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Abstract. In this study we studied phenotypic variation and relationships between
external and internal egg quality traits in a sample of eggs from Japanese quail and
whether the egg weight could be predicted from non-destructive external
measurements. We had 274 individual egg records and 12 egg features (egg weight,
egg length, egg breadth, eggshell thickness, egg shape index, component weight,
calculated egg volume, egg density). One egg was considered structurally irregular and
was removed without imputation because it had a breadth larger than the length and
a shape index of 114.97%. This left us with 273 eggs for inferential analysis. The
average egg weight was 7.28 £+ 0.84 g, with mean length 29.83 mm, breadth 23.84
mm, shell thickness 0.221 mm, and shape index 80.03%. The egg mass was 30.81%
yolk, 60.65% albumen and 8.54% shell. Egg weight was correlated strongly with
breadth (r = 0.942), length (r = 0.849), yolk weight (r = 0.859) and albumen weight
(r = 0.899; P < 0.001), whereas shell thickness was not related to egg weight (P =
0.958). In a parsimonious geometric model L x B2, egg weight was predicted as EW
= 0.284 + 0.000411 (L x B2) and R2 = 0.970. The excellent reliability of the cross
validation (R2 = 0.969, RMSE = 0.149 g and MAE = 0.099 g) was also demonstrated
with the successful prediction of a 10-fold cross validation. The results show that there
is @ high amount of observed variation that can be summarized with simple egg
dimension and can be used for non-destructive and rapid phenotyping of Japanese
quail. Without age, genotype, diet or management metadata, it is difficult to interpret
causality and to make group inference.
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Introduction

Japanese quail are a prominent small-bodied poultry species that are used for
egg and meat production and as a biological model. Egg quality is a multidimensional
trait with several external attributes as well as internal characteristics (yolk and
albumen) of the egg. These are the factors that affect marketability, processing,
hatchability and breeding and are influenced by genetic and environmental factors.
Recent studies have shown that egg quality indices are affected by housing and diet,
and eggshell color, genetic line, age and selection history can also be relevant to
characterizing phenotypic differences in eggs [1-4].

The relationship between egg traits is especially important because quality traits
are related. Studies in Japanese quail show moderate-to-strong phenotypic or genetic
associations between egg weight, dimensions and shell traits and internal components
[5-11]. Egg weight is a good indicator of how well egg weight is measured and is
often used to see the value of the yolk and albumen mass. But it is advisable to be
careful to interpret correlations between components because the total egg weight is
the arithmetic sum of yolk, albumen and shell weight. These correlations between the
total and its components have a built-in compositional relationship.

There is a second practical application for trait relationships. Egg geometry can
provide information about volume and mass of the egg. Recent mathematical studies
have shown that combinations of egg length and breadth can predict the egg weight
and other physical parameters of quail eggs very accurately [12,13]. These methods
can shorten handling time, preserve eggs for incubation and support large-scale
phenotyping in situations where destructive internal quality measurements are not
feasible.

The aim of this study was therefore to identify the distribution of external and
internal egg quality characteristics in the Japanese quail dataset, to identify the
phenotypic correlations with egg weight, determine the proportion of components,
and to compare simple non-destructive models for predicting egg weight from external
dimensions. Since the data did not capture treatment, age, strain, sex, replicate, or
husbandry information, the study was conducted in an observational manner and not
as treatment-comparison.

Materials and Methods

The study investigated the association between external and internal egg quality
and developed statistical models to predict egg weight of Japanese quail (Coturnix
japonica). There were 274 individual egg records with 12 variables: egg weight, egg
length, egg breadth, shell thickness, egg shape index, yolk weight, albumen weight,
shell weight, yolk volume, albumen volume, yolk density, and albumen density. Egg
weight and component weights were also expressed in grams (g) and egg length,
breadth, and shell thickness in mm. Before analyzing the data, the relationship
between egg length, breadth, and shape index was checked using the usual
expression: Shape index (%) = [Egg breadth (mm) / Egg length (mm)] x 100. We
calculated the relative proportions of the three major egg components based on their
respective weights and total egg weight: Yolk percentage (%) = [Yolk weight (g) /
Egg weight (g)] x 100, Albumen percentage (%) = [Albumen weight (g) / Egg weight
(9)] x 100, Shell percentage (%) = [Shell weight (g) / Egg weight (g)] x 100. We
calculated the geometric size index (mm3) for the measured external dimensions:
where L is egg length (mm) and B is egg breadth (mm). The resulting index is a
geometric proxy for egg size and should not be interpreted as a direct measure of egg
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volume.

For each measured and calculated variable, descriptive statistics were given as
the arithmetic mean, standard deviation (SD), coefficient of variation (CV), minimum,
and maximum. The coefficients of variation were given as: CV (%) = (SD / Mean) x
100. Pearson correlation coefficients (r) were estimated to quantify linear associations
between egg weight and the remaining egg quality variables. Correlations were
considered associations, not causality. We compared two linear regression models.
The first analysis was multivariable and included egg length, egg breadth, and shell
thickness as predictors. It was parameterized as: EW = Bo + BiL + B2B + B3ST + ¢,
where EW is egg weight (g), L is egg length (mm), B is egg breadth (mm), ST is shell
thickness (mm), Bo is the intercept, B1—f3 are regression coefficients, and € is the
residual error. The second analysis was less detailed but used geometric index as the
only predictor, namely: EW = Bo + B1(L x B2) + €, where only egg length and breadth
are described in the description as external dimensions.

Whether shell thickness was measured nondestructively was not documented
and so the first model should not be considered as fully nondestructive until the
measurement procedure is confirmed. The statistical analysis was carried out with IBM
SPSS Statistics. Descriptive statistics, Pearson correlation analysis, as well as linear
regression model analysis were performed in SPSS. Statistical significance was
checked for P < 0.05.

Results

After quality control, 273 eggs were available for analysis. Mean egg weight was
7.277 g (CV 11.6%), ranging from 5.606 to 11.775 g. Mean egg length and breadth
were 29.83 and 23.84 mm, respectively, while mean shape index was 80.03%. Shell
thickness averaged 0.221 mm. Yolk, albumen, and shell represented 30.81%, 60.65%,
and 8.54% of total egg mass, respectively (Table 1). Among the directly measured
traits, yolk weight showed the greatest relative variability (CV 18.4%), whereas
breadth and shape index were comparatively stable (CV < 4%).

Table 1. Descriptive statistics for external and internal egg-quality traits (n =

273).

Trait n Mea SD cv Minimu Maxi
n (%) m mum
Egg weight (g) 237 7277 0.844 11.59 5606 11.775
Egg length (mm) 237 29é82 1516 5.08 26.100 37.150
Egg breadth (mm) 237 23384 0.918 3.85 21.810 27.010
Shell thickness 27 0221 0.033 1492 0.140 0.370

(mm) 3
Shape index (%) 237 80(')03 2967 3.71 72.705 88.767
Yolk weight (g) 237 2252 0414 1839 1392  5.037
Albumen weight (g) 237 4.407 0495 11.22 3.242 5.934
Shell weight (g) 237 0.618 0.074 11.91 0.440  0.853
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Trait n Mea SD Ccv Minimu Maxi
n (%) m mum
Yolk volume 27
(datoeat o) / 1601 0317 1979 0863  3.652
Albumen volume 27
(et o) ] 3431 0416 1214 2414 4540
Yolk density 27 41414 0.103 731 1224  1.862
(calculated) 3
Albumen density 27 4595 1048 375  1.142  1.555
(calculated) 3
Yolk ratio (%) 237 3°é80 3.008 10.06 24.010 42.777
Albumen ratio (%) 237 60565 3.060 5.06 50.395 67.810
Shell ratio (%) 237 8536 0.881 1032 6.082 11.814

Egg weight showed its strongest association with egg breadth (r = 0.942, P <
0.001), followed by albumen weight (r = 0.899), yolk weight (r = 0.859), and egg
length (r = 0.849; all P < 0.001). Shell weight was moderately related to egg weight
(r = 0.587, P < 0.001), whereas shell thickness showed essentially no relationship
with total egg weight (r = -0.003, P = 0.958). Shape index was weakly and negatively
associated with egg weight (r = -0.181, P = 0.003). Shell thickness and shell weight
were positively correlated (r = 0.425, P < 0.001). As expected from its mathematical
construction, shape index was strongly and inversely related to egg length (r = -0.655,
P < 0.001). Table 2 summarizes correlations of egg weight with the remaining

variables.

Table 2. Pearson correlations between egg weight and other egg-quality traits

(n = 273).
. r with egg .
Trait weight P value Interpretation
Egg length 0.849 <0.001 Strong positive
Egg breadth 0.942 <0.001 Strong positive
Shell thickness -0.003 0.958  Very weak
negative
Shape index -0.181 0.003  Veryweak
negative
Yolk weight 0.859 <0.001 Strong positive
Albumen weight 0.899 <0.001 Strong positive
Shell weight 0.587 <0.001 Moderate positive
Yolk volume 0.801 <0.001 Strong positive
Albumen volume 0.861 <0.001 Strong positive
Yolk density -0.004 0.945  Very weak
negative
Albumen density -0.106 0.081  Veryweak
negative
Yolk ratio 0.369 <0.001 Weak positive
Albumen ratio -0.256 <0.001 Weak negative
Shell ratio -0.406 <0.001 Moderate
negative

The multiple external-measurement model was EW = -14.087 + 0.211(L) +
= 0.964. Ten-fold cross-
validation produced R2 = 0.962, RMSE = 0.165 g, and MAE = 0.104 g. A simpler
= 0.284 +

0.626(B) + 0.611(ST), with R2

geometric model using LxB2

= 0.965 and adjusted R2
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0.000411(LxB?2), with R2 = 0.970. Cross-validated performance remained high (R2 =
0.969, RMSE = 0.149 g, MAE = 0.099 g). Because this model used only two non-
destructive dimensions and achieved the lowest prediction error, it was considered the
preferred model for this dataset (Table 3; Figures 1 and 2).

Table 3. Egg-weight prediction models and 10-fold cross-validation
performance.

Observed versus predicted egg weight
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Figure 1. Cross-validated predicted versus observed egg weight using the
geometric LxB2 model. The diagonal line represents perfect agreement.
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Figure 2. Relationship between the geometric index (egg length x breadth?)
and egg weight in Japanese quail. The fitted line represents the ordinary least-
squares geometric model.

Discussion

The present data showed that significant but systematic differences existed in
the egg quality of Japanese quail. The mean egg weight of 7.28 g was lower than the
values around 11-13 g, which have been reported for several adult Japanese quail
populations [4,7,12] but like lower-weight populations which had been reported
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previously. The supplied file did not contain age, strain, diet and management, so it is
not possible to determine the cause of the lower absolute egg mass. All of these are
potential sources of variation which have been found to influence egg characteristics
[4-6,9] and housing, diet and eggshell phenotype can also influence quality traits [1-
3,14].

Although the absolute egg weight was relatively low, the proportional
composition was biologically adequate. The yolk, white and shell accounted for about
30.8%, 60.7% and 8.5% of egg mass, respectively. The proportions of these are like
those recently obtained from selected Japanese quail lines, in which the mean
proportions of yolk and albumen were approximately 30% and 60%, respectively [4].
This indicates that whereas the weight of the eggs in the present data set was
decreased, the partitioning of the weight among the major components was essentially
normal.

The external trait most highly correlated with egg weight was egg breadth (r =
0.942) followed by egg length (r = 0.849). Favorable correlations between egg mass
and linear dimensions have been studied in quail several times [7,10-12].
Geometrically this is to be expected since the volume of the egg is roughly proportional
to one dimension and the square of another. An existing model (LxB2) took advantage
of this relationship and accounted for 97.0% of the variance in egg weight observed.
It has a cross validated R2 of 0.969, which is not a coincidence that it fit the data in
the in-sample. In recent studies, the importance of egg geometry and non-destructive
prediction of quail phenotyping has also been highlighted [12,13,15].

The positive and significant correlation between total egg weight and albumen
weight (r = 0.899) and yolk weight (r = 0.859) are in the same direction as obtained
by earlier studies [7,11]. These associations, however, should not be interpreted as
being statistically independent as a biological effect because the data supplied indicate
that egg weight is equal to yolk weight plus albumen weight plus shell weight for each
record. The correlations are thus relations between the variations in total mass and
its partitioning. There was moderate correlation between yolk weights and albumen
weights (r = 0.556), suggesting that larger eggs were correlated with greater increase
in yolk weight and not just albumen weight.

Shell thickness was different than shell weight. Shell thickness had no correlation
with the total egg weight in the present data set (r = -0.003); shell weight had a
moderate positive correlation to egg weight. The shell thickness and the weight of
shell were positively correlated (r = 0.425). Shell characteristics have also been
demonstrated to be genetically and phenotypically distinct in previous studies [5,6,9],
and to have varying heritabilities and correlations. Therefore, shell thickness cannot
be replaceable by shell weight to judge the quality of shell.

The mean shape index of 80.03% showed that the egg shape was relatively
rounded when compared with some of the populations mentioned in the literature
[4,7]. There was weak negative correlation of shape index with egg weight and strong
negative correlation with egg length. The latter is partially mathematical since it
involves length in the denominator of its formula for shape index. Therefore, shape
index should be used primarily as a relative shape measure and not as a true size
measure. The one observation excluded because its shape index was greater than
100% highlights the need to verify that the measurements along the axis they are
using are consistent before constructing geometric models; it was not attempted to
make an inference or replace the probable incorrect value.
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The implication in practice is that the length and breadth of the egg could be
used as a quick screening technique for egg mass without breaking the egg. This could
be beneficial for selection programs, for egg grading in hatcheries, automated imaging
and processing lines. This should be considered as a population-specific equation,
however, until it is externally validated by an independent study. Prediction equations
may vary with age, line, housing system, feed and the size of eggs laid [1,4,12,13]
and may create systematic error when transferred between flocks.

Conclusion

The results showed clear phenotypic structure among egg-quality traits. Egg
breadth and length were strongly associated with egg weight, whereas shell thickness
was not. A simple geometric model based only on LxB2 predicted egg weight with
high accuracy (cross-validated R2 = 0.969; RMSE = 0.149 g), supporting the potential
of non-destructive dimensional measurements for rapid egg phenotyping. Average
mass partitioning was approximately 30.8% yolk, 60.7% albumen, and 8.5% shell.
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