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Abstract
Background: Day-old male chicks culling is one of the world most inhumane problems in the poultry
industry. Every year, seven billions of male chicks are being killed in laying-hen hatcheries, due to their
higher feed exchange rate, lower management compare to female ones and production costs. This work
reports a novel non-invasive method for the gender identi�cation of chicken eggs. Four electrodes were
attached onto each egg during the incubation process for the data gathering period of fourteen days.
Standard polymerase chain reaction (PCR) based chicken gender determination protocol was applied to
the eggs on the last day of the incubation process to get the gender information.

Result: A relationship between the collected data and the gender of the egg was built, and it was found to
have a reliable connection, indicating that by measure the impedance data of the eggs from day 9 of
incubation with the four electrodes setting and applying the self-normalization technique, we can
determine the chicken egg gender.

Conclusion: This is a pioneer founding, proving that impedance spectroscopy can be use to sexing of
chicken eggs, before its life has been formed, relieving the poultry industry from such an ethical burden.

Introduction
Due to the different production purposes of the poultry industry, the demand for hatching hens or roosters
also varies. In the production of meat and poultry strains, males are only preferred as breeding objects
because of their higher feed exchange rate, and lower management and production costs [1]. One of the
biggest ethical problems in modern egg-producing poultry farm is culling several billions of day-old male
chicks every year. Poultry farms don’t rear male domesticated birds because they can neither lay eggs nor
put on su�cient �esh for meat production. Globally, it is estimated that 7 billion of day-old male chicks
from laying-hen hatcheries are killed annually [1, 2].

Traditionally, newly hatched chicks can be identi�ed for genital morphology at the age of one day [3, 4].
Trained and experienced chicken sexers can achieve a success rate of 95 ~ 98%, but it takes two to six
years to train and accumulate experience, and there is a lack of su�cient human resources globally for
this speci�c identi�cation work [5]. Also, male and female chicks that are not suitable for production after
gender identi�cation need a euthanasia plan as well as chemical treatment equipment. These manpower
allocations and processing work have become additional operating costs for the poultry industry, and on
the other hand, a major ethical problem in killing lives that have been formed. At the moment, animal
welfare issues has become increasingly important in developing countries. For example, EU legislation
has facilitated market segmentation through trade standards for eggs (enriched cages, �oor system, and
free-range) and standardization of organic livestock production. Industries may introduce higher animal
welfare standards for the goal of developing a national pro�le. Examples are Danish, and German egg
production, which have committed to stop the beak trimming of layers [6]. EU has also discussed whether
law enforcement should be used to restrict the poultry industries from continuing to adopt the gender
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elimination strategy. But without a proper fully pledged technology to determine the chick sex before its
life’s been formed, the law has not been able to restrict industries from doing what they have been doing
for decades.

At the beginning of 2018, a study from the University of Leipzig [7] has stated that Fluorescence and
Raman spectroscopy of blood offers the potential for precise and contact less in ovo sex determination
of the chicken eggs during the fourth incubation day. Although this is a very fast and precise method,
only 3.5 days of incubation process and the accuracy is said to be above 90% [7], such kind of
spectroscopy requires a window on the eggshell (Figure 1), meaning this is an invasive method and will
affects the embryo, which leads to decrease in hatching rates.

Many other researches such as German’s Agri Advance Technoligies, French’s Tronico (funded by the
government in 2017), and Canadian’s Hypereye (started in 2007, refunded by the government in 2018) [8–
10] has been made based on the spectroscopy method but there are no results have been reported even
though most of them promised to deliver the technology in 2019 – 2020 period.

It was not until the late end of 2018, the �rst fertilized egg’s gender detection technology has been
introduced to the commercial production of laying hens, the Seleggt method. This technology is derived
from another detection technology also developed by the University of Leipzig, Germany. On the blunt
end, the eggshells were cut open using laser after 8 to 10 days, estimated time when the hormone can be
found in the egg [11–14], of incubating, then a small amount of egg content solution was extracted and
are used to measure the Estrogen content. Since the amount of estrone sulfate in the female embryos is
signi�cantly higher than that in males at the time hormone has already presented in the egg, it can be
used as a basis for identi�cation [11–14]. Although comparing to the manual identi�cation methods this
method is considered to have the same identi�cation rate, due to the eggshell perforation sampling work,
higher sanitary conditions are required for subsequent incubation facilities and environments to avoid
possible pollution and incubation losses. Also, this commercial technology currently using
radioimmunoassay for the determination of estrin, so relative technical cost and analysis time are not
easy to reduce and shorten. In other words, the current commercialized technology still needs to complete
the gender identi�cation process through intrusive sampling and biochemical analysis. The direction of
future technology development is to replacing intrusion sampling with non-invasive methods and fast
real-time analysis, photoelectric analysis equipment is an example.

Impedance spectroscopy is a proven method for many applications such as bacterial detection,
biomarker detection, microorganism viability determination [15–20]. The principle of this technique is to
inject a constant into the object to be measured and calculate its voltage to �nd out the electrical
impedance respond of the object. Based on a study by Burke and Sharp in 1989, compared to hens, the
eggs that hatched into roosters have larger yolks [13], it is reasonable to believe that these eggs will have
different electrical impedance value. As the eggshell can be imagined as the cell membrane, the protein
can be imagined as the cytoplasm, and the egg yolk can be imagined as the nucleus, the theory of
impedance spectroscopy can be logically apply for this case.
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This work present the development process of a method for non-invasive in ovo chicken eggs gender
identi�cation applying the impedance spectroscopy technique. The gender will be con�rmed after the
incubation process by using standard PCR chicken egg gender identi�cation process. The presented work
involve an integrated system of measuring electrodes and incubation machine, which will be a great
access for future development of a commercially available technology in non-invasive chicken egg
sexing of poultry industry, solving a huge ethical problem globally, where billions of one-day old male
chick are being culled annually. The main contributions of this research are as follows:

1. Design and implementation of a simple and effective electrode for measuring egg impedance in
incubation environment.

2. Relationship development between chicken egg impedance and its gender
3. Integration of the electrode system and the chicken egg incubation machine, proving the possibility

of future development for a fully integrated system to non-invasive sexing method.

Materials And Methods
1. Eggs and chemical preparation

Fertilized Kinman county, Taiwan, chicken eggs were obtained from Department of Animal Science,
National Chung Hsing University.

Potassium permanganante (KMnO4=158.04) and Formalin (HCHO=30.02) extra pure reagent was
purchased from Choneye Pure Chemical (Taiwan). Blood Genomic DNA puri�cation kit for PCR gender
identi�cation were purchased from Biokit (Barcelona, Spain)

2. Carbon epoxy based electrode

Electrode performance are very important in impedance spectroscopy technique. The electrode should be
low noise, repeatable, and accuracy. For the development process, standard ECG electrode was used for
evaluation step.

Approximately 40 cubic millimeters (mm3) of carbon epoxy (volume resistivity of 40Ohms∙cm) was
dropped onto a 10x10(mm) adhesive conductive cloth (contact resistance of 0.05Ohms/cm2) (Figure 2a)
where the cloth will be used to stick on one end of the RG-1.13m coaxial cable (Figure 2c) to the
designated point on the chicken egg. The designated points on the eggs will be discussed in the later part
of this paper. Using the resistivity forrmula , where R is the resistance, A is the cross-
sectional area, and l is the length of the specimen, plus the resistance of the 1 cm2 conductive cloth piece,
the total resistance of the electrode was calculated to be 2.05 Ohm.

3. Chicken egg electrodes positions

While putting in the incubator, the blunt end of the egg should face upward as seen in Figure 3. In this
experiment, we wants to measure the eggs impedance at differents positions. For this pioneer study, we

≈

ρ = R ∗ A/l
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chose to put the electrode as shown in Figure 3, based on the standard body mass bio-electrical
impedance analysis. An electrode will be attached onto both blunt and pointy ends of the egg marking
position 1 and 2 (on the height circuference), whereas position 3 and 4 are determined by marking the
width circumference of the egg where position 3 is a random point on the circumference and position 4 is
opposite to position 3.

4. Pinout circuit

The coaxial cables after being attached on to the eggs at one end were connected to a pinout circuit
(Figure 4) at the other end using SMA headers (U1 – U4) making it easier for data acquisition process.
The purpose of the pinout circuit is �rstly to make it easier to switch between electrodes during
measurements, secondly shielding to reduce the noise causes by electrostatic of a large number of wires.
The Impedance Analyzers probes will be attached onto the C1 and C2 pins.

5. Experimental setup

The obtained were put inside the incubator for 14 days in total, from day 0 to day 13 of incubation
process. During this incubation period, measurements were made with the eggs are still inside the
incubator by attaching the Impedance Analyzer (WK6420) probes to the pinout circuits.

5.1. Incubator preparation

DI water was stored in a 10 liters tank and were used by the incubator to maintain the humidity during the
incubation process, this DI water must be re�lled when needed. The humidity level was kept stable at 54-
56% and the temperature was 99.5oF (Figure 6c). Before this incubation process, sterilization of the
incubation area must be performed. Standard fumigation process was applied to sterilize the incubator
before each incubation process.

The sterilization process consists of steps described as below:

a. Clean the inside of the incubator thoroughly using clean towel

b. Seal all of the air holes on the incubator, making sure no air leakage can happen

c. Exact 3mg of potassium permangannate was spooned into a ceramic container

d. Put the ceramic container inside the incubator through the main door

e. Exact 6ml of formalin was pipetted into the container

g. Immediately closed the door, and tightly sealed it as chemical reaction happen inside, where a
poisonous brown-purple formaldehyde gas being produced.
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h. After 20 minutes, the vent and other air holes of the incubator can be opened for air circulation.

Remove the ceramic container and the incubator is sanitized.

5.2. Bioimpedance measurement experiment design

Bioimpedance data were measured using the Wayne Kerr 6420C Impedance Analyzer & LCR Meter
(Wayne Kerr Electronics, USA) (Figure 5). The parameters are set as :

100 mV rms voltage

Frequency range of 20Hz to 10MHz (100 points)

Measurement speeds of 80ms per measurement

On the day of collection, fertilized eggs were stored at room temperature for electrode attachments. After
the carbon epoxy based electrodes has been �rmly attached onto the eggs it was let cure in room
temperature for 24 hours before being put inside the incubator. A small hole with a diameter of 20mm
was drilled out as can be seen in �gure 6a,b. then by inserting a 20mm PVC tube into the hole, the cable
were tunneled out. This tube was tightly sealed during the incubation process.

The impedance measurement experiment was performed step-by-step as described below:

a. Unsoiled the surface of the egg using a dry and clean towel, and marked using pencil. The eggs are
kept at room temperature.

b. 10mm*10mm pieces of conductive fabric cloth were cut out and measured.

c. 1 meter long coaxial cables was cut, striped and shield layer insulated with heat-shrunk tubing.

d. 40 mm3 of carbon epoxy was dropped onto the conductive fabric cloth.

e. Put the stripped end of the coaxial cable into the carbon epoxy dropped conductive fabric cloth.

f. Tape the whole con�guration onto desired positions of each egg.
g. Let cured at room temperature for 24 hours.
h. Put the eggs inside the incubator, tunneled the wires out and connect them to SMA heads and pinout
circuit.

Every another 24 hours, make the impedance spectrum measurement for 13 more days

5.3. Genomic DNA extraction and gender identi�cation using PCR

A standard PCR process described in [27], where genimoc DNA of the chick was collected from its blood
and applied to the PCR, was used to determined the gender of the chicken egg after day 13 of incubation.
The genomic DNA collection process is as followed:
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a. A 10 µL whole blood sample was collected from each chicken fetus after 14 days (from day 0 to day
13) incubation. The whole blood sample contained le.ukocytes and provided genomic DNA for gender
identi�cation. Genomic DNA was extracted using Blood Genomic DNA puri�cation kti (Biokit, Barcelona,
Spain).

b. The whole blood sample was added with 20 µL proteinase K, 170 µL Phosphate buffered solution and
200 µL binding buffer together.

c. The mixture was then vortexed and incubated in 70°C oven overnight.

d. After overnight incubation, each mixed sample was added with 200 µL 100% ethanol and transferred
into �lter column provided by Biokit genomic DNA puri�cation kit.

e. This �lter column was then centrifuged at 15,000 ×g for 1 min in room temperature.

f. The suspend solution was discarded, and pellet was washed with 600 µL washing buffer followed
15,000 ×g centrifuge for 1 min in room temperature, twice.
g. Centrifuged again at 15,000 ×g for 3 min in room temperature to remove remained water.
h. A 1.5 mL microtube was inserted with the �lter column and 25 µL elution buffer was added into �lter
column to collect isolated genomic DNA.

Table 1
PCR program for chicken gender identi�cation.

  Temperature Time  

Initial 95ºc 30s  

Denaturation 95ºc 30s 30 cycle

Annealing 58ºc 1min

Extension 72ºc 1min

Finish 72ºc 5min  

PCR was performed as Table 1. with each sample containing a total 25 µL mixture of 2 µL
eluted genomic DNA, 16µL deionized water, 5µL master mix, 1 µL 2250 forward primer (5'-
GTTACTGATTCGTCTACGAGA-3'), and 1 µL 2718 reverse primer (5'-
ATTGAAATGATCCAGTGCTTG-3') using Biometra T-Personal thermal cycler (Analytikjena
GmBH, Jena, Germany). The primer design is based on a pilot study for gender
identification on avian (Romanova et al., 2019). Agarose gel (2%) electrophoresis was
performed to analyze PCR products. Single band of 552 bp indicated a male fetus, whereas
double bands in 358 bp and 552 bp indicated a female fetus (Figure 7).
6. Statistical analysis
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Independent T-test statistical analysis using Microsoft Excel were made in order to construct the
relationship between the chicken egg sex and the collected impedance data.

Results And Discussion
1. Electrode Evaluation Test

To validate the elctrode performance it was tested with two different test. The �rst one is to measure the
resistance of the electrodes making sure that they are similar, reducing electrode impedance error. The
second test involve using an unfertilized, unhatchable egg. By measuring its impedance spectrum over a
span of eleven days in and outside of the incubation, the performance of the electrode can be validated.

A total of 20 electrodes con�guration was prepared without taping onto the egg. Their resistance was
measured using a standard Fluke multimeter. As shown in Figure 8, the measured resistance was found
varies from 1.78 to 3.12 with an average of 2.383. This was found to be in agreement with the calculated
resistance value of the electrodes mentioned in the carbon epoxy electrode fabrication above.

An unhatchable egg was attached with a pair of ECG electrode on the blunt and pointy ends of the egg,
impedance measurement was made then remove the ECG electrode. After the ECG electrodes was
removed, and its surface has been wiped clean with a dry towel, a pair of designed electrode was
attached to position 1 and 2 of the egg. The impedance spectrum was made after 24 hours of
attachment at room temperature. Then again after 1 hour it has been put in the incubator at a
temperature of 99.5 Fahrenheit degree, this was marked as Day 0 of incubation measurement. Then the
impedance was measured again on Day 1, 4, and Day 10 of the incubation process, these measurement
was made to test the electrode performance after a long time in a �xed humidity (55%) and temperature
(99.5oF) environment. The impedance spectrum is shows in �gure 9, from here, it can be observed that
there is variation in impedance value at very low frequencies (20Hz to 100Hz). But from the frequency of
100Hz and above, the agreement level is acceptable at below 5% error.

2. Chicken egg gender evaluation test

2.1. PCR chicken egg sex result

Among the 27 Kinmen county fertilized eggs obtained from Department of Animal Science, (National
Chung Hsing Uniersity, Taichung, Taiwan) 1 were none fertilized, 13 were male, and 14 were female. Table
2 summarize the result of the PCR chick egg sex determination. 
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Table 2
Survival and gender records for 14 days incubating fetal Kinmen county chicken

No. Status Survival status at gender identi�cation day Gender

1 + Good M

2 + Good M

3 + Good M

4 + Good F

5 + Good M

6 + Good F

7 + Good F

8 + Good F

9 + Good M

10 + Good F

11 + Good F

12 + Good M

13 + Good M

14 + Good F

15 N/A - -

16 + Good M

17 + Good F

18 + Good F

19 + Good F

20 + Good F

21 + Good M

22 + Good F

23 + Good F

24 + Good M

25 + Good M

26 + Good F

Remarks: N/A: none fertilized or dead with fetal condition, +: Fertilized, M: Male, F: Female
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No. Status Survival status at gender identi�cation day Gender

27 + Good M

Remarks: N/A: none fertilized or dead with fetal condition, +: Fertilized, M: Male, F: Female

3.2.1. Impedance spemtrum result data

Due to the noises found in the spectrum, self-normalization idea, which was used in Phan et al (2021)
[28], has been utilized in studying the parameter, with the intention of keeping away the large embryos-to-
embryos differences during data analysis. This ratio data would shows more independent and reliable on
distinguished the gender differences. The result is shown in Figure 12. And as observed, inspite of the
large variations in the low frequencies zone (20Hz – 100kHz), at high frequencies, characteristic curves
was found. At this frequency range of 300kHz to 10MHz, for either male or female,, the ratio between
impedance value of the eggs shows a noticeable steadiness. To visualize this changes, mean value of
male eggs and female eggs were calculated, and were scattered with days data at different frequency. By
doing this, we would be able to �nd the frequency at which the gender of the egg can be distinguished by
comparing the ratio value between position 2-3 and position 2-4.

From observing the spectrum, it is noticeable that for male eggs, the ratio data in the frequency range of
300kHz up to 10MHz has a value of larger than 1, while for female eggs, this ratio value is almost alway
falls below 1. But to prove that the different can be use to correctly distinguished the gender of the egg,
statistical method must by apply.

From statistical independant T test, the ratio of impedance measurements between position 2-3 and 2-4
shows signi�cant relationship with the chicken egg gender. Figure 13 shows the mean ratio value
spectrum of male and female eggs measured at day 9, in the optimum frequency range of 376kHz to
2.69MHz. Among this range, the measurement of male and female eggs shown signi�cant different with
p value of independant T-test lowest at 0.02 at the frequency of 376kHz. Moreover, the signi�cant
different found at this range on day 9 was also found on others incubation days until the end of the
incubation process, on day 13.

Figure 14 shows that the impedance ratio value of male and female eggs has always show a certain level
of distinction. But it was not until day 9 of incubation that this difference become signi�cant (con�rmed
by independant T-test). From then until the last day of experiment, the difference has always been
signi�cant. This is believe to be due to different in embryos weight of male and female egg.

Burke and Sharp study [13] has proved a phenomenon, by cracking the eggshell and weigh the wet and
dry embryos weight, Burke and Sharp stated in their studies that they have found a different in embryos
weight of male and female eggs at very early of incubation but the different only become signi�cant from
day 11 of incubation process. And from experiment result, this study believes to have found the
signi�cant, in ovo, from day 9 of incubation, with bio-electrical impedance analysis have always been
able to acccurately analize human body composition.
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Conclusion
A pinoeer study has been made on a non invasive method for chicken egg gender identi�cation. The
result indicates that this is a promising humane method for mass egg production poultry industries. By
measuring the impedance of fertilized chicken eggs during day 9 of incubation, between pair 2-3 and 2-4
at 376kHz, the gender of the eggs can be distinguished. Future studies on electrode optimization should
be made for electrode positions, electrode material, and electrode impedance stabilization. A larger pool
of sample is also in consideration to increase the accuracy of the method.
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Figure 1

Vascular vessels of an egg which embryos is at day 5 of incubation with the blunt end has been cut open.

Figure 2

(a) Carbon epoxy was dropped onto 10mmx10mm adhesive conductive cloth (b) taped onto designated
points on a chicken egg using (c) RG-1.13mm coaxial cable
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Figure 3

Demonstation of the designed device to determine the electrodes positions
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Figure 4

The pinout circuit
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Figure 5

Experimental setup for egg bioimpedance measurement
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Figure 6

(a) The small size incubator used in this research (b) The electrode cables are tunneled outside through a
small 20mm diameter hole (c) the machine settings are kept steady at 55% humidity level, and
temperature of 99.5oF.
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Figure 7

Sex identi�cation for chick fetus using PCR. One single band at 552 bp indicated a male fetus and two
bands at 552 bp and 358 bp indicated a female fetus.
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Figure 8

Electrode resistance validation
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Figure 9

(a) Impedance data of an unhatchable egg at different days with (b) relative standard deviation
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Figure 10

Impedance spectrum measurement of male and female eggs between electrodes at position 2-3 aon Day
9
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Figure 11

Impedance spectrum measurement of male and female eggs between electrodes at position 2-4 on Day 9
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Figure 12

The self-normalized spectrum of Impedance of pair 2-3 divided by Impedance of pair 2-4

Figure 13
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Mean impedance ratio value of male and female egg in the optimum frequency range.

Figure 14

Mean impedance ratio of male and female eggs through out the 13 days of incubation measured at the
frequency of 376kHz. Remark: *p value <0.05


