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ABSTRACT

This research aimed to establish the relationship models between the length and width of Alabio duck (Anas
platyrhynchos Borneo) eggs and the weight of eggshells, albumen, and yolk. Data were collected from 500 eggs and
were further examined using Pearson’s correlation and regression analysis. The results showed that egg length was
positively correlated with eggshell, albumen, and yolk weights (r=0.28, 0.53, 0.52, respectively; P<0.05). These
results were lower than the correlation between egg width and eggshell, albumen, and yolk weights (r=0.46, 0.66,
0.46, respectively; P<0.05). Egg length (x1) and egg width (x2) conjointly had a significant relationship with the
weight of shell, albumen, and yolk, with a model of y = -2.59 + 0.34x1 + 0.15 x2 (R2=0.23; P<0.05); y = -51.98 +
0.49x1 + 2.06 x2 (R2=0.56; P<0.05); and y = -32.43 + 0.45x1 + 0.63x2 (R2=0.38; P<0.05), respectively. It was
concluded that the length and width of Alabio duck eggs offer the potential to estimate albumen and yolk's weight.
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1. INTRODUCTION

Egg quality is primarily split up into internal and
external qualities. A non-destructive method to assess
internal egg quality can be undertaken using relationship
models developed from the external egg quality data [1].
The length and the width of an egg are the external
quality variables determining the egg dimension. It is
affected by genetics, the hen's age and physiological
traits [2], feed and season [3]. For instance, pullet's
reproduction grooves on the oviduct are still narrow and
have not fully developed so that the first laid eggs will
have an oblong shape with a relatively low width [4].

Eggshell is the primary shield to protect the egg
from damage during transportation and storage. The
weight and thickness of the shell are the principal
criteria determining eggshell quality [4]. The strength of
the shell was associated with the supply of calcium

obtained during the shell formation [5] and it was
influenced by genetic, feed calcium, hormones,
environment, and management [6].

An egg mainly consists of albumen (58-60%) with
inner and outer viscous layers [7]. The difference in
albumen weight in each poultry egg is contingent upon
the duckling's ability to synthesize the albumen by the
Goblet cells secreting thick and liquid albumen. The
proportion of liquid and viscous albumen varies
during the storage and depends on the egg weight.
The egg freshness can be assessed by measuring the
albumen thickness after spreading the liquid albumen
into a flat surface [8]. However, this method is
unfeasible as it requires the egg to be cracked.

The yolk is a fat emulsion that mainly consists of the
vitelline membrane, germinal disc, latebrae and yolk
layers [9], with the weight ranging from 30-33% of the
total egg weight [10]. Because yolk is a constituent of
the internal egg quality [8], it is difficult to determine
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its quality without destructing the eggshell. Current
methods to determine internal egg quality using
advanced technologies such as digital imaging [11]
are considered impractical in a commercial farm.

The correlation between the egg's length and width
and internal quality has been done in other poultry eggs,
including goose and chicken, but not ducks. Hence, this
research aims at establishing the relationship models
between the length and width of Alabio duck (Anas
platyrhynchos Borneo) eggs and the weight of
eggshells, albumen, and yolk.

2. MATERIALS AND METHODS

2.1 Materials

This study used 500 Alabio Duck eggs from the
eight-months-old female ducklings. The measurements
were performed using an analytical balance, a Vernier
calliper, a spoon, a plastic jar, stationery, an oven, a
Petri dish and glass.

2.2 Methods

A quantitative observation method was performed
by measuring egg length and width sections for
determining the association level to eggshell weight,
albumen weight, and yolk weight in Alabio duck eggs.
The parameters were based on the previously performed
experiment [4].

2.2.1. Observed variables

The independent variables included the length and
width of the egg whilst the dependent variables included
the weight of eggshell, albumen, and yolk.

2.2.2. Statistical analysis

The correlation between the length and width of the
egg with the weight of eggshell, albumen weight, and
yolk weight in Alabio duck eggs was measured using
Pearson’s correlation coefficient [12].

Dy - 2
2 2

\[[sz _ (er) ] [Z)’Z _ (Zé’)
Description:
r : correlation coefficient
y eggshell, albumen, or yolk weight (g)
X length and width of the eggs (mm)
n number of data (500)

A simple linear regression analysis was performed to
examine the correlation between the length and width of
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the eggs and the weight of the eggshell, albumen and
yolk [12].

yi= Bo + Bix1 +g

Description:

yi : Dependent variable (eggshell weight, albumen
weight, and yolk weight)

X;i : Independent variable (egg length or egg width)

Bo : Constant

B: : Regression coefficient
g . Random error

n : 1-500eggs

A multiple linear regression analysis was used to
establish models between the two continuous
independent variables (egg length and egg width) and
dependent variables of internal egg quality [12].

Yi= Bo + Bix1+ Box; + g

Description:
yi . Dependent variable (egg shell weight, albumen
weight, or yolk weight)
X; : Independent variable 1 (egg length)
X, : Independent variable 2 (egg width)
Bo : Constant
B: : Regression coefficient 1
B, : Regression coefficient 2
g . Random error
n : 1-500eggs
The level diversity contribution of the independent
variable (x) to the dependent variable (y) was assessed
using the coefficient of determination (R?).

3. RESULTS AND DISCUSSION

3.1. Summary statistics of the egg size and
internal egg qualities

Descriptive statistics of the egg dimension and
internal egg qualities are described in Table 1. On
average, the length of Alabio duck eggs is 58 mm. This
result is 2 mm lower than the length of Manila duck
eggs [13] and 2 mm higher than Isa Brown chicken
eggs [14]. The Alabio egg width ranges from 41 - 49
mm with an average of 45 mm. A study in Muscovy
duck eggs reported a slightly higher result (45.5 mm)
[13] but higher than study in Isa Brown chicken eggs
(42.4 mm) [14]. In this study, the SD of the egg length
is 1.05 mm higher than the egg width SD, indicating
that egg length is more variable than egg width.

132



ATLANTIS

PRESS

Advances in Biological Sciences Research, volume 20

Table 1. Summary statistics of egg dimension and internal egg quality of Alabio duck eggs

Egg Length Egg Width Eggshell Weight ~ Albumen Weights = Yolk Weights

(mm) (mm) (¢) ) (¢)
n 500 500 500 500 500
Minimum 48.90 41.50 4.19 27.57 14.13
Maximum 68.00 49.70 7.82 46.96 29.22
Mean 58.06 44.98 6.21 36.32 22.22
SD 2.33 1.28 0.48 3.09 2.44
Ccv 4.01 2.85 7.66 8.50 10.98

Description; n = Number of samples; SD= Standard deviation; CV= Coefficient of variance; mm = Millimeters; g =

gram

3.2. Models of the association between egg
length or egg width and eggshell, albumen
and yolk weights of Alabio duck eggs

The association models and the correlation between
egg length or egg width and shell weight, albumen
weight or yolk weight of Alabio duck are shown in
Table 2. From the regression equations, it appears that
the longer the egg, the heavier the eggshell. An
elongation of 1 mm in egg length would increase the
weight of the eggshell by 0.6 g. A positive correlation is
also reported in a study on the eggs of Muscovy ducks
[13], Japanese quail [15] and indigenous chicken [16,
17]. This study's correlation coefficient between egg
length and eggshell weight differs from indigenous
chicken eggs [18] that have a negative correlation (r=-
0.11). The R2 indicates that egg length influences egg
weight variation by 8%. A positive correlation between
egg length and albumen weight also occur, so the longer
the egg, the heavier the albumen. The correlation
between egg length and albumen weight is lower than
on indigenous chicken eggs [18], with the R2 indicating
that 28% of albumen variation could be explained by
egg length.

The regression equation between egg length and
yolk weight shows that if the length of the egg increases
by 1 mm, then the yolk weight will increase by 0.70 g.
The correlation coefficient between the length of the
egg and the yolk weight is considered as a quite strong
significant correlation (r=0.52). This result is lower than
the study on local Tswana chicken eggs (r=0.56) [6--19]
and indigenous chicken eggs (r=0.68) [18] because
chicken eggs are more uniform than duck eggs. Genetics
and physiological condition of the hens are primarily
responsible for egg size variation, with other factors
such as diets and ambient temperature considered [20].

The regression equation between the egg width of
the egg and the weight of the eggshell shows that if the
egg's width increases by 1 mm, the weight of the
eggshell will increase by 0.17 g with the contribution of
egg width to the variability of eggshell weight being
21%. The correlation coefficient between the width of
the egg and the weight of the eggshell has a significant
positive relationship (r=0.46). These results are higher
than the research found in Muscovy Duck eggs [13],
0.24 in indigenous chicken eggs [18].

The regression equation between egg width and
albumen weight indicates that if the width of the egg
increases by 1 mm, then the albumen weight will
increase by 1.59 g, with the contribution of egg width to
the variability of albumen weight being 43%. The
correlation coefficient between egg width and albumen
weight is similar to the study in indigenous chicken eggs
[10] and better than the study in Muscovy duck eggs
(r=0.40) [13].

The regression equation between the width of the
egg and the yolk weight shows that if the width of the
egg increases by 1 mm, then the yolk weight will
increase by 0.87 g. The R2 shows that egg width
contributes to the yolk weight variation by 21%. The
correlation coefficient between egg width and yolk
weight is lower than the study in Isa Brown's chicken
layer (r=0.48) [14] but higher than the study on the
indigenous chicken egg was (r=0.42) [18].

3.3. Models of the association between egg
dimension (length and width) and the
weight of eggshell, albumen and yolk of
Alabio duck egg

Table 3 specifies the multiple regression equations
between egg dimension (length and width) and
eggshell, albumen, and yolk weights of Alabio duck
eggs. Egg length and width contribute 56% to the
variation of albumen weight. The change in yolk weight
is likely to be affected by egg length and width by 38%.
Egg length and width are responsible for only 23% of
the eggshell weight variation. The increase in the length
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Table 2. Simple linear regression equations between egg dimension (length and width) and eggshell, albumen, and
yolk weights of Alabio duck eggs

Regression Equation

RMSE (g)

Egg Length Egg shell weight y= 2.87+ 0.60x 0.46 0.08* 0.28
Albumen weight y=-4.33 + 0.70x 2.63 0.28* 0.53

Yolk weight y=-9.70 + 0.55x 2.08 0.28* 0.52

Egg Width Egg shell weight y= -143+0.17x 0.42 0.21* 0.46
Albumen weight y =-34.99 + 1.59x 2.33 0.43* 0.66

Yolk weight y =-16.84 + 0.87x 2.18 0.21* 0.46

* significance (P<0.05); R: coefficient of determination; r: correlation coefficient; RMSE: Root Mean Square Error

Table 3. Models of the multiple regression equations between egg dimension (length and width) and eggshell,
albumen and yolk weights of Alabio duck eggs

Dependent Variable (y) Regression Equation RMSE (g) R2
Egg shell weight y= -2.59+0.34x1 + 0.15x2 417 0.23*
Albumen weight y =-51.98 + 0.49x1 + 2.06x2 2.06 0.56*

Yolk weight y =-32.43 + 0.45x1 + 0.63x2 1.92 0.38*

* significance (P<0.05); y: dependent variable; g: gram; X;: egg length; x,: egg width; RMSE: Root Mean Square

Error; R? coefficient of determination

and width of the egg by 1 mm would enlarge the
eggshell weight by 0.34 and 0.15 g, albumen weight by
0.49 and 2.06 g, and yolk weight by 0.45 and 0.63 g,
respectively. A conjoint egg length and egg width
model could predict alboumen and yolk weight with a
prediction error of 6% and 9%, respectively. However,
the prediction error of a model to predict eggshell using
egg length and egg width is substantial (67%).

4. CONCLUSION

A conjoint model of egg length and egg width of
Alabio duck eggs is capable of estimating the weight of
albumen and yolk weight. However, the egg length and
width model could not predict the eggshell weight
satisfactorily as the model's mean error is substantial.

AUTHORS' CONTRIBUTIONS

Lilis Hartati, Danang Biyatmoko, Muhammad
Riyadi, Abrani Sulaiman, Gamaliel Simanungkalit and
Nurul  Muawanah contributed to the design,
implementation of the research, the analysis of the data
results and to the writing of the manuscript.

REFERENCES

[1] Ghozali, 1. (2018). Aplikasi  Analisis
Multivariate dengan Program IBM SPSS 25.
Badan  Penerbit  Universitas  Diponegoro.
Semarang

(2]

3]

[4]

(5]

(6]

[7]

(8]

Widyantara, P.R.A., G.A.M. Kristina D., dan
ILN.T. Ariana. (2017). Pengaruh lama
penyimpanan terhadap kualitas telur konsumsi
ayam kampung dan ayam Lohman Brown.
Majalah Ilmiah Peternakan, 20(1),5-11.

King'ori, A. (2012b) Poultry Egg Characteristics:
Egg Weight, Shape and Shell Colour. Research
Journal of Poultry Sciences, 5, 14-17.
https://doi.org/10.3923/rjpscience.2012.14.17

Alkan, S., T. Karsli, A. Galic, and K. Karabag.
(2013). Determination of phenotypic correlation
between internal and external quality traits of
guinea fowl egg. Kafkas Universitesi Veteriner
Fakultesi Dergis, 19(19),861-867.

Jacob, J. P., R.D. Miles, and F.B. Mather.
(2009). Egg Quality. Institute of food and
agricultural sciences. The University of Florida.
Florida.

Oguntunji, A.O., and O.M. Alabi. (2010).
Influence of high environmental temperature on
egg production and shell quality: a review.
World's Poultry Science Journal, 66(4), 739-750.
https://doi.org/10.1017/S004393391000070X

King'ori, A. (2012). Uses of poultry egg albumen
and egg yolk. Research Journal of Poultry
Sciences, 5(2), 9-13.

Nys, Y and N. Guyot. (2011). Egg Formation
and Chemistry. In Book: Improving the Safety
and Quality of Eggs and Egg Products (pp.83-

134


https://doi.org/10.3923/rjpscience.2012.14.17
https://doi.org/10.1017/S004393391000070X

ATLANTIS
PRESS

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Advances in Biological Sciences Research, volume 20

132).
http://dx.doi.org/10.1533/9780857093912.2.83

Kurtini, T., K. Nova., dan D. Septinova.
(2011). Produksi Ternak Unggas. Universitas
Lampung. Bandar Lampung.

Stadellman, W.J., and O.J. Cotterill. (1995). Egg
Science and Technology. 4th Edition. The
Haworth Press. New York. London.

Narushin, V. G., Romanov, M. N., Lu, G,
Cugley, J., & Griffin, D. K. (2020). Digital
imaging assisted geometry of chicken eggs using
Hugelschaffer's model. Biosystem Engineering,
197, 45-55,
https://doi.org/10.1016/].biosystemseng.2020.06.
008

Harlan, J. (2018). Analisis Regresi
Gunadarma. Depok.

Ogah ,D M. Dada A S, Abari M, Khadijat A. Y
and Umaru J. (2018). Phenotypic Correlation
between Some External and Internal traits in the
Muscovy Duck (Cairina moschata) | Annual
conference of Animal Science Association of
Nigeria. Zaria.

Olawumi, S.0., and Ogunlade, J.T. (2008).
Phenotypic correlations between some external
and internal egg quality traits in the exotic Isa
Brown layer breeders. Asian Journal of Poultry
Science, 2(1), 30-35.
https://dx.doi.org/10.3923/ajpsaj.2008.30.35

Olawumi, S. and B. Christiana. (2017).
Phenotypic correlations between external and
internal egg quality traits of coturnix quails
reared under intensive housing system. Journal
of Applied Life Sciences International, 2(1),1-6.

Liswaniso,S., N. Qin, X. Shan, I. M Chimbaka,
X. Sun, and R. Xu. 2020b. Quality
Characteristics, Phenotypic correlations and
Principal Component Analysis of Indigenous
Free Range Chicken Eggs in Lusaka, Zambia.
International Journal of Environmental &
Agriculture Research, 6(1): 29-35. ISSN: [2454-
1850].

Markos, S., B. Belay and T. Astatkie. (2017).
Evaluation of egg quality trait of three
indigenous chicken ecotype kept under farmers'
management conditions. International Journal of
Poultry Science, 2(16), 180-188.

Liswaniso,S., N Qin and R. Xu. 2020.
Quantitative analysis of egg quality traits of
indigenous free-range chickens in Kabwe,
Zambia. Journal of Entomology and Zoology
Studies, 8(2): 603-608. E-ISSN: 2320-7078.

Kgwatalala PM, M. Molapisi, K. Thutwa, B.
Sekgopi, T.P. Selemoge and S.J. Nsoso. (2016).

Linear.

[20]

Egg quality characteristics and phenotypic
correlations among egg quality traits in the naked
neck, normal and dwarf strains of Tswana
chickens raised under intensive management
system. International Journal of Environmental
& Agriculture Research, 2(8), 96-105

Christians, J. K. (2002). Avian egg size:
variation within species and inflexibility within
individuals. Biological Reviews, 77(1), 1-26.
https://doi.org/10.1017/s1464793101005784

135


http://dx.doi.org/10.1533/9780857093912.2.83
https://doi.org/10.1016/j.biosystemseng.2020.06.008
https://doi.org/10.1016/j.biosystemseng.2020.06.008
https://dx.doi.org/10.3923/ajpsaj.2008.30.35
https://doi.org/10.1017/s1464793101005784

