
22, World´s Poultry Science Journal, Supplement 1, Expanded Abstract - Poster Presentation - Commercial Egg Productions and 
Processing

WPC2012 - Salvador - Bahia - Brazil • 5 - 9  August - 2012                                                                                                             Book of Abstracts

 CP_2012pc501_2

COMPARISON OF THE USABILITY OF DIFFERENT 
in vivo TECHNIQUES IN THE PREDICTION OF 
YOLK CONTENT IN INTACT HEN EGGS
Tamás Donkó1, Gábor Milisits2, Miklós Emri3, Gábor Opposits3, Eszter Szentirmai2, 
Zoltán Süt!2

1 - Institute of Diagnostic Imaging and Radiation Oncology, Kaposvár University, Hungary
2 - Dept. of Poultry and Companion Animal Breeding, Kaposvár University, Hungary
3 - Institute of Nuclear Medicine Debrecen University, Hungary

ABSTRACT
The aim of this study was to compare the 
usability of Total Body Electrical Conductivity 
(TOBEC), computer tomography (CT) and 
magnetic resonance imaging (MRI) in the 
prediction of yolk content in intact hen eggs. 
The experiment was carried out on altogether 
199 eggs, which were originated from TETRA 
SL laying hens at different ages. All of the 
eggs were measured by TOBEC, CT and MRI, 
respectively. During the TOBEC measurements 
the electrical conductivity (E-value) of the eggs 
was measured by an EM-SCAN SA-2 type Small 
Animal Body Composition Analyzer. The CT 
and MRI measurements were carried out with 
a SIEMENS Somatom Emotion 6 multislice CT 
scanner and with a GE Ovation Signa 0.35T MR 
scanner. From the CT and MRI images obtained, 
the volume of the yolk was determined by a self-
developed egg-separation and segmentation 
software. Following the different in vivo 
measurements eggs were broken and their yolk 
ratio to the whole egg weight was calculated. 
Based on the results it was established that the 
accuracy of prediction was 72.0% in the case of 
the TOBEC method, while it was much higher 
by using the CT or MRI (93.8% and 95.9%, 
respectively). It was concluded that TOBEC 
seems to be used rather for separating eggs 
with quite different composition, while CT and 
MRI seems to be precise enough for the exact 
prediction of the yolk content in intact eggs.
KEYWORDS: egg yolk, TOBEC, computer 
tomography, magnetic resonance imaging.

INTRODUCTION

In poultry breeding, it is a long-known fact 
that the size of hatching eggs can markedly 
influence the life performance of birds hatching 
from them. In the case of hatching eggs, the 
large size may be favourable for two reasons: 
firstly, it provides more space for the growth of 
birds of stronger body constitution and secondly, 
it provides opportunity for the hatching of 
birds having more abundant nutrient reserves 
(O’Connor, 1979).

These two effects of large egg size may, 
however, vary widely by species depending 
on the species-specific development of birds 
(Ricklefs et al., 1978). According to Boersma 
(1982), in avian species where the body size 
at hatching is the most important factor 
determining survival, it is advantageous if the 
layer can incorporate into the egg as much 
protein as possible. On the other hand, if the 
quantity of nutrient reserves at the time of 
hatching is the more important factor, then 
the laying bird should invest more into the yolk 
(lipid content) of the egg.

In the majority of cases, larger eggs can be 
considered more valuable than smaller ones, as 
they usually have higher absolute and relative 
dry matter and energy content (Meathrel and 
Ryder, 1987; Muma and Ankney, 1987; Arnold, 
1992) alike. This means that in the majority of 
avian species the size of the egg is a relatively 
good indicator of egg quality.

In former studies it was already observed 
that the mass of eggs and that of egg yolk 
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increases parallel with the age of layers 
(Applegate et al., 1998; Hartmann et al., 2000; 
Silversides and Scott, 2001; Oloyo, 2003). 
Experiments that followed up the development 
of embryos and the birds hatched have clearly 
demonstrated that in eggs laid by young layers 
the development of embryos is slower than in 
those laid by older layers (Applegate, 2002). 
Therefore, it was supposed that this is partially 
due to the higher egg yolk ratio of eggs from 
older birds, which enables a more substantial 
incorporation of nutrients into the organism of 
the developing embryo.

The aim of this study was to compare the 
usability of three different in vivo techniques 
– Total Body Electrical Conductivity (TOBEC), 
computer tomography (CT) and magnetic 
resonance imaging (MRI) – in the prediction of 
yolk content in intact hen eggs in order to make 
the base for further examinations on the effect 
of egg composition on the eggs’ hatchability 
and hatched bird’s development.

MATERIAL AND METHODS

Experimental eggs
The experiment was carried out with 

altogether 112 hen’s eggs, which were collected 
from TETRA SL laying hens at different ages. 
Before the measurements eggs were stored 
at room temperature for 24 hours and were 
examined in the following order thereafter: 
TOBEC, CT and MRI.

TOBEC measurements
Before the TOBEC measurements all of 

the eggs were weighed and than positioned 
centrally within the detection chamber of 
the TOBEC analyzer in standing position. The 
measurements were carried out with an EM-
SCAN SA-2 type (EM-SCAN Inc., Springfield, 
Illinois, USA), which allows a rapid, non-invasive 
measurement of the total conductivity index 
(E-value) of the eggs. Measurements were taken 
at 10 MHz frequency, because the electrical 
conductivity of fatty and non-fatty tissues is 
clearly different at this frequency. Electrical 
conductivity of each egg was determined once 
and the measured value was used for further 
evaluation.

CT measurements
CT measurements were carried out with 

a SIEMENS Somatom Emotion 6 multislice CT 
scanner at the Institute of Diagnostic Imaging 
and Radiation Oncology of the Kaposvár 
University. During the CT measurements eggs 
were positioned in standing/upright position 
in egg holders (10 eggs), thus two eggs were 
scanned simultaneously. The CT examinations 
were carried out by using the following 
technical parameters: tube voltage: 110 kV, 
X-ray radiation dose: 40 mAs, mode: spiral, 
pitch: 1, field of view: 110 mm. From all of the 
eggs 2 mm thick overlapping slices were taken.

MRI measurements
MRI measurements were carried out with 

a GE Ovation Signa 0.35T MR scanner at the 
Institute of Diagnostic Imaging and Radiation 
Oncology of the Kaposvár University. During 
the MRI measurements eggs were positioned 
in standing/upright position in egg holders 
(10 eggs) in the head coil. The acquisition 
parameters of the T1 weighted fast gradient 
echo 3D sequence were: repetition time: 15 ms, 
echo time: 3 ms, flip angle: 60°, slice thickness: 
1 mm, matrix size: 224x192.

Image analysis
The CT and MRI images obtained were 

analysed by a new self-developed egg-
separation and segmentation software. With 
the help of this software, the image information 
of the individual eggs were separated and 
saved particularly from the archived scans. 
Afterwards, the border of the shell and albumen 
and the border of the albumen and yolk were 
determined and the volume of the yolk was 
calculated in all of the examined eggs.

Egg breaking
After the in vivo measurements, all of the 

eggs were broken and after separating their 
albumen and yolk the latter was weighed.

Statistical evaluation
For predicting the egg yolk weight in vivo, 

prediction equations were created by means of 
the linear regression method using the E-value 
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and the CT or MRI data as independent variable 
in the model. Prediction equations were created 
by the SPSS statistical software package (SPSS 
10.0 for Windows, 1999).

RESULTS

In the case of the TOBEC method, when the 
E-value, as the only independent variable was 
used in the prediction equation, only medium 
accuracy was obtained in the prediction of egg 
yolk weight:

Yolk (g) = 6.953 + 0.042 x E-value
(P<0.001, R²=0.370)

When the weight of the eggs, as another 
independent variable was also involved in 
the linear regression model, the accuracy of 
prediction increased significantly (Figure 1):

Yolk (g) = -4.384 + 0.582 x Egg weight (g) 
– 0.700 x E-value

(P<0.001, R²=0.720)

Better accuracy of prediction was obtained 
when the data of the CT images were used for 
the prediction (Figure 2):

Yolk (g) = 3.313 + 0.001 x Yolk volume 
(mm3)

(P<0.001, R²=0.880)

The best accuracy of prediction was 
obtained when the yolk volume determined by 
the MRI technique was used in the prediction 

equation (Figure 3):

Yolk (g) = 0.873 + 0.001 x Yolk volume 
(mm3)

(P<0.001, R²=0.920)

CONCLUSIONS

Based on the results of this study it was 
concluded that TOBEC seems to be used 
rather for separating eggs with quite different 
composition, while CT and MRI seems to be 
precise enough for the exact prediction of the 
yolk content in intact eggs.
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Figure 1-3 - Correlations between the measured and in vivo predicted yolk weights.
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