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ABSTRACT

The addition of cow milk during the production of 
buffalo mozzarella is a common fraud in dairy indus-
tries because of the lower price and greater availability 
of cow milk throughout the year. The aim of this study 
was to develop a new, rapid, and robust capillary elec-
trophoresis method for detecting and quantifying cow 
milk in buffalo milk by exploiting cow α-lactalbumin 
as a marker of adulteration. In particular, a linear 
calibration curve was generated, using a training set of 
calibrators consisting of 7 series of 17 buffalo/bovine 
whey mixtures, obtained after casein precipitation, 
with increasing percentages of cow whey. The capil-
lary electrophoresis method showed high linearity (R2 
= 0.968), repeatability [relative standard deviation 
(RSD) = 2.11, 3.02, 4.38, and 1.18%, respectively for 5, 
10, 20, and 50% of buffalo/bovine whey mixtures], and 
intermediate precision (RSD = 2.18, 2.49, 5.09, and 
3.19%, respectively, for 5, 10, 20, and 50% buffalo/bo-
vine whey mixtures). Moreover, the minimum amount 
of detectable fraudulent cow milk was 1%, and the limit 
of quantification was 3.1%.
Key words: buffalo, cow, milk adulteration, capillary 
electrophoresis

INTRODUCTION

In Italy, buffalo milk and its derivatives have great 
economic relevance, especially in central-southern re-
gions where farming is a primary economic activity. 
Therefore, defending the quality of products, such as 
buffalo mozzarella or pecorino cheese, is very impor-
tant. This importance is underscored by the European 
Union attaching a legal trademark, known as the pro-

tected designation of origin (PDO; European Union, 
2008a), to food with quality characteristics, based on 
both natural and human factors, that essentially or 
exclusively depend on the territory where they were 
produced.

The most common fraud in the production of Moz-
zarella di Bufala Campana PDO (buffalo mozzarella) 
is the addition of cow milk, which qualitatively differs 
from buffalo milk, has a lower price, and is available 
throughout the year (Borková and Snášelová, 2005). 
The addition of cow milk negatively affects the quality 
of the final products, not only changing their organo-
leptic properties but also representing a food safety 
concern for individuals with a cow milk intolerance or 
allergy (Zachar et al., 2011).

Through the years, the dairy industry has continu-
ously collaborated with research investigators to devel-
op and apply a quick and efficient method for routine 
use to detect possible fraudulent addition of cow milk 
to goat, ewe, or buffalo milk.

The official method to detect the presence of cow 
milk in ewe, goat, and buffalo milks is the isoelectric 
focusing of γ-caseins after plasminolysis (European 
Union, 2008b). This method is based on comparison 
with the protein patterns of certified reference stan-
dards, and it enables qualitative estimation of cow milk 
in tested samples.

Many analytical methods have been developed to 
identify the illegal addition of bovine milk to buffalo 
milk and mozzarella cheese. Recently, Dal Bosco et 
al. (2018) developed a novel approach based on the 
use of species-specific low-molecular-weight biomark-
ers of cow milk (in particular β-carotene, lutein, and 
β-cryptoxanthin) quantified by liquid chromatography–
tandem mass spectrometry analyses. Other methods 
are based on PCR, including real-time PCR assay, and 
exploit species-specific DNA sequences to distinguish 
cow DNA in milk and mozzarella from water buffalo 
DNA (Dalmasso et al., 2011; Di Domenico et al., 2017; 
Hazra et al., 2017). Overall, most analytical methods 
are focused on the proteomic evaluation of buffalo milk 
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and its derivatives using chromatography (Enne et al., 
2005; Cerquaglia et al., 2011) and mass spectrometry 
(Czerwenka et al., 2010; Sassi et al., 2015; Chen et al., 
2016).

The application of capillary electrophoresis (CE) has 
clearly demonstrated an ability to separate, identify, 
and quantify the principal milk proteins (Cartoni et 
al., 1999; Molina et al., 1999; Rodriguez-Nogales, 2006; 
Trimboli et al., 2017). Molina et al. (1999) demon-
strated that CE could provide clearly distinct capillary 
electrophoretic profiles of casein fractions from 100% 
cow, ewe, and goat milks that were useful to predict 
the species of the milk in mixtures. Capillary electro-
phoresis also proved to be a valid method to recognize 
the presence of cow milk in goat milk and cheese, with 
a 2% detection limit of cow milk, by exploiting the 
cow β-LG variant B (β-LGB) and goat α-LA ratio to 
develop a robust calibration curve (Cartoni et al. 1999). 
Rodriguez-Nogales (2006) applied multivariate calibra-
tion methods, such as partial least square regression 
and principal component regression, to CE electrophe-
rograms of cow, ewe, and goat casein fractions, devel-
oping a good prediction model for percentages of the 
milk of each species. Moreover, Trimboli et al. (2017) 
proposed a rapid CE approach that allows a quick and 
inexpensive recognition of ewe milk in cow milk with 
good performance. The use of the CE method coupled 
with mass spectrometry exploiting the 2 variants A and 
B of cow β-LG as markers was also proposed for moni-
toring milk adulteration (Muller et al., 2008).

Nevertheless, to our knowledge, only 1 work has 
described the use of CE as a tool to determine the 
presence of cow milk in products labeled “pure domes-
tic buffalo milk” (Cartoni et al., 1998). Cartoni et al. 
(1998) employed 2 cow whey proteins, α-LA and β-LG 
variant A and B (β-LGA and β-LGB), as markers of 
adulteration: the first is used to quantify a low amount 
(≤25%) and the second, a high amount (>25%) of cow 
milk in buffalo milk and cheese.

The aim of this work was to develop a new, rapid, 
and robust CE method for predicting the concentration 
of cow milk fraudulently added to buffalo milk, using 
only 1 marker and a CE instrument routinely used in 
human blood analysis.

MATERIALS AND METHODS

Animals, Milk Collection, and Reagents

Bulk tank samples of Mediterranean buffalo (Bubalus 
bubalis) milk were provided by 3 dairy farms located 
in Calabria (southern Italy), and bulk tank samples of 

raw cow (Bos taurus) milk were provided by 5 dairy 
farms with different breeds (Jersey, Holstein-Friesian, 
Italian Brown, Italian Simmental, and cross-breed). 
Milk samples were collected from October 2017 to 
February 2018 and were immediately delivered at 4°C 
to our laboratory, divided into aliquots, and stored at 
−20°C until analysis.

Purified cow α-LA (product no. L6010), cow β-LGA 
(product no. L7880), cow β-LGB (product no. L8005), 
cow serum albumin (ALB, product no. A7030), and 
cow β-CN (product no. C6905) were obtained from 
Sigma Aldrich SRL (Milano, Italy).

Sample Preparation for CE

Before the analysis, milk samples were thawed over-
night at 4°C and skim milk was obtained by centrifuga-
tion at 2,500 × g at 4°C for 30 min (Heraeus Megafuge 
1.0R; Thermo Fisher, Waltham, MA). The fat layer 
was removed, and the skim milk was diluted 1:1 with 
distilled water.

Standard samples for a calibration curve were pre-
pared by mixing buffalo skim milk with cow skim milk 
from 0 to 100% (vol/vol): 0, 1, 2.5, 5, 10, 20, 25, 30, 50, 
70, 75, 80, 90, 95, 97.5, 99, and 100%. Each buffalo skim 
milk sample was mixed with a skim milk sample from a 
single cow breed, resulting in a total of 188 milk stan-
dards. Whey from each standard sample was obtained 
as described in Lopreiato et al. (2017). Briefly, rennet 
solution (100% chymosin; 200 international milk clot-
ting units/mL, Hansen Standard Chy-Max Plus 200, 
Chr. Hansen, Hørsholm, Denmark) at a final concentra-
tion of 0.014% (vol/vol) was added to milk samples at 
37°C for 30 min to promote casein precipitation. Then, 
samples were centrifuged at 3,000 × g for 15 min at 
4°C, and the collected whey was filtered using a 0.45-
µm syringe filter (Minisart, Sartorius Stedim Biotech 
GmbH, Göttingen, Germany) before CE analysis.

Capillary Electrophoresis Analysis

Capillary electrophoresis analysis was carried out us-
ing a fully automated Minicap CE system (Sebia, Lisses, 
France) equipped with two 17-cm (16 cm to detection 
point) × 25-µm i.d. coated fused-silica capillaries, and 
a 200-nm UV detector at the cathode extremity. Whey 
proteins were analyzed by the Capillarys Protein(E)6 
kit (Sebia), which is designed to separate human serum 
and urine proteins in an alkaline buffer, according to 
the manufacturer’s instructions. More detailed informa-
tion on the CE analysis is described in Trimboli et al. 
(2017).
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Capillary Electrophoresis Calibration and Validation

The calibration equation to quantify the percentage 
of cow milk fraudulently added to buffalo milk was de-
rived through a regression analysis of the fraction area 
values (% of total curve area) relative to the cow-spe-
cific fraction in the electropherogram and percentage 
of cow whey in standard samples. Calibration analysis 
was performed using data obtained from a training set 
of calibrator samples consisting of 7 series of 17 buf-
falo/bovine mixtures, with increased percentage of cow 
whey (0–100%), each prepared with independent cow 
and buffalo skim milk samples.

Linear model validation was performed using data 
obtained from a test set of samples consisting of 6 series 
of mixtures, each prepared with independent skim milk 
samples differing from those used as calibrators. Valida-
tion was performed by evaluating linearity in the range 
of 0 to 100% of cow whey and precision (repeatability 
and intermediate precision): repeatability was calculat-

ed as relative standard deviation percentage (RSD %) 
for 4 replicates at 4 concentrations of cow whey content 
(5, 10, 20, and 50%) and intermediate precision was 
calculated as RSD %, for 4 d at 4 levels of cow whey 
content (5, 10, 20, and 50%). Accuracy was evaluated 
by calculating the standard error of estimated (SEE) 
and standard deviation of residuals (Sy.x). The SEE 
was calculated as the difference between the average of 
estimated values for replicates at all levels of cow whey 
content and the reference value. The cow whey limit of 
quantification (LOQ) was calculated using the stan-
dard deviation (SD) of the blank (100% buffalo whey) 
as follows: LOQ = 10SD/(slope of the regression line). 
The limit of detection (LOD) was also calculated, as 
follows: LOD = 3SD/(slope of the regression line).

Statistical Analysis

Mean, SD, RSD %, and normality of residuals were 
performed using SAS software (Ver. 9.4, SAS Institute 

Figure 1. Capillary electrophoresis (CE) profiles of buffalo and cow whey proteins. The CE protein profiles of buffalo (A) and cow (B) whey; 
(C) overlay of buffalo (continuous line) and cow (dashed line) whey protein profiles; (D) representative CE protein profile of a mixture (1:1, 
vol/vol) of buffalo/bovine whey. Arrows indicate the major peaks. Ab = buffalo α-LA; Bb = position occupied by purified cow β-LG variant 
A; Cb = buffalo β-LG variant B; Db = buffalo β-CN; Ac = cow albumin; Bc = cow α-LA; Cc = cow β-LG variant A; Dc = β-LG variant B; 
Ec = cow β-CN. AU = absorbance units.
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Inc., Cary, NC). Regression analysis was performed 
using Proc REG of SAS (Ver. 9.4), and normality of re-
siduals was evaluated by the Kolmogorov-Smirnov test.

RESULTS AND DISCUSSION

Identification of a Marker of Buffalo Milk Adulteration

Capillary electrophoresis separation of cow whey 
proteins resulted in a typical protein profile that was 
clearly distinct from the CE profile of buffalo whey 
proteins (Figures 1A and B). In the latter, 3 main frac-
tions (Ab, Cb, and Db) and 1 minor fraction (Bb) were 
present (Figure 1A). The profile of cow whey proteins 
also had 3 main fractions (named Bc, Cc, and Dc), but 
in contrast to the buffalo protein profile, it had 2 mi-
nor fractions (Ac and Ec; Figure 1B). When cow and 
buffalo whey protein profiles were overlaid, a specific 
cow fraction (Bc) was clearly discernible (Figure 1C). 
Notably, this fraction was not present in the buffalo 
protein profile (Figure 1C). Moreover, in analyzing the 
CE protein profile of the cow/buffalo whey mixture 
(1:1, vol/vol), we confirmed that the cow fraction Bc 
was easily recognizable (Figure 1D). This result sup-
ports the possible use of cow fraction Bc as a marker of 
buffalo milk adulteration with cow milk.

To identify the protein components of the CE elec-
tropherograms, we performed a CE analysis on buf-
falo and cow whey after the addition of single purified 
proteins to the whey. The identification was confirmed 
by an increased signal of each peak of the individual 
proteins added.

According to Trimboli et al. (2017), peaks Ac, Bc, 
and Ec on the cow electropherogram represent ALB, 
α-LA, and β-CN proteins (Figure 1B), respectively. 
In this work, we confirm that the Bc peak of the cow 
whey protein profile (Figure 1B) was related to α-LA, 
as evidenced by the increase in peak signal (Figure 2A). 
When purified α-LA was added to buffalo whey, a new 
peak (Ab) appeared on the electropherogram (Figure 
3A), occupying the same position of peak Bc on the 
cow electropherogram (Figure 1B). We postulate that 
buffalo peak Ab corresponds to α-LA and the differ-
ent electrophoretic mobility between bovine and buf-
falo α-LA depends on differences in their biochemical 
properties. Moreover, differential separation of cow and 
buffalo α-LA in CE was also reported by Cartoni et al. 
(1998).

The peaks on the cow whey electropherogram cor-
responding to β-LGA and β-LGB were identified by 
increases in peaks Cc and Dc, respectively (Figures 
2B and C). Addition of purified β-LGA and β-LGB 
proteins to buffalo whey led to increases of peaks Bb 
and Cb, respectively (Figures 3B and C). Finally, the 

buffalo peak Db (Figure 1A) corresponded to β-CN as 
suggested by its increase (Figure 3D).

We verified the precision of the relative migration 
position of cow fraction Bc on the CE electropherogram 
by running 4 cow/buffalo mixtures with increasing 
quantities of cow milk (5, 10, 20, and 50%). The cow 
fraction Bc migration zone was defined by its initial (xi) 
and final (xf) position value on the x-axis of the electro-
pherogram. As shown in Table 1, the cow fraction Bc 

Figure 2. Identification of proteins generating peaks on a cow whey 
electropherogram from capillary electrophoresis (CE). Identification 
of the (A) α-LA peak, (B) β-LG variant A, and (C) β-LG variant 
B. Electropherograms of whey proteins without addition of purified 
proteins are indicated by continuous lines; dashed lines indicate elec-
tropherograms with the addition of purified proteins to whey. AU = 
absorbance units.
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migration zone had a low xi and xf RSD %, confirming 
its high repeatability and intermediate precision. The 
high repeatability and intermediate precision of the Bc 
fraction migration zone of our CE can be exploited to 
detect the possible existence of α-LA variants having a 
different mobility in electrophoresis, which could nega-
tively affect its use as a milk adulteration marker.

Development of a Calibration Equation to Quantify 
Cow Milk in Buffalo Milk

Seven training sets of calibrator samples (see “Sample 
preparation for CE” in Materials and Methods), with 
increasing percentages of cow milk from 0 to 100% and 
prepared with independent buffalo and cow bulk milk 
samples, were employed to calculate the percentage 
area of the cow fraction Bc (α-LA). We found the ex-
istence of a linear relationship between the percentage 
area of α-LA and the percentage of cow milk in calibra-
tor samples. As shown in Table 2, each set of training 
values obtained yielded approximately a straight line 
with a coefficient of determination (R2) ranging from 

0.971 to 0.988. Collectively, the sets resulted in the fol-
lowing calibration equation: % cow milk = 9.1 × (peak 
area Bc) − 16.9 (standard deviation = 6.85; 95% CI 
y-intercept = −19.5 to −14.4; 95% CI slope = 8.8 to 
9.5, R2 = 0.968) (Table 2, C1–C7 data set). Moreover, 
in support of the linearity of our regression model, each 
training set showed a normal distribution of residuals 
(Table 2). The LOQ of our calibration model was es-
timated to be 3.4% of cow milk, whereas the LOD, 
the lowest concentration of cow whey that could be 
detected but not necessarily determined quantitatively, 
was 1%. The LOQ found in the current study was lower 
than that described by Cartoni et al. (1998) but com-
parable to the LOQ found with other methodologies 
(Caira et al., 2016; Dal Bosco et al., 2018), indicating 
the good performance of the CE method.

Moreover, as shown in Table 3 the percentage area of 
cow α-LA at all cow milk levels tested confirmed good 
CE repeatability and intermediate precision (Table 3).

These results corroborate the ability and reliability of 
our CE method to directly identify the presence of cow 
milk that is fraudulently added to buffalo milk, even at 

Figure 3. Identification of proteins generating peaks on capillary electrophoresis (CE) buffalo whey electropherogram. Identification of the 
(A) α-LA peak, (B) β-LG variant A, (C) β-LG variant B, and (D) β-CN. Electropherograms of whey proteins without the addition of puri-
fied proteins are indicated by continuous lines; dashed lines indicate electropherograms with the addition of purified proteins to whey. AU = 
absorbance units.
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a low concentration. Our CE approach employs only 1 
cow protein as the adulteration marker for the whole 
percentage interval of cow milk in buffalo milk tested. 
In contrast, the CE method proposed by Cartoni et al. 
(1998) used 4 proteins for the same purpose, the cow 
β-LGA/β-LGB ratio and α-LAcow/α-LAbuffalo ratio for 
a high and low percentage of cow milk in buffalo milk, 
respectively. Others authors, such as Dal Bosco et al. 
(2018) and Muller et al. (2008), also exploited more 
than 1 marker or their ratio to screen the authentic-
ity of milk. For their method, Dal Bosco et al. (2018) 
proposed using a combined quantification of β-carotene 
and ergocalciferol, specific for cow and buffalo milk, 
respectively, to detect cow milk. Muller et al. (2008) 
developed an algorithm based on the ratio of the sum 
of nonbovine β-LG (ovine or caprine) to the total β-LG 
in the milk mixtures. The use of only 1 protein as a 
marker of adulteration simplifies the entire process of 
analysis because it applies only one algorithm to derive 
the percentage of bovine milk eventually present in buf-
falo milk. It also reduces the time required to complete 
the CE procedure, from whey proteins separation to 
peak selection, and the probability of operators making 
mistakes in peak selection.

An important feature to consider when evaluating 
a calibration model is its predictive accuracy. To this 
end, the SEE and Sy.x were calculated using a series 
of 6 cow/buffalo mixtures (test set) prepared with cow 
and buffalo milk samples separate from those employed 
to prepare the training sets. We found that at a con-
centration of cow milk below 5.0%, the SEE was <7% 
whereas the Sy.x was <5% (Table 4), supporting the 
good predictive accuracy of calibration model.

A possible concern in the development of a good 
calibration model is that the cow breed, and conse-
quently breed-dependent genetic variations, could af-
fect the total milk protein concentration or the milk 
protein variant content, such as the β-LGA and β-LGB 
ratio. The calibration model proposed here was gener-
ated using milk from different cow breeds (Holstein-
Friesian, Italian Simmental, Jersey, Italian Brown, and 
cross-breeds), which permitted the inclusion of possible 
influences of breed on cow milk protein concentration 
in the calibration model. Moreover, having chosen cow 
α-LA as the adulteration marker and not cow β-LG, 
in contrast to Muller et al. (2008) and Czerwenka et 
al. (2010), eliminated the interference of the different 
content of its 2 variants, A and B, which affects the 
reliability of methods based on them.

The presence of α-LA protein variants in a cattle 
population may introduce a degree of uncertainty in 
the reliability of our CE approach. However, only 4 
protein variants have been described for α-LA: α-LA 
variant B is considered the reference protein and is pre-T
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dominant in Bos taurus, both variants A and B occur 
in Bos indicus cattle, and variant C is found only in 
Bos javanicus cattle (Farrell et al., 2004; Caroli et al., 
2009). The variant D of α-LA has only been described 

in Holstein-Friesian cows, with a very low frequency: 1 
cow in 1,987 cows showed this variant in heterozygosis 
(Visker et al., 2012). In the Mediterranean buffalo, 
α-LA variant B is the most frequent and α-LA variant 
A has an extremely low allelic frequency (Chianese et 
al., 2004). Moreover, we tested our CE method on whey 
proteins obtained from bulk tank milk, thus minimizing 
the possible deleterious effects of genetic variants on 
reliability and robustness of our calibration curve. As 
shown in Figure 4, by comparing the electrophoretic 
profiles of whey proteins of the 4 cow breeds analyzed, 
we observed how the α-LA peak of each cow breed has 
comparable electrophoretic mobility. This result is con-
sistent with literature data (Farrell et al., 2004; Caroli 
et al., 2009) regarding the very high frequency of only 
α-LA variant B in cows, endorsing the robustness and 
reliability of the CE approach proposed.

The CE approach described in this study has the 
great advantage of being an extremely fast and simple 
method to determine if milk adulteration occurs, com-
pared with other methodologies proposed (Cartoni et 
al., 1999; Molina et al., 1999; Czerwenka et al., 2010; 
Dal Bosco et al., 2018). The procedure of CE analysis 
is fully automated, needing only loading a sample in 
instrument, and the time needed for electrophoretic 
separation on our CE system is very short (215 s). A 
limitation of our CE approach is the requirement of a 

Table 2. Regression statistics for the standard set, with each set consisting of 17 samples of bovine/buffalo mixtures with increased cow whey 
percentage (0, 1, 2.5, 5, 10, 20, 25, 30, 50, 70, 75, 80, 90, 95, 97.5, 99, and 100%)

Standard set Intercept (95% CI) Slope (95% CI) R2 Sy.x1
Norm. of residuals 

(P-value)2

C1 −22.4 (−30.6 to −14.3) 9.5 (8.5 to 10.5) 0.971 6.91 0.295
C2 −12.1 (−19.4 to −4.9) 7.8 (6.9 to 8.6) 0.972 6.94 0.520
C3 −20.1 (−25.6 to −14.7) 10.5 (9.7 to 11.2) 0.985 4.92 0.444
C4 −11.2 (−16.6 to −6.4) 8.2 (7.6 to 8.9) 0.985 4.55 0.905
C5 −16.3 (−21.5 to −11.0) 8.7 (8.3 to 9.5) 0.985 3.98 0.774
C6 −16.3 (−20.8 to −11.9) 9.3 (8.7 to 9.9) 0.988 5.45 0.791
C7 −24.2 (−31.1 to −17.4) 9.9 (9.1 to 10.7) 0.981 5.79 0.495
C1–C7 −16.9 (−19.5 to −14.4) 9.1 (8.8 to 9.5) 0.968 6.85 0.487
1Sy.x = standard deviation of residuals.
2Normality of residuals was evaluated by Kolmogorov-Smirnov normality test.

Table 3. Repeatability and intermediate precision of cow α-LA percentage area calculated on a test set of 
samples (n = 4 for each test set)

Item

Test set (% cow whey)

5% 10% 20% 50%

Repeatability     
 Mean ± SD 2.4 ± 0.1 3.2 ± 0.1 3.5 ± 0.2 7.0 ± 0.2
 RSD %1 2.2 2.5 5.1 3.2
Intermediate precision     
 Mean ± SD 2.4 ± 0.1 3.1 ± 0.1 3.4 ± 0.2 6.9 ± 0.1
 RSD % 2.1 1.8 4.4 1.2
1RSD = relative standard deviation.

Table 4. Predictive accuracy of the linear calibration function 
calculated on a test set of samples (n = 6 for each test set)

Test set 
(% cow whey) SEE1 Sy.x2

0 8.73 3.31
1 7.54 4.88
2.5 5.67 2.51
5 6.89 1.41
10 6.45 2.55
20 −0.15 3.08
25 2.14 3.72
30 −1.19 4.85
50 −6.58 2.21
70 −4.73 4.62
75 −5.54 8.54
80 0.89 9.38
90 −4.27 9.51
95 −2.39 10.76
97.5 0.13 7.06
99 −3.66 5.68
100 −3.31 5.13
1SEE = standard error of estimate; difference between the average 
estimated values of each replicate (n = 6 for each test set) and the 
reference value.
2Sy.x = standard deviation of residuals.
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calibration curve specific for each type of matrix ana-
lyzed, milk or cheese.

CONCLUSIONS

The CE method used in this work allowed the de-
velopment of a robust and accurate calibration model 
that is able to identify if more abundant and cheaper 
cow milk has been fraudulently added to buffalo milk, 
using cow α-LA as a marker for cow milk quantifica-
tion. Therefore, given the results of the present study, 
we conclude that our CE strategy is particularly at-
tractive as a rapid and reliable tool for identifying if 
adulteration with bovine milk has occurred during the 
production process of ewe or buffalo milk derivatives.
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