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ABSTRACT Eggshell translucency is a ubiquitous
external eggshell quality problem caused by variations
of eggshell ultrastructure or shell membrane. In previ-
ous studies, researchers have widely investigated this
phenomenon with nutritional, environmental, and
genetic perspectives in many breeds. However, most
studies referring to phenotypic measurement of shell
translucency have been performed using a relatively
subjective two-, three-, or four-grading methods, which
made it impossible to compare distribution of shell
translucency among different breeds. In this study, we
aimed to explore variations of translucent eggshell
spots in different breeds and their distribution in blunt,
middle, and sharp ends of eggshell using a relatively
objective grayscale recognition method. We selected 45
eggs from each flock of pure lines, commercial strains,
and Chinese local breeds (10 flocks, aged 60 to 70 wk),
and stored them in a constant environment for 5 d.
Then measured eggshell translucency using grayscale
recognition method. Indicators of shell translucency
included sum of spot areas on the whole eggshell
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(SUSA), sum area of the whole eggshell (SUSHA),
RSS (ratio of SUSA to SUSHA), quantity of spots
(QS), average spot area in eggshell (AAES), and
diameter of spots in eggshell (DS). As results, in Hy-
Line Brown, Brown-Egg Dwarf Layer, and Taihang
(pink-shelled) breeds, phenotypic intensity of eggshell
translucency was slight; in Rhode Island Red, Jingfen-
1, and Dongxiang breeds, phenotypic intensity of egg-
shell translucency was relatively extensive; and in Jing-
hong-1, Hy-Line Sonia, White Leghorn, and Taihang
(blue-shelled), phenotypic intensity of eggshell translu-
cency was at an intermediate level. In general, the
larger the RSS, the larger the QS, AAES, and DS. Of 3
ends for most breeds, eggshell translucency of blunt
and sharp ends was usually greater than that of middle
ends, and blunt ends seemed to have the most extensive
eggshell translucency. Findings from this study could
provide a reference for population selection to locate
genes regulating shell translucency and to explore the
physical structure mechanism for eggshell translucency
formation.
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INTRODUCTION

Translucent eggs refer to eggs with watermark-like
spots on the eggshell, specifically, spots that appear trans-
lucent in contrast to other areas that appear opaque when
light penetrates the eggshell (Holst et al., 1932). Eggshell
translucency is the appearance of moisture accumulation
penetrating from the egg contents (Solomon, 1991),
which is caused by genetic or vegetative ultrastructural
variations in the eggshell or shell membrane (Jiang, 2015;
Wang et al., 2017; Gautron et al., 2021), and the process
may be accelerated or delayed by environmental factors
(Fu et al., 2019; Zhang et al., 2019). It has been reported
that hens laying translucent eggs do so continually, and a
phenotypic discrepancy was found among individual hens
(Baker and Curtiss, 1957). In our previous research, the
heritability for eggshell translucency was firstly estimated
to be 0.22 in a 63-wk Brown-Egg Dwarf Layer flock,
which suggested the importance of genetic factors in the
formation of eggshell translucency (Wang, 2017). In
terms of nutrition, scientists have tried to increase the
expression level of calcium-binding protein-d28kDa
(CaBP-D28K) and plasma membrane calcium pump
(PMCA) (Jiang, 2015; Attia et al., 2020) or the amount
of medium-chain fatty acids (MCFAs) (Zhang et al.,
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2020) in the blood to improve the quality of the eggshell
or shell membrane by the use of calcium and cholecalcif-
erol, Acrespora terreticus, or balanced oil rich MCFA in
diets; however, the phenotype of shell translucency was
only relieved to a certain extent.

Scientists have conducted research on eggshell trans-
lucency in breeds of White Leghorn, Hy-Line, No. 3 of
Nongda, and many other local breeds of laying hens, but
most studies have measured eggshell translucency using
subjective two-, three-, or four-grading methods, with
no uniform grading standard. This made it impossible to
compare the distribution of shell translucency among
different breeds. In a previous study, we evaluated the
accuracy of a four-grading method and found a 50%
chance of misclassification for eggshell translucency; we
then explored the grayscale recognition method for mea-
suring eggshell translucency in terms of quantity and
area of translucent spots in the eggshell (Wang et al.,
2019). The aims of the current study were to explore the
variations in translucent eggshell spots in different
breeds and their distribution in blunt, middle, and sharp
ends of the eggshell using a relatively objective grayscale
recognition method. In perspective of commercial egg
production, the study may reduce eggshell translucency
by providing suitable population; in term of genetic and
breeding, the study would provide flocks of available
genetic variation, which were critical for gene location of
eggshell translucency formation and further elimination
of the trait.
MATERIALS AND METHODS

Hen Selection

The experiment collected 10 flocks of hens aged 60 to
70 wk, including Rhode Island Red (64 wk), Brown-Egg
Dwarf Layer (60 wk), Hy-Line Brown (60 wk), Jing-
hong-1 (64 wk), White Leghorn (60 wk), laying white
eggs, Hy-Line Sonia (66 wk), Jingfen-1 (66 wk), 2 lines
of Taihang (pink-shelled, 71 wk; blue-shelled, 64 wk),
and Dongxiang (64 wk). The 10 flocks contained pure
lines, commercial strains, and Chinese local breeds, and
laid eggs of brown, pink, white, and blue shell colors.
Among all the flocks, the White Leghorn, Rhode Island
Red, and brown-egg dwarf layer are pure lines of world-
wide standard breeds; Hy-Line Brown, Hy-Line Sonia,
Jinghong-1, and Jingfen-1 are specialized commercial
strains; and Dongxiang and Taihang (pink- and blue-
shelled) are Chinese local breeds. Further, White Leg-
horn was provided by Dawu Poultry Breeding Co. Ltd.
(Baoding, China), Rhode Island Red and brown-egg
dwarf layer were provided by CAU Poultry Breeding
Corp. (Beijing, China), Hy-Line Brown and Hy-Line
Sonia were from the Juncan Farm Cooperative (Baod-
ing, China), Jinghong-1 and Jingfen-1 were from the
Qingyuan Shunda Layer Farm (Baoding, China), Tai-
hang (pink- and blue-shelled) was from the Zanhuang
Natural Agricultural Products Development Corp.
(Baoding, China), and Dongxiang was from the
Zhuozhou Agricultural Science and Technology Garden
of Chinese Agricultural University (Baoding, China).
All breeds were raised in a similar environment, that is,
caged, in fully enclosed coops, fed specialized diets with
free diet intake, free water intake, and a 16 h:8 h light/
dark cycle.
We selected 45 qualified eggs, which had a normal

appearance on the laying day for each breed, exclud-
ing the broken and deformed eggs, and then marked
each egg on the middle of the eggshell with specific
Arabic numerals. Images of the eggs are shown in
Figure 1. First, we measured the basic external egg
qualities such as egg weight, eggshell index
(Attia et al., 1994), and shell color. Egg weight was
measured using an electronic balance with an accuracy
of 0.01 g, ranging from 0 to 6,200 g (ML-T, MET-
TLER TOLEDO Corp., Zurich, Switzerland). The
long and short diameters of the eggshells were mea-
sured using an egg quality analyzer (NFN384, FHK,
Tokyo, Japan), and the ratio of long to short diameter
was the egg index. The eggshell color of the blunt/
middle/sharp ends was measured using a portable
spectrophotometer (CM-2600d, Konica Minolta Inc.,
Tokyo, Japan), and the shell color of each egg was the
average value of the 3 ends. After collection of the
phenotypic data on the external egg quality, all eggs
were stored in a constant environment, specifically, at
a relative temperature of 20 to 25°C and humidity of
50 to 60% for 5 d, and then the eggshell translucency
and internal eggshell quality were measured.
Measurement of Eggshell Translucency

The eggshell translucency was identified using the
grayscale recognition method based on our previous
study (Wang et al., 2019). First, a light-emitting diode
(LED) cold source (HLK, Tongfa Corp., Dezhou,
China) penetrating the egg was required to enhance
the contrast between the translucent and opaque areas
on the eggshell. Images of the blunt, middle, and sharp
ends of each egg (Figure 1) were captured using a digi-
tal camera (ILCE-5000 L, Sony Corp., Thailand,
Japan), of which, pictures of blunt end and sharp end
were captured from position perpendicular to equato-
rial plane of eggshell, 15 cm away from 2 end points,
and middle end refers to the entire area from equator
to blunt and sharp points of eggshell (a random side
of eggshell perpendicular to equatorial plane of egg-
shell). After all pictures were acquired, translucent
spot indicators were analyzed, including the sum area
of the whole eggshell (SUSHA), sum of spot areas on
the whole eggshell (SUSA), ratio of SUSA to
SUSHA (RSS), quantity of spots (QS), average spot
area in the eggshell (AAES), and diameter of spots in
the eggshell (DS) on 3 ends of the eggshell of the 10
flocks. Then, the basic internal eggshell quality was
measured immediately in case of deterioration of the
egg whites and yolks.



Figure 1. The appearance of eggs of 10 hen breeds.
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The basic procedure used for the measurement of the
translucent spot indicators is as follows (Figure 2): 1)
the pixels of the long and short diameters of the eggshell
in the picture was measured using Microsoft Paint soft-
ware (mspaint.exe, Microsoft Corp., Redmond, WA) to
determine the scale of unit pixel and practical length of
the shell diameter; 2) all translucent spots on the egg-
shell were filled in manually using Photoshop software
(Photoshop CC 2018, Adobe Systems Corp., San Jose,
CA) to enhance the contrast between the translucent
spots and opaque areas; 3) the translucent spots and
opaque areas were automatically spotted by setting up
different color thresholds using Image-Pro Plus software
(version 6.0, Media Cybernetics Corp., Silver Spring,
MD); and 4) indicators of the translucent spots and egg-
shells, such as QS, SUSA, AAES, DS, and RSS, at the 3
ends of eggshell, using ImageJ software (version 1.41,
National Institutes of Health, MD) were determined.
The eggshell strength was measured using an eggshell
force gauge (EFR 01, ORKA Corp., Israel); the eggshell
thickness was measured using a micrometer (06030022,
TESA Corp., Lausanne, Switzerland), with an accuracy
of 0.1 mm; the albumen height, Haugh unit, and yolk
color were automatically measured using an egg quality
analyzer (EA 01, ORKA Corp., Israel), and Haugh unit
was calculated based on the egg weight (W) and albu-
men height (H) using the formula: 100 £ Log(H
−1.7W0.37 + 7.57), (H, mm; W, ɡ) (Haugh, 1937). The
yolk weight was measured using an electronic balance.
Statistical Analysis

All measurements of shell translucency and egg qual-
ity were quality-controlled to avoid the effects of out-
liers, and values outside the mean § 3 standard
deviations (SDs) were excluded as outliers. The RSS of
the whole eggshell was weighted by the RSSs of the
blunt, middle, and sharp ends using Equation 1:

RSS ¼ RSSblunt
Sblunt

Sblunt þ Smid þ Ssharp

þ RSSmid
Smid

Sblunt þ Smid þ Ssharp

þ RSSsharp
Ssharp

Sblunt þ Smid þ Ssharp
ð1Þ

where Sblunt, Smid, and Ssharp are the areas of the blunt
end, middle end, and sharp end of the eggshell, respec-
tively.
In addition, most RSS values of percentage data were

below 30%, which might have caused the data to be
non-normally distributed and affected the efficiency of
hypothesis testing. The RSS values were adjusted using
Equation 2:

Y ¼ Arc sin
ffiffiffiffi
X

p� �
ð2Þ

where X is the initial value of the RSS, and Y represents
the RSS values after formulation.
The inter- and intragroup variance of the shell

translucency and egg quality indicators among the 10
flocks were analyzed using SPSS software (version
23.0, SPSS Inc., Chicago, IL) in the general linear
model (GLM), and the model used is shown in Equa-
tion 3:

Xij ¼ mþ ai þ eij ð3Þ
where Xij is the measurement value of the different indi-
cators, m is the overall average, ai is the effect of groups,
and eij is the residual error. Differences in the average
values among groups for each indicator were compared
by Duncan’s multiple range test, and the significance
level was set at 0.05.



Figure 2. Illustration of processing on translucent eggshell spots for 4 kinds of color and 3 ends of eggshell by Grayscale Recognition Method. a:
brown shelled; b: pink shelled; c: white shelled; d: blue shelled; a1: eggshell profiles of blunt, sharp and middle ends by candling; a2: translucent spots
were painted black manually by Photoshop CC 2018 software to enhance the contrast between translucent spots and opaque areas; a3: all spots on
eggshell were extracted by Image-Pro Plus 6.0 software automatically; a4: profiles of the whole eggshells of blunt, sharp, and middle ends.
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Ethics Statement

All experiments were performed in accordance with
the Guide for the Care and Use of Laboratory Animals
prepared by the Institutional Animal Care and Use
Committee of Hebei Agricultural University, China.
RESULTS AND DISCUSSION

The external and internal egg quality indicators of the
different breeds are shown in Table 1. In terms of the
external egg quality, the egg weight (EW) of the local
breeds, including Taihang (pink- and blue-shelled) and
Dongxiang, were approximately 50 g, which were signifi-
cantly lower than those of the pure lines and commercial
strains (P < 0.05). The egg weight is positively correlated
with the body weight; thus, the lower egg weight of the
local breeds may have been due to the lower body weight
(Liao et al., 2016; Yue et al., 2020). The differences in
appearance of the eggshells are shown in Figure 1, and
there were 4 eggshell colors, namely, brown, pink, white,
and blue. In this study, shell color was evaluated using
the LAB color model (Le�on et al., 2006), wherein L repre-
sents the transition of shell color from dark to white (0
−100), A represents the transition of shell color from
green to gray to red (−128 to 127), and B represents the
transition of shell color from blue to gray to yellow (−128
to 127). The white eggshell (White Leghorn) had the larg-
est L value and moderate A and B values; the brown egg-
shell (Hy-Line Brown, Jinghong-1, Rhode Island Red,
and Brown-Egg Dwarf) had the least L value and the
largest A and B values, corresponding to dark red and
yellow eggshells; the blue eggshells (Dongxiang and blue-
shelled Taihang) had the least A value and moderate L
and B values; the pink eggshell (Hy-Line Sonia, Jingfen-
1, and Taihang) had moderate L, A, and B values.
As reported, eggshell colors are determined by proto-

porphyrin IX (Samiullah et al., 2015) and biliverdin
(Wang et al., 2013); however, the presence of white, pink,
brown, and blue eggshells and color uniformity are
affected by species and dosage of pigments. The values of
L*A*B provide objective measurements for various
breeds. The eggshell strength of White Leghorn and
Brown-Egg Dwarf was significantly lower than that of
commercial strains and local breeds (P < 0.05). Com-
pared to commercial strains, this may be due to thicker
eggshells resulting from heterosis of the commercial strain
(Isa et al., 2020). Compared to local breeds, the similar
eggshell thickness, lower egg weight, and high surface-
area-to-volume ratio of local breeds may account for
higher eggshell strength (Sirri et al., 2018). In terms of
interior egg quality, the yolk ratios of local breeds were
significantly higher than those of pure lines and commer-
cial strains (P < 0.05); for yolk color and Haugh unit,
there were no significant differences among most breeds.
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Given the ages of the hens, the environmental factors of
the 10 flocks were similar, and food was provided follow-
ing the nutritional requirements of the different breeds.
Thus, the variations in the external and interior egg qual-
ity largely represent the diversity and specificity of pure
lines, commercial strains, and local breeds.
The RSS, as one of the most important indicators of

eggshell translucency, is shown in Table 2. The RSSs of
the Rhode Island Red, Jingfen-1, and Dongxiang hens
were all above 10%, corresponding to the fourth-grade
(most severe) translucent egg according to the grading
method (Wang et al., 2019), which were significantly
higher than those of the other 7 breeds (P < 0.05); the
RSSs of Hy-Line Brown, Brown-Egg Dwarf, and Tai-
hang (pink-shelled) were approximately 3%, correspond-
ing to the second grade and were significantly lower than
those of the other 7 breeds (P < 0.05); the RSSs of Jing-
hong-1, Hy-Line Sonia, White Leghorn, and Taihang
(Blue-shelled) were at an intermediate level, with values
of approximately 6%, corresponding to the third grade.
From the distribution of the RSSs in the different flocks,
it appears that eggshell translucency widely exists in dif-
ferent eggshell colors, pure lines, commercial strains,
and local breeds. Previous studies have reported eggshell
translucency inWhite Leghorn (Baker and Curtiss, 1957;
Fu et al., 2019), Brown-Egg Dwarf (Wang et al., 2017),
Pink-Egg Dwarf (Nie, 2013), and Hy-Line Brown
(Jiang, 2015) hens, which are consistent with the current
study. In addition, in this study, the RSS of blue-shelled
Dongxiang hens was significantly higher than that of
pink-shelled Dongxiang hens, suggesting a linkage effect
between functional genes of eggshell translucency and
eggshell color. This result is consistent with that of a
genome-wide association study (GWAS) study,
wherein the single-nucleotide polymorphisms (SNPs) of
eggshell translucency were in Chr 2 and located in the
QTL of eggshell color (Wang, 2017).
Details on the indicators of eggshell translucency,

namely, SUSHA, SUSA, QS, AAES, and DS, are dis-
played in Table 3. For breeds with higher RSSs (>10%),
the values of SUSA, QS, AAES, and DS tended to be
higher than those with lower RSSs (3%). For flocks of
intermediate RSSs, the QS was similar to those with
higher RSSs, and the AAES and DS were similar to those
with lower RSSs. For the SUSA and AAES in the differ-
ent breeds with high RSSs, the coefficients of variation
(ratio of standard deviation to mean) were relatively large
and exceeded 0.5, which may have been mainly caused by
flake connections of translucent spots on the eggshells. In
previous studies, scientists have reported eggshell translu-
cency inWhite Leghorn, Hy-Line Brown, and many other
breeds (Baker and Curtiss, 1957; Fu et al., 2019;
Jiang, 2015); however, most researchers have measured
shell translucency using the grading method according to
parts of eggshell, which made it difficult to compare the
severity of eggshell translucency in different breeds. The
current study is the first to objectively compare shell
translucency of the whole egg (blunt, middle, and sharp
ends) among multiple varieties of hen breeds using the
grayscale recognition method.



Table 2. Difference of RSSs among 10 breeds before and after data conversion.

Breed Eggshell color N RSS1 (%) P1 RSS2 (%) P2

Hy-Line Brown Brown 45 3.36 § 1.67a 0.01 17.9 § 4.59a 0.29
Jinghong-1 Brown 45 6.56 § 3.85b 0.01 24.9 § 7.73b 0.52
Rhode Island Red Brown 45 10.2 § 7.96c <0.01 29.7 § 11.7c 0.09
Brown-Egg Dwarf layers Brown 45 3.32 § 1.81a 0.01 17.7 § 5.04a 0.38
Hy-Line Sonia Pink 45 5.80 § 2.55b 0.09 23.8 § 5.45b 0.78
Jingfen-1 Pink 45 12.5 § 9.45d <0.01 32.3 § 13.1cd 0.29
Taihang (Pink shelled) Pink 45 3.03 § 1.36a 0.37 17.6 § 4.08a 0.88
White Leghorn White 45 6.79 § 4.23b <0.01 25.3 § 7.89b 0.03
Dongxiang Blue 45 13.2 § 7.73d <0.01 35.2 § 10.4d 0.30
Taihang (Blue shelled) Blue 45 6.79 § 3.38b 0.22 25.5 § 6.98b 0.51

RSS, ratio of sum of spots areas on the whole eggshell to sum area of the whole eggshell.
RSS1 are initial value; RSS2 are conversed values and the formula: Y Arc sin ((Sqrt)X) Where X are values of RSS1, and Y are values of RSS2.; P1 and

P2 are calculated by Shapiro-Wilk test, where P>0.05 suggesting it conforms to the normally distributed and P < 0.05 is not.
a,b,c,dAmong 10 groups mean without a common superscript differ (P < 0.05).
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Further, Figure 3 illustrated the distribution of trans-
lucent spots on the blunt, middle, and sharp ends of the
eggshell. For all breeds, the SUSHA of middle end was
significantly larger than those of the other 2 ends (P <
0.05), and given that pictures of the blunt and sharp
ends were captured from the 2 sides perpendicular to the
long diameter of each egg, the 2 ends shared same
SUSHA. For SUSA, the sharp ends of the Hy-Line
Brown, Rhode Island Red, Taihang (pink- and blue-
shelled), and Dongxiang hens were almost the smallest
of the 3 ends; the middle ends of the Hy-Line Sonia,
Jingfen-1, and White Leghorn hens were the smallest of
the 3 ends (P < 0.05); and the blunt ends of most breeds
displayed the largest SUSAs among the 3 ends. As RSS
is determined by both SUSHA and SUSA, the middle
ends of most breeds showed the smallest RSS, and the
blunt ends of most breeds showed the largest RSS
among the 3 ends. Given that the trait of shell translu-
cency is a phenomenon of penetration and accumulation
of moisture in the eggshell (Solomon, 1991;
Wang, 2017), the special structure of air chamber in the
blunt end may play an important role in the formation
of translucent spots (Mao et al., 2007). For AAES, the
sharp end of Hy-Line Brown, Hy-Line Sonia, and White
Leghorn hens were significantly larger than those of the
middle ends (P < 0.05), and there were no significant dif-
ferences in the sharp and blunt ends among most breeds.
For QS and DS, no trend of obvious difference existed
among the 3 ends of all breeds. Given that the pictures
Table 3. Quantitative indicators of translucent spots on eggshell of 10

Breed N SUSHA (cm2) SUSA (cm2)

Hy-Line Brown 45 52.55 § 1.76a 1.78 § 0.91a 108
Jinghong-1 45 51.46 § 3.38ab 3.02 § 1.65b 214
Rhode Island Red 45 56.27 § 2.15c 5.43 § 4.69c 219
Brown-Egg Dwarf Layer 45 49.51 § 3.69d 1.66 § 0.85a 141
Hy-Line Sonia 45 49.27 § 4.73d 3.06 § 1.48b 286
Jingfen-1 45 49.61 § 2.42de 4.93 § 3.45c 307
Taihang (Pink shelled) 45 42.90 § 2.01f 1.29 § 0.55a 134
White Leghorn 45 50.85 § 2.22be 3.25 § 2.04b 265
Dongxiang 45 40.55 § 2.00g 5.48 § 3.26c 156
Taihang (Blue shell) 45 41.78 § 3.19fg 2.88 § 1.27b 202

Abbreviations: AAES, average spots area in eggshell; DS, diameter
(blunt + middle + sharp); SUSA, sum of spots areas on the whole eggshell; QS,

a,b,c,d,e,f,gAmong 10 groups mean without a common superscript differ (P < 0
of the 3 ends showed deformities in comparison to the
real three-dimensional eggshell, the SUSHA, SUSA,
AAES, and DS values were smaller than that of the
actual value; however, the RSS and QS should remain
consistent with the actual value to a large extent
(Wang et al., 2019). Overall, these findings suggest that
the eggshell translucency of the blunt and sharp ends
were greater than that of the middle end, and blunt ends
seemed to have the most severe eggshell translucency.
Summary

This study is the first to investigate the distribution of
eggshell translucent spots in different breeds using an
objective method, the grayscale recognition method.
The differences of internal and external egg quality
imply that the 10 flocks largely represent different
breeds in production of laying hens. In this study, it
revealed that eggshell translucency is ubiquitous in pure
lines, commercial strains, and local breeds of hens and
that the phenotypic severity is specific to certain breeds.
In Hy-Line Brown, Brown-Egg Dwarf Layer, and Tai-
hang (pink-shelled), the phenotypic intensity of shell
translucency was slight, and in Rhode Island Red, Jing-
fen-1, and Dongxiang, the phenotypic intensity was rela-
tively extensive. In general, the RSS, as the key indicator
for the measurement of shell translucency, the greater
the shell translucency, the larger the RSS, and larger the
QS, AAES, and DS. Furthermore, the shell translucency
hen breeds.

QS AAES (£ 10�3 cm2) DS (£ 10�2 cm)

5.4 § 346.7a 1.55 § 0.67abc 4.38 § 0.82ab

0.6 § 843.5bc 1.41 § 0.75abc 4.15 § 0.84ab

3.4 § 640.4bc 2.34 § 2.44c 5.62 § 2.96c

8.0 § 610.3a 1.21 § 0.57ad 3.83 § 0.96ad

9.2 § 2290.4d 1.38 § 0.09abc 4.06 § 1.04ab

7.6 § 1649.1d 1.87 § 1.48bc 4.66 § 1.41b

9.3 § 439.0a 0.89 § 0.42d 3.41 § 0.60d

2.5 § 1417.0cd 1.56 § 1.28bc 4.36 § 2.37ab

7.4 § 472.6ae 2.64 § 1.73e 5.46 § 2.10c

8.1 § 709.4be 1.42 § 0.67abd 4.08 § 0.80ad

s of spots on eggshell; SUSHA, sum area of the whole eggshell
quantity of spots on eggshell.
.05).



Figure 3. Difference of SUSHA, SUSA, RSS, QS, AAES, DS among 3 ends of 10 flocks a,bamong 3 ends mean without a common superscript dif-
fer (P < 0.05) From 1 to 10 of abscissas represent different breeds: 1: Hy-Line Brown, 2: Jinghong-1, 3: Rhode Island Red, 3: Brown-Egg Dwarf
Layer, 5: Hy-Line Sonia, 6: Jingfen-1, 7: Taihang (Pink-shelled); 8: White Leghorn, 9: Dongxiang, 10: Taihang (Blue-shelled). Abbreviations: AAES
(cm2), average spots area in eggshell; DS (cm), diameters of spots on eggshell; QS, quantity of spots on eggshell; RSS(%), ratio of SUSA to SUSHA;
SUSHA (cm2), sum area of the whole eggshell; SUSA (cm2), sum of spots areas on the whole eggshell.
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in the blunt and sharp ends was usually greater than
that in the middle ends, and blunt ends seemed to have
the most extensive shell translucency. This study may
provide a reference for population selection to locate
genes regulating eggshell translucency and to explore
the physical structure mechanism for eggshell translu-
cency formation.
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