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ABSTRACT

Prolonged storage negatively impacts incubation outcomes in commercial hatchery operations, highlighting
the need for efficient storage strategies. This study assessed the impact of prolonged storage durations and six-
hour pre-incubation thermal conditioning (PTC) on egg quality, embryonic development, hatchability, chick
quality, blood profile, and thermoregulation. A total of 2,000 fertile eggs were collected from a flock of 72-
week-old Plymouth Rock hybrid hens and subjected to a 2 x 2 factorial design, involving storage for either 14
or 21 days, with or without the application of 6-hour PTC. Following storage, the eggs were incubated in a
Jamesway P5000 set at a temperature of 37.5°C and relative humidity of 56%, then transferred on incubation
day 18 to a hatcher set at 36.5°C and 60% until hatching. Results revealed that prolonged egg storage without
PTC significantly diminished egg protein while PTC effectively countered this decline, enhancing Haugh unit
values and blastoderm diameter. Prolonged egg storage without PTC also resulted in increased relative egg
weight loss (REWL), fluctuated daily eggshell temperature, and reduced embryonic growth during incubation
while PTC significantly reduced these effects, with embryos demonstrating significantly enhanced growth.
Additionally, while fertility rates remained stable across all treatments, PTC significantly reduced mortality
and improved hatchability by 11.4% in 14-day stored eggs and 10.8% in 21-day stored eggs. It also shortened
incubation time, increased post-hatch chick body weights and enhanced their hematological and serum
profiles, including normalized thyroid hormone (T3 and T4) levels compared to the non-PTC (control) group.
Pearson correlation showed that longer incubation time was positively correlated with higher rectal
temperature, serum glucose, and thyroid hormones, but negatively correlated with hemoglobin, mean
corpuscular hemoglobin, and total protein in non-PTC chicks. In conclusion, six-hour pre-incubation thermal
conditioning mitigates the negative effects of prolonged egg storage and enhances embryogenesis,
hatchability, chick quality, blood profile, and thermoregulation in Plymouth Rock hybrid chickens.

Keywords: Embryonic development, Extended egg storage, Plymouth rock hybrid chicken, Pre-incubation
thermal conditioning, Thermoregulation

INTRODUCTION directly impact egg quality, hatchability, and post-hatch
outcomes (Gharib, 2013). Proper storage is a critical
component of egg handling, facilitating efficient egg
collection and transportation coordination to ensure a
consistent supply of day-old chicks (Underwood et al.,
2021). Prolonged storage poses significant challenges,

Poultry production depends heavily on optimizing factors
that influence embryogenesis and chick quality (Tona et
al., 2003). Refining egg handling processes is essential to
meet the growing demand for high-quality chicks, as they
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especially in tropical climates where high temperatures
accelerate the natural deterioration of eggs (Adriaensen et
al.,, 2022). This extended storage negatively affects
embryonic viability, disrupts gas exchange (Reijrink et al.,
2010), and leads to nutrient loss due to alterations in the
eggshell (Ozli et al., 2018). The negative impacts of
prolonged egg storage are intensified by the genetic
variability among chicken breeds, which differ in their
resilience to adverse conditions (Kiigiikyilmaz et al.,
2012). This genetic diversity influences eggshell
characteristics, nutritional content, and developmental
potential, leading to breed-specific responses to prolonged
storage (Scott and Silversides, 2001). Moreover, the
interplay between genetic factors and environmental
conditions, particularly in tropical climates, complicates
the situation further (Zita et al., 2009). High temperatures
typical of tropical environments can compromise eggshell
integrity, disrupt gas exchange, and accelerate the
breakdown of egg components, including albumen,
reducing its viscosity and ability to support embryonic
development (Fernandes et al., 2023). Elevated
temperatures promote lipid oxidation in the yolk, reducing
the nutritional quality and shelf life of stored eggs (Suresh
et al., 2015). Consequently, chicken eggs stored under
such conditions may lose up to 3.67% of their weight
within just ten days (Jin et al., 2010; Wang et al., 2017)
and experience a significant decline in hatchability (Chen
et al., 2005). These issues are particularly concerning for
breeds such as the Plymouth Rock hybrid chicken, known
for its adaptability and genetic resilience (Kong et al.,
2016), which is commonly raised in tropical climates,
especially in Ghana (Guo et al., 2019). Despite their
resilience, the heat and humidity fluctuations inherent to
these regions adversely impact their physiological
processes, accelerating egg degradation during storage
(Varguez-Montero et al., 2012; Adegbenro, 2023) and
further reducing chick viability (Yamak et al., 2020).
Therefore, it is crucial to explore strategies to mitigate the
negative effects of storage, particularly for these breeds
that are commonly raised as commercial layers.

Given the unique challenges posed by elevated
temperatures and prolonged egg storage in tropical
climates, it is crucial to explore strategies that mitigate
these negative effects, especially for breeds like the
Plymouth Rock hybrid chicken, which is commonly raised
as a commercial layer. One promising strategy to mitigate
the negative effects of prolonged egg storage is the
application of short incubation periods during storage,
referred to as pre-incubation thermal conditioning (PTC)
in the present study. This technique mimics the natural

incubation behavior of brooding hens (Damaziak et al.,
2018). By briefly exposing stored eggs to controlled
warmth, PTC reactivates key metabolic processes, helping
to counteract the detrimental effects of extended storage
(Nicholson et al., 2013). Previous studies have
demonstrated that PTC can enhance hatchability and chick
quality by stimulating physiological processes that prepare
eggs for incubation (Al-Samrai and Al-Dhanki, 2017
Avreaaer and lbrahim, 2019). However, most research on
PTC has focused on broiler chickens under temperate
conditions, with shorter exposure durations, typically
around four hours, applied over shorter storage periods.
This creates a gap in understanding its effectiveness in
layer breeds like Plymouth Rock hybrids, which are
commonly raised in tropical climates of Ghana. In this
region, extended storage periods combined with higher
temperatures and humidity further challenge egg quality,
potentially altering the effectiveness of PTC compared to
temperate conditions.

To address this gap, the current study extended the
application of PTC from the typical four hours to six
hours, with storage periods prolonged up to 21 days. The
objective was to assess its impact on egg quality,
embryonic development, hatchability, chick quality, blood
profile, and post-hatch thermoregulation in Plymouth
Rock hybrid chickens. This is particularly relevant as no
previous studies have explored the efficacy of longer PTC
durations in this breed under tropical conditions. The six-
hour PTC was chosen to provide a more sustained thermal
activation that counteracts the accelerated egg
deterioration seen in tropical climates, where higher
temperatures and longer storage periods reduce
hatchability.

MATERIALS AND METHODS

Study area and ethical considerations

The experiment was conducted at the Olympio
Hatchery in the Department of Animal Science, Kwame
Nkrumah University of Science and Technology
(KNUST) in Kumasi, Ghana, a facility equipped for avian
research. All experimental procedures adhered to the
ethical guidelines approved by the Animal Research Ethics
Committee (AREC) of KNUST, ensuring that animal
welfare was prioritized throughout the study (Quality
Assurance and Planning Unit, POLICY 0016, 2018). This
included monitoring the handling of eggs and ensuring
that all protocols were designed to minimize stress and
discomfort to the experimental chicks involved.



J. World Poult. Res., 15(1): 1-22, 2025

Experimental design and treatment allocation

A 2 x 2 factorial design was applied in a completely
randomized framework. The factors included two PTC
levels (6-hour PTC versus non-PTC) and two storage
durations (14 wversus 21 days), resulting in four
experimental groups: 6hr-PTC x 14d, non-PTC x 14d,
6hr-PTC x 21d, and non-PTC x 21d. Two additional
control groups (3 and 7 days of storage without PTC)
served as industry baselines, based on prior research
(Ansah et al., 2023) in Black-tailed hybrid chickens.

Egg collection and cold storage conditions

A total of 2,000 fertile eggs were collected from 72-
week-old Plymouth Rock hybrid hens at Baffour Farms,
Kumasi, Ghana. Eggs were randomly selected within a
weight range of £ 0.5 g to maintain uniformity and
collected early in the morning to reduce handling time. To
align with the designated storage durations, 800 eggs were
collected first for the 21-day group, followed by another
800 eggs for the 14-day group one week later.
Additionally, 200 eggs were collected each for the 7-day
and 3-day groups. For the two longer storage periods, the
eggs were equally divided into two groups, one for pre-

incubation thermal conditioning and the other as a control
group. All eggs were stored under controlled conditions at
16°C and 75% relative humidity.

Pre-incubation thermal conditioning procedure

The pre-incubation thermal conditioning (PTC)
process involved several key steps, as illustrated in the
schematic flow chart in Figure 1. Eggs were first retrieved
from storage conditions (16°C and 75% humidity) and
pre-warmed in the incubation corridor at ambient
temperatures (26°C-28°C) for 1 hour. They were then
placed in a setter incubator at 37.5°C and 56% humidity
for 6-hour thermal conditioning. After the thermal
conditioning, the eggs were pre-cooled in the incubation
corridor for 1 hour before being returned to the cold
storage room. Eggs designated for the 14-day storage
group received a single PTC treatment on day 10, while
the 21-day storage group received two PTC sessions on
days 10 and 14. Control eggs remained in a cold storage
room without undergoing any thermal conditioning.

1 st 2nd
PTC PTC
(6hrs) (6hrs)
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Figure 1. Schematic flow chart of pre-incubation thermal conditioning procedure. Adopted and modified from the earlier

procedure. Source: Ansah et al. (2023).

Basic egg quality assessment after egg storage

At the end of the storage and PTC periods, a
comprehensive quality assessment of the eggs was
conducted before incubation. Each egg was weighed
initially and again after the respective storage durations
using a precision electronic balance (Model: Ohaus
Navigator, Ohaus Corp., USA). The difference between

these two weights was expressed as a percentage and
recorded as relative egg weight loss during storage. To
further assess egg quality parameters, five eggs were
randomly selected from each treatment group and
carefully cracked open onto a flat surface. The contents
were separated into yolk, albumen, and shell, and each
component was weighed individually. Eggshell thickness
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was measured using a digital micrometer screw gauge
(Model: Mitutoyo 293-240, Japan), while the height of the
thick albumen surrounding the yolk was measured with
the depth gauge of a digital Vernier caliper (Model:
Mitutoyo 500-196-30, Japan). The fresh eggshells were
weighed, recorded as wet eggshell weight, then washed
under running water to remove albumin residues, air-dried
for 24 hours, and reweighed to obtain the dry eggshell
weight. The fresh yolks were weighed and noted as wet
yolk weight, placed in pre-weighed aluminum foil, and
dried in a laboratory oven (Model: Memmert UNS55,
Memmert GmbH + Co. KG, Germany) set at 60°C for four
days to facilitate moisture evaporation. After drying, they
were reweighed and recorded as "dry yolk weight." The
Haugh unit (HU), an established measure of egg protein
quality (Haugh, 1937), was calculated using the albumen
height and initial egg weight, as described in the Formula
1.

Haugh unit = 100 X log(h — 1.7 w%37 4 7.6) @)

Where h represents the albumen height and w is the
egg weight.

Incubation process

Following the respective storage durations and the
application of PTC, only the eggs stored for 14 and 21
days were incubated. Before incubation, the eggs were
prewarmed for six hours in the incubation corridor, where
ambient temperatures ranged from 26°C to 28°C. After
prewarming, the eggs were divided into two groups of
1,000 eggs each and placed onto egg trays. These trays
were then randomly assigned to two separate setter
incubators (Model: P5000, Jamesway Chick Master Ltd,
USA), which served as replicated experimental facilities.
The incubation process was carried out under controlled
conditions of 37.5°C and 56% relative humidity. The
incubators were equipped with automatic turning
mechanisms that rotated the eggs every hour to ensure
even temperature distribution across all surfaces.

Egg weight loss, embryo growth, and metabolic
heat production assessments during incubation

The egg weight loss was calculated by weighing two
randomly selected egg trays both at the start of incubation
(Wo) and on incubation day 18 (W,s). The difference in
the two weights was used to calculate relative egg weight
loss (REWL), expressed as a percentage of the initial
weight, using the following formula 2. The external
eggshell temperatures were monitored from incubation
days 1 to 18 (ID1-18) using a digital infrared thermometer
(Model: YI1-400, Wenzhou Yosun Medical Technology

Co., Ltd, China). The thermometer was calibrated for
accuracy and aimed at the external eggshells within the
incubator, allowing non-contact temperature
measurements that reflected the internal metabolic heat
production of the developing embryos (Agyekum et al.,
2022). To ensure accuracy and consistency, two
representative egg trays from each treatment group were
randomly selected from the two separate setter incubators
and tagged for all subsequent temperature measurements.
Additionally, the temperature within the setter incubators
was monitored and recorded daily. The embryo growth
assessment was specifically assessed on IDs 4, 7, 11, 14,
and 18 as described by Willemsen et al. (2011). Five eggs
from each treatment group were randomly selected and
cracked open. The embryos were carefully separated from
the yolk, weighed, and recorded as “wet embryo weight”.
Embryo lengths were measured by extending the embryo
from the tip of the beak to the tip of the middle toes using
a divider, and the lengths were transferred to a laboratory
ruler (Model: 300 mm Stainless Steel Ruler, Mitutoyo Ltd,
Japan). After measurements were taken, embryos were
oven-dried at 60°C following the procedure described
above to remove moisture and subsequently weighed to
determine their dry weights.
rewr = Wo=Wio) 100 )
Wo

Hatching process and performance assessments

After the embryo assessments, the hourly turning of
the eggs continued until day 18, at which point it was
discontinued to allow for candling and transfer into the
hatcher incubators, preparing the embryos for hatching. To
evaluate hatching performance, the fertility rate,
embryonic mortality, and hatchability were assessed. The
first candling was conducted on day 10 of incubation to
differentiate fertile eggs from those experiencing early
embryonic death. This process enabled the reliable
identification of infertile eggs by visualizing the
development of embryonic membranes or color changes in
the yolk due to embryonic activity. Infertile eggs were
opened to confirm the absence of development. A second
candling was performed on day 18 of incubation to assess
embryo viability; eggs showing no signs of live embryos
were opened to confirm embryo death. Viable eggs were
then transferred into hatching baskets and placed in two
separate hatcher incubators (Jamesway P5000, USA), set
at 36.5°C and 60% relative humidity, to complete the
hatching process. On day 22, all hatched chicks were
removed from the hatcher, and unhatched eggs were
opened to confirm embryo death. The incubation duration,
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fertility rate, hatchability, and embryo mortality rates for
each treatment group were calculated using the following
formulas.

. Number of fertile eggs onday 10
Fertility rate (%) = Total mumber of eggs set x100 (3)

Incubation Duration (hours) = Day of Hatch — Day of Set 4)

Emb rality (%) = Number of dead embryos % 100 .
mbro mortality (%) = Total number of fertile eggs ®

Hatchability (%) = Number of chicks hatched % 100 6
atchability (%) = Total number of fertile eggs (6)

Post-hatch chick quality assessments

Immediately after hatching, the chicks were gathered
and transferred to a designated holding room, where they
were organized into their respective treatment groups for a
series of quality assessments focusing on critical aspects
of body and skeletal development, as well as yolk
absorption and navel quality. These assessments were
repeated on the seventh-day post-hatch. On both
assessment days, five chicks from each treatment group
were randomly selected, and their body weights, lengths,
and shank lengths were measured. Navel quality was
evaluated using the PASCAR scoring system, as described
by Rocha et al. (2013) and Yeboah et al. (2019). This
system assesses factors such as the presence of navel
strings, buttons, and the overall healing process. Chicks
with fully closed and clean navels received a score of 1,
while those with discolored navels, openings larger than 2
mm, leaking, or attached navel strings were assigned a
score of 2. The number of chicks in each category was
tallied and expressed as a percentage of the total number
of hatched chicks.

Post-hatch physiological assessments

Before and during the quality assessments, the chicks
underwent a series of physiological evaluations, which
included  measurements  of  rectal temperature,
hematological analyses, serum biochemistry, and thyroid
hormone assessments, as described below.

Rectal temperature assessments

The rectal temperature of the chicks was measured
immediately upon their arrival in the room and
subsequently recorded hourly for the first 24 hours. Five
chicks from each treatment group were randomly selected
for this assessment, with their rectal temperatures recorded
using a digital cloacal thermometer (Model: Omron Flex
Temp Smart, Omron Healthcare, Japan). Each chick was
gently restrained in an upright position with minimal
force, ensuring both wings and legs were secured to

prevent movement, following the method described by
Agyekum et al. (2022). This assessment was conducted to
evaluate their thermoregulation capacity and ability to
adapt to ambient temperature variations within the holding
room.

Blood sampling and laboratory assessments

Blood samples were taken for hematological and
serum biochemical analyses by adhering to protocols
established by Maxine (1961) and Alonge (2017).
Hematological analysis provided insights into oxygen
transport, immune function, and overall health. Serum
biochemistry  evaluated organ  function, protein
metabolism, and energy utilization, with optimal levels
signifying effective nutrient processing crucial for post-
hatch development. For both hematology and serum
analyses, five chicks from each treatment group were
randomly selected. Approximately 5 mL of blood was
drawn from 5 chicks in each treatment group. The samples
were split, with half placed in EDTA tubes for
hematological analysis and the other half in plain red-top
tubes for serum biochemistry analysis. All samples were
appropriately labeled and transported in a cooler with ice
packs to the Main Research Laboratory of Ghana
Veterinary  Services  Directorate, Kumasi-Amakom
Division, in line with the transport guidelines outlined by
Barde (2022). In the lab, total red blood cell (RBC) was
analyzed using a hemocytometer, as reported by Campbell
(1995). The packed cell volume (PCV) was determined
using the microhematocrit technique following the
procedure of Oguntoye (2018). Haemoglobin (Hb)
concentrations were analyzed using the
cyanmethemoglobin method, as detailed by Simaraks
(2004). Mean corpuscular volume (MCV), mean
corpuscular hemoglobin (MCH), and mean corpuscular
hemoglobin concentration (MCHC), were calculated based
on the RBC, PCV, and Hb values, as described by Ritchie
et al. (1994). For serum analysis, blood samples were
centrifuged at 3,000 rpm for 15 minutes and the resultant
serum was further analyzed. Serum total protein and
albumin were quantified as described by Varley et al.
(1980) and Doumas et al. (1971) respectively. Globulin
was calculated by subtracting albumin from total protein
as suggested by Barde (2022). Serum total cholesterol was
evaluated using the enzymatic end-point method according
to Roschlau et al. (1974), and triglycerides were measured
using the colorimetric technique described by Bowers and
Wong (1980). Glucose concentrations were assessed using
the Glucose Oxidase/Peroxidase-Aminoantipyrine-Phenol
(GOD/PAP) reagent method as reported by Trinder
(1969). Finally, two key thyroid hormones, Tri-
iodothyronine (T3) and Thyroxine (T4) concentrations
were assessed using the Vitek Immuno Diagnostic Assay
System (VIDAS), applying the enzyme-linked fluorescent
assay (ELFA) technique described by Favresse et al.
(2018). All samples were analyzed within a single assay
batch to ensure consistency.
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Statistical analysis

For the basic egg quality assessment data collected
after storage, a one-way ANOVA was performed while
data collected during incubation and post-hatch were
analyzed using a two-way ANOVA. All data were
analyzed using the generalized linear model (GLM)
procedure in SAS version 9.4. Treatment means were
compared using the Student Newman-Keuls (SNK) test,
with significance determined at p < 0.05. The statistical
model used to analyze the data was Yjx =u + a; + §; + (a
x B) i + eij. Where Yijk represents the measured
response (parameters) for either egg or chick. The term u
refers to the overall mean of all observations, providing a
baseline reference for comparison. The term «i refers to
the effect of egg storage duration, where i is either one of
the two levels (14 or 21 days). f; represents the effect of
preincubation thermal conditioning (PTC), where j is
either one of the two levels (no-PTC or 6-hour PTC). The
interaction term, (a x f); captures how egg storage
duration and PTC interact. Finally, ey captures the
residual error term, which accounts for the variability in
the data that could not be explained by the fixed effects
(storage duration, PTC, or their interaction). Furthermore,
Pearson correlation analysis was employed to examine
relationships between incubation duration and key
physiological parameters such as rectal temperature,
hematology, and serum metabolites, with statistical
significance set at p < 0.05.

RESULTS AND DISCUSSION

Effect of prolonged storage and pre-incubation
thermal conditioning on egg quality

Table 1 presents the effects of prolonged egg storage
and pre-incubation thermal conditioning (PTC) on basic

egg quality parameters after storage. The results indicate
no significant differences in final egg weight, egg weight
loss, yolk weight, shell weight, albumen weight, or shell
thickness (p > 0.05), suggesting that neither prolonged
storage nor PTC significantly influenced these attributes.
This finding contrasts with the studies by Fasenko et al.
(2001), Addo et al. (2018), and Abioja et al. (2021), which
reported that prolonged storage adversely affects these
quality parameters. However, as illustrated in Figure 2, the
Haugh unit (HU), a critical indicator of egg protein
quality, confirms that prolonged storage duration
negatively impacted egg quality. Specifically, eggs stored
for both 14 and 21 days showed a significant decline in
protein quality, with HU values of 68 and 49 compared to
81 and 78 for eggs stored for shorter durations of 3 and 7
days, respectively (p < 0.05). These results are consistent
with previous research, which demonstrates that prolonged
storage negatively impacts egg protein quality (Scott and
Silversides, 2001; Sekeroglu et al., 2008; Akyurek and
Okur, 2009; Chung and Lee, 2014; Adeoye et al., 2023). A
key finding in this study is that pre-incubation thermal
conditioning (PTC) helped mitigate the deterioration of
protein quality caused by prolonged storage. For eggs
stored for 14 days, PTC significantly improved the Haugh
Unit (HU) to 72, compared to 68 in the non-PTC control
group (p < 0.05).

This effect was even more pronounced in eggs stored
for 21 days, where PTC-treated eggs maintained an HU of
65, while the control group dropped to 49 (p < 0.05).
Furthermore, PTC significantly increased blastoderm
diameter, a critical marker of early embryogenesis
compared to the control groups (p < 0.05), confirming the
findings that PTC not only preserves egg protein integrity
but also enhances early embryogenesis during extended
storage (Romao et al., 2008).

Table 1. Effects of prolonged storage and pre-incubation thermal conditioning on egg quality after storage in Plymouth rock hybrid chickens

Treatment IEW  FEW % WY-Wt  DY-Wt WS-Wt DS-Wt ALB- WST  DST BD
©) ©) EWL ©) ©) ©) ©) Wt() (em)  (cm) (cm)
non-PTCx3d 5570 5550 9.5 26.30 25.1 13.1 1058 6360 057 055  031°
non-PTCx7d 5540 5520 9.7 27.60 26.4 13.8 1030 6250 055 050  0.32°
non-PTCx14d 5510 49.70  9.80 23.70 236 11.8 1020 6230 053 045  0.26°
6hr-PTCx14d 5510 5000  9.25 24.10 245 115 1010 6230 054 047 036
non-PTCx21d 5510 49.90  9.45 23.90 236 12.0 1040 6100 050 042 027"
6hr-PTC-21d 5510 5020  9.00 24.90 246 126 1040 6180 052 044  041°
SEM 0321 0732 127 0.430 0421 0220 0330 0523 0432 0221  0.002
P-value 0624 0124  0.637 0.157 0157 0157 0129 0221 0070 0.060  <0.001

Means of different superscripts (* * ¢ %) within a column differ significantly at p < 0.05. SD: Storage duration; PTC: 6-hour preincubation thermal conditioning; non-PTCx3d: Fresh

eggs stored for 3 days without PTC (control), non-PTCx7d: Fresh eggs stored for 7 days without PTC (control),

non-PTCx14d: Fresh eggs stored for 14 days without PTC

(control), 6hr-PTCx14d: Fresh eggs stored for 14 days with PTC non-PTCx21d: Fresh eggs stored for 21 days without PTC (control), 6hr-PTC-21d: Fresh eggs stored for 21 days
with PTC, EW: Initial egg weight (g), FEW: Final egg weight (g), %EWL: Egg weight loss, WY-Wt: Wet yolk weight (g), DY-Wt: Dry yolk weight (g), WS-Wt: Wet shell weight
(9), DS-Wt: Dry shell weight (g), ALB-Wt: Albumen weight (g), WST: Wet shell thickness (cm), DST: Dry shell thickness (cm), BD: Blastoderm diameter (cm). SEM: Pooled

standard error of means. P-value: probability value.
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Figure 2. Effects of prolonged storage and pre-incubation
thermal conditioning on Haugh unit as a measure of egg

protein quality in Plymouth Rock hybrid chickens. non-PTC
x 3d: Fresh eggs stored for 3 days without PTC (control), non-PTCx7d:
Fresh eggs stored for 7 days without PTC (control), non-PTCx14d: Fresh
eggs stored for 14 days without PTC (control), 6hr-PTCx14d: Fresh eggs
stored for 14 days with 6hr-PTC, non-PTCx21d: Fresh eggs stored for 21
days without PTC (control), 6hr-PTCx21d: Fresh eggs stored for 21 days
with PTC.

Effect of prolonged storage and pre-incubation
thermal conditioning on embryo metabolic heat
production during incubation

Table 2 shows the impact of storage duration and pre-
incubation thermal conditioning (PTC) on the average
eggshell temperature (AEST), which reflects the net
metabolic heat production of embryos from incubation day
1 to 18 (ID1-18). No significant differences in AEST were
observed between eggs stored for 14 and 21 days (p >
0.05). However, eggs subjected to PTC exhibited
significantly higher AEST compared to the non-PTC
(control) group for both storage durations (p < 0.05). As
illustrated in Figure 3, the daily eggshell temperature
(DEST) trends demonstrate that eggs stored for 14 days
and treated with PTC maintained a more stable
temperature, peaking at 38.5°C by 1D18, compared to a
fluctuating peak of 38.3°C in the non-PTC group. A
similar pattern was observed in eggs stored for 21 days,
where PTC-treated eggs reached a peak DEST of 38.6°C,
while the control group exhibited a less stable rise,
peaking at 38.0°C. These stable and higher DEST patterns
in PTC-treated embryos suggest improved metabolic
efficiency, as eggshell temperature serves as a key
indicator of embryonic metabolic activity (Agyekum et al.,
2022). Moreover, PTC may have activated pro-survival
mechanisms, such as the upregulation of heat shock
protein 70 (Hsp70), which is known to enhance embryonic
metabolic activity and promote stress resilience (Jiang et
al., 2011; Gan et al., 2015; Brady et al., 2022). This
upregulation could explain the more stable and relatively

higher eggshell temperatures observed in thermally
conditioned embryos.

Table 2. Effects of prolonged storage and pre-incubation thermal
conditioning on average eggshell temperature during incubation
in Plymouth rock hybrid chickens

Factor Eggshell
temperature (°C)

SD
14 37.94
21 37.89
SEM 0.057
P-value 0.536
PTC
non-PTC 37.81°
6hr-PTC 38.02%
SEM 0.057
P-value 0.009
PTC x SD
non-PTC x 14d 37.87
6hr-PTC x 14d 38.01
non-PTC x 21d 37.74
6hr-PTC x 21d 38.03
SEM 0.080
P-value 0.372

Means of different superscripts (* ®) within a column differ significantly at p < 0.05.
SD: Storage duration; PTC: 6-hour preincubation thermal conditioning, non-PTC:
Eggs that did not receive any PTC (control); 6hr-PTC: Eggs that received 6-hour
PTC, PTC x SD: Non-PTC x 14d: Eggs stored for 14 days and did not receive PTC
(control), 6hr-PTC x 14d: Eggs stored for 14 days and received PTC for 6 hours,
non-PTC x21d: Eggs stored for 21 days and did not receive PTC (control), 6hr-PTC
x 21d: Eggs stored for 21 days and received PTC for 6 hours. SEM: Pooled
standard error of means. P-value: Probability value.
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Figure 3. The pattern of daily eggshell temperature
(DEST) and daily incubation temperature measured during
the incubation period for Plymouth Rock Hybrid
Chickens. The data points represent the average
temperature measurements pooled from two separate
incubators. EST: Eggshell temperature, non-PTC x 14d:
Eggs stored for 14 days and did not receive PTC (control),
6hr-PTC x 14d: Eggs stored for 14 days and received PTC
for 6 hours, non-PTC x 21d: Eggs stored for 21 days and
did not receive PTC (control), 6hr-PTC x 21d: Eggs stored
for 21 days and received PTC for 6 hours.
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Effect of prolonged storage and pre-incubation
thermal conditioning on relative egg weight loss during
incubation

Table 3 presents the impact of storage duration and
PTC on relative egg weight loss (REWL) during
incubation.  Extended storage increased REWL
significantly, with eggs stored for 21 days losing 5.8% of
their weight, compared to only 2.8% for those stored for
14 days (p < 0.05), as noted by Ruiz and Lunam (2002)
and Khan et al. (2013). Pre-incubation thermal
conditioning effectively reduced REWL across both
storage periods. Specifically, PTC-treated eggs stored for
14 days lost only 4.0% of their weight compared to 5.6%
in the control group. For eggs stored for 21 days, PTC-
treated eggs showed an even lower weight loss of 1.5%
while the control group lost 8.5% (p < 0.05). The
increased REWL in the control group is likely due to
albumen degradation and water loss (Hamidu et al., 2010).
Overall, PTC demonstrated greater effectiveness in
reducing weight loss, especially with prolonged storage,
consistent with findings from Areaaer and Ibrahim (2019),
Ansah et al. (2023), and Okasha et al. (2023).

Effect of prolonged storage and pre-incubation
thermal conditioning on embryo growth dynamics
during incubation

Table 4 shows the effects of prolonged storage and
PTC on embryo growth. The results indicate that embryos
from eggs stored for 14 days had significantly higher body
weights by incubation day 18 (ID18) compared to those
from the eggs stored for 21 days (p < 0.05). Notably, the
application of PTC mitigated this negative impact and
enhanced embryo growth compared to the non-PTC
control group (p < 0.05). For eggs stored for 14 days,
PTC-treated embryos had significantly higher body
measurements by ID18, with wet weights of 23.1 g, dry
weights of 8.2 g, and body lengths of 82.3 cm. In contrast,
the control group recorded 22.7 g, 8.1 g, and 80.8 cm,
respectively (p < 0.05). Similarly, for eggs stored for 21
days, PTC-treated embryos achieved 24.2 g wet weight,
9.7 g dry weight, and 97.3 cm in length, compared to 20.7
g, 7.2 g, and 71.8 cm for the control group (p < 0.05).
These results affirm PTC's ability to mitigate the negative
effects of prolonged storage, consistent with findings by
Elmenawey (2019). Furthermore, Bakst et al. (2016) and
Hemida et al. (2023) suggest that PTC upregulates heat
shock protein 70 (Hsp70), enhancing metabolic processes
and stress resilience while regulating anti-apoptotic
proteins like B-cell lymphoma 2 (Bcl-2). This regulation
likely inhibited early programmed cell death during
prolonged storage, promoting cell survival and
functionality, and ensuring effective cellular proliferation

and differentiation, accounting for better growth outcomes
observed in the PTC embryos (Kong et al., 2016).

Effect of prolonged storage and pre-incubation
thermal conditioning on hatch outcomes

Figure 4 illustrates the effects of prolonged storage
and PTC on hatch outcomes. Fertility rates remained
consistent across all treatment groups, indicating that
neither prolonged storage nor PTC adversely affected egg
fertility. However, hatchability declined with longer
storage periods, supporting findings from Ruiz and Lunam
(2002), Mahmud et al. (2011), and Khan et al. (2013).
Notably, PTC-treated eggs stored for 14 days achieved the
highest hatchability rate of 76.4%, with a corresponding
mortality rate of 23.6% and an incubation duration of 492
hours. In contrast, the non-PTC control group showed a
hatchability rate of 65%, a mortality rate of 35%, and a
longer incubation duration of 518.4 hours. For eggs stored
for 21 days, PTC-treated embryos had a hatchability of
72.1%, with a mortality rate of 27.9% and an incubation
duration of 496.8 hours, compared to a hatchability of
61.3%, a mortality rate of 38.7%, and an incubation
duration of 530.4 hours in the control group. Overall, PTC
improved hatchability by 11.4% and reduced incubation
time by 26.4 hours for eggs stored for 14 days, increased
hatchability by 10.8%, and reduced incubation duration by
33.6 hours for eggs stored for 21 days. These findings
align with previous studies (Nicholson et al., 2013; Al-
Samrai and Al-Dhanki, 2017; Areaaer and Ibrahim, 2019;
Ozlu et al., 2021; Abdel-Fattah et al., 2024), which
emphasize PTC's role in enhancing hatchability and
reducing incubation time. A shorter incubation duration is
particularly beneficial, as prolonged incubation has been
linked to reduced yolk sac absorption at the late stage of
incubation (Ozli et al., 2021).

Effect of prolonged storage and pre-incubation
thermal conditioning on post-hatch chick quality

Table 5 presents the impact of prolonged storage and
PTC on post-hatch chick quality. Chicks hatched from
eggs stored for 14 days had superior quality compared to
those stored for 21 days (p < 0.05). The application of
PTC significantly improved chick quality attributes
compared to the control group (p < 0.05). For example,
PTC-treated chicks from 14-day storage weighed 62.7 g,
measured 146 mm in length, had a shank length of 27.3
mm, a residual yolk sac of 0.34 g, and a PASCAR score of
94.3%. In contrast, control chicks weighed 60.0 g,
measured 115 mm, had a shank length of 25.9 mm, a
residual yolk sac of 0.57 g, and a PASCAR score of 92.2%
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(p < 0.05). Similarly, for eggs stored for 21 days, PTC-
treated chicks weighed 69.1 g, measured 138 mm, had a
shank length of 22.2 mm, a residual yolk sac of 0.25 g,
and a PASCAR score of 95.0%. The control group had
significantly lower values: 47.5 g, 127 mm, 31.1 mm, 0.67
g, and a PASCAR score of 79.4% (p < 0.05). The
improvements in body weight, PASCAR scores, and
reduced residual yolk sac in PTC chicks support the
findings of El-Garhy (2021) and Maman and Yildirim
(2022). The reduced residual yolk sac in PTC-treated
chicks indicates that PTC enhances yolk sac absorption,
aligning with findings by Ebeid et al. (2017) and
Damaziak et al. (2018) but contrasting those of Ansah et
al. (2023). This improvement is crucial as embryos
primarily depend on lipids from the yolk sac for energy
during the final stages of incubation (Khosravinia, 2015).

Effect of prolonged storage and pre-incubation
thermal conditioning on post-hatch chick
thermoregulation capacity

Table 6 summarises the effects of prolonged egg
storage and pre-incubation thermal conditioning (PTC) on
chick rectal temperature (CRT) within the first 24 hours
post-hatching. Chicks hatched from eggs stored for 21
days exhibited significantly higher CRTs compared to
those stored for 14 days (p < 0.05), indicating a heightened
metabolic rate and potential stress from compromised heat
dissipation (Maman et al., 2019). However, PTC was
effective in reducing CRT for both storage durations,
helping maintain body temperature within a stable range.
For instance, chicks from 14-day stored eggs with PTC
showed a CRT of around 40.0°C, aligning with normal
thermoregulation, whereas non-PTC counterparts recorded
a higher CRT of 41.58°C (p < 0.05). Similarly, for 21-day
stored eggs, PTC-treated chicks displayed a CRT of
40.07°C, notably lower than the 42.25°C observed in non-
PTC chicks (p < 0.05). Figure 5 complements this by
showing the CRT patterns across the 24 hours post-
hatching, where PTC-treated chicks exhibited more stable
and moderate temperatures. This stabilization suggests that
PTC may enhance thermoregulatory capacity, potentially
by supporting the development of key hormonal pathways,
such as the hypothalamic-pituitary-thyroid and
hypothalamic-pituitary-adrenal axes, which are essential
for thermoregulation in homoeothermic animals (Debonne
et al., 2008). These hormonal adaptations are likely to
improve metabolic efficiency, allowing chicks to better
regulate  body temperature, an advantageous trait,
especially for tropical breeds like Plymouth Rock (Ouchi
et al., 2022). These findings align with previous studies

(Nilsson and Persson, 2004; Page et al., 2022; El-Prollosy
et al.,, 2024) suggesting that pre-incubation thermal
conditioning can positively influence  post-hatch
thermoregulation and mitigate metabolic stress, especially
for chicks hatched from eggs stored for extended periods.
In contrast, the higher and more variable CRT in non-PTC
chicks implies a less developed thermoregulatory
response, potentially making them more susceptible to
heat stress and dehydration, factors that could elevate early
mortality risks (Romijn, 1954; Dunnington and Siegel,
1984; Decuypere et al., 2001).

Effect of prolonged storage and pre-incubation
thermal conditioning on chick haematology

Table 7 highlights the effects of prolonged storage
and PTC treatment on chick hematology, revealing that
prolonged storage significantly impacted key parameters
(p < 0.05). For eggs stored for 14 days, the non-PTC group
exhibited a red blood cell (RBC) count of 2.10 x 10%2/L,
significantly lower (p < 0.05) than the normal range of
2.2-4.0 x 10%%/L (Joshua et al., 2022), indicating reduced
oxygen-carrying capacity. In contrast, the PTC group had
a count of 2.37 x 10?/L, which is within the normal range.
The hemoglobin (HGB) level for the non-PTC group was
6.08 g/dL, significantly lower (p < 0.05) than the normal
range of 7.0-11.0 g/dL (Benjamin, 1985), reflecting a
potential risk of anemia, while the PTC group had a higher
HGB of 8.67 g/dL, within normal limits. Likewise, for
eggs stored for 21 days, the non-PTC group showed a
significantly reduced RBC count of 1.65 x 10%/L and
HGB of 7.66 g/dL, both significantly lower (p < 0.05) than
normal ranges, indicating severe anemia. Conversely, the
PTC group maintained levels of 2.21 x 10%/L and 9.20
g/dL, respectively, both within normal ranges (Merck
veterinary manual, 2023). Haematocrit (HCT) also
followed this trend, with the PTC group showing
significantly higher values (32.9% versus 27.8% for non-
PTC), indicating stable blood volume and improved
health. Additionally, the PTC group had significantly
higher mean corpuscular volume (136 versusl34 fL),
mean corpuscular hemoglobin (29.9 versus 28.7 pg), and
mean corpuscular hemoglobin concentration (255 versus
247 g/dL, p < 0.05), reflecting enhanced blood
oxygenation. Platelet counts were within normal ranges
(Joshua et al., 2022) across all treatments, with the PTC
group showing numerically higher counts, indicating
better clotting ability. Overall, PTC treatment effectively
mitigates the adverse effects of prolonged storage,
promoting optimal growth and reducing the risk of anemia
in Plymouth rock hybrid chickens.



Table 3. Effects of prolonged storage and pre-incubation thermal conditioning on relative egg weight loss during incubation in Plymouth rock hybrid
chickens

Factor Initial egg weight (g) Final egg weight (g) Relative egg weight loss (%)
SD
14 50.14 48.75a 2.77°
21 50.21 47.29b 5.82°
SEM 0.032 0.730 1.270
P-value 0.066 0.017 0.029
PTC
non-PTC 50.37 47.18° 6.33°
6hr-PTC 50.44 48.85° 3.15°
SEM 0.032 0.730 1.270
P-value 0.054 0.012 0.043
PTC x SD
non-PTC x 14d 50.69 46.39° 5.55"
6hr-PTC x 14d 50.21 48.19% 4.02°
non-PTC x 21d 50.80 47.98° 8.48°
6hr-PTC x 21d 50.26 49.52° 1.47°
SEM 0.045 1.030 1.800
P-value 0.090 <0.001 <0.001

Means of different superscripts (*™ ) within a column differ significantly at p < 0.05. SD: Storage duration; PTC: 6-hour preincubation thermal conditioning, non-PTC: Eggs that did not receive any PTC
(control); 6hr-PTC: Eggs that received 6-hour PTC, PTC x SD: non-PTC x 14d: Eggs stored for 14 days and did not receive PTC (control), 6hr-PTC x 14d: Eggs stored for 14 days and received PTC for 6
hours, non-PTC x21d: Eggs stored for 21 days and did not receive PTC (control), 6hr-PTC x 21d: Eggs stored for 21 days and received PTC for 6 hours. SEM: Pooled standard error of means. P-value:
Probability value.

Sasu P, Agbehadzi RK, Ackah EM, Adjei-Mensah B, Felicia EE, Danquah CA, Tona K, Hamidu JA, and Were P (2025). Effects of Six-Hour Pre-Incubation Thermal Conditioning and Prolonged Storage on Egg
Quality, Embryogenesis, Hatchability, and Post-Hatch Physiology of Plymouth Rock Hybrid Chickens in Tropical Climate of Ghana. J. World Poult. Res., 15(1): 1-22. DOI: https://dx.doi.org/10.36380/jwpr.2025.1
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Table 4. Effects of prolonged storage and pre-incubation thermal conditioning on embryo growth during incubation in Plymouth rock hybrid chickens

Wet embryo weight (g) Dry embryo weight (g) Embryo length (cm)
Factor 4 7 11 14 18 4 7 11 14 18 4 7 11 14 18
SD
14 0.19%  0.94° 4213 7.98%  24.40° 0065 0.26° 2.16% 7.68%  10.16° 19.8° 26.82 421 79.8%  84.6°
21 0.18°  0.69° 3.62° 6.96°  2220° 0.080 0.20° 2.01° 6.48> 814> 18.1° 20.3° 36.2° 69.6°  81.6°
SEM 0.002 0.021 0021 0006 0510 0.012 0.003 0.040 0091 0.350 0580  0.320 1.55 0870  2.54
P-value 0.009 <0001 <0001 <0001 0017 0374 <0001 0018 <0.001 0636 0048 <0001 0016 <0001 0.041
PTC
non-PTC 019  0.20° 3.24° 6.91° 21.7° 0057 057° 1.78° 550°  5.63° 18.1 20.1° 32.4° 69.1>  76.3°
6hr-PTC 0.18 027 458 8.03% 2328 0.088 1.10° 2.39° 6.66°  8.98°  19.8 27.1% 45.8° 80.3°  89.8°
SEM 0.002 0003 0021 0006 0510 0012 0.021 0.040 0091  0.35 0.58 0.32 1.55 0.87 2.54
P-value 0940 <0.001 <0001 <0001 0.040 0.089 <0001 <0001 <0001 0020 0763 <0001 <0001 <0.001 0.002
PTCx SD

non-PTC x 14d  1.93  0.158°  3.88° 6.28° 2272°  0.040  0.41° 2.03° 462¢°  8.08° 18.3 25.3° 26.1° 76.3°  80.8°
6hr-PTC x 14d 2.03 0.26° 4.50° 8.33 23.10° 0.090 0.97° 2.29% 7.83°  8.23° 19.8 25.8° 45.3% 773 82.3°

non-PTC x21d  1.88 0.25° 2.61° 753" 20.7°  0.075 0.74° 1.52¢ 6.37° 7.18° 17.3 14.8° 38.8" 62.8°  71.8°
6hr-PTCx21d  1.73  0.28 463 8.43° 2428 0085 1.15° 2.50° 9.008  9.73* 203 28.3° 46.3° 84.3*  97.3°
SEM 0.003 0.004  0.031 0.009 0.720  0.017  0.030 0.056 0.130 0490 0.820  0.450 2.19 1.23 3.59
P-value 0612 0.028 0292 <0.001 0010 0243 0.023 <0.001 0001 0.036 0.145 <0.001  0.006 0.036  0.004

Means of different superscripts (* > ©) within a column differ significantly at p < 0.05. SD: Storage duration; PTC: 6-hour preincubation thermal conditioning, non-PTC: Eggs that did not receive any PTC
(control); 6hr-PTC: Eggs that received 6-hour PTC, PTC x SD: Non-PTC x 14d: Eggs stored for 14 days and did not receive PTC (control), 6hr-PTC x 14d: Eggs stored for 14 days and received PTC for 6
hours, non-PTC x21d: Eggs stored for 21 days and did not receive PTC (control), 6hr-PTC x 21d: Eggs stored for 21 days and received PTC for 6 hours. SEM: Pooled standard error of means. P-value:
Probability value.
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Table 5. Effects of prolonged storage and pre-incubation thermal conditioning on post-hatch chick quality in Plymouth Rock hybrid chickens

Chick weight (g) Chick length (mm) Shank length (mm) Residual yolk (g) PASCAR
Factor Day 1 Day 7 Day 1 Day 7 Day 1 Day 7 Day 1 Day 7 Score (%)
SD
14 42.4° 61.3° 114° 132° 24.2° 28.6° 3.62° 0.30° 94.1°
21 38.5° 58.3° 109" 130° 22.0° 26.6° 5.62° 0.70° 84.7°
SEM 0.660 0.940 0.990 1.350 1.300 1.490 0.190 0.024 1.570
P-value <0.001 0.027 0.006 0.031 0.023 0.045 0.001 0.001 <0.001
PTC
non-PTC 36.4° 53.7° 104° 121° 25.5° 29.5% 6.12° 0.77* 86.8°
6hr-PTC 44 5° 65.9% 119° 142° 20.8° 24.7° 5.12° 0.64° 92.0°
SEM 0.660 0.940 0.990 1.35 1.30 1.49 0.190 0.024 1.57
P-value <0.001 <0.001 <0.001 <0.001 0.015 0.030 0.001 0.001 0.024
PTC x SD
non-PTC x 14d 40.0° 60.0° 104° 115¢ 25.4° 27.9% 6.12 0.77 92.2°
6hr-PTC x 14d 44,8 62.7° 123° 146° 23.0a" 27.3% 5.12 0.64 94.3
non-PTC x 21d 32.7° 47.5° 104° 127° 25.5% 31.1° 6.12 0.77 79.4°
6hr-PTC x 21d 443 69.1% 115° 138" 18.5° 22.2° 5.12 0.64 95.0°
SEM 0.930 1.330 1.400 1.910 1.840 2.110 0.270 0.033 2.210
P-value 0.001 < 0.0001 0.008 < 0.0001 0.021 0.041 1.000 1.000 0.020

Means of different superscripts (* > %) within a column differ significantly at p < 0.05. SD: Storage duration; PTC: 6-hour preincubation thermal conditioning, non-PTC: Eggs that did not receive any PTC
(control); 6hr-PTC: Eggs that received 6-hour PTC, PTC x SD: non-PTC x 14d: Eggs stored for 14 days and did not receive PTC (control), 6hr-PTC x 14d: Eggs stored for 14 days and received PTC for 6
hours, non-PTC x 21d: Eggs stored for 21 days and did not receive PTC (control), 6hr-PTC x 21d: Eggs stored for 21 days and received PTC for 6 hours. SEM: Pooled standard error of means. P-value:
Probability value.
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Table 6. Effects of prolonged storage and pre-incubation thermal conditioning on the average rectal temperature of Plymouth
Rock hybrid chickens measured hourly within 24 hours after hatching

Factor Chick rectal temperature (°C)
14 40.64°
21 41.16%
SD
SEM 0.260
P-value 0.033
non-PTC 41.92%
6hr-PTC 39.88°
PTC
SEM 0.261
P-value 0.013
non-PTC x 14d 41.582
6hr-PTC x 14d 39.69°
non-PTC x 21d 42.25%
PTC x SD b
6hr-PTC x 21d 40.07
SEM 0.368
P-value 0.045

Means of different superscripts (*®) within the column differ significantly at p < 0.05. SD: Storage duration; PTC: 6-hour preincubation thermal conditioning,
non-PTC: Eggs that did not receive any PTC (control); 6hr-PTC: Eggs that received 6-hour PTC, PTC x SD: Non-PTC x 14d: Eggs stored for 14 days and did
not receive PTC (control), 6hr-PTC x 14d: Eggs stored for 14 days and received PTC for 6 hours, non-PTC x21d: Eggs stored for 21 days and did not receive
PTC (control), 6hr-PTC x 21d: Eggs stored for 21 days and received PTC for 6 hours. SEM: Pooled standard error of means. P-value: Probability value.
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Figure 4. Effect of prolonged storage and pre-incubation thermal conditioning on fertility rate (a), hatchability rate (b),
mortality rate (c), and incubation duration (d) in Plymouth Rock Hybrid chickens. Data bars are average values pooled from the
two separate incubators. non-PTC x 14d: Eggs stored for 14 days and did not receive PTC (control), 6hr-PTC x 14d: Eggs stored for 14 days
and received PTC for 6 hours, non-PTC x 21d: Eggs stored for 21 days and did not receive PTC (control), 6hr-PTC x 21d: Eggs stored for
21 days and received PTC for 6 hours.
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Figure 5. Effects of prolonged egg storage and pre-incubation thermal conditioning on patterns of rectal temperature of Plymouth Rock hybrid chickens measured
within the first 24 hours post-hatching. CRT: Chick rectal temperature, non-PTC x 14d: Eggs stored for 14 days and did not receive PTC (control), 6hr-PTC x 14d: Eggs stored for
14 days and received PTC for 6 hours, non-PTC x 21d: Eggs stored for 21 days and did not receive PTC (control), 6hr-PTC x 21d: Eggs stored for 21 days and received PTC for 6 hours.
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Table 7. Effects of prolonged storage and pre-incubation thermal conditioning on hematological profile in Plymouth Rock Hybrid chickens

Erythrocytes Platelets

RBC HGB HCT/ PCV MCV MCH MCHC PLT MPV PDW PCT
Factor (10%/L) (g/dL) (%) (f/L) (P9) (g/dL) (10%L) (fL) (%) (%)
SD
14 2.00 8.93% 30.9° 1352 29.2 2528 22.6° 15.9% 14.9 0.021
21 2.13 7.92° 28.6° 132° 29.5 246° 18.5° 13.7° 14.8 0.023
SEM 0.140 0.100 0.08 0.12 0.11 0.11 0.15 0.11 0.037 0.002
P-value 0.546 <0.001 <0.001 <0.001 0.330 <0.001 <0.001 <0.001 0.058 0.465
PTC
non-PTC 2.21 6.42 29.1° 132° 29.3 248° 19.8° 14.2° 145° 0.016°
6hr-PTC 1.93 8.03 30.3% 1352 29.3 2512 21.2% 15.43 15.22 0.0272
SEM 0.140 0.100 0.08 0.12 0.11 0.11 0.15 0.11 0.037 0.003
P-value 0.181 0.973 <0.001 <0.001 0.841 <0.001 <0.001 <0.001 <0.001 0.001
PTC x SD
non-PTC x 14d 2.10 6.08" 28.9° 130.0° 28.9° 246° 17.8 13.2 14.6 0.015
6hr-PTC x 14d 2.37 8.67% 29.5° 135.0° 29.8° 249° 21.8 15.1 14.4 0.018
non-PTC x 21d 1.65 6.66" 27.8° 134.0° 28.7° 247° 19.1 14.2 15.2 0.027
6hr-PTC x 21d 2.21 9.20° 32.9° 136.0° 29.9° 255° 234 16.6 15.2 0.028
SEM 0.20 0.14 0.11 0.17 0.16 0.16 0.21 0.160 0.053 0.002
P-value 0.056 0.006 <0.001 <0.001 <0.001 <0.001 0.545 0.153 0.153 0.658

Means of different superscripts (* ™ ) within a column differ significantly at p < 0.05. RBC (10%%/L): Red blood cell, HGB (g/dL): Haemoglobin, HCT/PCV: Haematocrit / Packed cell volume, MCV (f/L):
Mean corpuscular volume, MCH (pg): Mean corpuscular haemoglobin, MCHC (g/dL): Mean corpuscular haemoglobin concentration, PLT (10%/L): Platelet count, MPV: Mean platelet volume, PDW (%):
Platelet distribution width, PCT (%): Plateletcrit. SD: Storage duration; PTC: 6-hour preincubation thermal conditioning, non-PTC: Eggs that did not receive any PTC (control); 6hr-PTC: Eggs that received 6-
hour PTC, PTC x SD: non-PTC x 14d: Eggs stored for 14 days and did not receive PTC (control), 6hr-PTC x 14d: Eggs stored for 14 days and received PTC for 6 hours, non-PTC x21d: Eggs stored for 21
days and did not receive PTC (control), 6hr-PTC x 21d: Eggs stored for 21 days and received PTC for 6 hours. SEM: Pooled standard error of means. P-value: Probability value.
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Table 8. Effect of prolonged storage and pre-incubation thermal conditioning on serum metabolites in Plymouth Rock Hybrid Chickens

Proteins Carbohydrate Lipids Thyroid hormones

T-Pro GBL ALB | L T-Chol Trig T3 T4
Factor (9/L) (@/L) (@/L) Gluco (g/L) (9/L) (/L) (pmol/L) (pmol/L)
SD
14 22.40 7.26 17.92° 2.84 6.38 1.66 2.59" 1.89°
21 20.83 2.91° 15.13° 3.63 6.31 1.39 3.21° 2.48°
SEM 0.495 0.505 0.674 0.120 0.495 0.212 0.170 0.144
P-value 0.055 <0.001 0.019 0.087 0.928 0.394 0.019 0.020
PTC
non-PTC 18.93" 4.33 14.60° 3.84° 6.67 1.81 3.95°% 3.03?
6hr-PTC 24.29° 5.84° 18.45° 2.63 6.02 1.25 1.86° 1.34°
SEM 0.495 0.505 0.674 0.120 0.495 0.212 0.170 0.144
P-value <0.001 0.048 0.004 0.018 0.384 0.099 <0.001 <0.001
PTC x SD
non-PTC x 14d 18.83° 5.95% 12.88° 3.18% 6.70 1.30 3.60° 3.62°
6hr-PTC x 14d 25.96° 8.58° 17.38° 2.49" 6.05 2.02 1.58" 1.34°
non-PTC x 21d 19.03° 2.71° 16.32% 4.49% 6.63 1.19 4.29° 2.44°
6hr-PTC x 21d 22.62° 3.10 19.52° 2.77° 5.99 1.59 2.13° 1.35°
SEM 0.701 0.715 0.953 0.170 0.264 0.300 0.241 0.204
P-value 0.035 0.036 0.014 0.024 0.701 0.608 0.045 0.020

Means of different superscripts (* ™ ©) within a column differ significantly at p < 0.05. T-Pro (g/L): Total protein, GBL (g/L): Globulin, ALB (g/L): Albumin, Gluco (g/L): Glucose, T-Cho (g/L): Total
cholesterol, Trig (g/L): Triglyceride, T3 (pmol/L): Triiodothyronine, T4 (pmol/L): Thyroxine. SD: Storage duration; PTC: 6-hour preincubation thermal conditioning, non-PTC: Eggs that did not receive any
PTC (control); 6hr-PTC: Eggs that received 6-hour PTC, PTC x SD: non-PTC x 14d: Eggs stored for 14 days and did not receive PTC (control), 6hr-PTC x 14d: Eggs stored for 14 days and received PTC for 6
hours, non-PTC x21d: Eggs stored for 21 days and did not receive PTC (control), 6hr-PTC x 21d: Eggs stored for 21 days and received PTC for 6 hours. SEM: Pooled standard error of means. P-value:
Probability value.
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Table 9. Pairwise Pearson correlation analysis between incubation duration and key physiological parameters in Plymouth Rock Hybrid chickens

Incubation

Chick rectal

Total

ey, e ga) POVeH (LG9 (o) i “an e e e
(C;g')Ck rectal temperature 0.854%
HGB (g/dL) -0.044 -0.788*
HCT/ PCV (%) -0.254 -0.498 0.855*
MCV f/L -0.000 -0.545 0.505 0.524
MCH (pg) 0.055 -0.930* 0.729*  0.523 0.496
MCHC (g/dL) -0.185 -0.567 0.799* 0.950* 0.728* 0.600*
Total protein (g/L) -0.086 -0.819* 0.692* 0.394 0.673* 0.713* 0.482
Globulin (g/L) 0.052 -0.607* 0.303 -0.161 -0.075 0.541* -0.196 0.634*
Albumin (g/L) 0.046 -0.700* 0.584* 0.623* 0.903* 0.723* 0.823* 0.623* -0.012
Glucose (g/L) 0.830* 0.093 -0.434 -0.450 0.010 -0.162 -0.304 -0.385 -0.264 0.036
T3 (pmol/L) 0.683* 0.426 -0.621*  -0.560 -0.404 -0.457 -0.532* -0.730* -0.362 -0.358 0.886*
T4 (pmol/L) 0.655* 0.173 -0.389 -0.562 -0.433 -0.247 -0.616 -0.427 0.11 -0.454 0.697* 0.794*

* Significant at p < 0.05. HGB (g/dL): Haemoglobin, HCT/PCV: Haematocrit/Packed cell volume, MCV (f/L): Mean corpuscular volume, MCH (pg): Mean corpuscular haemoglobin, MCHC (g/dL):
Mean corpuscular haemoglobin concentration, T3 (pmol/L): Triiodothyronine, T4 (pmol/L): Thyroxine
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Effect of prolonged storage and pre-incubation
thermal conditioning on chick serum metabolites

Table 8 presents the effects of storage duration and
PTC on chick serum metabolites. The findings show that
storage duration significantly influenced several serum
parameters, except for total protein (T-Pro), total
cholesterol (T-Chol), glucose, and triglycerides (Trig, p <
0.05). Chicks hatched from eggs stored for 21 days had
significantly lower globulin (GBL) and albumin (ALB)
levels but higher triiodothyronine (T3) and thyroxine (T4)
levels compared to chicks from eggs stored for 14 days (p
< 0.05). However, PTC application significantly mitigated
these effects, increasing total protein, globulin, and
albumin  levels  while reducing glucose and
triiodothyronine levels compared to the non-PTC group (p
< 0.05). Specifically, eggs stored for 14 days and
subjected to PTC resulted in chicks with significantly
higher total protein (25.96 g/L), globulin (8.58 g/L), and
albumin (17.38 g/L) levels, but lower glucose (2.49 g/L),
triiodothyronine (1.58 pmol/L), and thyroxine (1.34
pmol/L) compared to eggs stored for 14 days without
PTC, which had total protein (18.83 g/L), globulin (5.95
g/L), albumin (12.88 g¢/L), glucose (3.18 ¢/L),
triiodothyronine (3.60 pmol/L), and thyroxine (3.62
pmol/L, p < 0.05). Similarly, eggs stored for 21 days and
subjected to PTC produced chicks with significantly
higher total protein (22.62 g/L), globulin (3.10 g/L), and
albumin (19.52 g/L) levels but lower glucose (2.77 g/L),
triiodothyronine (2.13 pmol/L), and thyroxine (1.35
pmol/L) compared to eggs stored for 21 days without
PTC, which recorded total protein (19.03 g/L), globulin
(2.71 g¢/L), albumin (16.32 g/L), glucose (4.49 g/L),
triiodothyronine (4.29 pmol/L), and thyroxine (2.44
pmol/L, p < 0.05). No significant interaction effects were
found for total cholesterol and triglycerides (p > 0.05). The
lower plasma protein levels and elevated glucose
concentrations in the non-PTC chicks suggest an increased
metabolic rate as they may be adjusting to thermal stress
(Tanizawa et al., 2014). Their heightened levels of
thyroxine (T4) further suggest that the thyroid gland was
more active, while the elevated triiodothyronine (T3)
levels indicate intensified peripheral deiodination, both
mechanisms aimed at coping with thermal challenges
(Yahav et al., 2004). In contrast, PTC-treated chicks
demonstrated lower levels of T3 and T4, indicating a
reduced metabolic rate (Yahav and Hurwitz, 1996), likely
as part of a key mechanism in thermotolerance acquisition,
where heat production is suppressed by decreasing T3
concentrations (Yahav and McMurtry, 2001). These

findings in conjunction with the improved haematological
profiles and serum protein levels in the PTC-treated chicks
suggest that PTC application not only improves metabolic
regulation of chicks but also enhances their ability to
withstand post-hatch thermal stress.

Pearson correlations between incubation duration
and key physiological parameters

Table 9 provides crucial insights through the Pearson
correlation analysis, shedding light on the physiological
mechanisms behind the observed findings in the study.
These correlations help explain the challenges faced by
non-PTC chicks and how PTC application improved their
physiological responses. A strong positive correlation
between incubation duration and rectal temperature (r =
0.854, p < 0.05) supports the observation that non-PTC
chicks, which underwent prolonged incubation, exhibited
elevated rectal temperatures. This finding aligns with the
idea that these chicks struggled with thermoregulation, as
newly hatched chicks are dependent on their environment
to maintain body temperature. The inability to dissipate
heat effectively indicates that these chicks faced metabolic
stress, further explaining the thermoregulatory challenges
observed in non-PTC chicks. In contrast, the normal rectal
temperatures observed in PTC-treated chicks can be
attributed to the positive influence of PTC on their ability
to manage thermal stress. The correlation suggests that
PTC improved the chicks' thermotolerance by stimulating
mechanisms within the sympathetic nervous system,
which plays a critical role in temperature regulation post-
hatch (Wekstein and Zolman, 1969). This perhaps
enhanced thermoregulation and allowed PTC chicks to
better cope with the environmental stressors they
encountered after hatching. Furthermore, the negative
correlations between elevated rectal temperatures and
critical blood parameters, such as hemoglobin (HGB, r = -
0.788, p < 0.05), mean corpuscular hemoglobin (MCH, r =
-0.930, p < 0.05), and total protein (r = -0.819, p < 0.05),
reinforce the earlier observation of dehydration and
reduced oxygen-carrying capacity in non-PTC chicks.
These correlations suggest that the increased rectal
temperatures contributed to a breakdown in homeostasis,
where dehydration likely impaired protein synthesis,
leading to reduced plasma protein levels and poorer
growth and development observed in these chicks (Xin
and Rieger, 1995). Additionally, the positive correlation
between incubation duration and glucose levels (r = 0.830,
p < 0.05) helps explain why non-PTC chicks exhibited
higher plasma glucose concentrations. This increase

Sasu P, Agbehadzi RK, Ackah EM, Adjei-Mensah B, Felicia EE, Danquah CA, Tona K, Hamidu JA, and Were P (2025). Effects of Six-Hour Pre-Incubation
Thermal Conditioning and Prolonged Storage on Egg Quality, Embryogenesis, Hatchability, and Post-Hatch Physiology of Plymouth Rock Hybrid Chickens in Tropical Climate of
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reflects a stress-induced metabolic response, where the
chicks needed to boost energy production to meet the
demands of thermoregulation. This heightened glucose
reliance underlines the increased metabolic strain
experienced by these chicks in the absence of PTC.
Finally, the  significant  correlations  between
triiodothyronine (T3, r = 0.683, p < 0.05) and glucose (T3:
r = 0.886, T4: r = 0.697, p < 0.05) further explain the
hormonal changes observed in non-PTC chicks. Elevated
T3 and T4 levels are indicative of increased metabolic
activity, as the chicks ramped up their energy production
to compensate for thermal stress. These findings are
consistent with previous studies showing that increased
thyroid hormone activity is a physiological response to
thermal challenges, enabling chicks to manage the energy
demands of thermoregulation (Yahav and McMurtry,
2001).

CONCLUSION
The present study demonstrated that six-hour pre-
incubation thermal conditioning (PTC) effectively

mitigates the adverse impacts of prolonged egg storage in
Plymouth rock hybrid chickens. Notably, the application
preserved egg quality, enhanced embryonic development,
restored hatchability, and improved post-hatch chick
vitality and overall health, indicating its potential as a
beneficial strategy in hatchery operations. However, the
variability in PTC efficacy across the different storage
durations necessitates further research to assess its broader
applicability and economic feasibility in different poultry
breeds, particularly in tropical climates.
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