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ABSTRACT

The experimental work was carried out to manufacture and evaluate the performance
of a local incubator for hatching poultry eggs to attain great production efficiency in a
sustained manner, increasing the quality and quantity of production. The manufacture
incubator consists of the humidification and turning units, the control panel and the
hatchery box. The performance of the fabricated incubator was studied according to the
following parameters: Three different levels of temperature (37, 37.5, and 38°C); two
different levels of humidity (50 and 55%); and two different levels of egg turning (12 and
24 times per day). The performance of the fabricated incubator was evaluated taking into
account the following indicators: incubator efficiency, incubator productivity, and
operational cost. Experimental results showed that the suitable operating parameters for
hatching poultry eggs using the manufactured incubator were: temperature of 37.5°C,
humidity of 55%, and turning of 24 times per day, which recorded the highest incubator
efficiency (hatching ratio) and incubator productivity; minimum energy required; and
operational costs of 98.44%, 12 chick/day, 14.58 W.day/chick and 1.24 L.E./chick,
respectively, also gave the highest quality of the produced chicks.
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1. INTRODUCTION

Poultry meat is a major source of high-quality protein
and nutrients. In particular, the popularity of poultry meat is
increasing in developing countries because of its role in
meeting the individual’s need for protein nutrition.
Egyptian poultry production is one of the most important
branches of the animal production sector, which in turn
represents the main second sector. Globally, Egypt ranked
71st among exporters of poultry meat while ranking 66th
among importers in the world in 2021. Locally, the produce
of poultry reached 2245 Gg in 2021 (Ahmed, 2023). The
incubation process is one of the most crucial aspects of the
poultry industry. Undoubtedly, the growing demand for
poultry products is the prime mover in the mechanical and
technological development of the poultry industry. As
Kommey et al. (2022) pointed out that technologies, which
help to maximize the yield are necessary because it is
inefficient to rely solely on natural methods of egg hatching
to boost chicken output, and the artificial incubation
technologies must come into force due to the rising demand.
The artificial incubators are considered the best solution to
manual incubators that are negatively affected by a labor
shortage since the factors are provided and checked by
workers, who frequently cannot identify any variation from
the required standards. Two basic parameters that need to
be regulated are temperature and humidity. Overly high or
low temperatures or improper humidity management during

incubation can lead to a number of problems (Dutta and
Anjum, 2021). Although the types of modern incubators
vary according to size, light source, and ventilation system
inside them, they originally use precision-measured devices
for accurate reading and adjusting transaction standards, in
addition to simplicity of construction, ease of control and
management, and raising production efficiency. Hassan et
al. (2021) evaluated and used two types of poultry egg
incubators. The first one was the traditional poultry
incubator (electric incubator), which was 57x66x59 c¢cm in
dimensions with a capacity of 125 hen eggs. The second one
was the thermochemical poultry egg incubator, which was
designed 56x39x28.5 cm in dimensions with a capacity of
25 eggs. Both contained sensors to control and measure the
temperature of 37.5 °C and humidity of 65% inside. They
found that the percentage of hatchability for traditional and
prototype incubators was 80.9% and 71.4%, respectively.
El-Sebaee (2019) designed a new solar home incubator
system, which was formed from a motor to rotate the egg
automatically every four hours and heating resources, work
by solar cell and a programmable integrated circuit to
control the incubator factors. The average temperature was
kept to be between 37.7 and 37.6 °C and humidity between
56.3 and 55.7 %. The achieved hatching rate by the
incubator was 90%. Since development is a required order
and because its constant goals always pour into serving the
matter concerned and raising its efficiency and since the air
can be more efficiently distributed and directed by using the
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internal duct system. Furthermore, by bending this duct, the

flowed air's velocity can be lessened toward the eggs within

the hatcher, making it easier to regulate the pressure across
the entire system. So, the objectives of this study are:

1. Manufacture a local incubator for hatching poultry eggs
from low-cost local materials.

2. Determine suitable operating parameters such as
temperature, humidity, and turning eggs that affect the
performance of the incubator with constant other factors.

3. Evaluate the local incubator from an economic
standpoint.

2. MATERIALS AND METHODS

The incubator was locally manufactured and the initial
experiments were conducted in Agricultural and Bio-
systems Engineering Department, Faculty of Agriculture,
Damietta University, Egypt, for hatching poultry eggs based
on an internal duct system. The practical experience was
carried out during the year 2024 to evaluate the performance
of the manufactured local incubator for poultry eggs to raise
production efficiency in a sustained manner and increase
the quality and quantity of production.

2.1. Materials

2.1.1. The used egg: poultry eggs (Dokki breed) used in this
study were bought from the Animal Production Research
Station Poultry Branch, Taftish EI-Sirw village, Faraskour
town, Damietta Governorate, Egypt. The used eggs were
inspected and graded to exclude those that were cracked and
the eggs polluted were cleaned before being incubated.
2.1.2. The manufactured incubator:

The manufactured hatching incubator consists of the
following main parts: hatchery box, humidification unit,
turning unit and control panel, as shown in Fig. (2.1).

Fig.(2.1): 3D drawing of the manufactured incubator.
A. Hatchery box:

The hatchery box made of sandwich panel with a thickness
(5 cm), has dimensions of (95x85x120 cm) for length,
width and height and also has a door with dimensions of

(85%110 cm) for length and height, respectively, to close the
hatchery box tightly so that there is no wasted heat or
humidity; it is closed with a screw, and it has an observer
window with a diameter of 6 cm to follow the hatching
process without having to open the door during the hatching
period. The hatchery box consists of three main parts, as
follows:

1. Heating chamber

The heating chamber is the upper part of the hatchery box,
with dimensions of (85x70x30 cm) for length, width, and
height, respectively. The heating chamber is powered by an
electric heater (main heater). It also is provided a bulb
(secondary heater) to work the same function as the first,
too; if the temperature of the hatchery is not raised in record
time, a malfunction occurs, or the first stops suddenly at any
moment. The heating chamber has a hole in each side of its
3 cm diameter to expel out the chamber’s overheated air and
maintain the atmosphere of the incubator for hatching eggs
suitably without problems, as shown in Fig. (2.2).

2. Hatching chamber

The hatching chamber is the lower part of the hatchery box,
with dimensions of (70x55x80 c¢cm) for length, width, and
height, respectively. The hatching chamber has a retention
fan of power 22 W to get out extremely hot air. And also
has an LED bulb to improve the performance of productive
chicks, as shown in Fig. (2.2).

3. The middle part

The middle part designed as a U-inverted-shaped letter. The
horizontal part of it, with dimensions of (70x55 cm) for
length and width, serves as a dividing line between two
chambers for hatching and heating. And the two sides bend
as heat passages, with dimensions of (70x15%x65 cm) for
length, width, and height, respectively, as shown in Fig.
(2.2).

Fig.(2.2): 3D drawing of the hatchery box parts.

B. Humidification unit:

The humidification unit is powered by an electrical
humidifier and put in a pan that consists of a float valve,
linked to a water tank by a snout to keep the level of water
in the suitable range, as shown in Fig. (2.3).
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Fig.(2.3): 3D drawing of the humidification unit.

C. Turning unit:

The turning unit is powered by an electric motor of power
14W that is installed above the unit chassis of size
(48.5%34.5x68 cm), which has four trays with a capacity 76
eggs of each. The electric motor transmits its rotation
motion to the egg trays left and right using a gear with a
diameter of 3 cm and a VV-shaped chain installed on the sides
of the first tray, as shown in Fig. (2.4).

Fig.(2.4): 3D drawing of the turning unit.

D. Control panel:

The control panel consists of an intelligent microcontroller
of the digital model XM-18z with an accuracy of the
temperature of £0.1°C, an accuracy of the humidity of +3%,
and made in China, suitable to control and regulate the
incubator's options, as shown in Fig. (2.5).

AUTOMATIC COMPUTER CONTROL INCUBATOR

i @ N [ &
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\

Fig.(2.5): Photo of the control panel.

2.1.3. Instruments:
To perform the functions of the hatching process, several
measurements were used as follows:

e Digital scale

A digital scale made in China, model SF-400 with a
measuring range of 0-10 kg and an accuracy of £1 g was
used to weigh the incubated eggs and productive chicks, as
shown in Fig. (2.6)

Fig.(2.6): Digital scale.
o Clamp meter

A clamp meter made in China, weight 20 g, LED digital
display, corded electric, and with measuring range of 0-
600V and 0-100A was used to accurately read voltage and
current, as shown in Fig. (2.7).

Fig.(2.7): Clamp meter.

e Hatching tray

A hatching tray made in China, made of High-Density
Polyethylene (HDPE), with dimensions 50x36x8 cm,
weight 0.6 kg, with a capacity of 88 eggs, detachable, and
high temperature resistance was used to receive the
incubated eggs until hatching, and that at the last three days
in the hatching period, as shown in Fig. (2.8).

Fig.(2.8): Hatching tray.
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2.2. Methods

2.2.1. Experimental conditions:

The fertilized eggs were put into the incubator manually and
then exposed to some factors such as heat, humidity,
lighting, turning, and ventilation. At that time, the incubator
became a suitable medium that provided the appropriate
conditions automatically for embryonic development inside
the fertilized eggs until the chicks hatched.

2.2.2. Study variables:

The performance of the local poultry incubator was
experimentally evaluated under the following conditions:

- Three levels of temperature (37, 37.5 and 38 °C).

- Two levels of humidity (50 and 55 %).

- Two levels of egg turning (12 and 24 times per day).
Those experimental conditions, the following coefficients
were fixed:

- Ceasing to turn for the first and last three days of hatching.
- Sustaining lighting every 12 hours.

- Gradually increasing the humidity level in the final three
days of hatching period.

- Non-ventilating for the first ten days, starting ventilation
on the eleventh day at a rate of 30 seconds per two hours
and progressively increasing until the hatching is complete.
2.3. Measurements

2.3.1. Engineering measurements

In order to elect the appropriate operational parameters for
the hatching process, it was necessary to determine the
following engineering measurements:

2.3.1.1. Incubator productivity:

The incubator productivity can be calculated by dividing the
number of hatched eggs by the period consumed in the
hatching process as in the following equation Riaz et al.,
(2021).

Ne .
Ip =?,chlck/day ..... (€D)

Where:

Ip = Incubator productivity, chick/day,

N, = Number of hatched eggs, chick.

T = Period consumed in the hatching process, day.

2.3.1.2. Incubator efficiency (hatching ratio):

The incubator efficiency can be calculated as a percentage
ratio by dividing the number of hatched chicks by the
number of fertilized eggs as in the following equation
Amin, (1994).

M = — X 100,% .....(2)

Where:
Ny: Incubator efficiency (Hathability rate), %.
N.: Number of hatched chicks.
N: Number of fertilized eggs.
2.3.1.3. Required power:
The required power was calculated by the following
equation Ashby, (1988).
P, =vV2xcospxIxV,W...(3)
Where:
P,: Power required, W.
V2: Coefficient current two phase (being equal 1.41).
cos ¢ : Power factor (being equal to 0.7).
[: Current intensity, Ampere.
V: Voltage, (220 V).

2.3.1.4. Specific energy consumed:

The specific energy consumed can be calculated by dividing
the power required for hatching process by the incubator
productivity as in the following equation Awady et al.,
(2003).

Where:
Ep: Specific energy consumption, W.day/chick.
2.3.1.5. Operational cost:
The operational cost required for the hatching process can
be calculated by dividing the hourly cost by the incubator
productivity as in the following equation Awady et al.,
(2003).

Cop = ==, L.E/chick.....(5)

p

Where:

Cop: Operational cost, L. E/chick.

C: Hourly cost, L. E/h.

2.3.1.6. Incubator hourly cost:

The cost per hour of hatching process is calculated from the
following formula by Awady, (1978).

C—P<1+l+t+ )+(W)+rrl 6
=5313 r e 700" (6)
Table (2.1): Analyze the hourly cost of the local
incubator.
Item Vale Unit

C=Hourly cost

. . .62 L.E/h
P = Price of incubator 0.6 /
- : 8000 L.E
h =Yearly working hours
o 8600 hlyear
a = Life expectancy of an
. 7 Year
incubator
. 10 %
i = Interest rate/year
_ . 6 %
t = Taxes, overheads ratio 8 %
r = Repairs and maintenance ratio 0.014 KW

W = Power of motor

e = Hourly kW price

m = Monthly average wage
700 = Monthly working hours

1.44 L.E/KW.h
200 L.E/month
700 h/month

2.3.1.7. Payback period:
The payback period of the incubator is estimated by using
the straight forward formula, Kamble et al. (2013).

I
Py = E,period ..... (7

Where:

P,: Payback period of the incubator.

I: Investment of the incubator, L.E.

E: Hatching period net cash revenue, L.E/period.

2.3.2. Biometrics measurements

To ensure the production of high-quality chicks, it was
necessary to determine the following biometrics
measurements:

2.3.2.1. Non-defect birds:

The non-defect birds can be calculated as a percentage ratio
by dividing the number of birds by non-defect to the total
number of chicks hatched as in the following equation Riaz
etal., (2021).

Ny
Np = ~2 x 100, % .....(8)
T,
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Where:

Np : Non-defect birds, %.

Ny, : Number of birds with non-defect, chick.

T, : Total chicks hatched, chick.

2.3.2.2. Chick yield:

The chick yield can be calculated as a percentage ratio by
dividing the chick weight by the egg weight as in the
following equation Jabbar and Ditta, (2017).

Where:

Cy : Chick yield, %.

C, : Chick weight, g.

E,, : Egg weight, g.

3. RESULTS AND DISCUSSIONS
3.1. Incubator productivity:

The incubator productivity is affected by some factors
such as hatching temperature, humidity level and numbers
of turning times per day. Concerning to the effect of
hatching temperature on incubator productivity, the results
in Fig. (3.1) show that the incubator productivity was in the
high values at hatching temperature of 37.5°C recorded
11.24 and 12 chick/day, while the lower and the higher
hatching temperature of 37 and 38°C decreased the
incubator productivity to 9.29 and 10.1, to 9.9 and 10.48
chick/day at number of times turning 12 and 24 times per
day, respectively and humidity level of 55%.

@12 times per day @24 times per day
50% 55%

15
> 14
o
X 13
L2
S 12
2 1
=
S 10
e}
S 9
o
5 8
g
=
Q
£ s

5

37 375 38 37 375 38
Temperature level, °C

Fig.(3.1): Incubator productivity at temperatures,
humidity levels and number times of turning.
These results show that the highest productivity is at a
temperature of 37.5 °C. The difference between incubator
productivity was due to embryonic development, which
varies depending on hatching temperature degrees. A
decrease in the hatching temperature to less than 37.5°C
causes less rapid embryonic development than the normal
rate, while an increase in the hatching temperature to more
than 37.5 °C causes more rapid embryonic development
than the normal rate, which anyway causes embryonic
death; therefore, productivity decreases. These results agree
with (Abd El-Mottaleb, 2010). As related to the effect of
the number of times turning on the incubator productivity,
data in Fig. (3.1) show that, increasing the number of times

turning from 12 to 24 times per day leads to increase the
incubator productivity from 9.29 to 10.1, from 11.24 to 12
and from 9.9 to 10.48 chick/day at hatching temperature 37,
37.5 and 38, respectively and humidity level of 55%. These
results show that the highest productivity is at numbers of
turning times 24 times per day because increasing the
number of times turning prevents the adhesion of the
embryo to the shell and helps in proper embryonic
development. As related to the effect of the humidity on
incubator productivity, Fig. (3.1) show that, increasing
humidity level from 50 to 55% leads to increase the
incubator productivity from 8.76 to 10.1, from 10.86 to 12
and from 10.1 to 10.48 chick/day at different hatching
temperature of 37, 37.5 and 38°C, respectively and the
number of times turning 24 time per day. These results show
that the highest productivity is at humidity level 55%. A
decrease in the humidity level leads to increased loss of
water from inside the incubated egg, which causes
hardening of its outer shell so, it leads to embryonic
mortality without hatching. These results agree with (Abd
El-Mottaleb, 2010) and (Adegbulugbe et al., 2013).

3.2. Incubator efficiency (hatching ratio, %0):

The incubator efficiency is affected by number of
fertilized eggs and number of hatched chicks which affected
with the parameter mentioned in (incubator productivity
title). Concerning to the effect of hatching temperature on
incubator efficiency, the results in Fig. (3.2) show that the
incubator efficiency was in the high values at hatching
temperature of 37.5°C recorded 88.06 and 98.44%, while
the lower and the higher hatching temperature of 37 and
38°C decreased the incubator efficiency to 78.31 and 84.13,
to 81.25 and 84.62% at number of times turning 12 and 24
times per day, respectively and humidity level of 55%.
These results show the hatching temperature of 37.5°C gave
the highest number of hatched chicks, resulting in the
highest percentage of incubator efficiency, with an increase
rate of 17.54 and 27.04% compared with the traditional and
thermochemical incubators used by (Hassan et al., 2021).

@12 times per day 24 times per day
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Fig.(3.2): Incubator efficiency at different temperatures,
humidity levels and number times of turning.
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The high of a manufactured incubator efficiency (98.44%)
may be attributed to the air direction system (duct system),
giving good air direction and reduction of air pressure. As
related to the effect of the number of times turning on the
incubator efficiency, data in Fig. (3.2) show that, increasing
the number of times turning from 12 to 24 times per day
leads to increase the incubator efficiency from 78.31 to
84.13, from 88.06 to 98.44 and from 81.25 to 84.62% at
hatching temperature 37, 37.5 and 38°C, respectively and
humidity level of 55%. These results show the number of
times turning for the eggs of 24 times per day gave the
highest number of hatched chicks, resulting in the highest
percentage of incubator efficiency, with an increase rate of
6.6% compared with the incubator used by (Oliveira et al.,
2020). As related to the effect of the humidity on incubator
efficiency, Fig. (3.2) show that, increasing humidity level
from 50 to 55% leads to increase the incubator efficiency
from 74.19 to 84.13, from 87.69 to 98.44 and from 81.5 to
84.62% at different hatching temperature of 37, 37.5 and
38°C, respectively and the number of times turning 24 time
per day. These results show the level humidity of 55% gave
the highest number of hatched chicks, resulting in the
highest percentage of incubator efficiency, with an increase
rate of 8.97% compared with the automated incubator used
by (Sunday et al., 2020).

3.3. Energy consumed:

The incubator's energy consumed is highly affected by
the incubator productivity, which affected with the
parameter mentioned in (incubator productivity title) and
the power required, which affected by the limits were
represented in the calculated equation from Awady, (1978).
Concerning to the effect of hatching temperature on energy
consumed, the results in Fig. (3.3) show that the incubator
energy consumed was in the low values at hatching
temperature of 37.5°C recorded 1557 and 14.58
W.day/chick, while the lower and the higher hatching
temperature of 37and 38°C increased the incubator energy
consumed to 18.84 and 17.33, to 17.68 and 16.7
W.day/chick at number of times turning 12 and 24 times per
day, respectively and humidity level of 55%.
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Fig.(3.3): Energy consumed at different temperatures,
humidity levels and number times of turning.

As related to the effect of the number of times turning on
the energy consumed, data in Fig. (3.3) show that,
increasing the number of times turning from 12 to 24 times
per day leads to decrease the energy consumed from 18.84
to 17.33, from 15.57 to 14.58 and from 17.68 to 16.7
W.day/chick at hatching temperature 37, 37.5 and 38°C,
respectively and humidity level of 55%. As related to the
effect of the humidity on energy consumed, Fig. (3.3) show
that, increasing humidity level from 50 to 55% leads to
decrease the energy consumed from 19.98 to 17.33, from
16.11 to 14.58 and from 17.33 to 16.7 W.day/chick at
different hatching temperature of 37, 37.5 and 38°C,
respectively and the number of times turning 24 time per
day.

3.4. Operation cost:

The incubator's hatching operation cost is highly
affected by the incubator productivity, which affected with
the parameter mentioned in (Incubator productivity title),
and also affected with price of the used eggs, price of the
incubator, yearly working hours, life expectancy of the
incubator, interest rate/year, wage for labor, taxes,
overheads ratio, repairs and maintenance ratio, monthly
working hours, motor power, hourly KW price and monthly
average wage. The fixed and variable costs were
represented in from Awady, (1978) equation.
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Fig.(3.4): Operation cost at different temperatures,

humidity levels and number times of turning.
Concerning to the effect of hatching temperature on
operation cost, the results in Fig. (3.4) show that the
incubator operation cost was in the low values at hatching
temperature of 37.5°C recorded 1.32 and 1.24 L.E/chick,
while the lower and the higher hatching temperature of 37
and 38°C increased the incubator energy consumed to 1.6
and 1.47, to 1.50 and 1.42 L.E/chick at number of times
turning 12 and 24 times per day, respectively and humidity
level of 55%. As related to the effect of the number of times
turning on the incubator operation cost, data in Fig. (3.4)
show that, increasing the number of times turning from 12
to 24 times per day leads to decrease the energy consumed
from 1.6 to 1.47, from 1.32 to 1.24 and from 1.50 to 1.42
L.E/chick at hatching temperature 37, 37.5 and 38°C,
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respectively and humidity level of 55%. As related to the
effect of the humidity on incubator operation cost, Fig. (3.4)
show that, increasing humidity level from 50 to 55% leads
to decrease the operation cost from 1.70 to 1.47, from 1.37
to 1.24 and from 1.47 to 1.42 L.E/chick at different hatching
temperature of 37, 37.5 and 38°C, respectively and the
number of times turning 24 time per day.

3.5. Non-defect birds:

The non-defect birds are affected by some factors such
as different hatching temperatures, humidity levels, and
numbers of turning times. Concerning to the effect of
hatching temperature on non-defect bird percentage, the
results in Fig. (3.5) show that the non-defect bird percentage
was in the high values at hatching temperature of 37.5°C
recorded 96.61 and 100%, while the lower and the higher
hatching temperature of 37 and 38°C decreased the non-
defect bird percentage to 91.79 and 96.23, to 86.54 and
90.91% at number of times turning 12 and 24 times per day,
respectively and humidity level of 55%. These results show
that the highest non-defect bird number or percentage is at
a temperature of 37.5 °C.
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Fig.(3.5): Non-defect birds at different temperatures,

humidity levels and number times of turning.
A decrease below the hatching temperature of 37.5 °C
causes delayed hatching and deformation of chick, as an
increase in the hatching temperature of 37.5 °C causes early
hatching and deformation of chick. These results agree with
(Abd El-Mottaleb, 2010) and Dutta and Anjum (2021)
who reported that overly high or low temperatures during
incubation can lead to a number of problems, including
early hatching, undeveloped or crippled chicks, and dead
embryos at an early stage. As related to the effect of the
number of times turning on the non-defect bird percentage,
data in Fig. (3.5) show that, increasing the number of times
turning from 12 to 24 times per day leads to increase the
non-defect bird percentage from 91.79 to 96.23, from 98.61
to 100 and from 86.54 to 90.91% at hatching temperature
37, 37.5 and 38°C, respectively and humidity level of 55%.
These results show that increasing numbers of times turning
from 12 to 24 times per day leads to increase non-defect bird
percentage. As related to the effect of the humidity on non-

defect bird percentage, Fig. (3.5) show that, increasing
humidity level from 50 to 55% leads to increase the non-
defect bird percentage from 93.48 to 96.23, from 98.25 to
100 and from 88.68 to 90.91% at different hatching
temperature of 37, 37.5 and 38°C, respectively and the
number of times turning 24 time per day. These results
showed that increasing level humidity from 50 to 55 % leads
to increase non-defect bird percentage.

3.6. The chick yield:

The chick yield is affected by the egg weight and the
chick weight which affected with some factors such as
hatching temperature, humidity level, and numbers of
turning times per day. Concerning to the effect of hatching
temperature on chick yield, the results in Fig. (3.6) show
that the chick yield was in the high values at hatching
temperature of 38°C recorded 75.16 and 76.24 %, while at
the lower hatching temperature of 37 and 37.5°C decreased
the chick yield to 65.32 and 66.39, to 67.95 and 68.04 % at
number of times turning 12 and 24 times per day,
respectively and humidity level of 55%. The results
revealed that chick yield increased with an acceptable rate
when hatching temperature was increased from 37 to
37.5°C, which led to the production of chicks of ideal
quality, capable of consuming feed and water. Although, by
increasing the temperature to 38°C, the chick yield heads to
increase, too, but this increase is unacceptable, leading to
producing a lazy group of chicks that are unable to consume
feed and water. As related to the effect of the number of
times turning on the chick yield, data in Fig. (3.6) show that,
increasing the number of times turning from 12 to 24 times
per day leads to increase the chick yield from 65.32 to
66.39, from 67.95 to 68.04 and from 75.16 to 76.24 % at
hatching temperature 37, 37.5 and 38°C, respectively and

@12 times per day 824 times per day
50% 55%
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Fig.(3.6): The chick yield at different temperatures,
humidity levels and number times of turning.
As related to the effect of the humidity on chick yield, Fig.
(3.6) show that, increasing humidity level from 50 to 55%
leads to increase the chick yield from 62.73 to 66.39, from
67.52 to 68.04 and from 72.65 to 76.24 % at different
hatching temperature of 37, 37.5 and 38°C, respectively and
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the number of times turning 24 time per day. These results
show that the highest chick yield percentage are at a
humidity level of 55%.

3.7. Payback period:

The payback period of the incubator is affected by the
investment of the incubator and the hatching period net cash
revenue, as shown in the table (3.1).

Table (3.1): The production value for the incubator.

Production value, (L.Ehatching period)

Investment of the incubator Net cash revenue

Egas Incubator Chicks

Amount, | Unit cost, | Totalcost, | Unitcost, | Amount, | Unitcost, | Total cost,
Egg/period | L.E/egg |LE/period| LE | chicks/period | LE/chick | L.E/period

304 75 1280 8000 151 19 4788

Total 10280 Total 4788

Concerning to the payback period for hatching poultry eggs
by the manufactured incubator, the production value for the
manufactured incubator in Table (3.1) shows that the
payback period was found to be 2.15 hatching periods, or
48 days. That is, within a month and eighteen days, or about
three periods maximum. The hatching in the manufactured
incubator seems to be economical because the cost of
hatching is very cheap and available throughout the year;
thus, no additional expenditure was incurred for the
hatching process.

4. SUMMARY AND CONCLUSSION
The experimental work was carried out to manufacture

and evaluate a local incubator's performance for hatching

poultry eggs. From the obtained results for hatching poultry
egg breed Dokki, it could be concluded that:

1. The highest values of incubator productivity and
incubator efficiency were 12 chick/day and 98.44%,
respectively at temperature of 37.5°C, humidity level
of 55%, and 24 turning times per day.

2. The lowest values of incubator productivity and
incubator efficiency were 8.38 chick/day and 70.97%,
respectively at temperature of 37°C, humidity level of
50%, and 12 turning times per day.

3. The highest values of energy consumed and operating
cost
were 20.88 W.day/chick and 1.76 L.E/chick,
respectively at temperature of 37°C, humidity level of
50%, and 12 turning times per day.

4. The lowest values of energy consumed and operating
cost
were 14.58 W.day/chick and 1.24 L.E./chick,
respectively at temperature of 37.5°C, humidity level
of 55%, and 24 turning times per day.

That is why the study recommends the use of the
locally manufactured incubator for hatching poultry eggs
under the following conditions:

1. Hatching temperature of 37.5 °C.

2. Humidity level of 55%.

3. Number of times turning of 24 times per day.

Taking into account the mentioned fixed factors, to give the
following suitable values:

-The highest productivity: 12 chick/day.

-The highest efficiency (hatching ratio): 98.44%.

-The lowest energy consumed required for hatching:14.58
W.day/chick.

-The lowest operating costs of the incubator:1.24
L.E./chick.

Moreover, to achieve the highest quality of chick produced
with the following values:

-The highest percentage of chicks without defects: 100%.
-The ideal value for the chick yield: 68.04%.
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