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Egg Storage Time Affects Incubation Yield and
Hatch Window in Pekin Ducks (Anas Boschas)

ABSTRACT

The objective of this study was to evaluate the effect of storage time
on albumen quality, incubation yield, and hatch window in Pekin ducks
(Anas boschas). A total of 1302 eggs were randomly distributed to
seven treatments according to the storage time with durations ranging
from 1 to 14 days. Each treatment consisted of 186 eggs with a two-
day storage interval between treatments. The pH and Haugh unit (HU)
of the albumen, egg weight loss during incubation (WL), hatchability
(HTCH), incubation duration (ID), hatch window, asymmetry (ASS),
percentile kurtosis (PK), and embryonic mortality were analyzed. A
linear effect was observed forthe WL, ID, and PK and a quadratic effect
forpH, HU, and HTCH over time. No significant effect of storage time
was observed on ASS. Post-pipping embryonic mortality was linearly
affected by storage time. Prolonging the storage period above 10 days
reduces albumen quality and hatchability, delays the hatch of Pekins,
and results in a higher percentage of post-pipping mortality.

INTRODUCTION

The quality of fertile eggs in the poultry production chain is essential
for the incubation and production of quality chicks (Tona, 2003).
Pre-incubation storage time, environmental storage conditions, and
breeder age are the most important factors in changing the internal
characteristics of eggs (Tilki & Inal, 2004; Abd El-Hack, 2019). Egg
storage has become a common practice in commercial hatcheries,
mainly due to the need to collect sufficient hatchable eggs that
allows for uniformity and classification of eggs according to common
characteristics, such as breeder age, batch, and sanitary state (Reijrink,
2009; Goliomytis, 2015).

Storage of chicken and turkey eggs for more than seven days alters
the internal characteristics of the eggs, affects embryo development
and survival, decreases hatchability, and reduces chick quality (Fasenko
& Robinson, 1998; Fasenko, 2001a; Fasenko, 2001b; Fasenko, 2007;
Nasri, 2020). This is because, during storage, the eggs lose water and
carbon dioxide to the environment, resulting in an increase in pH from
7.6 10 9.0 (Scott & Silversides, 2000; Silversides & Scott, 2001; Niemiec,
2001) and cell death can occur when the embryo is exposed to a pH
of 9 for long periods (Reijrink, 2009). Furthermore, during the storage,
oxidation of proteins and lipids of yolk and albumen occurs (Pappas,
2005) and increases in lipid peroxidation as the egg storage time is
increased may compromise embryo viability (Cherian, 2007).

Besides, egg storage can prolong the incubation period, causing a
delay in the hatching process (Brake, 1997; Decuypere, 2001; Elibol,
2002; Tona, 2003), resulting in hatching windows of up to 48 hours
between late and early hatches (Careghi, 2005). The longer waiting
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time in the hatchery increases the post-hatch food
deprivation period, resulting in weight loss due to
dehydration, reabsorption of the yolk sac and protein
catabolism, leading to limited initial growth (Careghi,
2005).

The effect of egg management (Gallus
gallusdomesticus) prior to incubation and its effects in
the postnatal phase have been extensively researched.
However, the effect of storage time of Pekin (Anas
boschas) eggs on embryonic development, incubation
yield and hatch profile has not been adequately
reported.

MATERIALS AND METHODS

The experiment was conducted after approval by
the Ethics Committee on the Use of Animals of the
Instituto Federal Catarinense, SC, Brazil, under protocol
number 007/2013.

Egg management and

design

experimental

The experiment was carried in the city of Araquari,
Santa Catarina, Brazil, in the coordinates26.395521
of latitude, -48.738669 of longitude and 9 meters
of altitude. A total of 1302 freshly laid Pekin duck
(Anas boschas) eggs, with an average weight of 85
+ 10g aging 52- and 53-weeks, Cherry Valley SM2
lineage breeders were used in this study. All eggs
came from the same farm and were collected/selected
at two-day intervals (n = 186 per day of collection)
and allocated to seven experimental groups. Eggs
with a cracked, deformed, or very dirty shell, or with
a poorly positioned air sac were excluded from the
study at the time of egg selection. Selected eggs were
numbered (identified) and weighed individually (scale
accurate to 0.01g; model RB, BEL Engineering, Monza,
Milan, Italy). After weighing, they were transported
to a commercial hatchery and were subjected to the
standard pre-incubation procedures: cleaning in warm
water at 32 °C; disinfection by immersion in chlorine
solution (50 ppm) at 34 °C (15 seconds); ovoscopy to
assess their integrity and finally, storage. Egg storage
was carried out in an air-conditioned room, with a
temperature of 17 £ 1 °C and a relative humidity of
65%. The eggs were equally distributed (n = 186) in
seven groups, according to the storage length in the
storage room (Table 1).

Table 1 - Experimental treatments according to the storage
time of Pekin duck.

Treatment 2d | 4d | 6d |[8d|10d|12d | 14d
Storage (days) 2 4 6 8 10 12 14

4
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Assessment of internal egg quality

After the respective storage periods, the eggs were
weighed again and six were selected per treatment (85
+ 10qg) for internal quality analysis. These eggs were
opened on a flat surface and with the aid of a Haugh
micrometer (Baxlo, Barcelona, Spain) the height of the
dense albumen was measured to calculate the Haugh
unit (HU) using the Equation 1:

HU = 100 x log(h - 1.7 x W37 + 7.57) (Eq. 1)

where HU = Haugh Unit; h = albumen height (mm);
W = egg weight (g).

After the measurement, the albumen pH was
evaluated with the aid of a digital pH meter with an
accuracy of 0.01 (PG1800, Gehaka, Sao Paulo, Brazil).

Incubation parameters

A total of 1,260 eggs were incubated, evenly
distributed in a Petersime multi-stage incubator®
(model VB336, Zulte, Belgium), at a temperature of
37.5°C and 65% humidity, with automatic turning
every hour. On the eighth day of incubation, the eggs
were submitted to ovoscopy for the removal of infertile
eggs or those with early embryonic mortality. On the
24" day of incubation (582 hours) the eggs were
transferred to a Petersime® hatcher (model KK168,
Zulte, Belgium), where they remained until hatching,
which occurred on the 28" day (on average at 672 h),
at a temperature of 37.5°C and relative humidity of
85% (wet bulb). Egg weight loss (%) was calculated
from the weight of the eggs at placement in the
incubator and weight at transfer to the hatcher.

Incubation yield and hatch window

The duration of the incubation consisted of the
time elapsed between the placement of the eggs
in the incubator until the completion of the hatch,
determined by the presence of unhatched eggs
in the hatcher up to 18 hours (690 h) beyond the
standard incubation period of 672 h. Hatchability was
determined by the relationship between the number
of ducklings hatched, and the number of fertile eggs
incubated (Equation 2):

100 x (n° of ducklings hatched)
n° of fertile eggs incubated

HATCHABILITY =

(Eq. 2)

For embryo assessment, eggs identified during
ovoscopy (on the 8" day of incubation), and those that
did not hatch at the end of the incubation period, were
used. The eggs were opened and classified according
to their contents into: infertile (INF); contaminated
(CONT); with embryonic malformation (MF); early
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embryonic mortality (EEM) - from 1 to 9 days;
intermediate (IEM) from 10 to 21 days; late embryonic
mortality (LEM) - 22 to 28 days and post-pipping
mortality (PPM) as described by Marques (1994).

From 645 h, the hatcher was opened every 8 h to
record the number of ducklings born. The birth curve
was defined as the dispersion between hatching (%)
and incubation duration (h), and to trace its profile,
birth asymmetry (ASS) and percentile coefficient of
kurtosis (PK) were calculated according to Equations
3 and 4:

3 x (mean — median)
standard deviation

ASS =

(Eq. 3)

@3- Q1)
PK =
2% (P90—P-10) (Eq. 4)

where: Q1 and Q3 = first and third quartile; P10
and P90 = the tenth and ninetieth percentiles.

Statistical analysis

The data were evaluated for normality of residuals
and homogeneity of variance by the ‘normal
probability plot' and the 'std resids by fitted values’
functions, respectively. When necessary, the data were
transformed using the arc sine function and the 'Weight
Variable” function was used to weight the values by
their variance. The data were subjected to analysis of
variance with derivation of the polynomials (regression
analysis) using the ‘Linear Regression’ function of the
statistical program, Statistix 8.0.

RESULTS

The increase in the storage period led to changes
in the internal characteristics of the eggs and changes
at hatching (Table 2), such as the increase in the pH of
the albumen, a reduction of the HU and hatchability
(quadratic regression P=0.004, P=0.003 and P=0.011,
respectively). There was linear weight loss in eggs
(P=0.002) and a longer incubation duration (P=0.010),
as the egg storage time increased.

In all groups, hatching displayed a positive
asymmetric distribution (ASS>0), indicating a non-
uniformity in the Pekin hatch, with a predominance
or higher frequency of hatching at times above the
average period, regardless of the treatment evaluated.
The storage time did not affect the symmetry of the
hatch curve (p>0.05). Furthermore, hatches presented
a leptokurtic curve (C<263) in all treatments evaluated,
with a tendency to attenuate this behaviour as the
storage time of the eggs increased (linear p<0.001).

Egg Storage Time Affects Incubation Yield and Hatch
Window in Pekin Ducks (Anas Boschas)

Table 2 — Average values for albumen pH, Haugh unit (HU),
egg weight loss during incubation (WL, %), hatchability
(HTCH, %), asymmetry (ASS), and percentile coefficient of
kurtosis (PK, %) in the distribution of the hatch of Pekin
eggs submitted to different storage periods.

Storage time (days)  pH' HU? WL HTCH*  ASS PK®

2 945 9279 546 9222 1.791 0.059
4 968 88.18 6.33 90.32 1.785 0.055
6 9.60 86.26 6.33 89.27 1.463 0.050
8 979 8585 749 8939 1.887 0.050
10 985 8582 834 8572 1.518 0.052
12 9.86 86.71 7.90 83.14 1.095 0.041
14 9.87 8567 832 79.62 1.158 0.047
Probability
Linear 0.000 0.000 0.002 0.047 0.767 0.0001

Quadratic 0.004 0.003 0.23 0.011 0.251 0.656
CV (%) 12.52  4.13 17.5 2.67 30.17 18.76
CV= coefficient of variation

10.0026x%+ 0.08527 + 9.2639; R?=0.81;

20.15086x*- 2.53714 + 96.196; R?= 0.70;

30.241086x + 5.219; R?=0.78;

4-0.0694x2 + 0.0468 + 91.763; R2=0.76;

°0.00157x + 0.06097; R?= 0.49.

The incubation duration (hours) increased in
response to storage time (Figure 1). The first hatches
occurred on average after 656h of incubation,
increasing, on average, up to 680h, resulting in a
difference of 24 hours in hatching between the Pekins
from eggs stored for two and 14 days.

690
685
680
675
670
665

660

Incubation duration (hours)

655 y = 2.04762x + 652.262
R? aj = 0.6436

650
*

645
0 2d 4d 6d 8d 10d 12d 14d
Storage Time (days)

Figure 1 — Incubation duration (hours) of Pekin eggs subjected to increasing storage
times.

Figure 2 shows the hatching distributions (%),
according to the treatments evaluated. In addition
to leptokurtic kurtosis, there is a displacement of the
hatch curve, from ten days of egg storage, extending
the hatch up to 688 hours of incubation.

The embryo evaluation (Table 3) indicated that there
was no effect of the storage period on the rates of
embryonic malformation in the early, intermediate or
late embryonic stages (p>0.05). However, there was an
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Figure 2 — Percentage distribution of Pekin egg hatches subjected to increasing stora-

ge times.

increase (quadratic, p=0.013) in mortality during the
post-pipping phase with increased pre-incubation egg
storage period (Figure 3).

y = 0.0843x2 - 0.5605x + 3.7463
14 R? aj = 0.5394

Post-pipping mortality (%)

2d 4d 6d &d 10d 12d 14d
Storage Time (days)

Figure 3 — Post-pipping mortality of Pekin embryos with increasing storage times.

Table 3 - Profile of non-hatched Pekin eggs (%), attributed
to contamination (CONT), embryonic malformation (MF),
with identification of early embryonic mortality (EEM),
intermediate (IEM) and late embryonic mortality (LEM)
when eggs were submitted to different storage periods.

Storage time (days) ~ CONT MF EEM IEM LEM
2 1.1 0.00 4.44 0.00 0.00
4 2.22 0.00 2.78 0.56 0.00
6 1.67 0.56 5.00 0.56 0.56
8 1.67 1.1 2.78 1.1 0.00
10 2.22 0.56 2.22 0.00 2.22
12 2.78 1.67 2.78 0.56 1.67
14 2.22 2.22 0.56 0.00 2.78
Mean 1.98 0.87 2.94 0.40 1.03
Probability
Linear 0.630 0.910 0.829 0.167 0.972
Quadratic 0.822 0.561 0.389 0.142 0.369
CV (%) 1.25 1.05 1.65 0.69 1.19

CV = coefficient of variation

Egg Storage Time Affects Incubation Yield and Hatch
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DISCUSSION

As expected, there was a gradual change in the
internal quality of the eggs, observed by the increase
in pH of the albumen and the reduction of HU in
response to the increase in storage time, concurring
with the results found in chicken eggs (Tona, 2003;
Jones & Musgrove, 2005). The results found in this
study are also in agreement with data from Onbasilar
(2007), who observed a reduction of 82 to 66.6 HU in
Pekin eggs stored from 0 to 11 days. The HU values
observed in this study, ranging from 92.79 to 85.67
HU for eggs stored for 2 to 14 days, respectively, are
higher than previously published values.

In chickens, the pH of the albumen at the time of
oviposition is around 7.6, rising to 9 during storage
(Scott &Silversides, 2000; Silversides &Scott, 2001;
Niemiec, 2001). Reijrink (2009), however, has indicated
8.2 to 8.8 as the best albumen pH for embryonic
development in Gallus gallus, because embryonic cells
are sensitive to a high albumen pH (above pH 9), leading
to disproportionate development or even embryonic
death (Brake, 1997; Reijrink, 2009). A gradual increase
in the pH of the albumen was observed with storage,
but even after oviposition, the values were higher than
those commonly found in chicken eggs, indicating
a different pH for this species. In anatids, the initial
albumen pH is normally between 8.3 and 8.6 (Alleoni
& Antunes, 2001; Onbasilar, 2011; Quan & Benjakul,
2018; Nasri ,2020).

According to Quan & Benjakul (2018) changes in
pH and liquefaction of albumen, observed when duck
eggs are stored, occur by conversion of H,CO, into
water and CO,. These chemical modifications cause
part of the formed water to evaporate through the shell
pores, releasing CO, and altering the internal structure
of the egg (De Oliveira & Oliveira, 2013; Onbasilar et.
al., 2007). Long storage periods can lead to excessive
degradation of the albumen, leading to the movement
of the blastoderm to the shell, dehydration, and
embryonic mortality (Brake, 1997). The reduction of
ambient temperature seems to be an effective tool in
mitigating these deleterious effects, as it prevents the
diffusion of gases through the shell (carbon dioxide)
and allows the retention of internal moisture of the
egg, which reduces mortality (Reijrink, 2009).

Weight loss during incubation was higher in eggs
that were stored for longer periods, similar to the
results found in studies with chicken eggs (Pedroso
,2006; Barbosa , 2008; Garcia , 2010). For chickens
and Pekins, the recommended rate of egg weight loss
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is between 11 and 14% (Rosa & Avila, 2000). Silva
(2008) observed that weight loss can be above the
recommended level when the eggs are stored for 14
days. In Pekin ducks, Onbasilar (2007) verified that
egg weight loss occurs during the storage period,
with values ranging from 0.38 to 1.58% for periods
of 3 and 11 days, respectively. However, there was
no difference in weight loss during incubation as a
function of storage period, which ranged from 11 to
13%.

The predicted hatchability in Pekin eggs is 85 to 87 %
(Klein-Hessling, 2007). In this study, hatchability was
within the expected levels when the eggs were stored
for a maximum of ten days. However, from this period
on, there is a reduction of up to 6% in hatchability,
resulting in indices below the recommended
hatchability. That is, for every day of storage, from
the 10th day on, there is a reduction of about 0.99%
in hatchability. Onbasilar (2007) also observed a
reduction from 96.2 to 79.1% in the hatchability of
Pekin eggs stored from 3 to 11 days. In chickens, this
reduction is observed earlier, from the 4" day of egg
storage (Reis, 1997; Lapao, 1999), with a reduction of
1.38% per day, up to the 8" day of storage (Schmidt,
2009). For turkey eggs, Fasenko (2001a) reported that
eggs stored for 4 or 14 days presented a hatchability
rate of 70.9% and 64.4%, respectively.

The reduction in hatchability of eggs stored for
long periods results from necrosis and morphological
changes in the blastoderm (Asmundson & Macilraith,
1948; Arora & Kosin, 1966; Lapao, 1999; Decuypere,
2001). However, short periods (3 to 7 days) seem to
benefit incubation due to the reduction in the viscosity
of the albumen, which allows greater diffusion of
oxygen and nutrients such as glucose and ions to the
embryo (Meuer & Baumann, 1988; Burley & Vadehra,
1989; Goodrum , 1989; Brake , 1997; Nasri, 2020).

Incubation duration increased linearly as egg
storage time increased. Several studies have reported
the same behaviour with chicken eggs (Reis, 1997;
Tona, 2003; Pedroso, 2006). According to Fasenko
& Robinson (1998), cell activity during the first 12
h of incubation is lower in eggs stored for 14 days,
compared to those stored for four days. The same
authors observed that the development of the embryo
in eggs stored for long periods begins on average 6 h
later than the development of embryos from eggs with
short storage periods, which can lead to differences in
hatching times.

In the current study, the extension of one day in
storage time leads to an increase of 2 h in incubation

i

Egg Storage Time Affects Incubation Yield and Hatch
Window in Pekin Ducks (Anas Boschas)

time. When evaluating the effects of egg storage for 10
or 20 days on oxygen consumption, heartbeat and O,
pulse in chicken embryos, Haque (1996) observed that
prolonged storage time (20 days) negatively affects
the physiological functions of embryos and leads to a
delay in embryo development. Oxygen consumption is
significantly lower over the final incubation period in
eggs stored for 20 days, resulting in a negative effect
on embryonic viability. The O, pulse in egg embryos
stored for 20 days is also lower than that of embryos
from eggs stored for 10 days, which is an important
factor in determining embryonic death. According
to the same authors, these physiological changes
resulting from prolonged storage time can cause a
delay of more than one day in hatching.

According to Bloom & Muscarella (1998), the
percentage of apoptotic cells at the time of oviposition
is approximately 3.1%, and after 14 days of storage,
this value can reach 13.9%, resulting in less viable cells.
Hamidu (2011) evaluated cell mortality and embryonic
quality in chicken eggs stored for 4 or 14 days and also
found that the percentage of viable embryonic cells was
significantly higher in eggs stored for 4 days (81.17%)
compared to 14 days (68.18%); moreover, the
percentage of apoptotic cells was significantly higher
in eggs stored for 14 days (17.88%) compared with
eggs stored for 4 days (4.32%). The authors report that
the reduction in the number of blastoderm cells may
limit the number of cells available for O, absorption,
which may cause a reduction in the availability of this
nutrient for metabolic activities related to the use of
carbohydrates, fats, and proteins to generate energy
and nutrients for embryonic growth.

Changes in the number and quality of viable cells
in eggs stored for long periods may cause a significant
delay in the onset of embryonic development after
incubation compared to development in eggs stored
for shorter periods (Nasri, 2020). Thus, the increase in
incubation duration verified in this study may be due to
the delay in the beginning of embryogenesis after the
beginning of the incubation process or the reduction
in the rate of embryonic development throughout
incubation, which may be directly associated with a
longer storage time.

Another important factor to be evaluated is the
hatch window, represented by a distribution curve
of hatching over time. The distribution of hatching
presented a positive asymmetric distribution, regardless
of the egg storage period (p<0.05). Although the hatch
distribution curves presented a leptokurtic kurtosis
(with higher peaks than in a normal distribution
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curve), as the egg storage time increased, there was
a tendency (p<0.001) for a greater distribution of
hatches over time (platykurtic kurtosis: flattening of
the curve). At the same time, there was a more marked
displacement, or delay, of the hatch curves when the
eggs were stored for longer than 10 days.

A hatch curve with a narrower and symmetrical base
is considered ideal, indicating a higher concentration
of hatching within the same time interval, reducing the
negative effects of a longer stay in the hatchery (Calil,
2007). A wider hatch window and a longer stay in the
hatcher can have negative effects on hydration, thermal
comfort, umbilical healing, survival, use of residual
yolk, and maturity of the immune and gastrointestinal
system of the chick (Boerjan, 2006; Hodgetts, 2006;
Padrén, 2009). It also affects hatchery planning and
has long-lasting effects on birds, which is reflected in
poor performance in the field.

The post-pipping mortality increased as the storage
time was prolonged, especially from the 8" day. In
contrast, Onbasgilar (2007) found higher mortality rates
in the early stages of embryonic development in Pekins.
When evaluating the storage period of 2 or 12 days,
Okur (2018) observed that early embryonic mortality
in chicken eggs (7.88% and 3.21%, respectively) and
late mortality + post-pipping mortality + unhatched
eggs (6.26% and 2.14%, respectively), were higher
after 12 days of storage compared to eggs stored for
two days.

Longer duration of incubation and the increase
in mortality may be related to changes in embryonic
metabolism over prolonged periods of egg storage.
Embryonic CO, production is slower in eggs stored
for 15 days compared to eggs stored for four days,
demonstrating that embryonic metabolism slows
down with longer storage periods (Fasenko, 2002).
In addition, cardiac muscles depend on hepatic
gluconeogenesis to obtain energy during anaerobic
metabolism, and egg embryos stored for 14 days have
a lower amount of hepatic glycogen compared to
egg embryos stored for one day (Christensen, 2002).
A hypothesis that explains the higher post-pipping
embryonic mortality is that the Pekins of eggs stored for
long periods do not produce enough energy through
gluconeogenesis to attend the energy demand of the
hatching process.

CONCLUSIONS

In conclusion, prolonging the storage period
reduces egg quality, reduces hatchability, delays the

Egg Storage Time Affects Incubation Yield and Hatch
Window in Pekin Ducks (Anas Boschas)

hatching of Pekins, and results in a higher post-pipping
mortality percentage. Thus, it is recommended that the
egg storage period of Pekins intended for incubation
be less than 10 days.
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