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ABSTRACT Eggshell quality is among the most impor-
tant factors affecting hatchability in broiler breeders, and
therefore several methods for its assessment are available in
the poultry industry. Among them, eggshell translucency
has received special attention in recent years due to its con-
nection with ultrastructural disorganization of the shell
layers. However, there is very limited data on the impact of
translucency on hatching eggs and on the possible links
between this trait and specific gravity (SG) or shell color.
Thus, our study investigated associations and interactions
between eggshell translucency, SG, and color on incubation
parameters of eggs from the same breeding flock (Ross
308AP, 51 wk of age). To this end, light and dark eggs
within 5 different SG categories (≥1.065, 1.070, 1.075,
1.080, and ≤1.085) were selected from 15,976 eggs, graded
into 3 translucency scores, and later incubated to evaluate
egg weight loss, hatchability and embryonic mortalities. In
general, translucency scores were evenly distributed within
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SG categories (x2 [8, N = 1,138] = 13.67, P = 0.090) and
color (x2 [2, N = 1,138] = 4.93, P= 0.084). No interactions
between eggshell translucency and SG or between translu-
cency and color were found for the analyzed variables. An
interaction was observed between SG and eggshell color for
the variable egg weight loss, where the light-shelled eggs, in
most SG categories lostmoreweight throughout incubation
than dark eggs. Eggshell translucency affected egg weight
loss, hatchability, and embryonic mortality on 11 to 18 d of
incubation, with highly translucent eggs showing the worst
results. At the same time, eggs with SG lower than 1.070
displayed the greatest weight loss, lowest hatchability, and
highest contamination. We found no influence of eggshell
color on weight loss or hatchability, but light-shelled eggs
exhibited higher late embryonic mortality. Together, these
data suggest that despite its effects on certain hatching
parameters, shell translucency bears no relationship to SG
or color.
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INTRODUCTION

Modern fast-growing lines of chickens have advanced
so far genetically that today more than a third of broiler’s
life is spent inside the egg (Ismail et al., 2016; Tallentire
et al., 2018). This circumstance brings out the importance
of hatcheries in commercial operations, and how the mon-
itoring of egg and incubation parameters is critical for the
maintenance of the broiler production chain (Kroetz
Neto et al., 2023). In light of this, fertility and hatchabil-
ity (i.e., the percentage of fertile eggs that hatch) are 2
key elements in the hatchery routine given their impact
on the supply of day-old chicks (Wolc et al., 2009; Wolc
et al., 2010; King’ori, 2011). However, while fertility is a
trait influenced by genetic and nongenetic factors linked
to both the hen and the rooster, hatchability is a trait
more related to the embryo and the hen due to the quality
of the environment provided by the egg (Wolc et al.,
2009; Wolc et al., 2010). Therefore, breeding companies
carefully watch several egg parameters that are known to
affect hatchability and chick quality such as egg weight,
shape, shell features, and consistency of the contents
(Peebles and Brake, 1987; Narushin and Romanov,
2002). Among these, eggshell quality stands out as one of
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the most important components because of the shell’s role
in embryo protection, respiration, and nourishment
(Roque and Soares, 1994; Ketta and Tu�mov�a, 2016).
Although there are several methods for assessing eggshell
quality, nondestructive ones are often preferred for their
applicability in hatchery operations and genetic selection
programs (Narushin, 1997; De Ketelaere et al., 2004;
Kibala et al., 2018).

Egg specific gravity (SG), an indirect, nondestructive
method, is probably the most employed approach for
measuring shell quality in the field, due to its low cost,
practicality, and significant correlation with shell thick-
ness (Roque and Soares, 1994; Narushin, 1997; Kibala et
al., 2018). Nevertheless, as useful as it is, SG fails to
detect some eggshell abnormalities that can be observed
during candling such as hairline cracks and translucent
spots (also referred to as eggshell mottling). Translucent
spots on eggshells are areas where the mamillary and
palisade layers are disorganized and the shell structure
becomes weaker (Tyler and Geake, 1964; Talbot and
Tyler, 1974; Bain, 1992; Wong et al., 2020; Cheng and
Ning, 2023). This structural failure allows moisture from
the egg’s contents that pass through the shell mem-
branes to accumulate in the eggshell, leading to
increased light transmission (Wang et al., 2017; Wang
et al., 2019; Wong et al., 2020). Eggshell translucency
can vary from numerous tiny spots to almost the entire
shell, and its occurrence is associated with potential risks
of bacterial penetration and crack development (Bain,
1992; Bain et al., 2006; Chousalkar et al., 2010; Wong et
al., 2020). Despite the amount of research on translucent
eggs in laying hens and broiler breeders, most of it deals
with structural analysis, egg grading systems or the
influence of dietary factors on the incidence of this type
of shell abnormality (Tyler and Geake, 1964; Talbot and
Tyler, 1974; Bain, 1992; Bain et al., 2006; Chousalkar et
al., 2010; Wang et al., 2017; Wang et al., 2019; Wong et
al., 2020; van den Brand et al., 2023; Cheng and Ning,
2023). To our knowledge, only one presented study has
addressed the effect of eggshell translucency on hatch-
ability of broiler eggs and its interaction with eggshell
color (Galindo et al., 2022). These authors concluded
that dark eggs exhibiting low translucency had the best
hatchability and chick weight. Thus, an interest was
generated in investigating possible interactions among
eggshell translucency, specific gravity, and color over
egg weight loss, hatchability, and embryonic mortalities.
MATERIALS AND METHODS

All procedures complied with the current regulations
established by the Ethics Committee of the College of
Veterinary Medicine and Animal Sciences at the S~ao
Paulo University (CEUAVET No 6556290520).
Experimental Design

A total of 15,976 eggs from the same breeding flock
(Ross 308 AP, 51 wk of age) housed by AD’ORO S/A
(S~ao Carlos, S~ao Paulo, Brazil) had their shells evalu-
ated for specific gravity (SG: ≥1.065, 1.070, 1.075, 1.080,
and ≤1.085) and color (light, intermediate and dark).
Subsequently, only light and dark eggs within each SG
category were separated, individually numbered,
weighed, and analyzed for shell translucency (scores 1,
2, and 3, 1 being the least mottled and 3 the heavily mot-
tled). Eggs from the same SG and eggshell color (e.g.,
1.065 light, 1.065 dark, 1.070 light, and so on) were incu-
bated and hatched in the same tray to enable the moni-
toring of hatching parameters. Every time the number
of eggs with the same SG and color did not complete a
hatcher tray, screen dividers were placed to allow the
separation of chicks and unhatched eggs belonging to
different categories. Eggs were incubated using a single-
stage incubator (Coopermaq 1290 for 129,024 eggs with
trays of 84 eggs) and transferred to a hatcher after 19 d
of incubation (Coopermaq 430 for 43,008 eggs with trays
of 84 eggs). Egg weight loss was individually measured
when transferring, whereas hatchability (i.e., the per-
centage of fertile eggs that hatch), embryonic mortalities
were determined immediately after removal from the
hatcher.
Egg Storage, Processing, and Incubation

Eggs used in this study were stored for 3 d at the
breeders’ farm at a temperature of 20°C to 23°C, and
later transported in a specially designed egg truck with
temperature set to 20°C. Immediately upon arrival, fer-
tile eggs were automatically sorted (Yamasa CHSL
54,000 sorting machine, Rinpolis, S~ao Paulo, Brazil) to
eliminate eggs unsuitable for hatching (e.g., cracked,
dirty, undersized, or oversized eggs) and accommodated
in incubation trays and trolleys (storage room at 18°C,
RH 60−80%). On the next day, 15,976 eggs had their
SG estimated by the flotation method using salt solu-
tions with concentrations of 1.065, 1.070, 1.075, 1.080,
and 1.085 with water at a constant temperature of 18°C
(Voisey and Hunt, 1974). For every 300 eggs the salt sol-
utions were rechecked for accuracy with a hydrometer.
Then, eggs were separated in different incubation trays
according to their respective SG category and assessed
for eggshell color using an electronic colorimeter (Nix
Pro Color Sensor, Nix Sensor Ltd., Ontario, Canada).
Colorimeter readings were standardized using Zinpro’s
Eggshell Color Guide (Zinpro Corp., Eden Praire, MN)
where eggs were classified as follows: 1) dark color when
Lightness (L) in the NIX CIELab System ranged from
64.81 to 46.63 (color guide categories 6−9); 2) intermedi-
ate color when L ranged from 77.83 to 64.86 (color guide
categories 3−5) and 3) light color when L ranged from
77.88 to 88.29 (color guide categories 1−2). On the fifth
day of storage, eggs classified as light and dark within
each SG were individually marked, weighed, and exam-
ined for their translucency using Zinpro BlueBox (Zin-
pro Corp., Eden Praire, MN). Such tool allowed us to
grade eggs into 3 translucency scores: 1) slight (eggshells
showing few and small translucent spots); 2) medium
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(more translucency spots widely distributed throughout
the eggshell); and 3) severe (presence of several spots
and even larger windows of translucency all over the egg-
shell).

Upon completion of these evaluations, eggs were pre-
heated at 23.8°C for 4 h and then at 25.0°C for another 4
h, and incubation temperature and relative humidity
were programmed to gradually decrease from 37.94°C to
37.66°C and from 56.24 to 46.7%, respectively. These
settings were established from previous tests in this sin-
gle-stage incubator to guarantee that eggshell tempera-
ture was maintained around 37.7°C throughout
incubation. Egg turning was performed hourly until the
time of in ovo vaccination and egg transfer (456 h). All
eggs were individually weighed again approximately 2 h
before transfer to monitor egg weight loss. The hatcher
was configured to keep temperature at 36.9°C and rela-
tive humidity of 55% for the first 24 h, and 36.7°C and
relative humidity of 61% for the remaining 24 h. At 508
h, chicks were removed from the hatchers and sent to
the processing area.
Hatching Events, Hatchability and
Embryonic Mortalities

Hatchlings from each tray (properly tagged with their
respective SG and eggshell color category) were trans-
ferred to previously marked boxes for weighing and qual-
ity analysis, whereas unhatched eggs were opened and
macroscopically categorized into the following groups:
unfertile; embryonic mortality at 0 to 4 d; embryonic
mortality at 5 to 10 d; embryonic mortality at 11 to 18
d; embryonic mortality at 19 to 21 d; pipped eggs, and
contaminated eggs. As aforementioned, whenever the
number of eggs with the same SG and color did not com-
plete a hatcher tray, screen dividers were placed to allow
the separation of chicks and unhatched belonging to dif-
ferent categories (e.g., 1.065 light/1.065 dark). Individ-
ual marking of the eggs (numbers written on the shell)
also allowed tracking of the translucency scores to which
each unhatched egg belonged.
Statistical Analysis

Statistical analysis was performed using the Statisti-
cal Analysis System 9.3 software (SAS institute, Cary,
NC). A chi-square test of independence was performed
to examine the relation between eggshell translucency
and SG, and between eggshell translucency and color.
Variables were initially tested for variance homogeneity
and data normality (Guided Data Analysis), and when-
ever these assumptions were not validated the data were
transformed. If transformations were unsuccessful, non-
parametric tests were used for conducting statistical
analysis. The experimental unit was sets of 30 eggs. The
interaction effect between eggshell translucency, specific
gravity, and color was tested by general linear model
procedures. For parametric variables, differences
between groups were analyzed using ANOVA followed
by Duncan tests, whereas nonparametric variables were
analyzed using Kruskal-Wallis followed by Wilcoxon
test. A probability value of P < 0.05 was considered sta-
tistically significant. Results are reported as untrans-
formed means § SEM.
RESULTS

Of the 15,976 eggs analyzed for SG and shell color, we
managed to select 1,545 eggs as light and dark within
each SG category using colorimeter readings (7.6% and
2.1% of total eggs, respectively − Figures 1A and 1B).
After a second round of evaluation (considering egg
shape, cleanliness, cracked shells, etc.), 1,204 good-qual-
ity hatching eggs were incubated and transferred, of
which 1,138 were considered fertile during hatch debris
breakouts. Overall, translucency scores 1, 2, and 3
accounted for 14.5, 54.6, and 30.9% of the total eggs ana-
lyzed, respectively. The distribution of translucency
scores within each specific gravity and eggshell color is
detailed in Figures 1C and 1D. A chi-square test of inde-
pendence showed that there was no correlation between
eggshell translucency and specific gravity, x2 [8,
N = 1138] = 13.67, P = 0.090, nor between translucency
and color, x2 [2, N = 1,138] = 4.93, P = 0.084. Addition-
ally, no interactions between eggshell translucency and
SG or between translucency and color were found for
the analyzed variables (Table 1). The only interaction
observed was between SG and color regarding egg
weight loss, where light-shelled eggs in most SG catego-
ries lost more weight during incubation (Figure 2).
Eggshell translucency influenced egg weight loss,

hatchability, and embryonic mortality on 11 to 18 d of
incubation, with score 3 differing from 2 in the first 2
parameters and from 1 in the last parameter (Figures 3
and 4, Table 2). Egg weight loss and hatchability were
equally affected by SG with the lowest category diverg-
ing from the others. The percentage of contaminated
eggs in SG < 1.065 was higher than in categories 1.070,
1.075, and 1.080 (Figures 3 and 4, Table 3). Light-
shelled eggs showed higher embryonic mortalities on 11
to 18 and 19 to 21 d of incubation than eggs with dark
shells (Table 4).
DISCUSSION

In recent years, much research has been conducted on
eggshell translucency, especially with respect to the
characteristics, incidence, influencing factors, and
impact of this abnormality on table eggs (Leach and
Gross, 1983; Chousalkar et al., 2010; Wang et al., 2017;
Wang et al., 2019; Wong et al., 2020; Zhang et al., 2021;
Ren et al., 2023). However, despite the belief that egg-
shell translucency can affect incubation and hatching
parameters, concrete data are scarce (Galindo et al.,
2022; van den Brand et al., 2023). To fill this gap, we
examined whether translucency is in any way linked to
SG or eggshell color and what role it plays in broiler egg
weight loss, hatchability, and embryonic mortalities.



Figure 1. − Overall distribution of the analyzed eggs as per eggshell translucency, specific gravity and color (a total of 15,976 eggs from Ross
308AP breeders with 51 wk of age). (A) Number of eggs according to their specific gravity category and eggshell color; (B) Number of light and dark
eggs within each specific gravity category selected in our study to be monitored for eggshell translucency and incubation parameters; (C) Distribu-
tion of eggshell translucency scores within each specific gravity category of selected light and dark eggs (no association between eggshell translucency
and specific gravity was observed, x2 (8, N = 1138) = 13.67, P = 0.090); (D) Distribution of eggshell translucency scores within each color category
(no association between eggshell translucency and color was observed, x2 (2, N = 1138) = 4.93, P = 0.084).
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Herein, no relationship was found between translucency
and the other 2 eggshell features, and the only confirmed
interaction was between SG and color for egg weight
loss. The lack of association or interaction between egg-
shell translucency and SG is plausible considering that
the former refers to nonuniform distribution of moisture
throughout the eggshell and does not seem to be
Table 1. Probability values for the effects of eggshell translucency (sc
≤1.085) and color (light and dark) as well as their interactions on eg
and pipped eggs.

Variables Translucency Specific gravity Color Tran

Egg weight loss 0.0273 < 0.0001 0.3243
Hatchability (%) 0.0225 0.0343 0.9239
Embryonic mortality % (0−4
d)

0.0606 0.2869 0.4561

Embryonic mortality % (5−10
d)

0.3606 0.4459 0.9176

Embryonic mortality % (11−18
d)

0.0122 0.8016 0.0479

0.5658 0.1238 0.0479
Pipped eggs 0.0886 0.4514 0.7704
Contaminated eggs 0.1048 0.0258 0.1768
connected to eggshell thickness as SG (Ahmad et al.,
1976; Foster and Weatherup, 1979; Peebles and Brake,
1987; Narushin, 1997; Cheng and Ning, 2023). In fact,
the literature contains conflicting data around eggshell
thickness in translucent eggs as there are studies that
claim they are thicker, thinner, or have no differences
when compared to nontranslucent eggs (Holst et al.,
ores 1, 2, and 3), specific gravity (≥1.065, 1.070, 1.075, 1.080, and
g weight loss, hatchability, embryonic mortalities, contamination

Interaction effect

slucency £ specific gravity Translucency £ color Specific gravity £ color

0.1197 0.8061 0.0279
0.3401 0.5572 0.0520
0.6224 0.6135 0.2815

0.8845 0.5821 0.5800

0.5545 0.2141 0.6036

0.0600 0.4000 0.9447
0.8864 0.7386 0.9410
0.0700 0.2031 0.2942



Figure 2. − Weight loss during incubation of light and dark eggs within different specific gravity categories. Asterisks and NS indicate signifi-
cant (P < 0.05) and nonsignificant (P > 0.05) differences of eggshell color within each specific gravity category, respectively.
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1932; Almquist and Burmester, 1934; Talbot and Tyler,
1974; Wang et al., 2017; van den Brand et al., 2023). In
contrast, SG is perhaps the easiest and most widely non-
destructive method used to estimate shell thickness
given its significant correlation with this parameter
(Frank et al., 1964; Voisey and Hunt, 1974; Ahmad et
al., 1976; Foster and Weatherup, 1979; Peebles and
Brake, 1987; Narushin, 1997). Thus, while observing
that both parameters showed effects on variables such
as egg weight loss and hatchability separately, it seems
likely that they are not interconnected because one
derives from ultrastructural disorganization of the mam-
millary and palisade layers, and the other relates to egg-
shell thickness itself. The same line of thinking applies to
the absence of a relationship between translucency and
eggshell color since increasing evidence points to the egg-
shell membrane as a critical factor affecting translucency
(due to its influence on the density and organization of
the nucleation sites and mammillary knobs), whereas
eggshell pigmentation depends on the amount and type
of pigments deposited throughout the eggshell and does
not appear to be linked to the eggshell membrane forma-
tion (Leach and Gross, 1983; Chousalkar et al., 2010;
Sparks, 2011; Wang et al., 2017; Ren et al., 2023). Unfor-
tunately, the only information available on the subject
reports that eggshell color and translucency are some-
how related, with darker and less mottled eggs exhibit-
ing better hatchability and chick weight, although the
possible reasons for this effect have not been discussed
(Galindo et al., 2022).

As aforementioned, the current analysis also revealed
that SG and eggshell color interacted with light-shelled
eggs in most SG categories losing more weight over the
course of incubation than dark ones. Yet this circum-
stance did not interfere with hatchability. The assump-
tion that light-shelled eggs do not hatch as well as those
with dark shells is widespread among broiler breeders,
although there is no consensus on the subject among
researchers. Significant but low correlations between
these 2 characteristics have been described, leading sev-
eral authors to conclude that color alone cannot be
applied reliably as an eggshell quality indicator (Godfrey
and Jaap, 1949; Grover et al., 1980; Joseph et al., 1999;
Ingram et al., 2008; Aygun, 2014). According to these
studies, dark-shelled eggs usually exhibit higher SG than
light-shelled ones. Moreover, Yang et al. (2009) noticed
that color was positively correlated with shell strength,
weight and thickness, result that for the authors could
be related to a longer length of stay of the egg in the shell
gland. However, when analyzing the influence of color on
eggshell quality and composition in different layer
breeds, Drabik et al. (2021) observed no effect of this fea-
ture on SG. Interestingly, none of the previous research
with broiler breeders examined the interaction effect of
eggshell color and SG on incubation parameters (God-
frey and Jaap, 1949; Joseph et al., 1999; Ingram et al.,
2008). Hence, we believe that the differences in weight
loss between light and dark eggs within SG categories
may be explained by small variations in shell thickness,
but because these losses are within an acceptable range,
they did not show an additive effect on hatchability.
According to a recent publication (Javu� rkov�a and

Mik�sík, 2023) the eggshell pigment (protoporphyrin IX)
provides primary antimicrobial protection for eggs, act-
ing as an antioxidant, beyond to be positively correlated
with 17a-hydroxy-pregnenolone in the egg albumen.
This could potentially explain the greater late mortality
of embryos originated from light-shelled eggs. Within
the same lineage, chicks hatched from light-shelled eggs
are less vigorous than the ones from brown-shelled eggs,
they reach the slaughter age weighting less than the
ones from brown-shelled eggs and their carcasses present
more fat and less lean meat, showing that they were less
efficient in depositing protein (Ebbing et al., 2019).



Figure 3. − Means (§ SEM) of egg weight loss during incubation
according to (A) shell translucency scores; (B) specific gravity; and (C)
shell color. Different letters indicate significant differences between
groups (P < 0.05).
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In the current study, translucency alone had a signifi-
cant impact on egg weight loss, hatchability, and embry-
onic mortality at 11 to 18 d. Greater egg weight loss was
also detected in high translucent eggs from broiler
breeders fed with inorganic trace minerals, but informa-
tion regarding their hatchability was not disclosed (van
den Brand et al., 2023). Ultrastructural disorganization
of the shell layers in translucent eggs apparently
increases in size but decreases in number the mammil-
lary knobs, and forms long continuous grooves between
the cones (Leach and Gross, 1983; Chousalkar et al.,
2010). These irregularities may trigger changes in egg-
shell conductance which in turn may lead to increased
water loss from inside the egg to the external environ-
ment. For example, Ray et al. (2015) reported that high
translucent eggs displayed more externally branched
pores than those with low translucency, a trait that
likely influences weight loss during incubation. Although
eggs classified with less mottled shells lost more weight
than those with moderately mottled shells, this loss was
not different as observed between eggs with moderately
and heavily mottled shells. One explanation for this out-
come may be the low representativeness in our sample of
score 1 eggs (165 eggs) when compared to those shown
by scores 2 and 3 (with 622 and 351 eggs, respectively).
This sampling issue may also account for the lack of sig-
nificance between scores 1 and 3 with regard to hatch-
ability, despite the former having a better average result
(similar to score 2 eggs that were significantly higher).
On average, eggs of scores 1 and 2 had around 4.45%
and 7.84% more hatchability than those of score 3, rates
close to that provided by Galindo et al. (2022) (6.91%)
but lower than that described by Hebbink (2018)
(>10%). Considering our findings, this lower hatchabil-
ity observed in heavily mottled eggs may have been
caused by a higher embryonic mortality (especially
between 11 and 18 d of incubation), but the reasons for
this remain unknown.
Traditionally, SG has been one of the most widely

used nondestructive measures of shell quality for both
table and hatching eggs because of its high and positive
correlation with eggshell weight, thickness and strength
(Godfrey and Jaap, 1949; McDaniel et al., 1979; Hamil-
ton, 1982; Peebles and Brake, 1987; Bennett, 1992;
Roque and Soares, 1994). Most of these surveys have
also shown a positive relationship between SG and
hatchability, although some authors argue it may not be
a consistent index of hatchability in different ages of
birds. Overall, eggs with lower SG exhibit the highest
weight losses during incubation and the lowest hatch-
ability (Godfrey and Jaap, 1949; McDaniel et al., 1979;
McDaniel et al., 1981; Hamilton, 1982; Bennett, 1992;
Roque and Soares, 1994). In line with this information,
our results confirmed that eggs with SG below 1.070 dif-
fer from the others in terms of weight loss and hatchabil-
ity. In addition, we also perceived an increase in the
percentage of contaminated eggs, which we believe is
linked to the higher susceptibility of thin-shelled eggs to
crack during handling. A further reason for this
increased contamination relies on earlier findings that
whole eggs with lower specific gravity are less resistant
to bacterial penetration (Orel, 1959; Sauter and
Petersen, 1969; Sauter and Petersen, 1974).
Another point that has been the source of great con-

troversy refers to the effect of shell color on hatching
eggs. This is because, to date, most studies involving
eggshell color have only estimated its correlation with
other shell quality indicators (which in general was low),
and those few that have investigated hatchability
obtained mixed results (Funk and Forward, 1949; God-
frey, 1949; Godfrey and Jaap, 1949; Grover et al., 1980;
Joseph et al., 1999; Ingram et al., 2008; Yang et al.,
2009; Aygun, 2014; Baylan et al., 2017; Drabik et al.,
2021). Here, light-shelled eggs only differed from dark-
shelled eggs with regard to late embryonic mortality. A
similar outcome to that was obtained by Baylan et al.



Figure 4. −Means (§ SEM) of hatchability according to (A) shell translucency scores; (B) specific gravity; and (C) shell color. Different letters
indicate significant differences between groups (P < 0.05).
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(2017), who also found no differences in hatchability of
fertile eggs with light, medium, and dark shells. Con-
versely, Shafey et al. (2005) noted that lightly pig-
mented fertile brown eggs hatched better than medium
pigmented ones when incubated without light, whereas
heavily pigmented brown eggs had intermediate
hatchability. Furthermore, these 3 groups of brown eggs
did not show any difference in weight loss throughout
incubation. Previous authors have claimed that dark- or
medium-shelled eggs hatched more compared to light-
shelled eggs (Funk and Forward, 1949; Godfrey and
Jaap, 1949; Galindo et al., 2022). However, in one of



Table 2. Mean § SEM of hatching parameters according to eggshell translucency.

Translucency score1

Variables 1 2 3

Hatchability (%) 85.93 § 2.74 ab 89.32 § 1.62a 81.48 § 2.24b

Egg weight loss (%) 10.05 § 0.27ab 9.92 § 0.18b 10.95 § 0.41a

Embryonic mortality
(%) (0-4 d)

4.04 § 1.64 3.44 § 0.81 7.66 § 1.68

Embryonic mortality
(%) (5-10 d)

1.19 § 0.75 1.76 § 0.49 0.59 § 0.40

Embryonic mortality
(%) (11-18 d)

0.00 § 0.00b 2.06 § 0.47ab 3.99 § 0.90a

Embryonic mortality
(%) (19-21 d)

2.12 § 1.36 0.83 § 0.33 1.54 § 0.70

Pipped eggs (%) 1.77 § 0.79 0.49 § 0.27 0.28 §0.28
Contaminated eggs (%) 4.35 § 2.50 1.90 § 0.58 4.41 § 1.01

1Score 1 being the least mottled (n = 165 eggs), score 2 the moderately mottled (n = 622 eggs), and score 3 the heavily mottled (n = 351 eggs).
Columns with different superscripts differ significantly (P < 0.05).

Table 3. Mean § SEM of hatching parameters according to specific gravity.

Specific gravity1

Variables ≥1.065 1.070 1.075 1.080 ≤1.085

Hatchability (%) 79.27 § 2.42b 88.61 § 2.01a 88.23 § 2.44a 87.72 § 1.69a 85.27 § 6.33a

Egg weight loss (%) 12.40 § 0.20a 9.80 § 0.25b 10.03 § 0.27b 9.55 § 0.41b 9.23 § 0.17b

Embryonic mortality (%) (0−4 d) 5.12 § 0.65 3.16 § 0.85 5.92 § 1.48 5.56 § 1.73 2.26 § 1.13
Embryonic mortality (%) (5−10 d) 2.68 § 1.10 1.24 § 0.69 0.68 § 0.45 1.44 § 0.71 3.03 § 3.03
Embryonic mortality (%) (11−18 d) 3.01 § 1.00 1.94 § 0.73 2.03 § 0.74 1.69 § 0.89 2.27 §1.32
Embryonic mortality (%) (19−21 d) 2.16 § 0.70 0.95 § 0.48 0.34 § 0.34 2.29 § 0.69 3.03 § 3.03
Pipped eggs (%) 1.02 § 0.66 1.28 § 0.99 1.06 § 0.54 0.45 § 0.80 1.11 § 1.11
Contaminated eggs (%) 6.74 § 1.24a 2.82 § 1.01b 1.71 § 1.05b 1.27 § 0.90b 3.03 §3.03ab

1Number of eggs per SG groups: ≥1.065 (n = 214); 1.070 (n = 324); 1.075 (n = 297); 1.080 (n = 232); and ≤1.085 (n = 71).
Columns with different superscripts differ significantly (P < 0.05).
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these studies an abnormality was noted in 1 strain of
New Hampshires breeders (Oklahoma) a correlation was
found between shell color and hatchability while in
another (Ohio) it was not. Therefore, we believe that
part of these discrepancies around the effects of shell
color on hatching parameters may be the result of other
factors such as breeds or methods for determining shell
color. For example, our study and Baylan et al. (2017)
analyzed eggs from Ross breeders and used electronic
colorimeters, whereas Funk and Forward (1949) and
Godfrey and Jaap (1949) monitored eggs from New
Hampshires breeders and performed visual grading.
Unlike the above mentioned, Shafey et al. (2005) exam-
ined eggs from Hybro breeders and used visual grading.
Table 4. Mean § SEM of hatching parameters according to egg-
shell color.

Eggshell color

Variables Light Dark

Hatchability (%) 87.35 § 1.52 87.59 § 1.87
Egg weight loss (%) 10.45 § 0.27 10.02 § 0.29
Embryonic mortality (%) (0−4 d) 3.77 § 0.52 5.25 § 1.23
Embryonic mortality (%) (5−10 d) 1.37 § 0.43 1.55 § 0.64
Embryonic mortality (%) (11−18 d) 2.74 § 0.62a 1.09 § 0.51b

Embryonic mortality (%) (19−21 d) 1.20 § 0.35 a 0.66 § 0.36b

Pipped eggs (%) 0.44 § 0.24 1.14 § 0.43
Contaminated eggs (%) 3.10 § 0.76 2.69 § 0.74

1Number of eggs per eggshell color groups: light (n = 701) and dark
(n = 437).

Columns with different superscripts differ significantly (P < 0.05).
Thus, further research addressing eggshell color under
the similar conditions (i.e., chicken breed, objective
methods for color determination, large samples, etc.) are
needed to advance our understanding of its influence on
incubation variables.
In summary, our data indicate that despite its individ-

ual effect, translucency had no relationship or interac-
tion with SG or shell color over incubation parameters.
Meanwhile, we ascertained an interaction between SG
and eggshell color in which light-shelled eggs tended to
lose more weight throughout incubation. High translu-
cency eggs in general lost more weight and hatched less,
but these differences were only significant when com-
pared to medium translucency eggs. Eggs with SG lower
than 1.070 displayed the greatest weight loss, lowest
hatchability and highest contamination. Eggshell color
alone only impacted late embryonic mortality but with-
out major consequences on hatchability.
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