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Abstract
Several cases of mislabeling of the hen farming system of production on the eggs’ package have been reported by different 
research groups worldwide. The objective of this study was to evaluate the ability of a portable NIR instrument to clas-
sify egg samples non-destructively, from different provenances or production systems (e.g. cage, cage-free, free-range and 
organic) in Australia. Intact whole egg samples were purchased from local supermarkets where the label in each of the pack-
ages was used as identification of the layers’ feeding system as per the Australian legislation and standards. The spectra of 
the intact whole egg samples were obtained using a portable NIR spectrophotometer within the 950–1600-nm wavelength 
range. Principal component analysis (PCA) and partial least squares discriminant analysis (PLS-DA) were used to analyse 
the NIR data. The results obtained in this study indicated that 100% of the egg samples were correctly classified using NIR 
spectroscopy non-destructively. It was concluded that NIR spectroscopy is a promising tool for the non-invasive, rapid and 
inexpensive analytical verification of the provenance or the production system of whole egg samples.
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Introduction

Food fraud has been a common problem since ancient times 
due to profitable reasons or to mask the unusual appearance 
as well as taste of perishable foods (Johnson et al. 2018; 
Puertas and Vázquez 2019). In recent years, Spink and 
Moyer (2011) defined food fraud as a collective term that 
includes the deliberate and intentional substitution, addition, 
tampering or misrepresentation of food, food ingredients or 
food packaging; or false or misleading statements made 
about a product for economic purpose. At present, numer-
ous fraudulent practices have been identified and might be 
minimised using modern analytical techniques and instru-
mentation (Oliveri and Downey, 2012; Puertas and Vázquez 
2019). Nevertheless, expansion of food supply chains around 

the world and the prevalence and impact of food fraud have 
increased over the recent years in many countries (Johnson 
et al. 2018; Puertas and Vázquez 2019).

Internationally, several cases of misrepresentation or mis-
labeling of the hen farming method of production on the 
eggs’ label or package have been reported (Joint Research 
Centre 2018a, 2018b, 2018c; Puertas and Vázquez 2019). 
Likewise, several analytical techniques have been developed 
and utilised as tools to detect issues associated with egg 
fraud along the food supply and value chains (Soltani and 
Omid 2015; Abín et al. 2018; Puertas and Vázquez 2019; 
Loffredi et al. 2021; Van Ruth et al. 2011, 2013). In most 
European countries, organic and free-range productions 
have increased compared to other countries due to con-
sumer preferences, and the high demanding for high-quality 
foods, produced under more environmentally and animal 
welfare–friendly conditions (Abín et al. 2018; Puertas and 
Vázquez 2019; Van Ruth et al. 2011, 2013).

In Australia, cage eggs are those produced from hens that 
are housed in cages inside large, climate-controlled sheds. 
The Model Code of Practice for the Welfare of Animals 
stipulates that the minimum space allowance per hen in a 
cage farming system is 550  cm2 per bird, though the aver-
age cage size ranges from 1800 to 11,000  cm2, with a 10-cm 
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feeder space and a minimum cage height of 40 cm. Cage 
hens are also referred to as battery hens as the parallel rows 
inside sheds look like rows of cells inside a battery (https:// 
www. austr alian eggs. org. au/ farmi ng/ cage- eggs). Free-range 
eggs are those sourced from hens that have access to an 
outdoor range during the day but are housed securely and 
comfortably in sheds at night. To be classified as a free-
range egg farm, the hens must have meaningful and regular 
access to an outdoor range during daylight hours (https:// 
www. austr alian eggs. org. au/ farmi ng/ cage- eggs). Organic 
eggs are defined as those that come from hens that are free 
to roam in an outdoor area during the day and are housed 
safely and securely in sheds at night. The main difference 
between organic and free-range eggs is that organic eggs are 
produced without the use of any chemicals (e.g. antibiotics). 
In Australia, the organic eggs represent about 2% of the total 
supermarket egg sales. Australian Certified Organic is the 
largest certifier supported by the major supermarkets and 
its certification can be seen on about 80% of all organic 
products (https:// www. austr alian eggs. org. au/ farmi ng/ cage- 
eggs). When buying organic eggs, it is important and stand-
ard practice for the consumer to look out for an organic 
certification body logo or symbol to ensure the farm meets 
national organic production standards. Other government-
approved organic certification organisations include AUS-
QUAL, Bio-Dynamic Research Institute, NASAA Certified 
Organic, Organic Food Chain and Southern Cross Certified 
Australia (https:// www. austr alian eggs. org. au/ farmi ng/ cage- 
eggs). However, it is still challenging to identify and trace 
the provenance or the systems of production of the eggs from 
unknown practices.

Near infrared (NIR) spectroscopy has been utilised to 
determine egg composition and quality where freshness has 
been one of the most reported parameters related to qual-
ity (Narushi 1997; Berardinelli et al. 2005; Kemps et al. 
2006; Zhao et al. 2010; Lin et al. 2011; Aboonajmi et al., 
2014, 2016; Abdel-Nour et al. 2011; Puertas and Vázquez 
2019; Coronel-Reyes et al. 2018; Dong et al. 2017, 2018a, 
b, 2019). For example, diffuse reflectance Fourier transform 
near infrared (FT-NIR) spectroscopy was used to predict 
the thick albumen height, with a determination coefficient 
of 0.82 (Giunchi et al. 2008). Lin and collaborators (2011) 
predicted the HU (Haugh units, index of freshness) of eggs 
and obtained a correlation coefficient of 0.88 by means of 
an artificial neural network (ANN) model combined with 
genetic algorithms (GA) using NIR reflectance spectroscopy. 
The combination of visible (VIS) and NIR transmission 
spectroscopy was also reported to predict egg freshness (Liu 
et al. 2007; Mehdizadeh et al. 2014). Yet, no studies have 
evaluated NIR as a tool for verification of egg provenance 
or system of production.

The objective of this study was to evaluate the ability 
of a portable NIR instrument to non-destructively classify 

intact egg samples from different provenances or production 
systems in Australia.

Materials and Methods

A total of 130 intact whole egg samples were purchased 
from local supermarkets where the label in each of the boxes 
or package was used as identification of the feeding system 
utilised to feed the layer hens. These systems were defined 
as cage (n: 36), cage-free (n: 36), free-range (n: 36) and 
organic (n: 22) and regulated by different organisations such 
as Eggs Standards of Australia, Australian Eggs and Eggs 
Farmers of Australia. It is important to note that cage-free 
and free-range eggs were considered one group, as it is hard 
to establish the main differences between them.

The NIR spectra of the intact whole egg samples were 
collected at four locations (the apical, two scans at the equa-
torial region and at the blunt) using a portable NIR spectro-
photometer (MicroNIR 1700, Viavi, Milpitas, CA, USA) 
working in the 950–1600-nm wavelength range, with a spec-
tral resolution of 10 nm with no moving parts (Viavi Solu-
tions, 2015, Milpitas, CA, USA). The NIR instrument was 
connected through a USB interface to a notebook computer 
running proprietary software (MicroNIR Prov 3.1, Viavi, 
Milpitas, CA, USA) for the acquisition of diffuse reflectance 
spectra of the samples (Viavi Solutions, 2015, Milpitas, CA, 
USA). The controlling parameters for spectral data acquisi-
tion were set at 50 ms integration time and averaging of 50 
scans (MicroNIR Prov 3.1, Viavi, Milpitas, CA, USA). The 
reference spectra for absorbance/reflectance calculation were 
collected using Spectralon® every 20 samples. In addition, 
the intact eggs were cracked and the NIR spectra of the yolk 
were collected.

Prior to spectrum interpretation and chemometric analy-
sis, the NIR data were transformed using the Savitzky-Golay 
second derivative (21 smoothing points and second polyno-
mial order) (Bureau et al. 2019; Savitzky and Golay, 1964). 
Principal component analysis and partial least squares 
discriminant analysis (PLS-DA) were used to analyse and 
interpret any trends in the data set as well as to develop a 
classification model to monitor the origin of the eggs (The 
Unscrambler X, CAMO Analytics AS). In this study, the 
NIR data and the information provided in the label of the 
egg carton or package were combined to develop the PLS-
DA models. The data set was organised in a way that each 
whole egg sample belonging to the cage group was designed 
with a dummy number (one in this case), where samples 
sourced from free-range, organic and cage-free eggs were 
considered one group, and labelled with the dummy number 
two. This approach was used in both the intact egg and yolk 
samples analysed. Full cross validation (leave one out) was 
used to develop and validate both the PCA and PLS-DA 
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models (Bureau et al. 2019; Næs et al. 2002; Williams et al. 
2017). The models were evaluated using the coefficient of 
determination in cross validation (R2), the standard error 
in cross validation (SECV), the bias, and slope, and the 
percentage of correct (%CC) and incorrect classified (%IC) 
samples (Bureau et al. 2019; Næs et al. 2002; Williams et al. 
2017).

Results and Discussion

The raw NIR spectra of the intact whole egg samples ana-
lysed (not shown) showed only one main absorbance at the 
wavelength around 1453 nm (O–H overtones) (Workman 
and Weyer 2008). Thus, pre-treatment of spectra using the 
Savitzky-Golay second derivative was relevant and utilised 
to reveal patterns and regions (wavelengths) in the NIR 
spectra not easily visualised using the raw data. The sec-
ond derivative spectra of each of the egg group samples 
analysed are shown in Fig. 1. The main differences in the 
second derivative between the intact whole egg samples 
were observed at 1440 nm and 1186 nm. The absorbance at 
1440 nm might be associated with N–H (aromatic amines) 
and C-H combination tones (Workman and Weyer 2008). 
The absorbance at 1186 nm might be associated with C-H 
and C-H3 bonds (Workman and Weyer 2008). This band 
has also been associated with the absorption of pure fatty 
acids containing cis double bonds (second overtones C-H) 
as reported by others (Sato et al. 1991; Workman and Weyer 
2008). The NIR spectra of the intact cage-free egg samples 
showed the highest absorbance values around the 1440 nm 
region, whilst for the intact free-range egg samples the main 
absorbance value was observed around 1186 nm (Workman 
and Weyer 2008). Giunchi and collaborators (2008) reported 

that wavelengths around 1450 nm might also be associated 
with the first overtone of O–H stretching. These research-
ers suggested that the increase in the absorbance values of 
the O–H stretching could be associated with the structural 
changes of proteins that might occur during the storage of 
eggs (Giunchi et al. 2008). More recently, Chen and col-
laborators (2019) indicated that the region between 1400 
and 1500 nm can also be associated with the N–H second-
ary amine. These authors suggested that the NIR spectra of 
whole eggs originate from the superimposition of various 
egg constituents (e.g. protein, lipids), determining spectral 
differences between different types of eggs, despite that most 
of these spectral characteristics can be considered as being 
less prominent (Chen et al. 2019). It has been also reported 
that the colour of the eggshell may play an important role 
during the collection of the NIR spectra (Chen et al. 2019). 
A recent study also compared the spectra of white and brown 
eggs using VIS–NIR (between 500 and 950 nm) where the 
main differences in the raw spectra were observed around 
600–650 nm (VIS region) (Dong et al. 2018a, b and 2019). 
These authors proposed that the protoporphyrin and car-
bonate minerals present in the eggshell might influence the 
transmittance spectrum of the egg samples analysed (Dong 
et al. 2018a, b). This is very important to consider when 
the VIS region is included in the analysis. This phenom-
enon has resulted that Dong and collaborators (2018a, b and 
2019) recommend that only white-shelled eggs be analysed, 
mainly due to brown-shelled eggs having limitations due 
to the interference of spectral bands in the VIS region. The 
eggshell colour is mainly related to the hen breeds and the 
main pigment comes from protoporphyrin IX in haemoglo-
bin whilst eggs with different colours can show no obvious 
differences in nutritional value or composition (Stadelman 
and Cotterill 1995; Sim 1998). In this study, all the intact 

Fig. 1  Average of the second 
derivative of intact whole egg 
samples sourced from differ-
ent provenances or production 
systems and analysed using near 
infrared spectroscopy
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whole egg samples analysed were brown and the VIS region 
was not collected during the analysis.

Figure 2 shows the score plot of the intact whole egg 
samples analysed non-destructively using NIR spectroscopy 
where principal components 1 and 4 were plotted. Overall, 
the first four principal components explained 99% of the var-
iability in the NIR spectra of the intact whole egg samples 
analysed. Plotting PC1 (93%) vs PC4 (1%) shows a separa-
tion between cage egg and non-cage egg samples, where 
the late group includes free-range, free-cage and organic 
free-range samples. Samples were also overlapped and the 
presence of outlier samples was also observed. The PCA 

loadings (PC4) indicated that the separation between cage 
and cage-free egg samples was associated with the infor-
mation present in wavelengths at 1193 nm (C-H and C-H3 
bonds), 1397 nm (C-H combinations and C-H2 bonds) and 
1508 nm (N–H) (Workman and Weyer 2008). Separation 
between intact cage-free, free-range and organic egg samples 
was explained by the information present in wavelengths at 
1180 nm (C-H and C-H3 bonds) and 1434 nm (O–H bonds) 
(Workman and Weyer 2008) (see Fig. 3).

Table 1 shows the classification rates for the discrimi-
nation of the intact whole egg samples according to prov-
enance or system of production using PLS-DA. When 

Fig. 2  Score plot derived from 
the first and fourth principal 
components of the intact whole 
egg samples analysed non-
destructively using near infrared 
spectroscopy

Fig. 3  Loadings (principal 
components 1 and 4) derived 
from the principal component 
analysis of intact whole egg 
samples analysed using near 
infrared spectroscopy
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comparing cage egg samples vs cage-free egg samples 
(e.g. free-range, organic, cage-free), 98% of the egg sam-
ples were correctly classified belonging to each of the 
defined groups. When cage and cage-free egg samples 
selected from the same supermarket were utilised, 100% 
and 98% correct classifications were also obtained for 
the egg samples sourced from either cage or cage-free 
systems, respectively. Similar results were reported for 
the classification of whole “natural” and commercial 
eggs (Chen et al. 2019), and the discrimination between 
free-range and cage yolk samples (Puertas and Vázquez 
2019) using a combination of VIS and NIR spectroscopy 
techniques and chemometrics. The PLS regression coef-
ficients used by the classification models were similar to 
those described for the PCA reported above. The main 
differences between the egg samples were observed in the 

second derivative at 1502 nm and 1180 nm. In addition, 
wavelengths at 1273 nm, 1341 nm and 1403 nm were also 
observed (data not shown). The assignation of functional 
groups and wavelengths was similar to those described in 
the above sections.

The egg samples were broken and the NIR spectra 
of the yolk were collected using the same instrument 
described in the “Materials and Methods” section. The 
second derivative of the yolk samples is shown in Fig. 4. 
The PLS-DA classification results based on the yolk 
samples showed that 96% and 86% of the egg samples 
were correctly classified, corresponding to free-range or 
cage egg samples, respectively. Similar results were also 
reported by Puertas and Vázquez (2019) evaluating egg 
yolk samples from different origins using a combination 
of UV–VIS-NIR spectroscopy.

Conclusion

This study demonstrated the potential of NIR spectros-
copy combined with chemometric data analysis as analyti-
cal tools to non-destructively classify intact egg samples 
according to the system of production (e.g. cage vs cage-
free). The proposed method is simple, fast, environmen-
tally friendly and avoids laborious sample pre-treatment. 
NIR spectroscopy is expected to become an alternative 
technique to other routine methods used by the industry 
to assess egg quality. Although the results of the present 
study are promising, further research is still needed in 
order to validate the existing classification models, as 

Table 1  Classification results for the prediction of provenance or pro-
duction system in the intact whole eggs analysed using near infrared 
spectroscopy

%CC, correct classification; %IC, incorrect classification; %OC, over-
all classification

%CC %IC %OC

All samples
  Cage 98 2
  Cage-free 98 2 98

Selected samples (one 
supermarket)

  Cage 100 0
  Cage-free 98 2 99

Fig. 4  Second derivative of 
the egg yolk samples analysed 
using near infrared spectroscopy

3017Food Analytical Methods (2022) 15:3013–3019



1 3

well as to include other parameters associated with qual-
ity such as composition, and shelf life that might influence 
the classification.
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