’EXPERIMENTAL EVALUATION OF A POULTRY MIXER MACHINE‘

ABSTRACT

The challenges facing the local poultry farmers in Ghana is alarming. Only a few farmers have

access to poultry feed mixer. However, the Government has interest in self-employment through |

poultry production. In this study, a poultry feed mixer was designed, and constructed, for the

low-income farmers using local materials in order to reduce cost and make it available and
accessible to small-scale poultry farmers. The mixer was evaluated by using five feed

ingredients; maize, wheat bran, soya meal, oyster shell, and concentrate.] The measurement

comparison of feed rate, time, speed, moisture content, morphology, feed losses percentage, and
mixer efficiency were performed on the mixer-machine. The mixer was characterized and
analyzed using a feed component of three different measures of 4.5kg, 9.0kg, and 14.5kg with

their respective time of 3 minutes, 6 minutes and 9 minutes respectively. Linear regression

analysis was carried out on the test results collated during the evaluation of the mixer and the
analysis contributed to the determination of the effectiveness and efficiency of the machine with
different feed rates and times. The percentage loss, moisture content, production rate and

machine efficiency were 7.95%, 15%, 90%, and 92.07% ]respectfulM. The results indicated that
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variation in percentage loss among samples tested ranges from 5.56% to 9.33% with an average
percentage of 7.95%. The results further revealed that the mixing capability of the [proposed

machine is effective, efficient and cheaper as compared to the existing machines used by small

scale farmers. It is therefore recommended that poultry farmers should be encouraged to use the

proposed mixing machine.
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Introduction
Background literature

Food is one of the most important basic needs in the life of animal for survival. Machines
are needed in terms of food production, preparation and other processing. The poultry subsector
continues to play an essential role in providing employment and livelihood for a good percentage
of the population in both urban and rural communities. The success of this sector lies heavily on
feed availability. Feed availability also depends on the availability of both feed ingredients and
the technology to mix the ingredients to satisfy farmers’ demands. Victor (2013), defined feed
production as the process by which feed ingredients are mixed proportionally to produce
compound feed, in the face of high costs of compounded feeds combined with their thoughtful
quality/quantity, most poultry and pig farmers would want to produce their own feed.

\The beginning of industrial scale production of animal feeds can be traced back to the
late 1800s, this is around the time that the advancement in human and animal nutrition was able
to identify the benefits of a balanced diet, and the importance or role the processing of certain
raw materials played in this. William H Danforth in 1894 established Purina which is the world’s
leading producer of feed (Chime et al., 2018). He added that, in the early 1900s, the animal feed
industry expanded rapidly. Purina, the leader in the industry, expanded operations from the US
into neighbouring Canada. They opened their first feed mill in 1927. This marked the beginning
of the mechanization and industrial production of animal feed.

The electric standing mixer was invented in 1908 by Herbert Johnson, an engineer for the Hobart
manufacturing company. The idea for creating this machine came from an incident in which he
saw a baker mixing bread dough with a metal spoon (Rufus et al., 2015). He further used his

engineering skills and intelligence to simulate the mixing action of the baker and came out with a
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mechanical tool simulating the process. The 80-quart mixer which he invented became the
standard equipment by 1915. Rufus et al., (2018), also observed that, in 1908, the feed industry
was revolutionized by the introduction of the first feed mixer used for mixing pelleted feeds.
Since then, there has been development in the area of designing and fabricating feed machines

for commercial farmers

There are a wide variety of mixers currently available for use in mixing components of
animal feed. Selecting a particular feed mixer will depend mainly on the phase or phases which
the components exist such as solid, liquid or gaseous phases. Some commonly used solid mixers
include: Tumbler mixers, horizontal trough mixers, Vertical screw mixers etc. These are quite
quick and efficient particularly in mixing small quantities of additives into large masses of
materials. The results on mixer efficiency of different mixer types showed that the horizontal-
type had a higher percentage of coefficient of variations (CVs) below 10% than the vertical-type.
This could be due to mixing against the force of gravity such that dense materials like limestone
and phosphates are difficult to elevate because of sliding and have the tendency to go to the
bottom because of the height factorDimaiwat et al (2018). [They further indicated that, the
physical properties of raw materials can also affect mixing efficiency. Some of these factors
include particle size, density, hygroscopicity and liquid addition.l

The mixing process is one of the most important steps in feed manufacturing. The goal of
mixing is to meet label guarantees and produce a uniform feed that provides similar nutrient
content to all animals consuming the feed], Stark (2017)\. Improper mixing of feed will result in
poor quality products. Poor quality feed affects the growth and development of the animal hence
affecting viability of the enterprise. Large quantities of feed will be very difficult to mix by hand

if not impossible; this will inevitably lead to the production of poor-quality products and
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reducing production rate. This lowers the profits margin of the products. However, the cost of
importation of foreign machine for mixing feed is very high compared to the producer’s meagre
resources. Generally, this affects the country’s foreign exchange.

The traditional way of preparing animal feed mainly by the small- scale poultry farmer
uses manual or the hand to mix, crush and measure the feed. In the medium scale production,
feed mixing can be done either manually or mechanically. The manual method of mixing feed
entails the use of shovel to intersperse the feed’s constituents into one another on open concrete
floors. However, the manual method of mixing feed ingredients is generally characterized by low
output, less efficient, labor intensive and may prove unsafe, hence, hazardous to the health of the
intended animals, birds or fishes for which the feed is prepared.

The machinery and equipment that are used for this purpose are usually imported and
hence out of reach for the average small-scale or low-income poultry farmer. The challenge,
therefore, is to construct, fabricate and evaluate a poultry feed mixer using local materials in
order to reduce cost and hence make it available and accessible to the small poultry farmer. This
machine should be simple to assemble, use and make handling easier and more comfortable for

the illiterate farmer.
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[The high cost of poultry feed machine in the country is pushing most of the small poultry
farmers out of business. Currently, most small-scale farmers are at the verge of collapse due to
the inability of the farmers to purchase or have access to the imported feed mixers in order to
reduce cost and also make it accessible to the small poultry farmer. Therefore, this research was
constructed and evaluate the performance of a poultry feed mixer using local materials. This will
also help reduce cost of producing poultry feed, and eventually reduce cost of poultry products if
small scale poultry farmers are able to afford feed mixers. This means that poultry birds and eggs
will be affordable and so people will have the daily requirement of proteins the body needs.

Poultry production would also earn the country more foreign exchange through exportation.

Materialsand Methods

\Experiments were carried out to construct and evaluate the performance of the
manufactured poultry feed mixer to optimize values of the main operating parameters during
which contained a shaft with blades attachment which rotate as a result of the action of the
driven sprocket that is connected to the driving sprocket of the electric motor by means of a
chain. As soon as the machine is switched on, the driving sprocket rotate the driven sprocket
which set the machine ready to receive the ingredients to be mixed. The ingredients are feed
from the point of entrance of the mixing chamber. The blades then turn the ingredients up and
down continuously in the mixing chamber until the feed is complete uniformly mixed. Tools and
equipment used during the construction of the machine are; electric arc welding, drilling

machine, portable hand grinding machine, lathe machine, hammer, try square, hacksaw, table

vice, spanner, chisel, and so on,
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Design Components Description
The machine which has been produced from the assemble of various components were designed
based on the properties of materials including the frame, shaft, bearing, mixing chamber, chain

and sprocket and mixing blades.

]Material used for the design\ ,,,,,,,,

fThe selection of proper material for engineering purpose is one of the difficult problems
for the designer. The best material is the one which serves the desired objectives at a minimal
cost. The materials for each component of the poultry feed mixer were selected based on the
desired objective at the minimum cost without compromising the availability and suitability of
the materials for the working conditions in services were also considered. The major properties
of material which were considered in the design are; strength, stiffness, ductility, toughness,

fatigue, resilience, hardness, creep and machinability, cast ability, weld ability, the material

visual appearance, frictional properties and internal vibration damping properties.\

Results and Discussion

[This section deals with the results obtained and discussions of the study. The analysis
was centred on the weight and percentages of material, mixed at different weight of the
ingredients, summary of the result and percentage loss due to the non-mixed ingredients and
others. It also presents the mixed produced with constant moisture content and efficiency, mixed
produce losses with constant moisture content and machine efficiency mixed produce with
different test and machine efficiency as well as mixed produce surface particles structure. The
analysis was centred on the duration of mixing, effectiveness and efficiency of the machine on

the bases of the produce and the equipment performance of the poultry feed.\
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Technical operation principles of the modified machine

Test one was a mixture of 4.5 kg and the result is represented in Table 1. At first, the
machine was set on to run for about 3 minutes and mass of the product obtained at the outlet was
recorded. The value was obtained for the weight of the ingredients, mixing time, efficiency of the
machine and production rate were 4.5 kg, 3 minutes, 90.67% and 90 kg/h respectively. This
means that, 4.5 kg of ingredients were processed for 3 minutes, the production rate was 90 kg/h
and the efficiency of the machine is 90.67% during the first run test. Morad and Hend, (2014),
indicated that, on-farm feed system normally uses three types of mixers; vertically, horizontal
and rotating drum. The mixing time on vertical mixers normally run 10 to 15 minutes and
horizontal or rotating drum mixers can mix in 5 to 10 minutes. Therefore, the degree of mixing

in 3 minutes achieved was 90.67%.

Table .1: Weight and percentage of materials mixed to achieve 4.5kg of feed

SIN Ingredients (kg) Weight of Percentage of mixer
Ingredients (Kg) (%)

1 Maize 25 55.6

2 Soya meal 0.5 111

3 Wheat brand 1.0 22.2

4 Oyster shell 0.25 5.6

5 Concentrate 0.25 5.6

Total 45 100

Source: Field test, (2020).
From Table 2, 9.0 kg, weight of ingredients were loaded into the machine and was

allowed to run for about 6 minutes, after that, the mass of the product obtained at the discharged



unit was 8.5 kg as recorded. fThe efficiency and production rate were determined as 94.44% and

90 kg/hrrrespectively. Therefore, the result in table .2 shows an improvement in efficiency when Comment [AZ28]: How do you measure the
efficiency and production rate?

the mixer was allowed to run for 6 minutes with the appreciable increase in capacity of 9.0 kg.

Table 2: Weight and percentage of materials mixed to achieved 9.0kg of feed

SIN Ingredient (kg) Weight of Ingredient Percentage of mixer
(Kg) (%)

1 Maize 5 55.6

2 Soya meal 1 11.1

3 Wheat bran 2 22.2

4 Oyster shell 0.5 5.6

5 Concentrate 0.5 5.6

Total 9.0 100

Source: Field test, (2020).

Table .3 shows 14.5 kg, weight of ingredients fed into the machine, which was then
allowed for about 9 minutes to run, after that, the mass of the product obtained at the discharged
unit was 13.2 kg as recorded. The efficiency and production rates were determined as 91.44%
and 90 kg/hour respectively. However, the amount of mixing increased with increase in time
from 6 to 9 minutes while there was a negligible reduction in degree of mixing, as time increases
to 9 minutes. According to Balami et al., (2013), a mixing performance of up to 95.31% was
attained in 20 minutes of operation and evacuation of mixed materials from the mixer was at full
capacity (60 kg) while the average value of coefficient of variation for the three replicates was

4.69%. Therefore, the result in table 3 shows a significant reduction in efficient percentage by



3.41% resulting from the increase in feed capacity with respect to the duration time of 9 minutes.
Hence, the machine could not perform effectively when 14.5 kg weight was loaded. It also
indicated that increasing mixing time for more than 9 minutes decreases the discharge rate and

the efficiency of the machine.

Table .3: The weight and percentage of materials mixed to achieve 14.5kg of feed

SIN Ingredient (kg) Weight of Ingredient Percentage of mixer
(Kg) (%)

1 Maize 75 51.7

2 Soya meal 25 17.2

3 Wheat bran 3.0 20.7

4 Oyster shell 0.75 5.2

5 Concentrate 0.75 5.2

Total 145 100

Source: Field test, (2020).

There is an increase in the uniformity of mixing as shown in Table 4, as the time of
duration increases from 3, 6, and 9 minutes at a constant speed with respect to increase in weight,
the mixer was able to achieve effective mixing between 6 to 9 minutes. Despite the quality
uniformity of the mixture, there was a reduction in efficiency of the machine during the third test
due to the increase in feed rate, as more ingredients were compacted in the mixing chamber and

this caused a drop in pressure, henceforth causes a reduction in efficient of the machine.



Table 4: Summary of the results

Test Ingredients Weight Mixing Time Mixture Efficiency(
(kg) (minutes) Weight/Output(k) %)

First test 45 3 4.08 90.7

Second test 9.0 6 8.5 94.4

Third test 145 9 13.2 91.0

Total 28 25.78 92.1

Source: Field test, (2020).

The effectiveness and efficiency of the machine
Table 5 shows mixing weight and mixing time of different weight of feed for which

different tests were carried out. These included 4.5 kg, 9.0 kg and 14.5 kg of feed at different
mixing time intervals of 3, 6 and 9 minutes with respect to the recorded mixing weights of 4.0
8kg, 8.5 kg and 13.2 kg respectively. This was used to determine the efficiency and mixing rate
of the machine. The results obtained show that, the machine slightly mixed the ingredients of 4.5
kg at 3 minutes. However, when the weight was increased to 9.0 kg with respect to 6 minutes,
the ingredients were fully mixed and also equally mixed when the weight was increased to 14.5
kg with respect to its corresponding time intervals. Peter (2013) “observed that, the aspect of
manual mixing is much healthier for birds and better in efficiency and output, than the use of
shovel or hand and basin. Their outputs and efficiencies are not to be reckoned with in
production of poultry feed in a proper commercial poultry farm”. Daniyan et al., (2018), “also
indicated that, the performance evaluation of the machine was carried out to determine the
mixing efficiency using different feed capacity at different time intervals and percentage

recovery rate on the feed rate”. The mixing time and degree of mixing was observed to increase



with increase in feed weight. The horizontal feed mixer developed was highly efficient, cost
effective and solves problems associated with manual mixing during livestock feed production.

Therefore, the results showed that, the mixing capability of the machine is effective and efficient.

Table .5: Mixing weight and mixing time of different weights of feed

Test Mixing Weight (Kg) Time (s) Mixing Rate
Test 1 4.08 3 Slightly mixed
Test 2 8.5 6 Fully mixed
Test 3 13.2 9 Fully mixed
Total 25.78 18

Source: Field test, (2020).
Comparative analysis
The result in Table .6 indicates the percentage loss of ingredients during the experiment
tests for each operation, thus, experiment 1, 2 and 3, were 9.33% , 5.56% and 8.97%
respectively. The results also indicated variation in percentage loss among the samples tested
ranging from 5.56% to 9.33% with an average percentage of 7.95%. This percentage loss was

due to the non-mixed ingredients and leakages from the mixing chamber of the machine.

Table .6: Percentage (%) Loss Due to Non-mixed ingredients5.56

Test Ingredient  Weight Mixing Weight (Kg)  Percentage Lost (%)
(Kg)

Test 1 45 4.08 9.33

Test 2 9.0 85 8.97

Test 3 14.5 13.2 5.56



Average Total 9.33 6.59 7.95

Source: Field test, (2020)

The constructed modified machine was tested and the results showed high machine
efficiency of 92.07%. When the efficiency of the modified new machine was compared to that of
the existing machine, it was discovered that, the efficiency of the existing machine was 2.6%
lower and also compared to the 3.0% (Ikubanniet al., 2019). He reported that, the increase of the
discharge time led to an increase in the discharge efficiency of the machine thereby reducing
weight of residue ingredients. Henceforth, this might be due to the number of minutes allowed to
run for each test. If more time is allowed for the machine to run, the efficiency will increase

more.

Conclusion

The poultry feed mixer was designed, constructed and evaluated and it was concluded
that the machine can be used by small scale farmers to tend to their need of producing feed for
their poultry. During test runs of the poultry feed mixer, the ingredients used for the conduct of
the test included maize, wheat bran, soya meal, oyster shell and concentrate. These ingredients
were used because, there are the common ingredients the poultry fowls feed since they possess
the necessary nutrition for their growth and health. The experiment was carried out to determine
the mixing efficiency by using different capacities at different time intervals. This was to assess
and evaluate the mixing rate and quality of feed recorded at the end when different weights of
feed are fed into the mixer.

The poultry mixer designed for this project was noted to have different mixing capacities
in relation to weight of feed and production rate. This is because, the working capacity of the

mixer was designed to be capable of mixing different weights of feed to an extent since poultry



farms across the north have different sizes with regard to the number of birds in the farms.
Therefore, farmers stand the chance to feed the mixer with the number of weights desired per
farm. The value obtained for the weight of the ingredients, mixing time, efficiency of the
machine and production rate were different because an efficient and quality poultry mixer should
possess different mixing capacities when different weights of feeds are fed into the mixer.

The reduction in efficiency of the quality of mixing which also caused a drop in pressure
due to the increased in feed rate as more ingredients were compacted in the mixing chamber
happened as the result of the fact that the weight of feed influences the rate at which a mixer
exerts pressure to accomplish a particular mixing of feed. Therefore, the machine need be
improved and modified to increase its efficiency by using solar energy to power the machine to
run its full capacity.

Recommendation

The common and most used poultry feeds among Ghanaian poultry farmers included
maize, wheat bran, soya meal, oyster shell and concentrate. It is therefore imperative that the
Ministry of Agriculture together with ministry of trade and industry, regional and district chief
farmers should liaise among themselves to enhance, sustain and support the manufacture of feed
mixture and cultivation of these feeds across the country. This ensures availability of feed mixer
and efficient of the feeds on the Ghanaian markets for poultry farmers.

The test run of poultry mixer machines are very important for quality records and it
remains an important issue to address. Therefore, engineers of poultry mixers should test
machines and provide manuals or labels alongside with poultry mixers so that poultry farmers

can use them effectively.



The poultry mixer designed in this study has capacity in terms of mixing rate, weight of
feed and durability, hence poultry farmers should be given the necessary education on the use

and maintenance of the mixer in order to effectively and efficiently use the mixer.
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