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ABSTRACT

This study aimed to investigate the physiological differences, physical characteristics, and some plasma
hormones in chicks hatched from multi-stage and single-stage incubator systems. A total of 7200 eggs were
obtained from broiler breeder flock (cobb-500) at 37 weeks of age. Eggs were randomly divided into two groups,
each of 3600 eggs, with three replicates of 1200 eggs. The first group was multi stage incubator and the second
group was single stage incubator. Results showed that there was no significant difference between the two
incubation systems in terms of hatchability. Furthermore, hatchability percent for fertile egg have significant
differences favor a single-stage machine, this demonstrates the superiority of single stage machines. There was
a significant difference between the two systems for the percentage of dead pipped embryonic and late
embryonic with the single stage system having a lower percentage of both. Chicks hatched from the single stage
incubator had a heavier body weight and longer body, leg, and gut. The blood plasma of chicks that were hatched
using a single stage system contained a higher concentration of both total proteins and globulins, it was also
observed the activity of liver enzymes especially AST and increased T4 concentration compared to blood plasma
of chicks hatched multi stage system. The result reflected an increase in the value of triiodothyronine,
triiodothyronine to thyroxine ratio and corticosterone concentration (0.34 nmol/l, 0.02 ratio, and 18.5 ng/ml,

respectively) in the blood plasma of the hatched chicks in multi-stage hatching machines.
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INTRODUCTION

Commercial hatcheries are continuously seeking for
ways to increase their production by improving the quality and
consistency of day-old chicks and by enhancing hatchability
because of how crucial the hatching process is. Switching from
a multi stage incubation system (MS) to a single stage
incubation system (SS) may help these findings. The multi
stage incubator is usually filled with eggs of different
embryonic ages. Therefore, the multi stage incubation
environment cannot, by its nature, create optimum conditions
for every egg. Temperature, humidity, and ventilation are set
at a fixed point throughout the whole incubation period.
Villanuevaetal. (2016) reported that eggs from several broiler
breeder farms are incubated in the same machine using multi
stage incubators, which can hold embryos at various
developmental stages and can hold three or four batches of
eggs every week (Baracho et al. 2010). Older embryos are said
to transfer heat to younger embryos during incubation in an
MS, creating a thermal equilibrium inside the setter (Aradjo et
al., 2016). But this can also raise the temperature. In contrast,
a single stage means that all eggs within an incubator are set
together. So, all eggs are in the same embryonic stage. This
enables the user to adjust the temperature, humidity, and
ventilation set points according to the needs of the embryo,
possibly leading to improved hatchability and chick quality.
The next benefit is the improved biosecurity as provided by
every all-in all-out system. This is confirmed Molenaar et al.
(2010) reported that single-stage incubators are laden with a
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single batch of eggs, so all embryos are at the same
developmental stage. This allows the temperature, humidity,
and ventilation to be set according to the needs of the embryos.
Single stage incubation systems are recommended for
incubating eggs from modern high yield broiler strains, whose
embryos generate more heat than slow-growing strains
(Boerjan, 2004). Additionally, an SS provides better sanitary
conditions because the machine is emptied at same point,
which facilitates thorough washing and disinfection.

Therefore, this study aimed to investigate the
physiological differences, physical characteristics, and
some plasma hormones in chicks hatched from multi stage
versus single stage systems.

MATERIALS AND METHODS

A comparison of multi stage (Petersime Vision) VS.
single stage (PetersimeFocus). Incubators carried out in the
commercial Dakahlia poultry hatchery, Qalubia
Governorate, Obour, Egypt. The laboratory analyses were
performed at laboratories of Faculty of Agriculture;
Mansoura University; Egypt.

Incubation management:

A total of 7200 eggs with an average weight of 57-
64 g were obtained from a commercial broiler breeder flock
(cobb-500) at 37 weeks of age. Egg received hatchery at
temperature18°c stored 4 days in troll’s egg were randomly
divided into two groups each of 3600 eggs, each include
three replicates of 1200 eggs; The first group is a multi-stage
and the second group is a single stage. All eggs were
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normally incubated depending on the type of incubator in
automatic incubators. The first group was multi stage
(Petersime Vision) incubator with normal incubation 99.5°F
and RH 85 wet bulb degree (°F). At the 18" day of
incubation, all eggs were transferred to the hatchery at 98°F
and RH 84°F (wet bulb) and gradually increased to 89°F

Table 1. Program of multi stage (Petersime Vision)
incubator

Temperature ° F Wet bulb ° F Ventilation%

99.5 84.5 35-85

Turn angle
90° every hour

Table 2. Program multi stage (Petersime Vision)

(wet bulb) at the end incubation period, (Tables 1 and 2). Age hatc-?:n%erature RH°F Ventilation
The second group was single stage (Petersime Focus) Day  hour °F (Wet bulb) %
incubator, with variable system temperature 100.1°F at 18 00 98.0 84 40-50
entry day, gradually decreases to 99.9°F (ovo scan) day15 19 12 98.0 85 25-25
until transfer to hatch at 18" day. It controlled temperature, 20 10 98.3 86 25-65
humidity, ventilation and CO2 at each stage of incubation, 20 16 98.0 88 45-75
(tables 3 and 4). 20 18 97.0 89 80-100
Table 3. Program of single-stage (Petersime Focus) incubator
Age/ day Temperature (°F)  Ovoscan Vent. % C02% RH °F D.W.L
D H Min Max prog Min Max Min Max Min Max D H %
00 00 100 100.1 0 15 0.85 0.85 90.0 96.0 00:00 0.0
01 00 99.8 99.9 100.0 0 20 0.85 0.85 90.0 96.0 03:00 0.9
01 12 99.6 99.7 100.0 0 25 0.85 0.85 88.0 95.0 06:12 19
02 12 99.2 99.6 99.8 5 50 0.45 0.55 86.0 92.0 09:00 19
06 00 99.0 99.5 99.8 10 60 0.35 0.45 84.0 89.5 09:12 3.2
07 00 98.9 99.5 99.8 25 70 0.20 0.40 82.0 88.0 10:00 35
09 00 99.0 99.5 99.9 50 80 0.20 0.40 80.0 85.0 12:00 49
11 00 99.0 99.6 100.0 80 100 0.20 0.30 87.0 80.0 14:00 6.5
12 00 98.5 99.5 100.0 90 100 0.20 0.30 76.0 79.0 16:00 8.3
13 00 98.1 99.1 99.9 90 100 0.20 0.30 75.0 78.0 17:00 8.5
14 00 97.9 98.9 99.9 90 100 0.20 0.30 75.0 78.0 18:12 11.0
15 22 975 98.4 99.9 90 100 0.20 0.30 75.0 78.0
16 00 97.4 98.0 99.9 90 100 0.20 0.30 75.0 78.0
17 00 97.2 97.7 99.9 90 100 0.20 0.30 75.0 78.0
18 00 96.8 97.4 99.9 90 100 0.20 0.30 75.0 78.0
Table 4. Program of single-stage (Petersime Focus) the temperature was 99.5 °F with relative humidity 85°F
hatchery (wet bulb).
- Maxim Eggs were turned automatically through an angle of
Day hour Tem?f,:r;i ture ?FH) Vent‘;;itlon D H range 90 every hour until the 18" day of the incubation period,
Co2%  ventilation channels were opened automatically and
18 00 985 780 40:100  18:00 035 measured as relative value of the air inlet opening area of the
1818 %5 810 0100 1818 070 ventilation channels as referred in the following table. After
19 00 98.3 83.3 40:60 19:00 0.45 185" dav. during the | hree d f the incubati iod
19 12 988 850 05-10100 19410 055 : y, during the last three days of the incubation period,
) . . .Y°F to 96.3°F coincided
20 08 985 870 2560 1912 065105 U€ temperature decreased from 98
20 10 98.3 88.0 35:65 20:10  1.05 with relative humidity values of 83.4°F (wet bulb) to 86.5°F
20 14 98.2 800  40:70 2012 0.85 (wet bulb), respectively, for the 19"; 20t and 211",
20 16 98.0 89.0  60:75 20:14  0.75 During the three days of hatch wear recorded hatch
20 18 97.8 885  70:95 20:16  0.65 window three times 19 d:12 h, 20 d:00, 20 d:12 h. The hatch
20 20 976 8.0 80:100 20:18 050 window was calculated as the percentage of chicks hatched
38 gg gg-g g;-g ggfigg gggg Oolii during the time indicated previously.
21 00 9.3 865  80-100 2100 Open This percentage was calculated by dividing the

Description of the incubator:

Incubator temperature, relative humidity and CO2
were variable, in a single-stage incubator; relative humidity
also CO2 from zero day to 18" day of incubation because of
is a large amount of eggs enter at once and the embryonic
development is in one phase, The purpose of factor control is
to reach the optimal adverb of embryonic development and
this development is inferred by sensing the heat of the egg
from ovo scan (It is one of the components of the incubator).

Multiple stage conditions are fixed and depend on
the different ages in the same unit where there are 6 to 5
different ages to enter a batch of the machine day after day

number hatching of hatched chicks by the number of eggs
in each tray.

All hatched chicks were used to calculate the
hatchability of fertile (scientific hatchability%) or total set
eggs (commercial hatchability%) and chick non hatched
eggs and classified by breakout.

After post hatch chosen 25 chicks from each
incubator system to determine chick quality measurements
chick weight, length (The length of a chick is measured by
measuring from the beginning of the beak to the end of the
chick's middle toenail; Pic.1), leg (Pic. 2) and gut length,
yolk sac weight, yolk free body mass (YFBM), liver weight,
and also phenotype to all chicks (Chick class A and chick
class B and C) and navel score (Pic. 3) (Tona et al., 2003).
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Picture 1. chick length
Plasma parameters:

post hatch was randomly chosen 15 chicks from each
system incubator blood samples were collected, (The blood
sample was collected from the chicks by slaughtering with a
surgical scalpel, cutting the jugular vein, and then filtering the
blood with a tube containing 0.1 ml heparin), and the sample
was centrifuged at 3000 rpm per minute for 15 minutes to
separate the plasma. plasma concentration of glucose, total
lipide, triglyceride, cholesterol, HDL, LDL, total protein,
albumin, globulin, AST, and ALT were measured by
commercial kits (commercial kits spectrum diagnostic kits
S.A.E., Egyptian company of Biotechnology, 2022).

Total concentrations of plasma T3 and T4 were
determined using commercial kits of a diagnostic
examination (Equipar, Italy) according to the methods
described by Sterling (1975) and Liewendahl, (1990),
respectively. Plasma corticosterone level was also determined
using commercial kits of diagnostic examinations [Diagnostic
Product Corporation (DPC) Los Angeles,U.S.A] According
to the method described (Sainio et al. 1988).

Statistical analysis:

The statistical analysis of results was performed by
using a one-way analysis of variance of the GLM procedure
of the Statistical Analysis System (SAS, 2006). Significant
differences between means of different estimated variables
were identified by Duncan's new multiple range test at P<0.05
(Duncan, 1955). The following statistical model was used:

Yij = u + Ei +eij.

Ay

Picture 2.

Where:

Yij = observed trait;

W = the overall mean;

Ei = Effect of incubation type system.
eij = experimental random error.

RESULTS AND DISCUSSION

Reproductive Performance:

Data in Table 5 showed that there were no statistically
significant differences between the two incubation systems
(multiple stage VS single stage) in terms of hatchability.
Furthermore, hatchability percent for fertile egg have
significant differences favor a single-stage machine, this
demonstrates the superiority of single stage machines,
because single stage incubator a 1.47% higher of hatch and it
increased by 244 more chicks. This difference in the number
of chicks resulted in net economic revenue in favor of the
single stage hatching system. The single stage system had a
higher percentage of salable chicks (chick class A), which
was due to a significant decrease in the number of grade B
and C chicks. This gave the single stage system an advantage,

|
leg length Picture 3. navel score 1

even though there was no significant difference in terms of
hatching. Additionally, the hatch window was different for
the two systems, with the number of hatched chicks
decreasing in the 36 hours and 24 hours before hatching ended
for the single stage system. This suggests that the single stage
system has an advantage in controlling the hatching process,
allowing for a more precise hatch window in the final 24
hours of incubation process. It is an important variable in the
evaluation of artificial incubation because it can affect the
chick's hydration and health.

These results are in agreement with those obtained
by Aratjo et al. (2016) who found that the recommended
hatch window is 24 hours. And better performance in most
categories for the single stage machines (Mauldin, 2006)
and Araujo et al. (2016) reported The SS incubator
shortened hatch window and vyielded better hatchling
quality. According to Boerjan (2004), the hatch window
affects the field performance of broilers. In comparison to
chicks that hatch during the intermediate period, those that
hatch at the beginning or end of the hatch window have less
potential for growth during the first week of rearing
(Willemse et al., 2008). Hatch windows in commercial
hatcheries typically last 24 to 48 hours. Early hatching
chicks spend a lengthy time in the hatcher without food or
water (Calil, 2013), which can lead to low weight increase,
immune system activation, decreased expression of
digestive enzymes, and slower organ development
(Willemse et al., 2008).

Table 5. Effect of type incubator system on hatchability
characteristics, physical characteristics (chick
grade) and hatch window.

Incubator type

Treat Multi stage  Single stage

MeantSE  Mean+SE P Value  Sig
Hatchability %  86.47+0.57 87.95+0.54  0.61 N.S
Fertility % 92.58+0.44 92.44+0.44  0.82 N.S
H.O.F % 93.44+0.23 95.14+0.34  0.00 wx
Chick A% 84.67+0.60 86.75+0.56  0.01 wx
ChickBandC%  1.80+0.22 1.2+0.17 0.02 wx
D H Hatch window (%)
19 12 3304029 1414019 0.00 *x
20 00 32.22+0.77 25.33+0.72 0.00 wx
20 12 7236+0.74 7231075 0.95 N.S

H.O.F = hatchability for fertile egg; D =day and H = hour

Data in Table 6 showed the residual analysis results
(%) of un-hatched eggs, there were no significant difference
between the two hatching systems, MS VS. SS, for cull eggs,
unfertilized eggs, early and mid-embryonic mortality,
contamination, and hair crack eggs. However, there was a
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significant difference between the MS VS. SS for the
percentage of mal position and late embryonic mortality, the
single-stage system had a lower percentage of both items.
The lower percentage of late embryonic mortality in the SS
system suggests that the embryos were able to survive the
late stages of development more successfully. These
findings suggest that the SS system may be a more effective
hatching system than the MS system. However, further
research is needed to confirm these findings and to
determine the underlying reasons for the difference in
hatchability between the two systems. These findings agree
with those of Mesquita et al. (2021), who noted that the SS
incubation techniques has been shown to be superior to the
MS system in controlling the needs of embryos during
development. Also, Mariana et al. (2021), reported that the
SS incubation system was shown to be superior to the MS
system in meeting the requirements of embryos during
development. Nevertheless, (Araljo et al. 2016) concluded
that both single stage and multi stage incubators provided
suitable conditions for embryonic development and had no
impact on the capacity of breeder eggs of different ages to
hatch when incubated together.

Table 6. The outcomes of residual analysis conducted on
un-hatched eggs from both MS VS. SS

incubators
Incubator type
Multi stage Single stage
Items Mean+SE Mean+SE Pvalue Sig
Infertile egg% 7424043  755+044 082 NS
Early dead (0-7d)  3.25+0.29  2.61+026 011 N.S
Mid dead (8-14d)  0.44+0.11  0.52+0.12 061 N.S
Late dead (15-21d) 2.16+0.24  0.77+0.14 0.0 *x
Dead Pipped 0.11+0.05 0.08+0.04 071 N.S
Contamination 0 0.08+0.04 0.08 N.S
Mal position 0 0.19+¢0.07 0.00  **
Exposed brain 0 0.05+0.03 015 NS
Up side 0 0.05¢0.03 015 N.S
Early crack 0.05+0.03 0 015 N.S
Trans crack 0.08+0.04  0.11+0.05 0717 N.S
Cull egg % 13.53+0.57 12.05+054 0.06 N.S

Physical characteristics:

Table 7 presents some measurements taken to
compare chick quality (Tona et al., 2003) between M.S VS.
S.S incubation systems. These measures include body
weight of the chick at hatch, weight of residual yolk sac,
liver weight, yolk free body mass (YFBM), ratio of liver to
body weight, length of chick, gut and leg length. There was
a significant difference (p<0.05) between M.S VS S.S in
physical characteristics (Tona et al., 2003) of chicks hatched
from M.S V.S S.S. Chicks hatched from single-stage
incubator were a heavier body weight, longer body, gut, and
leg, lower relative weight of the yolk sac. This result as
agreement with Mesquita et al. (2021) who reported that
incubation system did effect on chick body weight at pulling
and residual yolk sac weight. The present study revealed
lower residual yolk sac relative to body weight for chicks of
the single stage treatment this can be concluded that chicks
of the S.S system consumed nutrients present in the yolk
more efficiently and consequently expected better body
development, than chicks in M.S. Mesquita et al. (2021)
found lower residual yolk in the yolk sac and higher yolk
free body weight for chicks of the S.S incubator. Da silva et

al. (2017) concluded that immune globulins are present in
the residual yolk sac which guarantee immunity to chick
during the first day of life. Mauldin, (2006) demonstrated
better performance in most categories for the single stage
machines. For example, percentages for actual hatchability,
estimated hatchability, and hatch of fertile were all higher
for the (S.S) Platinum machines.

From previous studies Aradjo et al. (2016), it was
found that the single stage machine system provides more
precise systems and control over the physical specifications,
which allows the operator of the machine to control, provide
and improve the consumption of nutrients in the egg, which
allows for the healthy growth of the internal physiological
organs through the precise system that provides the
physiological requirements necessary for the growth of the
embryo with these machines. As shown in this study, SS
improved the physical quality of newly chicks hatch
significantly more than MS, as measured by YFBM, chick
length, and leg length. When it came to hatchability, the SS
consistently outperformed the MS.

In a comparison analysis of incubation yield in SS and
MS, (Mauldin et al., 2006) found similar results. Chicks from
eggs incubated in SS machine were heavier at hatch than those
incubated in the MS machine, as well as heavier at dispatch.
This indicates that the eggs that lost less weight during
incubation produced heavier chicks, which may be associated
with lower dehydration of the embryo during incubation.
According to Gonzales and Mello (2012), the water present in
the yolk is partially accumulated in the embryo tissues and in
the yolk sac. However, Wineland et al. (2008) did not observe
any differences in chick weight in a study comparing SS with
MS incubators in a commercial hatchery.

Table 7. Effect of the incubation type system (M.S VS.
S.S) on chick quality.

ltems Multi stage Single stage
Mean+SE Mean+SE P value Sig
Chick weight at hatch (g) 41.19+0.45 44.25+048 00  **
Yolk weight (g) 3.64+0.23 3261020 0.2 NS
YW/CW% 8.83+055 7.36x044 0.04 *
YFBM 0.78+0.66 8.00+0.52 0.04 *
Liver weigh(g) 123+0.02 1.34+002 00 **
LVICW% 3.00+0.06 3.03x0.05 0.77 N.S

52.46+0.51 58.22+0.63 00 **
Chick length (cm) 19.3240.12 20.08£0.05 0.0 **
Leg length (cm) 4.80+0.05 5.26+0.03 .-0 **
Y.W =yolk weight; C.W = chicks weight and YFBM = Yolk free body mass.

Plasma parameters:

Data in table 8 summarized plasma constituents of
chicks after hatching. There were no significant differences
in total lipid, triglyceride, cholesterol, HDL, LDL, albumin,
and ALT levels between the two groups. However, there
were significant differences in glucose, total protein,
globulin, AST, T3, T4, T3/T4 ratio and corticosterone
concentration. This study found that the blood plasma of
chicks that were hatched using the single stage system
contained a higher concentration in their blood of both total
proteins and globulins. It was also observed that the activity
of liver enzymes, especially AST, AST is an enzyme that
helps the body break down amino acids. Like ALT, AST is
usually present in blood at low levels. An increase
in AST levels may mean liver damage, liver disease or
muscle damage. This test is sometimes referred to as SGOT,

Gut length (cm)
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and increased in T4 concentration with significant
differences (P<0.05) compared to blood plasma of chicks
hatched from multi-stage incubator system. The result
reflected an increase in the value of hormone
triiodothyronine, triiodothyronine to thyroxine ratio and
corticosterone concentration (0.34 nmol/l, 0.02 ratio and
18.5 ng/ml, respectively) in the blood of the hatched chicks
in multi stage hatching machines. The increase in these
values of hormone T3; T3/T4 ratio and corticosterone in
blood of chicks hatched from multi stage incubator due to
the difference in the ages of pushing in the insertion at the
beginning of embryonic development.

Table 8. Measurements of some plasma components of
chicks hatched from multi stage systems verses

single stage
Multi stage  Single stage

Measurements MeantSE MeantSE Pvalue d.f
Gluc. (mg/dl) 234.0£3.0 190+4.8 0.0 wx
TL. (mg/dl) 367.7+142  394.2+12.0 016 NS
TG. (mg/dl) 68.9+2.6 73.40+2.6 024 NS
Chol. (mg/dI) 103.2+6.7 99.87+6.8 073 NS
LDL (mg/dl) 73.3+54 65.0+2.3 017 NS
HDL (mg/dl) 259116 31.2+25 0.09 NS
T.P. (g/dI) 3.240.1 3.6+0.04 0.01 *

Alb. (g/dI) 1.2+0.02 1.3+0.05 015 NS
Glob. (g/dI) 2.0+0.08 2.3+0.06 0.05 *

Alb. /Glob. ratio  0.6+0.02 0.6+0.04 0.67 NS
AST (u/l) 24.9+0.9 29.1+14 0.02  **
ALT (ufl) 32.4+0.3 36.2+2.3 010 NS
T3 (nmol/l) 0.34+0.01 0.31+0.01 0.03 *

T4 (nmol/l) 15.9+0.40 19.1+0.4 0.0 wx
T3/ T4 ratio 0.02+0.001  0.01+0.001 0.0 *x
_Cortico. (ng/ml) _ 18.5+0.19 14.6+0.5 0.0 **

Gluc.= glucose; TL.= Total Lipid; TG.= Triglycride; Chol.=
Cholestrole; LDL= Lowe density lipoprotein; HDL= High density
lipoprotein; T.P. = Total protein; Alb.= Albumine; Glob.= globuline;
Alb. /Glob.= Albumin to globulin ratio; AST= Aspartate transaminase;
ALT= Alanine transaminase; T3= Triiodothyronine; T4= Thyroxine
and Cortico. = Corticosterone.

Plasma glucose and corticosterone at hatch were
slightly higher in chicks hatched from multi-stage incubator
system than for those in the single-stage incubator. Higher
corticosterone could point to a more energy-demanding
hatching process in multi- stage system (Piestun et al., 2008),
resulting in increased gluconeogenesis (Joseph and
Ramachandran, 1992) and higher plasma glucose at hatch
lowering circulating T3, may be considered a physiological
adaptation to maintain nutritional reserves (Decuypere et al.,
1983), which could be related to the slightly lower yolk
uptake in the hatchers chick from a single-stage incubator
system, this is due to the low weight of the residual yolk sac
in the chicks that were hatched from a single-stage machines.

CONCLUSION

Single stage incubation provides results exceed that
of multi stage incubation through less cull chicks, improved
quality and hatch, producing more viable, hydrated and
healthy chicks. The results of plasma hormone analysis
indicated increase in level of T3; T3/T4 ratio and
corticosterone of chicks hatched from multi-stage incubator
due to the difference in the ages of pushing in the insertion
at the beginning of embryonic development.
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