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DESCRIPTION

Title of Invention

METHOD FOR SELECTING OVOMUCOID-FREE SHELLED
CHICKEN EGGS

Technical Field

[0001] The present invention relates to a method for selecting
ovomucoid-free shelled chicken eggs.

Background Art

[0002] As a method for measuring components in chicken eggs, various
technical means have been proposed. For example, Patent Literature 1
discloses a method for determining a shelled egg, the method including
a step of irradiating a shelled egg with light, a step of receiving
transmitted light of the shelled egg, a step of acquiring a spectrum of the
transmitted light, a step of performing multivariate analysis on the
spectrum, and a step of determining the shelled egg on the basis of the
spectrum. Furthermore, Patent Literature 2 discloses that by irradiating
a chicken egg with near infrared rays in a specific wavelength region and
detecting transmitted light, the cholesterol content in the chicken egg can
be quantified with high accuracy without cracking the egg.

Citation List

Patent Literature

[0003] Patent Literature 1: Japanese Unexamined Patent Publication No.
2017-49177

Patent Literature 2: Japanese Patent No. 5959061

Summary of Invention
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Technical Problem

[0004] As one of substances to be allergens in chicken eggs, for example,
a protein called ovomucoid contained in the egg white is known. Since
ovomucoid is stable to heat and digestive enzymes, its allergen property
is hardly lost even when a heat treatment and processing using a
digestive enzyme are performed. For this reason, studies have been
made on making a chicken egg not containing ovomucoid.

[0005] On the other hand, the ovomucoid in a chicken egg is generally
measured by, for example, a liquid chromatography method, an ELISA
method, or the like using the egg white obtained by cracking the egg.
However, such a measurement method is not suitable commercially
because the procedure is complicated and the egg is cracked. Therefore,
it is desired to develop a method for nondestructively and conveniently
selecting ovomucoid-free shelled chicken eggs.

[0006] An object of the present invention is to provide a method for
nondestructively and conveniently selecting ovomucoid-free shelled
chicken eggs.

Solution to Problem

[0007] The present inventors have found that it is possible to determine
an ovomucoid-free shelled chicken egg on the basis of a discriminant
value by irradiating a shelled chicken egg with light including light
having a specific wavelength, measuring an absorption amount of the
light having the specific wavelength, and then -calculating the
discriminant value from the absorption amount by using a predetermined
conversion formula, thereby completing the present invention.

[0008] That is, the present invention relates to, for example, the
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following inventions.
[1]

A method for selecting shelled chicken eggs, the method being a
selecting method for ovomucoid-free shelled chicken eggs, including:

a measurement step of irradiating a shelled chicken egg with light
including light having a specific wavelength to measure an absorption
amount of the light having the specific wavelength;

a calculation step of calculating a discriminant value by
substituting the absorption amount into a conversion formula; and

a selection step of selecting an ovomucoid-free shelled chicken
egg on the basis of the discriminant value, in which

the conversion formula is a formula derived from a result of
measuring the absorption amount of the light having the specific
wavelength for an ovomucoid-containing shelled chicken egg and an
ovomucoid-free shelled chicken egg.

2]

The selecting method according to [1], in which the light having
the specific wavelength is light existing within a wavelength range of
310 nm or more and 2500 nm or less.

[3]

The selecting method according to [1] or [2], in which the
conversion formula is a formula derived by partial least squares-
discriminant analysis.

[4]
The selecting method according to any one of [1] to [3], in which

the conversion formula is a formula derived by partial least squares-
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discriminant analysis with a discriminant value of the ovomucoid-
containing shelled chicken egg as 1 and a discriminant value of the
ovomucoid-free shelled chicken egg as 0,

in the selection step, in a case where the discriminant value
calculated in the calculation step is less than a threshold, the egg is
selected as an ovomucoid-free shelled chicken egg, and

the threshold is within a range of more than 0 and 0.6 or less.

[5]

A method for producing ovomucoid-free shelled chicken eggs,
the producing method including:

a step of selecting an ovomucoid-free shelled chicken egg by
performing the selecting method according to any one of [1] to [4].
Advantageous Effects of Invention
[0009] According to the present invention, it is possible to provide a
method for nondestructively and conveniently selecting ovomucoid-free
shelled chicken eggs.

Description of Embodiments

[0010] Hereinafter, embodiments for carrying out the present invention
will be described in detail. However, the present invention is not limited
to the following embodiments.

[0011] (Method for Selecting Ovomucoid-Free Shelled Chicken Egg)

The present invention is characterized by providing a method for
selecting ovomucoid-free shelled chicken eggs, including: a
measurement step of irradiating a shelled chicken egg with light
including light having a specific wavelength to measure an absorption

amount of the light having the specific wavelength; a calculation step of
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calculating a discriminant value by substituting the absorption amount
into a conversion formula; and a selection step of selecting an
ovomucoid-free shelled chicken egg on the basis of the discriminant
value, in which the conversion formula is a formula derived from a result
of measuring the absorption amount of the light having the specific
wavelength for an ovomucoid-containing shelled chicken egg and an
ovomucoid-free shelled chicken egg.

[0012] (Measurement Step)

The method for selecting ovomucoid-free shelled chicken eggs
according to the present embodiment includes a measurement step of
irradiating a shelled chicken egg with light including light having a
specific wavelength to measure an absorption amount of the light having
the specific wavelength.

[0013] (Shelled Chicken Egg)

In the present specification, the “shelled chicken egg” is an egg
in a non-destructive state including all of an eggshell, an egg yolk, and
an egg white. As long as the shelled chicken egg includes all of an
eggshell, an egg yolk, and an egg white, the shelled chicken egg may be
one in which the eggshell has cracks, or the like. As the shelled chicken
egg, a shelled chicken egg used as a food material or the like can be used.
There is no particular limitation on the chicken species of the laying hens
and/or the time of egg collection in shelled chicken eggs. The eggshell
of the shelled chicken egg may be a white eggshell or a colored eggshell
such as a brown or reddish brown eggshell.

[0014] (Ovomucoid-Free Shelled Chicken Egg)

In the present specification, the “ovomucoid-free shelled chicken
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egg” is a shelled chicken egg not containing ovomucoid, and is as
described above for the shelled chicken egg except that ovomucoid is
not contained. Ovomucoid is a protein contained in the egg white, and
is one of substances that become allergens of chicken eggs. Furthermore,
ovomucoid is water-soluble and has extremely high physicochemical
stability. Therefore, even when a heat treatment and processing using a
digestive enzyme are performed, the allergen property is hardly lost.
[0015] In the present specification, “not containing ovomucoid” means
that the content of ovomucoid in the egg white is less than 1 pg/mL, and
preferably 0 pg/mL based on the total amount of the egg white.
[0016] (Use Application of Ovomucoid-Free Shelled Chicken Egg)
Examples of use applications of the ovomucoid-free shelled
chicken egg include use applications for boiled egg, making
confectionery, cooking, breadmaking, frozen dessert, water mixing, ham,
noodle, and the like. The use application for boiled egg means a use
application as a raw material of boiled egg. The use application for
making confectionery means a use application as a raw material for
producing confectionery. The ovomucoid-free shelled chicken egg for
making confectionery can be used as, for example, a raw material for
sponge cake or the like. The use application for cooking means a use
application as a raw material for producing food and drink (provided that
confectionery is excluded). The ovomucoid-free shelled chicken egg for
cooking can be used as, for example, a raw material for iri-tamago
(Japanese scrambled eggs), scrambled eggs, egg soup, fried egg, omelet,
or rolled omelet. The method for selecting ovomucoid-free shelled

chicken eggs according to the present embodiment can also be used as a
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method for selecting ovomucoid-free shelled chicken eggs for boiled
eggs, for making confectionery, or for cooking. Furthermore, in
particular, since ovomucoid is a protein having an allergen property, the
ovomucoid-free shelled chicken egg can also be used for the
development of low-allergen foods. The low-allergen foods mean foods
which hardly cause an allergy.

[0017] The ovomucoid-free shelled chicken egg may be distributed in
the form of a shelled chicken egg, may be distributed in the form
containing the egg white and the egg yolk by cracking the egg, or may
be distributed in the form of the egg white or the form of the egg yolk
after further separating the egg white and the egg yolk by cracking the
egg.

[0018] (Method of Measuring Absorption Amount of Light Having
Specific Wavelength)

The absorption amount of the light having the specific
wavelength (hereinafter, also referred to as “absorption amount”) is
measured using a spectroscopic method in which a shelled chicken egg
is irradiated with light including light having a specific wavelength and
transmitted light or reflected light is detected. That is, in the
measurement step, the absorption amount is measured by irradiating a
shelled chicken egg with light including light having a specific
wavelength and detecting transmitted light or reflected light. The
absorption amount to be measured may be an absolute value or a relative
value (for example, absorbance or the like). Furthermore, the absorption
amount to be measured may be the absorption amount of light having a

single wavelength, or may be the absorption amount of light having
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multiple wavelengths. In a case where the absorption amount to be
measured is the absorption amount of light having multiple wavelengths,
the light may be light having continuous multiple wavelengths, or may
be light having discontinuous multiple wavelengths. In a case where the
absorption amount of light having multiple wavelengths is measured, for
example, an absorption spectrum including the absorption amount of
light having a specific wavelength may be measured.
[0019] In the method for selecting ovomucoid-free shelled chicken eggs
according to the present embodiment, it is preferable to measure the
absorption amount by detecting transmitted light or reflected light. The
absorption amount can be measured by, for example, a visible near
infrared spectrophotometer, a near infrared spectrophotometer, or the
like. As the visible near infrared spectrophotometer, for example, Handy
Lambda II NIR enh manufactured by Spectra Co-op., or the like can be
used. As the near infrared spectrophotometer, for example, a near
infrared spectrometer Matrix-F manufactured by Bruker Optics GmbH
& Co. KG, or the like can be used. Analysis of the obtained absorption
amount data can be performed using commercially available software.
Examples of the commercially available software include The
Unscrambler X (manufactured by CAMO Software), and OPUS
(manufactured by Bruker Optics GmbH & Co. KG).
[0020] (Light Having Specific Wavelength)

The light having the specific wavelength in the measurement step
may be, for example, light existing within a wavelength range of 310 nm
or more and 2500 nm or less, 310 nm or more and 2000 nm or less, 310

nm or more and 1500 nm or less, 310 nm or more and 1100 nm or less,
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600 nm or more and 2500 nm or less, 800 nm or more and 2500 nm or
less, or 1100 nm or more and 2500 nm or less. As described above, the
light having the specific wavelength may be light existing within the
range of the wavelength region, may be light having a single wavelength
in the wavelength region, or may be light having a plurality of
wavelengths in the wavelength region. The absorption amount of the
light having the wavelength within this wavelength range into the shelled
chicken egg changes between the ovomucoid-free shelled chicken egg
and the ovomucoid-containing shelled chicken egg, and thus it is
possible to select the ovomucoid-free shelled chicken egg on the basis of
the absorption amount.

[0021] (Wavelength of Light Applied to Shelled Chicken Egg)

The light with which the shelled chicken egg is irradiated in the
measurement step (hereinafter, also referred to as “irradiation light™) is
not particularly limited as long as the light is light including the light
having the specific wavelength. That is, the irradiation light may include
light having a wavelength other than the light having the specific
wavelength, or may be the light having the specific wavelength. The
absorption amount is measured by irradiating a shelled chicken egg with
irradiation light. The irradiation light may be, for example, light in a
wavelength region of 100 nm or more and 3000 nm or less, or may be
light in a wavelength region of 150 nm or more and 2500 nm or less, 200
nm or more and 2000 nm or less, 300 nm or more and 1500 nm or less,
310 nm or more and 1100 nm or less, 500 nm or more and 3000 nm or
less, 600 nm or more and 3000 nm or less, 700 nm or more and 2800 nm

or less, 750 nm or more and 2600 nm or less, or 800 nm or more and
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2500 nm or less.
[0022] (Arrangement Conditions of Shelled Chicken Eggs)

In the measurement step, for example, the shelled chicken egg
may be arranged such that a major axis connecting a rounded end and a
pointed end of the shelled chicken egg is parallel or substantially parallel
to the horizontal plane, or may be arranged such that the major axis is
perpendicular or substantially perpendicular to the horizontal plane. In
a case where the major axis is disposed perpendicular or substantially
perpendicular to the horizontal plane, the shelled chicken egg may be
arranged such that the rounded end faces downward. In the measurement
step, the shelled chicken egg may be fixed so as to be in the above
arrangement.
[0023] (Irradiation Conditions of Light Applied to Shelled Chicken Egg)

In the measurement step, the irradiation light can be applied to
the shelled chicken egg from various directions. The irradiation with the
irradiation light may be performed in a state where the shelled chicken
egg 1s fixed such that the shelled chicken egg is in the above arrangement,
or may be performed in a non-fixed state. The irradiation light may be
applied, for example, in a direction intersecting a major axis connecting
a rounded end and a pointed end of the shelled chicken egg, or may be
applied along the major axis. The absorption amount may be measured,
for example, by applying irradiation in a direction intersecting a major
axis connecting a rounded end and a pointed end of the shelled chicken
egg in a state where the major axis is disposed to be parallel or
substantially parallel to the horizontal plane, and detecting transmitted

light or reflected light. Furthermore, the absorption amount may be
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measured, for example, by applying irradiation light in a direction
intersecting a major axis connecting a rounded end and a pointed end of
the shelled chicken egg in a state where the rounded end of the shelled
chicken egg faces downward and the major axis is disposed to be
perpendicular or substantially perpendicular to the horizontal plane, and
detecting transmitted light or reflected light.

[0024] (Detection of Light Having Specific Wavelength)

In a case where the irradiation light is applied and transmitted
light is detected, from the viewpoint of enabling more accurate
measurement, it is preferable to detect the transmitted light obtained by
irradiating a portion through which the light does not pass the egg yolk
with the irradiation light. In a case where the irradiation light is applied
and reflected light is detected, reflected light derived from an egg white
site in the shelled chicken egg can also be detected.

[0025] (Calculation Step)

The method for selecting ovomucoid-free shelled chicken eggs
includes a calculation step of calculating a discriminant value by
substituting the absorption amount into a conversion formula.

[0026] (Conversion Formula)

In the calculation step, the conversion formula is used for
calculating a discriminant value from the absorption amount measured
in the measurement step. The conversion formula is a formula derived
from the result of measuring the absorption amount for an ovomucoid-
containing shelled chicken egg and an ovomucoid-free shelled chicken
egg. More specifically, it is a relational expression between the

absorption amount and the discriminant value, the relational expression
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being derived with the measured absorption amount as an explanatory
variable and the discriminant value as a dependent variable. The
conversion formula may be, for example, a formula derived by
multivariate analysis, or may be a formula derived by partial least
squares-discriminant analysis (PLS-DA), logistic regression analysis, or
the like, and is preferably a formula derived by partial least squares-
discriminant analysis. The discriminant value is a numerical value set
by associating a predetermined numerical value with each of the
ovomucoid-containing shelled chicken egg and the ovomucoid-free
shelled chicken egg, and is a numerical value for discriminating the
ovomucoid-free shelled chicken egg. For example, these chicken eggs
and numerical values may be associated with each other by setting the
discriminant value of the ovomucoid-containing shelled chicken egg to
1 and the discriminant value of the ovomucoid-free shelled chicken egg
to 0. In this case, the conversion formula may be a formula derived by
partial least squares-discriminant analysis from the result of measuring
the absorption amount with the discriminant value of the ovomucoid-
containing shelled chicken egg as 1 and the discriminant value of the
ovomucoid-free shelled chicken egg as 0.

[0027] (Multivariate Analysis)

The multivariate analysis is, for example, a statistical technique
used for classifying a subject by simultaneously analyzing a plurality of
pieces of data (variable, variate) obtained from the subject, analyzing a
correlation between the plurality of pieces of data, and comprehensively
summarizing the plurality of pieces of data. The multivariate analysis

may optionally be performed in combination with a spectral filtering
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method, for example, orthogonal signal correction (OSC) to remove
interfering components. Many analysis tools are commercially available
as software, and any analysis tool is available. Such a commercially
available tool is generally provided with an operation manual so that
multivariate analysis can be performed without knowledge of difficult
mathematics and statistics. The multivariate analysis may be performed
using a part or all of the obtained analysis data.

[0028] (Partial Least Squares-Discriminant Analysis (PLS-DA))

PLS-DA is a method of applying partial least squares (PLS) to
discriminant analysis (DA) to construct a model that discriminates
between two groups. In the method for selecting ovomucoid-free shelled
chicken eggs according to the present embodiment, a model (conversion
formula) for discriminating between an ovomucoid-containing shelled
chicken egg and an ovomucoid-free shelled chicken egg from the
measured absorption amount is constructed.

[0029] (Ovomucoid-Containing Shelled Chicken Egg in Calculation
Step)

The ovomucoid-containing shelled chicken egg in the calculation
step 1s used to derive the above-described conversion formula. The
ovomucoid-containing shelled chicken egg is as described in the above-
described shelled chicken egg except that the shelled chicken egg
contains ovomucoid. Examples of the ovomucoid-containing shelled
chicken egg in the calculation step include shelled chicken eggs obtained
from laying hens of wild-type chicken species. The ovomucoid-
containing shelled chicken egg in the calculation step may be known to

be an ovomucoid-containing shelled chicken egg when the absorption
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amount of the light having the specific wavelength is measured, or may
be found to be an ovomucoid-containing shelled chicken egg after the
absorption amount is measured.

[0030] (Ovomucoid-Free Shelled Chicken Egg in Calculation Step)

The ovomucoid-free shelled chicken egg in the calculation step
is used to derive the above-described conversion formula. The
ovomucoid-free shelled chicken egg is as described above. Examples of
the ovomucoid-free shelled chicken egg in the calculation step include
shelled chicken eggs obtained from chicken species in which the
ovomucoid gene is deleted (knocked out) by genetic manipulation or the
like. The ovomucoid-free shelled chicken egg in the calculation step
may be known to be an ovomucoid-free shelled chicken egg when the
absorption amount of the light having the specific wavelength is
measured, or may be found to be an ovomucoid-free shelled chicken egg
after the absorption amount is measured.

[0031] (Method of Calculating Discriminant Value)

The discriminant value is calculated by substituting the
absorption amount measured in the measurement step into the
conversion formula.

[0032] (Selection Step)

The method for selecting ovomucoid-free shelled chicken eggs
includes a selection step of selecting an ovomucoid-free shelled chicken
egg on the basis of the discriminant value.

[0033] (Selection Method)
The selection of ovomucoid-free shelled chicken eggs is

performed on the basis of the calculated discriminant value of the shelled
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chicken egg. For example, the selection may be performed by
comparing the calculated discriminant value of the shelled chicken egg
with a preset threshold. The threshold described above may be preset
according to the purpose, and for example, from the viewpoint of
determination accuracy of ovomucoid-free shelled chicken eggs, the
threshold may be set low in order to reduce false positives, and from the
economic viewpoint, the threshold may be set high in order to reduce
false negatives. That is, the threshold described above can be
appropriately set in consideration of how much the false negative rate
and the false positive rate are balanced, and the like.

[0034] In a case where the conversion formula is derived by PLS-DA
from the result of measuring the absorption amount with the discriminant
value of the ovomucoid-containing shelled chicken egg being 1 and the
discriminant value of the ovomucoid-free shelled chicken egg being 0,
for example, the shelled chicken egg may be selected as an ovomucoid-
free shelled chicken egg in a case where the discriminant value of the
shelled chicken egg for which the absorption amount is measured is less
than the threshold. The threshold may be, for example, within a range
of more than 0 and 0.6 or less, may be within a range of 0.05 or more
and 0.6 or less, 0.1 or more and 0.6 or less, 0.1 or more and 0.5 or less,
0.1 or more and 0.4 or less, or 0.1 or more and 0.3 or less, or may be
within a range of 0.2 or more and 0.6 or less, 0.3 or more and 0.5 or less,
or 0.4 or more and 0.5 or less. Furthermore, since the proportion of
ovomucoid-free shelled chicken eggs in the selected shelled chicken
eggs increases as the threshold is set to be lower, in a case where it is

desired to reduce false positives, the threshold may be set within a range
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of, for example, 0.1 or more and 0.4 or less, 0.1 or more and 0.35 or less,
0.1 or more and 0.3 or less, 0.1 or more and 0.25 or less, or 0.1 or more
and 0.2 or less. Since the ratio at which ovomucoid-free shelled chicken
eggs are selected increases as the threshold is set to be higher, in a case
where it is desired to reduce false negatives, the threshold may be set
within a range of, for example, 0.35 or more and 0.6 or less, 0.4 or more
and 0.6 or less, 0.45 or more and 0.6 or less, or 0.5 or more and 0.6 or
less. In a case where it is desired to reduce false negatives while
reducing false positives, the threshold may be set within a range of, for
example, 0.2 or more and 0.5 or less, 0.2 or more and 0.4 or less, 0.2 or
more and 0.35 or less, 0.3 or more and 0.5 or less, 0.35 or more and 0.5
or less, 0.4 or more and 0.5 or less, or 0.3 or more and 0.4 or less.
[0035] In the method for selecting ovomucoid-free shelled chicken eggs
according to the present embodiment, the measurement step to the
selection step may be performed once, and then a part or all of the
measurement step to the selection step may be further performed a
plurality of times. In this case, it may be performed under conditions
different from those in the measurement step to the selection step at the
first time. For example, measuring of the absorbance by changing the
wavelength of light having a specific wavelength in the measurement
step, performing the selection step while changing the above-described
threshold in the selection step, and the like are mentioned.
[0036] (Method for Producing Ovomucoid-Free Shelled Chicken Egg)
The present invention is characterized by providing a method for
producing ovomucoid-free shelled chicken eggs, the producing method

including a step of selecting an ovomucoid-free shelled chicken egg by
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performing the above-described method for selecting ovomucoid-free
shelled chicken eggs.

[0037] The method for selecting ovomucoid-free shelled chicken eggs
is as described above.

Examples

[0038] Hereinafter, the present invention will be more specifically
described based on Examples and the like. However, the present
invention is not limited to the following Examples.

[0039] [Test Example 1: Determination (1) of Ovomucoid-Free Shelled
Chicken Egg]

(1. Derivation of Conversion Formula)

A total of 453 ovomucoid-containing shelled chicken eggs and
ovomucoid-free shelled chicken eggs (both eggs in a non-destructive
state) for conversion formula derivation shown in the following Table 1
were irradiated with light having a wavelength of 310 nm or more and
1100 nm or less, and absorbance (absorption spectrum) of the light
having the specific wavelength was measured. Thereafter, the
conversion formula was derived using measurement data of absorbance.
[0040] The absorbance (absorption spectrum) of the light having the
specific wavelength was measured by detecting transmitted light by
emitting light having a wavelength of 310 nm or more and 1100 nm or
less in a direction intersecting a major axis connecting a rounded end and
a pointed end of the shelled chicken egg for conversion formula
derivation in a state where the major axis was disposed to be
substantially perpendicular to the horizontal plane. The measurement

data of absorbance was acquired using a visible near infrared
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spectrophotometer. The measuring device and conditions for the
absorbance (absorption spectrum) are as follows.

Device: Handy Lambda II NIR enh (manufactured by Spectra
Co-op.)

Analysis software: The Unscrambler X (manufactured by
CAMO Software)
[0041] The conversion formula was derived by the following procedure.
The discriminant value set such that the discriminant value of the
ovomucoid-containing shelled chicken egg for conversion formula
derivation was 1 and the discriminant value of the ovomucoid-free
shelled chicken egg for conversion formula derivation was 0 was used
as the dependent variable. Savitzky-Golay fitting was performed on the
measured absorption spectrum using 25 points on each side for
smoothing , and second-order differentiation (The Unscrambler X
(manufactured by CAMO Software)) was performed. PLS-DA was
performed on the dependent variable with the second derivative value of
the absorbance of the light having the specific wavelength in the
absorption spectrum after the second-order differentiation as an
explanatory variable. The R? determination coefficient of the derived
conversion formula was a high numerical value of 0.579, and the
goodness of fit of the conversion formula was high.
[0042] (2. Determination of Ovomucoid-Free Shelled Chicken Egg)

A total of 125 ovomucoid-containing shelled chicken eggs and
ovomucoid-free shelled chicken eggs (both eggs in a non-destructive
state) for evaluation shown in the following Table 1 were similarly

irradiated with light having a wavelength of 310 nm or more and 1100
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nm or less. Next, the absorbance (absorption spectrum) of the light
having the specific wavelength was measured, a discriminant value was
calculated using the conversion formula derived in the above 1., and then
the discriminant value was compared with a threshold to determine
whether or not the chicken egg is an ovomucoid-free shelled chicken egg.
[0043] The absorption spectrum was measured in the same manner as in
the above 1. Thereafter, the discriminant value was calculated by
substituting the absorbance of light having the same wavelength as when
the conversion formula was derived in the measured absorption spectrum
of the shelled chicken egg into the conversion formula. For the selection
of ovomucoid-free shelled chicken eggs, the thresholds were set to 0.5,
0.4, 0.3, 0.2, and 0.1, and 1n a case where the discriminant values were
less than the respective thresholds, the shelled chicken eggs were
determined as ovomucoid-free shelled chicken eggs. Table 2 shows the
results of evaluating Determination Rate 1 calculated by the following
Formula (1), and Table 3 shows the results of evaluating Determination
Rate 2 calculated by the following Formula (2).

Formula (1) Discrimination Rate 1 (%) = (Number of correct
answers of ovomucoid-free shelled chicken eggs/Number of shelled
chicken eggs having discriminant value less than threshold) x 100

Formula (2) Discrimination Rate 2 (%) = {(Number of correct
answers of ovomucoid-free shelled chicken eggs + Number of correct
answers of ovomucoid-containing shelled chicken eggs)/Total number
of evaluated shelled chicken eggs} x 100
[0044]

[Table 1]

19



For conversion

Sample formula For evaluation

derivation

Ovomucoid-containing shelled
chicken eggs obtained from wild- 157
type chicken species (number)

Ovomucoid-free shelled chicken
eggs obtained from ovomucoid
knocked-out chicken species 1
(number)

177

Ovomucoid-free shelled chicken
eggs obtained from ovomucoid
knocked-out chicken species 2
(number)

119

Total (number) 453

[0045]
[Table 2]
Case of setting threshold to 0.5

Discrimination rate 1

96.30%

Number of correct answers of ovomucoid-free shelled
chicken eggs (number)

78

Number of shelled chicken eggs having discriminant
value less than threshold (number)

81

Case of setting threshold to 0.4

Discrimination rate 1

97.47%

Number of correct answers of ovomucoid-free shelled
chicken eggs (number)

77

Number of shelled chicken eggs having discriminant
value less than threshold (number)

79

Case of setting threshold to 0.3

Discrimination rate 1

97.06%

Number of correct answers of ovomucoid-free shelled
chicken eggs (number)

66

Number of shelled chicken eggs having discriminant
value less than threshold (number)

68

Case of setting threshold to 0.2

20




Discrimination rate 1 100.00%
Number of correct answers of ovomucoid-free shelled

chicken eggs (number) 53
Number of shelled chicken eggs having discriminant 53
value less than threshold (number)

Case of setting threshold to 0.1

Discrimination rate 1 100.00%
Number of correct answers of ovomucoid-free shelled

chicken eggs (number) 44
Number of shelled chicken eggs having discriminant 44
value less than threshold (number)

[0046]

[Table 3]

Case of setting threshold to 0.5

Discrimination rate 2 94.40%
Number of correct answers of ovomucoid-free shelled

chicken eggs + number of correct answers of 118
ovomucoid-containing shelled chicken eggs (number)

Total number of evaluated shelled chicken eggs 195
(number)

Case of setting threshold to 0.4

Discrimination rate 2 94.40%
Number of correct answers of ovomucoid-free shelled

chicken eggs + number of correct answers of 118
ovomucoid-containing shelled chicken eggs (number)

Total number of evaluated shelled chicken eggs 195
(number)

Case of setting threshold to 0.3

Discrimination rate 2 85.60%
Number of correct answers of ovomucoid-free shelled

chicken eggs + number of correct answers of 107
ovomucoid-containing shelled chicken eggs (number)

Total number of evaluated shelled chicken eggs 195

(number)
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Case of setting threshold to 0.2

Discrimination rate 2 76.80%

Number of correct answers of ovomucoid-free shelled
chicken eggs + number of correct answers of 96
ovomucoid-containing shelled chicken eggs (number)

Total number of evaluated shelled chicken eggs

(number) 125
Case of setting threshold to 0.1
Discrimination rate 2 69.60%

Number of correct answers of ovomucoid-free shelled
chicken eggs + number of correct answers of 87
ovomucoid-containing shelled chicken eggs (number)

Total number of evaluated shelled chicken eggs 195

(number)

[0047] As shown in Table 2, in a case where the threshold was set to 0.5,
Determination Rate 1 was 96.30%. Furthermore, as the threshold was
set to a lower value, Determination Rate 1 tended to be higher. From
this point, it is considered that this is because the number of ovomucoid-
containing shelled chicken eggs determined as ovomucoid-free shelled
chicken eggs (false positives) is reduced. From this result, it was shown
that ovomucoid-free shelled chicken eggs can be selected with high
accuracy by the method performed in Test Example 1.

[0048] Further, as shown in Table 3, Determination Rate 2 calculated by
the calculation method as in Formula (2) tended to be lower as the
threshold was set to a lower value. This is considered to be because, as
the threshold is lowered, the number of false positives decreases, while
the number of ovomucoid-free shelled chicken eggs determined as
ovomucoid-containing shelled chicken eggs (false negatives) 1is
increased. Conversely, as the threshold was set to a higher value,

Determination Rate 2 tended to be higher. This is considered to be
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because the number of ovomucoid-free shelled chicken eggs, which
were false-negative, was reduced. Therefore, from the results of Tables
2 and 3, it was shown that ovomucoid-free shelled chicken eggs can be
selected with high accuracy by appropriately setting a threshold
according to the purpose.
[0049] [Test Example 2: Determination (2) of Ovomucoid-Free Shelled
Chicken Egg]

(1. Derivation of Conversion Formula)

The conversion formula was derived in the same manner as in
Test Example 1 except that the wavelength of light with which the
shelled chicken egg was irradiated was changed and the wavelength of
light having the specific wavelength was changed accordingly. A total
of 119 ovomucoid-containing shelled chicken eggs and ovomucoid-free
shelled chicken eggs (both eggs in a non-destructive state) for
conversion formula derivation shown in the following Table 4 were
irradiated with light having a wavelength of 800 nm or more and 2500
nm or less, and absorbance (absorption spectrum) of the light having the
specific wavelength was measured. Thereafter, the conversion formula
was derived using measurement data of absorbance. The R?
determination coefficient of the derived conversion formula was a
considerably high numerical value of 0.701, and the degree of fitness of
the conversion formula was considerably high.
[0050] (2. Determination of Ovomucoid-Free Shelled Chicken Egg)

The ovomucoid-free shelled chicken egg was determined in the
same manner as in Test Example 1 except that the wavelength of light

with which the shelled chicken egg was irradiated was changed and the
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wavelength of light having the specific wavelength was changed
accordingly. A total of 29 ovomucoid-containing shelled chicken eggs
and ovomucoid-free shelled chicken eggs (both eggs in a non-destructive
state) for evaluation shown in the following Table 4 were similarly
irradiated with light having a wavelength of 800 nm or more and 2500
nm or less. Next, the absorbance (absorption spectrum) of the light
having the specific wavelength was measured, a discriminant value was
calculated using the conversion formula derived in the above 1. of Test
Example 2, and then the discriminant value was compared with a
threshold to determine whether or not the chicken egg is an ovomucoid-
free shelled chicken egg. Table 5 shows the results of evaluating
Determination Rate 1 calculated by the above Formula (1), and Table 6
shows the results of evaluating Determination Rate 2 calculated by the

above Formula (2).

[0051]
[Table 4]
For conversion
Sample formula For evaluation
derivation

Ovomucoid-containing shelled
chicken eggs obtained from wild- 59 15
type chicken species (number)

Ovomucoid-free shelled chicken
eggs obtained from ovomucoid

knocked-out chicken species 1 60 14

(number)

Total (number) 119 29

[0052]

[Table 5]

Threshold Number of shelled | Number of correct Discrimination
chicken eggs answers of ovomucoid- rate 1 (%)
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having free shelled chicken
discriminant value eggs (number)
less than
threshold
(number)
0.5 18 13 72.2
0.4 16 11 68.8
0.3 11 8 72.7
0.2 10 7 70.0
0.1 8 6 75.0
[0053]
[Table 6]
Number of correct
answers of
ovomucoid-free
Total number of | shelled chicken eggs
Threshold evalqated shelled | + number of correct | Discrimination
chicken eggs answers of rate 2 (%)
(number) ovomucoid-
containing shelled
chicken eggs
(number)
0.5 29 23 79.31
0.4 29 21 72.41
0.3 29 20 68.97
0.2 29 19 65.52
0.1 29 19 65.52

[0054] Even when the wavelength of the light having the specific
wavelength was changed, the same results as in Test Example 1 were
obtained. As the threshold was set to a lower value, Determination Rate
1 tended to be higher and Determination Rate 2 tended to be lower. Since
the conversion formula derived in Test Example 2 has a higher R?
determination coefficient than the conversion formula derived in Test
Example 1, it is considered that the determination accuracy becomes

higher by further increasing the number of lots. From the above result,
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it was shown that ovomucoid-free shelled chicken eggs can be selected

with high accuracy also by the method performed in Test Example 2.

26



10

15

20

25

CLAIMS
[Claim 1] A method for selecting shelled chicken eggs, the method
being a selecting method for ovomucoid-free shelled chicken eggs,
comprising:

a measurement step of irradiating a shelled chicken egg with light
including light having a specific wavelength to measure an absorption
amount of the light having the specific wavelength;

a calculation step of calculating a discriminant value by
substituting the absorption amount into a conversion formula; and

a selection step of selecting an ovomucoid-free shelled chicken
egg on the basis of the discriminant value, wherein

the conversion formula is a formula derived from a result of
measuring the absorption amount of the light having the specific
wavelength for an ovomucoid-containing shelled chicken egg and an
ovomucoid-free shelled chicken egg.

[Claim 2] The selecting method according to claim 1, wherein the
light having the specific wavelength is light existing within a wavelength
range of 310 nm or more and 2500 nm or less.

[Claim 3] The selecting method according to claim 1 or 2, wherein
the conversion formula is a formula derived by partial least squares-
discriminant analysis.

[Claim 4] The selecting method according to claim 1 or 2, wherein
the conversion formula is a formula derived by partial least squares-
discriminant analysis with a discriminant value of the ovomucoid-
containing shelled chicken egg as 1 and a discriminant value of the

ovomucoid-free shelled chicken egg as 0,
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in the selection step, in a case where the discriminant value
calculated in the calculation step is less than a threshold, the egg is
selected as an ovomucoid-free shelled chicken egg, and

the threshold is within a range of more than 0 and 0.6 or less.
[Claim 5] A method for producing ovomucoid-free shelled chicken
eggs, the producing method comprising:

a step of selecting an ovomucoid-free shelled chicken egg by

performing the selecting method according to claim 1 or 2.
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