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Estimating the Impact of Environmental
Conditions on Hatching Results Using
Multivariable Analysis

ABSTRACT

Hatching results are directly related to environmental and biological
surroundings. This research study aimed at evaluating the influence of
incubation environmental conditions on hatchability and one-day-old
chickling quality of five production flocks using multivariable analysis
tool. The experiment was carried out in a commercial hatchery located
in the state of Sao Paulo, Brazil. Environmental variables such as dry
bulb temperature, relative humidity, carbon dioxide concentration, and
number of colony forming units of fungi were recorded inside a broiler
multi-stage setter, a hatcher after eggs transference, and a chick-
processing room. The homogeneity of parameter distribution among
guadrants inside the setter, the hatcher, and the chick room was tested
using the non-parametric test of Kruskal-Wallis, and the fit analysis was
applied. The multivariate analysis was applied using the Main Component
Technique in order to identify possible correlations between
environmental and production parameters. Three different groups were
identified: the first group is represented by temperature, which was
positively correlated both with good hatchability and good chick quality;
the second group indicates that poor chick quality was positively
correlated with air velocity and relative humidity increase. The third
group, represented by carbon dioxide concentration and fungi colonies
forming units, presented strong positive association with embryo
mortality increase.

INTRODUCTION

According to Martins et al. (2006), the future of poultry production is
linked to flock health. Recent episodes of global epidemics such as Avian
Influenza are warnings of the vulnerability of modern poultry production.
This scenario indicates the need to provide adequate health and
environment to the flock since the hatchery. Proper handling and
homogeneous environment in the hatchery are incubation factors
that may determine both the development and the growth of broiler
chickens.

Until recently, the knowledge on incubation was not as developed
as on other areas of the broiler production chain (Calil, 2007). The
knowledge built during the last years in poultry nutrition, health,
management and environment was not followed by the field of
incubation. Incubation factors were only recently recognized as
important influences on broiler performance (Decuyere et al., 2001;
Tona et al.,, 2003). Pullet production and performance is affected by
the incubation environment, which depends on adequate management
and environment homogeneity (Decuypere & Michels, 1992). Bramwell
(2002) states that hatching quality has improved with better
environmental control.
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Embryo development needs are very specific, and
the environment must meet these requirements in
order to achieve high hatching standards for the
different genetic strains (Boleli, 2003; Muraroli &
Mendes, 2003; Boerjan, 2006).

Modern broiler strains with fast growth rate
produce more heat during embryonic development
especially during the final stages (Mauldin, 2001).
Lourens (2006) points out that the heat generated
inside incubators today is nearly twice as much as that
observed in the 1980s, and that typical machines
seldom provide an optimal internal environment,
resulting in lower hatchability. The optimal temperature
inside the incubator has been the subject of many
studies in current literature, showing that variations of
+ 1°C may negatively impact hatching time (French,
1997; Wilson, 1991; Gustin, 2003a). Heat conductivity
outside the egg is the most important barrier for heat
loss, and it is directly related to air velocity (Gustin,
2003b). However, setters and hatchers often use
temperature values as setting points leading to losses
that are not easily detected under commercial
conditions (Kaltofen, 1969; Wilson, 1991; French,
1997).

Ambient relative humidity is also an important
variable during incubation, and should remain within a
40-70% range (Robertson, 1961; Lundy, 1969;
Decuypere et al., 2003). Aerial environment,
considering the presence of fungi and carbon dioxide
concentration, also may influence hatchability. Li &
Yang (2004) found that fungus exposure during
embryonic development may result in irreversible
negative effects. During the first four days of life, the
embryo requires carbon dioxide due to calcium
mobilization, and after that, it needs that gas for its
development; however, slight changes in optimal gas
ratios may reduce hatchability (Alda, 2003).

This research study aimed at investigating the
environmental conditions of hatcheries in order to
determine the impact of environmental variables on
hatchability.

MATERIAL AND METHODS

The experiments were carried out in a commercial
hatchery located in Amparo, State of Sdo Paulo, Brazil,
longitude 46°46'25" W, latitude 22°43'17" S, and
altitude 683m during five batches of chick production.
The fertile eggs used in this study were selected from
36-week-old breeder flocks.
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Studied parameters

Environmental conditions such as dry bulb
temperature (DBT, °C), relative humidity (RH, %),
carbon dioxide concentration (CO,, ppm), air velocity
(AV, m s") and number of colony forming units of fungi
(CFU) were recorded inside a broiler -multi-stage setter,
inside a hatcher after egg transference, and in the
vaccination room.

Data on thermal and air conditions inside the setter,
the hatcher, and chick room were recorded on the 4,
10", 12, 16", and 20" day of incubation in five
batches.

Experimental procedure

The monitored areas were divided into quadrants
(Figures 1, 2, and 3) in order to measure the parameters
with higher precision. The data loggers were placed
1m above the floor, in the geometric center of each
guadrant.

DBT and RH data were continuously recorded, and
CO, concentration and UFC were recorded daily in the
morning.
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Figure 1 - Scheme of the interior of the setter, and the position of
the data loggers.
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Figure 2 - Scheme of the interior of the hatcher, and the position of
the data loggers.
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Figure 3 - Scheme of the chick room and the distribution of the data
loggers.

After hatching, chicks were transferred to the chick
room. Environmental data loggers were randomly
placed in the room, with priority given to those places
close to the vaccination tables as well as near the chick
delivery boxes.

The schedule of environmental monitoring is
described in Table 1.

Table 1 - Data recorded during incubation in the present

experiment.

Incubation day Place of sampling Parameter
4lh
12t Setter DBT; RH; AV; CO,; CFU
16(h
18t Eggs transferred to hatcher
20t Hatcher DBT; RH; AV; CO,; CFU
21 Hatching

Vaccination Vaccination room DBT; RH; AV; CO,; CFU

Environmental DBT and RH were recorded in data
loggers, whereas thermo-hydro anemometers were
used to measure AV. Carbon dioxide concentration was
sampled using a portable pump and short-term carbon
dioxide reagent tube (5.0 x102 mol m3 - 13.4 x1072
mol m3) attached to the pump. CFU was measured
inside the broiler multi-stage setter and inside the
hatcher after eggs transference. Air sampling
methodology was applied by exposing Petri dishes
containing Complete Media Culture to the air for 15min
(Pontecorvo et al., 1953). After exposure, the Petri
dishes were incubated at 27°C for three days, after
which fungi colonies were counted and identified
according to fungus genus morphology (Raper &
Fennell, 1965).

Production indexes were provided by the hatchery
management after each batch and included hatching
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of first and second quality chicks, and mortality.
Embryos were controlled using embryo diagnosis
method which was carried out according to the
incubation phase (1-7, 8-14, 15-18 and 19-21 days of
incubation), and recording percentage of embryo
mortality, pipped eggs with live or dead chicks, cracked
eggs, rotten eggs, contaminated eggs (fungi and
bacteria), and chick quality (open cranium, eye and
beak malformations, exposed viscera, and leg
problems).

Statistical Analysis

The homogeneity of the data distribution between
quadrants inside the setter, the hatcher, and the chick
room was tested using the non-parametric test of
Kruskal-Wallis with an interval of confidence of 95%.
After testing the homogeneity of distribution, a
capability tool test was applied to evaluate each
environmental parameter in order to compare the
recorded values with the recommended ones. Main
Component Analysis Technique was used to correlate
or associate the parameters by observing the vectors
magnitude and angle. Vectors represent different
parameters in the data base. Vectors associated in the
similar direction (an approximate angle of 0°between
them) are strongly positively correlated, and in the
opposite direction (an approximate angle of 180°
between them) indicate strong negative correlation.
Vectors showing an angle close to 90° are not
correlated. The longer the vector, the best the
technique explains the correlation.

Data were statistically analyzed using the software
package Minitab 15 (Minitab, 2006), and multivariate
analysis was applied to identify the existence of
correlations between environmental and production
parameters using the Principal Component Analysis
Technique.

RESULTS AND DISCUSSION

Results are presented and discussed per
environmental parameter in the three different
environmental conditions present in the multi-stage
setter, hatcher, and chick room.

Dry bulb temperature

ANOVA results showed that DBT data did not
present normal distribution. The non-parametric test
of Kruskal-Wallis was used to verify the homogeneity
of DBT values inside the setter along five batches. DBT
upper limit was set at 38.2°C, while the lower limit
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was 37.2°C, according to current literature (French,
1997; Wilson, 1991; Gustin, 2003a,b). The analysis of
DBT fit to the optimal values shows that at the
confidence interval of the DBT recorded values were
below the optimal limits in all quadrants (98.0%), and
the sample mean was 35.4+0.98°C, as seen in Figure
4. Even though DBT values between quadrants were
similar (p value>0.05), there was a significant variation
within quadrants, and all values were below the
optimal.

Departure from optimal temperature inside setter
may cause embryo death and increase the time for
hatching (Gustin, 2003b). According to French (1997),
embryos are sensitive to low temperature in the
beginning of the incubation process; however, there
may be compensatory growth if DBT reaches 35.0 to
40.5 °C. In the present experiment, 17% of the
recorded DBT were below this limit indicating
production loss.
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Figure 4 - Fit analysis of ambient dry bulb temperature inside the
multi-stage setter.

Dry bulb temperature inside the hatcher presented
a mean value of 35.09+1.4 °C, and the upper limit was
fixed in 37.5°C, while the lower limit was set at 37°C,
as suggested by Mauldin (2001). Even though data
within quadrants were homogenous, DBT values were
generally below optimal (90%), as seen in Figure 5.
Low hatcher temperature is the most probable cause
of abnormalities in chicks, in addition, it increases
incubation time (Boleli, 2003).

DBT data inside the chick room presented a mean
value of 25.30+£0.46°C, and despite the variation
between quadrants, most DBT values were within the

Estimating the Impact of Environmental Conditions on
Hatching Results Using Multivariable Analysis

upper limit (28°C) and the lower limit (22°C), as shown
in Figure 6. The thermal comfort zone of chicks is in
the range of 33 to 36°C (Schmidt, 2007). According to
that author, the optimal room temperature needs to
be between 22 and 28°C, since the ambient
temperature inside the box is usually 6 to 8°C above
room temperature. s
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Figure 5 - Fit analysis of ambient dry bulb temperature inside hatcher.
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Figure 6 - Fit analysis of ambient dry bulb temperature inside the
chick room.

Relative humidity

Relative humidity upper limit in setter was
established at 70% and the lower limit at 40%. The
optimal value is 50%, as recommended by Robertson
(1961) and Lundy (1969). Figure 7 shows that inside
the setter nearly 12% of the recorded data were below
the lower limit. The mean value was 53.70+1.60%.
Although the mean value was near optimal, there was
significant variation among the values recorded inside
each quadrant as well as among quadrants.
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Figure 8 presents the variation among ambient RH
values recorded inside the hatcher. The mean value
was 65.54+4.41%. Boleli (2003) points out high relative
humidity values in the hatcher as a probable cause of
the incidence of chicks with exposed viscera, which
was also observed in the present trial. On the other
hand, low RH may lead to water loss by the embryo
and delay hatching time (Decuypere et al., 2003).
Significant variation among RH values was found in all
measured quadrants in the present experiment.
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Figure 7 - Fit analysis of relative humidity inside the multi-stage setter.
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Figure 8 - Fit analysis of relative humidity inside the hatcher.

Inside the chick room, the recorded RH values
were significantly homogenous within quadrants;
however, values recorded among quadrants were
significantly different. Figure 9 shows that nearly 76%
of the recorded data were above the 60%
recommended by Schmidt (2007).
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Figure 9 - Fit analysis of relative humidity inside the chick room.

Air velocity

Air velocity distribution inside the multi-stage setter
was homogeneous (p value>0.05) within quadrants;
however, it varied among quadrants, reaching up to 4
m s'. High air velocity leads to heat loss by convection
and may significantly reduce dry bulb temperature in
some places within the setter, causing negative impact
in embryo development (Gustin, 2003b). Air velocity
was relatively homogeneous among quadrants inside
the hatcher, despite the detection of high values near
the door. This causes heat loss by convection impacting
in the chick quality (French, 1997).

Low air velocity values were found (~ 0.01 m s) in
some quadrants of the chick room. Air renewal
provides better environment for the chicks and minimal
ventilation is required.

Carbon dioxide

No difference was found (p value>0.05) in the
homogeneity of CO, distribution inside the setter. CO,
values were low (0.1%). Mauldin (2001) states that
hatchability is reduced when ambient carbon dioxide
rises above 0.5%. In the present experiment, CO,
concentration did influence hatchability. Also in the
hatcher, CO, concentration was low (>0.2%), as the
recommended lower limit is 0.75% (Mauldin, 2001).
The same results were found in the chick room.

CFU

Fungi CFU values and identification are shown in
Table 2. The mean results can be considered between
good and average (Tessari et al., 2002), although
efficient biosecurity and quality control program are
recommended to reduce hazardous fungi influence on
the environment. However, high Aspergillus fumigatus
values (UFC>5) recorded on the 12th day of incubation
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of flock 2 are considered a health risk to the embryos,
according to Back (2007). Deep disinfection process is
usually required for controlling fungi in the setter (Lima
et al., 2001).

Table 2 - Species of Aspergillus and other fungus genera
identified inside the multi-stage setter.

Genus and species Flock 1 Flock 2 Flock 3 Flock 4 Flock 5
Acremonium 0
Aspergillus flavus
Aspergillus fumigatus
Aspergillus glaucus
Aspergillus niger
Asperqillus versicolor
Arthrobotrys
Bipolaris
Cladosporium
Fusarium
Microsporum
Neurospora

Oidium
Paecilomyces
Penicillium

Rhizopus
Trichoderma
Trichotecium

Not identified
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No difference was found in fungi distribution among
guadrants in the hatcher (p value>0.05); however, the
recorded values indicate the need of a better
disinfection program (Tessari et al., 2002). High fungi
presence in the air environment inside the hatcher may
compromise chick quality, as well as its further
development and performance (Back, 2007). Barnes
& Gross (1997) suggest that contamination by
Aspergillus is the most probable cause of high mortality
of chicks from the first to the third day after hatching.
A correlation between chick contamination by fungi
and performance losses during rearing was also
observed (Braem, 1988; Cervantes, 1995).

In the chick room, data were homogenous.
According to Tessari et al. (2002), the classification can
be adopted as average, even though in quadrant 2
CFU values were above 13, indicating a focus of
contamination in that specific area. Fungi spores in
airborne particles inside vaccination room can indicate
contamination in the machines, leading to cross
contamination during vaccination, consequently
affecting the chicks (Tessari et al., 2002).

Production indexes

Table 3 shows the production data of the studied
flocks. As recommended by Gonzales & Café (2003),
both physical defects and general appearance were
observed.

Estimating the Impact of Environmental Conditions on
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Table 3 - Production indexes of the studied flocks.
Flock Parameter Genetic strain 1  Genetic strain 2

Number % Number %
1 Incubated eggs 30,104 - * *
Average weight (g) 69.8 * *
Hatched 27,405 91.0 * *
Dead 309 1.02 * *
First-quality chicks 27,000 86.7 * *
Second-quality chicks 96 0.30 * *
2 Incubated eggs 20,737 - * *
Average weight (g) 70.3 * *
Hatched 17,498 84.4 * *
Dead 212 1.02 * *
First-quality chicks 17,100 82.5 * *
Second-quality chicks 186 0.90 * *
3 Incubated eggs 7,680 - 13,056 -
Average weight (g) 69.5 - 70.0
Hatched 6,579 85.7 10,589 81.1
Dead 131 1.71 160 1.23
First-quality chicks 6,400 83.3 10,400 79.6
Second-quality chicks 48 0.63 29 0.20
4 Incubated eggs 6,228 - 13,140 -
Average weight (g) 70.1 69.3
Hatched 4,694 754 9,239 70.31
Dead 233 3.74 171 1.30
First-quality chicks 4,300 69.0 8,900 67.73
Second-quality chicks 161 2.59 168 1.28
5 Incubated eggs 13,824 - 6,912 -
Average weight (g) 69.0 69.7
Hatched 11,833 85.6 5,457 78095
Dead 259 1.87 181 2.62
First-quality chicks 11,500 83.2 5,200 75.23
Second-quality chicks 74 0.54 76 1.10

*Data could not be recovered.

The results obtained with the Main Component
technique are presented in Figure 10, showing that
the environmental parameters can be divided in three
distinct groups.

The first group is represented by temperature, which
is positively related to good hatchability as well as good
chick quality. This classification shows that the
parameters "maximum temperature"” and "average
temperature" have strong direct association with
parameters indicating favorable live performance of
the chicks. Temperature is the most important and
critical environmental factor, and can directly interfere
in embryonic development. In the present study,
ambient temperatures were considered low as
compared to literature recommendations due to the
high rate of air convection, consequently affecting
embryonic development and causing embryo
abnormalities (Boleli, 2003). According to Decuypere
et al. (2003), temperature should be maintained within
a fixed range in order to assure good results.

The second group of environmental parameters
show that poor chick quality is positively related to high
air velocity and relative humidity. The fact that
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productivity improves as temperature increases
suggests that the optimal environmental temperature
to maximize productivity (both in quantity and quality)
should be higher than the set points currently used.

The results suggest that increasing ambient
temperature may lead to better hatchability provided
that temperature variability is controlled. This second
group of parameters presented, in general, negative
association with hatchability. The parameters relative
humidity and air velocity presented positive association
with the increase in the number of low-quality chicks.

The third group, represented by carbon dioxide
concentration and fungi colony forming units, presented
strong positive association with increase in mortality
and in the number of culled chicks.
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Medium Temperature

Second Component

First Component

Figure 10 - Main Component graph correlating environmental
parameters during incubation to production data.

High relative humidity, high carbon dioxide
concentration, and high fungi concentration are
stressed as parameters associated to low hatchability,
leading to increased mortality. Poor incubation results
are observed when the combination of high or low
environmental temperature and relative humidity is
inadequate inside the hatcher for a determined period
(De Smit et al., 2006), and when the lack of ventilation
affects oxygen renewal (Alda, 2003; MSU, 2004).

Embryonic mortality may occur due to fungi
(Asperqillus and Penicillium spp.) contamination during
the incubation process. As the hatchery is an ideal
environment for fungi development (high temperature,
high relative humidity, high level of organic matter, and
presence of cracked eggs), adequate control of these
fungi species is a requirement of biosecurity programs.

Current literature indicates that embryos under high
humidity stress tend to hatch early, before reaching its
full development (Decuypere et al., 2003). High carbon
dioxide concentrations may also reduce hatching rate
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(Mauldin, 2001). The present experiment showed that
CO, concentration was positively associated with
embryo mortality. The incidence of abnormalities was
linked to low ambient temperature during incubation,
and highly correlated to fungi contamination that,
despite not being considered high according to Tessari
et al. (2002), was enough to negatively impact chick
production volume and quality.

CONCLUSIONS

The environmental data collected inside the multi-
stage setter and in the chick room did not present
homogeneity. The vectors of maximum dry bulb
temperature were highly correlated both to hatchability
and to first-quality chick numbers. Mortality was slightly
correlated to fungi CFU, minimum air velocity, and
maximum carbon dioxide concentration.
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