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Abstract.   The objective of this research was to investigate the 
feasibility of transmission spectroscopy for quality assessment of 
poultry egg. For this purpose special egg holder developed then 
Haugh Unit and storage time were nondestructively measured using 
transmission spectroscopy. To obtain a considerable variation in 
freshness, 300 eggs were stored at 2 environment: (5ºC,75R%RH) 
and (24ºC,40%RH). The nondestructive spectral measurements 
from 300 to 1100nm were compared with Haugh unit and storage 
time. For two group eggs, 30 eggs in each days were tested by 
spectroscopy and then also Haugh Unit was measured. Finally we 
developed our proposed algorithm to predict Haugh Unit by 
spectrum data as well as storage time prediction using our created 
database. The maximum likelihood method was compared with 
Partial Least square (PLS, =0.67) which is already used for 
quality assessment poultry egg and shown that Maximum 

likelihood(ML, =0.83) method is more effective for the 
experimental results.   

 

For presentation at  
NABEC-CSBE/SCGAB 2012 Joint Meeting and Technical Conference  

Northeast Agricultural & Biological Engineering Conference 
Canadian Society for Bioengineering 
Lakehead University, Orillia, Ontario 

July 15-18, 2012 

M. Aboonajmi, Assistant Prof of Agrotechnical Eng, College of 
Abooraihan, University of Tehran, Iran (Email:abonajmi@ut.ac.ir) 
T. Abbasian Najafabadi, Assistant Prof of Electrical and Computer 
Eng, University of Tehran, Iran 

 

 
 
 

Keywords: Spectroscopy,Quality assessment,Poultry egg, ML 
method, Haugh Unit 
 

 

Paper # NABEC/CSBE 12-xxx 
 

Quality Assessment Poultry Egg using 
Spectroscopy and Maximum Likelihood(ML) 
Classifier 

 

A Community of   

 

  

 



 

2 
 

Introduction 
   Egg is important in the human diet because they are non-expensive, nutritious food and its 
quality directly relates to human health. Prediction of important changes occur in egg during 
storage is critical in order to monitor egg freshness. The internal quality changes during storage 
is based on air cell size, albumen quality, yolk quality, and the presence of blood or meat spots. 
One of the most important interior egg quality is the albumen height. Thinning of the albumen is 
a sign of quality loss. The rate at which these changes occur during storage depends on storage 
duration, relative humidity and temperature (Thapon and Bourgeois,1994; Roberts,2004),and 
hen age and strain (Scott and Silversides, 2000;Silversides and Scott, 2001). Studies carried 
out in order to set up techniques for on-line prediction of the days of storage and the 
assessment of the egg freshness parameters concerned the dielectric properties analyses 
(Ragni et al., 2006), the use of an electronic nose-based system (Dutta et al., 2003) and the 
visible and near infrared spectroscopy (Narushin, 1997; Karoui et al., 2006; Abdel-nour et 
al.,2011). A predictive model of thick albumen height was obtained with a determination 
coefficient of 0.78  by means of diffuse reflectance Fourier Transform (FT-NIR) 
spectroscopy(Giunchi et al.,2008). Spectroscopy is the study of the interaction between matter  
and optic radiated energy. it is new nondestructive test where the optic light was radiated to the 
poultry egg in one side and in the other side the energy of each wavelength was measured. It 
has the advantage of fast and non-contact method. Egg was affected like an optic filter and 
these energy is changed under the influence quality of poultry egg. The success of this 
technique is due to the continuous improvements of the sensors and instrumentations capable 
of supporting complex calculations based on multivariate statistical methods such as principal 
components analysis (PCA) and partial least squares regression (PLS) (Giunchi et al.,2008). 
The advantage of optical measurements is that their nature is non destructive, noncontact and 
fast. 

  The present research intends to examine how the Visible-NIR transmission spectra (300-
1100nm) of the intact egg can be used to predict the freshness of an individual egg at different 
storage conditions and their classification during storage of samples characterized by different 
methods. The approach is to link the nondestructive spectral measurements with two widely 
used destructive freshness parameters, namely Haugh Units and aircell height. 

Materials and methods: 
samples: 
   Tests were carried out on 300 shell eggs of Borris Brown hens(33 week-old) having medium 
size were purchased on the first day of egg laying, from Kei farm, near Kyoto city, Japan. On the 
arrival in the laboratory all eggs weighted, marked then 50 of them used for Vis-NIR 
Spectroscopy and residue were kept at two different conditions. One group was kept at  5°C 
and 75% humidity; the another group was kept at 24±1°C and a relative humidity of 40%. 

Quality egg parameters 
   The quality parameters considered were: storage duration in days, temperature (°C) 
and humidity(%), air cell height in mm, thick albumen height in mm, and Haugh unit, 
HU. Air cell height is measured from the base of the shell in three equidistant points on 
the circumference described by the contact line of the membrane to the shell, and at the 
middle point of the same membrane. Air cell height was obtained averaging the values 
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of these four points. The thick albumen was measured by averaging three 
measurements carried out at different points of the thick albumen at the distance of 
10mm from the yolk. The Haugh unit HU was calculated by using the following formula 
(Haugh, 1937): 

  (1) 

Where: H is the albumen height(average) in millimeters, G is 32.2(gravitational 
constant), and W is the weight of the egg in gram. 
 Test procedure 
  Before collecting the spectral Data every 6 days Each marked egg was weighted, then 
stored at room and refrigerated conditions. For obtaining infrared spectra on eggs, 
scanning the eggs in transmission mode was used. for this purpose  special egg holder 
to hold eggs between incident and transmitted light was used(Fig.1). 
Visible–near-infrared (NIR) Spectroscopy 

    Figure1. shows the experimental set-up used for the measurements of the 
transmission spectra. After measurement of the transmission spectra, the eggs were 
weighed (±0.01 g) and the albumen height was determined (±0.25mm) by means of a 
vertically mounted micrometer. Based on these measurements, the Haugh unit was 
determined by formula (1). 

 

 
 

Fig 1. Experimental set-up for the measurements of transmission spectroscopy(LAX-
Cute, 100W xenon light source, Asahi Spectra). 

   To give an example of the spectra characteristics, mean values of the transmittance 
versus the wavelengths (nm) calculated for each day of storage egg samples for the 
measurements at different storage conditions in the equatorial are respectively 
displayed in Figs.2 and3.  It can be found  spectral peak decreased when day of storage 
is increased. This trend can be found for  egg sample stored in refrigerated condition. 
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Fig.2-transmittance versus the wavelength (nm) of mean spectra obtained from  

destructive measurements at room condition(24°C and 40%RH) in day. 

 
Fig. 3- transmittance versus the wavelength (nm) of mean spectra obtained from 

destructive measurements at refrigerator condition(5°C and 75%RH) in day. 
Partial least square regression: 
   The PLS algorithm could consider simultaneously the variable matrix Y (strength of 
eggshell) and the variable matrix X (power spectrum) (Kestens et al., 2008). To reduce 
the dimension and compress the original spectral data, the principal components 
analysis (PCA) were considered as new eigenvectors of the original spectra. In the 
development of PLS model, full cross-validation was used to evaluate the quality and 
prevent over fitting of calibration model. The number of PLS components (i.e. PCs) can 
affect the performance of PLS model, and it should be optimized by cross-validation in 
model calibration (Balabin et al., 2007; Thomas et al., 2008; Lin et al., 2009). 
Maximum Likelihood Latent Root Regression. 
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   If the statistical characteristic of measured data was known Maximum likelihood 
method is best estimator because this method search for best match model. In practice 
statastical characteristic is not known and some fix model like Gaussian model are 
mach in data. The result of this method are the same as the result of PLS method in this 
saturation. parameter estimation methods are widely used because of their desirable 
statistical characteristics. By this method the parameters determined for the model are 
the ones most likely to give rise to the observed data, given the statistical characteristics 
of the measurement uncertainties (2). In this research we used ML latent root 
regression for pure approach. With this technique, the original calibration matrix of 
response variables is augmented by the corresponding concentration vector(s). In this 
way, the reduction of dimensionality and the determination of the calibration model are 
performed simultaneously. For a single component we have: 

  (2) 

Which: X is a matrix of m spectra measured at n wavelengths,y is an m * 1 vector of 
concentrations for the component of interest, and the tilde indicates that the SVD results 

are truncated to pseudorank p.If  (which now has dimensions( (n + 1) * p) is partitioned 

into the upper  (n *p) and lower  (1 * p),then the regression vector will be given by: 

  (3) 

  MLLRR1 is more general in its treatment of measurement errors than other method that 
it includes uncertainties in the concentration values. It is an optimal modeling method in 
the maximum likelihood sense, subject to the usual restrictions (linear model of known 
pseudorank, normally distributed errors with a known covariance structure) 
Reasults and discussion: 
  All data were divided into two subsets. One of them called train set was used to build 
structure and parameters of model, and the other one called test set which is hide for 
model and was used to test the robustness and the power of generation of the model. 
The train set contained 80 percent of all data where the remaining is for test data. In this 
problem there are many input data (830 regressors) which must be selected using 
subset selection algorithm. In subset selection first step one regressors is selected and 
consequently one parameter model is created and learn by training data then the best 
model (min in Errors) from (830 regressors) is selected. In second step the previous 
regressors is leave in regressor set and two parameter model are created and learned 
like the first step. By test data the generalization of model is evaluated in each step and 
we can stop the steps when there is not any improvement in testing data. R2 criteria  is 
used for each steps. Fig 4 is shown R2 for training and test data versus best regressors 
in each steps for eggs stored at room condition and Fig.5 is same as Fig.4 but the data 
for refrigerator condition. For each figure one best model is created by the individual 
subset and is independent form each other.   

                                                
1 - Maximum Likelihood Latent Root Regression 
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Fig4: HU and Air cell height versus number of regressors for eggs in room condition 
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Fig5: HU and Air cell height versus number of regressors for eggs in refrigerator 

condition. 
Destructive analysis 
Data Analysis    

   Significant differences (at p-level < 0.05) between means values of the freshness 
parameters (air cell, thick albumen heights and Haugh unit) at different storage 
durations were explored using ANOVA; Duncans multiple range tests was used if 
significant differences emerged between variance means(SAS 9.1 for windows).  
    Mean value of freshness parameters measured for each sample are shown in table-1 
for different storage conditions. 
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Table1- Mean values of main physical attributes of 25 eggs measured at different 
storage  

 Refrigerator (5°C and 
75%humidity) 

       Room (24°C and 40%humidity) *  

Storage 
(day) 

Thick  albumen height 
(mm) 

HU Air cell Height 
(mm) 

Thick albumen 
height (mm) 

HU Air Cell 
height (mm) 

1 8.40a (0.85) 95.91a (3.2) 3.52a (0.2) 7.78a (1.0) 93.43a (8) 3.58a (0.47) 

6 6.48b(0.51) 80.13b(3.8) 4.34b (0.4) 5.15b   (0.75) 69.3b (6) 5.60b (0.36) 

12 61.176cb(0.65) 76.22c (5) 4.86c(0.4) 4.8b   (1.2) 64.74b(7) 6.73c( 0.39) 

18 5.987c (0.25) 73.476 dc(2) 5.08c (0.3) 3.50c   (0.65) 51.8c (8) 7.63d (0.65) 

24 5.421d  (0.4) 69.642e (3) 5.26d (0.5) 3.167c (0.91) 48.4c (6) 9.26e (0.62) 

30 5.031e(0.35) 67.280e(4) 5.60d (0.4) 2.9d     (0.7) 43.1d (7) 12.8f  (1.5) 

* Differences between means with the same letter within a column are not significant at p<0.05. 
Values in   parentheses are standard deviation for 25 samples. 

PLS model anlaysis: 
Visible-NIR Spectroscopy 
  Table 2 shows the results of cross and test set validations performed for the predictive 
models set up for the eggshell measurements in the room and refrigerator condition. For 
this purpose a Matlab (Ver 7.5)  program was written to coordinate the measurements 
of  spectra and to calculate the proportional transmission value. 
Table 2. PLS model Characteristics for the prediction of  Haugh unit, air cell height 

(spectral range 300-1100nm) 
 

Quality index 
 

Storage method 
 

     Range (SD)Standard 
Deviation 

Cross 
Validation 

Test set 
validation 

            

HU Refrigerator 65.46-95 6.84 0.96 0.79 

Room 24-93.73 15.72 0.92 0.9      

Air cell Height Refrigerator 3-6.96 0.819 0.95 0.73 

Room 3-12.06 2.38 0.9              0.94  

      

  Conclusions 
  This work shows that Vis-NIR spectrum(300-110nm) of an egg provides quantitative 
information about egg freshness. PLS estimation were built in order to link between 
non-destructive spectral data and two destructive measurements, HU and Air cell 

height. Results shows maximum likelihood ( =0.83) compared to PLS model( =0.67) 
is more effective for assessment egg freshness in experimental results. 
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