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Abstract: Eggs that are produced using organic methods retail at higher prices than those produced
using conventional methods, but they cannot be differentiated reliably using visual methods. Eggs
can therefore be fraudulently mislabeled in order to increase their wholesale and retail prices. The
objective of this research was therefore to test near-infrared hyperspectral imaging (NIR-HSI) to
identify whether an egg has been produced using organic or conventional methods. A total of
210 organic and 210 conventional fresh eggs were individually scanned using NIR-HSI to obtain
absorbance spectra for discrimination analysis. The physical properties of each egg were also
measured non-destructively in order to analyze the performance of discrimination compared with
those of the NIR-HSI spectral data. Principal component analysis (PCA) showed variation for PC1
and PC2 of 57% and 23% and 94% and 4% based on physical properties and the spectral data,
respectively. The best results of the classification using NIR-HSI spectral data obtained an accuracy of
96.03% and an error rate of 3.97% via partial least squares–discriminant analysis (PLS-DA), indicating
the possibility that NIR-HSI could be successfully used to rapidly, reliably, and non-destructively
differentiate between eggs that had been produced using organic methods from eggs that had been
produced using conventional methods.

Keywords: discrimination; authentication; absorbance spectra; physiochemical properties

1. Introduction

Hens’ eggs are among the most popular foods eaten worldwide [1], with a global
production of around 1642 billion eggs in 2020 [2] and an average consumption of around
161 eggs per person per year [3]. Hens’ eggs are highly nutritional, containing high levels of
protein, and are a rich source of vitamins and minerals, including vitamins A, B12, K and D
and Fe, Se, and folate [4–6]. The diet on which hens are fed can affect the nutrient levels in
their eggs. Hens that are fed on an organic diet have different requirements in rearing from
conventional laying hens, mainly related to housing systems and access to outdoor areas.
Organic production is also associated with free range, especially on pasture that has been
cultivated organically [7]. The costs of producing organic eggs are high, which can result in
doubling their retail price, depending on the production process [8]. Raw feed materials
must be ingredients that comply with the principles of organic agriculture. In addition,
hens must have access to enough clean water, and their diets must be free of antibiotics
and hormones [9]. This contrasts with conventional cage-raising systems that usually mean
that they are raised in indoor housing and will not be released outside the housing. For
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feed, hens in conventional production systems receive enough processed layer feed in
order to ensure rapid growth and clean water as well as antibiotics and hormones [10,11].
Although chemicals such as antibiotics can be used to prevent and treat poultry diseases
and to promote their growth, some farmers use antibiotics inappropriately, which may
result in antibiotic residues in tissues, organs, and poultry products [12,13]. These residues
can remain in their eggs and accumulate in the consumer’s body, resulting in alterations in
the consumer’s microflora, disease, and the development of resistant strains that can cause
the body not to respond to antibiotic medicines. Thus, residual antibiotics in the product
can be harmful to the health of consumers [11,12]. Ebied et al. [14] examined the residues
of antibiotics in organic and conventional eggs and found no antibiotic residues in organic
eggs, while detecting oxytetracycline and tylosin residues in conventionally produced eggs
at a ratio of 1.6% and 2.4%, respectively, in the total of 125 conventionally produced eggs
that were sampled.

There is some evidence that eggs produced organically contain some chemicals that are
different from those from conventionally produced eggs. Florkiewicz et al. [15] showed that
the content of sodium and potassium in the albumen, yolk, and whole egg was significantly
higher (p ≤ 0.05) in hens’ eggs raised organically compared to the eggs of hens reared in
cages. Similar results were reported by Banaszewska et al. [16]. Minelli et al. [17] evaluated
the chemical properties of organic and conventional hens’ eggs and found that organic
eggs had higher protein and cholesterol levels than conventional hens’ eggs. However,
Heflin et al. [18] showed that the mineral content of eggs differed with the strain of the
hens as well as their age and rearing environment.

There is considerable evidence that people are taking increasing interest in their
healthcare and will pay more for organic products. When eggs are marketed, there is no
way for consumers to tell whether they have been produced conventionally or organically.
It was reported [19] that there were some poultry farms in Germany that labeled their hens’
eggs as “organic”, but production at these farms was not up to the standards of organic
agriculture. In addition to defrauding consumers, this also affects product manufacturers,
who comply with the production of organic standards, which affects their reputation and
consumer confidence.

Several methods have been reported, successfully describing the possibility of dis-
crimination between eggs that have been produced from hens reared on an organic system
compared to hens reared on a non-organic system, but those techniques are destructive,
time-consuming, complicated, and costly. For example, Campmaio et al. [1] categorized
organic and inorganic eggs using HPLC-UV fingerprints. Ruth et al. [20] investigated the
carotenoid profile in egg yolks in order to differentiate organic and conventional eggs using
HPLC. Tres et al. [21] identified differences between organic and conventional eggs by
determining the fatty acid profiles of their yolks using gas chromatography. Therefore,
there is a clear need for a simple, reliable, non-destructive method for testing eggs as they
are being marketed, in order to determine whether they have been produced conventionally
or organically.

Methods that have been shown to provide reliable, non-destructive methods of testing
food products include near-infrared hyperspectral imaging (NIR-HSI) and near-infrared
spectroscopy (NIRS). These methods can be used to provide different information; for
example, NIR-HSI provides spectral and spatial data of an image simultaneously in a single
system, while NIRS only provides spectral information at the point of measurement. NIR-
HSI and NIRS have been used to non-destructively test quality factors in many products.
NIR-HSI has been shown to have good potential for use in predicting the quality of
agriculture and food products for non-destructive quality assurance methods [22,23].

Several publications have shown that HSI can be successfully used for assessing
the quality of eggs, including inspecting for defects and freshness [24], detecting several
internal and external qualities [25], predicting their freshness [26], and predicting the S-
ovalbumin content to indicate their freshness [27]. HSI has also been successfully used to
non-destructively test many other food products, including Xu et al. [28] for discrimination
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between organic and conventional salmon fillets; Teerachaichayut and Ho [29] for predict-
ing total soluble solids, titratable acidity and the maturity index of limes; Lei et al. [30]
for classifying Cheddar cheeses from different brands; Cruz-Tirado et al. [31] for catego-
rizing cocoa bean hybrids to authenticate species; Rios-Reina et al. [32] for determining
the origin of pine nuts; Khamsopha et al. [33] for predicted adulteration in tapioca starch;
Sricharoonratana et al. [34] to determine the shelf life of cakes; Sahachairungrueng and
Teerachaichayut [35] to assess the quality of longans; Sahachairungrueng et al. [36] to
assess the relative proportions of Robusta and Arabica beans in roasted ground coffee; and
Tantinantrakun et al. [37] for predicting the maturity index of intact pineapples.

These research reports indicate that NIR-HSI has been effectively used in many ap-
plications for various agricultural and food products. Therefore, NIR-HSI was tested to
determine whether it could be successfully used to discriminate between organically and
conventionally produced eggs in order to enhance the confidence of purchasing by manu-
facturers. In this way, NIR-HSI could be used to guarantee the authenticity of organic hens’
eggs, which would be satisfactory for consumers as well.

2. Materials and Methods
2.1. Hens’ Egg Samples

Eggs from ‘Rhode Island Red’ chickens, which had been reared using the conventional
cage system, were purchased from a poultry farm in Bangkok, Thailand. This conventional
cage system used conventional cages that provided 450 cm2 space per bird. Eggs from
‘Rhode Island Red’ chickens were also purchased from a poultry farm in Nakhon Pathom,
Thailand, which used an organic system. This farm had been certified by the Department
of Livestock Development Organic, Thailand, and the National Bureau of Agricultural
Commodity and Food Standards, Thailand.

All the eggs from both farms had been freshly laid, were of good appearance, and
were within the size grade number 5 (45–50 g) [38]. Due to the fact that the quality of eggs
can change during storage, the two types of eggs that were purchased were divided based
on storage period in order to obtain quality variation in the samples. The eggs (N = 420) of
two types were individually divided into 14 groups. Each group contained 20 eggs based
on storage time in days, which started from day 1 to day 14. The samples were kept in an
air-conditioned room at 25 ◦C for about 24 h before they were individually measured. After
storage, each egg was scanned on both sides in the NIR-HSI by turning it 180◦ after the
first scan. The average spectra of the two measurements was used for the analysis.

2.2. NIR-HSI

NIR-HSI equipment (Specim FX17e, Spectral Imaging Ltd., Oulu, Finland) was used
for the measurements with 224 spectral bands acquired from 935 to 1720 nm with a spectral
interval of 3.5 nm and an integration time of 5 ms. Each egg was placed horizontally on
the sample holder (the holder had been specifically designed to hold the egg in place and
prevent it rolling during measurement), and then, it was transported on a moving tray at a
speed of 15 mm/s. There were six halogen lamps (100 W and 12 V each) installed on both
sides of the sample, with three halogen lamps lighting each sample at an angle of 45o to the
sample, as shown in Figure 1. The image of a dark reference was obtained when the light
source was turned off and the lens was covered with a black cap. The image of a white
reference was obtained from a white Spectralon tile. The image of each egg was taken from
each side (a front side and a back side), and the average spectral image of each sample was
used for the analysis (Figure 2).
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Figure 2. Methodology of classification analysis.

2.3. Physical Properties Measured Using Non-Destructive Methods
2.3.1. Density Determination

The density of each egg was determined using the method outlined by Mohsenin [39],
by first weighing each egg in air and then weighing it in water using a scale (Sartorius
AG, Göttingen, Germany). The mass of displaced water with the same volume of each
sample was determined by weighing the egg when it was submerged in water, and then,
the specific gravity of each egg was calculated using the following formula (Equation (1)):
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Specific gravity of hen egg =

(
mass of whole hen egg (g)× specific gravity of water

mass of displaced water (g)

)
(1)

The mass of displaced water is M2 − M1, where M2 is the mass of the container, water,
and egg, and M1 is the mass of the container and water. The specific gravity of water is
defined as 1. The density of each egg was calculated according to the following formula
(Equation (2)):

Density of hen egg
(

g/cm3 ) =
Specific gravity of hen egg
density of water (g/cm3)

(2)

where the density of water is defined as 1 g/cm3. So, the density of the egg is equal to the
specific gravity of the egg.

2.3.2. Shell Color Measurement

The color of each egg shell was determined using a colorimeter (Konica Minolta
CR-400, Japan) in terms of its L* a* b*, where L* indicates lightness (with 0 representing
no reflection (black) and 100 representing high reflection (white), a* indicates red/green
(a positive a* value indicates red and a negative value indicates green), and b* indicates
yellow/blue (a positive b* value indicates yellow and a negative value indicates blue)).
The shell of each egg was measured at three points in the equatorial region of its surface
by turning it every 120◦. Average values of L* a* b* were used in the analyses. Before
measuring, the colorimeter was calibrated using a white plate.

2.4. Physiochemical Properties Measured Using Destructive Methods

The destructive methods of measurements of color and pH were selected instead
of other more complicated methods because these techniques were simple, fast, and no
chemicals were required. For the measurements, each egg was broken, and its yolk was
separated from its albumen, and each was weighed separately. Then, the L* a* b* values of
each yolk and albumen were measured as described above.

The pH values of the yolk and the albumen were measured separately using a digital
pH meter (Mettler Toledo Seven CompactTM pH/Ion meter S220, Greifensee, Switzerland).
Before beginning the measurement, the pH meter was calibrated with a buffer solution at
pH 4 and 7.

2.5. Data Analysis

The absorption spectra were calculated from the acquisition spectra using the formula
(Equation (3)) given by Kleinebecker et al. [40], and the absorbance spectra were used
for analysis.

A = log
(

1
R

)
(3)

where A is the absorption spectra and R is the reflectance spectra.
The acquired spectral image of each egg as well as the background was obtained by

scanning using NIR-HSI. The background image was removed from the image, leaving
only the sample image, which was then used for analysis. The average spectrum of the
sample image was used as the representative of each sample for both organically and
conventionally produced eggs.

The physical properties and physiochemical properties indicated above were deter-
mined on each egg. All these variables for each egg were plotted and statistically analyzed
using ANOVA, and where significantly different, a t-test was performed to determine
specific differences between treatments. The results were expressed as a p-value where
p < 0.05 was considered statistically significant.

PCA was performed in order to classify the variables determined from the non-
destructive measurements of physical properties as well as the spectral data.
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Linear discriminant analysis (LDA) is a statistical technique that is used for classifi-
cation by separating classes of samples using the classification model that is created by
less independent variables. It is used to find a linear combination of features which can
differentiate two groups [41,42]. However, for more independent variables, support vector
machine classification (SVMC) is a statistical technique where a set of supervised learning
methods is used for the classification, regression, and the detection of outliers. It is used
to help and to solve two group classification problems [43,44]. Also, PLS-DA is a linear
differentiation technique that combines the properties of partial least squares regression
with the discrimination presentation of a differentiation technique [45,46].

Physical properties being the independent variables were used for classification analy-
sis using LDA. Also, the average spectral data in the wavelength range of 935–1720 nm were
used for classification analysis via SVMC and PLS-DA. In order to determine the optimum
classification model for both the organically and conventionally produced eggs, the spectra
data were preprocessed by inspecting the results of cross-validation. The pretreatment
methods used were smoothing, 1st derivative, 2nd derivative, standard normal variate
transformation, multiplicative scatter correction, and combined methods.

The production system of the eggs was the dependent variable. The samples were
then arranged into 2 groups: group 0 was organic eggs, and group 1 was conventional eggs.

All 420 eggs in the experiment were divided into two sets: one for regression, called
the calibration set containing 294 eggs, and the other for testing the accuracy, called the
prediction set containing 126 eggs.

The performance of the classification was evaluated for accuracy (Equation (4)), speci-
ficity (Equation (5)), sensitivity (Equation (6)), and error rate (Equation (7)) in both the
calibration groups and prediction groups. Here, the accuracy refers to the ability of a group
to be classified correctly. The error rate refers to the value of the classification error. The
accuracy and error rate are important for evaluating the best classification. Sensitivity de-
scribes the capability to memorize the samples of the targeted group. Specificity represents
the capability to refuse the samples of the non-targeted group [47]. The formulae used for
these calculations were as follows:

Accuracy (%) =
(TP + TN)

(TP + TN + FP + FN)
× 100 (4)

Specificity (%) =
TN

(TN + FP)
× 100 (5)

Sensitivity (%) =
TP

(TP + FN)
× 100 (6)

Error rate (%) =
(FP + FN)

(TP + TN + FP + FN)
× 100 (7)

where TN is the true negative samples, TP is the true positive samples, FN is the false
negative samples, and FP is the false positive samples.

The IBM SPSS Statistics program (SPSS version 28.0, SPSS Inc., Chicago, IL, USA),
Unscrambler X software (The Unscrambler X version 10.4, CAMO Software AS., Oslo,
Norway), and Prediktera Evince software (Prediktera Evince version 2.7.9, Prediktera AB,
Umea, Sweden) were used for statistical analyses.

3. Results and Discussion
3.1. Determining Physical Properties via Non-Destructive Methods

The aim of this study was to determine whether non-destructive measurements of
physical properties of eggs and spectral information were comparable. Therefore, only the
physical properties of eggs in this study, which had been determined without cracking the
eggs, were used to compare the classification of organic and conventional hens’ eggs with
spectral data from NIR-HSI. The lightness (L* value), redness (a* value), and yellowness
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(b* value) of the shells from the different production methods were found to be significantly
different (p < 0.05) in that the shell color of conventional eggs had more redness than that
of organic eggs, but in practice, this difference was difficult to distinguish visually. The
storage time of eggs produced from either the conventional or organic system showed no
significant effect (p ≥ 0.05) on the L* value (Figure 3a), a* value (Figure 3b), and b* value
(Figure 3c), which corresponds to the result of Sokolowicz et al. [48]. Also, the production
method did not significantly affect (p ≥ 0.05) the mass of the eggs, but the mass of both
the conventionally and organically produced eggs significantly decreased (p < 0.05) with
increasing storage time. This finding agrees with Eke et al. [49] who reported that the
egg shell became more porous during storage time, which in turn resulted in weight loss
(Figure 3d). The volume of eggs from both production systems did not significantly change
(p ≥ 0.05) by increasing storage time (Figure 3e), but the volume of conventionally produced
eggs was significantly higher (p < 0.05) than the volume of organically produced eggs. The
density of eggs significantly decreased (p < 0.05) during storage, as previously reported
by Brodacki et al. [50], but eggs produced using conventional methods were significantly
denser (p < 0.05) than the eggs produced using organic methods (Figure 3f).
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3.2. Determining Physiochemical Properties via Destructive Methods

The results of the physicochemical analyses of the internal properties of the eggs clearly
showed the differences between both types of organically and conventionally produced
eggs, but the eggs had to be cracked to determine their physicochemical properties. The L*
and a* values of the yolk of both production types were significantly different (p < 0.05)
(Figure 4a,b), while the b* value showed no significant difference (p ≥ 0.05) (Figure 4c).
These effects support the report by Lordelo et al. [51] that the color of egg yolks from hens
kept in cage systems was darker than that of yolks from hens kept in organic systems.
Also, Minelli et al. [17] reported that the lighter yolk color of organic eggs was mainly
due to feed factors. Storage time significantly affected (p < 0.05) the yolk color of both
types, which supports the findings of Jin et al. [52], who reported changes in yolk color
after storage for only 2 days. The mass of the albumen of organically produced eggs was
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significantly higher (p < 0.05) than that of conventionally produced eggs, while the mass of
the yolk of conventional eggs was significantly higher (p < 0.05) than that of the organic
eggs (Figure 4d,e). These findings support those of Zotte et al. [53], who showed that
organic hens’ eggs had a higher albumen mass and a lower yolk mass than conventionally
produced hens’ eggs. Also, Lordelo et al. [51] found that the eggs produced by hens in a
cage-rearing system had more yolk than the eggs from hens in an organic system. Also,
the albumen mass significantly decreased (p < 0.05), while the yolk mass was significantly
increased (p < 0.05) during storage, which confirms the results of Brodacki et al. [50], who
reported that the water content increased in the yolk and decreased in the albumen due
to the diffusion of water from the albumen to yolk. There were no significant differences
(p ≥ 0.05) in the pH of the albumen and yolk between organically and conventionally
produced eggs. The albumen and yolk pH values significantly increased (p < 0.05) slightly
during storage, which supports the results of Lee et al. [54] (Figure 4f,g).
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3.3. Absorbance Spectra

The curvature of the shell of eggs can affect the way light is reflected from their surface.
In order to take this reflectance into account, the position of the sample and lamps was
adjusted to obtain the best measurement conditions before starting the scanning of the
samples of both the organic and conventional eggs. In Figure 5a,b, the features of eggs and
the average spectra of samples from each type of egg are presented. The original spectra
of the eggs from all the samples are shown in Figure 6a, and the average spectra for both
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types are normalized and presented in Figure 6b. The main peak for both types of egg
was around 1440–1485 nm (O-H stretch first overtone), which supports the findings of
Workman Weyer [55]. The original spectra clearly showed the main peak of water was
around 1440–1485 nm, indicating that water is the main component of eggs, which has
previously been shown by many researchers [56].
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Figure 5. Samples of eggs from the experiment: (a) an organic hen’s egg and (b) a conventional
hen’s egg.

The original average spectra were preprocessed using the second-derivative pre-
treatment method in order to differentiate the peaks of the chemical composition of the
eggs. This showed that there were peaks at around 1151, 1346, 1360, 1425, 1440–1485,
and 1500 nm in the second-derivative absorbance spectra of both types of egg production
systems (Figure 6c). The peak at around 1151 nm was shown to be associated with C-H
stretching overtones related to lipids, and the peak at around 1360 nm was shown to be
directly related to lipids [57,58]. Muncan and Tsenkova [59] and Workman and Weyer [55]
previously showed that the 1346 nm absorption band was linked to the C-H stretch second
overtone of O-H and the 1440–1485 nm absorption bands were linked to the O-H stretch
first overtone in water, as discussed above. The absorption peaks at 1425 (O-H and N-H
stretch first overtone) nm and 1500 nm (N-H stretch first overtone) have been attributed
to proteins [55,60]. When comparing the normalized spectra of both the organically and
conventionally produced eggs at the wavelength of 1425 nm, which is related to protein,
they were clearly different, indicating that their protein was different. This observation
corresponds to the study by Florkiewicz et al. [15], who reported that organic eggs had a
higher protein content than conventional eggs.
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3.4. Discriminant Analysis

PCA was used to test the ability of classification between non-destructive techniques
by using the physical properties of eggs compared to their spectral data. Independent
variables from both techniques were analyzed using PCA to evaluate the accuracy of this
classification. The independent variables from physical property measurements were L*,
a*, b*, mass, volume, and density, while the independent variables were from the NIR-
HSI measurements of spectral data in the wavelength of 935–1720 nm. Figure 7a shows
discrimination by using physical property data, with the score plots of the PC1 and PC2.
These results showed overlaps between the data from the two production systems of the
eggs, but they also showed that PC1 explained 57% of the variance and PC2 explained a
further 23% of the variance; hence, the cumulative variance percentage of PC1 and PC2
was 80%. Figure 7b indicates that the score plot of the PC1 and PC2 showed that there was
good distinction in the classification between the two types of eggs using spectral data. The
variation for PC1 and PC2 was 94% and 4%, respectively, giving the cumulative variance
percentage of PC1 and PC2 of 98%. These results therefore imply that using the spectral data
of hens’ eggs gave better results than using their physical properties for non-destructively
discriminating organically produced eggs from conventionally produced eggs.



Foods 2023, 12, 2519 11 of 16
Foods 2023, 11, x FOR PEER REVIEW 11 of 16 
 

 

 
Figure 7. PCA score plots for determination between organic and conventional hens’ eggs by using 
(a) physical properties and (b) spectral data. 

The physical properties of eggs were used as independent variables for analyzing the 
differentiation between conventionally and organically produced eggs using LDA. The 
results of this classification achieved accuracies of 67.09% (263/392 samples) and 64.29% 
(108/168 samples) for the calibration and prediction sets, respectively (Table 1). The scatter 
plots of actual values and predicted values from the classification model using LDA illus-
trated the differences between conventionally and organically produced eggs in the cali-
bration set and the prediction set (Figure 8). 

Table 1. The classification results obtained using LDA of the eggs in the calibration set and the pre-
diction set. 

Model DATA SET 

Conventional  
Hen Eggs 

Organic  
Hen Eggs 

% Accuracy % Specificity % Sensitivity 
% Error 

Rate True False True False 
(TN) (FN) (TP) (FP) 

LDA 
Calibration 134/196 62/196 129/196 67/196 67.09 67.54 66.67 32.91 
Prediction 58/84 26/84 50/84 34/84 64.29 65.79 63.04 35.71 

 

Figure 7. PCA score plots for determination between organic and conventional hens’ eggs by using
(a) physical properties and (b) spectral data.

The physical properties of eggs were used as independent variables for analyzing
the differentiation between conventionally and organically produced eggs using LDA.
The results of this classification achieved accuracies of 67.09% (263/392 samples) and
64.29% (108/168 samples) for the calibration and prediction sets, respectively (Table 1). The
scatter plots of actual values and predicted values from the classification model using LDA
illustrated the differences between conventionally and organically produced eggs in the
calibration set and the prediction set (Figure 8).

Table 1. The classification results obtained using LDA of the eggs in the calibration set and the
prediction set.

Model DATA SET

Conventional
Hen Eggs

Organic
Hen Eggs % Accuracy % Specificity % Sensitivity % Error Rate

True False True False
(TN) (FN) (TP) (FP)

LDA
Calibration 134/196 62/196 129/196 67/196 67.09 67.54 66.67 32.91

Prediction 58/84 26/84 50/84 34/84 64.29 65.79 63.04 35.71
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The average spectral data from spectral images of the eggs, obtained using NIR-HSI,
were used to establish the classification models using SVMC and PLS-DA. The spectral
data of samples in the calibration set were preprocessed using smoothing, first-derivative,
second-derivative, SNV, and MSC methods and combinations of two methods to develop
a classification model to differentiate organic eggs from conventional eggs. The best
classification models from SVMC and PLS-DA were selected using the optimum results of
cross-validation (Table 2). The first derivative combined with the SNV spectral pretreatment
method gave the best results for differentiating between the two production systems of
eggs using SVMC. For SVMC, the radial bias function (RBF) kernel by Nu and Gamma was
used to create the model, as described by Hsu et al. [61]. SVMC was applied by choosing
the nu-SVC (nu-support vector classification). The optimal parameters in this analysis
were Nu = 0.255 and Gamma = 1. The performance of classification showed accuracy
of 97.28% (143/147 samples) for conventional eggs and 96.60% (142/147 samples) for
organic eggs. The overall accuracy was 96.94%, with a 3.06% error rate in classification.
Meanwhile, the first derivative combined with the MSC spectral pretreatment method gave
the best results for classification via PLS-DA. Using the method previously described by
Lindstrom et al. [62], who used PLS-DA for multivariate data analysis for classification,
the optimal latent variable (LV) for this analysis was 5. The best result showed accuracy
of 95.24% (140/147 samples) for conventional eggs and 99.32% (146/147 samples) for
organic eggs. The overall accuracy was 97.28%, with a 2.72% error rate in classification.
Therefore, PLS-DA showed the best results for classifying between the two types of egg
production systems.

Table 2. Cross-validation of SVMC and PLS-DA in the calibration set.

Model Pre-Treatment

Conventional
Hen Eggs

Organic
Hen Eggs % Accuracy % Specificity % Sensitivity % Error Rate

True False True False
(TN) (FN) (TP) (FP)

SVMC
1 1st derivative

+ 2 SNV 143/147 4/147 142/147 5/147 96.94 96.62 97.26 3.06

PLS-DA 1st derivative +
3 MSC 140/147 7/147 146/147 1/147 97.28 99.29 95.42 2.72

1 1st derivative = Savitzky–Golay first derivative. 2 SNV = standard normal variate transformation. 3 MSC =
multiplicative scatter correction.

PLS-DA was selected to be used to test the accuracy using the samples in the predic-
tion set in this study. The accuracy of prediction for conventionally produced eggs was
93.65% (59/63 samples). For organically produced eggs, it was 98.41% (62/63 samples),
which showed the overall accuracy for prediction of 96.03% and the error rate of 3.97%
(Table 3). The accuracy of the scatter plots of actual and predicted values of organic eggs
(0) and conventional eggs (1) using PLS-DA (Figure 9) shows the potential NIR-HSI had
for determining whether eggs had been produced using organic or conventional produc-
tion methods.

Table 3. The results of classification via PLS-DA in the prediction set.

Model Pre-Treatment
Conventional Hen Eggs Organic

Hen Eggs % Accuracy % Specificity % Sensitivity %Error Rate
True False True False
(TN) (FN) (TP) (FP)

PLS-DA
1 1st derivative

2 MSC 59/63 4/63 62/63 1/63 96.03 98.33 93.94 3.97

1 1st derivative = Savitzky–Golay first derivative. 2 MSC = multiplicative scatter correction.
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The results of the classification of eggs, using a statistical comparison, showed that
using NIR spectral data for analysis gave higher accuracy than using their physical proper-
ties. However, the results showed that the colors of the eggs from the different production
methods were significantly different. However, there was a limitation of the NIR-HSI
instrument used in this study, which was only able to measure the range of 935–1720 nm.
In this regard, it is interesting to pay attention to investigations in the visible wavelength
range (380–750 nm) combined with the NIR wavelength and the use of machine learning
methods for a further study in order to improve the accuracy in differentiating between
conventionally and organically produced eggs.

4. Conclusions

The objective of this study was to test whether it could be possible to determine
whether an egg had been produced from a hen that had been reared using either organic
or conventional production methods. Also, the method needed to be non-destructive,
fast, simple, and reliable so that it could be used practically in commercial online grading
and verification systems. Therefore, measurements of the physical characteristics and
hyperspectral images of samples of eggs were selected and compared. The physical charac-
teristics measured non-destructively from the surface of the eggs can only present external
information of eggs, while the light from hyperspectral imaging can penetrate through
the shell and therefore can present internal information of eggs. This means that internal
information of eggs can possibly be used to differentiate between production systems for
eggs more than external information. The results of the principal components analysis ob-
tained using the spectral data from near-infrared hyperspectral imaging measurements of
whole hens’ eggs, from organic or conventional production methods, showed that spectral
data could be used to non-destructively differentiate whether eggs have been produced
using organic or conventional production systems. The spectra of samples were prepro-
cessed using the first derivative combined with multiplicative scatter correction spectral
pretreatment, which gave optimal results for establishing the classification model using
partial least squares discriminant analysis. The accuracy of prediction for this classification
was 96.03%, indicating that it is a possibility that NIR-HSI could be successfully used to
differentiate whether an egg has been produced by an organic or conventional production
system and thus could be used in a non-destructive online grading system. This system
could therefore be useful for food manufacturers for screening raw eggs before production
and also to assure consumers that when they pay a premium price for organic eggs, they
can be certain they are getting what they pay for.
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16. Banaszewska, D.; Biesiada-Drzazga, B.; Marciniuk, M.; Hrnčár, C.; Arpášová, H.; Kaim-Mirowski, S. Comparison of the quality of

cage and organic eggs available in retail and their content of selected macroelements. Acta Sci. Pol. Technol. Aliment. 2020, 19, 159–167.
[CrossRef]

17. Minelli, G.; Sirri, F.; Folegatti, E.; Meluzzi, A.; Franchini, A. Egg quality traits of laying hens reared in organic and conventional
systems. Ital. J. Anim. Sci. 2007, 6, 728–730. [CrossRef]

18. Heflin, L.E.; Malheiros, R.; Anderson, K.E.; Johnson, L.K.; Raatz, S.K. Mineral content of eggs differs with hen strain, age, and
rearing environment. Poult. Sci. 2018, 97, 1605–1613. [CrossRef]

19. BBC News. Germany Investigates Organic Egg ‘Fraud’. Available online: https://www.bbc.com/news/world-europe-21573158
(accessed on 24 November 2021).

20. Ruth, S.; Alewijn, M.; Rogers, K.; Newton-Smith, E.; Tena, N.; Bollen, M.; Koot, A. Authentication of organic and conventional
eggs by carotenoid profiling. Food Chem. 2011, 126, 1299–1305. [CrossRef]

21. Tres, A.; O’Neill, R.; Van Ruth, S.M. Fingerprinting of fatty acid composition for the verification of the identity of organic eggs.
Lipid Technol. 2011, 23, 40–42. [CrossRef]

22. He, H.; Sun, D. Hyperspectral imaging technology for rapid detection of various microbial contaminants in agricultural and food
products. Trends Food Sci. Technol. 2015, 46, 99–109. [CrossRef]

23. Wu, D.; Sun, D. Advanced applications of hyperspectral imaging technology for food quality and safety analysis and assessment:
A review—Part I: Fundamentals. Innov. Food Sci. Emerg. Technol. 2013, 19, 15–28. [CrossRef]

https://doi.org/10.3390/foods8080310
https://www.fao.org/faostat/en/#data/QCL/visualize
https://www.poultryworld.net/Eggs/Articles/2020/6/Global-egg-production-continues-to-rise-604164E/
https://www.poultryworld.net/Eggs/Articles/2020/6/Global-egg-production-continues-to-rise-604164E/
https://doi.org/10.1016/B978-0-12-374136-3.00015-8
https://doi.org/10.3390/nu11020357
https://www.ncbi.nlm.nih.gov/pubmed/30744071
https://doi.org/10.1016/j.lwt.2009.12.014
https://doi.org/10.1016/j.foodchem.2007.07.019
https://www.acfs.go.th/standard/download/eng/Organic_Livestock.pdf
https://www.acfs.go.th/standard/download/eng/GAP_LayerFarm.pdf
https://doi.org/10.21608/avmj.2013.171061
https://doi.org/10.3390/vetsci9030126
https://doi.org/10.18502/ijph.v49i7.3590
https://doi.org/10.5455/ajvs.83322
https://doi.org/10.3382/ps/pew488
https://doi.org/10.17306/J.AFS.0797
https://doi.org/10.4081/ijas.2007.1s.728
https://doi.org/10.3382/ps/pey025
https://www.bbc.com/news/world-europe-21573158
https://doi.org/10.1016/j.foodchem.2010.11.081
https://doi.org/10.1002/lite.201100084
https://doi.org/10.1016/j.tifs.2015.08.001
https://doi.org/10.1016/j.ifset.2013.04.014


Foods 2023, 12, 2519 15 of 16

24. Chen, S.Y.; Hsu, S.H.; Ko, C.Y.; Hsu, K.H. Real-time defect and freshness inspection on chicken eggs using hyperspectral imaging.
Food Control 2023, 150, 109716. [CrossRef]

25. Yao, K.; Sun, J.; Chen, C.; Xu, M.; Zhou, X.; Cao, Y.; Tian, Y. Non-destructive detection of egg qualities based on hyperspectral
imaging. J. Food Eng. 2022, 325, 111024. [CrossRef]

26. Suktanarak, S.; Teerachaichayut, S. Non-destructive quality assessment of hens’ eggs using hyperspectral images. J. Food Eng.
2017, 215, 97–103. [CrossRef]

27. Yao, K.; Sun, J.; Cheng, J.; Xu, M.; Chen, C.; Zhou, X.; Dai, C. Development of Simplified Models for Non-Destructive Hyperspectral
Imaging Monitoring of S-ovalbumin Content in Eggs during Storage. Foods 2022, 11, 2024. [CrossRef]

28. Xu, J.; Riccioli, C.; Sun, D. Comparison of hyperspectral imaging and computer vision for automatic differentiation of organically
and conventionally farmed salmon. J. Food Eng. 2017, 196, 170–182. [CrossRef]

29. Teerachaichayut, S.; Ho, H.T. Non-destructive prediction of total soluble solids, titratable acidity and maturity index of limes by
near infrared hyperspectral imaging. Postharvest Biol. Technol. 2017, 133, 20–25. [CrossRef]

30. Lei, T.; Lin, X.; Sun, D. Rapid classification of commercial Cheddar cheeses from different brands using PLSDA, LDA and
SPA-LDA models built by hyperspectral data. J. Food Meas. Charact. 2019, 13, 3119–3129. [CrossRef]

31. Cruz-Tirado, J.P.; Pierna, J.A.F.; Rogez, H.; Barbin, D.F.; Baeten, V. Authentication of Cocoa (Theobroma cacao) bean hybrids by
NIR-hyperspectral imaging and chemometrics. Food Control 2020, 118, 107445. [CrossRef]

32. Rios-Reina, R.; Callejon, R.M.; Amigo, J.M. Feasibility of a rapid and non-destructive methodology for the study and discrimina-
tion of pine nuts using near-infrared hyperspectral analysis and chemometrics. Food Control 2021, 130, 108365. [CrossRef]

33. Khamsopha, D.; Sahachairungrueng, W.; Teerachaichayut, S. Utilizing near infrared hyperspectral imaging for quantitatively
predicting adulteration in tapioca starch. Food Control 2021, 123, 107781. [CrossRef]

34. Sricharoonratana, M.; Thompson, A.K.; Teerachaichayut, S. Use of near infrared hyperspectral imaging as a nondestructive
method of determining and classifying shelf life of cakes. LWT-Food Sci. Technol. 2021, 136, 110369. [CrossRef]

35. Sahachairungrueng, W.; Teerachaichayut, S. Nondestructive quality assessment of longans using near infrared hyperspectral
imaging. Agric. Eng. Int. CIGR J. 2022, 24, 217–227. [CrossRef]

36. Sahachairungrueng, W.; Meechan, C.; Veerachat, N.; Thompson, A.K.; Teerachaichayut, S. Assessing the Levels of Robusta and
Arabica in Roasted Ground Coffee Using NIR Hyperspectral Imaging and FTIR Spectroscopy. Foods 2022, 11, 3122. [CrossRef]

37. Tantinantrakun, A.; Sukwanit, S.; Thompson, A.K.; Teerachaichayut, S. Nondestructive evaluation of SW-NIRS and NIR-HSI for
predicting the maturity index of intact pineapples. Postharvest Biol. Technol. 2023, 195, 112141. [CrossRef]

38. Ministry of Agriculture and Cooperatives. Hen Egg (TAS 6702–2010). Available online: https://www.acfs.go.th/standard/
download/eng/hen%20egg_ENG.pdf (accessed on 14 November 2022).

39. Mohsenin, N.N. Chapter 3: Physical characteristics. In Physical Properties of Plant and Animal Materials: Structure, Physical
Characteristics and Mechanical Properties, 1st ed.; Gordon and Breach Science Publishers: New York, NY, USA, 1970; pp. 66–76.

40. Kleinebecker, T.; Klaus, V.H.; Holzel, N. Reducing sample quantity and maintaining high prediction quality of grassland biomass
properties with near Infrared Reflectance Spectroscopy. J. Near Infrared Spectrosc. 2011, 19, 495–505. [CrossRef]

41. Ribeiro, J.P.O.; Medeiros, A.D.; Caliari, I.P.; Trancoso, A.C.R.; Miranda, R.M.; Freitas, F.C.L.; Silva, L.J.; Dias, D.C.F. FT-NIR
and linear discriminant analysis to classify chickpea seeds produced with harvest aid chemicals. Food Chem. 2021, 342, 128324.
[CrossRef]

42. Teye, E.; Uhomoibhi, J.O. Nondestructive Authentication of Cocoa Bean Cultivars by FT-NIR Spectroscopy and Multivariate
Techniques. Focus Sci. 2016, 2, 1–5. [CrossRef]

43. Cortes, C.; Vapnik, V. Support-Vector Networks. Mach. Learn. 1995, 20, 273–297. [CrossRef]
44. Musicant, D.R.; Kumar, V.; Ozgur, A. Optimizing F-measure with support vector machines. In Proceedings of the Sixteenth

International Florida Artificial Intelligence Research Society Conference, St. Augustine, FL, USA, 12–14 May 2003.
45. Barker, M.; Rayens, W. Partial least squares for discrimination. J. Chemom. 2003, 17, 166–173. [CrossRef]
46. Rashid, N.A.; Nasaruddin, N.; Kassim, K.; Hazwani, A.; Rahim, H.A. Comparison Analysis: Large Data Classification Using

PLS-DA and Decision Trees. Math. Methods Stat. 2019, 8, 100–105. [CrossRef]
47. Brasil, Y.L.; Cruz-Tirado, J.P.; Barbin, D.F. Fast online estimation of quail eggs freshness using portable NIR spectrometer and

machine learning. Food Control 2022, 131, 108418. [CrossRef]
48. Sokolowicz, Z.; Dykiel, M.; Augustynska-Prejsnar, A.; Krawczyk, J. The effect of storage duration on some quality traits and

composition of eggs from different housing systems. Ann. Anim. Sci. 2022, 22, 459–475. [CrossRef]
49. Eke, M.O.; Olaitan, N.I.; Ochefu, J.H. Effect of storage conditions on the quality attributes of shell (Table) eggs. Niger. Food J. 2013, 31, 18–24.

[CrossRef]
50. Brodacki, A.; Batkowska, J.; Drabik, K.; Chabroszewska, P.; Luczkiewicz, P. Selected quality traits of table eggs depending on

storage time and temperature. Br. Food J. 2019, 121, 2016–2026. [CrossRef]
51. Lordelo, M.; Fernandes, E.; Bessa, R.J.B.; Alves, S.P. Quality of egg different laying hen production systems, from indigenous

breeds and specialty eggs. Poult. Sci. 2016, 96, 1485–1491. [CrossRef] [PubMed]
52. Jin, Y.H.; Lee, K.T.; Lee, W.I.; Han, Y.K. Effects of storage temperature and time on the quality of eggs from laying hens at peak

production. Asian-australas. J. Anim. Sci. 2011, 24, 279–284. [CrossRef]
53. Zotte, A.D.; Cullere, M.; Pellattiero, E.; Sartori, A.; Marangon, A.; Bondesan, V. Is the farming method (Cage, barn, organic) a

relevant factor for marketed egg quality traits. Livest. Sci. 2021, 246, 104453. [CrossRef]

https://doi.org/10.1016/j.foodcont.2023.109716
https://doi.org/10.1016/j.jfoodeng.2022.111024
https://doi.org/10.1016/j.jfoodeng.2017.07.008
https://doi.org/10.3390/foods11142024
https://doi.org/10.1016/j.jfoodeng.2016.10.021
https://doi.org/10.1016/j.postharvbio.2017.07.005
https://doi.org/10.1007/s11694-019-00234-0
https://doi.org/10.1016/j.foodcont.2020.107445
https://doi.org/10.1016/j.foodcont.2021.108365
https://doi.org/10.1016/j.foodcont.2020.107781
https://doi.org/10.1016/j.lwt.2020.110369
https://doi.org/10.1109/ICICTA.2010.477
https://doi.org/10.3390/foods11193122
https://doi.org/10.1016/j.postharvbio.2022.112141
https://www.acfs.go.th/standard/download/eng/hen%20egg_ENG.pdf
https://www.acfs.go.th/standard/download/eng/hen%20egg_ENG.pdf
https://doi.org/10.1255/jnirs.957
https://doi.org/10.1016/j.foodchem.2020.128324
https://doi.org/10.21859/focsci-020347
https://doi.org/10.1007/BF00994018
https://doi.org/10.1002/cem.785
https://doi.org/10.13189/ms.2020.080205
https://doi.org/10.1016/j.foodcont.2021.108418
https://doi.org/10.2478/aoas-2021-0035
https://doi.org/10.1016/S0189-7241(15)30072-2
https://doi.org/10.1108/BFJ-10-2018-0688
https://doi.org/10.3382/ps/pew409
https://www.ncbi.nlm.nih.gov/pubmed/27811323
https://doi.org/10.5713/ajas.2011.10210
https://doi.org/10.1016/j.livsci.2021.104453


Foods 2023, 12, 2519 16 of 16

54. Lee, M.H.; Cho, E.J.; Choi, E.S.; Sohn, S.H. The effect of storage time and temperature on egg quality in commercial eggs. Korean J.
Clin. Lab. Sci. 2016, 43, 31–38.

55. Workman, J.; Weyer, L. Practical Guide to Interpretive Near-Infrared Spectroscopy, 1st ed.; Taylor and Francis Group LLC: Boca Raton,
FL, USA, 2008.

56. Belitz, H.D.; Grosch, W.; Schieberle, P. Food Chemistry, 4th ed.; Springer: Berlin/Heidelberg, Germany, 2009; pp. 546–562.
57. Picouet, P.A.; Gou, P.; Hyypio, R.; Castellari, M. Implementation of NIR technology for at-line rapid detection of sunflower oil

adulterated with mineral oil. J. Food Eng. 2018, 230, 18–27. [CrossRef]
58. Sato, T. Nondestructive measurements of lipid content and fatty acid composition in Rapeseeds (Brassica napus L.) by Near

Infrared Spectroscopy. Plant Prod. Sci. 2008, 11, 146–150. [CrossRef]
59. Muncan, J.; Tsenkova, R. Aquaphotomics approach for monitoring different steps of purification process in water treatment

systems. Talanta 2019, 206, 120253. [CrossRef]
60. Chen, J.; Ren, X.; Zhang, Q.; Diao, X.; Shen, Q. Determination of protein, total carbohydrates and crude fat contents of foxtail

millet using effective wavelengths in NIR spectroscopy. J. Cereal Sci. 2013, 58, 241–247. [CrossRef]
61. Hsu, C.W.; Chang, C.C.; Lin, C.J. A Practical Guide to Support Vector Classification. Available online: https://www.csie.ntu.edu.

tw/~cjlin/papers/guide/guide.pdf (accessed on 20 January 2023).
62. Lindstrom, S.W.; Geladi, P.; Jonsson, O.; Pettersson, F. The importance of balanced data sets for partial least squares discriminant

analysis: Classification problems using hyperspectral imaging data. J. Near Infrared Spectrosc. 2011, 19, 233–241. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.jfoodeng.2018.01.011
https://doi.org/10.1626/pps.11.146
https://doi.org/10.1016/j.talanta.2019.120253
https://doi.org/10.1016/j.jcs.2013.07.002
https://www.csie.ntu.edu.tw/~cjlin/papers/guide/guide.pdf
https://www.csie.ntu.edu.tw/~cjlin/papers/guide/guide.pdf
https://doi.org/10.1255/jnirs.932

	Introduction 
	Materials and Methods 
	Hens’ Egg Samples 
	NIR-HSI 
	Physical Properties Measured Using Non-Destructive Methods 
	Density Determination 
	Shell Color Measurement 

	Physiochemical Properties Measured Using Destructive Methods 
	Data Analysis 

	Results and Discussion 
	Determining Physical Properties via Non-Destructive Methods 
	Determining Physiochemical Properties via Destructive Methods 
	Absorbance Spectra 
	Discriminant Analysis 

	Conclusions 
	References

