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Abstract 
Food adulteration has become a concern for consumers and food safety authorities. Milk is a commune adulterated 
food product, like melamine adulteration, which resulted in devastating effects, especially on young children. 
Because of the current fast paste economy, it is essential to develop equally fast analysis methods to ensure reliable 
and sensitive results quickly with little to no sample preparation. For that purpose, a Raman method was developed 
and Partial least squares regression (PLS) was applied in order to develop a model for adulterated goat milk 
detection. Minitab 17 software was used for the statistical modeling of data. Validation matrices were constructed 
using unadulterated goat milk and goat milk adulterated with cow milk in different proportions (0-50%). The 
prediction model had a correlation coefficient of 99.8 %.    
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1. INTRODUCTION 
 

While cow's milk is the leading milk used by dairy factories in the EU, in several Member States, 
other milk contributes significantly to milk production. In 2018, Spain produced 1.0 million tons of milk 
from sheep and goats, while Greece and France both produced 0.8 million tons. Italy has also produced 
0.7 million tons of milk from animals other than cows, including almost all EU buffalo milk production. 
A majority (57.1%) of milk delivered to dairy factories in Greece came from sheep and goats in 2018. 
Just over one-fifth (22.5%) of milk delivered to dairy factories in Cyprus comes from sheep and goats 
[1,2]. 

There is no harmonized definition in the EU for the "food fraud" term ("fraudulent or deceptive 
practices" mentioned in Reg 178:2002 art 8). However, it is widely accepted that an intentional breach 
of EU law for economic gain by deceiving the consumer is food fraud. Adulteration is a legal term used 
to define foods that do not meet legal requirements. Adulterated foods are a risk to consumers through 
several side effects on the human organism and have a negative impact on the agro-food market [3-5]. 

Milk and dairy adulteration has come to global attention after the discovery of melamine 
contamination in dairy products in China in 2008. However, the history of milk adulteration is ancient. 
In 1850, a scandal involving the adulteration of milk was reported, which resulted in the deaths of 8,000 
children in New York alone [3]. 

Due to the increasing incidence of food adulteration cases, developing rapid, robust, and 
selective analysis methods is essential to ensure the practical testing of many samples. Various analytical 
techniques have been used to detect milk and milk product adulteration, each of them having advantages 
and disadvantages. These techniques usually focus on the determination of fat of foreign substances in 
the milk and usually need long and laborious methods for sample preparation [4-8], like fat 
determination using chromatography [9].   
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This study, which is part of the national project “Development of methods for determining food 
adulteration” aims to develop quick and easy methods to determine the adulteration of goat milk using 
portable Raman equipment and the PLS statistic method for developing the model equation 
(18N/08.02.2019), 

 
2. EXPERIMENTAL 

 
2.1 Milk samples 
 In order to streamline the method and due to the differences that the milk composition presents, 
it is important to have representative samples. This is why cow and goat milk samples were obtained 
from 3 different farms in the Cluj County area and 2 farms from Alba County. The 5 samples were 
analyzed in pure form and then whey were analyzed after adulterated with cow's milk, in proportion of 
0-50%.  
2.2 Raman analysis 

A PROGENY portable Raman spectrometer, from Rigaku, Japan, was used for the analysis of 
the milk samples.   

No sample preparation was needed prior to Raman analysis. The samples were placed in a 4 ml 
bottle which was fixed in the special vial holder of the spectrometer that allows the proximity of the 
sample to the laser source to set between 0-5 mm (Fig. 1). 

 

 
Fig. 1 Raman milk sample analysis 

 
The analysis method has the following working parameters: • Laser frequency: 1064 nm; • Laser 

power: 490 mW; • Exposure time: 6000 ms;• Spectral range: 200-2000 cm-1 •Detector: InGaAs type 
with cooling; • Accessories: conical tip with adjusted focus and bottle adapter of different sizes.  
2.3 PLS regression 

Partial least squares regression (PLS) was used to model the equation for the concentration of 
adulterated goat milk. To perform PLS, Minitab software uses the partially non-linear iterative algorithm 
(NIPALS) developed by Herman Wold. The algorithm reduces the number of predictors using a 
technique similar to principal component analysis to extract a set of components that have a maximum 
correlation between predictors and response variables. For modeling the equation, 4 components have 
been used, namely the peak areas from ~818 cm-1, ~1300 cm-1, ~1441 cm-1, and ~1905 cm-1, based on 
data previously obtained [10]. 
 

3. RESULTS AND DISCUSSION 
 

Table 1 shows the average results obtained for the 5 goat milk sample that was adulterated with 
cow milk in different proportions. 

Table 2 shows the variation of the experimental data. The degree of freedom (DF) represents 
the number of independent comparisons between the elements of an observation quantity or the number 
of values that can be chosen arbitrarily within a specification. DF is used to estimate the values of the 
parameters of the unknown population. Adjusted amounts of squares (Adj SS) are measures of variation 
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for different components of the model. Adjusted Mean Squares (Adj MS) measure how much variation 
a term or pattern explains, assuming that all other terms are in the pattern, regardless of the order in 
which they were entered. The value F is used to determine if the term is associated with the answer [11]. 
Minitab uses the value of F to calculate the value of p, which is used to make a decision about the 
statistical significance of terms and model. The p-value is equal to the area under the distribution curve, 
depending on the statistical value of the test. Values should be less than 0.05. 

 
Table 1. Raman analysis 

Crt. 
No. 

Adulteration percentage 
(%) 

Maximum intensity 
(A.U.) 

818 cm-1 1300 cm-1 1441 cm-1 1905 cm-1 
1.  0.0 426.12 1,101.10 2,105.53 603.56 
2.  2.5 483.48 931.24 1,823.15 587.05 
3.  5.0 517.65 844.17 1,760.62 551.13 
4.  10.0 535.26 730.16 1,583.97 430.74 
5.  25.0 649.19 641.50 1,484.27 400.31 
6.  50.0 701.58 637.68 1,160.52 379.46 
7.  100.0 958.33 622.79 1,021.08 316.23 

 
Table 2. Analysis of the variation of the adulteration percentage 

Crt. 
no. Source Degree of 

freedom  

The sum of the 
squares (Adj 

SS) 

The value of the 
average squares 

(Adj MS) 

F 
Distribution 

P 
value 

1.  Regression 40 0.796061 0.199015 2107.96 0.00012 
2.  Residual 

error 
2 0.000189 0.000094   

3.  Total  6 3333.33    
  

The relationships between the answer and the variables in the model are significant from a 
statistical point of view because the p value is 0.00012, which is below the established significance level 
of 0.05.  

R2 is the percentage variation of the response that is explained by the model. It is calculated as 
1 minus the ratio between the sum of the errors of the squares and the total sum of the squares, practically 
R2 indicates how well a model fits with the data [11]. To vary the model, R2 was calculated. (Table 3). 
The predicted R2 is calculated by systematically removing each observation from the data set, estimating 
the regression equation and determining how well/correctly the model predicts the removed observation. 
The best prediction was observed for model that used at least 2 components for the prediction equation. 
The degree of error is lower the more components (peaks at different wavelengths) are used.  

 
Table 3. PLS model selection and validation 

Component 
number 

X 
variation Error R2 Predicted residual sum of 

squares 
Predicted 

R2  
1  0.92543   0.149599   0.812121   0.419309      0.473395 
2  0.98154   0.001669   0.997904   0.009041      0.988645 
3  0.98875   0.000239   0.999700   0.004723      0.994068 
4  1.00000   0.000189   0.999763   0.002643      0.996681 

 
The 4 components of the PLS models are the 4 peaks at different wave lengths (~818 cm-1, 

~1300 cm-1, ~1441 cm-1, and ~1905 cm-1). The correlation between the different variables regarding the 
adulteration of goat's milk is presented in Figure 2.  
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Figure 2. Scheme of non-standard regression coefficients for adulteration of goat's milk 

 
It can be observed that the peaks at ~818 cm-1, ~1300 cm-1 have a positive correlation with the 

degree of adulteration, while the peaks at ~1441 cm-1, and ~1905 cm-1 have a negative correlation. It can 
be also observed that the peak at 818 cm-1 has that highest relationship of predictors and responses (0.75) 
while the ~1905 cm-1 has the lowest (-0.20). 

The evaluation of the PLS model obtained after data processing using the Minitab 17 software 
are presented in Figure 3. Small differences in fitted and cross-validated values identify a high 
correlation of the model.  

 

 
Figure 3. PLS response graphic for adulteration percentage 

 
 

The normal probability scheme of the residues displays the residues compared to their expected 
values when the distribution is normal (Fig. 4). The normality of the residuals is proven because the 
points follow a straight line.  

For the realization of the model equation only the values of the maxima from 818 cm-1 and 1441 
cm-1 were used (Fig. 4). 
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Fig. 4. The report on the creation of the equation for predicting the degree of goat milk 

adulteration 
 
The final equation of the model is: 

 
DA %= -0.238+0.002721∙X1-0.000525∙X2-0.000001∙X1∙X2 (1) 

 
Where: 
DA – degree of adulteration (%); 
X1 – area of the peak at 818 cm-1 (AU); 
X2- area of the peak at 1441 cm-1(AU). 
 

4. CONCLUSIONS 
 

PLS demonstrated that 2 factors account for most of the variation in the response. The cross-
validation analysis confirms with the PRESS values being the lowest 0.009.    

Multiple regression analysis showed that the maximum from 818 cm-1, has the greatest impact 
on the variation of the degree of adulteration of goat's milk. The relationships between the response and 
the variables in the model are statistically significant (p value <0.05). Multiple regression analysis 
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showed that the maxima of 818 and 1441 cm-1 have the greatest impact on the variation of the degree of 
adulteration of goat's milk. The variation of the Y answer can be explained in a very large percentage 
by the chosen variables. 

The model fits well with the data, which shows that the equation can be used to predict the 
degree of adulteration of goat's milk with cow's milk.  
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