EC=0.14+1.74x A 2
Where, EC is electrical conductivity (mS/cm) and A is ash content of honey (g/100 g honey).
Determination of density: The density of the honey samples were measured using
standardized instrumental methods (AOAC, 1990). In this process, the weight of specific
gravity bottle (50 cm?) filled with the honey samples was divided by the weight of the bottle
filled with distilled water.
Determination of viscosity: Viscosity of the honey was measured using an Ostwald
viscometer at a shear rate of 5 rpm. The viscosity of honey samples was measured at
temperatures of 25°C and 60°C.
Determination of sugar content: The glucose, fructose and sucrose content of the honey
samples were determined spectrophotometrically according to AOAC (2000) method and
slightly modified method previously reported by Miller (1959), Dubois et al. (1956) and
Khalil et al. (2012)
Acidity: The acidity was measured titrimetrically following the AOAC method (AOAC,
2000). In this process, the electrode of the pH meter was immersed in the solution, stirred with
a magnetic stirrer and titrated to pH 8.5 by adding a 0.05 N of NaOH solution.

2.3 Determination of thermal properties

Specific heat capacity: Determination of specific heat capacity was by electrical heating
method. A copper calorimeter was first weighed empty and reweighed when about two-third
full of sample. The ammeter, voltmeter and heating coil (constant wire) were connected. A
plastic stirrer and a thermometer were also fitted into the container through the holes in the
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wooden lid. The current was switched on after the initial temperature of the sample had been
recorded. The rheostat was adjusted to give a suitable steady current. The liquid was stirred
gently while being heated. The final temperature was read after the current was switched off.
The specific heat of the sample was calculated using Equation 3

Vit

M,y e @
Where C is specific heat capacity of the sample (kJ kg K1), Cc is specific heat capacity of
the calorimeter = 400 Jkg*K™, Mc is mass of calorimeter =0.077kg, M1 is mass of sample =
0.056kg, 1 is current (Amp), V is voltage (v), t is time taken (sec), T> and T are final and
initial temperatures respectively.
Thermal conductivity: The method applied was the non-steady state technique. Hot wires
were used. The sample was measured using a measuring cylinder and gently poured into the
pipe of which the two openings were closed with a cork. A constantan wire was inserted into
the material and the terminals were connected. When the key in the circuit was closed, there
was a conversion of energy from electrical energy to heat energy which flow out radially from
the wire into the sample and the quantity of heat passing through the wire were recorded by
the use of Ammeter and voltmeter connected in the circuit. There was a change in temperature
of the wire and the logarithm time was used to calculate the thermal conductivity of the sample
(Equation 4)

VI t,
G X

Where, K isthermal conductivity (w/m/k), Tiis initial temperature (k), T2 is final temperature
(k), t istime (sec), V isvoltage (v) and Iis current (Amp).
Thermal diffusivity: This was measured with derivation method. The specific heat capacity,
thermal conductivity and density were used for the calculation (Equation 5).
K

= 5

xC. 5)
Where, @ is thermal diffusivity (m?s™?), K is thermal conductivity (W m™K™1), p is density
(kg m3), c, is specific heat capacity (kJ kg™*K™).

a

3. RESULTS AND DISCUSSION

The results of the physico-chemical properties of honey from floral locations in Enugu North
senatorial zone are presented in Table 1 while the thermal properties of the honey samples are
shown in Table 2.
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Table 1 Physico-chemical properties of honey samples from floral locations in Enugu-North
senatorial zone.

Parameters Repli Igboeze Uden Igboeze- Igbo-  Nsukk Sd
cate -North u South Etiti a

Viscosity @

25°C(cSt) 10 38.97 105.6 56.00 140.09 28.45 4742

Viscosity @ 60°C 2 24.19

(cSt) 10 7.18 21.89 8.16 62.19 4.04

Electrical 10 16.5 6.0 25.4 3.5 11.4 8.76

conductivity (uS/cm)

Fructose (g/100g) 10 34339 3348 34.515 39.434 33.136 2.555
4

Sucrose (g/100g) 10 1.572 1.037 1.555 1.375 1.785  0.279

Acidity (%) 10 0.387 0.385 0.700 0.383 0.353  0.145

Ash (%) 10 2.11 057 165 0.059 0.33 0.89

Moisture content (%) 10 21.54 19.69 22.56 16.59 2212 244

Density (kg/m3) 10 1000 1000 1250 820 1240 182.5

Glucose (9/1009) 10 31.361 30.85 31.639 35.224 30.621 1.879
6

Ph 10 5.10 570 4.70 4.80 4.90 0.39

Colour ( - 1.826 1.272  1.999 1612 0859 -

absorbance’s at

560nm)

Table 2. Thermal properties of honey samples from Enugu-North senatorial zone

Parameters Replic Udenu Igbo- Sd
ate Igboeze Igboeze- Etiti Nsukk
- South a
North
Thermal 10 0.4370 0.4358 0.4396 0.4490 0.0059
conductivity (k) 0.4468
(Wmt K1)
Specific heat 10 1.3024  1.4594 1.5252 1.4043  0.1253
capacities (kJ 1.6355
kgt K?)
Thermal 10  3.4993x 3.8313x
diffusivity (m?s 107 107 2.4252x 2.8460 2.6913 5.8579x
1 107 X x 107 107
10

3.1 Physicochemical properties
Viscosity: The viscosity of natural honey samples has been reported to be affected by
temperature, moisture content and floral source. It was observed that at room temperature, the
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honey sample from Igbo-Etiti Local Government Area was more viscose than the rest of all
the honey samples from other floral locations. This did not change even when the temperature
was increased to 60 =c. Therefore, Igbo-Etiti honey samples are good for long term storage.

Electrical conductivity: Electrical conductivity is directly related to the concentration of
mineral salts, organic acids and proteins, and very useful in the determination of the floral
origin (Acquarone et al., 2007). Igboeze North had the highest electrical conductivity values
(16.5 uS/cm), while honey samples from Igboe-Etiti recorded the least electrical conductivity
values (3.5 uS/cm). None of the analyzed honey types showed electrical conductivity values
greater than 800 uS/cm. The electrical conductivity values ranged between 3.5 uS/cm — 25.5
puS/cm and that of Tygray in Table 4 ranged 8.25-33.50 uS/cm. The values suggesed that
samples from Udenu, Igboeze-North and Igbo-Etiti were nectar honey, while that of Igboeze-
North and Igboeze-South were honeydew. This measurement depends on the ash and acid
content of honey; the higher their content, the higher the resulting electrical conductivity.
Sugar content: The international standard established by the Codex Alimentarius
Commission (2001) required that a good quality honey should not contain more than 5 g/100
g sucrose. The mean sucrose contents of the honey samples studied were in the range of 1.037
to 1.7859/100g. The values obtained for sucrose content of all the honey samples from
different floral locations were all within the limits of international standards.

Generally the sugar content of honey (fructose, sucrose and glucose) depends on the sugars
present in the nectar and enzymes present in the honey bee. Table 1 showed that glucose were
found to occur in the range of 31.361- 35.2249/100g. These results agreed with the Codex
Alimentarius commission (2001) that the sum (glucose + fructose) should have a value greater
than 60g/100g. All the honey samples conformed to that. The dominance of fructose over
glucose (Table 1) is one way in which honey differs from commercial invert sugars. For
honeys of good quality, the fructose content should exceed the glucose content.

Acidity: The acidity of honey may be explained by taking into account the presence of organic
acids in equilibrium with their corresponding lactones, or internal esters, and some inorganic
ions, such as phosphate (Gomes et al., 2010). The mean acidity value of the honey samples
ranged from 0.343 —0.700%, and that of Table 3 for US honey ranged from 0.17 - 1.17%. The
value of acidity of honey samples from Enugu North senatorial zone were in conformity with
those of international standards and they fall within the range of acceptability.

Ash content: The mineral content in honey is generally small and depends on nectar
composition of predominant plants in their formation. The soil type in which the original
nectar-bearing plant was located also influences the quantity of minerals present in the ash.
As such, the variability in ash contents has been associated in a qualitative way with different
botanical and geographical origins of honeys (Felsner et al., 2004). The determination of this
parameter gives an insight of the honeys’ quality, as the blossom honeys have lower ash
content than the honeydew honeys (Andrade et al., 1999). Thus, by reference to the Codex
Alimentarius (2001) Standards, honey samples from Igboeze-North and Igboeze-South
analysed in this study correspond to honeydew honey since their ash contents fall within the
values <0.6% while that of Nsukka, Igbo-Etiti and Udenu can be classified as nectar honeys.
The ash content of this honey sample is not in line with that of Table 3 and it is not also in
line with that of Table 4. Only that of Igbo-Etiti fell within the range of values reported in
Table 3 for US honey samples.

Moisture content: Honey sample from Igboeze-North, Nsukka and Ighoeze-South LGA were
slightly higher than the limit indicated in Codex Alimentarus standard (2001). The implication
is that the honey samples from these floral locations have the high moisture content and thus
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may be said to be of the lowest quality, and with the highest probability of encouraging yeast
fermentation which may lead to increased in acidity. This may be attributed to the high relative
humidity of these floral areas, the packaging material used or it was not fully ripped before it
was harvested. Moisture content of honey samples from Igbo-Etiti and Udenu local
government areas, the values were within the range reported by Codex Alimentarius (2001)
for a good quality honey.

Table 3 Some selected composition of range of values of U.S honeys with those of Enugu
North senatorial zone, Nigeria (ENSZN).

Component (% except pH) Range (USA) Range (ENSZN)
Water 13.4-22.9 (1.5) 16.59-22.56 (2.44)
Fructose 27.2-44.3 (2.1) 33.14-39.43 (2.56)
Glucose 22.0 - 40.7 (3.0) 30.62-35.22 (1.9)
Sucrose 0.2-7.6(0.9) 1.04-1.79) (0.28)
Higher sugars 0.1-8.5(1.0) -

Free acids (as gluconic acid) 0.13-0.92 (0.16) 0.353-0.7 (0.15)

Total acid (as gluconic acid) 0.17-1.17 (0.2) -

Ash 0.020 - 1.028 (0.15) 0.059-2.11 (0.89)
pH 3.42-6.10 4.7-5.1 (0.39)

Source: White et al. (1980)

Table 4 Some selected properties of Tigray honey (%), RSD in parenthesis in comparison
with Enugu North senatorial zone, Nigeria (ENSZN).

No Place and pH Electrical Moisture Total ash
type of honey conductivity content (%) (g ash/100 g
samples (nS/cm) honey)

1  Atshi, white 4.088 (0.1) 25.50 (20) 18.60 (0.1) 0.169 (0.1)

2  Hawzene, 3.820(0.7) 8.270(1.8) 18.60 (0.2) 0.078 (0.2)
white

3 Abiy Adi, 4.450 (0.7)  33.50 (19) 18.80 (0.1) 0.152 (0.2)
yellow

4  Adigrat, white 3.952 (0.1)  24.40 (16) 18.60 (0.3) 0.111 (0.1)

5 Hagereselam, 3.855(0.1) 15.50 (10) 18.80 (0.1) 0.078 (0.3)
white

6 ENSz 4.7-5.1 3.5-254 16.59- 0.059-2.11 (0.89)
(Range) (0.39) (8.76) 22.56(2.44)

Source: Kebede et al. (2012)
Density: The density of honey samples from Udenui and Igboeze-North has the same value

of 1000 kg m=, which is equal to that of water. The density sample from Igboeze-South and
Nsukka were above 1000 kg m3, while that of Igb0-Etiti was below 1000 kg m™
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pH: The pH of the honey samples were in the range of (4.7 —5.7). It showed that all the honey
samples were acidic. It was observed that honey sample from Igboeze-South local
government has the least pH (4.7) and that of Udenu local government has the highest value
of pH (5.7) compared to other samples. The result was in line with pH analysis of honey from
Umuahia by Olugbemi et al. (2013) which falls between 3.8-4.13. This also agreed with the
values of pH for US honey (3.42-6.1) (Table 3) and Tigray honey (3.855-4.450) (Table 4).
Colour: Igboeze-South honey sample was classified as Amber, sample from Udenu was
classified as Light Amber, Igbo-Etiti was classified as Amber, Igboeze-North was also
classified as Amber and that of Nsukka was Extra White. This was based on colour
classification in Table 5.From the analysis of variance (ANOVA), as shown in Table 6, Local
Government Area had no significant effect on the physic-chemical properties of honey (p
<0.05). This may likely be due to the closed spatial distribution, similar weather and climatic
conditions of the Enugu North floral location.

Table 5. Colour classification based on honey samples absorbance at 560nm.

Colour P-fund scale Absorbance @ 560nm

Water white <8 0.0945
Extra white 9-17 0.189
White 18 - 34 0.378
Extra light amber 35-50 0.595
Light amber 51 -85 1.389
Amber 86 -114 3.003
Dark amber > 114 >3.1

P-fund scale is a scale used in honey industry to describe the color of honey
Sources: Biochrom Partners in Science, USDA (1985)

Table 6. Analysis of variance (ANOVA) on the effect of Local Government Area on the
physic-chemical properties of honey

Dependent Variable: Physicochemical properties (PCP)

Type 111 Sum
Source of Squares df Mean Square F Sig.
Intercept Hypothesis 667713.302 1 667713.302 428.209 .000
Error 6237.258 4 1559.315a
Type of PCP Hypothesis  5015162.965 11  455923.906 144.579 .000
Error 138752.632 44 3153.469b
LGA Hypothesis 6237.258 4 1559.315 494 .740
Error 138752.632 44 3153.469b
Type of PCP * LGA  Hypothesis 138752.632 44 3153.469
Error .000 0 .c

a. MS(LGA)
b. MS(Type of PCP * LGA)
c. MS(Error)
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3.2 Thermal properties

It was observed that the thermal conductivity of honey samples ranged between 0.4358 —
0.4490 W m 1K, This was in close agreement with the value of 0.493W m™ K reported by
Andre et al. (2012), and slightly above the value reported for Slovakian honey (Table 7).
Specific heat capacity of the honey samples ranges from 1.3024 — 1.6355 kJ kg K. This is
in good agreement with the range of values reported for Slovakian honey (Table 7). Specific
heat capacity is needed in situation requiring heat transfer during processing in other to avoid
loss of quality.

Thermal diffusivity of this honey samples have higher values than that of water 0.143 x
10°m?s at 25 °C according to Wikipedia, (2016). This showed that this honey samples have
low thermal diffusivity compared with water. From Table 7, thermal properties of Slovak
mixed flower honey and forest honey) showed comparable results with honey samples from
Enugu North senatorial zone. In like manner with that of physic-chemical properties of honey,
analysis of variance (ANOVA) showed that Local Government Area (LGA) does not
significantly affect thermal properties of honey (p <0.05) (Table 8). This may likely be due
to the afore mentioned reasons.

Table 7. Thermal properties of Slovak mixed flower honey and forest honey

Flower honey = Thermal heat Thermal heat Specific heat

measurement  conductivity diffusivity (mm2/s)  capacity (J/kg.K)
(W/m.K)

1t 0.337917 0.1167 1,895.35

Next 0.341472 0.1242 2,001.91

Forest honey

measurement

15t 0.347000 0.1166 1,899.44

Next 0.347889 0.1261 2,015.64

Source: Bozikova and Hlavac (2013).
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Table 8. Analysis of variance (ANOVA) on the effect of Local Government Area on the
thermal properties of honey

Tests of Between-Subjects Effects
Dependent Variable: Thermal Properties

(TP)
Type 111 Sum

Source of Squares df Mean Square F Sig.

Intercept Hypothesis 6.063 1 6.063 2.147 .280
Error 5.649 2 2.8242

LGA Hypothesis 022 4 .005 1.053 438
Error 041 8 .005°

TP Hypothesis 5.649 2 2.824 547.476 .000
Error 041 8 .005°

LGA* TP Hypothesis 041 8 .005
Error .000 0 .

a. MS(TP)

b. MS(LGA * TP)
c. MS(Error)

4. CONCLUSIONS

This study showed that honey samples from Nsukka North Senatorial zone have criteria to be
classified as good quality honey, except in terms of moisture, in which only two samples from
Udenu and Igbo-Etiti Local Government Areas, were in accordance with the Codex
Alimentarius standard, while other three samples did not meet with the standard. All other
physico-chemical parameter analyzed for honey from all floral locations within Enugu
senatorial zone were all in accordance with the international standard. The thermal properties
also met the quality standard of most honey reported in the literature. The observed results
could be used for processing, product development and storage of honey and honey-based
products, as well as quality assurance.
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ABSTRACT

Fruits and vegetables are important sources of digestible carbohydrates, minerals and vitamins
A and C. For maximum usefulness and optimum nutritive value, fruits and vegetables are
usually consumed when they are fresh and fully matured and harvested. The research work
aimed to determine the optimum cooling conditions in a solar-powered evaporative cooling
system for maximum preservation of fruits and vegetables. A three-factor, five levels Central
composite rotatable design (CCRD) of response surface methodology (RSM) was employed
to determine the optimal cooling condition with respect to the three main cooling parameters
such as water flow rate), pad thickness and air velocity. The highest cooling efficiency of
80.8% was obtained at water flow rate of 2.5 L/min, pad thickness of 60 mm and air velocity
of 1.7 m/s. The optimization of the cooling parameters produced optimum cooling efficiency
of 81.05% with desirability of 98.3% from optimal cooling parameters of 2.33 L/min of water
flow rate, 61.24 mm of pad thickness and 1.78 m/s of air velocity. The water flow rate and
pad thickness had positive significant effects on the cooling efficiency while air velocity has
insignificant effect. Cooling efficiency increase with both increased in water flow rate and
pad thickness. The model showed that the value of coefficient of determination, R? (88.86%)
was high and p-value of 0.0010 at @ = 0.05. Hence the model can be said to be of high
significance and can adequately predict the cooling efficiency of solar-powered evaporative
cooling system.

Keywords: Evaporative cooler, Response surface methodology (RSM), Optimization,

Cooling parameters, Solar-powered, Cooling efficiency.

1. INTRODUCTION

The market for tropical fruits and vegetables has expanded beyond Asia, Hispanic and other
ethnic communities around the world as individuals and organizations have become more
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interested in their personal health, as well as the potentials of vegetables to provide such health
building nutrients (Barre et al., 1992). Nigeria is the one hundred and fifty ninth largest
producer of fruits and vegetables in the world (FAO, 2018). For this reason, international
commerce in fruit and vegetables has so much expanded over the past few decades. Tones of
produce are now shipped daily over long distances both within and across countries, and huge
investments of resources are being channeled into transportation, storage and marketing to
maintain a continuous supply of these perishable commaodities (Anyasil et al., 2016). This
further stress the importance of fruit and vegetables in the economic and industrial
development of developing countries, among which Nigeria is one.

The most abundant constituent of fruits and vegetables is water. In their fresh form most fruits
and vegetables contain more than 80 percent water with some varieties such as cucumber,
lettuce, and melons containing about 95 percent water (Olosunde et al., 2009). Some fruits
and vegetable are susceptible to low temperature. These crops are injured after a period of
exposure to chilling temperatures below 10-15°C but above freezing point (Gross et al. 2002;
Olosunde et al., 2015). Therefore, vegetables are generally classified as perishable crops.
After harvest they shrivel, wither or rot away rapidly, particularly under hot tropical
conditions. The damages that occur in these crops are caused primarily by loss of moisture,
change in composition and pathological attack (Ndirika and Asota, 1994). Losses of fruits and
vegetables occur everywhere from the field to the ultimate consumer and depend on the degree
of perishability of the produce. Fresh fruits and vegetable deteriorate easily when stored under
ambient condition, mainly due to physiological and microbial activities, which are accelerated
at high temperature and low relative humidity of the storage environment. Adequate storage
of fruits and vegetables prolongs their usefulness, checks market gluts, provides a wider
selection of fruits and vegetables throughout the year and helps in orderly marketing and may
increase the financial gain to the producer by reducing subsequent losses.

Evaporating cooling is an effective means of providing low air temperature and high relative
humidity for cooling produce. An active evaporative cooling system consists of a pad (moist
material), fan, storage cabin and water pump (Olosunde et al., 2016). Apart from the general
requirements for the efficient operation of an evaporative cooling system, the efficiency of an
active evaporative cooler depends on the rate and amount of evaporation of water from the
pad. This is dependent upon the air velocity through the pad, pad thickness and the degree of
saturation of the pad, which is a function of the water flow rate wetting the pad and the material
of construction of the pad (Ndukwu 2011; (Atanda et al., 2011; Olosunde et al., 2016).
Minimizing deteriorative reactions in fruits and vegetables enhances their shelf lives, implying
that the produce will be available for longer periods; this would reduce fluctuation in market
supply and prices. These are favourable indices for food companies that rely on steady supply
for processing. There is also every possibility that availability of fruits and vegetables in all
seasons at affordable prices would encourage the consumption of fruits and vegetables at the
end user’s level with a concomitant improvement in the nutritive status of the populace.

Several researchers have investigated the application of evaporative cooling system in
extending the shelf life of fruits and vegetables. Onwude et al. (2018) studied the relationship
between dimensionless moisture content and shrinkage of sweet potato in terms of volume,
surface area, perimeter and illuminated area, they observed that the shrinkage of sweet potato
based on computer vision and backscattered optical parameters is affected by the product
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thickness, drying temperature and drying time. In a related study, Cintia et al. (2014) evaluate
an evaporative cooling system using a water driven ejector, allowing it to be installed in places
with plenty of water of evaporative cooling system. It was also observed that the pulse-like
disturbance generated by replacing the cooling water at different periods of times did not result
in significant affect vacuum destabilization and the temperature rise in the cooling tank. On
the other hand, the effects of air velocity, pad thickness and degree of saturation have been
studied by different authors. However, none of these studies considered the performance of
solar-assisted evaporative cooling system. Therefore, the objective of this paper was to
optimize the performance of a solar-powered evaporative cooling system for banana, tomato,
mango and carrot and develop mathematical model to predict the efficiency of the cooling
system.

2. MATERIALS AND METHODS

2.1  The Evaporative Cooler

The solar powered evaporative cooling system in this study is intended for small-scale
commercial storage of perishable crops, such as mango, tomato, banana and carrots. The solar
powered evaporative cooling system consists of a pad end, storage cabin, suction fan, solar
panel, control panels, lead acid battery and water distribution components. The water
distribution components include a water pump, pipes, overhead and collection tanks Olosunde
et al., (2015).

The pad is installed on one side of the cabin, and the suction fan on the other side opposite the
pad end. An overhead tank is installed on the top of the cooler from which water drips on to
the pad through a lateral pipe laid on top of the pad. There is a collection tank at the bottom
of the cooler to collect excess water from the pad. The pump re-circulates the excess water
back to the overhead tank. The solar panel powered the fan and the pump and at the same time
charges the battery. The battery is used to power the fan and pump in the night when there is
no sun light. Plate 1 shows pictorial view of the existing passive evaporative cooling system
and solar powered evaporative cooling system.
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Plate 1: Pictorial view of the solar photovoltaic powered evaporative cooling systems.

2.2  Features of the Cooler

2.2.1 Pad-end

The pad is held in position by a wooden framework and wire mesh, which covers both sides
of the wooden framework. The wire mesh has rectangular large holes to allow for free passage
of air to the pad. The framework is of five different thickness of 20, 40, 60, 80 and 100 mm
and of size 110 mm x 1130 mm corresponding to one side of the storage cabin.

The framework is constructed with 5 mm thick plywood and the pad is held in between the
plywood by nailing them together and by covering with wire mesh. The bottom of the
framework is perforated to allow excess water from the pad to flow down to the bottom tank.
The inside of the wooden framework is covered with high, density plastic material. This is to
protect the plywood from moisture (Olosunde et al., 2015).

2.2.2 Storage cabin
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The main framework of the cabin is constructed with 50 x 50 mm thick, hardwood. The walls,
roof and floor are constructed with 5mm plywood and insulated internally with 25.4 mm
polystyrene materials. It is also covered internally with high, density plastic material to protect
the wood from moisture. The outside is painted white to reduce heat absorption. The interior
of the cabin is divided into three shelves by horizontal wire mesh. The shelves are of
dimensions: 1130 x 600 mm and are reinforced at the edges with 50 mm softwood. The
dimensions of the storage cabin are 1130 x 600 x 580 mm (Olosunde et al., 2015).

2.2.3 Water re-circulation system

The water re-circulation system consists of a small direct current water pump, (80 watts with
a discharge capacity of 6 L/min) and a maximum suction head of 1m and maximum distance
of discharge of 5m), a bottom tank (510 mm x 530 mm x 200 mm), pipes and an overhead
(510 x 530 x 200 mm). The system is designed to re-circulate the water by the pump, the water
to be re-circulated is supplied to the bottom tank either manually or from the overhead tank.
The pump delivers the water through a vertical pipe of diameter 19.2 mm into the overhead
tank at a height of 1650 mm, which in turn delivers the water through the lateral pipe at pre-
determined flow rate onto the pad. Figure 12 shows the closed loop of the panel that regulate
the pump flow rate. The horizontal pipe is perforated with a 1mm, diameter hole through
which the water drips onto the pad. Excess water that passes down the pad is collected by
trough at the bottom of the pad and drains off into the bottom tank to be re-circulated back to
the overhead tank again (Olosunde et al., 2015).

2.2.4 Pad thickness

The pad thickness is one of the parameters, whose effect on the saturation efficiency of the
cooler is to be investigated. Taye and Olorunisola (2011) suggested pad thickness of 25.4 mm
to 50.8 mm of wood wool pad for an evaporative cooler. Five levels of 20, 40, 60, 80 and 100
mm of pad thickness were chosen for investigation in this study. The area of the pad was
chosen in such a way that it covers one side of the storage chamber. This was to ensure uniform
distribution of the cool and humid air from the wetted pad into the storage chamber to move
over and cool the produce inside the storage chamber.

The choice of the material for the pad was based on the following: porosity of the material;
water absorption/evaporation rate of the material; availability; cost; ease of construction
(Dzivama, 2000).

Olosunde et al. (2009) carried out a study to test three materials (cotton waste, jute and
hessian) to be used as pad in an active evaporative cooler. The results showed that the cooling
efficiency is highest for jute. Based on the required quality of the pad material, jute material
was used for this study.

2.3 Instrumentation
Instruments and various equipment were used to measure and monitor the dependent variables
in the course of the research work.

2.3.1 Temperature and relative humidity measurement

Lascar Electronics temperature and RH USB data loggers were used for temperature and
relative humidity measurement. Data logger type EL-USB-2 (LASCAR, England, UK) was
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used for the collection and storage of the temperature and relative humidity data. The data
loggers were programmed to record the minimum temperature and maximum relative
humidity for every 30 minutes. Data were retrieved from the logger via USB port, on to a
Laptop computer (Olosunde et al., 2015).

2.3.2 Air velocity measurement

The air velocity through the pad varies and differs at a point within the pad and was difficult
to measure. However, the velocity of the air exiting from the pad, referred to as pad face
velocity, was measured. The air velocity was measured by a Smart Sensor Digital
Anemometer AR826 (Graigar, China) measuring to an accuracy of 0.3 m/s. The air velocity
was measured by placing the air flow meter vane at the back of the cooler where the fan is
located and then the value was read directly from the LCD.

2.3.3 Water flow rate measurement

The pump, which was used to circulate the water to the pad, has a regulator through which the
rate of water flow to the pad was regulated. The rate of water flow to the pad was measured
by collecting the amount of water flowing onto the pad for 30 seconds and then the average
value was determined and calculated as the water flow rate in L/min.

2.4 Design of Experiment
Design Expert software (Version 11.0. 1, Stat-Ease Inc, Minneapolis, MN 55413, USA) was
used in this study to design the testing and optimizing the performance of the solar-powered
evaporative cooling system. The experimental design employed in this work was a five-level-
three factor full factorial design. Central Composite Response Design and 20 (i.e. 8 + 2*3 +
6) test runs were performed for fresh banana, tomato, mango and carrot samples each. Water
Flow Rate (WFR), Pad Thickness (PT) and Air Velocity (AV) were selected as independent
factors for the optimization study. Five levels of water flow rate (0.5, 1.5, 2.5, 3.5 and 4.5
L/min), path thickness of (20, 40, 60, 80 and 100 mm) and air velocity of (0.7, 1.2, 1.7, 2.2
and 2.7 m/s) were chosen. The response chosen was the cooling efficiency. Six replications
of centre points were used to predict a good estimation of errors and testing were performed
in a randomized order. The actual and coded levels of each factor are shown in Tables 1 and
2. The coded values were designated by —2 (minimum), —1, 0 (centre), +1, +2 (maximum), —a.
and +a. Alpha is defined as a distance from the centre point which can be either inside or
outside the range, with the maximum value of 2n/4, where n is the number of factors. It is
noteworthy to point out that the software uses the concept of the coded values for the
investigation of the significant terms, thus equation in coded values is used to study the effect
of the variables on the response. The empirical equation is represented in equation (1) as:
Y = Bo + Xy BiXi + Xiy BiXE + X B iv BiXiX; 1)
Y = Response (Cooling Efficiency)
Bo = Constant term

Z | B; = Summation of coefficient of linear terms
>Z | Bi; = Summation of quadratic terms

izzlzjzzm B;; = summation of coefficient of interaction terms

X;X; = independent variables
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Table 1: Levels, codes and intervals of independent variables used for the experiment

Factors Units  Codes Levels Interval of
-2 -1 0 1 2 Variation

Water flow L/mm A1 0.5 1.5 2.5 35 45 1.0

rate

Pad thickness mm A 20 40 60 80 100 20

Air flow rate m/s As 0.7 1.2 1.7 22 2.7 0.5

2.5  Sample Preparation and Storage experiment

Fresh samples of banana, tomato, mango and carrot were procured from the market and
washed clean to remove dirt and any other foreign materials. The experiment was conducted
for each of the product at the optimum operating condition of the SPECSS established in the
first experiment. Mango (20.6 kg), tomato (16.8 kg), banana (18.2 kg) and carrot (12.0 kg)
were stored in the SPECSS chamber. On the first day of the experiment, one analysis was
carried out for each of the quality factors to be assessed. Three samples were used for each
quality assessment, and the experiments were done in three replicates. Subsequently analysis
was carried out at three days intervals. Under this experiment too, the maximum shelf life of
each of the produce stored in the cooler was established.

Data loggers were programmed to record temperature and relative humidity at 30 minutes
intervals within the chamber until a steady condition was reached. This indicated the
temperature depression and maximum humidification achieved by the SPECSS.

2.6  Performance Criteria

The performance efficiency of the cooler for the storage of banana, tomato, mango and carrot
were evaluated. These crops were selected because of their perishability after harvest. Quality
assessments of the produce stored inside the cooler were determined. Some quality parameters
for effective storage were used to assess the effect of the storage environment on the crops.
The fruits and vegetables were analyzed for their chemical changes based on the AOAC
(2012) methods. The quality assessment tests that were carried out include changes in:
physiological weight, total titratable acids, redox potential, total soluble solids and firmness.

2.7  Determination of Effect of Water Flow Rate, Pad Thickness and Air Velocity on

the Saturation Efficiency of the Solar Powered Evaporative Cooler.
The basic format of the experiment involved an interaction study of the effects of the three
parameters on the saturation efficiency of the cooler. These parameters are combined in a
split-split plot experiment. Five levels of Water Flow Rate (WFR), Pad Thickness (PT) and
Air Velocity AV were used. Split-split plot design is uniquely suited for a three-factor
experiment. It can therefore be applied to this experiment, where three variables were
investigated. In this experiment, the three variables were divided as follows. The pad thickness
was considered as the main plot and had five levels, which were tested randomly. It was
therefore referred to as the main plot. Five levels of water flow rate and five levels of air
velocity were assigned and tested randomly against the five levels of pad thickness. They were
therefore considered as the subplot and sub-subplot, respectively. Three two-way
combinations (e.g., PT vs. WFR, PT vs. AV and WFR vs. AV) and one three-way combination
were considered in this study. The experimental layout is presented in Table 2 and carried out
in three replicates.
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Selection of the variable and their levels was influenced on ranges suggested by various
researchers. Xuan et al., (2012), and Umbarker et al. (1991) have recommended pad face
velocities for various pad materials like celdek, fluted paper pads and cement coated pads as
1.25to 1.7 m/s for pad thickness ranging from 50 mm to 100 mm.

2.8  Statistical Analysis

Analysis of variance was carried out as described by Gomez and Gomez (1983). Analysis of
variance (ANOVA) is one of the principal statistical research tools in many scientific
disciplines, which provides a summary of complex patterns of data in a convenient tabular
form. The analysis of variance is specifically chosen in this study to examine the variation in
the results of the performance efficiency of the cooler obtained under experimental variables
and their interactions. Statistical software (SPSS version 17.0, IBM Corporation, USA) with
split-split plot program was used for analysis on a personal computer. The Duncan multiple
range test (DMRT) and Tukey HSD were used for the comparison test. They are more
appropriate for the test of experimental variables with many levels.

3. RESULTS AND DISCUSSION
3.1 Interactive effect of pad thickness and water flow rate on performance
efficiency
The average summary of the efficiency results at the various cooling conditions combinations
is presented in Table 2.

Table 2: Tests result of cooling efficiencies at various interactions of the cooling conditions

Run Coded and Actual factors Response
Water flow rate Pad thickness Air flow rate  Efficiency (%)
(L/min) (mm) (m/s)
1 0(2.5) 0(60) -2(0.7) 65.0
2 -1(1.5) -1(40) -1(1.2) 69.2
3 1(3.5) -1(40) -1(1.2) 65.0
4 -1(1.5) 1(80) -1(1.2) 75.0
5 1(3.5) 1(80) -1(1.2) 66.7
6 0(2.5) -2(20) 0(1.7) 47.5
7 -2(0.5) 0(60) 0(1.7) 58.3
8 0(2.5) 0(60) 0(1.7) 80.8
9 0(2.5) 0(60) 0(1.7) 80.6
10 0(2.5) 0(60) 0(1.7) 80.7
11 0(2.5) 0(60) 0(1.7) 80.8
12 0(2.5) 0(60) 0(1.7) 80.6
13 0(2.5) 0(60) 0(1.7) 80.5
14 2(4.5) 0(60) 0(1.7) 62.5
15 0(2.5) 2(100) 0(1.7) 50.8
16 -1(1.5) -1(40) 1(2.2) 68.3
17 1(3.5) -1(40) 1(2.2) 56.7
18 -1(1.5) 1(80) 1(2.2) 70.8
19 1(3.5) 1(80) 1(2.2) 58.3
20 0(2.5) 0(60) 2(2.7) 74.2
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From the result of the interactive effect of pad thickness and water flow rate presented in Table
2, there is a significant effect of the interaction between Pad thickness (PT) and Water flow
rate (WR) on efficiency considered as an independent variable. In this case they are all
significant p = 0.00 (p < 0.05), so we can conclude that pad thickness and water flow rate did
have a significant effect on the independent parameter. Since p-value = 0.00< 0.05 we reject
the null hypothesis. Therefore, at the 0.05 significance level, there is enough evidence to
conclude that level of pad thickness and water flow rate have a significant interaction effect
on mean value of the efficiency.

The effect of the interaction between pad thickness and water flow rate on the performance
efficiency of the solar-powered cooling is presented in Figure 1. The result shows that
saturation efficiency increases as the pad thickness is increased from 20 to 40 mm and
increased more significantly when the pad thickness is increased to 60 mm for all levels of
water flow rate. The saturation efficiency reduces as the pad thickness is increased to 80 mm
and reduced further when the pad thickness is increased to 100 mm. The reduction in the
saturation efficiency is more pronounced for the pad thickness of 20 mm follow by pad
thickness of 100 mm. The result at pad thickness of 40 and 80 mm also show an initial
significant increase with increase in the water flow rate from 0.5 to 1.5 I/min. There is a
general reduction in saturation efficiency when the water flow rate is increased above level
2(1.5 I/min) for all levels of pad thickness.
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Figure 1: Effect of pad thickness and water flow rate on performance efficiency

The low performance efficiency of the cooler obtained at the low water flow rate (0.5 I/min)
could be attributed to the fact that, at low level of water flow rate, the water could only partially
wet the pad. This left some dry spots on the pad surface and within the pad which reduces the
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surface area for air-water contact and the amount of water evaporated from the pad and hence
the efficiency of the cooling system. When the water flow rate is increased to 1.5 I/min, the
pad becomes sufficiently wet and this increases the wet surface area for air-water contact, and
more water is evaporated from the pad and result in higher efficiency of the cooling system.
However, at very high-water flow rate of 4.5 I/min and especially at low pad thickness of 20
mm, the efficiency declines. This is due to the fact that, at this flow rate, the pad is excessively
wet with excess water that block the pore spaces within the jute pad obstructing the free flow
of air through the pad to effect enough evaporation. This could explain the high reduction in
the performance efficiency at the pad thickness of 20 mm than those at 40 mm, 60 mm, 80
mm and 100 mm. Although the water flow rate is high, the pad thickness of 40 mm, 60 mm,
80 mm and 100 mm are thick enough to absorb the excess water. This result is in agreement
with reports by Khater (2014) and Prajapati (2016) on optimization of cooling pads for
evaporative cooling system and approach to analysis and optimization of evaporative cooling
system.

3.2 Interactive effect of pad thickness and air velocity on performance efficiency

From the result of the interactive effect of pad thickness and water flow rate is presented in
Table 2, there is a significant effect of the interaction between Pad thickness (PT) and Air
velocity (AV) on efficiency considered as an independent variable. In this case they are all
significant p = 0.00 (p < 0.05), so we can conclude that pad thickness and water flow rate did
have a significant effect on the independent parameter. Since p-value = 0.00< 0.05 we reject
the null hypothesis. Therefore, at the 0.05 significance level, there is enough evidence to
conclude that level of pad thickness and water flow rate have a significant interaction effect
on mean value of the efficiency.

The effect of the interaction between pad thickness and air velocity on the saturation efficiency
of the cooler is presented in Figure 2. The result shows that at air velocity of 0.7, 1.2, and 1.7
m/s, the saturation efficiency increases positively with increase in the pad thickness from 20
mm to 60mm. It declines when pad thickness is further increased to 100 mm and the decline
is more marginal at air velocity of 2.2 and 2.7 m/s.

However, at pad thickness 20 mm and 100mm there is a slight decline at air velocity 1.7 m/s.
The interactive effect of pad thickness and air velocity on the mean temperature and relative
humidity is presented in Figure 25 and 26 respectively. The results follow the same pattern,
the combination of pad thickness level 3 and air velocity level 3 gives lowest mean
temperature and highest mean relative humidity, respectively.

The low saturation of the cooling system at pad thickness 20 mm and air velocity 2.7 m/s
could be due to the pad thickness is small, and this reduces the residence time within the pad
to effect good evaporation couple with the high velocity that tend to pull water droplets out of
the pad. As PT is to 60 mm, the distance the air has to travel through the pad and also the
surface area for the evaporation of water would increase, and as a result the saturation
efficiency of the system increase. Also low air velocity cannot effect good evaporation from
the pad because of its low turbulence. However, the highest efficiency recorded at 60 mm and
1.7 m/s could be due to the combined effect of increase in residence time for air-water contact
to effect good evaporation and the turbulence created by the high velocity. This is in tandem
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with earlier reports by Khater (2014) and Prajapati (2016) on optimization of cooling pads for
evaporative cooling system and approach to analysis and optimization of evaporative cooling
system.

3.3  Effect of water flow rate and air velocity on performance efficiency

From the result of the interactive effect of pad thickness and water flow rate is presented in
Table 2, there is a significant effect of the interaction between Water flow rate (WR) and air
velocity (AR) on efficiency considered as an independent variable. In this case they are all
significant p = 0.037 (p < 0.05), so we can conclude that pad thickness and water flow rate
did have a significant effect on the independent parameter. Since p-value = 0.037 < 0.05 we
reject the null hypothesis. Therefore, at the 0.05 significance level, there is enough evidence
to conclude that level of pad thickness and water flow rate have a significant interaction effect
on mean value of the efficiency.

The effect of the interaction between water flow rate and air velocity on the performance
efficiency of the cooler is presented in Figure 3. The result shows that at water flow rate of
0.5, 1.5,2.5,3.5and 4.5 I/min and air velocity of 0.7, 1.2, 1.7, 2.2 and 2.7 m/s, the increase in
performance efficiency of the evaporative cooler is high initially and then remains either
constant or declines with increase in air velocity.

The result at water flow rate of 0.5 and 3.5 I/min also shows high initial increase with increase
in the air velocity from 0.7 to 1.2 m/s. It then remains constant as the velocity is increased to
1.7 m/s and then declines with further increase in the air velocity to 2.7 m/s.

The initial high rate of increase in the performance efficiency of the evaporative cooler with
increase in the air velocity could be due to the turbulence flow developed at high air velocity.
Air moving at low velocity is not turbulent and could only evaporate the water on its path;
this reduces the amount of water evaporated. The flow becomes turbulent as the air velocity
IS increased, this increases the area of air-water contact and hence, the amount of water that
could be evaporated. The low performance efficiency of the cooler obtained at the low water
flow rate (0.5 I/min) could be attributed to the fact that, at low level of water flow rate, the
water could only partially wet the pad. This left some dry spots on the pad surface and within
the pad which reduces the surface area for air-water contact and the amount of water
evaporated from the pad and hence the efficiency of the cooling system. When the water flow
rate is increased to 1.5 I/min, the pad becomes sufficiently wet and this increases the wet
surface area for air-water contact, and more water is evaporated from the pad and result in
higher efficiency of the cooling system. However, at very high water flow rate (4.5 I/min) and
especially at low air velocity (0.7 m/s), the efficiency declines. This is due to the fact that, at
this flow rate, the pad is excessively wet with excess water that block the pore spaces within
the jute pad obstructing the free flow of air through the pad to effect enough evaporation. This
could explain the high reduction in the performance efficiency at the air velocity of 0.7 m/s
than those at 1.2 m/s, 1.7 m/s, 2.2 m/s and 2.7 m/s. At water flow rate of 0.5 and 3.5 I/min and
air velocity of 1.2 and 1.7 m/s, the efficiency remain constant, this could be as a result of the
combined effects of water flow rate and air velocity.
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Figure 3: Effect of air flow rate and water flow rate on performance efficiency

3.4  Optimization of the Performance Efficiency and Validation of the Models

The optimization of the operating condition for the cooling performance of the solar-powered
evaporative cooling system was successfully conducted in duplicate at laboratory
experiments. Table 2 presents the experimental design of full factorial model of central
composite rotatable design (CCRD) with the correspondent response (performance or cooling
efficiency). Based on the results from the multiple regression analysis of the experimental
data, a second order polynomial equation was obtained as outlined in equation (3) as follows:
Y = =70.13 + 29.79W,, + 2.541P; + 45.40A¢. — 0.031W,.P, - 2.90W Afp —
0.043P.Asr — 4.95W;,> - 0.019P,> — 10.604,” (11)

Where:

Y = Cooling Efficiency, %

Wy, = Water flow rate, L/min

P, = Pad thickness, mm

Ap = Air flow rate, m/s

The regression coefficients and corresponding p-values for the model are presented in Table
3, indicating that the model was highly significant because of its very low p-value (p =
0.0010). The confidence level of A (p = 0089), B (p = 0.0028), AC (p = 0.0200), BC (p =
0.0103), A2 (p = 0.0005), B2 (p < 0.0001) and C2 (p = 0.0214) were above 95% (p < 0.05),
suggesting that the model terms A, B, C, AC, BC, A?, B2, and C2 had significant effects on the
response Y (cooling efficiency)(Table 3). Specifically, linear terms of A, B, and C interactive
terms AC, BC, and quadratic terms of A2, B2, and C2 had a significant effect on the cooling or
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performance efficiency, whereas the effects of the term AB was not significant. The fit of the
model was checked by the coefficient of determination (R?) and the adjusted coefficient of
determination (Adj-R?).

In this study, it was found that the value of the coefficient of determination, R? was 88.86%,
indicating that 88.86% of the cooling variation of the evaporative cooling system is attributed
to the factors (water flow rate, pad thickness and air flow rate) and only 11.14% could occur
due to chance. The Adj-R? value is a modification of R? based on the number of variables
used in the model, which was 78.83%, indicating that the regression equation fitted the data
very well. The p-value of ‘lack-of-fit” was 0.1841 (>0.05), implying that the ‘lack-of-fit’ was
not significantly relative to the pure error and the model was fairly stable. All these findings
indicated that the models were useful in predicting the cooling performance efficiency.

Table 3: ANOVA for response surface quadratic model.

Source Sum of Squares df  Mean Square F-value  p-value
Model 1896.08 9 210.68 8.86 0.0010
A 49.70 1 49.70 2.09 0.0089
B 20.70 1 20.70 0.8706 0.0028
C 0.7225 1 0.7225 0.0304 0.0451
AB 3.12 1 3.12 0.1314 0.7245
AC 16.82 1 16.82 0.7073 0.0200
BC 1.44 1 1.44 0.0608 0.0103
A? 615.78 1 615.78 25.89 0.0005
B2 1514.57 1 1514.57 63.69 < 0.0001
C? 176.41 1 176.41 7.42 0.0214
Residual 237.81 10 23.78

Lack of Fit 237.73 5 47.55 3241.84  0.1841
Pure Error 0.0733 5 0.0147

Cor Total 2133.89 19

Note: Statistically significant at 95% of confidence level (p < 0.05) (); A = Water flow rate;
B = Pad thickness; C = Air flow rate

The optimization of the evaporative cooling system functional parameters; water flow rate,
pad thickness and air flow rate was carried out using numerical technique in RSM (response
surface methodology) with the goal of maximizing the cooling performance efficiency. The
ramp of the optimization process is shown in Figure 4, with optimum values of 2.33 L/min of
water flow rate, pad thickness of 61.24 mm and air flow rate of 1.78 m/s. On the other hand
the cooling performance efficiency and desirability of 81.05% and 0.983 respectively were
also obtained.
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Figure 4: Ramp for optimization of cooling performance parameters

From the optimal cooling parameters of the evaporative cooler (Figure 4), giving the optimum
cooling efficiency of 81.05%. This result could be explained by the fact that at pad thickness
of 61.24 mm and water flow rate of 2.33 L/min, the pad was sufficiently moist, but without
an excessive flow of water to block the pore spaces within the pad, for the air movement. In
addition, at air velocity of 1.78 m/s, the flow is turbulent enough and mixes well as it travels
in all directions through the pad. This increases the area of air water contact and hence, the
amount of water that could be evaporated, thus an increase in the cooling efficiency. The
81.05% cooling performance efficiency obtained in the evaporative cooler, in Ibadan with an
average ambient condition of 33°C and 44% temperature and relative humidity respectively
is considered efficient.

3.5 Validation of model

The cooling performance was optimized with the design expert to obtain optimal cooling
conditions. The agreement between the experimental and predicted values for the cooling
efficiency from the solar-powered evaporative cooler was obtained from the parity plot
between the predicted and the experimental values as shown in Figure 5. For validation
purposes, a test run under the obtained optimal cooling conditions was carried out in order to
evaluate the precision of the quadratic model; Comparing the experimental and predicted
results for cooling performance of the solar-powered evaporative cooling system, it was
established that the error between the experimental and predicted is less than 0.5%, therefore
it can be concluded that the generated model has sufficient accuracy to predict the cooling
performance of the solar-powered evaporative cooling system.
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Figure 5: Predicted and actual values for cooling performance efficiency of the solar-
powered evaporative cooling system

3. CONCLUSIONS

In this study, a-3 factor experiment was performed to optimize the cooling performance of the
solar-powered evaporative cooling system. The individual and interactive roles of the three
factors (water flow rate, pad thickness and air flow rate) were investigated by RSM. The
maximal predicted value of the cooling efficiency was 81.05% and a mean value of 68.61%
was achieved in the experiment under optimal cooling conditions, which was in a close
agreement with the model prediction. This study provided useful information on how to
improve the cooling performance efficiency by optimizing the cooling conditions by using
statistical methods.
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ABSTRACT

Okra is a common and popular vegetable crop used in Nigeria. Irrigation method has very
significant influence on okra (Hibiscus esculentus) production. A careful effect of marginal
water quality on IDI and control system which were subjected to the same conditions was
investigated. An experimental field area of 13.5 m? by 6.0 m?was properly cleared, stumped,
ploughed, harrowed and levelled. High yielding and disease resistant okra variety seeds were
carefully selected and planted at a regular interval of 0.6 m. The results of statistical analysis
obtained using Completely Randomised Blocked Design (CRBD) (P <0.05) revealed that
there were significant differences on water application which reflected an increase in some
agronomic parameters such as growth, weight, yield and vegetative development of the okra.
These selected okra agronomic parameters showed that the okra performed in IDI. Maximum
fruit yield of 71.71% and water utilization efficiency of 55.49% was obtained by using IDI
system.

Keywords: Okra, irrigation, drip, and marginal water quantity, Nigeria.

1. INTRODUCTION

Okra (Hibiscus esculentus) is indigenous crop which grows throughout the tropics and in some
part of the sub-tropic (Modupe 2015). The plant tropically grows to 180cm in height, but some
indigenous varieties may grow to 360cm tall, with base stem of 6¢cm in diameter. The plant
produces dark yellow flower that are about 5¢cm in diameter. The plant is cultivated in tropical,
sub-tropical and warm temperate region around the world. (Okunade et al., 2009). In Nigeria,
it is among the foremost vegetable crops in term of consumption and production (Puneet and
Arun, 2015). Okra is a hot weather crop with optimum soil temperature of 75°F to 90°F. It is
tolerant to wide variation in rainfall (Kamran et al., 2012). It will grow well on all types of
soil but best performance is obtained on sandy loam soil with high organic matter content and
optimum soil pH ranging from 6.0 to 7.0 (Sexena et al., 2013).Okra is propagated by seed; 2-
3 seeds are sown at 1-2cm depth per hole with 60cm — 90cm inter row spacing and 30cm along
the rows.

Irrigation is the artificial application of water to the soil for the purpose of supplying the
essential moisture for plant growth to eliminate moisture deficiency at various stage of plant
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growth (Michael, 2000). Irrigation is necessary to provide enough water to fill the deficit
arising from the depletion of soil moisture from combine action exist between two separate
phenomena of evaporation and transpiration (Fasina, 2008). Ahmad et al., (2003) reported
that the total amount of water that is used each year is utilized for the purpose of irrigation.
Water management by irrigation practices are t complement the available water from natural
sources such as rainfall, flood, dew and ground water. Therefore, irrigation is needed in most
parts of West Africa where there may be a prolonged drought period and mostly where water
from natural sources is inadequate for effective crop germination and production. The
available lands in the tropical regions need irrigation to improve economic returns from
production of crops by more than 100%. (Modupe et al., 2015).

Drip irrigation is the method whereby water is supplied to crop root zone at regulated rate and
fertilizer application can be done. It is very importance to carry out a study on the best
irrigation system for the production of okra in Nigeria in order to maximize profit and reduce
the cost of production. The main concern of productive agriculture is the effective and efficient
supply of water and growing demand for crop production. It includes remunerative cropping
which needs a systematic study of irrigation problem and method of efficient economic use
of water since irrigation potential created and it utilization, and that makes the situation more
serious. On the other hand, when it is limited as compound to available water, the aim would
be to maximize production per unit of land without watching water. Under irrigated condition,
it is usually not possible to grow more than one crop in a year and the yield from a rain-fed
crop may hardly be between 1-2 tonnes of food per hectare in dry areas. But irrigation makes
it possible to grow more than one crop in a year. Puneet and Arun (2015).

Metin et al., (2006) reported that timely irrigation leads to high yield multiple cropping under
irrigation farming which assure high crop production. High yield varieties have a high water
requirement than ordinary varieties; the potential of Okra varieties can be fully exploited if
adequate amount of water is made available. Irrigation is necessary for vegetable (okra)
production in Nigeria in order to make the crop available throughout the year.

2. MATERIALS AND METHODS

2.1 Study area and land clearing

Field experiments were located at Teaching and Research Farm of Agricultural and Bio-
Environmental Engineering Department, School of Engineering Technology, The Federal
Polytechnic, Ado Ekiti, Ekiti State, Nigeria. It is located between Longitude 4° 5% and 5° 451
East of the Greenwch Meridian and Latitudes 7° 5! and 8° 5! north of the Equator. It lies South
of Kwara and Kogi State, East of Kwara and bounded by Ondo State in the East and in the
Kogi State. The plot has a flat topography and the area was chosen for its suitable soil
structure, texture, water retention capacity, loamy fertile soil, nearness to water source (well)
and availability of power supply to operate the electric water pump. Land preparation involved
the use of tractor for ploughing and harrowing to make it suitable for undisturbed,
unobstructed free flow of water and good crop management.

2.2 Experimental design and Installation layout

The consumptive water use of okra under Improvised Drip Irrigation system were measured
and recorded. These agronomic data collected were analysed using Completely Randomized
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Block Design (CRBD) ANOVA method. Total experimental plot of 13.5 m? by 6.0 m? was
used. In drip irrigation system, the two drums 100 litres was placed on the raised platform
that serve as water reservoir, the main pipe, lateral (PVC) were measured and cut into different
sizes with measuring tape and hacksaw respectively. The pipe was connected to the reservoir
with a valve, the screen filter was attached, and then a quick coupling elbow was used in the
coupling of the main line of the length 450 m. The lateral line of 210 m was fixed on the main
line at equal interval from each other.

Typical okra farm planted in row and freshly harvested okra in Plates 1a and 1b below,
respectively, and the Installation layout of Improvised Drip Irrigation System in Plate 2

— s

*- o X

kra farm planed inarow

Plate 2: Installation Layout of the IDI system

2.3 Irrigation Design

The purpose of irrigation layout is to transmit information from engineering plans to the
irrigation field. This will locate the work and provide such lines and elevations as needed for
the development of Improvised Drip Irrigation system. Pictorial details of IDI layout. (Plate
3).
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Plate 3: Improvised Drip Irrigation system layout

2.4 Planting of okra and data collection

2.4.1 Planting of okra

Before planting of the seeds, the irrigation system was tested by pre-irrigation in order to
locate and correct any high or low spots which can lead to uneven water supply to the plants.
The okra seeds were planted at 0.02 m depth with 0.6 m interval, the weeding was carried out
manually on the experimental plot of land. The same treatments and analysis were carried out
on the Improvised Drip Irrigation system and control at the same time on the same day to
avoid predisposition of the results. The pesticide and NPK fertilizer were applied to control
the diseases and increase the quality and quantity of okra yields.

2.4.2 Data collection

The moisture content and soil temperature were measured by means of moisture meter and
soil thermometers, respectively from the day of planting to the maturity. The agronomic
parameters, height, girth, number of leaves, okra yield, and flowers stage were measured and
recorded: using digital weighing balance (= 0.01g). Kamran et al., (2012).

3. RESULTS AND DISCUSSION

Table 1 showed that the plant height (cm) for the readings after 5, 10, 15, 20, 25, 30, 35 and
40 days showed that there was a significant difference in IDI when compared to control
system. The mean plant height after 40 days under IDI and control system were 151.68 and
63.32 cm, respectively Choudhary et al., (2012) (Figure 1). the results obtained for height of
okra against DAP and statistical analysis proved that there is significant difference in the
methods used with respect to the height of okra for IDI and control (Okunade et al, 2009;
Choudhary et al., 2012). The mean plant diameter under IDI after 99 days 328.79 and 99.45
cm respectively.

From figure 2 results indicated that there is no significant difference in IDI used with respect
to the Stem girth of okra against DAP in control system. (Babar et al., 2008). The increase
stem girth (cm) under IDI and control system for the eight reading after 5, 10, 15, 20, 25, 30,
35 and 40 days showed that there was a significant difference in IDI in comparison to control
system.(Table 1). The mean plant stem girth after 40 days under IDI and control system were
2.696 and 2.289 cm, respectively as indicated in results by (Metin et al., 2006) in the studies
of growth of okra fruits.
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Figure 3 results showed a linear relationship in ID1 when compared to control between number
of leave against DAP from the results obtained there is significant differences at 0.05 percent.
(Pravukalyan et al., 2011; Al-Harbi et al., 2008). The number of leaves (cm) under IDI and
control system for the eight reading after 5, 10, 15, 20, 25, 30, 35 and 40 days showed that
there was a significant difference in IDI compare to control system. The mean plant height
after 40 days under IDI and control system was 936 and 598 cm, respectively as indicated in
results by (Alkaff, 2003) in the studies of growth of okra fruits. Therefore, this result show
that as the plant growth increased inline plant height and stem diameter as contributed to the
conserved soil moisture, seedling emergence, and improved plant growth. (Okunade et al.,
2009).

Figure 4, the results of yield for the eight days after planting showed a significant difference
in DAP 5, 10, 15. 20, and 25 days among the irrigation system. However, there were no
significant in 30, 35, and 40 days from plant growth under IDI as indicated by (Sexena et al.,
2013). The mean okra yield performance after 40 days under IDI and control system was 3470
and 292 cm, respectively (Table 1). Based on the results in Figure 4, the analysis carried out
proved that there is significant difference in IDI used with respect to the number of okra yield
against DAP in control. Therefore, the number of Okra increase based on the amount of
rainfall. (Jayapiratha, et al., 2010).

From figure 5 displayed the relationship between the weights of okra against day after harvest,
the relationship is linear and there is significant difference in IDI respect of control systems
(Danso et al., 2015). The weight of okra production against days after planting (cm) for the
eight reading after 5, 10, 15, 20, 25, 30, 35 and 40 days showed that there was a significant
difference in IDI compare to control system Ahmad et al., (2013). The summation of weight
of production after 40 days of planting under IDI and control system were 45.61 and 10.60
kg, respectively (Puneet et al., 2015). Thus growth is not faster under the control system
because no treatment was added. This system and results is in line with findings of Ahmad et
al., (2013).

Table 1: Growth performance under Improvised Drip Irrigation system (IDI).

Weight of Height of Okra  Stem girth Number of Okra yield
Okra (kg) (cm) (cm) leaves (cm) (cm)
DAP IDI Control IDI Control IDI Control IDI Control IDI Control

50 6.30 2.10 0.136 0.121 34 15 3 0 107 0

10" 12.20 6.30 0.171 0.141 50 30 344 0 507 0.84
15" 16.03 5.45 0.254 0222 68 44 519 30 514 1.40
201 17.49 954 0.264 0.330 101 99 415 37 520 1.20
25" 20.13 9.55 0.332 0.311 115 99 393 44 6.96 2.72
300 22.13 9.56 0.394 0.324 201 101 650 72 6.18 1.72
35 27.00 10.12 0.465 0.412 231 104 528 62 555 1.84
40 3040 10.70 0.680 0.430 251 106 587 47 10.45 0.88
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Figure 1: Height of Okra production (cm) against Day after Planting
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Fig. 2: Stem girth of Okra (cm) against Days after Planting (DAP)
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Fig. 5: Weight of Okra production (kg) against Days after Planting (DAP)

4. CONCLUSION AND RECOMMENDATION

4.1 Conclusion

The growth performance characteristic of Okra on improvised drip irrigation system was
investigated, this leads to minimized of water usage, fertilizers, land utilization and increased
fruit yields as well as production of okra calls for an effective irrigation system. Growth occurs
through the effect of soil types and watering treatments had no significant different on its.
Therefore, okra may not require much water for maximum growth germination at the initial
stage.

4.2 Recommendation

Based on the results obtained from the study, Improvised Drip Irrigation system (IDI) is highly
recommended for the effective cultivation of okra seeds and the amount of water required to
irrigate is low compared to other irrigation systems.
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ABSTRACT

The growth and yield responses of okra (Abemoscus esculentus) to water stress under four
water regimes of 100%, 80%, 60% and 40% field capacity were examined under drip
irrigation for two varieties of okra; Clemson’s spineless variety and B35 variety at Federal
College of Agricultural Research Farm Ibadan. A Latin Square Design was used for the test
plot of 10m by 6m (60m?). The water requirements of Clemson’s spineless and B35 varieties
were determined from field capacity of the soil. Tensiometer and soil moisture meter were
used to determine the amount of moisture present in the soil. Irrigation was applied at an
interval of three days, and the analysis of variance at a level of significance of 5 % indicated
significant differences in yield with level of irrigation, and also with growth.

Results indicated that, moisture stress had significant influence on growth and vyield
components of okra. Numbers of leaves, plant height, stem girth, and yield were affected by
water deficit. For Clemson’s spineless, the yield followed in the order; 100%FC (2.04t/ha) >
80%FC (1.44t/ha) > 60%FC (1.31t/ha) > 40FC% (1.0t/ha). For B35 variety, the yield followed
in the order; 100%FC (1.77t/ha) > 80%FC (1.35t/ha) > 60%FC (1.13t/ha) > 40%FC (0.99t/ha).
The variation observed in the yield of the two might be due to their different degree of
tolerance to drought level. The results of the study could be useful in designing effective water
scheduling for irrigation system for okra production.

Keywords: Okra, Drip, Irrigation, Tensiometer, Field capacity, Moisture stress.

1. INTRODUCTION

Okra (Abelmoschus esculentum L) is an annual herb and vegetable crop grown throughout the
tropical and subtropical parts of the world either as the sole crop or intercroped with maize or
another (Emuh et al., 2006). The nutritional importance of okra pod has reawakened interest
in bringing the crop into commercial production. The fruits are used in making soup, salad
and for flavor when dried and in powdered form. The tender fruits contain minerals especially
calcium, magnesium, iron and phosphorus; protein, vitamin A and C including riboflavin as
well as high mucilage (Ndaeyo et al., 2005). Mature okra seeds are good sources of protein
and oil (Oyelade et al., 2003). Its ripe fruit and stems contain crude fiber, which is used in the
paper industry. Despite the nutritional value of okra, its optimum yields (2-3 t /ha) and quality
have not been attained in the tropical countries partly because of a continued decline in soil
fertility and soil moisture (Pettigrew, 2004).

Water deficits and insufficient water are the main limiting factors affecting worldwide crop

production (Nuruddin, 2001). Plants growing under suboptimal water levels are associated
with slow growth and, in severe cases, dieback of stems; such plants are more susceptible to
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disease and less tolerant of insect feeding (Wilson, 2009). In crops, water stress has been
associated with reduced yields and possible crop failure. The effects of water stress however
vary between plant species. As the plant undergoes water stress, the water pressure inside the
leaves decreases and the plant wilts. The main consequence of moisture stress is decreased
growth and development caused by reduced photosynthesis, a process in which plants
combine water, carbon dioxide and light to make carbohydrates for energy. Water deficit
inhibits photosynthesis by causing stomata closure and metabolic damage. Stomata of the
leaves that are slightly deficient in water opened more slowly in light and close more quickly
in the dark (Nuruddin, 2001). Soil moisture stress reduces leaf water potential which in turn
may reduce transpiration (Shibairo et al., 1998). Kirnak et al. (2001) have found that water
stress results in significant decreases in chlorophyll content, electrolyte leakage, leaf relative
water content and vegetative growth; and plants grown under high water stress have less fruit
yield and quality.

Okra plants need a controlled supply of water throughout the growing period for optimal
quality and higher yield. Drip irrigation with its ability of small and frequent water
applications have created interest in view of decreased water requirements, possible increased
production, and better product quality (Connor et al.,1981; Mohammed et al.,2006). Edoga
and Edoga (2006) also reported that with drip irrigation, the soil is maintained continuously
in a condition which is highly favorable to the crop growth. Controlled irrigation is essential
for high yields because the crop is sensitive to both over and under irrigation (Al-Harbi et al.,
2008). Therefore, this research can be designed to investigate the possible impacts of soil
moisture stress using drip irrigation on the growth and yield of Okra.

2. MATERIALS AND METHOD
2.1 Experimental Design
This experiment was conducted at the Agricultural Research farm of the Federal College of
Agriculture, Moor Plantation, Ibadan. The experimental site is located between 7.365° N and
3.859° E with an altitude of 400meters above sea level. The experiment was conducted on
sandy- loam soil having a pH of 5.99. The average annual maximum and minimum
temperatures are 36.70°C and 22.3°C, respectively.

Two varieties of okra were used as planting materials. These were Clemson’s spineless and
B35 varieties. These varieties were collected from the Institute of Agricultural Research and
Training (IAR&T). The cultivar has been used by farmers in the region and it takes 45-60
days to mature under field condition.

The experimental field was laid in a latin square block design. Four moisture levels of
100%FC, 80%FC, 60%FC and 40%FC (Field Capacity) irrigation were applied. The
treatments were replicated twice for the two varieties. The 100%FC was used as control. A
simple drip irrigation technology was adopted for the experiment. Each water regime has two
rows. Drip laterals were laid out at 1.0m spacing between the rows. The drippers/emitters were
placed at 0.75m apart along the lateral line with a discharge capacity of 4.0 I/hr each.

The gross plot size of the experimental field was measured to be 10m by 6m (60m?). Each bed
was placed at 1m apart. The soil was ploughed and the beds were constructed. For sowing,
three seeds were planted per hole with a spacing of 0.75m.
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2.2 Field Capacity Determination

The field capacity of the soil was determined using the core method (Mbah, 2012). A 100 cm?
soil cores were used to take sample from the plot. The sample was wetted to saturation and
leave to dry for 24hours. The weight of the wetted core was measured. The sample was oven
dried to a constant weight at 105°C (ASTM, 1987). The field capacity was calculated as
follows:

FC = WWC—‘WWOS X Bulk density e, (1)

Wos—
Where: Wwe = Weight of wetted core after 24hrs
Wos = Weight of oven dry sample
W = Weight of core sampler.
The planting was carried out on 8" of November, 2016. For sowing, three seeds were planted
per hole with a depth of 3cm and a spacing of 75cm. The number of stands per bed was 8.
Weeding was carried out weekly which was done with bare hand by uprooting the weeds.

2.3 Irrigation Scheduling
The goal of irrigation scheduling was to make the most efficient use of water and energy by
applying the right amount of water to cropland at the right time and in the right place. Proper
irrigation scheduling requires a sound basis for making irrigation decisions. Methods of
irrigation scheduling are based on soil water measurements, meteorological data or monitoring
plant stress. Tensiometers measure the soil water tension that can be related to the soil water
content. The tensiometer gauge reads the tension between soil and water particles. Soil
moisture tension increases when there is less water in the soil. As a result, the tensiometer
gauge reads high for dry soils and low for wet soils.
For most soil types, readings under 10 cbars indicate a wet soil, and above 50 cbars indicate
a dry soil (Fabura and Nkakini 2015). The following steps were considered when determining
a watering schedule for a drip irrigation system

1. Determination of the crop Root zone Depth (RD)

2. Determination of the soil type

3. Determination of the Available soil Water Storage Capacity (AWSC) or Field

Capacity(FC)
4. Determination of the Total Available Water Storage Capacity (TAWSC)
TAWSC = Rooting depth x AWSC

5. Determination of 80% FC, 60%FC and 40%FC respectively,

80% FC of moisture depletion = Total AWSC x 80%

60% FC of moisture depletion = Total AWSC x 60%

40% FC of moisture depletion = Total AWSC x 40%
Once the percentage depletion of moisture content was noticed through the use of soil
moisture meter and tensiometer for each regime, the amount of missing water was replaced
by drip irrigation
2.4 Water Use Efficiency
Irrigation Water Use Efficiency (WUE) can be defined as the increase in production per unit
increase in Evapo-Transpiration (ET) due to irrigation (Ogedengbe, 2015). This is expressed
as shown in equation 2.

WUE, = —Yd

. 2
Wsi—Wsc
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Yi = Yield due to irrigation

Y= Contol yield

wsi= Water supplied to the irrigation regime

wsc= Water supplied to the control

The total amount of water supplied (irrigation and effective rainfall) to each crop on each
regime was computed, the differences between the values of water supplied to each irrigated
regimes and the control regime was calculated. Also, the average total yield (okra yield, stem
yield and leaf yield) of each of the two okra varieties planted on each regime was computed
and the differences between the values of total yield of each irrigated regimes and the control
regime was calculated.

2.5 Data Collection

Seedling emergence:

The number of seedlings that emerged per treatment was obtained through daily counts of
shoots showing above the soil surface at 5-14 days after planting (DAP).

Plant height:

Plant height was determined by measuring the height of the plant. A 30-cm ruler was used to
take measurements from the soil surface to the topmost stretched leaf of each plant.
Measurements were taken every week, starting from nine (DAP).

Stem diameter:

A vernier caliper was used to measure seedling diameter at 5-cm height above the soil.
Measurements of stem diameter started when all plants from the different treatments had
grown above 5-cm height.

Number of leaves
This was done by physical counting of leaves on a plant. Growth parameters mentioned
above are monitored and recorded on weekly basis after first two weeks of emergence.

Yield

Five plants were randomly selected from the middle area of each replicate of the treatments
in order to eliminate border effects. The fruits from these plants were harvested manually in
five pickings at two day intervals. These fruits were weighed and the yield was determined.

Data Analysis

Data obtained were subjected to statistical analysis using Analysis of Variance (ANOVA) to
determine if the treatments have any significant effect on parameters measured at 5%
confidence level.

3. RESULTS AND DISCUSSION

3.1 Soil Sample Analysis

The results of the soil physical analysis showed that the textural class of the soil used for the
experiment was sandyloam, with a pH that indicates that it is acidic. The soil is low in almost
all the essential nutrients. Apart from exchangeable Ca and Mg, all the other essential elements
such as total N, available P, exchangeable K and Na are below the critical levels recommended
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for crop production. The soil moisture content is also low, thus resulting in low available
water.

Table 1: Soil Test Analysis

pH(H20) 5.99
% of Sand 47.52
% of Clay 13.56
% of Silt 38.92
Textural class Sandy-loam
B.Density g/cm? 1.57
Ca (cmol/kg) 2.04
Mg (cmol/kg) 1.34
CEC (cmol/kg) 451
H+ 0.11
Average P (ppm) 14.95
Total Nitrogen % 0.15
Organic carbon % 1.86
Organic matter % 3.20
Electrical conductivity 138.80

3.2 Plant Height of Clemson’s Spineless and B35 Varieties

Height of clemson’s spineless and B35 okra varieties planted on the four water regimes (100,
80, 60, and 40%FC regime) were being recorded on weekly basis, the result is represented in
Figure 1 and 2. The figure shows that there is a uniform increase in height of clemsom’s
spineless okra planted on all the four regimes until 42 DAP after which there was an increase
in the rate at which the heights were increasing. 60%FC produced the highest plant height
value of 45cm and 40cm at 70 DAP respectively, 100%FC have the second highest value of
42cm and 37cm at 70 DAP respectively, 40%FC have the third highest value of 35cm and
30cm at 70 DAP respectively, and 80%FC produces the least plant height at 32cm and 35cm.
The increase in Clemson’s variety plant height with days of planting was in line with Puneet
et al., (2016) who reported that plant height increases with time. The result obtained below
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shows that the variations on the effects of soil moisture stress was insignificant on the plant
height.

Comparing the plant height of the two varieties, 100%FC of Clemson spineless gives 42cm
while B35 variety gives 37cm, 80%FC of Clemson spineless gives 32cm while B35 variety
gives 35cm, 60%FC of Clemson spineless gives 45cm while B35 variety gives 40cm, 40%FC
of Clemson spineless gives 35cm while B35 variety gives 30cm.
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Figure 1: Changes in Heights of Clemson’s spineless Variety with Days After Planting
(DAP)
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Figure 2: Changes in Heights of B35 Variety with Days After Planting (DAP)

3.3 Stem Girth of Clemson’s Spineless Variety

The stem girth of Clemson’s spineless okra planted on the four water regimes (100, 80, 60,
and 40%FC regime) were recorded on weekly basis, the result is represented in Figure 3.The
figure shows that there was a uniform increase in stem girth of clemsom’s spineless okra
planted on all the four regimes until week 7 after which there was an increase in the rate at
which the stem girth were increasing. 60%FC produced the highest stem girth value of
12.12mm at 70 DAP, 100%FC produced the second highest value of 10.12mm at 70 DAP,
80%FC produced the third highest value of 8.23mm at 70 DAP, followed by 40%FC which
produced the least value of 7.84mm.

3.4 Stem Girth of B35 Variety

The stem girth of B35 okra planted on the four water regimes (100, 80, 60, and 40%FC
regime) were recorded on weekly basis, the result is represented in Figure 4. The figure shows
that there was a uniform increase in stem girth of B35 okra planted on all the four regimes
until week 6 after which there was an increase in the rate at which the stem girth were
increasing. 80%FC produced the highest stem girth value of 8.78mm at 70 DAP, 100%FC
produced the second highest value of 8.61mm at 70 DAP, 60%FC gave the third highest value
of 8.43mm at 70 DAP, followed by 40%FC which produced the least stem girth of 8.01mm.
Comparing the stem girth of the two varieties, 100%FC of Clemson’s spineless gives
10.12mm while B35 variety gives 8.61mm, 80%FC of Clemson’s spineless gives 8.23mm
while B35 variety gives 8.78mm, 60%FC of Clemson’s spineless gives 12.12mm while B35
variety gives 8.43mm, 40%FC of Clemson’s spineless gives 7.84mm while B35 variety gives
8.01mm. Hence Clemson spineless produces greater value in stem girth in all the regimes
except in 80%FC.
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Figure 4: Changes in Stem Girth of B35 Variety with Days After Planting (DAP)

3.5 Plant Leaves of Clemson’s Spineless Variety

The plant leaves of Clemson’s spineless okra planted on the four water regimes (100, 80, 60,
and 40%FC regime) were recorded on weekly basis, the result is represented in Figure 5.The
figure shows that there was a uniform increase in plant leaves of Clemson’s spineless okra
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variety planted on all the four regimes until week 7 after which there was an increase in the
rate at which the plant leaves were increasing. 100%FC regime produced the highest plant
leaves number of 26 at 70 DAP, 60%FC produced the second highest number of 23 at 70
DAP, 80%FC produced the third highest number of 20 at 70 DAP, followed by 40%FC which
produced the least number of 17 at 70 DAP.

3.6 Number of Leaves of B35 Variety

The plant leaves of B35 okra planted on the four water regimes (100, 80, 60, and 40%FC
Regime) was recorded on weekly basis, the result is represented in Figure 6. The figure shows
that there is a uniform increase in plant leaves of B35 okra planted on all the four regimes
until week 7 after which there was an increase in the rate at which the plant leaves were
increasing. 100%FC produced the highest plant leaves number of 24 at 70 DAP, 80%FC
produced the second highest value of 20 at 70 DAP, 60%FC produced the third highest
number of 16 at 70 DAP, followed by 40%FC which produced the least number of 14 at 70
DAP. The result obtained shows that the variations on the effects of soil moisture stress is not
much felt on the plant leaves.

30
25
§20
3
= —4—40% REGIME
o 15
g == 60% REGIME
§10 80% REGIME
—>=100% REGIME
5
0
14 21 28 35 42 49 56 63 70 77
Days after Planting (DAP)

Figure 5: Changes in Number of Leaves of Clemson’s spineless Variety with Days After

Planting (DAP)
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Figure 6: Changes in Number of Leaves of B35 Variety with Days After Planting (DAP)

3.7 Okra Yield

The variations of yields in the four treatments for the two varieties are shown in Figures 7 and
8. Okra fruits of Clemson spineless and B35 varieties were harvested at 70DAP. The yield of
each regime was harvested and recorded.
For Clemson’s spineless variety, the 100%FC gave the highest yield value of 2.04tons/ha,
80%FC gave the second highest value of 1.44tons/ha, 60%FC gave the third highest value of

1.31tons/ha, and 40%FC gave the least value of 1.0tons/ha.

For B35 variety, the 100%FC gave the highest yield value of 1.77tons/ha, 80%FC gave the
second highest value of 1.35tons/ha, 60%FC gave the third highest value of 1.13tons/ha, and
40%FC gave the least value of 0.99tons/ha.
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Figure 7: Trend in Yield of Clemson’s Spineless Variety for Different Irrigation Regimes
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Figure 8: Trend in Yield of B35 Variety for Different Irrigation Regimes

3.8 Discussion

The variation in the yield value of both Clemson’s spineless and B35 varieties shows that at
high regime of water application, high yield can be obtained and vice versa. This also implies
that the more the moisture stresses on okra plant, the more the reduction in yield. Also from
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the result obtained, Clemson’s spineless variety gave high yield as compared to B35 variety.
The results obtained corroborated the findings of Al-Harbi et al., (2008) and Abdul Naveed
et al., (2009) that increase in the amount of water use leads to increase in okra yield. This
result is also in agreement with the findings of Kurung and Unliikara, (2009) who reported
increased yield of okra with increasing irrigation water application. According to Calvache
and Reichardt (1999), water deficit during vegetative growth leads to decline in yield. This
was evident from the results obtained from the two varieties at different application regime of
water.

3.9 Irrigation Water Use Efficiency

The total amount of water supplied to each crop on each regime was computed at 70 days after
planting, this corresponds to the time the harvest was carried out. The values obtained for the
100%FC, 80%FC%, 60%FC and 40%FC are 736m%/ha, 591.87m%nha, 447.73m%ha and
306.67m%/ha respectively. Also, the average total yield (Okra yield) of each of the two
varieties planted on each regime was computed. Irrigation water use efficiency was calculated
for each variety of each regime.

3.9.1 TIrrigation Water Use Efficiencies for Clemson’s Spineless

Figure 4.9 shows the variation in efficiencies obtained for the four irrigated regimes. The
figure shows that 40%FC had the highest irrigation water use efficiency (3.26 Kg/m?), 60%FC
had the second highest value (2.92 Kg/m?), 100%FC had the third highest value (2.77 Kg/m?)
while 80%FC had the lowest irrigation water use efficiency (2.43 Kg/md).

3.9.2 lIrrigation Water Use Efficiencies for B35 Variety

Figure 4.10 shows the variation in efficiencies obtained for the four irrigated regimes. The
figure shows that 40%FC had the highest irrigation water use efficiency (3.22 Kg/m?), 60%FC
had the second highest value (2.53 Kg/m®), 100%FC had the third highest value (2.41 kg/m?®)
while 80%FC had the lowest irrigation water use efficiency (2.27 kg/m?).
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Figure 9: Water Use Efficiency of Clemson’s Spineless for Different Irrigation Regimes
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Figure 10: Water Use Efficiency of B35 Variety for Different Irrigation Regimes
4. CONCLUSION

The two different okra varieties obtained from IAR&T was planted and monitored under drip
irrigation condition. From the analyzed data, there was a uniform increase in the stem
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diameter, plant height and number of leaves in the two varieties of okra planted and also there
was a slightly significant difference across the four regimes at 5% significance difference. The
effect of soil moisture stress on plant height, plant leaves and stem girth was insignificant.
Clemson’s spineless had the best result value in terms of okra yield, okra productivity, plant
height, plant leaves and stem girth as compared to B35 variety. It can be concluded that, okra
plant are tolerant to drought even though they produce better when they get the sufficient
amount water as recorded in the 100%FC.
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ABSTRACT

Tractor fuel consumption is an important factor in farm machinery management. Factors
influencing tractor fuel consumption in litres per hectare (L/ha) during harrowing operation
on a sandy loam soil was undertaken using available information gathered from the National
Centre for Agricultural Mechanization (NCAM)Tractor Test Reports. The tractors used were
categorized into 39 — 60, 61 — 80 and 81 — 100 horsepower groups with unequal replicates
provided for each of the group. Effects of operation parameters on fuel consumption for
harrowing operation were investigated for the three tractor categories using One-Way
Repeated Measures Analysis of Variance. The findings of the study showed that at 0.05
significance level, horsepower groups had no effect on tractor fuel consumption during
harrowing operation. The results further showed that operation parameters had significant
effect on tractor fuel consumption during harrowing operation. It was concluded that the study
had identified factors influencing tractor fuel consumption during harrowing operation in a
sandy loam soil.

KEYWORDS: Harrowing, influencing, factors, tractor, fuel, consumption

1. INTRODUCTION

In Nigeria, agricultural mechanization is one of the greatest contributions of technological
advancements to agricultural production (Adewoyin and Ajav, 2013). The use of tractors plays
a vital role in agriculture, both in developed and developing nations (Mahmood and Gee-
Clough, 1989). The application of machines to agricultural production has been one of the
outstanding developments in agriculture. With the increasing use of farm machinery, farm
tractors play an important role in enhancing agricultural productivity (Kazmi and Ahmad,
1996). Tractors and farm machinery are important sources of modern technology (Singh,
2000; Xinan et al., 2005). According to Panam et al. (2010), tractors are one of the fastest
farm machines used by farmers for tillage operations instead of human tools and animal-drawn
implements. Machinery contributes a major capital input cost in most farm businesses.

Singh (2006) observed that the effect of tractor power on agriculture is considerable. The
primary purpose of agricultural tractors, particularly those in the middle to high power range,
is to perform drawbar work (Zoz and Grisso, 2003). Land preparation is one of the most
energy consuming operations in the field. Energy utilized in tillage is governed by such factors
as soil type and condition, depth of cut, operating speed and hitch geometry. Field practices
have shown that land preparation constitutes the major cost of farm operation due to the high
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level of energy expended during tillage. Fuel consumption plays a significant role in the
selection and management of tractors and equipment. Two of the common tillage implements
widely used by farmers in the southern part of Nigeria are the disc plough and disc harrow.
Tillage operations require the most energy and power spent on farms (Al-Suhaibani and
Ghaly, 2010).

Soil tilling, according to Oni (1991), is the most intensive of all processes involved in crop
production. Tillage of soil is considered to be one of the biggest farm operations (Al-Suhaibani
and Ghaly, 2010). There are several tillage implements used by farmers to prepare seedbed.
However, the selection of tillage implements for seedbed preparation and weed control
depends on soil type and condition, type of crop, previous soil treatments, crop residues and
weed type (Upadyaya et al., 2009). The demand for tractor power generally increases with
farm size. Tractor fuel consumption is an important factor in farm machinery management.
The study aims at identifying factors influencing fuel consumption in diesel operated tractors.

2. MATERIALS AND METHODS

2.1  Experimental procedure

Information gathered from the National Centre for Agricultural Mechanization (NCAM)
Tractor Test Reports on agricultural tractors tested during harrowing operation on a sandy
loam soil as compiled by Oyelade (2016) for 37 agricultural tractors were used for this study.
Each tractor was tested on an area of 0.25 hectare (25 m x 100 m) in a randomized complete
block design (RCBD). The implement used for the trials was tractor mounted off-set disc
harrow. Parameters measured during harrowing operation include draught force, the width of
cut, depth of cut, duration of operation, the speed of operation, field capacity, field efficiency,
fuel consumption, wheel slip, soil moisture content, soil bulk density and soil cone index. All
the parameters of the tractor-implement performance were measured and recorded in line with
the recommendations of RNAM test codes and procedures for farm machinery technical series
(1983). Results of measured parameters gathered from each tractor test report on a sandy loam
soil during harrowing operation were subjected to Analysis of Variance (ANOVA) in studying
the measured parameters that contributed significantly to tractor fuel consumption in litres per
hectare during harrowing operation.

2.2 Description of the Study Area

The study was carried out at the research farm of the National Centre for Agricultural
Mechanization (NCAM), llorin, Kwara State. It is located in the Southern Guinea Savanna
ecological zone of Nigeria. The particle size analysis of the soil where each tractor was tested
was carried out using the hydrometer method described by Gee and Or (2002). The textural
class of the soil was determined using USDA Textural Triangle. The various test locations
where these tractors were tested fall under the sandy loam soil textural class with the following
fractions: sand - 56.79% to 69.92%, silt - 15.33% to 28.64% and clay - 6.44% to 18.33%. The
soil in the various test locations was classified as Alfisols (Soil Survey Staff, 1975) under the
USDA soil order.

2.3 Test Parameters

2.3.1 Draught of implement

The draught of implement was measured using the trace tractor technique described by
Oyelade (2016).
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2.3.2 Duration of operation
The duration of operation measured in h/ha is the time spent in completing the whole operation
and was mathematically expressed as:

where, (1)
Xo = Duration of operation (h/ha)
Xs = Effective field capacity (ha/h)

2.3.3 Depth and width of cut
The depth and width of cut during field operation were measured using a steel rule and
measuring tape, respectively.

2.3.4 Speed of operation

The speed of operation was determined by placing two poles 20 m apart in-between 100 m
which serves as the longest distance of the test plot. The speed of operation for each tractor
evaluated during field operation was mathematically expressed as:

20
Vs = 3.6(;) (2
where,

Vs = Speed of operation (km/h)
t1 = Time taken to cover 20 m (sec)

2.3.5 Theoretical field capacity
Theoretical field capacity measured in ha/h was expressed mathematically as:

o E(3600) )
T.

where,

G = Theoretical field capacity (ha/h)
E = Area of field (ha)
Ta = Actual time taken in doing the main tillage work (sec)

2.3.6  Effective field capacity
Effective field capacity measured in ha/h was expressed mathematically as:

. _ E(3600 @
T,

Xs = Effective field capacity (ha/h)

E = Area of field (ha)

Tt = Total time taken in completing the whole tillage operation (sec)
2.3.7 Field efficiency
Field efficiency is the ratio of effective field capacity to theoretical field capacity, expressed
in percent. It was expressed mathematically as:

where,
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H :% x100% (5)

where,
H = Field efficiency (%)
Xs = Effective field capacity (ha/h)
G = Theoretical field capacity (ha/h)

2.3.8 Fuel consumption

The filling of fuel tank before the operation and then refilling after completing the operation
as used in this study is a common method used in the field for determining tractor fuel
consumption in litres per hectare. This same method was as reported by (Ajav and Adewoyin,
2011; Ikpo and Ifem, 2005; Kudabo and Gbadamosi, 2012; Meshack-Hart, 1997; Sirelkatim
et al., 2001; Udo and Akubuo, 2004) in determining tractor fuel consumption in litres per
hectare.

Fuel consumption measured in either L/ha or L/h was expressed mathematically as:

_J
=2 (6)
K =X, xl 7)
where,

| = Fuel consumption (L/ha)

J = Volume of fuel consumed (L)
E = Area of field (ha)

K = Fuel consumption (L/h)

Xs = Effective field capacity (ha/h)

2.3.9 Tractive efficiency
Tractive efficiency measured in % is the ratio of drawbar power to wheel power and was
expressed mathematically according to (Macmillan, 2002) as:

0, = g—” x 100% (8)
where,
¢ = Tractive efficiency (%)
Dy = Drawbar power (kW)
Quw= Wheel power (kW), power losses in the transmission from engine to the
wheels of, say 10% is assumed, it can be written as:
0, = 09”;’0 x 100% 9)
where,

Qe = Engine power (kW)

2.3.10 Travel reduction (wheel slip)

In determining wheel slip (travel reduction), a mark was made on the tractor drive wheel with
coloured tapes. This was used to measure the distance covered by the tractor drive wheel at
every 10 revolutions under no load and the same revolution with a load on the same surface.
The travel reduction (wheel slip) measured in % was expressed mathematically as:
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L=Me=My 0% (10)
2
where,
L = Travel reduction (wheel slip) (%)
M. = Distance covered at every 10 revs of the wheel at no-load condition (m)

M = Distance covered at every 10 revs of the wheel at load condition (m)

2.4 Soil Parameters
2.4.1 Soil moisture
Klenin et al. (1985) defined soil moisture content as the amount of liquid, usually water that
is present in the soil. It is expressed as a percentage of the mass of water in the soil to the mass
of the dried soil (for dry weight classification) or mass of water to mass of wet soil (for wet
weight classification). The soil moisture content (in dry basis) measured in %, can be
expressed mathematically as:

M= = x100% (11)

where,
M. = Soil moisture content (%)
W; = Mass of oven dried soil (g)
W,, = Mass of water present in soil (g)

2.4.2 Soil bulk density

Soil bulk density (p;, ) is a measure of the mass of soil per unit volume and is usually reported
on an oven-dry basis. The soil bulk density was determined by the core method described by
Anwanane (2014). The core samples were oven dried at a temperature of 105°C to a constant
weight.

P = (12)

pp = Soil bulk density (g/cm?®)
Mg = Mass of dry soil (g)
Vr = Total volume of soil (cm?®)

2.4.3 Soil cone index
The soil cone index (CI) is the soil resistance to penetration and was measured using a cone
penetrometer.

2.5  Statistical Tool

2.5.1 Experimental design

The statistical analysis adopted for this study, involving one factor at three levels was the
One-Way Repeated Measures Analysis of Variance (ANOVA) experimental design with
unequal replicates. The 37 tractors involved in this study were tested between 2005 and 2011.
These tractors were grouped into three tractor horsepower groups namely, 39 — 60, 61 — 80
and 81 — 100 horsepower tractors which were termed as a medium, low-high and high
range tractors, respectively. The 39 — 60, 61 — 80 and 81 — 100 tractor horsepower groups
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were provided with 14, 19 and 4 replicates, respectively. The year each tractor was tested
serves as a replicate in each of the tractor horsepower group.

Using version 3.1.1 of the R software package (R Development Core Team, 2014) for
statistical computing and graphics, the One-Way Repeated Measures ANOVA was used to
study the effects of tractor horsepower groups on tractor fuel consumption in litres per hectare
due to harrowing operation parameters. It was also used to study the effects of harrowing
operation parameters on tractor fuel consumption. As a result of this, the following hypotheses
were drawn.

Hypothesis: Test of Significance of Tractor Horsepower

Null hypothesis (Hg): Effects of the three tractor horsepower groups on tractor fuel
consumption due to harrowing operation parameters are the same

Alternative hypothesis (H,): Effects of the three tractor horsepower groups on tractor fuel
consumption due to /harrowing operation parameters are not the same

Test statistic: ANOVA F-test

Decision rule: Reject H, in favour of H; at 0.05 level of significance if p-value < 0.05,
otherwise do not reject H,

Hypothesis: Test of Significance of Harrowing Operation Parameters

Null hypothesis (Hg): Effects of the harrowing operation parameters on tractor fuel
consumption in litres per hectare are the same

Alternative hypothesis (Hq): Effects of the harrowing operation parameters on tractor fuel
consumption in litres per hectare are not the same

Test statistic: ANOVA F-test

Decision rule: Reject H, in favour of H; at 0.05 level of significance if p-value < 0.05,
otherwise do not reject H,

3. RESULTS AND DISCUSSION

3.1  Experimental Design

Table 1 presents the mean values of measured parameters in the three horsepower groups.
Based on the design structure of the harrowing operation data set and interest in investigating
the effects of the three levels of the factor (tractor horsepower group) on tractor fuel
consumption, there is need to conduct a single factor design with repeated measures ANOVA.
The justification for the choice of repeated measures ANOVA lies in the fact that observations
under the three groups were gathered over time. Another reason for the choice of the method
is that the 13 harrowing operation parameters (treatments) are nested within the three levels
of tractor horsepower groups. The R statistical package for data analysis and computing,
version 3.1.1 was utilized for analysis. Table 1was subjected to One-Way Repeated Measures
ANOVA. The ANOVA result for effects of tractor horsepower groups on harrowing operation
parameters is presented in Table 2.
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Table 1. Summary Table of Mean of measured Parameters during Harrowing Operation in
the Three Horsepower Groups

Treatment Horsepower Group Total
1 2 3
Tractor power rating 51.04 73.05 88.30 212.39
Width of cut 177.08 175.76 203.59 556.43
Depth of cut 17.63 18.47 19.25 55.35
Draught force 3.48 3.74 3.79 11.01
Effective field capacity 0.9445 1.015 1.079 3.0385
Tractive efficiency 21.76 17.05 12.49 51.3
Field efficiency 73.52 73.35 75.13 222
Wheel slip 12.51 10.05 9.19 31.75
Duration of operation 1.098 1.007 1.044 3.149
Speed of operation 7.37 7.96 6.97 22.3
Average moisture content 9.61 9.38 9.38 28.37
Average bulk density 1.42 1.39 1.36 4.17
Average cone index 28.13 19.93 15.51 63.57
Total 405.5925 412.152 447.083 1264.8275
Table 2. ANOVA Table for Effects of Tractor Horsepower Groups on Harrowing Operation
Parameters
Source of Variation Degree of Sum of Mean Square  F-value P-value
Freedom Squares

Horsepower Group 2 76.53 38.265 0.733 0.491
Residuals 24 1253.017 52.209

Decision: Since p-value = 0.491 > 0.05, we do not reject H,,

Based on the results presented in Table 2which gave a p-value of 0.491 > 0.05, implies that
the effects of the three tractor horsepower groups on tractor fuel consumption value in litres
per hectare on a sandy loam soil due to harrowing operation parameters are not significantly
different. From the ANOVA results presented in Table 3, it is safe to conclude that the effects
of the 13 harrowing operation parameters on tractor fuel consumption in litres per hectare on
a sandy loam soil are not the same. As a result of this, there is a need to conduct multiple
comparison tests using a pair-wise t-test to know which harrowing operation parameters are
actually significantly different in terms of their effects on tractor fuel consumption. The result
of the pair-wise t-test is presented in Table 4.

Table 3. ANOVA Table for Effects of Harrowing Operation Parameters on Tractor Fuel
Consumption

Source of Degree of Sum of Mean F-value P-value
Variation Freedom Squares Square
Parameters 12 97717.207 8143.101 155.97 <2e-16
Residuals 24 1253.017 52.209

Decision: Since p-value = 2e-16 < 0.05, we reject H,
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Table 4. Pair-Wise Comparison result of Harrowing Operation Parameters

X12 X13 X11 X9 X3 X4- XS X7 Xl X10 X6 X8

Xy3 076 - - - - - - - - - - -
0

Xy, 000 086 - - - - - - - - - -
44 5

Xy 019 076 0003 - - - - - - - - -
6 0 *

Xs 005 1.00 0159 0050 - - - - - - - -
1 0

X, 013 076 0053 0.123 004 - - - - - - -
30 3*

Xs 075 076 0012 1.000 004 003 - - - - - -
5 0 * 0* 4%

X, 000 024 0006 0004 000 000 0004 - - - - -
5* 1 * * 3* 4* *

X, 076 086 0760 0760 076 0.76 0.760 1.000 - - - -
0 5 0 0

X0 012 086 0755 0131 015 025 0131 0011 0760 - - -
8 5 6 2 *

X, 076 086 0865 0760 1.00 076 0.760 0.150 0.865 0.86 - -
0 5 0 0 5

Xg 041 086 1000 0392 076 076 0414 0034 0760 0.86 0.865 -
4 5 0 0 * 5

X, 013 022 0138 0134 013 013 0.134 0236 0158 0.3 0.196 0.15
4 5 8 4 8 0

* Significant at p < 0.05

Key:

X1 = Tractor power rating (hp),X2 = Width of cut (cm), X3 = Depth of cut (cm),X4 = Draught force

(kN), Xs = Effective field capacity (ha/h), Xe = Tractive efficiency (%), X7 = Field efficiency
(%),Xs = Wheel slip (%), Xo = Duration of operation (h/ha), X10=Speed of operation (km/h),

X11-=  Average soil moisture content (%), Xi2-Average soil bulk density (g/cm®)andX13- Average

soil cone index (N/cm?).

aensity, average SOIl MOIStUre CoNtent ana eTrectlve Tield capacity, average soll moisture
content and field efficiency, average soil moisture content and duration of operation, average
soil bulk density and field efficiency, depth of cut and draught force, depth of cut and effective
field capacity, depth of cut and field efficiency, draught force and effective field capacity,
draught force and field efficiency, effective field capacity and field efficiency, wheel slip and
field efficiency, and duration of operation and field efficiency within a particular tractor
horsepower group are significantly different. This implies that within that particular tractor
horsepower group they have different impact on tractor fuel consumption i.e. one cannot use
one treatment to replace another.
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5. CONCLUSION

A study was carried out to investigate the factors influencing tractor fuel consumption during
harrowing operation in a sandy loam soil using information gathered from NCAM Tractor
Test Reports. The tractors involved were categorized into 39 — 60, 61 — 80 and 81 — 100
horsepower groups. The One-Way Repeated Measures ANOVA was used to study the effects
of tractor horsepower groups on tractor fuel consumption in litres per hectare due to harrowing
operation parameters. Likewise, it was used to study the effects of harrowing operation
parameters on tractor fuel consumption.

It is safe to conclude from the results obtained from the One-Way Repeated Measures
ANOVA for harrowing operation that tractor fuel consumption in the three tractor horsepower
groups used in this study were statistically significantly the same. Likewise, the same
ANOVA result showed that harrowing operation parameters had an effect on tractor fuel
consumption.
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ABSTRACT

In the study of agricultural machinery management, fuel consumption is considered as a very
important factor that plays a significant role in the selection and management of tractors and
equipment. In Nigeria, there are no tractor fuel consumption models developed for harrowing
operation. Considering the importance of harrowing operation to tillage practice in Nigerian
agriculture, it became necessary to embark on the study on the modelling of tractor fuel
consumption in litres per hectare (L/ha) during harrowing operation in a sandy loam soil using
available information gathered from the National Centre for Agricultural Mechanization
(NCAM) Tractor Test Reports. A multiple linear regression method was used to develop the
model. A 10-repeated 10-fold cross-validation method was used to validate the model. The
study revealed that the model developed for harrowing operation had a R?-value of 0.477
showing tractor power rating as the only operation parameter contributing to the model
development. Cross-validation revealed that the harrowing operation model had a test error
value of 0.986 L/ha. The study also identified other contributing factors to tractor fuel
consumption during harrowing operation in a sandy loam soil. The model developed for
tractor fuel consumption during harrowing operation in a sandy loam soil is recommended for
use in budgeting for diesel consumption.

KEYWORDS: Fuel, harrowing, evaluation, prediction, tractor, consumption

1. INTRODUCTION

Tillage of soil is considered to be one of the biggest farm operations (Al-Suhaibani and Ghaly,
2010). It is also a conventional farming system involving the use of the tractors which results
in high energy costs. The sustainability of such a system requires a well-controlled resource
management leading to a significant reduction in crop production costs derived from savings
in fuel consumption (Serrano et al., 2009). Agricultural machinery has become increasingly
important in carrying out farm work. The application of machines to agricultural production
has been one of the outstanding developments in agriculture. Machinery contributes a major
capital input cost in most farm businesses.

In agriculture, the tractor remains a very important machine due to its ability to provide

mechanical power to farm implements both on and off the farm. The choice of a tractor based
on field performance can be very challenging due to limited information with regards to
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performance on the field. According to Sirelkatim et al. (2001), land preparation is one of the
most energy demanding operations in agriculture, it involves soil cutting, turning and
pulverizing and thus demands high energy, hence there is need to optimize tractor
performance in order to utilize the available energy. This energy utilization depends on many
factors such as soil type and condition, operating depth and speed, and hitch geometry.

The use of models for budgeting of tractor fuel consumption has been of great use to farmers
in developed nations. Most studies on model development for tractor fuel consumption centres
mainly on ploughing operation which is the first tillage operation carried out on the soil.
Harrowing operation has been considered as a very important tillage operation that needs to
be carried out during land preparation in Nigerian agriculture.

Considering the importance of harrowing operation to tillage practice in Nigerian agriculture,
there is a need to develop a simple model equation for predicting tractor fuel
consumptioninlitres per hectare (L/ha) during harrowing operation. The study is aimed at
developing a statistical model for predicting tractor fuel consumption during harrowing
operation in a sandy loam soil.

3. MATERIALS AND METHODS

2.1  Experimental procedure

The study involves the use of information gathered from the National Centre for Agricultural
Mechanization (NCAM) Tractor Test Reports on 41 agricultural tractors compiled by Oyelade
(2016) which were tested during harrowing operation on a sandy loam soil. Each tractor was
tested on an area of 0.25 hectare (25 m x 100 m) in a randomized complete block design
(RCBD). The implement used for the trials was tractor mounted off-set disc harrow.
Parameters measured during harrowing operation include speed of operation, fuel
consumption, field capacity, field efficiency, wheel slip, duration of operation, draught force,
the width of cut, depth of cut, soil cone index, soil moisture content, and soil bulk density.
The three soil properties, namely, soil cone index, soil moisture content and soil bulk density
were all measured at depths 0 — 7 cm, 7 — 14 cm and 14 — 21 cm. The resulting average values
of these three soil properties were part of the data collated. All the parameters of the tractor-
implement performance were measured and recorded in line with the recommendations of
RNAM test codes and procedures for farm machinery technical series (1983). Out of the 41
tractor test data, 37 tractor test data termed model development dataset was used to generate
multiple regression for use in future predictions of tractor fuel consumption in litres per
hectare during ploughing operation on a sandy loam soil. The remaining four tractor test data
termed model validating dataset were used to validate the model developed.

2.2  Description of the Study Area

The study was carried out at the National Centre for Agricultural Mechanization (NCAM),
[lorin, Kwara State which is located at 370 m above sea level in the Southern Guinea Savanna
ecological zone of Nigeria by Longitude 4° 30’ E and Latitude 8° 26’ N. The various test
locations where these tractors were tested fall under the sandy loam soil textural class with
the following fractions: sand - 56.79% to 69.92%, silt - 15.33% to 28.64% and clay - 6.44%
to 18.33%. The soil in the various test locations of the study area were classified as Alfisols
(Soil Survey Staff, 1975) under the USDA soil order.
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2.3 Particle Size Analysis

Particle size analysis was carried out using the hydrometer method described by Gee and Or
(2002). Sodium hexametaphosphate (calgon) was used as the dispersant. The textural class of
the soil was determined using the USDA Textural Triangle.

24  Test Parameters

2.4.1 Speed of operation

The speed of operation was determined by placing two poles 20 m a part in-between the
longest distance of the test plot. On the opposite side of the test plot, two poles were placed in
a similar position 20 m apart. The speed of operation for each tractor evaluated during
harrowing operation was mathematically expressed as:

Vi =3.6(7) M
where,

Vs = Speed of operation (km/h)
t: = Time taken to cover 20 m (sec)

2.4.2 Depth and width of cut
The depth and width of cut during field operation were measured using a steel rule and
measuring tape, respectively.

2.4.3 Draught of the implement

The draught of implement was measured using the trace tractor technique described by
Oyelade (2016).

2.4.4 Theoretical field capacity

Theoretical field capacity measured in ha/h was expressed mathematically as:

Go E (3600) )
T.

G = Theoretical field capacity (ha/h)
E = Area of field (ha)
Ta = Actual time taken in doing the main tillage work (sec)

where,

2.4.5 Effective field capacity
Effective field capacity measured in ha/h was expressed mathematically as:

X, = E (3600) 3)
T,
where,
Xs = Effective field capacity (ha/h)
E = Area of field (ha)
Tt = Total time taken in completing the whole tillage operation (sec)
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2.4.6 Field efficiency
Field efficiency, according to ASAE (2000), is the ratio of effective field capacity to
theoretical field capacity, expressed in percent. It was expressed mathematically as:

H::%fxloa% (4)

where,
H = Field efficiency (%)
Xs = Effective field capacity (ha/h)
G = Theoretical field capacity (ha/h)

2.4.7 Fuel consumption

The fuel required for each tillage operation was determined by filling the tank to full capacity
before and after the test. Amount of refueling after each test is the fuel consumption for the
test. The filling of fuel tank before the operation and then refilling after completing the
operation in determining the amount of fuel consumed during operation is a common method
used in the field for determining tractor fuel consumption in litres per hectare. This same
method was as reported by (Ajav and Adewoyin, 2011; Ikpo and Ifem, 2005; Kudabo and
Gbadamosi, 2012; Meshack-Hart, 1997; Sirelkatim et al., 2001; Udo and Akubuo, 2004) in
determining tractor fuel consumption in litres per hectare.

Fuel consumption measured in either L/ha or L/h was expressed mathematically as:

J
== )
K =X;xl (6)
where,

| = Fuel consumption (L/ha)

J = Volume of fuel consumed (L)
E = Area of field (ha)

K = Fuel consumption (L/h)

Xs = Effective field capacity (ha/h)

2.4.8 Travel reduction (wheel slip)

In determining the wheel slip (travel reduction), a mark was made on the tractor drive wheel
with coloured tapes. This was used to measure the distance covered by the tractor drive wheel
at every 10 revolutions under no load and the same revolution with a load on the same surface.
The travel reduction (wheel slip) measured in % was expressed mathematically as:

L:%x 100% 7)

2
where,
L = Travel reduction (wheel slip) (%)
M. = Distance covered at every 10 revs of the wheel at no-load condition (m)
M = Distance covered at every 10 revs of the wheel at load condition (m)
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2.4.9 Tractive efficiency
Tractive efficiency measured in % is the ratio of drawbar power to wheel power and was
expressed mathematically according to (Macmillan, 2002) as:

0, = g—i x 100% (8)

where,
¢ = Tractive efficiency (%)
Dy = Drawbar power (kW)
Qw = Wheel power (kW), power losses in the transmission from engine to the
wheels of, say 10% is assumed, it can be written as:

0; = —2— x 100% 9)

- 0.9 x Q¢
where,

Qe = Engine power (kW)

2.4.10 Duration of operation
The duration of operation measured in h/ha which is the time spent in completing the whole
operation was mathematically expressed as:

1
Xq = X (10)

5
where,

Xo = Duration of operation (h/ha)
Xs = Effective field capacity (ha/h)

2.5  Soil Parameters

2.5.1 Soil bulk density

Soil bulk density (p, ) is a measure of the mass of soil per unit volume and is usually reported
on an oven-dry basis. The soil bulk density was determined by the core method described by
Anwanane (2014). The core samples were oven dried at a temperature of 105°C to a constant
weight.

oy == (11)

pp = Soil bulk density (g/cm?)
Mg = Mass of dry soil (g)
Vr = Total volume of soil (cm?)

2.5.2  Soil moisture

Klenin et al. (1985) defined soil moisture content as the amount of liquid, usually water that
is present in the soil. It is expressed as a percentage of the mass of water in the soil to the mass
of the dried soil (for dry weight classification). The soil moisture content (in dry basis)
measured in %, can be expressed mathematically as:

M= = x100% (12)

N
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where,
M, = Soil moisture content (%)
W, = Mass of oven dried soil (g)
W,, = Mass of water present in soil (g)

2.5.3 Soil cone index
The soil cone index (CI) is the soil resistance to penetration and was measured using a cone
penetrometer.

2.6  Statistical Tool

2.6.1 Regression analysis

Multiple linear regression method which is a form of regression analysis was used for
establishing the relationship that existed between fuel consumption (the model response
variable) and other factors (or predictors of fuel consumption) identified to be factors
influencing tractor fuel consumption in litres per hectare during harrowing operation. Multiple
regression is when there is one dependent variable but more than one independent variables.
In this study, tractor fuel consumption in litres per hectare was the dependent variable while
other factors identified as factors influencing tractor fuel consumption in litres per hectare
stands as the independent variables.

In developing this model, the following hypotheses were drawn:

Test of Hypothesis about Full Regression Model of Harrowing Operation

Hypothesis 1: [Test of significance about all regression parameters]

Nullhypothesis(Hg): The model does not fits the data/ The model is not adequate
Alternativehypothesis(H,):The model fits the data/ The model is adequate
Mathematically,

Nullhypothesis(Hy): g; = 0 [None of the predictors contributes significantly to the model]
Alternativehypothesis(Hy): : f; # 0 foratleastonej [At least one of the predictors
contributes significantly to the model]

. - MSRegression
Tests statistic: F,qtip = A’;s‘"— [Global F-test]
Error

Decision rule: Reject thenull hypothesis in favour of the alternative hypothesis at 0.05
significance level if P — value < 0.05, otherwise do not reject the null hypothesis.
Hypothesis 2: [Test of significance about individual regression coefficient]
Nullhypothesis(Hy): ; = 0 [Predictor x; is not statistically significant in the model given
that others are included in the model]

Alternativehypothesis(Hy): : §; # 0 [Predictor x; is statistically significant in the model

given that others are included in the model]
Bj

JCie?
Cj; = diagonalelementofthecovariancematrixcorrespondingtop;
o? = varianceof

Tests statistic: t,qme = [Individual t-test]
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This same tests statistic was also used by James et al. (2013)

Decision rule: Reject the null hypothesis in favour of the alternative hypothesis at 0.05
significance level if P — value < 0.05, otherwise do not reject the null hypothesis.

2.7  Developing models without an intercept term

Models with intercept term are common to all models built round multiple linear regression
models. In this study, the assumption was whether a tractor could consume some amount of
fuel before commencement of harrowing operation if such variable as air (ambient)
temperature could constitute measurable parameters. The study was therefore governed by
building models without intercept term because it is the most appropriate model type that fits
this study based on the cylinder method of measuring fuel consumption.

2.8 Model validation

The model validation method adopted for this study is the cross validation method. This
validation method is an extremely flexible and powerful technique and widely used approach
in validation work for estimating prediction error. The measure of error for cross-validation
is the mean square error (MSE) for a quantitative response. The 10-fold cross-validation is
commonly used. According to Bouckaert (2003), 10-fold cross-validation remains the most
widely used validation procedure.

4. RESULTS AND DISCUSSION

3.1 Model Development and validation

One model with p-value < 0.05 was statistically developed for harrowing operation on a sandy
loam soil. Details of the pair-wise correlation analysis showing the result of the correlation
strength of the developed model for harrowing operation is presented in Table 1. Results
obtained for parameter estimates and Analysis of Variance (ANOVA) for the model
developed for harrowing operation are presented in Tables 2 and 3, respectively.

Table 1. Pair-wise Correlation result of Fuel Predictive VValues of
Model 2 with Observed Fuel VValues during Harrowing Operation

Models developed Observed
Model 2 of Harrowing operation 0.690468*
* = significant at 5% level when r-value > 0.338788
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Table 2. Table of Parameter Estimates for Model 2 of Harrowing Operation

P-value  Model Model  Coefficients Estimates Std. t P-value
of Multiple Adjusted Error  value
Model R- R-square
square value
value
1.519%-  0.4767 0.1778  Tractor power rating 0.055996 0.059842 0.936  0.3601
07

Width of cut -0.050569 0.029628 -1.707  0.102
Depth of cut 0.059737 0.062936 0.949  0.3533
Draught force -0.698953 0.954827 -0.732 0.4722
Effective field capacity 10.673913 8512772 1.254  0.2237
Tractive efficiency 0.250983 0.190038 1.321  0.2008
Field efficiency -0.031328 0.059421 -0.527 0.6036
Wheel slip -0.060759 0.054501 -1.115 0.2775
Duration of operation 5464993 3.336067 1.638 0.1163
Speed of operation -1.523374 0.598055 -2.547 0.0188 *
Average soil moisture -0.085734 0.115415 -0.743  0.4658
content
Average soil bulk density 2.768087 2.346524 1.180  0.2513
Average soil cone index 0.003298 0.028825 0.114  0.9100

*significant at 5% level
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Table 3. ANOVA Table for Model 2 of Harrowing Operation

Source of Variation  Degree of Sumof Means F-value P-value
Freedom Squares Squares

Tractor power rating 1 234430 234430 151.6806 4.503e-11
*

Width of cut 1 6.257 6.257 4.0487 0.05721

Depth of cut 1 3.660 3.660 2.3684 0.13875

Draught force 1 4110 4.110 2.6594 0.11785

Effective field 1 3.300 3.300 2.1349 0.15879

capacity

Tractive efficiency 1 11101  11.101 7.1828  0.01401 *

Field efficiency 1 4.096 4.096 2.6499 0.11847

Wheel slip 1 1.576 1.576 1.0200 0.32401

Duration of 1 0.086 0.086 0.0556 0.81594

operation

Speed of operation 1 11.162  11.162 7.2223  0.01379*

Average soil 1 0.750 0.750 0.4851 0.49378

moisture content

Average soil bulk 1 2.365 2.365 1.5301 0.22975

density

Average soil cone 1 0.020 0.020 0.0131 0.90999

index

Residuals 21 32.457 1.546

*significant at 5% level

Model 2 of harrowing operation with p-value < 0.05 recorded a R-squared value of
0.4767. The model explains 48% of the proportion of variance in the mean squared
errors of tractor fuel consumption for harrowing operation with only speed of operation
showing statistical significance with a p-value of 0.0188 in the model. In terms of
marginal (individual) significance of the predictor variables, results in Table 4 reveal
that we reject the null hypothesis about only tractor power rating, tractive efficiency
and speed of operation with corresponding p-values of 4.503e-11, 0.01401 and 0.01379,
respectively. This means that each of these variables is statistically significant in the
model provided others are included in the model. It also implies that they cannot be
removed from the model.

The equation used for expressing Model 2 of harrowing operation as contained in Table
2 was given as:
Y = 0.055996X; — 0.050569 X, + 0.059737X; — 0.698953X, +
10.673913X; + 0.250983X, — 0.031328X;, — 0.060759Xg +
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5.464993X, — 1.523374X,, — 0.085734X,; + 2.768087X,, +
0.003298X, 5

where, Y = Tractor fuel consumption (L/ha), X1 = Tractor power rating (hp),X2 = Width of cut

(cm), X3 = Depth of cut (cm), Xs = Draught force (kN), Xs = Effective field capacity
(ha/h), Xe = Tractive efficiency (%), X7 =Field efficiency (%), Xs = Wheel slip (%), Xo
= Duration of operation (h/ha), X10 = Speed of operation (km/h), X11 = Average soil
moisture content (%), Xi12 = Average soil bulk density (g/cm®) and Xi3 = Average soil

cone index (N/cm?).

The model equation generated for Model 2 of harrowing operation was used for
predicting tractor fuel consumption using the 37 model development dataset. Results
obtained from the fuel prediction values of Model 2 of harrowing operation is presented
in Table 4. The values for both observed and predicted tractor fuel consumption of
Model 2 of harrowing operation as shown in Table 4 were correlated together and gave
a correlation coefficient of 0.690468 as shown in Table 1.According to the rule of
thumb as provided in http://www.westgard.com/lesson42.html for evaluating
correlation coefficient, noted that size of r with correlation values between 0.50 and
0.69 are said to be moderate. It indicates that tractor fuel consumption predictions of
Model 2 of harrowing operation is moderately correlated with the observed tractor fuel
consumption values obtained during harrowing operation on a sandy loam soil. Figure
1 shows the graph plot of observed and predicted tractor fuel consumption using Model
2 of harrowing operation.

Table 4. Results of Predicted Tractor Fuel Consumption values during Harrowing
Operation on a Sandy Loam Soil using Model 2 of Harrowing Operation

Tractor Observed  fuel Predicted Residuals

Observations values (L/ha) fuel values (L/ha) (L/ha)
1 3.28 2.711058 0.568942
2 4.12 3.783405 0.336595
3 5.47 4.624426 0.845574
4 1.44 1.972107 -0.53211
5 4.76 3.74173 1.01827
6 5.26 3.453034 1.806966
7 3.2 3.192731 0.007269
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8 0.9 2.68324 -1.78324
9 3.8 2.452152 1.347848
10 3.53 4.300108 -0.77011
11 3 2.040149 0.959851
12 0.85 1.749665 -0.89966
13 3.92 3.35114 0.56886

14 0.92 1.557942 -0.63794
15 2.32 2.938795 -0.6188

16 2.24 1.525242 0.714758
17 1.84 2.549917 -0.70992
18 0.8 1.956347 -1.15635
20 1.68 2.904075 -1.22407
21 1.04 1.58534 -0.54534
22 0.9 1.847902 -0.9479

24 3.4 2.173657 1.226343
25 3 2.561103 0.438897
26 4 3.364288 0.635712
27 1.6 3.417445 -1.81745
28 1.9 2.857485 -0.95749
29 2.8 3.153878 -0.35388
30 2.1 1.820463 0.279537
32 2.88 1.907434 0.972566
33 2 2.748966 -0.74897
34 4.53 5.363732 -0.83373
35 4 2.156639 1.843361
36 1.2 1.338286 -0.13829
37 4.13 3.083001 1.046999

Note: Tractor observations 19, 23 and 31 for DONFENG 700, ZECTOR
(PROXIMA 75) and AGROLUX 75e tractors were not included because
they contain potential outliers
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Figure 1. The plot of Observed and Predicted Tractor Fuel Consumption using Model
2 of Harrowing Operation

3.2 Model predictors for harrowing operation

The results of the parameter estimates and Analysis of Variance (ANOVA) for the only
model developed for harrowing operation on a sandy loam soil as shown in Tables 2
and 3, respectively, have revealed that the only developed model for harrowing
operation contains some important predictors found to be significant at 5% level. These
predictors include tractor power rating, tractive efficiency and speed of operation.
These three set of predictors are harrowing operation parameters affecting tractor fuel
consumption in litres per hectare during harrowing operation on a sandy loam soil.
Among these three factors affecting tractor fuel consumption during harrowing
operation on a sandy loam soil, only tractor power rating contributed highly to the
model developed. Therefore, tractor power rating, strongly determine tractor fuel
consumption in litres per hectare during harrowing operation on a sandy loam soil.

3.3 Model validation for harrowing operation model
Results of 10-repeated 10-fold cross-validation method were used for validating the
model developed for harrowing operation on a sandy loam soil is presented in Table 5.
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It can be deduced from Table 5, that Model 2 of harrowing operation recorded a root
mean square error of 0.98643 L/ha serving as the model’s test error value using the four
model validating datasets presented in Table 6.

Table 5. Results of 10-repeated 10-fold Cross-validation
for Model 2 of Harrowing Operation

Replicate No. MSE Value
1. 0.967218
2. 1.023916
3. 0.967739
4. 0.96743
5. 0.967155
6. 0.967337
7. 0.967429
8. 0.967726
9. 0.967282
10. 0.967218
Average MSE (L%ha?) 0.973045
Average RMSE (Lha?) 0.98643
Key:

MSE — Mean Square Error
RMSE — Root Mean Square Error
Note that each replicate contains the average mean square error value of 10-fold
cross-validation

Table 6. Results of Fuel Predictive and Residual values of Model 2 of
Harrowing Operation used for Model Validation data

Observed fuel values Predicted Residual
(L/ha) Fuel values (L/ha) (L/ha)

4.00 3.384845 0.61516

1.60 3.1639 -1.5639

2.60 1.671801 0.9282

1.42 0.802705 0.6173
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5. CONCLUSION

A study was carried out to develop a model for future prediction of tractor fuel
consumption during harrowing operation in a sandy loam soil using information
gathered from NCAM Tractor Test Reports. From the outcome of this study, it can be
concluded that:

1. One effective model with p-value < 0.05 was developed for harrowing
operation. Model 2 of harrowing operation developed for future prediction
of tractor fuel consumption in litres per hectare during harrowing operation
on a sandy loam soil recorded a coefficient of multiple determination (R-
squared) value of 0.4767.

2. Harrowing operation parameters such as tractor power rating, the speed of
operation and tractive efficiency were found to be statistically significant at
5% level in Model 2 of harrowing operation with only tractor power rating
contributing highly to the model developed.

3. The model for harrowing operation based on cross-validation result had a test
error of 0.98643 L/ha.
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ABSTRACT

The issue of sediment in aquatic environments has been a topic of concern for many
decades because it harbouring pathogen and decrease water depth. The investigation
was carried out to identify and proffer solutions to some environmental and
management problems that have hitherto affected fish production sub-sector of the
economy, using Lagos State, (Western) Nigeria as a case study. Both surveying and
experimental methods were used. The results indicated that water loss from ponds
resulting from evaporation and seepage ranged from 2.5 — 4.6 mm day™. Percentage
reduction in pond water depth during dry season ranged from 70 — 81 % as compared
to the observed percentage increase during rainy season with range of values as, 17 —
34%. The mean rise and fall in water depth were 24.7 £ 3.8 % and 47.6 + 11.7%
respectively. The fall in water depth during dry season was almost twice its rise during
rainy season with average percentage difference 24.4 % and 47.6 % respectively. The
degree of variation among ponds was found to be significant (t =2.11 at p = 0.05). The
mean rate of soft sediment depth was 10.5 + 1.8 cm yr, while the soft sediment depth
in silty sand ponds doubled those from mixed sandy ponds. The predictive equation
indicated that soft sediment accumulation might increase with year of pond operation.
The results showed significant correlation (t = 1.988. p = 0.05) between soft sediment
and year of pond operation. All the earthen ponds were prone to seepage

Keywords: Sediment, water depth, water loss, pond age, seepage.

1. INTRODUCTION

The issue of sediment in aquatic environments has been a topic of concern for many
decades. In assessing sedimentation, evaluation of environmental change will help to
identify other factors such as precipitation, discharge, shear stress, or a change in
channel pond or geometry that may also accompany the sedimentation changes (Boyd,
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2009). Other factors of importance in determining sediment impacts are the temporal
variations of sediment yield especially stream or river sources of water for pond
impoundment (Singh, 2007). The bed load is often referred to as "sediment™ by fisheries
biologists and its size class was most interest and concern in fisheries studies such as
suspended load (Boyd, 2009). Subaqueous plants will be significantly affected by
increased suspended sediment loads because primary plant production is reduced with
increases in turbidity (Shaw and Maga, 2003). The sediment decreases benthic
organism diversity and density because of a limited food supply (Statzner and Higler,
2006).

Fish production from culture fisheries has been all time low in Nigeria (Ajana, 2003).
Omofunmi (2010) highlighted that fish ponds are faced many problems among which
are seepage, overtopping, and sediment accumulation. The sediment- water interface in
aquatic system, including aquaculture ponds, was a bridge connecting bottom
sediments with the overlying water column. Nutrient concentrations in pond bottom
soil are typically two to four orders of magnitude higher than in water (Ram et al., 2007;
Lee, 2005; Boyd, 2009); that was , the amounts of most chemical components in a 1-
cm surficial pond soil layer are generally higher than those present in 1 m of overlying
water (Lee, 2005). Materials settling from the water column to the sediment can be
derived from two sources. First, particulate organic matter, consisting of biogenic
material with specific gravities greater than water such as senescent algae, fish excreta,
and feed residues, continuously settle from the water column (Lee, 2005; Boyd, 2009).
In some cases, sedimentation from the water column includes suspended matter
imported with water supply. Particles resuspended from the pond bottom are a second
source of sedimenting material. Ponds have external and internal sediment loads.
Freshwater ponds filled by runoff from denuded watersheds and brackish water ponds
filled from estuaries are laden with suspended soil particles. Internal sediments result
from turbulence that erodes pond bottom soils, levees and suspended particles. Sources
of turbulence are wind action, aquatic animal activity, mechanical aeration and harvest
operation (Boyd, 2009). Long residence time favours sedimentation of suspended
particles and ponds behave as sediment basins (Ram et al., 2007). Studies on the soil as
they affect fish pond performance and productivity have been carried out by researchers
such as Sinha and Ramachandran, 2001; Jhingram, 2002 and Kumar, 2004. The
important of climatological data was highlighted by Coche, (2006) that it helps in the
estimation of height, size and capacity of dike and also influences the choice of pond
depth and pond location. In the coastal area, the presence of vegetation has sometimes
been used for the assessment or an indicator of soil property. Evaporation rates,
temperature and wind velocity are among climate parameters that are important in pond
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design and operation. Coche (2006) suggested that addition of annual evaporation
allowance of 1250 mm to the water budget for pond operation. Evaporation contributes
to the fall in water depth, rise in water temperature and reduction in dissolved oxygen
content of the pond (Huet, 2000 and Kumar, 2004). Boyd (2009) highlighted that most
ponds are static water system, while others are characterised by copious water
exchange. Water seldom exceeds 20 — 30 % of pond volume per day and it is usually
much less. Physical problems were identified by Sinha and Ramachandran, (2001);
Jhingram, (2002); Coche, (2006), and Kumar. (2004) include, seepage, piping, flood
hazard, leakage of dike. Rot (corrosion) of construction materials, siltations, cracking
of dike and drying of pond. Sinha and Ramachandran, (2004) estimate indicated that
about 20 % rises in normal water depth in ponds sited in swamp areas of India attributed
to seepage. Similarly, Jhingram, (2002) findings indicated about 20 — 60 % fall in
normal water depth of ponds sited in swamp areas and also stated that about 5 % loss
in fish farm investment was attributed to seepage. Flood effects in the pond
performance have been examined by several investigators such as Kumar, 2004; Huet,
2000 and Pillay, 2003. They reported that the flood accelerated the erosion of ponds,
aid the quick collapse of pond structures, introduce predator to ponds, increase the cost
of maintenance of ponds, enhance siltation (sediment deposition) and increase loss of
fish pond investment. Sediment is a resource out of place whose dual effect is to deplete
the land from which came and impair the quality of the water it enters. Sediment
accumulations apart from harbouring pathogens (bacteria) and chocked fries and eggs,
it also decreases water depth and leading to temperature variations especially during
dry season (Boyd, 2009). Sediment also causes off flavour in the fish, produces distinct
odour and reduces water volume (Chapman, 2006). The bacteria found in sediments,
dependent on the content of organic substances and the particle size of the sediment.
The smaller the particle size, the higher the bacterial counts. With the expansion of
pond culture system in Nigeria, the importance and crucial role of engineering expertise
cannot be over- emphasized. Planning for the site selection, design, and construction of
a pond is one of the most important steps in the pond management process (Whitis,
2002). Common design and construction mistakes can result in pond seepage. Poor
selections of sites, lack of hydrological data and defective design and construction of
pond structures have often been the cause of failures of fish pond (Coche and Muir,
2002). The objectives of this study are:

Q) To assess the variation of pond water depth during dry and rainy seasons

(i)  To examine the relationship between sediment deposition and age pond

operation.
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2. MATERIALS AND METHODS

2.1 Study Area

Lagos State, southern Nigeria falls within longitudes 03°50' E and 03°38' E and
latitudes 06°20' N and 06°38' N. It has an area of 3,577 km? with about 20% of this
covered by lagoon and associated creeks. The area is characterized by humid climate
with distinct dry and wet seasons lasting November to March and April to October
respectively (Fig. 1).
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Figure 1: Map of Lagos State showing the study area.

2.2 Field Survey and Data Collection

Forty five fish ponds were chosen for this study .The rationale for the choice of ponds
was predicated on the assumption that such ponds are sited in geographical areas fairly
represented of the soil and climate characteristics in Lagos State. Monthly trips were
made to the selected ponds during the rainy and dry season respectively. Primary data
collections for the study were based on both on-the-spot assessment of selected fish
farms and administration of structured questionnaire designed for fish farm operators.
Secondary data on climatology were collected from associated government agencies.
Data on temperature and evaporation are presented in Tables 1 and 2 respectively. Pond
water depth was determined by sounding technique employing an improved 5m long
graduated bamboo pole fitted at the base with a wooden disc of 5cm diameter.
Simultaneously; sediment accumulation was measured with the same device, but a 10
cm diameter disc. Data on sediment deposition and years of pond operation is presented
in Table 3.
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2.2 Data Analysis

Data were analyzed using descriptive statistics. Student’s t-test was applied to
determine the differences between soft sediment deposition and length of pond
operation and also change in water level amongst the ponds.

3. RESULTS AND DISCUSSION

The maximum temperature in the study area ranged between 27.6 °C and 31.8 °C in
February, while the minimum temperature ranged between 23 °C and 26.8 °C with the
least being in July (Table 1). The temperature is one of the factors for determination of
water budget in the fish pond.

Table 3: Mean Daily Minimum and Maximum Temperature (°C) the Period (1982 —

2016)

Month Minimum Temp. Maximum temp. Average temp.

(°C) (°C) (°C)
January 24.0 30.9 27.5
February 24.8 31.8 28.3
March 25.5 31.4 28.5
April 25.0 28.2 26.6
May 24.9 27.6 26.3
June 23.4 28.7 26.1
July 23.1 27.0 25.1
August 23.2 27.3 25.3
September 23.3 27.9 25.6
October 23.6 29.1 25.7
November 24.5 30.5 27.5
December 24.4 30.9 27.7

Table 2: Mean Daily Evaporation (mm) the Period (1982 — 2016)

Month Maximum Minimum Average
evaporation. (mm) evaporation (mm)  evaporation (mm)
January 6.1 2.8 4.0
February 54 4.0 4.8
March 4.7 4.1 4.5
April 4.2 34 3.8
May 3.7 3.4 3.5
June 3.1 2.8 2.9
July 2.9 2.1 2.8
August 2.7 2.2 2.6
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September 2.6 2.2 2.5
October 3.0 2.6 2.8
November 3.9 3.2 3.8
December 3.6 3.5 3.6

The mean rise in water depth in the rainy season was 24.7 + 3.8 % with a range of 17 —
34 %. While the mean fall in water depth in the dry season was 47.6 + 11.7 % with a
range of 70 — 81%. The fall in water depth during drought was almost twice its rise
during rainy season and this is buttressed by the degree of variations among ponds
which was found to be statistically significant (p = 0.05). The falls in water level during
dry season was caused by seepage and evaporation; conversely, the rise in water level
was caused by seepages as well as flood (Jhingram 2002). Rapid change in water level
appears to be serious in almost all the ponds in the study area (Fig. 2). Values of water
loss from the ponds resulting from evaporation and seepage ranged from 2.5 — 4.6 mm
day’. Evaporation and seepage are important factors for determination of water budget
in the fish pond. Our observation that the fall in water depth during drought was almost
twice its rise during rainy season, this is in agreement with the findings of Jhingram
(2002) who reported that fall in water depth during dry season was more severed when
compared with the rise in water level during the rainy season. However, our finding
differs slightly from the observations made by Sinha and Ramachandran, (2001) which
might be attributed to variability in installation modes. For the avoidance of doubt,
Sinha and Ramachandran, (2001) estimated about 20 % rise in normal water depths in
ponds sited in swampy area, while an average value of 24.7 + 3.8 % was obtained in
this study with a range of 17 — 34 %. This difference might be due to different soil
types, different degree of pudding or compaction especially during construction and
level of treatment applied to the ponds. Besides, evaporation and seepage, the observed
trends in the rise and fall in the pond water level in the study area and characterised by
marked seasonal variations, may be attributed to such factors as, excessive fertilization
with organic manure, soil types which allow for infiltration of water through the organic
laden pond dikes and embankments. Besides, high insolation for most of the year which
enhance high level of evapotranspiration in the height of the pond walls as a result of
rapid decomposition of the material used. Similarly, organic sediments in the ponds
originate primarily from plankton while other sources include; manure application,
uneaten feed, aquatic animal faeces and aquatic vegetation. An understanding of
sediment sources and the principles of sedimentation are of practical value to pond
managers
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Fig.2. Ponds water depth variation during dry and wet seasons
Coding
1-10 Badagry Location
11-15 Ojo Lacation
16 -17 Ajeromi Ifelodun Location
18 — 25,30 - 40 Ikorodu/ Majidun Location
26 — 29 Ibeju Lekki Location
41 - 45 Agege/ lju Location

The mean rate of soft sediment depth was 10.5 + 1.8 cmyr?. The result shows
significant relationship (p = 0.05) between soft sediment and deposition and year of
pond operation. Equation (1) shows the predictive equation between soft sediment
deposited and length of pond operation. Figure 3 shows a graphical representation of
the relationship between soft sediment accumulation and years of pond operation.

Table 3: Relationship between Soft Sediment Depth and Year of pond operation of
selected
Fish Ponds in Lagos State

Code Years of Operation (yr) Soft Sediment Depth (cm)
001 3 30.5
002 6 42.1
003 5 40.1
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004 4 32.5
005 3 28.4
006 4 46.3
006 5 50.3
008 4 31.6
009 4 36.3
010 5 43.6
011 4 49.3
012 6 45.4
013 3 26.4
014 2 18.2
015 3 24.3
016 3 26.4
017 4 33.6
018 5 43.3
019 1.5 20.9
020 4 46.3
021 3 28.6
022 3 19.6
023 6 58.3
024 2 21.6
025 3 36.3
026 4 43.6
027 2 22.1
028 3 33.8
029 1.5 20.4
030 4 48.3
031 3 36.3
032 5 40.1
033 2 19.8
034 3 27.9
035 4 41.3
036 3 40.2
037 2 19.8
038 4 46.3
039 2 20.6
040 3 39.8
041 4 43.8
042 3 38.8
043 3 39.8
044 3 38.3
045 2 24.2
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Fig. 3: Relationship between soft sediment accumulation and years of pond operation

The relationship between soft sediment depth and year of pond operation was presented
by a predictive equation as follows:

S=93+7(y—-n) 1)

Where,

S = Soft sediment depth (cm)

y = Year of pond operation
n = Sediment coefficient factor, was used with consideration for the soil types and their

corresponding sediment coefficient factors (See Table 4).
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Table 4: Sediment Coefficient factors of soil types

Soil Type Sediment Coefficient factor (n)
Mud bottom -

Sandy bottom 1.0

Sandy clay 0.9

Loam 0.5

Loam clay 0.6

Clay 0.8

Over a period of several years, sediments can fill ponds and severely interfere with
pond operation. This scenario in Lagos State is not too different from our result as a
sediment depth of 43.4 cm for five-year old operations. Average sediment depth of 45
cm was observed for a five-year old shrimp pond in Ecuador (Boyd, 2009). This high
value of sediment depth can be attributed to some fish ponds that are heavily treated
with manure. Application rates normally ranges from 50 — 100 kg per month as
extracted from the administered. It has been observed from structured questionnaires
even though manure stimulates phytoplankton production, the life span of
phytoplankton cells range from 1-2 weeks with resultant dead cells settling at the pond
bottom. Most of the ponds investigated in this study have never been denuded since
they came into operation, and this accounts for accumulation of silt with reduction in
pond depth. In consequence, low level of dissolved oxygen can prevail because of high
temperature resulting from quick light penetration of the shallow pond water besides
high biological oxygen demand (BOD) occasioned by the degradation of the organic
load. Long hydraulic residence time averaging 250 days in the ponds investigated,
presupposed a semi-intensive method of fish culture, hence the high level of organic
sedimentations. The predictive equation indicated that soft sediment accumulation was
found increase with year of pond operation. The results showed significant correlation
(p = 0.05) between soft sediment and year of pond operation.

4. CONCLUSION AND RECOMMENDATIONS

The following conclusions were made. There are variations in water depth and sediment
depositions in the pond of the same years in operation; Variation in water depth and
sediment deposition was greater in the ponds located in the swampy areas than inter-
land and variation in water depths were greater during dry season than rainy season.
All the ponds were prone to seepage. The effects of seepage and soft sediment
deposition on the biological, physical and chemical proportion of pond water can to a
great extent affect fish production except appropriate management tools are employed.
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Excessive application of organic manure especially, poultry droppings by direct
deposition in the pond as direct or indirect food by farmers should be discouraged.

The following are recommended for both erosion and sediment preventions:

Q) Erect a wide barrier of vegetation around the edge of pond to prevent erosion
and intercept sediment

(i) Rip rap: Utilize stones to Preserve the Shoreline of the pond

(ili)  Fencing the pond to keep pasture animals away

(iv)  Berms: building earthen berm around the edge of pond

(V) Vegetative Buffers: Planting thick vegetation along the pond

(vi)  Sediment flushing: It is a technique whereby sediment previously
accumulated and deposited in a pond is hydraulically eroded and removed
by accelerated flows created when the bottom outlets of a pond are opened

Q) Consults experts such as Aquacultural Engineering or others related
professionals

(i) Installation of retention pond (settling basin) at inlet pond

(iii)  Aerate the pond to increase concentration of oxygen and reducing organic
sediment

(iv)  Application of Bioaugmentation (adding beneficial microbes to a pond to
breakdown or organic matter)

(V) Dredging and Physical modifications.
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ABSTRACT

Cutting energy requirements for vegetable crops is a prerequisite in the engineering
design of appropriate cost effective cutting systems consuming minimum amount of
energy while still providing high quality products. This study attempts the development
of predictive equations describing the cutting energy for okra (Abelmoschus esculentus
L.). Dimensional analysis based on the Buckingham pi theorem was used to obtain the
functional relationship between the cutting energy of the selected vegetable and the
independent variables such as tool weight (w), height of tool drop (Hg), tool edge
thickness (t), cutting speed (v), crop size (s), crop moisture content (¢), crop contact
area (A) and crop density (o). The developed model was validated with experimental
data. A high coefficient of determination of R? value of 0.973 between the predicted
and measured energy values showed that the method is good. Hence the obtained
predictive model is appropriate for determining the cutting energy requirements of okra
up to 97%.

Keywords: Modeling, okra (abelmoschus esculentus I.), cutting energy, dimensional
analysis, crop size, Nigeria.

1. INTRODUCTION
Agricultural products often occur in sizes too large to be used, and therefore they need
to be reduced and put into different sizes and shapes like cubes, thin slices or rings to
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facilitate further processing. Cutting, which is a size reduction activity, is an energy
consuming operation. However, the cutting energy requirements of vegetables have
been estimated using different cutting systems and approaches (McGorry et al., 2003,
Blahovec, 2007; McCarthy et al., 2007 and Atkins, 2009) with the following objectives;
to know the most efficient cutting conditions necessary for optimization of the cutting
process; to determine the optimal energy required to cut and to achieve an overall
efficient cutting operation. Ciulica and Rus 2011, Elzbieta and Agnieszka, 2012; and
Singh et al., 2016 have identified blade sharpness, slicing angle, contact area, depth of
cut, cutting speed, and the engineering properties of vegetables such as crop variety,
maturity stage, moisture content, orthogonal dimensions and fiber orientation as some
of the parameters affecting the energy requirements for cutting of vegetables.

Okra (Abelmoschus esculentus L.) is a fruit vegetable of interest in this work. Okra or
lady’s finger, deriving its name from the ‘1gbo’ word ‘okuru’ (McWhorter, 2000) is a
widely cultivated vegetable crop in most parts of the world and one of the most popular
vegetables in many West African markets and some other regions of the world (Oyelade
et al., 2003; Andras et al., 2005; Saifullah and Rabbani, 2009). About 10% of the
world’s annual okra production comes from West Africa with Nigeria as the leading
producer (Burkil, 1997). In South-Western Nigeria, the three known cultivars of okra
are yaaya or kogboye, which has long slender pods; kadikan or il&4-0jo, which has short,
sturdy pods and ila-iroko which has long sturdy pods (Farinde et al., 2007).

Okra is a multipurpose crop due to the various uses of the fresh leaves, buds, flowers,
pods, stems and seeds. The benefits derivable from the okra fruit include nutritional
benefits; a good source of minerals, vitamins, carbohydrate, protein and essential amino
acids; (Adeboye and Oputa, 1996; Adom et al.,1996; Okra Food, 2003; Sobukola,
2009), medicinal benefits; detoxifies and aids digestion in human nutrition (Makose
and Peter, 1990; Owolarafe and Shotonde, 2004) industrial benefits; valuable material
for gum, paper glazing and quality soap making, contains glycans used in aqueous
suspensions, an excellent source of iodine and raw material for flocculant used for
removal of solid wastes from tannery effluent (Owoeye et al., 1990; Agarwal et al.,
2003; Falade and Omojola, 2010) and economically it is a high income earner for
vegetable farmers in producing countries (Schippers, 2000). Okra, like many other
vegetables is highly perishable due to its relatively high moisture content, soft texture
and high respiration rate. (Atanda et al., 2011) and the traditional method of preserving
fresh okra pods which involves spreading it in the air for few hours during cold weather
only makes it preserve for just 3-4 days (Schippers, 2000 and Sobukola, 2009) after
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which, it becomes tough and unsuitable for use as a fresh vegetable. The unsold lots are
processed by manually cutting into slices and sun-drying to preserve it, thereby
extending its availability from one season to the other, improves the shelf life and also
forestalling seasonal wastage. This manual cutting operation is a most laborious, time
consuming one with the challenges of contaminations of the product and injury to the
hand. There have been efforts made by some researchers at developing equipment for
handling the cutting operation (Owolarafe et al., 2007, Ogbobe et al., 2007).

However, in spite of its many industrial, medicinal, economic and nutritional benefits,
studies reveal that it is among the least studied vegetables, which portends a danger of
gradual disappearance from our meal menu and eventual extinction unless urgent
attention is given to it. Also, it suffers a lot of postharvest losses due to inadequate post-
harvest handling technologies which makes the crop scarce and expensive when it is
not in season. Hence cutting of okra as a postharvest handling operation will enhance
further processing such as drying, packaging and preparation into several food forms.

Furthermore, extensive documentation on the properties of foods and food products
exist, however data related to the cutting energy of different vegetables such as okra is
scarce, even though such data is important in the design of cutters. This observation is
affirmed by researchers like Saravacos and Kostaropoulos (2002) in their assessment
that less work has been performed on energy involved for cutting of different food
materials, and Brown et al. (2005) who opined that limited published literatures on
specific energy requirement in cutting of fruits and vegetables are available. Also,
Mitcham et al. (1996) agreed that literature related to cutting of fruits and vegetables
are limited, Hence the need to intensify research activities in this post harvest area of
cutting and determining the energy requirements for cutting vegetables such as the (ila-
iroko) variety of okra.

1.1 Modeling Agricultural Processes

Modeling, simply defined is a representation in mathematical terms of the behavior of
real devices and objects, or a system of postulates, data and inferences presented as a
mathematical description of an entity or state of affairs. It could be descriptive,
explanatory or predictive. In the prediction part, which can be envisaged as organized
thinking of the possible, models are exercised to give information on a yet-to-be-
conducted experiment. These predictions are then followed by observations that serve
either to validate the model or to suggest reasons that the model is inadequate (Dym
and Ivey, 1980; Dym, 1994 and Cha et al., 2000). Various mathematical modeling
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techniques that are in use include: dimensional homogeneity and analysis, abstraction
and scaling, conservation and balance principles and consequences of linearity.

However, Dimensional analysis has become a widely applicable and very powerful
technique that is adopted in mathematical modeling. This is due to its simplicity in
planning, presentation, and interpretation of experimental data, providing an organised
way to plan and carry out experiments, and enables one to scale up results from model
to prototype (Bahrami et al., 2006). The dimensional analysis is a mathematical
technique used in identifying the factors involved in a physical situation or phenomenon
and forming a relationship between them. It offers a method for reducing complex
physical problems to the simplest form prior to obtaining a quantitative answer
(Andrzej, 2015). Although there are other methods of performing dimensional analysis,
notably the indicial method, the method based on the Buckingham pi theorems gives a
well organized procedure for obtaining a solution. The Buckingham pi theorem states
that the number of dimensionless and independent quantities required to express a
relationship among variables in any phenomenon is equal to the number of quantities
involved minus the number of dimensions in which those quantities may be
measured’(Fox and McDonald, 1992). Mathematically speaking, if there is a physically
meaningful equation involving a certain number (n) of physical variables, then the
original equation can be rewritten in terms of a set of p = n — k dimensionless
parameters (m1, 72, ..., p) constructed from the original variables (Hart, 1995), (Here k
is the number of physical dimensions involved; which in this situation, (K = 3 i.e. Mass,
Length and Time).

The application of mathematical models in different aspects of agricultural engineering
including tillage operations (Fielke, 1999), spraying machines (Teske et al., 1991), crop
handling machines (Gorial and O’Callaghan, 1991), harvesting (Baruah and Panesar,
2005a and b) and many versatile topics on post harvesting aspects have been
successfully attempted such as; modeling flow rate of egusi-melon (Colocynthis
citrullus) through circular horizontal hopper orifice (Asoegwu et al., 2010); modeling
the grain cleaning process of a stationary sorghum thresher (Simonyan et al., 2006) ,
modeling the drying process of a hybrid convective vegetable crop dryer (Nwakuba,
2018) and development of a model to describe infrared radiative and convective drying
characteristics of onion slices for optimum management of operation parameters (Jain
and Pathare, 2004).

Although a few research attempts have been made to model cutting processes like
mathematical models and laboratory tests of Impact cutting behaviour of forage crops,
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(McRandal and McNulty, 1978); performance modeling of the cutting process in
sorghum harvesting (Mohammed, 2002), mathematical modeling of laser based potato
cutting and modeling yield efficiency of peeling (Ferraz et al., 2007, Somsen et al.,
2004), much is left undone on modeling the energy requirement for cutting vegetables.

Some researchers used the dimensional analysis based on the Buckingham’s pi theorem
as veritable instrument in establishing a prediction equation of various systems which
include the development of screw-conveyor performance models using dimensional
analysis, (Degrimencioglu and Srivastava, 1996); a mathematical model for predicting
output capacity of selected stationary grain threshers (Ndirika, 2006); a mathematical
model for predicting the cracking efficiency of vertical-shaft centrifugal palm nut
cracker (Ndukwu and Asoegwu, 2011); and modeling flow rate of egusi-melon
(Colocynthis citrullus) through circular horizontal hopper orifice (Asoegwu et al.,
2010).

The size reduction operation by cutting in most postharvest processes is a most
laborious, time wasting and energy consuming task which deserves research attention.
These studies are necessary in order to discover methods of efficiently improving the
cutting process by maximizing the scarce energy, time and resources available and
optimally enhancing the post harvest operations concerned. Hence the need to
undertake the present study which will establish a mathematical model using
dimensional analysis based on the Buckingham’s pi theorem to predict the cutting
energy requirements for okra (Abelmoschus esculentus L.). The mathematical model
will become a design tool for machine designers in the development of energy saving
and cost effective cutting systems that will provide good quality cut products.

2. MATERIALS AND METHODS

2.1 Theoretical Development

Factors affecting the cutting energy requirements of vegetables obtained from literature
include tool parameters like (materials of construction, sharpness, rigidity of cutting
tools, knife speeds, etc.) and physical properties of the plant material like (crop variety,
size, maturity stage, crop moisture content , crop density, fibre orientation, etc.)
(Nadulski, 2001; Szot et al., 1987; Atkins, 2009; Blahovec, 2007; McCarthy et al.,
2007; and McGorry et al., 2003). In the development of the model, dimensional analysis
based on the Buckingham pi theorem was employed which is a technique used in
identifying factors involved in a physical situation and forming a relationship among
them. The Buckingham pi theorem states that the number of dimensionless and
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independent quantities required to express a relationship among variables in any
phenomenon is equal to the number of quantities involved minus the number of
dimensions in which those quantities may be measured (Fox and McDonald, 1992).
i.e. if N = number of variables involved in a physical situation
x = number of dimensions in which quantities may be expressed = (3), M, L,

T
M = Mass; L = Length; T = Time
n =number of dimensionless groups as given in Equation 1.
Hence, n =N - X .1

However, due to the large number of variables influencing the energy of cut of the
selected fruit vegetable, assumptions will be made in order to bring these large numbers
to a reasonable and manageable number. (Simonyan et al., 2006).

2.2 Assumptions made in Model Development
» Variables that are design parameters which are measurable were considered.

» Variables that are functions of other variables were not considered e.g. volume
which is a function of crop size. However, cutting speed which is a function of
time was considered instead of time.

» The fiber orientation, textural properties (inner hollow texture) and crop variety
are considered negligible in the model development, since only the horizontal
orientation of the okra fruit is considered.

2.3 Development of the Functional Energy Equation.

These assumptions helped in reducing the number of variables involved to the
underlisted as these were considered to have greater influence on the energy of cut of
the selected vegetable (okra) and are measurable. The chosen variables are: tool weight
(w), height of tool drop (Ha), tool edge thickness (t), cutting speed (v), crop size(s),
crop moisture content (¢), crop contact area (A) and crop density (o).

Having identified the core variables influencing the energy required for cutting the
selected vegetable, Equation 2 represents the functional equation of the predictive
model.

i.e E=f(wHgtv,s, ¢ A0) .. (2)

Where E is the cutting energy of the okra crop (J)
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w = Tool weight; Hq = Height of tool drop; t = Tool edge thickness; v = Cutting speed;
s = Crop size; ¢ = Crop moisture content; A = Crop contact area and ¢ = Crop density.
Three primary dimensions M= Mass, L= Length, T= Time were chosen in the
description of the variables. From the Buckingham pi theorem (Fox and McDonald,
1992) the total number of dimensionless groups to be formed is as given in Equation 1
above.

i.e n=N-—x

N = number of variables involve in the situation studied = 9

x = number of dimensions for describing these variables = 3

Hence n=9-3=6 I3, Ip, 113, 114, 115, Il

Hence six dimensionless groups were formed namely; I11, T2, 13, [14, IT5 and ITe. In
determining the dimensionless groups, the following procedure was adopted (Fox and
McDonald, 1992).

The variables utilized in the establishment of the model equation for the cutting energy
of the selected vegetable were expressed in terms of their dimensions as shown in Table
1.

Table 1. List of variables and their dimensions

S/IN VARIABLE SYMBOL UNIT DIMENSION
1  Energy E kgm?s2 ML2T2
2 Tool weight w kgms-2 MLT
3 Height of tool drop Ha m L
4 Tool edge thickness t m L
5  Cutting speed v ms?t LTt
6  Crop size S m L
7  Crop moisture content 0 0 MOLOTO
8  Crop contact area A m? L2
9  Crop density o kgm3 ML3

The dimensional matrix of the variables is shown in Table 2. This is needed to develop
the indices of the involved variables.
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Table 2. Dimensional matrix of variables

SIN  VARIABLE SYMBOL M L T
1 Energy E 1 2 -2
2 Tool weight w 1 1 -2
3 Height of tool drop Hd 0 1 0
4 Tool edge thickness t 0 1 0
5 Cutting speed % 0 1 -1
6 Crop size S 0 1 0
7 Crop moisture content (0] 0 0 0
8 Crop contact area A 0 2 0
9 Crop density o 1 -3 0

From the above matrix, ¢ is dimensionless and therefore excluded from the
dimensionless terms determination and is to be added later (Simonyan et al, 2006) while
the other variables were combined to form the IT groups. Cutting speed (v), tool weight
(w) and crop size (s) were selected as the major parameters (i.e. recurring set) because
they contain all the primary dimensions involved in this problem and their combination
does not form a dimensionless group. Having selected w, v and s as the recurring set,
the exponents a, b and c are attached to them respectively so that when their product
w®vPs¢ divide the remaining variables E, Hg, t, 6 and A, the dimensionless groups ITs,
Iy, I3, 14 and ITs are obtained as given in Equations 3 to 7 (Ndirika, 2006; Simoyan et
al., 2006; Asoegwu et al., 2010; Ndukwu and Asoegwu, 2011) .This is the basis of the
Buckingham pi theorem of dimensionless groups.

E

lem .23
HZ: WaI-\I/lli’sC 4
My = —=— 5
= o 6
s = ﬁ 7

Where a, b, and c are exponents needed to make the groups non-dimensional. The
variables are substituted with their dimensions and the non-dimensional I1s are replaced
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with MPLOT® which is a dimensionless group. In order to obtain values for the
exponents, the principle of dimensional homogeneity is used to equate the dimensions
on each side of the equations of the II groups.

Equation 3 being expressed in terms of the dimensions on both sides becomes Equations
8

07070 _ ML2T 2
MPL°T® = ILT-2)aLT-L)bLe .8

Cross- multiplying Equation 8 gives Equation 9.
MOLOTO((MLT2)*(LT~Y)PLS) = ML?T ™2 .9

Using dimensional homogeneity for M, L and T, the exponents a, b and ¢ are got in
equations 10, 11, 12 and 13.

For M; M%ta = M?

O+a=1

a=1 ...10

For L; L0+a+b+c — LZ

O+at+b+c =2; from 3.10,a=1

1+b+c =2

b+c=2-1=1

b+c=1 .11
for T; T0-%2a-b = T-2

-2a—b=-2

Sincea=1

2(1)-b=-2

-b=-2+2=0,b=0 12

From Equation 11, b + ¢ = 1, put b=0
0+c=1; c=1 .13

Hence,a=1, b =0, c = 1; replacing the exponents with their values,

[1; becomes Equation 14

m=— == .14

wly0sl ws

Similarly, solving for the remaining IT groups, we obtain Equations 15 to 19.

]'[2 :ﬂ )

S
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H3 = S ...16
M= 5 .17
2:2

Mg = =~ .18

Mg =¢ .19

Combining these equations gives Equation 20, whose components are dimensionless.

2.2
e, — =f(Hdat A S 5y .20

ws s's’s2’ w
Combining the dimensionless terms to reduce it to a manageable level (Shefii et al.
1996) by multiplication and/or division, we obtain Equations 21 to 23 which are
dimensionless.

E

=0 - = S ==
My, = I, ws Hg WHy .21
O _t 2 _ts
H34—H4 =- X < == .22
22 22
H56:E:GVS x - = 23 ...23
Ilg w [} we
The new dimensionless functional relationship becomes Equations 24 and 25.
22
£ f(t_s ;Y 25
WHg A we

From Equation 25, the Equations for E are obtained as Equations 26 and 27.

_ ts ov?s?
= wHy (X T ) ...26
E = f (W ovis’Hay .27
A ¢

Equation 27 gives the cutting energy E, with all the parameters in Equation 2, as a

tswH ov2sZH
2 and 4

function of two energy components which are represented as

P and Q in Equation 28.
E=1(P,Q) ...28

2.4 Experimental Procedure

Green, mature and freshly harvested okra fruits (ila-iroko variety) that were healthy and
free from mechanical injuries were purchased from a local farmer in Owerri west Local
government area of Imo state, Nigeria. They were thoroughly cleaned of all impurities
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and unwholesome fruits and thereafter sorted into four size ranges of 10 fruits each and
some physical properties were obtained at an initial moisture content of 89.41+ 0.4%
(wb) (AOAC, 2000). With an automated vegetable cutter, at a preset speed of
30mm/min, the cutter drops from a height of 20cm, cutting the sample as it travels
through it. The force-time relationship displayed on the monitor was used to calculate
the cutting energy. Plate 1.0 shows the experimental set-up of the cutting mechanism.

Electric
motor

Cutter
frame

Arduino
processor

Cutting

Monitor

disnlav

Plate 1.0: Experimental set-up of the cutting mechanism

The automated vegetable cutter consists of the hardware and software components.
Arduino controlled processors automatically and effectively measures, records and
stores cutting variables and other basic parameters with minimum human supervision,
thus making the entire cutting process automated. Connecting to an electric power
source switches on the cutter and a predetermined speed value is selected on the keypad.
As the knife presses against the sample, the reactive force exerted on the load cell is
amplified and measured. Connecting to a computer using USB port the measured values
are relayed and MATLAB intercepts the values and plots the resulting graph of force
of cut against time travelled which is used in calculating the energy of cut.
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2.5 Determination of Validation Parameters

In the determination of validation parameters, every other parameter was held constant
while the crop size varied. The selected tool edge thickness (t) measured with a digital
venier caliper (Model 500-196, Mitutoyo Products, America) was 0.1cm. The weight
(w) of the cutting tool determined with an electronic weighing balance (Model GF-200,
A & D company Ltd, Japan of an accuracy of £0.01) was 23.1g.

The cutting tool was dropped from a pre-determined height (h) of 20cm measured with
a meter rule. The crop density (o) determined by dividing the weight of the crop by the
volume of water displaced when sample is placed inside a measuring cylinder was taken
as 1.107g/cm?. The orthogonal dimensions of the sample were determined with the
digital venier caliper (Model 500-196, Mitutoyo Products, America). The crop contact
area (A) taken as 28.75cm? was determined by multiplying the circumference at the
point of cut (obtained by winding round with a tape and measuring out on the meter
rule) with the major diameter of the crop sample. The moisture content of the crop
sample determined with the method described in AOAC (2000) was taken as 89.41+
0.4% (wb).

2.6 Prediction Energy Equation

The prediction energy equation was established by allowing P or Q to vary at a time
while keeping the other constant and observing the resulting changes in the function
(Shefii et al., 1996). This was achieved by plotting the experimental values of E against

tswHg

P=(4 4 was evaluated by substituting the

) while keeping Q constant. P = (=74

measured values for tool edge thickness (t), crop size(s), tool weight (w), height of tool

22
drop (Hq) and crop contact area (A) into P. Also, E against Q = (%ﬁd) was plotted

ov?s?Hy
@

while keeping P constant. Values for Q = ( ) were obtained by substituting the

measured values for crop density (o), cutting speed (v), crop size(s), height of tool drop

(Hg) and crop moisture content ().

3. RESULTS AND DISCUSSION
Average values and standard deviation of the measured physical parameters of the okra
fruits are shown in Table 3.
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Table 3. Average values for physical properties of okra fruits at 89.41+ 0.4% (w.b)

S/IN Okra Mass (Q) Diameter(mm)  Circumference(mm)  Area(mm?)

1 Oki  18.16+2.17 24.90+0.66 89.75+4.76 487.3+£26.15

2 Ok,  8.70+0.94 18.26+0.86 67.5+3.64 262.39+24.79
3 Oks  5.15+0.07 14.99+1.02 59.5+2.29 177.35+24.90
4 Oks  1.72+0.14 12.44+0.84 47.75+1.92 121.99+15.71

Table 4 shows the experimental values of the cutting energy obtained with the
automated vegetable cutter and the calculated values of the cutting energy obtained by

substituting values of the cutting variables into the energy equations P = (%) and

ov?s?Hyg

Q= (=,

Note : Crop size was varied while the other factors remained constant.

Table 4. Experimental values (Emeasured) and calculated values of cutting energy for okra
fruits.

ovZs?Hg

S/IN  okra Crop size (mm) (Emeas) P = (%) Q——)
1 Oki 24.90+0.66 4.16 23.63 13.82
2 Ok> 18.26+0.86 2.75 17.33 7.43

3 Oks 14.99+1.02 1.98 14.23 5.01

4 Ok4 12.44+0.84 0.70 11.81 3.45

The plots of the cutting energy (Emeasured) against P and Q are shown in Figures 1 and
2 with their linear equations and R? values expressed in Equations 29 and 30.
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Figure 1. Variation of cutting energy against P = (%) keeping Q = (T)
constant.
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Figure 2. Variation of cutting energy with Q = (GVZZ)ZHd), keeping P = (%)
constant.
E =3.462P + 8.448 R? = 0.961 ...29
E =3.026Q + 0.170; R? = 0.921 ...30

The plot of the P and Q terms in Figures 1 and 2 forms a plane surface in linear space
and according to Mohammed (2002), it implies that their combination favors
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summation or subtraction. Therefore, the component equations formed by the
subtraction and summation of Equations 29 and 30 give Equations 31 and 32
respectively.

E:fl(PrQ)'fZ(P'Q) +K .31
E:fl(PrQ)+f2(P'Q) +K .32

It must be noted that;

at f;, Q was kept constant while P varied

at f,, P was kept constant while Q varied

Substituting Equations 29 and 30 into Equation 31 and performing some algebraic
manipulations yields Equation 33.

E =3.462P — 3.026Q + 8.278 .33

Also, Substituting Equations 29 and 30 into Equation 32 and performing some algebraic
manipulations yields Equation 34.

E =3.462P + 3.026Q + 8.618 .34

A further manipulation as permitted under the rules of the Burkingham pi theorem
(Shefii et al., 1996) is manipulating with a constant factor. Hence, Equations 33 and 34
were divided with a constant factor of 10 which yields the predicted model equations
expressed in Equations 35 and 36 respectively. Dividing equations 33 and 34 with the
constant factor of 10 yielded predicted values close to the actual ones.

E =0.3462P — 0.3026Q + 0.8278 ...35

E =0.3462P + 0.3026Q + 0.8618 ...36

Substituting the variables for P and Q@ into Equations 35 and 36 yield Equations 37 and
38 respectively.

E = 0.3462°1 0.3026@ +0.8278 37
E = 0.3462514 + 0.3026225H4 4 ( 8618 .38

However, the final predicted model equation will be either of the above two equations
that gives the better statistical inference

3.1 Model Validation

The mathematical model was validated using the data generated from the vegetable
cutter. The model validation was done at four ranges of crop sizes (23-26mm, 17-
20mm, 14-17mm and 10-13mm) and a constant cutting speed of 30mm/min. The
method of regression analysis as computed using Microsoft Excel environment was
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used to describe the relationships, plot the graphs and compute the coefficients of
determination (R?).

Measured values of parameters were substituted into Equations 37 and 38 to yield the
predicted cutting energy values which were plotted against the experimental energy
values on a regression curve in order to obtain the coefficients of determination as
shown in Figures 3 and 4 respectively. Equations 39 and 40 express the relationship
between the predicted cutting and experimental cutting energy with R? values of 0.973
and 0.945 respectively.

The high R? values of 0.961, 0.921 and 0.973 obtained for the individual predictions
equations and the Equation for subtraction of component equations is an indication that
the method adopted in the development of the mathematical models is acceptable and
can be translated in the development of the other varieties of the okra fruit in particular
and other vegetables in general. Table 4 presents values of the predicted and
experimental cutting energy and Figure 3 presents the graphical relationship between
the experimental and predicted cutting energy. Equation 35 expresses the relationship
between the predicted cutting and the experimental cutting energy with a very high
correlation with R? value of 0.973.

4.5 -

3.5 A

2.5 A

15 -

Predicted cutting energy (J)

0.5 -

0 T T T T T 1
3.7 3.9 4.1 4.3 4.5 4.7 4.9

Experimental cutting energy (J)

Figure 3. The graph of the relationship between experimental and predicted cutting
energy (for subtraction of component energy equations)

Epred = 3.423 Eexp — 12.59; R?=0.973 ...39
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Where Epred = predicted cutting energy
Eexp = experimental cutting energy

4.5 ~
4
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Experimental Cutting Energy (J)

Figure 4. The graph of the relationship between experimental and predicted cutting
energy. (for summation of component energy equations)
Epred = 0.447Eexp — 1.584; R2=0.945 .40

From the statistical inference carried out, the predictive model equation derived from
the subtraction of component energy equations gave a higher coefficient of
determination (R?) value of 0.973, a lower mean difference of 1.983 between the
predicted and experimental energy values and a lower standard error of 0.127 as
compared to an R? value of 0.945 obtained from the summation of component energy
equations, a mean difference of 6.508 between the predicted and experimental energy
values and a standard error of 0.199. Hence, the predicted model equation which gives
the better statistical inference of a higher R? value of 0.973 and lower values of 1.983
and 0.127 for mean difference and standard error respectively is chosen as the predicted
model equation for the cutting energy requirement for okra (Abelmoschus esculentus
L.) ‘lla-iroko’ variety and is given as Equation 41.

tswHy
A

ov?s?Hy

E =0.3462 —0.3026 e +0.8278 41
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4.0 CONCLUSION

A mathematical model for predicting the cutting energy of okra (Abelmoschus
esculentus L) was presented using dimensional analysis based on the Buckingham’s I1

tswHg

theorem. The model equation expressed as E = 0'3462T - 0.3026% +0.8278

was validated with data from an automated vegetable cutter. Results obtained showed
a high coefficient of determination (R? = 0.973), a low mean difference of 1.983
between the predicted and experimental energy values and a low standard error of
0.127. This is an indication that the method adopted in the development of the
mathematical model is acceptable and can be translated in the development of
predictive models for the other varieties of the okra fruit in particular and other
vegetables in general. Also, this expression will also help designers of the cutting
equipment for okra (ila-iroko) variety to avoid the rigors of experimentations and at the
same time obtain efficient cutters. Hence, the developed model could be used to predict
the cutting energy for okra (ila-iroko) variety up to 97%.

5. REFERENCES

Adeboye, O. C. and C.O. Oputa. 1996. Effect of galex on growth and fruit nutrient
composition of okra. Ife Journal of Agriculture. 18 (1/2): 1-9.

Adom, K. K., V. P. Dzogbefia, W.O. Ellis and B. K. Simpson. 1996. Solar drying of okra-
effects of selected package materials on storage stability. Food Research International.
29(7):589-593.

Agarwal, M., S. Rajani, A. Mishra and J. S. P. Rai. 2003. Utilization of okra gum for
treatment of tannery effluent. International Journal of Polymeric Materials and
Polymeric Biomaterials. 52(11):1049-1057.

AOAC, 2000. Official Methods of Analysis. 17th Edition. The Association of Official
Analytical Chemists, Gaithersburg, MD, USA. (6):200-220.

Andras, C. D., B. Simandi, F. Orsi, C, Lambrou and D. M. Tatla. 2005. Supercritical carbon
dioxide extraction of Okra (Hibiscus esculentus L.) seeds. Journal of Food and
Agricultural Science. 85:1415-14109.

Andrzej, F. 2015. Basic principles and theorems of dimensional analysis and the theory of
model similarity of physical phenomena, Technical Transactions in Civil Engineering
(2B). Cracow University of Technology. Pp 242-272.

Asoegwu, S. N., L.A.S. Agbetoye and A. S. Ogunlowo. 2010. Modeling flow rate of Egusi-
melon (Colocynthis citrullus) through circular horizontal hopper orifice. Advances in
Science and Technology. 4(1): 35-44.

138



The Proceedings 12" CIGR Section VI International Symposium 22 —25 October,
2018

Atanda, S. A., P. O. Pessu, S. Agoda, I. U. Isonga and I. Ikotun. 2011. The concepts and
problems of postharvest food loss in perishable crops. African Journal of Food Science.
5(11):603-613.

Atkins, T. 2009. The Science and Engineering of Cutting: the Mechanics and Process of the
Separating, Scratching and Puncturing Biomaterials Metals and Non-Metals. pp 283-
284. UK Butterworth, Heinemann Elsevier.

Bahrami, M., M. M. Yovanovich and J. R Culham. 2006. Pressure drop of fully developed
laminar flow in rough microtypes. Journal of Fluid Engineering. Transaction of the
American Society of Mechanical Engineers. 128: 632-637.

Baruah, D.C. and B. S. Panesar. 2005a. Energy requirement model for combine harvester,
Part 1: Development. Biosystems Engineering, 90 (1): 9 - 25.

Baruah, D. C. and B. S. Panesar. 2005b. Energy requirement model for combine harvester,
Part

Blahovec, J. 2007. Role of water content in food and product texture. International
Agrophysics. 21(3): 209-215.

Brown, T., S. J. James and G. L. Purnell. 2005. Cutting force in foods: experimental
measurements. Journal of Food Engineering. 70 (2):165-170.

Burkil, H. M. 1997. The Useful Plants of West Tropical Africa. Royal Botanical Gardens,
Kew, UK. 4:2, pp 969.

Cha, P.D., J.J. Rosenberg, and C. L. Dym.. 2000. Fundamentals of Modeling and Analyzing
Engineering Systems. Cambridge University Press, New York. Pp 35 — 41,

Ciulica, L. G. and F. Rus. 2011. The influence of maturity degree of vegetables on their
cutting resistance force. The 4th International Conference on Computational
Mechanics and Virtual Engineering ‘COMEC 2011’ 20-22 October 2011, Brasov,
Romania. Pp 194 — 198.

Degirmencioglu, A. and A. Srivastava. 1996. Development of screw-conveyor performance
models using dimensional analysis. Transactions of the American Society of
Agricultural Engineers. 39(5):1757-1763.

Dym, C. L. 1994. Engineering Design: a synthesis of views. Cambridge University Press,
New York. Pp 422 — 426.

Dym, C. L. and E. S. Ivey. 1980. Principles of Mathematical Modeling. 1st Edition,
Academic Press, New York. Pp 1 -12.

Elzbieta, K. and S. Agnieszka, 2012. Effect of knife wedge angle on the force and work of
cutting peppers. Teka. Commission of Motorization and Energetics in Agriculture.
12(1):127-130.

Falade, K. O and B. S. Omojola. 2010. Effect of processing methods on physical, chemical,
rheological, and sensory properties of okra (Abelmoschus esculentus). Food Bioprocess
Technology. 3:387-394.

139



The Proceedings 12" CIGR Section VI International Symposium 22 —25 October,
2018

Farinde, A. J., O. K. Owolarafe, and O. I. Ogungbemi. 2007. An overview of production,
processing, marketing and utilization of okra in Egbedore Local Government Area of
Osun State, Nigeria. Journal of Agricultural Engineering and Technology (JAET).
20:1-17.

Ferraz, A.C., G. S. Mittal, W. K. Bilanski and H. A. Abdullah. 2007. Mathematical modeling
of laser based potato cutting and peeling. BioSystems. 90(3):602-613.

Fielke, J. M. 1999. Finite element modeling of interaction of cutting edge of tillage
implements with soil. Journal of Agricultural Engineering Research. 74: 91-101.

Fox, R.W.and A. T. McDonald. 1992. “Introduction to Fluid Mechanics,” John Wiley and
Sons, New York. 4" Edition. pp 123-124.

Hart, G. W. 1995. Multidimensional Analysis: Algebras and Systems for Science and
Engineering. Springer-Verlag. ISBN 0-387-94417-6.

Jain, D. and P. B Pathare. 2004. Selection and evaluation of thin layer drying models for
infrared radiative and convective drying of onion slices. Biosystems Engineering,
89(3):289-296.

Makose, B. L. and K.V. Peter. 1990. Okra. Review of Research on Vegetable and Tuber
Crops. Technical Bulletin 16. Kerala Agricultural University Press Mannuthy, Kerala,
pp 109.

McCarthy, C. T., M. Hussey and M. D. Gilchrist. 2007. On the sharpness of straight edge
blades in cutting soft solids: Part I-indentation experiments. Engineering Fracture
Mechanics. 74(14): 2205-2224.

McGorry, R. W., P. C. Dowd and P. G. Dempsey. 2003. The effect of blade finish and
blade edge angle on forces used in meat cutting operations. Applied Ergonomics,
Elsevier publications. 35: 71-77.

McRandal, D. M. and P. B. McNulty. 1978. Impact cutting behaviour of forage crops.
Mathematical models and laboratory test. Journal of Agricultural Engineering
Research, 23 (3): 313 — 328.

McWhorter, J. H. 2000. The Missing Spanish Creoles: Recovering the Birth of Plantation
Contact Languages. University of California Press. p. 77. 1SBN 0-520-21999-6.
Retrieved 2008-11-29

Mitcham, B., M. Cantwell, and A. Kader. 1996. Methods for determining quality of fresh
commodities. Perishables Handling Newsletter. 85:5-6.

Mohammed, U. S. 2002. Performance modeling of the cutting process in sorghum
harvesting. [PhD Thesis.] Department of Agricultural Engineering, Ahmadu Bello
University, Zaria.

Nadulski, R. 2001. Wpayw geometrii narzCdzia tngcego na przebieg procesu ciCcia
wybranych warzyw korzeniowych. Acta Agrophysica. 58: 127-135.

140


http://www.georgehart.com/research/multanal.html
http://www.georgehart.com/research/multanal.html
https://en.wikipedia.org/wiki/International_Standard_Book_Number
https://en.wikipedia.org/wiki/Special:BookSources/0-387-94417-6
https://books.google.com/?id=czFufZI4Zx4C&pg=PA77
https://books.google.com/?id=czFufZI4Zx4C&pg=PA77
https://en.wikipedia.org/wiki/International_Standard_Book_Number
https://en.wikipedia.org/wiki/Special:BookSources/0-520-21999-6

The Proceedings 12" CIGR Section VI International Symposium 22 —25 October,
2018

Ndirika, V. I. O., 2006. A mathematical model for predicting output capacity of selected
stationary grain threshers. Agricultural Mechanization in Asia, Africa and Latin
America. (AMA). 36: 9-13.

Ndukwu, M. C. and S. N. Asoegwu. 2011. A mathematical model for predicting the cracking
efficiency of vertical-shaft centrifugal palm nut cracker. Research in Agricultural
Engineering. 57(3):110-115.

Nwakuba, N.R. 2018. Modeling the Drying Process of a Hybrid Convective Vegetable Crop
Dryer. [PhD Thesis.] Department of Agricultural and Bio-resources Engineering,
Federal University of Technology, Owerri.

Ogbobe, P.O., B. O. Ugwuishiwu, C. O. Orishagbemi and A.O. Ani, 2007. Design,
Construction and Evaluation of Motorized Okra Slicer. Nigerian Journal of
Technology. 26(2):42-49.

Okra Food. 2003. www.foodreference.com Accessed on April 10, 2003.

Owoeye A. L., M. C., Lauric, N. N Allagheny and F. N. Onyezili. 1990. Chemical and
physical parameters affecting the viscosity of the mixed okra and tomato homogenate.
Journal of Food and Agricultural Science. 53:283-286.

Owolarafe, O. K, O. A Muritala and B. S. Ogunsina, 2007. Development of an okra slicing
device. Journal of Food Science and Technology. 44(4): 426-429.

Owolarafe, O. K. and H. O. Shotonde, 2004. Some Physical Properties of Fresh Okra Fruit.
Journal of Food Engineering. 3:299-304.

Oyelade, O. J., B.1.O. Ade-Omowaye and V. F. Adeomi. 2003. Influence of variety on
protein, fat contents and some physical characteristics of okra seeds. Journal of Food
Engineering. 57:111-114.

Saifullah, M. and M. G. Rabbani. 2009. Evaluation and characterization of okra
(Abelmoschus esculentus L.) genotypes. Journal of Agriculture. 7:91-98.

Saravacos, G. D. and A. E. Kostaropoulos. 2002. Hand Book of Food Processing
Equipments. pp 138-141. New York: Kluwer Academic / Plenum Publishers.

Schippers, R. R. 2000. African Indigenous Vegetables. An Overview of the Cultivated
Species. Chatham, UK: Natural Resources Institute/ACP-EU Technical Centre for
Agricultural and Rural Cooperation. Pp 103-116.

Shefii, S., S. K. Upadhyaya and R. E. Garret. 1996. The importance of experimental design
to the development of empirical prediction equations: A case study. Transaction of
American Society of Agricultural and Bio-resources Engineers. 39: 377-384.

Simonyan, K. J., Y. D. Yilijep and O. J. Mudiare. 2006. Modeling the grain cleaning
process of a stationary sorghum thresher. Agricultural Engineering International: the
CIGR E-Journal. 3: 1-16.

141



The Proceedings 12" CIGR Section VI International Symposium 22 —25 October,
2018

Singh, V., D. Madhusweta and K. Susanta. 2016. Effects of knife edge angle and speed on
peak force and specific energy when cutting vegetables of diverse texture. International
Journal of Food Studies. 5: 22-38.

Sobukola, O. 2009. Effect of pre-treatment on the drying characteristics and kinetics of okra
(Abelmoschus esculentus (L.) slices. Internatonal Journal of Food Engineering. 5(2):9.

Somsen, D., A. Capelle and J. Tramper. 2004. Manufacturing of par-fried French fries, Part
2. Modeling yield efficiency of peeling. Journal of Food Engineering. 61(2):199-207.

Szot, B., T. K. Csik and K. Godacki. 1987. Badania zmiennoGci waaGceiwoGei
mechanicznych korzeni marchwi w zaleInoGei od cech odmianowych, czynnikow
agrotechnicznych i okresu przechowywania. Zeszyty Problemowe PostCpéw Nauk
Rolniczych. 316: 227-246.

Teske, M. E., J. W. Barry and R. B. Ekbald. 1991. Preliminary sensitivity study of aerial
application inputs for FSCBG4.0. American Society of Agricultural Engineers, Paper
No. 91 - 1052. St. Josef, Michigan.

142



The Proceedings 12" CIGR Section VI International Symposium 22 —25 October,
2018

Effect of Beeswax and Cassava Starch Coatings on Weight Loss in Mango and
Avocado Fruits

Agbo, E.C.%, Ezeoha, S.L.? and Okonkwo, V.C.2

L23pepartment of Agricultural and Bioresources Engineering, University of Nigeria,
Nsukka
Corresponding Email address: sunday.ezeoha@unn.edu.ng

ABSTRACT

This study investigated the effect of coating thickness of beeswax and cassava-starch
on weight loss of harvested matured hard green mango and avocado fruits and
compared their effectiveness as edible coating materials. Application of the coating
materials was done by dipping the fruit samples in the wax and starch emulsions until
the required thicknesses (0.96, 1.92, 2.88 mm) were achieved. The thicknesses of the
thin layers of the coatings were certified using a Vernier caliper. All the experimental
samples were stored in an incubator maintained at 13° C. Results of the investigation
after 16 days showed that percentage weight losses of mango fruits at the first level of
coating (0.96 mm thick coat) were 6.57% and 7.09% for beeswax and cassava starch
respectively, compared to 12.03% for the control. At the second level of coating (1.92
mm thick), the percentage weight losses were 4.89% and 5.30% for beeswax and
cassava starch respectively, compared to 12.03% for control. The third level of coating
(2.88 mm tick) resulted in 3.79% and 4.20% weight losses by the treated mango fruits
compared to 12.03% by the control. The effect of beeswax and cassava starch coatings
on avocado fruits were 7.29% and 7.69% for level one, 5.51% and 5.56% for level two,
and 4.06% and 4.57% for level three, respectively compared to 13.64% for the control.
At 5% level of significance, beeswax and cassava starch were found to significantly
reduce weight loss in mango and avocado fruits. However, the effectiveness of beeswax
and cassava starch as edible coating materials for mango and avocado fruits was not
significantly different, even though beeswax preserved the fruits’ weight better. Thus,
depending on availability and cost, either beeswax or cassava starch can be used to
delay or prevent excessive weight loss in stored fresh mango and avocado fruits.

Keywords: Avocado, beeswax, coating materials, mango, weight loss
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1. INTRODUCTION

Mango (Mangifera indica L.) and avocado (Persea americana) are two widely
cultivated tropical fruit species. They belong to different families and are believed to
originate from different parts of the world. While mango is native to Southern Asia,
avocado originated from South-Central Mexico. Globally, the mango industry is the
fifth largest tropical fruit industry with production of over 34.3 million tons
(FAOSTAT, 2008). Some fruits like banana and pineapple are seedless while mango
and avocado and some other fruits like oranges and papaya are seed fruits. These fruits
provide an abundant and inexpensive source of energy, body building nutrients,
vitamins, antioxidants, and minerals (Kader, 2008). Their nutritional value is highest
when they are fresh. These fruits are popular all over the world as they have attractive
colors, delicious tastes and excellent nutritional properties and contents. However,
mango and avocado fruits are climacteric and ripe rapidly after harvest. This behaviour
seriously limits the longevity of these fruits after harvest, thereby making it difficult for
commercial marketers and consumers to store or transport them for a long time or
distance without losing their quality and usefulness. Fruit sensitivity to decay, low
temperature and general fruit perishability due to the rapid ripening and softening limits
the storage, handling and transport potential (Krishna et al., 2017).

Studies channeled to the prolongation of the shelf life of fruits or slowing down their
ripening process while keeping their quality and flavour up to the required level has
been reported in the literature (Hesham, 2008; Balochi et al., 2013; Sanaa, 2017). Shelf
life is the length of time a product may be stored before it becomes unfit for
consumption. According to Perez et al. (2004) shelf life is defined as the period in
which a product should maintain a predetermined level of quality under specified
storage conditions. The importance of good postharvest practices in minimizing
postharvest losses cannot be overemphasized. There are different mechanisms to
control post-harvest deterioration of fruits to extend the shelf life and also to keep the
quality of which coating is one of them. Coating can generally be described as a thin
layer that can cover something. Guilbert (1986) defined edible coatings as a thin
application of material that form a protective barrier around an edible commodity and
can be consumed along with the coated product. The essence of coating is to protect a
product from foreign organic matters that may cause deterioration or loss of quality in
any way. In fruits, the purpose of coating is mainly for storage, handling and safe
transport. The coating of the fruit just after the harvesting process is becoming popular
in this respect (Cohen et al., 1990). Although controlled atmosphere (CA) storage has
been shown to extend the shelf life of fruits like mango (Bender et al., 2000), it is cost
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prohibitive. Modified atmosphere (MA) storage was also reported to slow some fruits
ripening, but was often accompanied by high CO2 and off-flavour (Gonzalez-Aquilar
etal., 1997).

The extension of a fruit’s shelf life and retention of its quality can only be achieved
when there is atmospheric modification and control on the surface of the fruit which
can be achieved through coating. Coatings have been used traditionally to improve
appearance and to conserve food products. The most common examples are the wax
coatings for fruits which were reportedly used in China years back. Edible coatings are
used to create a modified atmosphere and to reduce weight loss, water loss and
reduction of respiration rate and making fruits become disease-resistant during
transport, handling and storage (Baldwin, 1994). To be most effective a fruit coating
needs to be applied in a manner that gives an even coating to the fruit so that water is
lost equally from all parts of the fruit to avoid partial ripening of the fruit. The
respiration rate for fresh produce increases with increase in storage temperature.
Therefore, a coating that allows adequate oxygen levels for chilled storage conditions
might result in a product going anaerobic at ambient temperature storage. Furthermore,
creation of a modified atmosphere of relatively low oxygen and high carbon dioxide
can slow down ripening of climacteric fruits, thus extending their shelf life as long as
the products do not undergo anaerobic respiration. To this end, the development of
valuable postharvest technologies could improve the quality and consequently extend
the shelf life of fruits locally and during export to distant markets.

The aim of this study was to investigate the effect of beeswax and cassava starch
coatings on the shelf life of mango and avocado fruits. The specific objective of the
study was to assess and compare the effect of different thicknesses of beeswax and
cassava starch coatings on weight loss of mango and avocado fruits.

2. MATERIALS AND METHODS

2.1 Description of the Experimental Site

The experiment was conducted in the Biomass Laboratory, Centre for Energy Research
and Development, University of Nigeria, Nsukka.

2.2 Sample Fruits
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Samples of mango and avocado fruits were harvested at hard green stage of maturity
randomly from a farm in Nsukka, Enugu state, Nigeria. The fruits were cleaned
carefully by washing them with water to remove all foreign matter such as dirt and dust.
Maximum effort was made to select the fruits of the same initial mass of 0.85 kg for
mango and 0.90 kg for avocado fruits. The harvested fruits were then stored in an
incubator operating at a temperature of 13°C.

2.3 Coating Materials

2.3.1 Beeswax emulsion

Beeswax emulsion was obtained from 20 kg of bee-comb bought from a local market
(Ibagwa-Aka main market). The wax was extracted from the comb by heating the latter
in a perforated pot placed in an unperforated pot. As the bee-comb on the perforated
pot was heated, it melted and passed through the holes on the perforated pot and was
collected in the unperforated pot. The beeswax emulsion solidified upon cooling.
Finally, the beeswax emulsion was prepared by heating it again at a temperature of 90°
C.

2.3.2 Cassava starch

Cassava starch was extracted from cassava roots harvested from a farm in Ajuona
Obukpa village, Nsukka, Enugu state, Nigeria. The cassava starch was extracted
immediately after harvest using the method reported by Benesi et al. (2004).

2.4 Coating Application

The fruit samples were divided into four groups each, with respect to the level of
coating. The first group had no coating (control), while the other three groups had
coating thicknesses of 0.96 mm, 1.92 mm and 2.88mm. These thin layers of coating
were measured using a Vernier caliper. Application of the coating was done by dipping
the fruit samples in beeswax emulsion and cassava starch until the three levels of
thicknesses were achieved.

2.5 Data Collection

Data on weight loss was collected by periodic weighing (four days interval) of the fruit
samples during storage (sixteen days) and expressed as a percentage of original weight
as reported by Amayogi and Alloli (2007).

PLW = IW—-FwW

X 100 1)
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Where:

PLW = physiological loss in weight of fruit
IW = initial weight

FW = final weight

2.6 Data Analysis

The experiment was laid out in Completely Randomized Design with five replications
and collected data on weight loss were subjected to two-factor Analysis of Variance
(ANOVA) using SPSS version 20. Mean separation was done using Duncan Multiple
Range Test (DMRT).

3. RESULTS AND DISCUSSION

3.1 Percent Weight Loss of Mango Fruits at Three Levels of Beeswax Coating
The mean percent weight losses of Mango fruits at different levels of coating with
Beeswax after 16 days of storage under an average incubator temperature of 13° C and
relative humidity of 68% are shown in Table 1. The percent weight loss of uncoated
fruits (control) ranged from 2.87% to 12.03%. The percent weight loss of coated fruits
ranged from 0.78 to 3.79% for 2.88 mm thickness of coating, 1.11% to 4.89% for 1.92
mm coating thickness, and 1.48% to 6.57% for 0.96 mm coating thickness. These
ranges clearly show that the greatest weight loss occurred in the uncoated Mango fruits,
followed by those with 0.96 mm thick coating, and then by those with 1.92 mm thick
Beeswax coating.

3.2 Percent Weight Loss of Mango Fruits at Three Levels of Cassava-starch
Coating

The mean percent weight losses of Mango fruits at 0.96 mm, 1.92 mm and 2.88 mm
thicknesses of Cassava starch coating for 16 days of storage are also shown in Table 1.
The percent weight loss of uncoated fruits (control) ranged from 2.87% to 12.03%. The
percent weight loss of coated fruits ranged from 1.05 to 4.20% for 2.88 mm thick coat;
1.35% to 5.30% for 1.92 mm thick coat and 2.16% to 7.09% for the 0.96 mm thick coat.
These ranges of values clearly show that uncoated fruits lost more weight than the
Cassava-coated fruits.
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Table 1: Mean percent weight loss of mango fruits at different levels of coating

First level of coating Second level of coating Third level of coating

Da Contr Beesw Cassa Contr Beesw Cassa Contr Beesw Cassa

y ol (%) ax (%) va ol ax va ol ax va
Starch (%) (%) Starch (%) (%)  Starch
(%) (%) (%)

1 0 0 0 0 0 0 0 0 0
4 287 1.48 216 287 1.11 135 287 078 1.05
8 544 358 418 544  3.18 353 544 258 2.92
12 738 526 594 738  3.76 413 738 299 3.58
16 12.03* 6.57° 7.09° 12.03* 4.89° 530° 12.03% 3.79¢  4.20¢

3.3 Percent Weight Loss of Avocado Fruits at Three Levels of Beeswax Coating
The mean percent weight losses of Avocado fruits at different thicknesses of Beeswax
coating for 4, 8, 12 and 16 days of storage are shown in Table 2. The percent weight
loss of uncoated fruits (control) ranged from 3.22% to 13.64%.The percent weight loss
of coated Avocado fruits ranged from1.08% to 4.06% for 2.88 mm thick coat; 1.85%
to 5.51% for 1.92 mm thick coat, and 1.98% to 7.29% for 0.96 mm thick coat. These
results show that uncoated Avocado fruits lost more weight than coated ones.

Table 2: Mean percent weight loss of Avocado fruits at different levels of coating

First level of coating  Second level of coating  Third level of coating
Da Contr Beesw Cassa Contr Beesw Cassa Contr Beesw Cassa

y ol ax va ol ax va ol ax va
(%) (%) Starc (%) (%) Starc (%) (%)  Starc
h h h
(%) (%) (%)

1 0 0 0 0 0 0 0 0 0

4 322 1.98 225 3.22 1.85 217  3.22 1.08 1.19
8 6.26 4.04 462  6.26 3.54 3.77  6.26 2.94 3.27
12 845 5.96 6.26  8.45 4.24 450 845 3.25 3.83
16 13.64* 7.29° 769" 1364%® 551° 556° 13.64° 4.06° 4.57¢
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3.4 Percent Weight Loss of Avocado Fruits at Three Levels of Cassava-starch
Coating

The mean percent weight losses of Avocado fruits at three different thicknesses of
Cassava-starch coating for 16 days (measured at 4-day interval) are also shown in Table
2. The percent weight loss of uncoated fruits ranged from 3.22% to 13.64%. The percent
weight loss of coated ones ranged from 1.19% to 4.57% for 2.88 mm thick coat, 2.17%
to 5.56% for 1.92 mm thick coat, and 2.25% to 7.67% for 0.96 mm thick coat. This
shows that coating Avocado fruits with Cassava-starch prevented the fruits from losing
more weight.

Table 3: Descriptive statistics of the effect of types and thickness of coating

Dependent

Variable: MANGO AVOCADO

Type thickness  Mean Std. Mean Std. N

Deviation Deviation

0.96mm  12.0300 0.93003 13.6400 0.67746 5

Control 1.92mm  12.0300 0.93003 13.6400 0.67746 5
2.88mm  12.0300 0.58919 13.6400 0.67746 5
0.96mm  6.5720 0.28446 7.2900 0.20785 5

beeswax 1.92mm  4.8840 0.29280 5.5100 0.58703 5
2.88mm  3.7900 0.18097 4.0600 0.13172 5
0.96mm  7.0900 0.08860 7.6940 0.27465 5
1.92mm  5.3000 0.21794 5.5600 0.30529 5

cassava starch 588mm  4.2000 0.23495 45700  0.35107 5

4

3.5 Effect of Type and Thickness of Coating on Weight Loss of Stored Mango
Fruits

The descriptive statistical analysis of experimental results of the effect of Beeswax and
Cassava-starch coatings and their thicknesses on weight loss of Mango fruits kept for
16 days is shown Table 3. The minimum mean percentage weight loss of uncoated
Mango fruits (Control) was 12.03 = 0.59%; and 3.29 £ 0.18% for Mango
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fruits coated with Beeswax, and 4.20 = 0.23% for fruits coated with Cassava-starch
(the minimum values occurred at 2.88 mm coating thickness). The analysis of variance
(ANOVA) of the results for Mango fruits (Table 4) shows that both Cassava-starch and
Beeswax coatings and thicknesses (0.96, 1.92, 2.88 mm) have significant interaction
effect (p< 0.05 ) on weight loss of stored Mango fruits at 95%. confidence level.

Table 4: ANOVA table for Mango fruits

Source Type I df Mean F P-value
Sum of Square
Squares
Corrected 494.547° 8 61.818 233081 .00
Model
Intercept 2563.301 1 2563.301 9664.729 .000
Type 453.627 2 226.814 855.183 .000
thickness 27.268 2 13.634  51.405 .000
type * thickness 13.652 4 3413  12.869 .000
Error 9.548 36 .265
Total 3067.396 45
Corrected Total 504.095 44

3.6 Effect of Type and Thickness of Coating on Weight Loss of Stored Avocado
Fruits

The descriptive statistical analysis of results of the effect of Beeswax and Cassava-
starch coatings and their thicknesses on weight loss of stored Avocado fruits is also
shown in Table 3. The minimum mean percentage weight loss was 13.64 + 0.68% for
uncoated Avocado fruits; 4.06 £ 0.13% for Avocado fruits coated with Beeswax; and
4.57 + 0.35% for fruits coated with Cassava-starch. The ANOVA for Avocado fruits
(Table 5) shows also that both the Beeswax and Cassava-starch coatings and their
thicknesses had significant effect (p = 0.000<0.05<0.001) on weight loss of Avocado
fruits stored for 16 days.
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Table 5: ANOVA table for Avocado fruits

Source Type 11 df Mean F P-value
Sum of Square
Squares
Corrected Model 670.128% 8 83.766  363.518 .000
Intercept 3175.536 1 3175.536 13780.848 .000
Type 618.466 2 309.233  1341.975 .000
thickness 34.248 2 17.124 74.313 .000
type * thickness 17.414 4 4.354 18.893 .000
Error 8.296 36 230
Total 3853.959 45
Corrected Total 678.423 44

3.7 Comparative Effect of Beeswax and Cassava-starch on Weight Loss of Mango
and Avocado Fruits

The means of the effect of Beeswax and Cassava-starch coatings on weight loss of
Mango and Avocado fruits are separated in the Duncan multiple range test results
shown in Table 6. It could be observed that no significant (p = 1 > 0.05) difference exist
between the mean effect of Beeswax and Cassava-starch on weight loss of Mango and
Avocado fruits for each coating thickness. However, there is significant difference
between and among the mean effect of coating thickness of Beeswax and Cassava-
starch on the weight losses (Duncan separates significant different means in different
columns).

Table 6: Duncan table for Mango and Avocado fruits

Thicknes N Subset (Mango) a = (.05 Subset (Avocado) a = 0.05

i 1 2 3 1 2 3
2.88mm 15 6.6733 74233

1.92mm 15 7.4047 8.2367

0.96mm 15 8.5640 9.5413
Sig. 1000  1.000 1.000 1.000 1.000  1.000

4. CONCLUSION

Having tested the two coating materials (Beeswax and Cassava-starch) at three coating
thicknesses on Mango and Avocado fruits, it was observed that performance of the two
coating materials were significantly different from control but not significantly
different from each other. The application of the two coating materials investigated
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shows that the choice of the coating material to be used should be based on cost and
availability and not performance and efficiency since the two materials have almost
equal effectiveness. The coating thickness, however, has significant effect with the 2.88
mm thickness giving best protection against weight losses.
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ABSTRACT

Fermentation and sprouting have been shown to increase nutrient bioavailability and
modify the functional properties of foods. Application of these methods in the
preparation of infant foods and complementing cereals with legumes will address
nutrient density and viscosity problems associated with infant foods. Infant foods were
formulated from blends of treated bambaranut and pearl millet and chemical
composition of the samples were studied. Millet and bambaranut were soaked
separately in water and allowed to ferment for 48 hr at room temperature. While for
sprouting, millet and bambaranut were soaked for 12 and 24 hr, respectively, at room
temperature, and soaked seeds were separately sprouted for 48 hr. After fermentation
and sprouting, the seeds were oven-dried and then milled into a flour of 0.6 mm size.
The flours were formulated to six (A, B, C, D, E, and F) complementary diets. The
results show that blending treated bambaranut with pearl millet significantly increased
the protein, fibre, fat and ash content from 14.46, 0.68, 6.21 and 3.32% to 19.35, 1.21,
8.01 and 5.35% respectively; while, the moisture and carbohydrate contents were
significantly reduced. In the same vain, blending treated bambaranut with pearl millet
significantly increased all the amino acids composition of the blends. However,
blending treated bambaranut with pearl millet increased the trypsin, hydrogen cyanide,
oxalate and phytate contents; though, the values fall within the safe consumption limit.
Hence, this study revealed that, blending treated bambaranut with pearl millet is
beneficial in increasing the nutrient density of infant food.

Keywords: Millet, bambaranut, fermentation, sprouting, infant, chemical properties,
Nigeria.

1. INTRODUCTION
Infant formula or complementary foods are foods other than breast milk usually in
liquid, semisolid or solid form introduced to infants to provide appropriate nutrients. In
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Nigeria and most especially West African countries, the common first weaning food is
pap, locally called akamu in the south-east Nigeria, ogi in the south-west Nigeria or
koko in northern Nigeria. It is made from cereals such as maize, millet or sorghum.
These traditional weaning foods are starchy and characterized to be low in nutritive
value (low protein and low energy density), high bulk density and high viscosity.
Traditional food processing methods such as sprouting and fermentation have been
reported to increase bioavailability of nutrients, predigest macro molecules, reduce
antinutrients and reduce gruel viscosity (James et al., 2018). In essence, these processes
make the foods simpler to digest and the nutrients easier to assimilate. Since heat is not
required in the two processes, there is considerable retention of enzymes, vitamins and
other nutrients that are usually destroyed by high temperature processing. Therefore,
there is the need to augment the protein content with cheap and local protein source
(bambaranut) and to assess the positive benefits of sprouting and fermentation on the
chemical quality of the infant formula.

2. MATERIALS AND METHODS

2.1 Sources of raw material
Bambara nut and pearl millet were purchased from Kure Ultra-Modern Market, Niger
State, Nigeria.

2.2 Material preparation

2.2.1 Fermentation of pearl millet and bambaranut

Bambara nut and millet were fermented as described by James et al. (2018) with slight
modification. The two raw materials were cleaned manually, washed in clean water
after which they were soaked separately in cold water in a ratio of 1:3 weight by volume
(w/v) and allowed to ferment for 48 hr at room temperature (28 + 2°C). Fermented
millet and bambara nut were thoroughly washed in clean water and oven-dried
separately at 60°C for 12 and 24 hr, respectively, and then hammer milled into a fine
flour of 0.6 mm size. The flours were packaged differently in coded high-density
polythene bags for further analysis.

2.2.2 Preparation of sprouted pearl millet and bambaranut

Methods described by Okafor et al. (2014) and James et al. (2018) were used to sprout
millet and bambara nut with slight modifications. Millet and bambara nut were sorted,
washed, and soaked in clean water for 12 and 24 hr, respectively, at room temperature
(28 = 2°C) with change in soaking water at 4 hr interval to prevent fermentation. Soaked

155



The Proceedings 12" CIGR Section VI International Symposium 22 —25 October,
2018

seeds were separately spread on jute bag and covered with the same and allowed to
sprout for 48 hr with sprinkling of water at 3 hr intervals. After sprouting period, the
seeds were evenly spread on oven trays and dried at 60°C for 12 and 20 hr, respectively,
and then hammer milled into a flour of 0.6 mm size and packaged differently in high-
density polyethylene for further analysis.

2.3 Product formulation
The samples for this study were formulated, thus 100% sprouted millet flour, 100%
fermented millet flour, 95% sprouted millet flour and 5% sprouted bambara nut flour,
95% fermented millet flour and 5% fermented bambara nut flour, 95% sprouted millet
flour and 5% fermented bambara nut flour, and 95% fermented millet flour and 5%
sprouted bambara nut flour, representing samples A, B, C, D, E, and F, respectively.
Amino acid profile, antinutrients and proximate composition were determined using
standard methods.

3. RESULTS AND DISCUSSION

The results of this study show that samples A (100% spouted millet) and B (100%
fermented millet) had significantly high moisture contents, 9.93 and 9.91%,
respectively; while, different blends showed significantly low moisture content.
Blending treated bambaranut flour with millet significantly increased the protein
content from 14.46% to 19.35%. Sample F (95% fermented millet and 5% sprouted
bambaranut flour) had significantly (p<0.05) high fibre (1.21%), fat (8.01%) and ash
(5.35%) contents; while, sample A (100% sprouted millet) had the lowest values:
0.68%, 6.21% and 3.32% respectively. This implies that blending treated millet and
bambaranut flours at different ratios used in this study enhanced the fibre, fat and ash
contents. Samples A (100% spouted millet) and B (100% fermented millet) had
significantly high carbohydrate contents, 65.43 and 63.58% respectively. However,
blending significantly reduced the carbohydrate content with sample F (53.29%) having
the lowest value. Samples E (95% sprouted millet and 5% fermented bambara nut) and
F (95% fermented millet and 5% sprouted bambara nut) had significantly (p<0.05) high
histidine, isoleucine, leucine, lysine, methionine, phenyl alanine, threonine, tryptophan
and valine. This implies, blending and treatment significantly increased the amino acid
contents of samples. However, samples A and B showed significantly low values. In
antinutrients, samples A (100% sprouted millet) and B (100% fermented millet) had
significantly (p<0.05) low trypsin, hydrogen cyanide, oxalate and phytate contents;
while, samples E and F showed significantly high values. This implies that addition of
treated bambaranut flour to millet increased the antinutrients content of blended
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samples. In tannin content, samples A and B had significantly (p<0.05) high values 0.74
and 0.71% respectively; while blended samples showed significantly low values.

4. CONCLUSION
Sprouting, fermentation and blending ratios used in this study significantly increased
the nutritional quality of the formula and these would improve digestibility and
bioavailability of nutrients. Inclusion of treated Bambara nut flour in the blend
increased a number of antinutrients content, however, the values fall within the
tolerable limits by humans.
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Table 1. Chemical composition of the formulated infant formula

Parameter A B C D E F

(%)

Moisture 9.931+0.01 9.91*+0.01 9.86°+0.01 9.80°+0.00 9.79°+0.01 9.78°+0.01
Protein 14467+ 0.01 15.12°+0.00 16.449+0.00 17.20°+0.00 18.42°+0.00 19.35% + 0.01
Fibre 0.68"+0.01 0.75°+0.01 0.849+0.01 0.94°+0.00 1.00°+0.00 1.21%+0.00
Fat 6.21f+0.00  7.11°+0.00 7.45%+0.00 7.81°+0.01 7.91°+0.01 8.01%+0.01
Ash 3.32f+0.06  351°+0.01 3.869+0.00 4.22°+0.00 5.04°+0.01 5.35%+0.01
Carbohydrate 65.43+0.05  63.58°+ 0.04 61.53°+ 0.03 59.35% + 0.01 57.84°+ 0.03 53.29'+ 0.04
Histidine 1.127+0.00 1.63°+0.00 1.859+0.00 1.89°+0.00 2.04°+0.00 2.11%+0.00
Isoleucine  1.76°+0.00  1.81e+0.01 2.069+0.01 2.51°+0.00 2.77°+0.00 2.84%+0.01
Leucine 5.11°+0.01 5.34d+0.00 5.52°+0.00 5.62°°+0.00 5.842+0.00 5.74* +0.14
Lysine 2727+ 0.00 2.94°+0.00 3.239+0.01 3.46°+0.01 3.82°+0.00 3.94%+0.00
Methionine 1.24"+0.00 1.56°+0.00 1.819+0.01 1.94°+0.01 1.98°+0.00 2.42%+0.00
Phenyl 2457+ 0.05 251°+0.00 2.789+0.00 2.83°+0.00 2.94°+0.01 3.012+0.00
alanine

Threonine  1.84"+0.00 1.92°+0.00 2.289+0.01 2.47°+0.00 2.61°+0.00 2.84%+0.00
Tryptophan 4.717+0.00  4.87°+0.00 5.059+0.01 5.33°+0.01 5.63°+0.01 5.74%+0.01
Valine 1.72F£0.00 1.94°+0.01 2279+0.01 2.64°+0.00 2.75°+0.00 2.84%+0.00
Trypsin 0.287+0.00 0.33°+0.01 0.399+0.01 0.52°+0.01 0.62°+0.01 0.73*+0.00
Tannins 0.742+0.01 0.71*+0.00 0.66°+0.00 0.54%+0.01 0.50°+0.00 0.59°+0.01
Hydrogen 0.297+0.01  0.36°+0.01 0.439+0.01 0.56°+0.00 0.62°+0.01 0.742+0.01
cyanide

Oxalate 0.147+0.00  0.22°+0.00 0.30+0.00 0.38°+0.00 0.47°+0.00 0.53%+0.01
Phytate 0.977+0.01  1.22°+0.01 1.889+0.00 2.11°+0.00 2.74°+0.01 3.04%+0.00
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Mean + SD of triple determinations. Values followed by different subscript on
a row are significantly different from each other (p <.05). A = 100% sprouted
millet; B = 100% fermented millet; C = 95% sprouted millet and 5% sprouted
bambara nut; D = 95% fermented millet and 5% fermented bambara nut; E =
95% sprouted millet and 5% fermented bambara nut; F = 95% fermented
millet and 5% sprouted bambara nut.
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ABSTRACT

Many empirical methods for predicting reference evapotranspiration rates are available
but accurate prediction under different environmental condition is not certain. Greater
uncertainty exists under a greenhouse (control environment) condition. In this study,
Blaney-Criddle (temperature based method), Class ‘A’ Evaporation pan and
CROPWAT 8.0 (FA0-56 Penman- Monteith) methods were used to estimate the
evapotranspiration of tomato (Rio Grande and Roma VF varieties) over a period of 93
days in a low technology greenhouse. An automatic thermos-hygrometer was installed
to measure the atmospheric conditions and class A evaporation pan to measure the rate
of evapotranspiration inside the greenhouse. The mean crop evapotranspiration of
tomato using Blaney-Criddle for the months of April, May, June and July were 6.60,
6.21, 6.64 and 6.33 mm/day, respectively while the mean crop evapotranspiration using
Evaporation pan were 3.78, 3.65, 3.62 and 3.28 mm/day and for CROPWAT 8.0 were
5.61, 5.00, 4.38 and 3.81. Diameter of the biggest of tomato fruit was 13.1 cm with a
length of 4.45 cm while the smallest fruit has diameter of 7 cm with a length of 2.4 cm.
Class A Evaporation pan gave consistent values of evapotranspiration from April to
July than Blaney-Criddle that gave higher evapotranspiration because it depends only
on temperature and daily sunlight.

Keywords: Blaney-Criddle, Class A Evaporation pan, Controlled environment, crop
coefficient, crop evapotranspiration
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1. INTRODUCTION

The crop water need mainly depends on the climate, the crop type and growth stage of
the crop. According to Allen et al. (1998), the water need of a crop consists of
transpiration and evaporation which occur simultaneously as evapotranspiration. The
water required by the crop is usually expressed in mm/day, mm/month or mm/season.
Reference evapotranspiration (ETo) expresses the evaporative demand of the
atmosphere at a specific location and time of the year but it does not depend on the crop
and soil factors (Raghunath, 2007 and Michael, 2008). The only factors affecting ETo
are climatic parameters which can be computed from weather data according to
(Schwab et al., 1993 and Michael, 2008). Allen et al. (1998) defined reference
evapotranspiration as a the evapotranspiration from a hypothetical reference crop with
an assumed height of 0.12 m, a fixed surface resistance of 70 s/m and an albedo of 0.23.
The reference surface closely resembles an extensive area of actively growing grass of
uniform height completely shading the ground and with sufficient soil moisture. Albedo
is the fraction of solar radiation which is reflected by the earth’s surface but the value
depends on the type of surface, angle of incidence of sun’s ray and the slope of the
ground surface (Michael, 2008).

The amount of water that is required for evapotranspiration and water needed for
metabolic activities (processes) is called consumptive use but also referred to as
evapotranspiration. Consumptive use is higher than the evapotranspiration by the
quantity of water needed for photosynthesis, transport of minerals and photosynthates,
plant growth and structural support of the plant. The actual water that is used for the
metabolic processes is less than 1% of evapotranspiration, therefore, consumptive use
of crop is assumed to be equal to evapotranspiration (Michael, 2008). A proper
irrigation scheduling (when to irrigate and quantity of water apply during irrigation) is
one of the main factors in achieving high yields and avoiding loss of quality in
greenhouse tomato. To do this, it is fundamental to know the crop water requirements
or the actual evapotranspiration which depends on specific interactions among soil,
crop and atmospheric conditions. The crop coefficient (kc) values represent the crop
type and the development of the crop. There are several k¢ values for a single crop
depending on the crop’s stages of growth.

Ufoegbune et al. (2012) stated that tomato plant exhibits four stages of growth with
specific crop coefficient (kc) for each growth, the stages of the growth are initial growth
stage (1 -35 days with k¢ of 0.45), development stage (35 -75 days with k¢ of 0.75),
flowering growth stage (75 -125 days with k¢ of 1.15) and ripening stage (125 -150
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days with k¢ of 0.80). Hanson (2010) also produced a graph showing the relationship
between the canopy growth of tomato and its coefficients which varied from 0.2 (initial
growth stage) to 1.1 (flowering growth stage) but 1.05 at 80% canopy growth.
Evapotranspiration can be estimated by direct or indirect method. Accurate estimation
of the crop water requirement is needed to avoid excess or water deficit application
which could have negative effect on nutrients availability for plants growth (Blanco
and Folegatti, 2004). This can be done by using appropriate method to determine the
crop evapotranspiration (ETc). Plants like tomato always respond to its environment
and this often affects the yield of tomato. This optimum condition is not easily
determined, thus, there is need to quantify the water requirement of the crop based on
the climatic factors using empirical formula for optimum tomato production. This
experiment is better done in greenhouse farming. The objectives of this study were to
determine the tomato yield and evapotranspiration of tomato using Blaney-Criddle,
CROPWAT 8.0 (FAO-56 Penman- Monteith) and Class A Evaporation pan methods in
a greenhouse.

2. MATERIALS AND METHODS

Location of the Study and Characteristics of the Greenhouse

The site of the experiment is located at the Department of Agricultural and Bio-
Environmental Engineering Technology, Institute of Technology (IOT), Kwara State
Polytechnic, llorin, Kwara State, Nigeria. The experimental site in Ilorin lies on the
latitude 8°30'N and longitude 4°35E at an elevation of about 340 m above mean sea
level (Ejieji and Adeniran, 2009). llorin is in the Southern Guinea Savannah Ecological
zone of Nigeria with annual rainfall of about 1,300 mm. The wet season begins towards
the end of March and ends in October while the dry season starts in November and ends
in March (Ogunlela, 2001).

The greenhouse is 6 m long, 3 m wide and 2.5 m in height constructed using wood. It
is covered with transparent polythene nylon and screen net to prevent entrance of
insects and pests. One humidifier was put in the greenhouse to keep the humidity
between 65 t0 85% and one thermo-hygrometer was also put in the greenhouse for
reading the temperature and humidity. The soil used in this study was sandy loamy. A
total of 12 buckets were used and of the bucket has a diameter of 18 cm and 25 cm
deep. A 5 kg of the soil was put in the each bucket and 0.5 kg of cow dung to increase
the fertility of the soil for normal growth of the tomato. Two varieties of tomato were
planted in the buckets on 28" April 2017 and terminated on 30™ July 2017. A 1 litre of
water was applied to each tomato plant in the bucket at 2 days interval. The varieties of
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the tomato were Rio Grande and Roma VF tomatoes. The chemical properties of the
soil are shown in Table 1.

Table 1 Chemical properties of the soil before mixing with the cow dung

Nutrient Value
Nitrogen, % 0.53
Phosphorus, mg/Kg 3.23
Potassium, Cmol/Kg 3.77
Calcium, Cmol/Kg 0.91
Magnesium Cmol/Kg 0.34
Sodium Cmol/Kg 0.91
Organic matter, % 1.40
Organic carbon % 0.81
pH 5.57

Measurement of crop physiological Growth

The tomato Plant heights were measured from the soil surface to the terminal bud of
the main shoot using thread and then measured on a ruler in cm. The number of
branches per plant and the leaves on each plant was counted and recorded on weekly
basis. The stem diameter was measured and recorded using a digital vennier caliper.
The leaf area of each leaf from each bucket was calculated using a 1 cm grid. Each leaf
was placed on the 1 cm grid and their outline was traced. The amount of grid (squares)
between the leaf outline on the grid was counted and the area was calculated using 1
square centimeter (1 cm?). The Leaf Area Index (LAI) was also estimated using
Equation (1) given by Breuer et al., (2003).

A
LAl =—
A w

where: A_ area of the leaf (m?) and Ag is the ground surface area (m?).

Data Collection and evapotranspiration measurement in the greenhouse

Experimental data were collected for one growing season for climatic condition inside
the greenhouse. An automatic thermo-hygrometer was installed in the greenhouse
which automatically stores data for the temperature and humidity within the
greenhouse. A humidifier was also used to maintain relative humidity range 67 to 80.
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Class A Evaporation pan was used to measured the rate of evaporation inside the
greenhouse on a daily basis. The mean value of minimum and maximum temperatures
obtained inside the greenhouse with the values of daylight hour was used to compute
reference evapotranspiration using Blaney-Criddle method given in Equation (2) as
stated by Schwab et al. (1993). Equation (3) was used to determine crop
evapotranspiration of tomato. The mean monthly values of temperatures, relative
humidity, percentage daylight hour (P) and crop coefficient (k) used in this study for
the computation crop evapotranspiration of tomato were shown in Table 2. The peak
value of crop coefficient of 1.05 which normally occurs at mid-stage or flowering stage
(at 80% canopy growth) as given by Hanson (2010) was used in this study to compute
the water requirement of tomato in order to avoid water stress (water deficit) because
water deficit at any growth stage could affect the crop yield but it adversely affects the
yield at flowering stage.

According to Kashyap and Panda (2011), the different methods for computing
evapotranspiration are available for the users based on different data availability and
the levels of accuracy required in a particular area. According to Takakura et al. (2005),
Blaney-Criddle equation is a method for estimating reference crop evapotranspiration
when only air temperature is available for the site and Blaney-Criddle formula is given
in Equation (2).

ET, =P(0.46T _ +8) v

mean
ET, =k xET, 3

where ET, is the reference evapotranspiration (mm/day), P is the mean percentage
daylight hours (fraction), Tmean is the average or mean value of maximum and minimum
temperature (°C), ET. is the crop evapotranspiration of tomato or any crop (mm/day)
and Kc is the crop coefficient.

Table 2 Mean values of weather data from the greenhouse during study

Month  Mean Relative Annual Crop
in 2017 temperature (°C) humidity (%) daylight hours coefficient
April 28.2 80.3 0.3 1.05
May 25.4 67.5 0.3 1.05
June 28.4 68.5 0.3 1.05
July 26.3 71.8 0.3 1.05

Determination of reference evapotranspiration using CROPWAT 8.0
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CROPWAT means crop water requirement that is determined from reference
evapotranspiration. Crop water requirement is the product of crop coefficient and
reference evapotranspiration (ke x ETo). CEOPWAT 8.0 is based on FAO-56 Penman-
Monteith (FAO-56 PM) equation which involves all the factors affecting
evapotranspiration. FAO-56 PM given in Equation (4) is regarded as the best empirical
formula for computing ET,, it gives reliable and accurate values of evapotranspiration
(Michael, 2008). As given in Equation (4) The reference evapotranspiration (ETo) was
determined using CROPWAT 8.0 (FAO-56 PM) so that the results of ET, and ET.
using Blaney-Criddle and Class A evaporation pan could be compared with that of
CROPWAT 8.0. A 20 years weather data from 1998 — 2017 for Ilorin was used for
computing the ET, and ET. that occurred outside the greenhouse for the Blaney-Criddle
and FAO-56 PM methods. The mean values of the weather data are shown in Table 3.

0.408A(R, —G)+ 7 900 U,(e, —e,)

ET. = +273 4
° A+y(1+0.3U,) )

where ET, is the reference evapotranspiration (mm/day), Ry is the net radiation at the
crop surface (MJ/m?day), G is the soil heat flux density (MJ/m?day), T is the mean daily
temperature at 2 m height (°C), Uz is the wind speed at 2 m above the ground surface
(m/s), A is the slope of vapour pressure (kPa/°C), es is the saturation vapour pressure
(kPa), ea is the actual vapour pressure (kPa) and es — ea is the saturation vapour pressure
deficit (kPa).

Table 3 Mean values of 20 years weather data for llorin for outside the greenhouse

Mon Min Min Mean Humidi  Wind Sun Radiation
th Temp Temp Temp ty (%)  Speed light (MJ/m?/da
() ) (9] (km/day)  (hours) y)

April 23.1 34.2 28.65 69 216 6.7 19.9
May 22.5 32.6 27.55 76 207 6.7 19.4
June 21.6 30.9 26,25 81 190 6.2 18.1
July 213 29.2 25.25 82 199 4.5 15.9

Determination of reference and crop evapotranspiration using Class ‘A’
evaporation pan

Two methods were used to determine the evaporation that occurred from the
evaporation in 24 hours (a day). The first method was done by measuring the difference
between the initial depth of water and final depth of water (mm) in the evaporation pan
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using a meter rule. The second method was done dividing the volume of water used to
refill the evaporation pan (Epan) to its initial depth of the point arrow by the area of
evaporation pan as given in Equation (5). The metallic characteristic of the evaporation
pan which is hotter than the temperature of water normally increase the rate of
evaporation but evaporation pan coefficient (kp) of 0.75 was used in this study.
Raghunath (2006) stated that k, varied from 0.67 to 0.82 and the mean value is 0.75
that was used. The area of the evaporation pan, evaporation through the pan, ETo and
ETc were computed using Equations (5), (6), (7) and (8), respectively as given by Yusuf
et al. (2015).

7Zd 2
Apan = T (5)
_ VWL
Epan= A, (6)
ET, =k, xEpan (7)
ET. =k xET, (8)

where: Apan is the area of Class A evaporation pan (m?), d is the internal diameter of
the evaporation pan (m), Epan is the evaporation that occurs from pan (mm/day), VwL
is the volume of water that is used to refill the evaporation pan to its initial depth (litre),
kp is the evaporation pan coefficient while ETo (mm/day), ETc (mm/day) and kc had
been defined in Equations (2) and (3).

3. RESULTS AND DISCUSSION

Reference and crop evapotranspiration in and outside the greenhouse

The mean values of evaporation from Class A Evaporation pan, the reference
evapotranspiration, the crop evapotranspiration of tomato using Blaney-Criddle,
CROPWAT 8.0 and Class A Evaporation pan that occurred inside the greenhouse were
shown in Table 3 while the results for the outside the greenhouse were shown in Table
4. The values of reference evapotranspiration and crop evapotranspiration of tomato
were all higher for Blaney-Criddle than the values from Class A Evaporation pan and
even higher than results from CROPWAT 8.0 (FAO-56 PM). Blaney-Criddle method
mainly depends on temperature and this could be the factor for given higher values of
evapotranspiration when the temperatures were high even when other factors
influencing evapotranspiration are low. The values of ET, and ET. were higher for both
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Blaney-Criddle and Class A Evaporation pan inside the greenhouse than the outside
greenhouse because the temperature inside the greenhouse was higher by 1 to 2 °C
compared to outside the greenhouse. The values ET, and ET. using Class A
Evapotranspiration obtained in this study were within the range obtained by Yusuf et
al. (2015) which varied from 2.84 to 4.96 mm/day inside a greenhouse. The ET, and
ET. from FAO-56 PM for outside the greenhouse were higher than the results of ET,
and ET. from Class A Evaporation pan for outside the greenhouse but the results of ET,
and ET. from Class A Evaporation pan gave the actual evapotranspiration that occurred
in the study area which were affected by factors influencing evapotranspiration
prevailing in the study area at that particular time of the study. Michael (2008) stated
that Class A Evaporation pan could be used for computing crop evapotranspiration for
irrigated farm.
Table 3 Mean evaporation, reference and crop evapotranspirations of tomato using
Blaney-Criddle, Class A evaporation pan in the greenhouse and CROPWAT 8.0
(FAO-56 PM) for outside greenhouse

Parameter Blaney-Criddle CROPWAT 8.0 (FA-56 Class A Evaporation pan
PM)

April May June July April May June July April May June July
Epan - - - - - - - - 480 464 460 4.16
(mm/day)
ETo 6.29 591 6.32 6.03 534 476 416 3.63 3.60 348 345 3.12
(mm/day)
ETc 6.60 6.21 6.64 6.33 561 500 437 381 378 365 3.62 3.28
(mm/day)

Table 4 Mean evaporation, reference and crop evapotranspirations of tomato using
Blaney-Criddle, CROPWAT 8.0 (FAO-56 PM) and Class A evaporation pan outside
for the greenhouse

Parameter Blaney-Criddle CROPWAT 8.0 (FA-56 Class A Evaporation pan
PM)

April May June July April May June July April May June July
Epan - - - - - - - - 340 338 525 3.28
(mm/day)
ETo 6.29 591 6.32 6.03 534 476 416 363 238 254 394 246
(mm/day)
ETc 6.60 6.21 6.64 6.33 561 500 437 381 250 267 414 258
(mm/day)
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Vegetative growth of tomato during the study

The mean monthly growth, number of leaf and branches, stem thickness and leaf area
of the Rio Grande and Roma VF tomato varieties were shown in Table 5. The Roma
VF grew faster and had higher growth height than the Rio Grande tomato when the
same quantity of water and cow dung was applied. The stem thickness, leaf area,
number of leaf and number of branches of Roma VF tomato were higher than the results
from Rio Grande tomato as shown in Table 5.

Table5  Mean monthly growth, number of leave, number of branches, stem
thickness and leaf area of tomato plant in the greenhouse

Month Tomato Mean Number Number of Stem thickness Leaf area
variety height (cm) of leaves branches (mm) (cm?)
May  Rio Grande 77 10 3 2.20 31.16
Roma VF 100 13 3 3.80 33.31
June  Rio Grande 226 27 5 4.60 50.46
Roma VF 253 29 7 5.75 53.46
July Rio Grande 402 47 11 5.70 64.01
Roma VF 394 41 16 6.70 67.06

4. CONCLUSION

The values ET, and ET. using Class A Evapotranspiration obtained in this study range
from 2.84 to 4.96 mm/day inside the greenhouse. This gave the actual
evapotranspiration that occurred in the study area. The values of reference
evapotranspiration and crop evapotranspiration of tomato were all higher for Blaney-
Criddle compare to values from Class A Evaporation pan and CROPWAT 8.0 (FAO-
56 PM). The ET, and ET. from FAO-56 PM outside the greenhouse were higher than
the results of ET, and ET¢ from Class A Evaporation pan outside the greenhouse. The
tomato plant Roma VF had higher growth height than the Rio Grande tomato when the
same quantity of water and cow dung was applied. The stem thickness, leaf area,
number of leaf and number of branches of Roma VVF tomato were higher than the results
from Rio Grande tomato.
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ABSTRACT

Determination of some engineering properties of two varieties of breadfruit seeds (Var.
Africana and Var. Inversa) was carried out. The initial moisture content was 6.85%
and later adjusted by rewetting to 14.85%, 21.85% and 28.85%(wb). The following
engineering properties, true density, bulk density, percentage porosity, specific heat
capacity, terminal velocity and drag coefficient were determined. Thermal property
(specific heat capacity) of the seed was determined using the calorimeter method. The
aerodynamic properties (terminal velocity and drag coefficient) were also determined
by using an air column made of a vertical wind tunnel in conjunction with a voltage
regulator to vary the wind speed and a digital anemometer to determine the air speed.
Data obtained were statistically analyzed using Minitab statistical software. The
following results were obtained. The true density of Var. Africana decreased from
1033.68 kg/m® to 842.81 kg/m® which amounted to 18.5% decrease, while for var.
Inversa it decreased from 948.38 kg/m® to 911.89 kg/m? amounting to 3.85% decrease
as the moisture content increased from 6.85 to 28.85%. The bulk density was observed
to increase linearly as the moisture content increased. It increased from 361.239 to
408.723 kg/m?® for Var. Africana and 317.55 to 387.638 kg/m? for Var. Inversa. The
porosity of Var. Africana ranges from 65.06% to 51.6% while for Var. Inversa it ranges
from 66.5% to 57.2%. The terminal velocity increased from 5.5 to 8.0 m/s for Var.
Africana and 3.89 to 6.8 m/s for Var. Inversa respectively as the moisture content
increased from 6.85 to 28.85 %.

KEYWORDS: Breadfruit seed, terminal velocity, drag coefficient, percentage
porosity
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1. INTRODUCTION

The breadfruit seed is the mature ovule of Treculia Africana, it is light brown in colour,
roughly oval and spherical in shape. The seeds are contained in a pulp mass inside the
fruit. When the fruits are harvested they are stored to ferment for 3-4 days, then mashed
and the seeds freed by washing the solubilized pulp off the seeds in a basket with
running water, and later sun dried. The dried seeds are available in the market in the
undehulled state (Omobuwajo et al., 1999).

When dehulled the seeds may be cooked and eaten as the main dish like rice or roasted
and eaten as a snack in the same way as peanut. It could also be cooked with fresh
corn into porridge. The seed is used in these food forms in several parts of West Africa
and especially Southeastern Nigeria (Akande, 1998). It is used in preparing pudding, as
a thickener in traditional soups and in manufacture of food products such as flour for
bread, beverages and weaning food for children (Onyekwelu and Fayose, 2007).

Engineering properties of breadfruit seed are essential for the design of equipment for
handling, separation, conveying, drying, storing, aeration and processing. Bulk density,
true density and porosity can be useful in sizing grain hoppers and storage facilities;
they can affect the rate of heat and mass transfer of moisture during aeration and drying
processes. Rajabipour et al. (2006) reported that drag coefficient and terminal velocity
of material are important parameters in aerodynamic and hydrodynamic behaviour
which depends on acceleration due to gravity and fluid flow. These properties help in
the design of equipment for separation and handling. Knowledge of specific heat
capacity is important in engineering design calculations involving thermal processing
of agricultural products (Mortaza et al., 2008). Temperature and moisture content
greatly influence the specific heat capacity of agricultural materials due to the relatively
high specific heat of water.

The aim of this research work was to investigate some engineering properties of two
varieties of breadfruit seed Var. Africana and Var. Inversa relevant to bulk handling.
These properties include densities, porosity, aerodynamic and thermal properties as
influenced by moisture content. Regression models were also generated with respect to
moisture content.
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2. MATERIALS AND METHODS

2.1 Moisture content determination and adjustment

Standard procedures stated for ungrounded grain and seed in the ASAE S352.2 (2003)
was adopted in order to obtain the different moisture content. Electric oven
(Gallenkamp oven 300 plus series), carrying cans, and electronic weighing balance
(WENSAR PGB Series) with accuracy of 0.01 g were used to determine moisture
content of the two varieties of breadfruit seed. The moisture content was calculated
using equation 1(Abodenyi, et al.,2015)

Mp_ M
M.C = 2 % 1009 1
wh) =37 /o (1)
Where; MCwb)= moisture content (wet basis)

My = the weight of moisture can plus sample weight before oven-drying (gm)
Ma = the weight of moisture can plus sample weight after oven-drying (gm)
M. = weight of moisture can (gm)
The desired moisture content were obtained by determining the required amount of
water, M, as calculated from equation 2 (Davies and Zibokere, 2011) ,

M= W () @

Where, s = weight of sample (kg)
M = weight of distilled water that was added (kg)
M. = initial moisture content (%) of breadfruit seed
M2 = desired moisture content (%) of breadfruit seed
The samples were adjusted from 6.85% to 14.85%, 21.85% and 28.85% w.b.

2.2 Determination of true density of breadfruit seeds

The seed volume and true density pr as a function of moisture content was determined
by water displacement method (Adejumo et al., 2007, Davies and Zibokere, 2011). One
hundred seeds of known average weight were dropped into a container filled with water.
The net volumetric water displacement by the seed were noted and recorded. The
experiment was repeated five times. The true density of breadfruit seed was then
evaluated using the expression as given by equation 3;

Pr= 3)

<8

Where, pr = true density (kg/m®)
m = mass of the sample (kg) and V = volume (mq)
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2.3 Determination of bulk density and percentage porosity
The bulk density (ps) in kg/m?® is the ratio of the mass sample of thes breadfruit seeds
to its volume. Equation 4 was used to determine the bulk density using a container of
300 mm height and 200 mm diameter. The container was filled with the sample from
a height of about 150 mm, (Karababa, 2006). The electronic balance was used to weigh
the samples:
Moy — 4
pB _ pvapl (4)
Where, M2 = mass of cylinder plus seeds (g)
M,1 = mass of empty cylinder (g)
V = volume of the cylinder (cm®)
The porosity (¢) of the bulk seed was computed from the values of the true density (pT)
and bulk density (ps) of the seeds by using equation 5;
e =208 x 100 5)

pT

3.1  Determination of Aerodynamic Properties

3.1.1 Determination of terminal velocity

The terminal velocity of the breadfruit seed was determined by using an air column as
used by Adedeji (2012). It is made of vertical wind tunnel of diameter 44.28 mm and
height of 600 mm. A voltage regulator and a digital anemometer (model AM- 4812)
were used to determine the air speed. Each sample of the two varieties at the required
moisture of 6.85, 14.85, 21.85 and 28.85% were dropped into the air stream from the
top of the air column and the air velocity adjusted until the seed, is suspended in the air
stream. The respective velocity (m/s) near the location of the seed suspension was
measured with the help of the digital anemometer having accuracy of £ 0.1 m/s. The
experiment was replicated five times and the readings recorded.

3.1.2 Determination of drag coefficient

The drag coefficient was calculated from equation 6 (Mohsenin, 1986)

(6)

CD = 2Mg

Ap pav,
Where, CD = the drag coefficient
M = weight of the seed at terminal velocity (g)
g = acceleration due to gravity (m/s?)
A, = area of the particle (m?)
p A = density of air (kg/m®)
Vt = terminal velocity of the particle (m/s)
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3.2  Determination of Specific Heat Capacity

The specific heat capacities of the two varieties of the seed were determined by the
method of mixture as described by Oje and Ugbor (1991) and Ogunjimi et al., (2001).
Hot water of known weight and temperature was poured into an adiabatic drop
calorimeter containing twenty- five seeds of each variety at a time. The initial
temperature of the seeds was taken. The mixture was stirred with a copper stirrer until
equilibrium was reached; the final temperature of the mixture was recorded. Specific
heat capacity was computed from equation 7. The experiment was replicated five times
for each of the variety at the required moisture content.

[Cw My (Twi—Twy)]
CS: Mg (Tsi— wa) - (7)

Where, Cs=specific heat capacity of the seed (J/kg/°C)
Cw = specific heat capacity of water (J/kg/°C)

Mw = Mass of water (g)

Ms = Mass of the seed ()

Twi = Initial water temperature (°C)

Twr = Final water temperature (°C)

Tsi = Initial temperature of seed (°C).

3.3  Experimental Design and Statistical Analysis

The experimental design was a 2x4 RCBD (Randomized Complete Block Design)
with replications. Two varieties of breadfruit seed (Var. Africana and Var. Inversa)
were used at four different moisture content levels of 6.85, 14.85, 21.85 and 28.85 %
and each parameter determined was replicated five times.

4. RESULTS AND DISCUSSION

4.1.1 True and bulk densities

The result of the effect of moisture variation on true density is presented in Table 1.
The true density of Var. Africana decreased from 1033.68 kg/m?® to 842.81 kg/m?® which
amounted to 18.5% decrease, while for var. Inverse it decreased from 948.38 kg/m?® to
911.89 kg/m? amounting to 3.85% decrease as the moisture content increased from 6.85
to 28.88%.

The regression equations, 8 and 9 indicates a negative linear correlation which is to say
that as the moisture content increased the true density decreased. Taheri et al., (2012)
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observed the same result for hemp seed, and Bagherpour et al (2010) also found true
density to decrease with increase in moisture content from 1330 to 1194 kg/m? and
moisture content from 8 to 20% wb.
pta =-10.25MC + 1140 R?=0.856 (8)
pTin=-2.055MC + 979.8 R?=0.812 9)
This result revealed that the relative increase in the weight of breadfruit seed due to
moisture absorption is lower than the corresponding volumetric increase. This finding
agrees with Tunde-Akintunde and Akintunde (2007) for beniseed and Davies and
Zibokere (2011) for three varieties of Cowpea, and Solanki et al (2011) for neem fruit
and seed. The ANOVA (Table 2) result indicated that the moisture content had
significant effect on true density at P<0.05 probability. Also, the interaction effect
between moisture content and variety was significant.

The bulk density was observed to increase linearly as the moisture content increased.
It increased from 361.239 to 408.723 kg/m? for Var. Africana and 317.55 to 387.638
kg/m?® for Var. Inversa. The increase in bulk density for neem seed indicated increase
in mass owing to moisture in the seed. This result agrees with the result of Solanki et
al. (2011) on neem fruit and seed, Adedeji (2012) on neem seed and kernel and Dursun
and Dursun (2005) caper seed. The ANOVA of the effect of moisture content on bulk
density of breadfruit varieties indicates that the effect was significant at P<0.05
probability and also significant for the interactive effect of moisture content and variety.
The coefficient of determination R? obtained from the regression models gave values
of 0.983 for Var. Africana and 0.996 for Var. Inversa on the effect of moisture content
on bulk density of the two breadfruit seed varieties.

B pa=2.122MC + 349.0 R?=0.983 (10)

B pin=3.196MC + 293.9 R?=0.996 (11)
Asoegwu et al, (2011) found the R? value for African breadfruit seed to be 0.984. The
mean separation between the varieties and moisture content is presented in Table 1.
There is a significant difference between all the moisture content levels for both
varieties which tallies with the ANOVA result in Table 2. Bulk density and true density
are useful in the design of hoppers and storage facilities.

4.1.2 Porosity of breadfruit varieties

Figure 3 shows the effect of moisture content on percentage porosity of Var. Africana
and Var. Inversa. Increase in moisture content decreased the porosity of the seeds. The
porosity of Var. Africana ranges from 65.06% to 51.6% while for Var. Inversa it ranges
from 66.5% to 57.2%. This shows that a pack of Var. Inversa is more porous than Var.
Africana. This property is required in the aeration process in agricultural material
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handling; from this result Var. Inversa might dry faster than Var. Africana during air
drying process. This result agrees with Aydin et al. (2002), for Turkish Marhleb,
Irtwange and Igbeka (2002b) for two African yam bean accessions TSs 137 and TSs
138 and Alonge and Adegbalugbe (2005) for groundnut. The result in Table 1 and the
ANOVA (Table 2) indicate that there is a significant difference between all the moisture
content levels for both varieties at P<0.05 alpha level. Regression equations 12 and 13
shows that the coefficient of determination are significant for the two varieties at
p=<0.05.

ea =-0.676MC + 70.74 R%2=0.912 (12)

en=- 0.418MC + 70.14 R? =0.945 (13)
The coefficient of determination (R?) tended towards unity (1) indicates that the
interaction of the independent variable has a very strong effect on the dependent
variable.

4.2  Effect of Moisture Content on Thermal Properties of Breadfruit Seed
Varieties
4.2.1 Specific heat capacity of breadfruit seed varieties
The influence of moisture variation on specific heat capacity of Var. Africana and Var.
Inversa is presented in Figure 4. Increase in moisture content resulted to increase in
specific heat capacity of the two varieties. Var. Africana increased from 2869.70
JIkg/CC to 3909.63 J/kg/°C while, Var. Inversa increased from 2811.35 to 3777.30
JIkg/CC as the moisture increased from 6.85 to 28.85%. The mean effect of moisture
content on breadfruit varieties is shown in Table 1. Regression analysis from equations
14 and 15 showed that there is a linear relationship between Var. Inversa and the
moisture content while Var. Africana had a polynomial relationship as evident in Figure
4.
Ca=-2.663MC? + 141.9MC + 2026 RZ=0.999 (14)
Cin=47.67TMC + 2500 RZ2=0.929 (15)
The R? value for Var. Africana is higher than that for Var. Inversa, so the model for the
Var. Africana is recommended.

The increase in specific heat capacity of breadfruit varieties is in agreement with
findings of some previous researchers. The specific heat of hard red spring wheat was
found to increase linearly from 1054 to 2521 J/kg/°C with moisture content in the range
of 10 to 23 % db by Muir and Viranvanichai (1992) and Mirzaee et al. (2008) for
Apricot fruit.
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The specific heat of shea nut kernel as a function of moisture content was determined
by Aviara and Haque (2001). They found that the specific heat increase linearly from
1792 to 3172 J//kg/°C as moisture was increased from 3.32% to 20.7% (db). This
property can be used to determine the amount of heat required in the processing of the
seed. It can also be used to design equipment and facilities for drying, preservation and
processing of breadfruit seed, for making industrial products such as beverages, snacks
pastas, flours, and cosmetics and in the pharmaceuticals, the knowledge of the specific
heat capacity is important. The ANOVA (Table 2) showed that moisture content has a
significant effect on the specific heat capacity of breadfruit seed. But there was no
significant effect on the interaction between moisture and variety at 0.05 probability
level.

4.3  Effect of Moisture Content on the Aerodynamic properties of Breadfruit
Seed Varieties

4.3.1 Terminal Velocity of Breadfruit Seed Varieties
The mean effect of moisture content on terminal velocity is shown in Table 1. As
moisture content increased from 6.85 to 28.85% (wb) the terminal velocity also
increased from 5.5 to 8.0 m/s for Var. Africana and 3.89 to 6.8 m/s for Var. Inversa
respectively. The result is in agreement with the report of Simonyan et al. (2008),
Gursoy and Guzel (2010) and Adedeji (2012). The increase in terminal velocity with
increase in moisture content can be attributed to the increase in the weight of an
individual breadfruit seed per unit frontal area presented to the air stream. The
regression equations and correlation between the moisture content and terminal velocity
are shown in equations 16 and 17 and Figure 5.

Via = 0.120MC + 4.668 R%=0.970 (16)

Vin = 0.132MC +2.989 R?=0.999 @an

The terminal velocity for Var. Africana was found to be higher than that of Var. Inversa.
This is a good parameter for effective separation. The ANOVA indicates that the effect
of moisture content on the breadfruit variety is significant at 0.05 level of probability,
but not significant for interaction effect of variety and moisture content. This result
indicates that in the design of a cleaning chamber for breadfruit seed decorticator the
terminal velocity should not be more than 8.0 m/s but higher than 3.89 m/s. Terminal
velocity has practical application in calculating volume of air stream for seed and chaff
separation, such as fan and sieve arrangement of the thresher.
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4.3.2 Drag coefficient of breadfruit seed varieties

From Table 1 it was observed that as the moisture content increased the drag coefficient
for Var. Africana reduced from 0.01 to 0.0029, for Var. Inversa it reduced from 0.005
t0 0.0018. Drag coefficient is resistance of a seed in a flow environment. This property
is required in the design of cleaning and sorting machine. The result obtained agrees
with McCormick (1989) findings that less drag coefficient of an object the higher the
moisture content.

The ANOVA shows that there is no significant effect at p < 0.05 for the two varieties.
The regression analysis indicates a polynomial correlation as shown in Figure 6 and
equations 18 and 19

CDa = 0.005MC? - 0.003MC + 0.014 R?2=0.999 (18)

CDin = 0.006MC?2 - 0.002MC + 0.007 R?2=0.981 (19)

5. CONCLUSION

1. The bulk density increased from 361.239 kg/m?® to 408.723 kg/m® as the moisture
content increased from 6.85% to 28.85 % wb for Var. Africana, and from and 317.55
to 387.64 kg/m?® for Var. Inversa.

2. The following properties for Var. Africana decreased with increase in moisture; true
density and porosity; ranging from 1033.68 kg/m? to 842.81 kg/m® and 65.06 to 51.58%
respectively. While for Var. Inversa the decrease ranged from 948.38 to 911.89 kg/m?
for true density and 66.51% to 54.24 % for porosity.

3. The specific heat capacity was found to increase from 2869.70 to 3909.63 J/kg/°C
for Var. Africana while for Var. Inversa it increased from 2811.35 to 3777.30 J /kg/ °C
as the moisture content increased from 6.85 to 28 85%.

4. The terminal velocity for Var. Africana and Var. Inversa increased from 5.50 to 8.0
m/s and 3.89 to 6.8 m/s, respectively as moisture content increased from 6.85 to
28.85%.

5. The drag coefficient was observed to decrease with increase in moisture content for
Var. Africana from 0.010 to 0.0029, while for Var. Inversa it deceased from 0.005 to
0.0018 for moisture range of 6.85 to 28.85 %.
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Table 1: Mean Separation for Some Engineering Properties of Breadfruit Seed
Varieties Using LSD at 0.05

Variety MC  True Bulk Porosity Terminal Drag Specific heat
(%)  Density density (%) velocity coefficient capacity(J/Kg/°C)
(kg/m3)  (kg/md) (m/s)

Africana 6.85 1033.68% 361.24% 65.06° 5.502 0.0102 2869.702
14.85 1047.71° 383.9° 63.31°  6.30° 0.0059? 3560.13"
21.85 863.38° 395.82° 54.06° 7.75° 0.00382 3842.32¢
28.85 842.819 408.72¢ 51.58¢  8.01¢ 0.0029? 3909.63¢

13.554 2.1673 0.6009 0.2192 0.0582 348.08
LSD o.05

Inversa 6.85 948.38% 317.55% 66.51*°  3.892 0.0052 2811.35%
14.85 962.13° 339.30° 64.80° 4.96° 0.00352 3142.60°
21.85 948.34° 362.85° 61.82° 5.90° 0.0020? 3720.74¢
28.85 911.89¢ 387.64% 54.24¢  6.80¢ 0.00182 3777.30¢

LSD 13554 21673 0.6009 0.2192 0.0582 348.08
0.05

Means having the same letter in the same column are not Means having the same
letter in the same column are not statistically different from each other at p < 0.05.

Table 2: Summary of ANOVA Results for Some Engineering Properties of
Two Breadfruit Seed Varieties

Parameters Sources of Variations DF F P
True density Variety 1 1.18 0.286™
M.C 3 90.75 0.000*
Interaction 3 51.54 0.000*
Bulk Density Variety 1 1137.14 0.000*
M.C 3 544.64 0.000*
Interaction 3 32.20 0.000*
Porosity Variety 1 186.45 0.000*
M.C 3 320.08 0.000*
Interaction 3 2491 0.000*
Terminal vel. Variety 1 180.65 0.000*
M.C 3 127.51 0.000*
Interaction 3 1.13 0.354"™
Drag coefficient Variety 1 160.42 0.068"™
M.C 3 119.26 0.070™
Interaction 3 3.14 0.069™
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Specific heat Variety 1 1.15 0.292"
capacity M.C 3 7.45 0.001*
Interaction 3 0.22 0.880"™

*= significant at p < 0.05, ns = not significant at p < 0.05
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Figure 1: Effect of Moisture Content on True Density of Var.Africana and Var.
Inversa

440 -

390 ~

@ Var.Africana

340 1 W Var.Inversa

Bulk Density (Kg/m3)

290 T T T 1

Moisture content (%)

Figure 2: Effect of Moisture Content on Bulk Density of Breadfruit Seed Varieties
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Figure 3: Effect of Moisture Content on Porosity of Breadfruit Seed Varieties
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Figure 4: Effect of Moisture Content on Specific Heat Capacity of Breadfruit Seed
Varieties
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ABSTRACT

Cassava harvesting especially on large scale involves first, cutting the stem at a
predetermined height above the ground and preserving it for the next planting season,
after which a preferred method of uprooting the tubers is employed. It is categorized as
the most difficult and challenging aspect in its production process. Most practiced world
over, especially in Africa and Nigeria in particular, is the manual system of uprooting
by hand which is tedious and mostly characterized with defects on farmers over time.
Some of these defects include; blistered/callus palms, arched spinal cord and waist pain,
amongst others. Root tuber damage, land mass and the farmers financial status are
major considerations in the choice and adoption of a method of harvesting, (manual,
semi-mechanized or mechanized) with respect to the end use of the harvested produce
and availability/accessibility of resources. These and more led to the development of a
hand push-type cassava harvester, incorporated with a cabin to protect the operator from
unfavourable weather conditions and driven manually on two wheels. The mechanism
of a simple machine such as the lever was employed in driving and powering the
machine and its major components, adopting the first and second-class lever principle
in the design. The machine, comprising of three main mechanisms to carry out the
following operations; stem cutting, soil loosening and tuber harvesting was successfully
designed, fabricated and tested.

Keywords: Development, Hand Push-Type, Cassava Harvester, Nigeria.
1. INTRODUCTION
Cassava, Manihot esculanta is a tropical, herbaceous crop, with a tuberous starchy root

of the family Euphorbiaceae (Akinwonmi and Andoh, 2013). It is an essential source
of food and income and classified as one of the three world’s most important food crops,
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amongst rice and maize (IFAD et al., 2008). Cassava is ranked as the fourth supplier of
dietary energy in the tropics (after rice, sugar and maize) and the ninth globally. Its
cultivation and processing provide household food security, income and employment
opportunities for hundreds of millions of people across the globe, mostly in Africa, Asia
and the America. Worldwide, cassava provides the livelihood for millions of farmers
and traders (FAO and IFAD, 2001). It is a basic staple food for millions of people in
the tropical and subtropical regions, as well as being a major source of raw material as
flour and starch for numerous industrial applications and animal feed (Anderson et al.,
2004; FAO and IFAD, 2001).

Cassava is known to be exceptionally tolerant to high soil acidity and low levels of
some basic soil nutrients (Phosphorus). It is also known to be a very drought-tolerant
and water-efficient crop. Thus, cassava can compete with other more valuable crops
such as maize, soybean and vegetables mainly in areas of acidic and low-fertility soils,
and those with low or unpredictable rainfall (Howeler, 2012). The Federal Government
of Nigeria recent directive on the substitution of 10% of wheat flour with cassava flour
by flour millers, has further led to the surge in demand of cassava produce from between
200,000 and 300,000 tonnes to the tune of 600,000 tonnes per day (Olukunle, 2005).
All these facts points to opportunities that abound in the area of cassava production,
but, these opportunities cannot be fully exploited using the traditional harvesting and
processing methods currently in use in the country which is generally adjudged as
arduous, labour intensive, time consuming and unsuitable for large scale production
(Adetan et al., 2003; Quaye et al., 2009; Agbetoye, 2005).

Lack of access to mechanised and improved farming systems to support production and
processing of cassava is impeding the development of the cassava market in Nigeria.
This technological gap has left farmers with little or no option but to produce cassava
on a low scale, mainly for subsistence and local markets which is archaic, arduous,
mundane and highly labour intensive. Although the continent and Nigeria in particular
is ranked the highest producer of cassava in the world, in terms of classification of its
yield, it is ranked below the fiftieth (50™) position, leaving much to be desired beyond
its production status (Nweke et al., 2002). These therefore, buttresses the objective of
this work; to review the efforts made, and currently being made towards an efficient
and less cost effective mechanised system of cassava harvesting.

Cassava is basically harvested firstly by cutting off the stalks 20 — 30 cm above the
ground, which is done manually using a machete with the remaining stump left to
enable pulling the roots (tubers) off the ground. Where the soil is too hard, the roots can
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be lifted out of the ground using a pointed metal bar or metal fork attached to a wooden
stick used as a lever. There are basically three methods generally employed in
harvesting cassava. They are traditional or manual method, semi-mechanised system
and mechanised harvesting. The traditional system employs uprooting tubers with bare
hands and sometimes with the aid of a hoe or cutlass. Where the soil is hard, especially
during peak dry season, the roots are lifted out of the ground manually using a pointed
metal bar or metal fork attached to a wooden stick used as a lever. A major challenge
with this method is the defects it poses to farmers, tedium, drudgery, and tuber damage
associated with this harvesting method (Bobobee, 2014). The present situation in the
country whereby limited quantities of cassava-based product are exported is largely due
to the inability of these products to meet basic local demands, let alone international
demands and standards for healthy foods (Adetunji and Quadri, 2011). Therefore,
buttressing the need for a review of the efforts made towards an efficient and less cost
effective semi-mechanised combined system of cassava harvesting.

2. METHODOLOGY

2.1 Machine Description and Components

The machine consists of three mechanisms for soil loosening, stem cutting and tuber
harvesting (Figure 1). All three mechanisms where fastened to the frame by means of
temporal fasteners (Bolts and nuts). This was necessary for ease of transport and
maintenance. The mechanism of a simple machine as the lever was employed in driving
and powering all mechanisms of the machine. In the design of the cassava harvester,
just the first and second class lever principles were applied. The first class principle of
levers having the fulcrum in between the load and the effort was applied in the design
and fabrication of the uprooting mechanism, the scraper and secateurs. While the
second class lever principle was adopted in driving the machine, with the load in
between the effort and the fulcrum. The major components of the harvester are; the
machine frame, the wheels, pruning shears (secateurs), lever controls, griping jaw, soil
loosening component (scraper) and the harvester cab (Figure 2).

2.1.1 Machine Frame

The machine frame is a skeletal structure on which all other components are assembled.
The frame with dimensions of 120 cm length and 80 cm width was designed to
accommodate the loads, vibrations and stresses from the various machine elements
without failure, and also to allow for easy uprooting of tubers with root spreads of over
60 cm. Selection of material for the frame was on the basis of its strength, rigidity, cost
and availability.
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2.1.2 The Wheels

The machine was designed to be driven on two-wheels, situated at the front adopting a
second class lever principle, transmitting power obtained from human push effort. A
wheel diameter of 400 m was used in order to give significant ground clearance between
the ridge top and the machine frame. Rigid stands with circular base at the rear were
incorporated to keep the machine balanced during idle time and during harvesting.
2.1.3 Pruning Shears (Secateurs)

They consist of two blades, pivotally connected at a point on the machine frame for
cutting cassava stem before harvesting. Interacting edges of both blades were sharped
to ease cutting, with one shearing blade firmly fixed to the frame. This mechanism was
employed to convert and transmit the force produced from the vertical motion of the
lever arm to horizontal motion/force to the cutting blade. Maximum allowable opening
position of 60° between blades and 10 cm apart was given to accommodate stems larger
than 50 mm in diameter.

2.1.4 Griping jaw

The griping jaw with a serrated groove/single or jagged edge, was designed to
accommodate a wide variety of stem girts between 20 — 70 mm, with little or no slip.
This component is tasked with the responsibility of uprooting the tubers off the ground
by gripping the stem at its base, close to ground surface, displacing the tubers from the
soil at an increasing angle from applied force transmitted from the uprooting lever.
2.1.5 Soil loosening Component (Scraper)

The soil loosening component was built in form of a digger, with twin prongs of length
15 cm, firmly fastened on a carbon steel metal bar frame of length 50 cm, made from
high carbon steel sheets, for ease of penetrating the soil without deformation. They are
used to loosen hard compact soils, to a depth of about 10 cm below the soil surface, to
ease uprooting and to minimize root breakage in hard soils during uprooting.

2.1.6 Harvester Cab

This component is designed to provide shelter for the operator from harsh weather
conditions, like intense sunlight and rain. The cabin frame was made from mild steel
angle irons and its cover/roof from tarpaulin.

2.2 Mode of Operation

The machine was taken to the field and tested on completion of fabrication. Testing of
the machine was achieved for each mechanism systematically from cutting, to soil
loosening and then harvesting. This was done by conveying the machine to the field,
randomly selected matured cassava stands with varying stem diameters, positioned
each stalk to be cut in between the cutting blades, then clutch down the cutting lever
intermittently until the stem was cut. Next, the soil loosening diggers were engaged to
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break up the soil to a required depth so as to ease uprooting, where uprooting seemed
more difficult. Thereafter, the uprooting mechanism was engaged by positioning the
griping jaw at the base of the already coppiced stem, so as to grip the stem properly at
the node closest to ground to prevent slip, after which a downward force was applied
to the uprooting lever with a good mechanical advantage to uproot the cassava tuber
from the ground.

LL VA ORGSOV PONENTS

(-
T
\\‘q\

STERM CUTTING MECHANISH.

UPROOTING MECHANISM.

SO LOSENING MECHANISM.

Figure 1: Mechanisms of the Push-Type Cassava Harvester

2.3 Preliminary Investigations

The following Preliminary investigation was conducted on relevant physical
properties of the soil, cassava stem and tuber, essential in the design of the component
parts of the harvester (Tables 1 and 2):

2.3.1 Moisture Content

Moisture content was determined for both the soil and the cassava stem. The soils
moisture content was investigated in order to design an experiment to evaluate the
machines performance for soil loosening and tuber uprooting, on varying moisture
levels and recommend the soils moisture content in which the machine will perform
optimally during harvesting. The soils moisture content was determined and classified
by randomly collecting nine (9) different soil samples from the cassava field (Table 1).
The classification was based on three treatments; Class A — Ten litres of water applied
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to the soil, Class B — Application of five litres of water and Class C — Control system
(No water added). In order to minimise the possibility of errors, three replicates of soil
sample were randomly collected for all three treatments at depths of 0 — 10, 10 — 20 and
2030 cm (Smith etal., 1994). Collected soil samples were oven dried at a temperature
of 150° for 8 hours, after which were re-weighed and recorded. The soil moisture
content was determined for all three treatments using equation 1 (Smith et al., 1994).
Moisture content in the stem was determined as a variable to investigate the effects of
varying moisture levels in the stem to its cutting efficiency. Moisture content in the
stem was determined by randomly collecting stem samples of length 15 cm from fifty
(50) cassava stands from the demonstration farm. Each stalk sample was numbered and
weighed on a Ohaus precision digital lab scale before oven dried at a temperature of
150° for 18 hrs. Dry stalk samples were then carefully collected, re-weighed and
recorded and the moisture determined. Equation 2 was used to determine the moisture
content in the stem. On successful determination of the moisture content in the stems,
samples were then classified into three moisture content categories of 40 — 55% (stalks
affected by fire from indiscriminate bush burning), 55 — 70% and 70 — 85%.

Wz - 3
MC % = —x 100 1
(@.b) %0 W, =W, (D
W, — Wy
MC(d_b) % = T x 100 (2)
w

Where,
MCa.n) % = Percentage Moisture content in dry basis
W = weight of sampling bag
W> = weight of sampling bag and soil
W3 = weight of sampling bag and oven dried soil
W,,= weight of wet stalk
W4= weight of oven dried stalk

2.3.2 Stem Girth/Diameter:
This was determined from Fifty (50) randomly selected stem samples from the field, by
measuring and recording diameters of each sample, using a Vernier calliper. The mean
stem diameter was also calculated and recorded (Table 2).

1. Root Yield per Plant:
The root yield is achieved by individually quantifying the mass of each harvested
cassava tuber, using a conventional weighing scale

2. Root Spread (cm)
This is the horizontal distance between the ends of the tubers along the horizontal,
from one end to the other, determined with the aid of a measuring tape.
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Figure 2: Assembly Drawing of the Developed Push-Type Cassava Harvester

Table 1. Summary of Results for Soil Moisture Content

Replication
Class Sample Sample 2 0 Mean
1(%) (%) Sample 3 (%)
A 16.9 18.4 19.2 18.17
B 10.5 11.8 10.1 10.80
C 1.5 1.87 2.45 1.94

3. DESIGN CONSIDERATIONS

3.1  General Design Considerations

The following design considerations were adopted in the design and fabrication of the

machine;

1. Material selection for fabrication was from readily available sources, such as to

minimize production cost, so as to ease replacement of parts.

2. Effort and energy requirement to drive the machine and increase mechanical

advantage.
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3. Adaptability of the harvester to varying planting systems (on mounds or flat
surfaces) and to common recommended varieties, made possible by inclusion
of adjustable mechanisms on both the harvester mechanism, the soil loosening
mechanism and the cutting mechanism.

4. The machine was designed to achieve an appreciable reduction in overall
purchasing/rental cost (affordable to local farmers) of similar imported devices
and decrease in root losses.

5. Dimensions of the machine frame were chosen, such that can conveniently
allow for inter-row movement within the farm and to ergonomically fit at least
90% of its intended users.

6. Temporal fasteners (bolts and nuts) were used in assembling the machine. This
is to ease maintenance, replacement of parts, export purposes and also, to
facilitate safe conveyance of the machine from one location to another.

7. The harvester and soil loosening component levers were built to operate on a
first class lever principle (with the fulcrum between the load and the force),
while the machine frame was made to run on a Second class principle on two
front wheels (with the load situated between the force and the fulcrum). This is
to ease movement, turning and manoeuvring the machine on the farm.

3.2  Anthropometric and Ergonomic Considerations

Anthropometry is the science which deals with the size and shape of people within a
population (Fernandez and Marley, 1998). The application of anthropometry, in this
design is to incorporate the relevant human dimensions, with an aim to accommodate
at least 90% of potential users, taking into account both static (height) and dynamic
factors (body movements, reach distances and movement patterns. Ergonomics was
considered in the design of the structural composition of the machine (ease of reach and
operation of control mechanisms), taking into consideration proposed operators
physiological and biomechanical capabilities in order to optimize the efficiency and
productivity of the harvester, in assuring the safety, health, and wellbeing of the
operators (Kaankuka et al., 2016).

3.3  Functional Design Considerations
I. Soil factors:

a) Soil moisture content (db): This was considered in the design because, higher soil
moistures, requires less force to overcome in uprooting and vice-versa. At harvest,
soil moisture was found to range between 1.5 — 20% on Sandy-loam and clay-loam
which are the most recommended soils for cassava cultivation (Agbetoye et al.,
2000).
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b) Forces of cohesion existing in the soil affects the ease of uprooting and determines
the use of the soil loosening component to break the forces. These forces ranged
between 9.6 — 15.5 N/mm? (Smith et al., 1994).

c) Angle of shearing resistance determining the lift angle of the tubers. Implying that
uprooting is best achieved overcoming the soil forces at angles ranging from 45°
above (Smith et al., 1994).
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Crop factors:

a)

b)

d)

b)

Root tuber yield per plant which is relevant in the choice and selection of durable
materials for fabrication and further guides in dimensions of the machine. Root
tuber yield was found between 5.84 — 14.7 kg (Amponsah et al., 2017; Udensi et
al., 2011). And also measured with a weighing scale and was found to range from
3-12.78 kg.

Root depth: applicable in the design for the cutting depth of the soil-loosening
component and the force requirement to completely uproot a tuber. This was with
respect to planting orientation, nature of soil and variety (Udensi et al., 2011).
Stem girt was considered in the design of cutting mechanism, thickness of blade,
cutting angle, shearing force required and maximum opening distance between
blades. It also aided in the determination of the groove angle and length of the
griping jaw.

Root spread/diameter per stand: regarded as the distance between the tips of the
farthest tubers from the stem. A determinant factor in the choice of the machine
frame width, to avoid obstructions in uprooting the tubers completely above the
ground surface.

I11.  Machine factors:
Available power: designed to be derived from human push force. Energy
requirement to drive the harvester was determined from the principle of moments.
Where the entire weight of the machine is 45 kg, the energy required to drive was
found as 126 N, at a mechanical advantage of 3.5
Uprooting Force Requirement: this aided the design for the length of lever arms
(mechanical advantage) required to overcome the maximum required uprooting
force under varied soil types and conditions, depths and Planting Orientations as
asserted by Agbetoye et al., (2014) and Amponsah et al., (2017).
Lifting Angle: A lifting angle of 45° was adopted as opined by Agbetoye et al.,
(2000) and Ogunjirin et al., (2016) that, uprooting at increasing angles from the
horizontal, reduces the likelihood of tuber breakage in the soil. This determined the
angle of inclination of the griping jaw arm from the fulcrum.
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Table 2: Results for Preliminary Investigation of Cassava Physical Properties

Sample

Properties Size Minimum Maximum Mean
Stem
Diameter (mm) 50 2.08 431 2.82
Moisture
Content (%) 50 45.84 81.02 68.97
Tuber Depth 50 10.82 20.48 1659
(cm)
Yield per
Plant (kg) 50 2.19 8.93 4.86
Roat Spread 50 21.38 69.55 4483
(cm)

4. CONCLUSION

A simple semi-mechanized hand push-type cassava harvester was designed and
fabricated to cut cassava stems, loosen the soil were uprooting seems difficult, so as to
minimize tuber damage during uprooting tubers. The machine basically works on a
principle of levers, to operate and maneuver all mechanisms. Relevant properties of the
soil (moisture content), crop (stem girth, tuber spread/diameter and yield per plant) and
machine factors (available power to operate the machine, uprooting force and lifting
angle) were taken into consideration with anthropometry, aiding the design and
selection of materials for fabrication of the machine to perform efficiently.
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ABSTRACT

In this study, model was developed to predict moisture loss and oil uptake during deep-
fat frying of plantain (dodo). Plantain samples were sliced and fried at different frying
temperatures (150, 160, 170, 180 and 190 °C) in a deep fryer for periods varying from
2 to 4 min. Moisture and fat analyses were determined based on the AOAC standard
method. Mathematical model was developed from fundamental law of mass diffusion
with the aim of predicting moisture loss and oil uptake rate during DFF of dodo. The
model was solved numerically using explicit Finite Difference Technique (FDT).
Computer codes were written in MATLAB environment for moisture loss and oil
uptake in the slices at different frying conditions. The predicted results were compared
with experimental data and good agreement was obtained. The correlation coefficients
between the predicted and experimental values of moisture and oil transfer models
ranged from 0.988 to 0.994 and 0.958 to 0.978, respectively. The results show that the
model is consistent and it may be used to predict moisture loss and oil uptake during
deep-fat fried of dodo.

Keywords: Frying, moisture loss, oil uptake, modeling, plantain, Nigeria

1. INTRODUCTION

Plantain (Musa paradisiacal AAB) belongs to the Musacace family and is cultivated in
many tropical and subtropical countries of the world. Nigeria and Cameroon are the
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two major plantain producing, consuming and exporting countries in Africa and are
ranked among the twenty most important plantain producing countries worldwide
(FAO, 2013). It ranks third after yam and cassava for sustainability in Nigeria
(Akomolafe and Aborisade, 2007). Plantain production in Nigeria was estimated at
2,722,000 metric tons in 2011, with an average consumption level of 190
kg/person/year (FAO, 2012).

Plantain is rich in carbohydrates, antioxidants like dopamine and minerals like
potassium and calcium and caters for the calorific needs of people in many developing
countries (Kanazawa and Sakakibara, 2000; Mohapatra et al., 2010). It is commonly
consumed in fried form in Nigeria. Ripe plantain can be eaten raw on account of its
content of vitamin C and other essential minerals. It is one of the green vegetables with
the richest iron and other nutrient contents (Aremu and Udoessien, 1990). However,
they are highly perishable and susceptible to fast deterioration, as a result of the high
moisture content and high metabolic activity, which persists after harvest (Demirel and
Turhan, 2003). Over the years, many value-addition processing had been applied to
plantain to form many food products like fully ripe fried plantain (dodo), boiled
plantain, plantain flour, plantain chips (ipekere), beverage and others in order to curb
deterioration and also add value to the product.

Deep-Fat Frying (DFF) can be considered as a high temperature and a short time
process which involves both mass transfer, mainly represented by water loss and oil
uptake, and heat transfer (Vitrac et al., 2002). It is one of the major value addition
processes for plantain of various ripening stages. DFF as a method of food processing
combines high processing speed with good product appearance, although lower yield
and higher fat content of fried products was also reported for the method (Ziaiifar et al.,
2008).The primary reason for the popularity of DFF foods may be desirable
characteristics like soft, juicy interior as well as thick and crispy outer crust (Garcia et
al., 2002).

Fried plantain products remain popular in spite of all the health issues associated with
high intake of dietary fibre. This is attributed to the unique textural and quality
characteristics imparted by DFF. Consumers’ knowledge of health implications of high
calorie has necessitated the resolve by food manufacturers to seek means to optimise
the process for minimal fat absorption while the desired qualities are preserved. Many
previous studies on DFF of plantain have been limited to the parameter estimation of
the solid-liquid phase contacting systems (Diaz et al., 1996) and effect of ripening
stages on DFF qualities of plantain chips (Mba et al., 2013). The understanding of mass
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transfer phenomena, especially moisture loss and fat uptake, and how they relate to
processing conditions namely; frying temperature and time would help in designing an
optimal process for DFF of plantain. Therefore, the study is aimed at modelling the
moisture loss and oil uptake during DFF of dodo.

2. MATERIALS AND METHODS

2.1  Preparation of Sample

Plantain (Musa paradisiacal AAB) fruits were purchased from a local farm in
Ogbomoso. Fresh, matured plantains were kept at 30 + 2 °C and allowed to ripen slowly
until they reached the desired yellow stage of ripeness using colour index chart
according to Aurore et al. (2009). The fruits were peeled and sliced with stainless steel
knife. The pulps were sliced to slice thickness of 5 mm using an electric slicing machine
(Berkel, model EAS65).

2.2  Frying conditions

Ten slices per sample time were deep fried in 2.5 liters of hot oil contained in an
electrical fryer (Beckers, Model F1-C, Italy) at each of the frying temperatures tested:
150, 160, 170, 180 and 190 °C, with three replicates at each temperature. Plantain-to-
oil weight ratio was maintained at 1:20 in order to keep the temperature of frying
constant (£1°C). Slices were fried at different temperature and time intervals. For each
selected sampling time, the fried slices were drained over a wire screen for 5 minutes
and allowed to cool to room temperature before oil and water content analysis were
done. The oil was preheated for 1 hr prior to frying, and discarded after 6 hr of use
(Blumenthal, 1991).

2.3 Moisture and oil content Determination

Moisture content of plantain sample was measured by drying the samples in a
convection oven at 105 °C until constant weight. Five gram (5 g) of sample was
weighed into a pre-weighed moisture dish. The dish plus sample taken was transferred
into the oven pre-set at 105 °C to dry to a constant weight for 24 hours overnight. At
the end of the 24 hours, the dish plus sample was removed from the oven and transferred
to desiccator, cooled for 30 min and weighed (AOAC, 2005). The oil content was
determined following the AOAC (2005) method. Fried plantain samples were ground
using a grinder. Five gram of sample was weighed into thimbles for fat extraction in a
solvent extractor (SER 148, VelpScientifica, Usmate, Italy) using petroleum ether. Oil
content was determined as the ratio of the mass of extracted fat and dry matter of the
sample.
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2.4  Mathematical Model

Mathematical model for moisture and oil transfer during the process is developed from
mass diffusion into and out of the slice. The following assumptions were made:
homogeneous tissue is assumed and two - dimensional diffusion occurs, the sample is
considered to be almost a slab, the initial moisture and fat concentration is uniform,
external resistance to mass transfer is negligible and diffusing mass enters through
plane faces and negligible amount through the edge, moisture transfer to and from the
plantain is due to concentration gradient and the amount of moisture loss in the plantain
during frying was negligible. Therefore, moisture and fat transfer can be described by
Fick’s first law (Crank, 1975).

Rate of mass transfer = Influx of mass into the slice — Out flux of mass from the slice

Time rate of change of water in the slice: = a('ngx (1)
Influx of water into the slice = j 2
Out flux of Water from the slice = j + % 3)
Substitute equation 1, 2, 3 into statement of species conservation and gives:
a(m)Ax . . 9j

pramied (] + an) (@)
o(m)Ax _ _ ﬁ

at (+ ER Ax) ®)
Divide equation (5) by Ax and it becomes:
om _ 6_]
ot ox (6)

Recall, Fick’s first law of diffusion:

. dac

J = —Dess - (7)
D.sr = eEffective diffusion coefficient

M = moisture concentration of species in a mixture, mol (or mass)/m®.

x = plantain thickness (m)

j = flux of the mass relative to the chip (hnumber of species crossing unit plane per unit
time)

Now, combine equation 6 and 7 and obtain:

am am am
E = ES. ? (8)
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Where 22 = left hand side (LHS), 2~ &.D 2= =right hand side (RHS)

Equation 8 is an appropriate equation for the prediction of mass transfer rate during
plantain chip frying.
The following initial and boundary conditions were used:

Initial condition: M(t = 0,x) = M, 9
Boundary condition: M(t = 0,x) = M, (10)
Mix=Lt)=M (11)

2.5  Numerical Solution Technique

The equation was solved using explicit finite difference solution method. It was
transformed into different equation by dividing the domain of solution to a grid of
points in the form of mesh and the derivatives are expressed along each mesh point
referred to as a node. Knowing the dependent variable at each node initially and it is
approximated for the next time step until the final step. The numerical grid of the
solution domain consists of two perpendicular lines representing the x- direction and t-
direction. Thus, the finite difference representation of the mesh points is shown as
follows:

Xi=ibxfori=0,1,2...... m (12)

Yi =jét fori=0,1,2...... n (13)
Where dx and &t represent grid sizes in the x and t directions respectively and

subscripts denote the location of the dependent variable under consideration.

The finite difference representations of various derivatives that appear in the governing
equation are derived from Taylor’s series expansion. Applying Taylor’s series
expansion in t (time) direction but keeping x (space) constant and truncate second term
of the series for the left hand of the governing equation, therefore, Finite Difference
Equation (FDE) of LHS of equation 8 was obtained:

oc _ M 1—M;j

at st (14)
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Similarly, Taylor’s series expansion in the x (Space) direction, keeping t constant; and
again, Taylor’s series expansion in the X direction (backward difference), keeping t
constant. Therefore, FDE of RHS of the equation 8 was obtained:

0%c _ M;_1—2M;j M,y

Governing equation was derived by equating equation (14) and (15)
Mijy1—Mj _ Mi_1-2M;j 1 Miyq
st (6x)2 (16)
5t
M j1—M; ;= WMi.—l_ZMi,j+Mi+1,j
Mije1 = Mj+7[Mi_1—2M; ;s Mi4q ] (17)
o _ Degrat
Where:r = on)?
Atx = 0,then,i = 0,My 4, = My +7[M_y;—2My; + My ] (18)

Then, M_, ; (pseudo moisture concentration at external mesh point is assumed) in
equation 18 is calculated:

oM . _
To represent—— more accurately at x = 0 by central difference formula, it is necessary

to introduce the pseudo concentration M_, ; at the external mesh point by imagining
the sheet of the tissue is extended very slightly. Therefore, finite difference
approximation at boundary x = 0 in terms of central difference representation:

Ml, '_M_]_" _

]25x J — MO,j (19)
From equation 19, external mesh point becomes:
M—l,j = Ml,j - ZSXMOJ (20)

Substitute equation 20 into equation 18 and it gives:
Mo w1 = Mo+ 2r[M; j—M, ;(1 + 6x)] (21)

Equation 21 is the discretized equation of mass transfer equation for every node, and
this algebraic relationship was used to obtain the transient moisture and oil content at
each node.
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2.6  Computer simulation

Codes were developed in MATLAB to implement solution and analysis of FDE at
different frying conditions. Therefore, resulting equation from the FDT was
implemented in MATLAB by developing codes in its command window so as to predict

the moisture distribution during frying process. The criterion (%—it < % , l;—it < %) for

stability and convergence of the solution was satisfied during the simulation process in
MATLAB environment. Then, correlation coefficient for simulated results with
experimental data was performed, in MATLAB environment, for the determination of
degree of model predictability. The agreement between predicted and experimental
results was further evaluated using the following statistical parameters: Mean square
error (MSE), Root Mean Square Error (RMSE), Mean Absolute Percentage Error
(MAPE) and Mean Absolute Deviation (MAD). (Hemmati and Kharrat, 2007). The
above statistical parameters can be calculated as follows:

MSE = Z=l4e i) (22)

RMSE = |H=lden? (23)
N At —Ft

MAPE = n“f x 100 (24)
t=1y,4 _

MAD = In |Ac—Fel (25)

3. RESULTS AND DISCUSSION

3.1 Predicted and experimental results for moisture loss from dodo

Figure 1 show curves of experimental and predicted moisture loss rate during frying of
dodo at different temperatures (150, 160 170, 180 and 190 °C). It was noticed that the
predicted result curves follow the exponential pattern as observed in experimental
results. The predicted results for moisture loss during the frying process provide
satisfactory prediction of experimental data. There was an insignificant error between
predicted and experimental data at different frying temperature was observed from 2 -
4 minutes as indicated in Figure 1. This occurrence might be as a result of start-up
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operation mechanism of frying process. However, there was perfect match in the
prediction of moisture removal during frying at this temperature little or no
underestimation and overestimation was noticed between simulated and actual results
at different frying temperature. The exponential nature of moisture loss curves revealed
that moisture content decrease in dodo as frying time increases.

The statistical analysis (i.e. R?, MSE, RMSE, MAD and MAPE calculated for frying of
dodo ranged from 0.988 to 0.994, 0.0025 to 0.0093, 0.0238 to 0.0836, 0.0023 to 0.0095
and 0.7349 to 1.3480, respectively (Table 1). The model had the highest R? and MAPE
values while the lowest values of MSE, RMSE and MAD was used as a basis for good
predictability of the model. According to Azoubel and Murr (2002), value of MAD and
MAPE less than or equal to 10% indicates good prediction of experimental data and the
lower the percentage the better the model for predictive purpose. This indicates that the
model, with the aid of FDM, for moisture transfer rate during the process predicts
satisfactory. The closer the value to 1 the better the prediction and it was noticed that
all the prediction produced in this work is very close to 1. The trend reported in this
work is similar to earlier work on the kinetics of plantain frying process (Mba et al.,
2013; Manjunatha et al., 2014).

80 —
70 4 —m— Experimental@ 150°C
—e— Predicted @ 150°C

= 60 - —A— Experimental@ 160°C
gs —w— Predicted @ 160°C
%‘» 50 - —&— Experimental@ 170°C
45: —<— Predicted @ 170°C
& 20 —»— Experimental@ 180°C
S —e— Predicted @ 180°C
g 20 —*— Experimental@ 190°C
= —&— Predicted @ 190°C
[72]
S
= 20 —

10 A

Frying Time(Minutes)

Figure 1: Predicted and experimental moisture loss in dodo during deep-fat frying
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3.2  Predicted and experimental results for oil uptake from dodo

Figure 2 presents the comparison between predicted and experimental oil uptake results
of dodo deep fried at 150, 160 170, 180 and 190 °C temperature. The predicted results
of oil uptake during the frying process provide satisfactory prediction of experimental
data (Fig. 2). It was observed that the predicted result curves follow the parabolic
pattern as observed in experimental results. Statistical parameters such as R?, MSE,
RMSE, MAD and MAPE calculated at different frying temperature were varied from
0.958 to 0.978, 0.0006 to 0.0202, 0.0078 to 0.1420, 0.0069 to 0.0194 and 0.5716 to
1.3214, respectively, as displayed in Table 2.

It could be seen that the prediction showed good representation of experimental data
with the value of R2, MSE, RMSE, MAD and MAPE obtained between experimental
and predicted results. The correlation coefficients are near one which indicates positive
correlation. The deviation between predicted and experimental value in this work might
be due to the error in the experimental measurement and the assumptions made in the
present analysis as indicated earlier. The parabolic nature of oil uptake curves revealed
that oil content increased in dodo as frying time increased. The trend reported in this
work is similar to an earlier work on potato slices (Troncoso and Pedreschi, 2009;
Duong, 2016).
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Figure 2: Predicted and experimental oil uptake in dodo during deep-fat frying

Table 1: Statistical index of predicted and experimental results of moisture content

Temperature (°C) R? MSE RMSE MAD MAPE
150 0.992 0.0078 0.0253 0.0023 0.7340
160 0.994 0.0025 0.0536 0.0095 0.9731
170 0.989 0.0093 0.0312 0.0036 1.2530
180 0.988 0.0083 0.0836 0.0025 1.3480
190 0.992 0.0032 0.0238 0.0032 1.1452

Table 2: Statistical index of predicted and experimental results of oil content

Temperature (°C) R? MSE RMSE MAD MAPE
150 0.978 0.0006 0.0078 0.0069 0.5716
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160 0.973 0.0024 0.0499 0.0346 1.0648
170 0.969 0.0003 0.0182 0.0135 1.1233
180 0.968 0.0201 0.1420 0.0194 1.3214
190 0.958 0.0003 0.0173 0.0114 0.9589

3.3  Prediction of moisture content distribution at different positions

The simulated moisture profile at different axial positions of plantain samples from top
to the centre at 170 °C are presented in Figure 3. It was observed that moisture rate
removal was proportional to axial distance from the centre of plantain sample. It was
further noticed from the curve that the distance of Xs = 0.005 m is far from the centre
of the plantain and highest moisture removal was achieved as depicted in Figure 3. On
the contrary, at the beginning of the moisture removal distribution during the frying
process it was observed that maximum residual moisture content was found at Xi =
0.025 m location and the centre of dodo witnessed a slower moisture removal rate (Fig.
3). High rate of moisture removal was observed at the plantain surface relative to inner
surfaces. This could be explained in terms of the moisture transfer resulting from direct
interaction with the frying medium (Kassama and Ngadi, 2005).

The predicted results from this study show that axial positions, within the plantain
sample, have effect on the moisture removal rate during frying process. As revealed in
Figure 3, moisture removal equilibrium (no net moisture transfer from plantain slices)
was reached between 100 - 120 seconds period of time. Moisture content distribution
during dodo frying in this work predicted equilibrium moisture removal point. The
predicted results obtained from this work are similar to previous works reported in the
literature (Garayo and Moreira, 2002; Kassama and Ngadi, 2005). This suggests that
the moisture transfer model could predict shut down and startup operations of plantain
frying process and this will be useful for industrial application of the process.
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Figure 3: Predicted moisture loss distribution during DFF of dodo at different
positions

3.4 Prediction of oil uptake distribution at different positions

The simulated oil uptake profile at different axial positions of plantain samples during
frying process of dodo at 170 °C are shown in Figure 4. It was observed that the rate of
oil absorption was proportional to axial distance from the centre of plantain sample. It
was further noticed from the curve that distance of Xs = 0.005 m is far from the centre
of the plantain and least oil uptake was achieved as depicted in Figure 4. There was a
slower moisture removal rate at the centre of dodo (Fig. 4). In contrast, high rate of oil
uptake was observed at the plantain surface relative to inner surfaces. This could be
explained in terms of the oil transfer resulting from direct interaction with the frying
medium (Moyano and Pedreschi, 2006). The predicted results from this study show that
axial positions, within the plantain sample have effect on the oil uptake rate during
frying process. Oil uptake distribution during plantain frying in this work predicted
equilibrium point. Figure 4 revealed that oil uptake equilibrium was reached between
120 - 220 seconds period of time. The predicted results obtained from this work are
similar to previous works reported in the literature (Krokida et al., 2000).
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Figure 4: Predicted oil uptake distribution during DFF of dodo at different positions
4, CONCLUSION

In the present study, the moisture loss and oil uptake during deep-fat frying of dodo is
modeled. It was established that FDM solution technique is a better tool for solving
partial differential equation related to moisture and oil transfer. There is a close
agreement between the experimental and predicted result for this study. The correlation
coefficients between the predicted and experimental values of moisture and oil transfer
models ranged from 0.988 to 0.994 and 0.958 to 0.978, respectively. The results show
that the model is consistent and it may be used to predict moisture and oil transfer during
DFF of dodo.
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ABSTRACT

Cleaning operation such as separation of kernel from shell enhances the quality of
agricultural produce. Optimization of separation efficiency of moringa seed shelling
machine was carried out based on moisture content and relevant operation and design
parameters. Separation efficiency as affected by moisture content, cylinder speed,
clearance, feed rate and cylinder bar inclination was examined. The separation
efficiency was not significantly affected by the moisture content and feed rate.
Separation efficiency increased with increase in the clearance while it decreased with
increase in the cylinder speed and cylinder bar inclination. Optimum values of 11.79%,
7.98 mm, 249.21 rpm, 30.0 kg/h and 40° were obtained for moisture content, clearance,
cylinder speed, feed rate and cylinder bar inclination respectively while the separation
efficiency had an optimum value of 70.9%.

Keywords: Moringa seed, shell, kernel, separation efficiency and optimization.
1. INTRODUCTION

Moringa oleifera is a shrub which belongs to Moringacae family. It is a non-toxic
natural organic polymer having 14 species (Ramachandran et al., 1980; Bichi, 2013;
Vieira et al., 2010). The plant produces pods having the shape of a drumstick which
contains the seeds. Moringa seed is triangular in shape with papery wings along its
ridges. Moringa kernel has white to creamy colour and nearly spherical in shape (Price,
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2007; Hasanah and Abdulkarim, 2011; Aviara et al., 2013). It is a very important plant
in the northern part of Nigeria. This drought resistant plant ranges in height from 5 to
12 m, with drooping branches and trunk about 30cm wide. Price (2007) reported that
moringa leaf is an excellent source of vitamin A, vitamin C and vitamin B as well as
calcium, phosphorous and iron. The mature seed of moringa is a good source of edible
oil; the mature seed contains between 33 - 40% oil. It has been reported that moringa
oil is of excellent quality (i.e. having 73% oleic acid which is similar to olive oil) for
cooking. This makes the oil of moringa seed to burn without smoke and does not
become rancid and sticky (Rashid et al., 2008; Adejumo and Abayomi, 2012; Aviara et
al., 2013).

Pod yield in India has been reported to be 19 kg pods/tree/year. This is the equivalent
of 31,000 kg/ha per year at 2.5 m x 2.5 m spacing (Radovich and Paul, 2008). In Nigeria
Ndubuaku et al. (2014) reported mean annual seed production of 16.74 tonnes/ha/yr
and mean annual pod production of about 37.69 tonnes/ha/yr in three major ecological
zones. The production capacity of moringa plant in Nigerian ecological zone was
reported to be greater than that of India. This indicates the adaptability of the plant to
the prevalent weather condition of Nigeria.

It has been discovered that separation of shells from seed tends to reduce the wax
content of oil during oil extraction thus lowering the turbidity of such oil (Figueiredo
et al., 2013). Moreover, shelling also enhances reduction in further refinement of oil
after extraction and thus making it available for immediate use. These research findings
highlighted the importance of separation in moringa seed processing. Therefore, this
study focused on optimization and effect of moisture content, operation and design
parameters on separation efficiency of moringa seed shelling machine using response
surface method.

2. Materials and Methods

2.1. Determination of Separation Efficiency

The separation efficiency, also known as the screening efficiency is a measure of the
overall efficiency of the separator in separating the kernels from the shells (Akubuo and
Eje, 2002). The separation efficiency of the moringa seed shelling machine in Plate 1
was computed using Equation 1 as done by Akubuo and Eje (2002).

Cc

SE = 100[ — x —]

1
Where SE is separation efficiency (%)
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a is Mass of kernel in the product tray (g)

b is Mass of kernels mixed with the shells in reject tray (g)

c is Mass of the separated shells (g)

d is Mass of shells with the separated kernels in product tray (g)

Plate 1: Moringa seeds shelling machine

2.2. Optimization

The process optimization of the separation efficiency was carried out by using
Response Surface Methodology (RSM). The experimental plan was generated using
Design-Expert 10 by applying Central Composite Rotatable Design (CCRD) with three
replications for each run. The separation efficiency of the moringa seed shelling
machine and the independent parameters were analyzed using two factor interaction
and quadratic models. The Analysis of Variance (ANOVA) was carried out to
determine the adequacy of the models developed. One hundred grams of moringa seeds
was used for each test (CIGR, 1999; Fadele and Aremu, 2018). The experimental design
for the separation process is presented in Table 1. Three major parameters were
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considered, namely seed condition (moisture content), operation parameters (viz.
cylinder-concave clearance, cylinder speed and feed rate) and design parameter (viz.
cylinder bar inclination). According to literature all these independent factors have been
found to relatively affect seed shelling process (Fadele, 2018; Pradhan et. al., 2010;
Ogunsina et al., 2010, Srivastava et al., 2006 and Pinson et al., 1991). The dependent
factor considered was separation efficiency. The experimental design adopted was five
factors, five levels Central Composite Rotatable Design (CCRD) as shown in Table 1.

Central Composite Rotatable Design comprises three major design points which
include axial, central and factorial points. Half fraction CCRD was adopted for the
experimental design (Montgomery and Runger, 2003). The total number of

experimental runs is given as N = (2")§+ 2k + ¢ where ‘k’ is the number of

independent parameters and ‘c’ is the centre point. The experimental design plan
comprises 16 factorial points, 10 axial points and 6 replications at the centre point. In
the optimization process, 32 runs were generated in all as shown in Table 2. Some
samples of moringa seed were adjusted to moisture levels of 10.75, 11.75, 12.75, 13.75
and 14.75%. The test was also carried out at five cylinder-bar inclination levels (30°,
40°, 50°, 60° and 70°); five cylinder speed levels (200, 240, 280, 320 and 360 rpm); five
cylinder-concave clearance levels (5, 6, 7, 8 and 9 mm); five feed rate levels (12, 18,
24, 30 and 36 kg/h). Each factor level was replicated concurrently with other factors
three times for each run.

Table 1: Experimental Design for Moringa Seed Separation

Factors Levels

1 2 3 4 5
Moisture Content (%0) 10.75 11.75  12.75 13.75 14.75
Clearance (mm) 5.0 6.0 7.0 8.0 9.0
Cylinder Speed (rpm) 200 240 280 320 360
Feed Rate (kg/h) 12 18 24 30 36
Cylinder Bar Inclination (°) 30 40 50 60 70

Table 2: Plans of Experimental Design for Moringa Seed Separation

Runs FR CS MC CBlI C(mm) SE (%)
(ka/h)  (rpm) (%) ©
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1 18 240 11.75 60 6 61.69
2 24 280 12.75 40 5 59.63
3 24 360 12.75 50 7 54.75
4 30 240 11.75 50 8 69.8

5 24 280 12.75 50 7 67.54
6 24 280 12.75 40 7 61.24
7 24 280 12.75 40 7 69.74
8 24 280 12.75 50 7 70.08
9 24 200 12.75 40 7 80.4

10 24 280 14.75 30 7 53.2

11 18 240 13.75 50 6 70.91
12 24 280 12.75 50 7 71.38
13 18 320 11.75 60 6 45.83
14 30 320 11.75 50 6 54.62
15 30 240 11.75 40 6 68.67
16 18 240 13.75 50 8 76.62
17 30 320 13.75 40 6 58.95
18 30 320 11.75 60 8 59.11
19 24 280 10.75 50 7 61.71
20 18 320 11.75 60 8 59.07
21 12 280 12.75 60 7 60.28
22 18 320 13.75 50 8 63.14
23 18 320 13.75 50 6 56.82
24 24 280 12.75 60 7 60.63
25 24 280 12.75 40 9 74.71
26 30 240 13.75 50 8 80.36
27 18 240 11.75 70 8 65.72
28 36 280 12.75 50 7 72.8

29 30 320 13.75 60 8 51.46
30 24 280 12.75 40 7 73.02
31 24 280 12.75 60 7 66.68
32 30 240 13.75 50 6 69.74

Where FR is feed rate, CS is cylinder speed, MC is moisture content, CBI is cylinder
bar inclination, C is clearance, SE is separation efficiency.

3. RESULTS AND DISCUSSION

3.1. Effect of seed, operation and design parameters on separation efficiency

The relationship between separation efficiency and the independent parameters

(clearance, cylinder speed and cylinder bar inclination) at p< 0.05 significance level are

as shown in Figures 1 — 3. The separation efficiency was not significantly affected by

the moisture content and feed rate. Separation efficiency increased with increase in the

cylinder/screen clearance as shown in Figure 1; however, it decreased with increase in
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the cylinder speed and cylinder bar inclination as shown in Figures 2 and 3. The increase
of separation efficiency with cylinder/concave clearance could be due to reduction in
interference generated by air with that of the blower as the cylinder/concave clearance
increased. The decrease in separation efficiency with increase cylinder speed and
cylinder bar inclination was as a result of increment in interference between the air
being generated by the cylinder and blower, which adversely affected the separation of
kernel from the shell.
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Figure 2: Separation efficiency against cylinder bar inclination and clearance

Separation Efficiency (%)

Cylinder Speed (rpnB60 Wr Bar Inclination (deg]

240 40
Figure 3: Separation efficiency against cylinder speed and cylinder bar inclination

3.2. Modeling and optimization of separation efficiency

The optimization of the moringa seed shelling process showed the optimum values of
11.79%, 7.98mm, 249.21rpm, 30.0kg/h and 40°for moisture content, clearance,
cylinder speed, feed rate and cylinder bar inclination respectively while the separation
efficiency which is the response has an optimum value of 70.9% and desirability of
0.76. Akubuo and Eje (2002) reported a separation efficiency of 82.1% for palm kernel
separator. Oriaku et al. (2014) obtained 68.1% as separation efficiency for corn
decobbing and separating machine while Tarabi et al. (2016) obtained 95% for
separation efficiency of calotropis bast fibre decorticator. Lim et al. (2016) also
reported the separation efficiency of jatropha seed shelling machine to be 56.5%. The
optimum separation efficiency obtained agreed with values reported by other
researchers; it falls within the range of values obtainable from the literature. The
ANOVA results which established the statistical significance of the regression model
relating the separation efficiency to the moisture content, clearance, cylinder speed,
feed rate and cylinder bar inclination at 95% confidence level (p < 0.05) is as shown in
Table 3. The model F-value of 9.93 implied that the model established was significant.
There is only a 0.01% chance that an F-value as large as this could occur due to noise.
The model developed was significant as depicted by F-value; this implies that at least
one of the independent variables contributed to the response observed in separation
efficiency. The F-values and the corresponding p-values obtained for moisture content,
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clearance, cylinder speed, feed rate and cylinder bar inclination were 0.17, 10.16, 29.51,
0.057 and 5.11; 0.68, 0.0037, 0.0001, 0.81 and 0.032 respectively.

Table 3: ANOVA of Regression Model for Separation Efficiency

Source Sum of DF Mean F- Significance
Squares Square Value Level
Model 403.00 5 80.60 9.93 < 0.0001
Moisture Content 1.38 1 1.38 0.17 0.6839
Clearance 82.45 1 82.45 10.16 0.0037
Cylinder Speed 239.48 1 239.48 29.51 < 0.0001
Feed Rate 0.47 1 0.47 0.057 0.8126
Cylinder Bar Inclination 41.50 1 41.50 511 0.0323
Residual 210.96 26 8.11
Lack of Fit 170.38 21 811 1.00 0.5583
Pure Error 40.58 5 8.12
Correlation Total 613.96 31

Furthermore, the coefficient of determination (R?) obtained was found to be 0.66 as
indicated in Equation 2. This showed that the variation in the independent variables
accounts for 66% of the total variability in the separation efficiency of the moringa seed
shelling machine. The predicted R? and adjusted R? values were found to be 0.46 and
0.59 respectively. The predicted R? is in reasonable agreement with the adjusted R?
values since the difference between them is less than 0.2.The adequate precision (signal
to noise ratio) of 12.17 was obtained, which is greater than 4; this showed that the model
has a signal which is strong enough for optimization and can be used to navigate the
design space. The regression model was reduced with respect to the significance level
of the independent parameters for its improvement as expressed in Equation 2.

SE =78.00+ 1.909C-0.0798CS-0.155CBI 2
(R? = 0.66, Adj.R? = 0.59, Pred.R? = 0.46, Adeq. Precision = 12.17)
Where

SE is the separation efficiency

C is the clearance

CS is the cylinder speed

CBl is the cylinder bar inclination
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4. CONCLUSION

The optimization of the separation of moringa kernel from shell was carried out using
a moringa seed shelling machine. The separation efficiency was significantly affected
by variation in cylinder speed, cylinder-concave clearance and cylinder bar inclination
at p<0.05 while moisture content and feed rate had minimal effect on the separation
efficiency. Separation efficiency increased with increase in the cylinder/screen
clearance while it decreased with increase in the cylinder speed and cylinder bar
inclination. The optimum values for the independent parameters were 11.79%,
7.98mm, 249.21rpm, 30kg/h and 40.0° for moisture content, clearance, cylinder speed,
feed rate and cylinder bar inclination while the separation efficiency has an optimum
value of 71.0%. The desirability values established for the optimization process for the
separation process indicated the nearness of the response values to the predicted values
and adequacy of models developed in describing the obtained data. It is recommended
that shelling chamber should be offset from the separation unit in order minimize air
interference during separation process.
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ABSTRACT

Moisture sorption isotherms are useful thermodynamic tools for determining water
interactions within food systems and providing information that can assist in optimizing
food processing operations such as drying, mixing, packaging and storage, as well as
to maximize retention of quality parameters such as colour, aroma, texture, and nutrient.
Moisture sorption isotherm characteristics of African walnut were evaluated at three
different temperatures (28, 33 and 38°C) and relative humidity range of 11.20 - 97.00
% using gravimetric method; five mathematical models (GAB, BET, Peleg, Smith and
Ferro Fontan) were fitted into the experimental data. Sorption isotherms of the
dehydrated walnut gave type Il (S-shaped) isotherms according to BET classification.
Temperature had significant effect on the equilibrium moisture content (EMC). A
nonlinear regression analysis method was used to evaluate the constants of sorption
models. The models were evaluated statistically by calculating coefficient of
determination (R?), the mean relative percentage error (P) and the reduced chi-square
(A?). The BET model gave the best fit for the obtained data among the tested models
with R? value of 0.9892. Calculated monolayer moisture (M) content from BET ranged
from 5.018 to 7.922% db for adsorption and 9.842 to 10.143% db for desorption
respectively.

Keywords: African walnut, drying, sorption isotherm, sorption models, equilibrium
moisture content, nonlinear regression.
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1. INTRODUCTION

African walnuts (Tretracarpidium conophorum) can be described as rounded, stone
fruits of the walnut tree with single seed. The fruit of the walnut is enclosed in a hull
which is green, leathery, and fleshy. After harvest, this hull is usually removed to reveal
the wrinkly walnut shell that encloses the kernel, and the shell is then removed to obtain
the kernel (Atungulu et al., 2013). Primarily, walnut plant is cultivated in Nigeria for
the nuts, which is traditionally eaten after boiling (Akpuaka and Nwankwor, 2000; Ndie
etal., 2010).

Biochemically, walnut is composed of polyunsaturated fatty acids, especially linoleic
and oleic acid, it is also high in protein content (Savage et al., 2001), which makes it of
significant economic value and medicinal importance for human health; due to these
facts, there has been an increasing interest in its consumption and utilisation. Some of
the other beneficial components it contains include plant protein (for example, arginine,
leucine), carbohydrates (for example, dietary fibre), vitamins (for example, vitamin A
and E), pectic substances, minerals (magnesium, potassium, phosphorus, sulphur,
copper and iron), plant sterols and phytochemicals (Savage et al., 2001; Colaric et al.,
2006; Ogunmoyole et al., 2011).

Although African walnuts have high socio-economic potentials, the product is still
under-utilised in Nigeria, especially at industrial level. This can mainly be attributed to
the fact that there is lack of storage facilities for the walnut market which has been
hampering the production on a full scale and exploration of its inherent potentials
(Ekwe and lhemeje, 2013). Thus, in order to overcome the challenge of spoilage and
inconsistent seasonal availability, there is need for development and provision of
appropriate storage facilities for the African walnut (Babalola, 2011) as well as
appropriate preservation methods.

Deterioration of food occurs during handling or due to mechanical, physical, chemical
or microbial damage (Rahman, 1999; Mujumdar, 2004); microbial growth depends on
the storage conditions and the moisture level in the product. Among the commonly
employed methods for preserving food such as freezing, vacuum packing, canning,
preserving in syrup, food irradiation, addition of preservatives, the most popular is
dehydration (Jangam et al., 2010).

1.1 Research Justification
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Dehydration which removes water from food materials will result in its stability and as
well reduce storage and transportation cost. To a great extent, most dried foods quality
depends upon their physical, chemical and microbiological stability, which is mainly a
consequence of the relationship between the equilibrium moisture content (EMC) of
the food material, and its correspondence water activity (aw) or relative humidity at a
given temperature (Guilan et al., 2007).

Moisture sorption isotherms (MSI) is the terminology usually used to express the
relationship between equilibrium moisture content and equilibrium relative humidity
(ERH) or water activity of materials being studied. It is worthy of note to know that this
relationship is complex and unique for each product due to different interactions which
may be colligative, capillary or surface effects between the water and the solid
components of the product at different moisture contents. According to Al-Mahasneh
et al., 2011, MSI are useful thermodynamic tools for determining water interactions
within food systems and providing information that can assist in optimizing food
processing operations such as drying, mixing, packaging and storage, as well as to
maximize retention of quality parameters such as colour, aroma, texture, and nutrient.
Several authors (Johnson and Brennan, 2000; Chowdhury et al., 2005; Akanbi et al.,
2006; Samapundo et al., 2007; Oyelade et al.,2008) have reported some of the
importance of knowing the sorption characteristics of products as being essential in
respect to storage stability and food product acceptability, drying process modelling,
design and optimization of drying