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ABSTRACT The effects of incubator carbon dioxide
(CO2) and oxygen (O2) concentrations with parental
stock age (PSA) on embryonic deaths (ED), hatchabil-
ity of fertile eggs (HFE), some blood parameters, and
the tissue development of broilers were investigated.
Four consecutive repetitions following the similar mate-
rials and methods were carried. From 3 different aged
ROSS 308 broiler parental flocks 7,680 hatching eggs
were obtained and classified as young (Y; 29 wk), middle
(M; 37 wk) and old (O; 55 wk) as regards PSA, and ran-
domly distributed. Four different incubator ventilation
programs (IVP) as control (C; 0.67% CO2 and 20.33%
O2), high CO2 (HC; 1.57% CO2 and 20.26% O2), high O2
(HO; 0.50% CO2 and 21.16% O2), and high CO2 + O2
(HCO; 1.17% CO2 21.03% O2) were applied with oxygen
concentrator, and ED and HFE were investigated. Lung
and heart tissues, hemoglobin value, packed cell volume,
and red blood cell count, triiodothyronine, thyroxine,
adrenocorticotropic hormone (ACTH) values of the
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chicks were analyzed. It was found that IVP affected ED
and HFE. Higher rate of early ED (EED) was obtained
from the HC than HCO, and higher middle+late stage
+pipped but unhatched ED (MLPED) with a lower
rate of HFE was observed in the C group than HO and
HCO (P < 0.05). Association was found between PSA
and IVP (P < 0.05), being more evident in EED for
young PSA, in MLPED with HFE for Y and O PSA.
From hematological values, no statistical difference in
RBC, PCV, and Hb values were found among the treat-
ment groups, ACTH concentration known as a response
to stress was found to be higher than C in all groups, tri-
iodothyronine concentration was higher in the HO group
than C. In the histopathological examination, used IVPs
were found to have negative effects on the lung and heart
such as vacuolization, hemorrhage in all PSA groups
except for C. Conclusively, PSA and IVP affected some
hatching, blood and tissue development parameters of
the broiler chicks.
Key words: broiler, carbon dioxide,
 incubation, oxygen, parental stock age
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INTRODUCTION

Natural incubation is a dynamic and magnificent pro-
cess, resulting in optimum hatchability of fertile eggs
(HFE) and chick quality. This process can be imitated
by artificial incubation that requires an optimum coun-
terpoise between some important factors in order to
achieve the best HFE. These factors include pre-incuba-
tion conditions such as parental stock age (PSA), egg
weight (EW), eggshell conductance, and environmental
factors during incubation such as temperature, humid-
ity, gas concentrations, and altitude (Visschedijk 1991;
Hassanzadeh et al., 2004; De Smit et al., 2006;
Elibol and Brake, 2008; Meijerhof, 2009).
Parental stock age is a parameter known to affect

EW, fertility (F), HFE, tissue development in broilers.
As PSA increases, EW also increases (Suarez et al.,
1997; Huwaida et al., 2015), while H and fertility rate
decrease (Suarez et al., 1997). Furthermore, the range of
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the early embryonic deaths (EED), and mid and late
stage+pipped but unhatched embryonic deaths
(MLPED) change according to PSA (Tullett, 2009).

Gas exchanges during incubation are vital in embry-
onic development having possible effects on hatching
performance and chick quality. To achieve normal
embryonic development adequate oxygen levels and
removal of sufficient carbon dioxide is needed (Ar and
Deeming, 2009). Inadequate aeration, lack of air move-
ment or provision of fresh air may cause hypoxic and
hypercapnic conditions. Those have significant adverse
effects on embryonic deaths and survivability of incu-
bated birds (Mersten-Katz et al., 2013) and their
embryos (Tullett and Deeming, 1982). In the field,
chicken hatching eggs are incubated in an environment
of 0.5% carbon dioxide (CO2) and 21% oxygen (O2)
gases (De Smit et al., 2006). It is known that atmo-
spheric air contains 0.3 to 0.4% CO2 and about 21% O2.
However, the CO2 air concentration can exceed 1%in
the nest during natural incubation. Simultaneously O2
concentration in the egg's air cell decrease below 17%
soon before hatch (Visschedijk, 1968; Deeming and Fer-
guson, 1991). In addition, it is known that actual broiler
strains are bred for fast growth and high feed efficiency,
and therefore, more O2 is needed to meet these hybrid
birds’ high metabolism (Fernandes et al., 2014). Some
recent studies imply that hatching and field performance
are negatively affected by both low (<17%) and high
(25%) O2 concentrations (Stock and Metcalfe, 1984;
Lourens et al., 2007; Molenaar et al., 2010).

It is known that O2 consumption and CO2 production
increase as the embryo develops (Decuypere et al.,
2001). The demand for oxygen and tolerability of the
embryo is lowest in the first 5 d and both tolerances
increase during incubation (Taylor et al., 1971;
Everaert et al., 2007). As the altitude increases, the par-
tial pressure of O2 reduces which influences the gas
exchanges of the egg (Visschedijk, 1991). In addition,
lung capacity cannot always meet the oxygen require-
ment for the fast-growing broilers, and hypoxemia and
ascites can occur especially in ascites susceptible strains
(Beker et al., 1995; Currie, 1999; Julian, 2000).

Oxygen and, accordingly CO2 concentrations are
known to affect embryonic deaths (ED) and HFE
(De Smit et al., 2006). Several industrial incubator ven-
tilation programs allow higher CO2 concentrations up to
1.5% in the first 10 days of incubation to stimulate
embryonic development, better H, HFE, and hatching
synchronization (Decuypere et al., 2006; De Smit et al.,
2006). De Smit et al. (2006) implied increasing CO2 con-
centrations at this period improved H and HFE in 60 wk
old breeders. Jozsa et al. (1986) determined that around
the 14th day of embryonic development, Corticotropin
releasing hormone (CRH) release from hypothalamus
occurred, and around the 16th d, adrenal growth and
development began by adrenocorticotropic hormone
(ACTH) stimulation regulated by CRH. Increased CO2
concentration towards the end of incubation is a stimu-
lus for increasing plasma corticosterone, stimulating
ACTH, and increasing tyroide hormones such as
triiodothyronine (T3) and thyroxine (T4) leading the
onset of hatching of the chicks (Decuypere et al., 2006).
Similarly, Blacker et al. (2004) reported corticosterone
level was increased under hypoxic stress. Furthermore,
Decuypere et al. (2006) and De Smit et al. (2006) deter-
mined that T4 regulates the interval between pulmonary
respiration and hatching.
Hassanzadeh et al. (2004) indicated that theT3, T4, and

corticosterone concentrations of chick embryos incubated
at a high altitude were higher than those incubated at a
low altitude. Similar results were found by
Sahan et al. (2011) who reported that while plasma T3
concentration was higher, plasma T4 concentration did
not change at higher altitudes in hatched chicks.
Sahan et al. (2011) also showed that O2 supplementation
to the hatcher in high altitudes did not change T3 and T4

concentrations as compared to the control group.
It is known that as the altitude increases, the atmo-

spheric pressure decreases, so at the same time the partial
pressure (mmHg or Pa) of individual air components, but
its percentage composition does not change. However,
contrary to blood parameters, the development of various
respiratory organs such as heart and lung changed
depending on the O2 concentration in incubator in accor-
dance with the altitude (Maxwell et al., 1987; Beker et al.,
1995). In order to benefit from the insufficient O2, hyper-
trophy is observed, developing abnormal, and overgrown
organs (Julian, 2000; Santos et al., 2005). Right ventricle
weights were higher and lung and liver weights were lower
under low O2 (13%) when compared with normal (20.6%)
conditions.
Therefore, it is necessary to compensate for the oxy-

gen content or increase the pressure in the incubator in
high altitudes. In addition, in places with high altitudes
like India and South America (3,500−4,000 m), very
poor H rates (e.g., 20%) have been found (Ahmed et al.,
2013). To untangle this distress, supplementary systems
that increase O2 concentration in incubators are widely
used. It was suggested that O2 concentration in the incu-
bator should be augmented by 8.5% in areas higher than
750 m (Cobb, 2013) and 13.8% with (˃1,500 m) higher
altitudes (Tullett, 2013). Furthermore,
Sahan et al. (2011) reported that survival rate increased
and late stage ED and Hb value decreased while PCV,
T3, and T4 values did not change in high O2 supplemen-
tation to the hatcher at altitudes of 1,100 m.
Some conflicting data were found in studies that

investigated effects of CO2 and O2 on incubation perfor-
mance (Onagbesan et al., 2007; Piestun et al., 2008).
High CO2 during incubation was also found to have dif-
ferent effects on incubation and post-hatch performance
(Everaert et al., 2007; Fernandes et al., 2014; Ozlu et al.,
2019), according as the concentration of exposure, time,
and duration of the CO2 application (Tona et al., 2007;
Maatjens et al., 2014a,b; Tong et al., 2015). Though,
these effects are known to differ between broiler lines
(De Smit et al., 2008; Tona et al., 2013).
The aim of this study was to evaluate whether differ-

ent O2/CO2 concentrations affect HFE and the survival
of the embryo at the altitude of 822 m. Additionally, it



Table 1. The number of eggs used in the experiment and their
distribution according to the experimental groups in each
incubator.

Parental stock age (PSA)
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was aimed to examine if the manipulation had any
effects on hematologic parameters and the corticoste-
rone and thyroid hormones. Furthermore, lung and
heart histopathology were reviewed.
Young (Y) Middle (M) Old (O) Total

Start up 650 650 650 1,950
Selection 10 10 10 30
After selection 640 640 640 1,920
1st tray 27 26 27 80
2nd tray 27 27 26 80
3rd tray 26 27 27 80
4th tray 27 26 27 80
5th tray 27 27 26 80
6th tray 26 27 27 80
MATERIALS AND METHODS

Animal Welfare Legislation of Turkey was carried out
during the trial and all procedures during handling of
the eggs and chicks were approved by the Animal Ethics
Committee of Bolu Abant Izzet Baysal University (Deci-
sion No: 2018/20).
Total per incubator / IVP 160 160 160 480

Abbreviations: PSA, parental stock age, Y, young (29 wk), M, middle
(37wk), O, old (55 wk); IVP, incubator ventilation program C, control
(0.67% CO2 and 20.33% O2), HC, high CO2 (1.57% CO2 and 20.26% O2),
HO, high O2 (0.50% CO2 and 21.16% O2), HCO, high CO2 + O2 (1.17%
CO2 21.03% O2).
Biologic Materials and Equipment Used
During the Trial

The study consisted of 4 similar trials repeated 4 times
following the same materials and methods.

In each trial, 1,950 and 7,800 hatching eggs in total
were taken from 3 different ROSS 308 broiler parental
flocks (young/29 wk, middle/37 wk and old/55 wk)
from a commercial company in Bolu/Turkey. Thus, the
number of eggs for each PSA group was 650 in each trial.
Ten dingy, fractured, wrinkled and thin-shelled eggs
from each PSA group were discarded for being unsuit-
able. Remaining 1,920 hatching eggs were weighed
(§0.1 mg) by an analytical balance (Radwag AS 220.
R2, Radwag Balance and Scales, Poland) and numbered
individually and recorded for each group.

Incubation process was carried out in Bolu Abant
Izzet Baysal University’s Faculty of Agriculture Depart-
ment of Poultry Science incubation laboratory with 4
duplicate incubators with a capacity of 480 eggs each
(Cimuka 960SH, Cimuka Ltd. Co., Turkey). The whole
incubation process took place in these incubators, each
equipped with 6 trays carrying 80 eggs, and 6 hatch bas-
kets with the same capacity. In addition, 2 oxygen con-
centrators (Hikoneb Oxybreath 10LPM, Kare Medical,
Ltd. Co., Turkey) were used to increase the oxygen con-
tent of the air supplied into 2 of the incubators.
Trial Design

A lay-out plan for the eggs was prepared to provide
eggs with similar weights (same PSA) should be set in
the egg trays, in the same incubator and treatment
group. After this they were placed in their appointed
positions according to the lay-out plan and randomly
distributed to a total of 6 trays in the incubators and 4
incubators operated according to the 4 different ventila-
tion programs (Table 1).

It is known that at normal air pressure and oxygen
partial pressure at an altitude of zero meter above sea
level, while at a higher altitude, air pressure, and oxygen
partial pressure will different. Therefore, at high alti-
tudes, to ensure the same oxygen availability as at sea
level, either increase the pressure in the room (by using
a kind of hyperbaric chamber) or artificially enrich the
air with oxygen (e.g., from a cylinder).
However, the experiment was organized based on the
idea of field applications and ease of application in the field
instead of sensitive laboratory conditions, and treatment
groups were tried to be formed according to the options
that can be applied in incubation conditions. Conse-
quently, it is known that O2 concentration should be
increased by about 8.5% in places with 750 m or higher
altitude (Cobb, 2013; Tullett, 2013). The experiment
took place at an altitude of 822 m at the coordinates of
40°42053.6200 N, 31°31029.8200 E. It was reported that
increasing the CO2 concentration to about 1.0 to 1.5% at
10th d of incubation improves H (Tona et al., 2007;
Tong et al., 2015), varying in concur with chicken lines
(De Smit et al., 2008; Tona et al., 2013). Regarding this
information, the incubation test trials were performed
before the experiment, closing the main air inlets and the
change in CO2 and O2 concentrations in the machine were
monitored and recorded. In the test trials, during first
10 days of incubation, CO2 concentrations increased up to
1.58% and O2 concentrations decreased to 20.26%. Just
after air inlets were opened, CO2 concentrations decreased
to 0.7% and O2 concentrations increased up to 21.40% by
using oxygen concentrator to enrich the air into incubator.
Regarding these results of the test trials done and from the
findings of the literature mentioned above, incubator ven-
tilation programs (IVP) treatment groups were formed
for the main experiment.
The treatment groups were formed as young (Y), middle

aged (M) and old (O) for PSA; and control (C), high O2
(HO), high CO2 (HC), and high CO2 + high O2 (HCO) for
the IVP. For each group, a single tray was taken as a repli-
cate and a total of 6 replicates was used (Table 1).
Incubation Period

Hatching eggs were stored for 3 d prior to incubation
and the storage room temperature was kept at 18°C and
the humidity at around 75%. After the storage period,
setter trolleys with pre-set egg trays were randomly
placed in the 4 identical incubators. Before the
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incubation period, the incubators were kept at 24°C for 6
h to preheat the eggs.

Setter trays were placed and the incubation process
was started. To get eggshell temperature (EST) data
correctly 2 eggs from each tray with a total of 12 for
each incubator were measured twice a day (9:00 and
17:00) by an infrared ear thermometer (Braun Thermo-
scan 7 IRT6520, Braun GmbH, Deutschland) and were
recorded and utilized if needed to provide the optimal
incubator settings. Mean EST values were calculated,
and in case of any deviation from the expected tempera-
ture, the incubators’ temperature settings were immedi-
ately adjusted as required. During the incubation
period, all incubators were operated to achieve an EST
of 37.78°C (100.0°F).

Relative humidity in incubators was maintained as
57.5% until transfer, then increased to 58.0% during the
transfer, to 60.0% during pipping and to 70.0% during
hatching. Also, the humidity of the incubation room was
adjusted to 50.0% using 2 cold and warm humidifiers
(Weewell WHC752, Foshan Samyo Electronic Co. ltd.,
China) to make sure that the machine humidity was
kept at 57% easily and not fluctuate. Egg weight loss is
checked separately in each tray during transfer and the
average weight loss on the 18th d during the transfer
was 12%. Egg-turning was done (hourly) 24 times/day.

First incubator was taken as control group (C) and no
IVP treatment was applied. The second incubator was
assigned as the HO group and the ventilation system
was not altered except for the provision of high O2 con-
centration into the incubator with an oxygen generator
and increasing concentrations of O2. The O2 pureness of
the oxygenated air was 92.0%§ 3.0. The oxygen content
was assumed to be about 10% lower than normal condi-
tions under trial conditions, and the amount of O2 sup-
plied was adjusted accordingly. Remaining 2 incubators’
air inlets were shut and CO2 was let to increase during
the first 10 days of incubation (HC and HCO groups).
Right after air inlets were opened, and the normal venti-
lation program was carried out. Air with enriched O2

concentration was blown into one of these (high
CO2 + O2, HCO) by an oxygen generator identical to
the one used in HO group.

The O2 concentrations in incubators were daily recorded
by O2 data-loggers (PAC 7000, Dragger Safety AG&Co.
KGaA, Deutschland), the CO2 levels by incubators’ sen-
sors (Hatch Eco 2-01, Çimuka Ltd. Co., Turkey), incuba-
tor temperature and humidity incubators’ standard
sensors (KPL215, Galtech+Mela GmbH, Germany).
Thus, IVP treatment groups to incubators were control
(C: 0.67% CO2 and 20.33% O2), high CO2 (HC: 1.57%
CO2 and 20.26% O2), high O2 (HO: 0.50% CO2 and
21.16% O2), and high CO2 + O2 (HCO: 1.17% CO2
21.03% O2) in the experiment, at 0.67% / 20.33%, 1.57% /
20.26%, 0.50% / 21.16% or 1.17% / 21.03% during incuba-
tion in the incubators.

At 18th d, eggs were transferred from trays to the
hatch baskets with the same lay-out. After completion
of hatches, embryonic deaths were determined as early
stage (0−5th days as EED), middle stage (6−17th), and
late stage (18−21th d) + pipped but unhatched
(MLPED), then true fertility (F) and using these data
H values were calculated.
Blood and Tissue Analysis

Fifteen newly hatched chicks from each group were
killed by cervical dislocation and the collected blood
samples in EDTA were promptly used for RBC, PCV,
and Hb analysis. The rest of the blood was centrifuged
at 2,500 rpm at 10 min to obtain plasma samples which
were stored at �20 C until T3, T4, and ACTH analysis.
While collecting blood, the lung and heart were also
taken for histopathologic examination. Plasma ACTH,
T3, and T4 concentrations were measured only in the
hatched chicks from middle-aged parental flocks due to
the highest F and H, as indicated in Table 3.
For RBC count, blood was diluted with a Natt-Her-

rick solution 200 times and counted on a Thoma hemo-
cytometer. Erythrocytes located in the 4 corners and the
central squares were counted in each chamber. Mean
number was calculated and multiplied by dilution fac-
tor. Total Hb concentration was determined using the
cyanmethemoglobin method. PCV was measured by
microhematocrit tubes after microhematocrit centrifu-
gation at 13,000 rpm in 5 min (Campbell and
Ellis, 2007).
Hormone analysis was performed by chicken T3

(Cusabio; Catalog Number. CSB-E13270C), chicken T4
(Catalog Number; CSB-E15787C), and chicken ACTH
(Catalog Number; CSB-E14373C) ELISA kits.
Histopathologic Analysis

Lung and heart tissues were fixed in 10% buffered for-
malin. Then, 5-mm thick sections were cut from the par-
affin-embedded blocks after a series of alcohol and xylol
treatments, deparaffinized in xylol, stained with Hema-
toxylin and Eosin after passing through a series of 100,
96, 80, and 70% alcohol treatments. Microphotographs
(Olympus DP12) were obtained after the examination
under a light microscope (Olympus CX31). Histopatho-
logical findings were graded as none (�), very mild (§),
mild (+), moderate (++), and severe (+++).
Statistical Analysis

The factors: PSA and IVP were used in a 3 £ 4 facto-
rial arrangement. The quantity of replicates was calcu-
lated by power analysis with PASS 11 (Hintze, 2011)
and the replication quantity for each group was deter-
mined as 6. The results were based on actual data since
the differences were not significant (P > 0.05) between
the data with and without arc sinus transformation.
The statistical analyses of the results were performed
using IBM SPSS 22 (SPSS, 2013), by first obtaining the
skewness and kurtosis values, and then confirming the
normal distribution by Shapiro-Wilk test. After this pro-
cess, an analysis of variance (ANOVA) was undertaken
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for the experiment using the GLM procedure of
SPSS (2013) appropriate for 2-way designs. The 2-way
ANOVA model is as follows:

Yijk ¼ mþ PSAi þ IVPj þ PSAIVPð Þij þ eijk

where Yijk is the dependent variable, m is the overall
mean, PSAi is the effect of PSA (i = young, middle
or old in the experiment), IVPj is the effect of the
IVP used (j = control (C), high CO2 (HC), high O2
(HO) and high CO2 + O2 (HCO) in the experiment),
PSAIVPij is the effect of the interaction between
PSA and IVP, and eijk is the random error term. The
2-way ANOVA and post-hoc Tukey test were used to
analyze the differences in the investigated parameters
in relation to PSA and IVP, as well as their interac-
tion (Kocabas et al., 2013).

The statistical analysis of the RBC count, Hb and
PCV values, T3, T4, and ACTH concentrations were
carried out using GraphPad Prism 6.0 (GraphPad Soft-
ware, La Jolla, CA) for Windows. All data were assessed
by one-way ANOVA analysis with Tukey’s post-hoc
test to compare the means of each series of experiments.
P-values of less than 0.05 were considered as statistically
significant. All the data were given as means § standard
error of the means (M § SEM).
RESULTS AND DISCUSSION

O2 and CO2 exchange is vital for the embryonic cells.
If the eggs are stored in a closed environment, gas
exchange related problems affect egg quality, H, pip-
ping, and the development of the embryo
(Decupeyre et al., 2001). In modern hatcheries, chicken
eggs are incubated in the presence of 21% O2. Due to the
increased metabolic activities in the second half of the
incubation, CO2 rate increases and the growing embryo
need more O2 (Stock and Metcalfe, 1987). Incubators
are designed to provide O2 to the embryos and exhaust
excessive CO2 from the machine (Onagbesan et al.,
2007). The quality of the O2 varies with altitude. It
decreases with high altitude which affects the incubation
period and H (Visschedjik, 1991; Hassanzadeh et al.,
2004).

Late hypoxia or hypercapnia may be beneficial in
lowering the occurrence rate of ascites during the
growth period of broilers. It is suggested that
increased CO2 during the first 10 days of incubation
(early hypoxia or hypercapnia) may result in an
increased sensitivity for ascites-inducing factors
(De Smit et al., 2006). According to
Altan et al. (2006), RBC Hb, and PCV values in the
control group and the oxygen supplemented group
did not change. However, lower late stage ED and
accordingly higher H were obtained
(Maxwell et al, 1995; Altan et al., 2006). Further-
more, erythrocyte, leukocyte, PCV, and Hb values
did not change in low O2 concentrations in the study
conducted by Beker et al. (1995). Additionally,
Tong et al. (2015) reported that hypercapnia had no
effect of on the PCV and Hb values.
The results of this experiment, which was planned

based on conditions like the field application and
solution suggestions against possible problems,
were evaluated and discussed in the light of this
information.
PSA

The egg weights of the PSA groups (young, middle-
aged, and old) were 56.19 § 0.09 g (CVEW = 8.11),
62.17 § 0.08 g (CVEW = 6.11), 67.61 § 0.10 g
(CVEW = 7.34), respectively in this study. Young (Y),
middle-aged (M), and old (O) broiler parental flocks’
EED (2.06, 1.72, and 2.67%, respectively) and MLPED
(3.42, 3.55 and 5.25% respectively) were lower than
specs (5.50, 3.50, and 8.00% for EED; 6.00, 7.05 and
9.50% for MLPED, respectively; Tullett, 2009). It was
found that PSA did affect EED and MLPED and the
results were in line with the previous studies
(Abiola et al., 2008) that reported an increase in EED
and MLPED with increased age in older flocks.
The hatchability of fertile eggs rates in O was lower in

comparison to Y and M (P < 0.05, Table 2). This was a
result of increased MLPED values (P < 0.05).
The HFE of the PSA group was found to be lower

slightly different than specs (94.76−90.43 in Y, 94.95
−93.55 in M and 92.78−85.76 in O, respectively) (Tul-
lett, 2009; Aviagen, 2016). This is thought to be due to
improved breeding, management, and feeding condi-
tions. It was found that PSA affected HFE causing HFE
to decrease with increasing flock age in older flocks
(Suarez et al., 1997; Elibol and Brake, 2008).
IVP

Given the results obtained from the IVP groups, the
CO2 concentrations were found to have gradually
increased during the first 10 d in the HC (high CO2) and
HCO (high CO2 + high O2) groups. Similarly, the CO2
concentrations in the incubators were found to be 0.50,
0.67, 1.17, and 1.57% in the HO, C, HCO and HC
groups, respectively, on the 10th d of incubation. In par-
allel with the increase in the CO2 concentrations, the O2
concentrations in the incubators gradually decreased to
21.16, 20.33, 21.03, and 20.26% in the HO, C, HCO, and
HC groups, respectively. Finally, the averages of
CO2−O2 percentages of the IVP treatments during the
experiment were 0.67 to 20.33 O2 for C, 1.03 to 20.26 for
HCO, 0.50 to 21.00 for HO and 0.79 to 20.81 for HCO
groups (Figure 1).
The F values of the IVP groups (C, HC, HO, HCO)

were 89.64, 90.27, 86.69, and 86.65%, respectively. The
numerical differences were between the F values of the
groups, and these differences were lower between the C
and HC groups than the HO and HCO groups. However,
the differences were not significant (P > 0.05). It was
suggested that the insignificant differences between F



Table 2. The effects of parental stock age, incubator ventilation program on broilers’ embryonic deaths and hatchability (M § SEM).

Embriyonic deaths, %

Fertility % Early stage 0−5 d
Middle and last stage + pipped

but unhatched
Hatchability of
fertile eggs % Hatchability %

Main effects
Parental stock age, BA, week

Young, Y, 29 91.90 § 0.67b 2.06 § 0.30 3.42 § 0.44b 94.76 § 0.44a 86.66 § 0.76b

Middle, M, 37 96.48 § 0.39a 1.72 § 0.28 3.55 § 0.38b 94.95 § 0.39a 91.44 § 0.49a

Old, O, 55 76.56 § 1.33c 2.67 § 0.47 5.25 § 0.45a 92.78 § 0.53b 69.34 § 1.37c

Incubator Ventilation Program, IVP
Control, C 89.64 § 1.33 1.72 § 0.29b 5.37 § 0.62a 92.88 § 0.64b 82.52 § 1.55
High CO2, HC 90.27 § 1.43 3.26 § 0.60a 4.49 § 0.42ab 93.76 § 0.53ab 84.04 § 1.65
High O2, HO 86.69 § 1.56 1.80 § 0.33ab 3.37 § 0.36b 94.82 § 041ab 81.51 § 1.66
High CO2+O2, HCO 86.65 § 1.64 1.75 § 0.35b 3.06 § 0.39b 95.19 § 0.53a 81.85 § 1.71

Interaction, BA £ IVP
YC 92.90 § 1.34a 1.69 § 0.43b 4.86 § 0.90a 93.45 § 0.93ab 86.35 § 1.50a

YHC 94.94 § 0.99a 2.64 § 0.67ab 3.95 § 0.69ab 94.35 § 0.89ab 89.29 § 1.34a

YHO 89.14 § 1.63a 1.67 § 0.63b 2.62 § 0.55b 95.71 § 0.82a 84.84 § 1.84a

YHCO 90.63 § 1.41a 2.23 § 0.63ab 2.24 § 0.57b 95.53 § 0.83a 86.17 § 1.25a

MC 96.81 § 0.56a 1.67 § 0.57b 3.36 § 0.97ab 94.97 § 0.98a 91.78 § 1.13a

MHC 96.64 § 0.86a 1.87 § 0.58b 4.29 § 0.73b 94.76 § 0.79a 91.40 § 0.90a

MHO 96.42 § 0.80a 1.86 § 0.57b 3.57 § 0.58b 94.57 § 0.50a 90.99 § 1.03a

MHCO 96.07 § 0.88a 1.50 § 0.57b 2.99 § 0.74b 95.51 § 0.84a 91.57 § 0.94a

OC 79.22 § 2.31b 1.88 § 0.51b 7.90 § 1.10a 90.22 § 1.19b 69.44 § 2.16b

OHC 79.24 § 2.75b 5.42 § 1.50a 5.22 § 0.78ab 92.17 § 1.00ab 71.41 § 3.19b

OHO 74.51 § 2.53b 1.88 § 0.51b 3.93 § 0.74b 94.19 § 0.74ab 68.70 § 2.70b

OHCO 73.26 § 2.90b 1.50 § 0.63b 3.96 § 0.70b 94.54 § 1.07a 67.80 § 2.92b

P values
PSA 0.000 0.171 0.002 0.001 0.000
IVP 0.181 0.019 0.001 0.010 0.708
PSA £ IVP 0.000 0.009 0.000 0.001 0.000

Abbreviations: IVP, incubator ventilation program, C, control (0.67% CO2 and 20.33% O2), HC, high CO2 (1.57% CO2 and 20.26% O2), HO, high O2
(0.50% CO2 and 21.16% O2), HCO, high CO2 + O2 (1.17% CO2 21.03% O2).

abcDifferent superscript letters show that difference between means of groups are statistically significant (P < 0.05).

Figure 1. The measured CO2 and O2 concentrations in the diffrent incubator ventilation programs during the experiment. Incubator ventilation
program, C: Control (0.67% CO2 and 20.33% O2), HC: High CO2 (1.57% CO2 and 20.26% O2), HO: High O2 (0.50% CO2 and 21.16% O2), HCO:
High CO2 + O2 (1.17% CO2 21.03% O2).
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values of the IVP groups were normal and that flock uni-
formity, trial design and egg lay-out plan were good,
thus the effect of EW was eliminated. Also, the differen-
ces between the F values of PSA £ IVP interaction
groups were significant (P < 0.05) due to the F value of
O group being lower than the other PSA groups.

Contrary to F values, numerical differences in the
EED and MLPED values of the IVP groups were found
and some of these differences were evident. The highest
EED values were found in the HC group and the highest
MLPED values were found in the C group. Therefore,
the differences between the EED value of the HC group
and the C and HCO groups were found to be significant
(P < 0.05). Like EED values of the IVP groups, it was
found that the differences between the MLPED value of
the C group and, HO and HCO groups were statistically
significant (P < 0.05).

As with the EED and MLPED values, numeric differ-
ences were found in the HFE values of the IVP treat-
ment groups, where the lowest HFE was found in the C
group (P < 0.05).

Furthermore, the PSA £ IVP interaction has effects
on EED, MLPED, and HFE (P < 0.05). The lowest
EED values were obtained from YC, YHO, MC, MHC,
MHO, MHCO, OC, OHO, and OHCO groups, con-
versely the highest EED values were found in the OHC
group for PSA £ IVP interaction and the differences
between groups were found to be significant (P < 0.05).
Like EED values, highest MLPED values in the YC and
OC groups, lowest MLPED values in the YHO, YHCO,
MHC, MHO, MHCO, OHO, and OHCO groups were
found. The evident numerical differences between the
MLPED values of these groups were also statistically
significant for PSA £ IVP interaction (P < 0.05).

The data regarding the incubation performance
showed that IVP affected EED, MLPED, and conse-
quently HFE. The results concerning EED, MLPED,
and HFE were in line with many previous studies
(Decuypere et al., 2001, 2006; De Smit et al., 2006;
Everaert et al., 2007), but not with several
(Onagbesan et al., 2007; Piestun et al., 2008).

The significant differences between the EED in the
HC treatment groups and the others especially in the O
of PSA groups indicated that greater CO2 values (0.50
−1.57%) could be harmful during incubation. Similarly,
significant differences between MLPED and HFE in the
O groups and the C groups especially in the Y and O of
PSA groups indicated that greater O2 values (20.26
−21.16%) could be beneficial. The results of higher rates
of EEDs, MLPED and HFE in the HO group were not
consistent with those of other researchers (Taylor et al.,
1971), who reported increased O2, and CO2 were com-
pensated over time. In this respect, the current results
do not support those found in the literature (Ar et al.,
1974). This can be attributed to the change in eggshell
conductance depending on EW and enhancement in
machinery in the last decades.

High MLPED and low HFE rates in the control
groups are considered to have been affected by both
CO2 and O2 treatments.
When the HFE values of the group for PSA £ IVP
interaction were evaluated, prominently lower HFE value
was found in the OC group than the YHO, YHCO, MC,
MHC, MHO, MHCO, and OHCO groups, and the differ-
ences were statistically significant (P< 0.05).
This is considered to be as result of the change in egg-

shell conductance and pore structure due to the gaseous
composition and barometric pressure of ambient fresh
air, and possible negative effects were physiologically
refrained at these concentrations. However, the main
aim of this study was to investigate whether these differ-
ences in O2 concentration, corresponding to approxi-
mately 10%, had an improving impact on embryonic
deaths, and consequently on HFE which would have
been resulted by positive effects of O2 supplementation
for these conditions. As mentioned, many private com-
panies operate their hatcheries and broiler chick breed-
ing farms under these conditions, and therefore, the
experiment was important to present the causes of per-
formance loss related to the CO2 and O2 concentrations.
Similar to our findings, some researchers reported that

increasing the CO2 concentrations from 1.00 to 1.50%
gradually during first 10 days of incubation resulted in
improved embryonic growth, encouraged early hatching
and increased H in turkey and chicken eggs (Tona et al.,
2007). As suggested by Visschedijk (1991), this may be
due to the functional conductance of eggshell along with
gaseous composition and barometric pressure of the
ambient fresh air.
Considering altitude of the experiment laboratory

(822 m), the findings support the reports of breeder com-
panies suggesting that hatcheries should be established
in areas at a maximum altitude of 750 m (Cobb, 2013)
or 1,500 m (Tullett, 2013) in order to obtain better HFE
values. This is a result of the presence of lower O2 con-
centrations during the incubation period at lower alti-
tudes, as also confirmed by the results of the present
study. Therefore, for areas at a similar and higher alti-
tudes of the study area in this study (822 m), the use of
an O2 concentrator may be useful considering that the
amount of changes in the CO2 and O2 concentrations
especially in the first 10 days of incubation (0.50−1.57%
and 20.26−21.16%, respectively) did not have any effect
on embryonic deaths in the present study.
However, more detailed studies on this subject, con-

sidering the air pressure with partial pressures of gases
and including the growing and even slaughtering stages,
will help us to better understand the relevant physiologi-
cal processes related to the possible problems that may
be seen in the field and to eliminate the hesitations.
Hematologic Analysis

Red blood cell count, PCV, and Hb values of the
hatched chicks of the C, HO, HC, and HCO groups in
young, middle-age, and old broiler parental flocks are
given in Table 3.
As shown in table, there were no changes in the

groups which were exposed to different IVP.



Table 3. Effects of different O2/CO2 ventilation programs on RBC, PCV, and Hb values in newly hatched chicks from different parental
stock ages (M § SEM).

PSA IVP Treatment groups RBC £ 103/mm3 PCV % Hb g/dL

Y C YC 18.79 § 0.84 28.00 § 1.14 6.52 §1.72
HC YHC 19.98 § 1.03 29.17 § 0.91 7.01 § 1.95
HO YHO 17.64 § 2.79 27.88 § 2.72 9.48 § 0.52
HCO YHCO 15.86 § 0.73 27.38 § 1.13 9.01 § 0.39

M C MC 17.56 § 0.75 29.83 § 1.64 7.47 § 1.30
HC MHC 19.29 § 2.10 31.57 § 1.91 10.01 § 1.56
HO MHO 17.38 § 1.61 28.63 § 1.76 9.38 § 0.71
HCO MHCO 20.86 § 1.30 29.13 § 0.61 9.89 § 0.40

O C OC 16.89 § 1.09 28.14 § 1.03 7.25 § 1.25
HC OHC 19.40 § 1.73 28.63 § 1.00 9.77 § 0.51
HO OHO 15.61 § 1.52 27.00 § 1.23 9.37 § 0.55
HCO OHCO 15.94 § 2.40 30.63 § 2.05 10.90 § 0.83

Abbreviations: PSA, parental stock age, Y, young (29 wk), M, middle (37 wk), O, old (55 wk); IVP, incubator ventilation program, C, control (0.67%
CO2 and 20.33% O2), HC, high CO2 (1.57% CO2 and 20.26% O2), HO, high O2 (0.50% CO2 and 21.16% O2), HCO, high CO2 + O2 (1.17% CO2 21.03%
O2); RBC, red blood cell, PCV, packed cell vol€ume, Hb, hemoglobin.
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Neither RBC count nor PCV and Hb values were
affected by high O2 (HO) and CO2 (HC) or both
(HCO). The results of the present study are similar to
those of Maxwell et al. (1987) who reported no changes
in hematologic parameters in the O2 supplemented
group and Beker et al. (1995) who indicated that there
were no differences in erythrocyte, leukocyte, hemato-
crit, and hemoglobin values in low O2 (or HC) concen-
trations. Furthermore, Tong et al. (2015) reported that
there was no effect of hypercapnia on PCV and Hb val-
ues.
Hormone Analysis

While the C group was compared with the treatment
groups, HC group was compared with the HCO group.

As shown in Figure 2, the plasma ACTH concentra-
tion in all treatment groups were found to be higher
than the C group (P < 0.01). IVP also increased ACTH
level by causing stress in the middle parental stock age,
Figure 2. PlasmaACTH concentrations in hatched chicks frommid-
dle-aged (37 wk) parental stocks exposed to different incubator ventila-
tion programs. ** Shows the difference among the groups (P < 0.01).
Incubator ventilation program, C: Control (0.67% CO2 and 20.33% O2),
HC: High CO2 (1.57% CO2 and 20.26% O2), HO: High O2 (0.50% CO2

and 21.16%O2), HCO:HighCO2+O2 (1.17%CO2 21.03%O2).
however this increase did not affect the fertility and
hatchability rate.
There was no difference in T4 concentration among

the control group and the treatment groups, or among
the treatment groups (P > 0.05; Figure 3).
The plasma T3 concentration in the HO group was

higher than the control group and HC group (P < 0.05;
Figure 4).
O2 and CO2 exchange is vital for the embryonic cells. If

the eggs are stored in a closed environment, gas exchange
related problems affect egg quality, H, pipping, and the
development of the embryo (Decupeyre et al., 2001). In
modern hatcheries, chicken eggs are incubated in the pres-
ence of 21% O2. Due to the increased metabolic activities
in the second half of the incubation, CO2 rate increases
and the growing embryo need more O2 (Stock and Met-
calfe, 1987). Incubators are designed to provide O2 to the
embryos and exhaust excessive CO2 from the machine
(Onagbesan et al., 2007). The quality of the O2 varies with
altitude. It decreases with high altitude which affects the
Figure 3. Plasma T4 concentrations in hatched chicks from mid-
dle-aged (37 wk) parental stocks exposed to different incubator ventila-
tion programs. Incubator ventilation program, C: Control (0.67% CO2
and 20.33% O2), HC: High CO2 (1.57% CO2 and 20.26% O2), HO: High
O2 (0.50% CO2 and 21.16% O2), HCO: High CO2 + O2 (1.17% CO2
21.03% O2).



Figure 4. Plasma T3 concentrations in hatched chicks from mid-
dle-aged (37 wk) parental stocks exposed to different incubator ventila-
tion programs. *Shows the difference among the groups (P < 0.05).
Incubator ventilation program, C: Control (0.67% CO2 and 20.33%
O2), HC: High CO2 (1.57% CO2 and 20.26% O2), HO: High O2 (0.50%
CO2 and 21.16% O2), HCO: High CO2 + O2 (1.17% CO2 21.03% O2).
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incubation period and H (Visschedjik, 1991; Hassanzadeh
et al., 2004).

Corticosterone, which is released by ACTH, is
involved in the maintenance of the homeostasis by
metabolism and stress regulation (Scott et al., 1981).
Therefore, its concentration in embryos can influence
the postnatal life of the chick (Meeuwis et al., 1989).
Hypoxia or hypercapnia, or both during the first half of
incubation stimulate blood vessel development and
enhance embryo growth, stimulate early hatching and
increase the H rate. At the end of incubation, hypoxia,
or hypercapnia may also regulate pipping and hatching
events and cardiovascular or pulmonary changes.
Decupeyre et al. (2006) and De Smith et al. (2006) indi-
cated that hypoxic conditions at the end of the incuba-
tion period increased corticosterone concentrations and
hatching rate. In this study, the increment of the ACTH
concentration in the HO, HC, and HCO groups com-
pared to the C group may be related with the added O2
and CO2 that may cause hyperoxic and hypoxic related
stress-induced ACTH stimulation. Also, our result was
consistent with Hassanzadeh et al. (2004) who reported
that corticosterone was increased in high altitude in
chick embryos. Although treatment groups have high
ACTH levels, F and H rate did not change by these O2/
CO2 levels.

Triiodothyronine, thyroxine, and corticosterone con-
centrations can change depending on the O2 and CO2
concentrations in the incubator at higher altitudes. Dif-
ferent CO2 concentrations alter the T3, T4, and cortico-
sterone concentrations and the differences have not been
found to be significant except for the corticosterone con-
centrations of hatched chicks in middle-aged broiler
parental flocks (De Smit et al., 2006).

As T3, T4, and corticosterone hormones play a role in
pipping and hatching, chick embryos need them during
incubation which may affect their livability (Tul-
lett, 2009). In the HO group in this study, the main air
inlet was always open during the 21 d and only O2 was
increased to 10% using an O2 concentrator. The HO
group was exposed to the highest O2 during the incuba-
tion period. Increased T3 concentration in the HO group
may have been caused by the high O2 concentrations.
Contrary to the results of the present study,
Sahan et al. (2011) reported that O2 supplementation
during the incubation period did not change the T3 and
T4 concentrations at high altitude (1,100 m). In addi-
tion, Bahadoran et al. (2010) reported the same results
in incubated chicks at 1,800 m above sea levels. The rea-
son why T3 concentration increased in the HO group in
the present study might be due to altitude difference.
The altitude of the study area in the present study was
not as high as the aforementioned studies. It is thought
that the amount of given O2 may have increased the T3

concentration by stimulating the metabolism resulting
in a lower drop in O2 concentration in the present study.
Probably, due to the conversion of T4 to T3, T4 concen-
trations were not found to be different between the
treatment groups.
Histopathological Findings

In the histopathological examination, hyperemia,
hemorrhage with emphysema in the air capillaries and
peribronchial hemorrhage was observed at different
intensities in the lung tissue in all age groups except for
the control groups (Figure 5). Similarly, histopatholog-
ical examination of the heart revealed vacuolation,
edema, and atrophy in myofibrils (Figure 6). The histo-
pathological findings and the severity of the groups are
summarized in Tables 4 and 5.
Chronic and acute hypercapnia, hyperoxia or hypoxia

have been reported to influence the development (mor-
phological and physiological) of chick embryo and their
effects may depend on the timing of their application
during incubation (Altimiras and Phu, 2000; Mor-
tola, 2004; Chan and Burggren, 2005; Onagbesan et al.,
2007). The tolerance of embryos to hyperoxia increases
further between the 13th and 16th days of incubation
(Onagbesan et al., 2007). Between the 16th and 18th d,
the tolerance of the embryo to hyperoxia shifted again
to a lower concentration (Stock et al., 1983; Stock and
Metcalfe 1987; Onagbesan et al., 2007).
Haring et al. (1970) reported that the high embryonic
mortality seen after the exposure to high concentration
of CO2 (6 %) for 24 h at any time during the first
10 days of incubation resulted from noncardiac and car-
diac malformations. In the light of this literature, it was
thought that the lesions (observed in HO, HCO, and HC
groups) both in the heart and lung were formed as a
result of the hypercapnia and hyperoxia.
In the literature review, it was concluded that these

lesions may be formed due to changes in the acid-base
balance. Responses in acid−base balance to 1-d exposure
to altered environmental gas mixtures differ depending
on the gas mixture and age of chicken embryos
(Burggren et al., 2012). One day of hypercapnic



Figure 5. Histopathological findings detected in the lungs#. #Parental stock Age, Y (young, 29 wk), M (middle-aged, 37 wk, O (old, 55 wk.).
Incubator ventilation program, C: Control (0.67% CO2 and 20.33% O2), HC: High CO2 (1.57% CO2 and 20.26% O2), HO: High O2 (0.50% CO2 and
21.16% O2), HCO: High CO2 + O2 (1.17% CO2 21.03% O2).

aYHO lung; peribronchial hemorrhage (**) and hyperemia in air capillaries (*), Bar:
100 mm, Hematoxylin and Eosin. bMHCO lung; hyperemia (*), emphysema in air capillaries (**), Bar: 20 mm, Hematoxylin and Eosin. cOHC lung;
peribronchial hemorrhage (P) with severe hyperemia in all vessels (*), emphysema in air capillaries (AC), and hemorrhage (P), Bar: 100 mm, Hema-
toxylin and Eosin. dMC lung; very mild hyperemia (**), mild emphysema in air capillaries (*) and peribronchials in normal view (P), Bar: 100 mm,
Hematoxylin and Eosin.

Figure 6. Histopathological findings detected in the hearts#. #Parental stock age, Y (young, 29 wk), M (middle-aged, 37 wk, O (old, 55 wk).
Incubator ventilation program, C: Control (0.67% CO2 and 20.33% O2), HC: High CO2 (1.57% CO2 and 20.26% O2), HO: High O2 (0.50% CO2 and
21.16% O2), HCO: High CO2 + O2 (1.17% CO2 21.03% O2).

aYHC heart; severe vacuolization (V), edema (O), and atrophy (A) in myofibrils, Bar:
20 mm, Hematoxylin and Eosin. bMHCO heart; Vacuolization (V), edema (O), and atrophy (A) in myofibrils, Bar: 20 mm, Hematoxylin and Eosin.
cGroup OHC heart; severe vacuolization (V), edema (O), and atrophy (A) in myofibrils, Bar: 100mm, Hematoxylin and Eosin. dOC heart; in some of
the relatively normal myofibrillations, mild vacuolization (V), and edema (O), Bar: 20 mm, Hematoxylin and Eosin.
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Table 4. Histopathological findings detected in the lungs.

PSA IVP
Treatment
Groups

Parabronchial
hemorrhage

Emphysema in
air capillaries

Hemorrhage in
air capillaries Hyperemia

Y C YC - - - +
HC YHC ++ + ++ +
HO YHO +++ + ++ ++
HCO YHCO ++ + ++ ++

M C MC - - § §
HC MHC ++ ++ ++ ++
HO MHO + + ++ +
HCO MHCO § +++ § ++

O C OC - - - -
HC OHC +++ ++ +++ +++
HO OHO ++ +++ ++ ++
HCO OHCO +++ ++ +++ +++

Abbreviations: PSA, parental stock age, Y, young (29 wk), M, middle (37 wk), O, old (55 wk); IVP, incubator ventilation program, C, control (0.67% CO2
and 20.33% O2), HC, high CO2 (1.57% CO2 and 20.26% O2), HO, high O2 (0.50% CO2 and 21.16% O2), HCO, high CO2 + O2 (1.17% CO2 21.03% O2).

-: none, §: very light, +: light, ++: moderate, +++: severe.
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exposure (5% CO2, 20% O2) increases PaCO2 and
decreases pHa, producing respiratory acidosis that is
partially compensated by metabolic alkalosis at all
embryonic stages examined. Similar patterns of partially
compensated respiratory acidosis have been reported in
embryos exposed to 9% CO2 in air for >3 d (Dawes and
Simkiss, 1969). One day of exposure to hypercapnic hyp-
oxia (5% CO2, 15% O2) abolishes compensatory meta-
bolic alkalosis in d 15 and d 17 embryos, but a metabolic
compensation of »37% still occurs in d 13 embryos
(Mueller et al., 2015).

Therefore, it has been observed that the use of an
oxygen concentrator to increase the reduced oxygen
level in the altitude and higher altitudes of the study
or keeping the carbon dioxide level high in the first
ten days of incubation has different effects. Although
these applications have some positive effects on the
incubation results with the effect of PSA, it has been
determined that they have negative effects such as
hyperoxia or hypoxia on tissue development and
some blood values.

The overall results of the experiment revealed that
increasing the CO2 and O2 to certain levels in
Table 5. Histopathological findings detected in the hearts.

PSA IVP
Treatment
groups Edema

Vacuolation of
myofibers Atrophy

Y C YC - § -
HC YHC +++ +++ +++
HO YHO +++ +++ +++
HCO YHCO ++ ++ ++

M C MC § § §
HC MHC ++ ++ ++
HO MHO +++ +++ +++
HCO MHCO ++ + ++

O C OC § § §
HC OHC +++ +++ +++
HO OHO +++ +++ +++
HCO OHCO +++ +++ +++

Abbreviations: PSA, parental stock age, Y, young (29 wk), M, middle
(37wk), O, old (55 wk); IVP, incubator ventilation program, C, control
(0.67% CO2 and 20.33% O2), HC, high CO2 (1.57% CO2 and 20.26% O2),
HO, high O2 (0.50% CO2 and 21.16% O2), HCO, high CO2 + O2 (1.17%
CO2 21.03% O2).

-: none, §: very light, +: light, ++: moderate, +++: severe.
incubator can provide improvement in embryonic
deaths and hatchability of fertile eggs, while hypoxic/
hypercapnic or hyperoxic conditions caused stress on
the birds and their ACTH levels increased in all treat-
ment groups. In addition, vacuolization and hemor-
rhage in the lungs and heart of all PSA groups except
for the control group were determined. Therefore,
keeping carbon dioxide levels high during the first ten
days of incubation or using an O2 concentrator seems
to be unnecessary at such altitudes and higher, how-
ever, can be evaluated in places higher than the alti-
tude of 822 m by data to be obtained from future
studies considering embryonic development and the
field performance of chicks.
ACKNOWLEDGMENTS

This study was completed within the scope of the
BAP (Scientific Research Projects Coordination Unit)
projects numbered 2015.10.03.881, 2016.10.03.990 and
2016.10.03.1029, which funded the equipment used in
the research. The author thanks Beypi Inc. (beypiliç) for
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