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INTRODUCTION 
 Consumption of fresh dairy products is the important 

motive factor for their production in European Union 

(Habánová et al., 2010). 

The unknown mixture of milk from different species is a 

common fraud in dairy sector. Milk with high economic 

value is commonly adulterated with milk from species of 

lower cost. This adulteration is especially important for 

cheese makers, due to unknown milk mixtures produce 

changes in the final sensory properties and reduce the 

product quality. Sheep milk is more expensive than goat or 

cow milk and tends to be adulterated with those of lower 

cost (Puchades and Maquieira, 2013; Mayer et al., 

2012). 

 Fraudulent incorporation of nondeclared kind of milk 

during technological processing is a common practice that 

can cause a problem for reasons related to intolerance or 

allergy, religious, ethical or cultural objections, and legal 

requirements. Therefore, accurate evaluation of the milk 

species used in dairy products is needed, especially for 

high-grade cheeses made exclusively with sheep or goat 

milk, many of which are registered by European law with 

a Protected Designation of Origin (PDO) (Zeleňáková et 

al., 2008).  

 

 Traditional bryndza is sharp, salty, grayish, grated and 

pin-rolled, crumbly, semi-spreadable 100% sheep cheese. 

There is no close equivalent in taste and texture among 

sheep, cow, or goat cheeses. Most modern commercially 

available bryndza is milder, bleached creamy white, and 

two of its three varieties can legally contain up to 49% 

cow cheese. The European Commission registered the 

latter as Slovenská bryndza on its food list of Protected 

Geographical Indications on 16 July 2008 (Commission 

regulation (EC) No 676/2008). 
 For legal reasons and for consumer protection and 

confidence many analytical techniques for detecting 

mixtures of milks from different species have been 

developed in last decades (Zachar et al., 2011; 

Zeleňáková et al., 2011). 

 The official EU reference method which is based on the 

IEF of γ-caseins (Commission regulation (EC) No 

273/2008) is an appropriate tool to detect cow milk in 

products made from milk of other species (detection limit 

≤0.5%). A high number of other analytical techniques (e.g. 

electrophoretic, chromatographic, immunological and 

molecular biological methods) have also been used for 

qualitative (and partly also quantitative) species 
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ABSTRACT 
The aim of this study was to test the reliability of commercial ELISA tests (RC-bovino) within raw and heat treated cow 

milk detection in sheep milk and cheese in order to obtain a high-quality, reliable and economically beneficial method 

suitable for routine application in practice. These tests were subsequently used for quantification of cow milk in commercial 

“Bryndza”. Raw sheep milk, cow milk and heat-treated cow milk (pasteurisation at 72 °C for 15 sec or at 85 °C for 3 sec) 

were mixed in precisely defined proportions (0 – 100% cow milk in sheep milk). The milk mixtures were sampled to detect 

adulteration and subsequently cheese was made. By ELISA tests was possible to determine these amounts of raw cow milk 

in sheep milk: 0.5% (0.2%), 5 % (4.81%), 50% (42.08%) and 75% (56.52%). The pasteurized samples in different 

combinations gave lower optical density responses than those prepared from raw milk (by approximately 60%). In context 

with the above mentioned, the relationship between the real and detected amount of cow milk (%) in different production 

stages (milk, cheese) using a regression analysis was examined. However, a lower reliability of the detection was indicated 

by R2 values, which ranged from 0.4058 (cheese) to 0.5175 (milk). In practice this means that although individual 

percentage (%) of cow milk in the sample can be detected, but in the unknown sample it can not be clearly confirm whether 

the cow milk was raw or heat-treated. In this context, the results can be inaccurate and may not correspond to the real 

situation. Within monitoring phase of this research, 9 samples of bryndza were analysed with the results of detected cow 

milk ranged from 11.56% to 14.3%. The obtained results confirm that the appropriate selection of ELISA tests can become 

an important factor in the setting of analytical capabilities for the detection of milk and cheese adulteration.   
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authentication in dairy products (Bobková et al., 2009; 

Mayer et al., 2012; Pizzano et al., 2011; Asensio et al., 

2008; Xue et al., 2010; Costa et al., 2008; Suhaj et al., 

2010; Stanciuc and Rapeanu, 2010 etc.). 

Zeleňáková et al., (2009) described current situation in 

adulteration of the sheep milk and sheep milk products in 

Slovakia as well as in some countries in the EU. The 

results were evaluated according to the requirements of the 

valid legal standards. From the total number 70 samples 20 

were adulterated with nondeclared cow milk. 

 ELISA is the most widely used form of immunoassay in 

milk analysis and has advantages of high sensitivity, low 

cost and fast application. It is easy to use, reliable, rapid 

and readily automated (Song et al., 2011; Costa et al., 

2008). 

 The development of immunoenzymatic methods and their 

practical use depends mainly on the selection of the 

immunogenes, experimental animals, way of 

immunization, quality of used antiserum, or possibly used 

antibodies and specificity as well as sensitivity of the 

evidencing system (Yeung, 2006). 

 An indirect enzyme-linked immunosorbent assay 

(ELISA) was developed for the detection and 

quantification of bovine milk adulteration in goat’s milk. 

The polyclonal antibodies have been modified by mixing 

with goat’s milk for the assay purposes. The absorbance at 

450 nm in indirect ELISA revealed a linear relationship 

with the concentration of adulterated bovine milk at the 

range of 4% – 50% (Xue et al., 2010). 

 Zarranz and Izco (2007) applied a protocol in order to 

validate a specific ELISA test for cow milk quantification 

in sheep milk, studying the main analytical properties 

displayed. The method was applied to analyze sheep milk 

samples collected from farms and it was found that 10% 

samples were adulterated with cow milk. 

 The aim of the study was to test the reliability of 

commercial ELISA tests for raw and heat-treated cow milk 

detection in the sheep milk and cheese and subsequently to 

quantify cow milk in commercial “Bryndza”. 

 

MATERIAL AND METHODOLOGY 
1. Analysis of the samples in research part of the study:

 Cow and sheep milk were obtained from a local dairy 

farm, refrigerated at 4 °C and tested for their quality. Both 

types of milk were mixed in the various alternatives, 

including heat treatment and subsequently cheese was 

made. In this research 32 samples were analysed what 

corresponded to 16 combinations of cow and sheep milk 

mixtures. At first, the intra assay and interassay were 

performed in terms of laboratory testing of results 

accuracy and repeatability. The sample extracts were 

pipetted into wells in duplicates. 

 

Samples preparation:  

 Milk composition was performed at Lactoscan device. 

The working principle is based on measuring the speed of 

the ultrasound in milk. Observed parameters: Density  

(kg.m-3), Fat content (g/100 g), Proteins (g/100 g), Lactose 

(g/100 g), Ash determined by calculation (g/100 g), Solids-

non-fat (g/100 g), Freezing point of milk (°C). Other 

parameters: Calcium content (mg/100 g) by the 

complexometric titration method, Clotting activity (s), 

Titratable acidity of milk (°SH) by the method of Soxhlet-

Henkel and Active acidity of milk by pH meter. 

 Raw sheep milk, cow milk and heat-treated cow milk 

(pasteurisation at 72 °C for 15 sec and at 85 °C for 3 sec) 

were mixed in precisely defined proportions (0, 0.5; 5; 50; 

75; 100% cow milk in sheep milk). The milk mixtures 

were sampled to detect adulteration and subsequently 

cheese was made. At first the cheesiness test was 

performed and then 1 – 2.5 mL CaCl2 per 1 liter was added 

to individual samples (depending on the level of heat 

treatment). The cheese production process included: 

cheesing of milk, processing of cheese curd, turning of 

cheese curd surface, its cutting, harping and mixing and 

finally formation of cloddish cheese. Subsequently the 

created clods were treated with 2% NaCl solution and left 

to mature at temperatures corresponding to the 

technological requirements (23, 19 and finally 8 °C). The 

temperature and pH in individual clods had been measured 

for 12 days. Subsequently they were processed and 

analysed according to the ELISA manufacturer 

instructions. 

 

2. Analysis of the samples in monitoring and control 

part of the study:  
 The samples of bryndza (9 samples) were obtained in the 

grocery stores as well as from small sellers who product 

various sheep cheese. All the samples were refrigerated in 

the 30 mL boxes until the beginning of analysis.  

Subsequently they were processed and analysed according 

to the ELISA manufacturer instructions. The absorbance of 

the samples in research and monitoring part of the study 

was measured photometrically at 450 nm (STAT FAX 

321/plus microwell reader - Awareness Technology, Palm 

City, FL). Comparisons of trends has been calculated with 

linear regression methods and visualized in graphs. 

 

3. ELISA test characteristic:  

 ELISA tests RC-bovino (ZEU-INMUNOTEC, S.L, 

Spain) were used in our analysis. These tests are an 

enzyme immunoassay for the detection of cow milk in 

sheep or goat milk and their cheese. All reagents required 

for the enzyme immunoassay are contained in these test 

kits. The test kits are sufficient for 48 or 96 determinations 

(including standards). Detection limit is 0% cow milk. 

Assay time is approximately 90 minutes. The principle of 

the test is based upon the antigen-antibody reaction. The 

presence of cow milk in given sample is determined by the 

immunological detection of bovine IgG. The wells of the 

microtiter strips are coated with a specific antibody against 

bovine IgG. In the case of adulterated products, the 

antibodies contained in the cow milk will bind to the 

immobilized antibody. Any unbound components are 

removed in a washing step. By adding an antibody 

peroxidase-conjugate directed against bovine IgG, bound 

antigen is detected. Any unbound conjugate is removed in 

a washing step. Enzyme substrate and chromogen are 

added to the wells and incubated. The bound enzyme 

conjugate converts the colorless chromogen into a blue 

product. The addition of the stop reagent leads to a color 

change from blue to yellow. The measurement of the 

absorbance is made photometrically at 450 nm. 
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RESULTS AND DISCUSSION 
 In accordance with the ELISA instructions, within 

research part of the study, laboratory analysis of 32 

samples of sheep milk and cheeses, adulterated with the 

addition of raw and heat-treated cow milk was performed. 

Prior to the analysis of these samples, quality control of 

ELISA tests was done. C.V. of results (n = 10) for inter 

and intra assay was 5.8% and 4.95%. As the basis for the 

evaluation, calibration curves were made by plotting % of 

cow milk in standard samples in a Y-axis and absorbance 

values in the X-axis. Values for the creation of calibration 

curves are shown in Table 1.  

The calibration curve should be linear in the range of  

0 – 10% cow milk. It can then pass through the linear 

regression. These calibration curves were completed with 

trend lines of linear and polynomial function of the 2nd 

grade. Individual percentages of cow milk in the samples 

were calculated using regression equations or by 

interpolating the absorbance values obtained into the 

calibration curve. The obtained concentration data were 

the real values. They didn´t need any conversion factor. 

An example of calibration curve with regression equation 

for the detection of cow milk in mixed milk samples is 

shown in Figure 1. Numerous producers and sellers offer 

their own softwares for imunoanalysis data processing and 

these are also the part of fotometric analysers (four-

parametric logistic model and spatial comparison method). 

Czerwenka et al., (2010) have studied the calibration 

relationships in frame of chromatographic detection of 

buffallo milk adulteration by cow milk. β-Lg was the main 

marker and the results pointed that no effect was obtained 

in detection reliability when comparing the linear and the 

polynomic regression. The R2 for linear regression was 

0.9973 and for polynomic regression 0.9951. 

 García et al., (1994); Hurley et al., (2004 a, b); 

Zarranz and Izco (2007); Asensio et al., (2008) and 

many others also reported the very comparable calibration 

curves used for the detection of cow, goat and sheep milk 

and cheese adulteration. The degree of the variability 

calibration samples expressed R2 was not less than 0.9 in 

all samples.  

 The above mentioned regression models were used in our 

data processing, too. The R2 values ranged from 0.9981 up 

to 0.9956 for the linear regression and R2 was 1 in two 

datasets for the polynomial regression models.  

  The important prerequisite for results evaluation was an 

adequate preparation of samples in which the series of 

dilutions was realized. The samples showing optical 

density over the valuef of highest standard were further 

diluted and tested again. The percentage of cow milk was 

calculated multiplying by diluting factor. The absorbancies 

that either exceeded the detection limit or were under it 

were not suitable for the quantitative analysis. 

 The lowest dilution amounts that possess the detectable 

absorbancies are summarized in the Table 2. All the 

absorbancies were analysed in the detection range of used 

ELISA kits. The absorbance values, that exceed the 

detection limit or were lower, were not possible to 

quantify. Based on the results, the dilution of samples in 

the range from 100 to 10-2 was used for the analysis  

0 – 75% cow milk in sheep milk or cheese. The 

quatification was possible in the range from 100 to 10-1. 

The only exceptions were the cow milk samples without 

Table 1 The values for the creation of calibration curve for the detection of cow milk in samples by ELISA tests. 

Standards 
Concentration of cow milk 

in standards (%) 

Absorbance at 450 nm 

Analysis of milk samples Analysis of cheese samples 

1 0 0.369 0.401 

2 1 0.492 0.526 

3 5 0.973 1.036 

4 10 1.483 1.528 

 

y = 8.9437x - 3.4165
R² = 0.9981

y = 1.354x2 + 6.4416x - 2.5346
R² = 1
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Figure 1 Calibration curve for the detection of cow milk in sheep milk. 
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sheep milk (14 M – 16 M and 14 CH – 16 CH). The 

absorbance values of these samples were similar instead of 

increased dilution what has influenced the final value of 

cow milk percentage. All these samples have no exact 

values in the Table 2 (!) and were not analysed further. For 

some samples (<75%), similar calculated concentrations 

were obtained, when two subsequently prepared decimal 

dilutions (from 100 to 10-1) were used for the analysis. As 

an example is sample 9 CH. The absorbance 0.867 was 

detected for the dilution 100 what corresponds to the 

calculated concentration 3.95%. In the case of 10-1 dilution 

a lower absorbance was detected (0.452) what corresponds 

to the calculated concentration 3.98%. It was confirmed 

that the samples 1 M and 1 CH did not contain cow milk.   

Regarding the choice of regression analysis model it can 

be said that with the increasing amount of cow milk, the 

higher values were calculated using linear regression 

equation. Nevertheless, producer of the used ELISA tests 

recommended analyze the obtained data by linear 

regression. The calculated values are reported in the 

Figures 2 – 4. ELISA tests of this producer are primarily 

designed to detect the adulteration of sheep and goat milk 

by raw cow milk. These amounts of raw cow milk in sheep 

milk it was possible to determine by ELISA tests: 0.5% 

(0.2%), 5% (4.81%), 50% (42.08%) and 75% (56.52%). 

 The amount of cow milk up to 10% (what is the detection 

range for these ELISA tests) can be analysed only by 

calibration curve including regression equations, without 

dilution of the samples. However, in a concentration range 

between 0 – 0.5%, quantification is more sensitive to 

imprecision. Therefore, it is important to prepare 

appropriate reagents, standards (especially in the 

concentration range from 0 to 1%) and keep a good 

laboratory practice. The producer also recommended 

creating a curve or curves with a specific detection range. 

 These curves were also used in analysis performed in 

study by Zeleňáková et al., (2008). They found out that 

these types of curves can significantly affect the quality 

and accuracy of individual measurements. The same 

authors have reported that the results do not sometimes 

meet the quantitative criteria, especially at higher 

percentages. That can be caused by the saturation of the 

amount of specific antigens that are fixed in the 

microtitration plate and subsequently tight on the antigen 

surface. 

 ELISA is considered to be good quality when it can 

detect less than 1% foreign milk additives (Song et al., 

2011; Luis et al., 2009). 

 The next phase of the results analysis was focused on the 

evaluation of ELISA kits reliability within detection of 

different raw and heat-treated cow milk amounts in sheep 

milk and cheese. The results are reported in the Figure 2. 

The pasteurized samples in different combinations 

(including the cheese manufacturing) gave lower optical 

density responses than those prepared from raw milk. The 

detected amount of cow milk was in some samples  

(0.5 – 5%) under the detection range. 

 The main advantages are processing of a large number of 

samples, creation of calibration curve and measuring of 

blind samples simultaneously on one microtitration plate, 

which eliminates the impact of the changing conditions 

during the determination. ELISA has also disadvantages, 

for example in that it detects unimpaired proteins, but the 

protein hydrolysates need not react immunologically 

(Hurley et al., 2006b; Taylor et al., 2009). 

 The caseins feature advantage in being more or less 

stable under high temperature conditions. Therefore, they 

can be successfully used as the main antigens in heat 

treatment (pasteurization, UHT) of milk and milk 

products. Their major disadvantage is weak 

immunogenicity and higher sensitivity to protheolytic 

degradation. The whey proteins are much better 

immunogens and they are protheolytically degradable only 

in minimal quantity. In respect of high temperatures the 

whey proteins are less resistant (Lowe et al., 2004). 

 In context with the above mentioned, the relationship 

between the real and detected amount of cow milk (%) in 

different production stages (milk, cheese) using a 

regression analysis was examined. Four detection trends 

were setf for the analysed ranges from 0 to 75%. All of 

them were characterized by the linear functions with the 

appropriate regression equations. 

  
A B 

Picture 1 Visualization of ELISA test after addition of Substrate (A) and Stop solution (B). 
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In the Figure 3 it can be seen that individual curves are 

indeed increasing character that corresponds to the 

growing amount of cow milk. However, a lower reliability 

of the detection was indicated by R2 values, which ranged 

from 0.4058 (cheese) to 0.5175 (milk). In practice this 

means that although individual percentage of cow milk in 

the sample can be detected (%), but in the unknown 

sample it can not be clearly confirm whether the cow milk 

was raw or heat-treated. In this context, the results can be 

inaccurate and may not correspond to the real situation.   

Creating the specific regression curves for each way of 

cow milk heat treatment (Figure 4) was performed in order 

to asses the relationship between the real and detected 

amounts of cow milk in sheep milk. The values of 

determination coefficients (R2) were higher than 0.82. 

Reliable detection of the real amount of cow milk can be 

performed in the praxis by both, interpolation as well as 

the regression analysis. The basic limitation for the precise 

detection is to know the way of cow milk heat treatment. 

Similar regression curves can be provided for the detection 

of cheese adulteration, too. 

 As the various processing of milk can negatively affect 

the reliability of adulteration detection, such type of the 

analysis has not been applied in the praxis yet and also 

there is not recommended for the use. Therefore, the use of 

these ELISA tests is not adequate for routine surveillance 

of marketed cheese, especially for mixed cheeses, when 

the amount of milk from different species used for cheese 

making is unknown.  

 The detection and quantification of cow milk in the sheep 

milk and cheese using the commercial ELISAs was 

performed by Costa et al., (2008), too. The detected value 

in cheese samples was by 10% lower than the 

experimental value for QBT ELISA test and by 20 % 

lower for QGT ELISA test, when more than 40% cow or 

goat milk was added. 

Table 2 Comparison of assay sensitivity by two regression models. 

Sample - cow milk in sheep milk (M) and 

cheese (CH) 

Absorbance at 

450 nm 
Dilution 

Detected amount of cow milk (%) 

Linear function 
Polynomial 

function 

1 M (0% raw) 0.309 a –––– –––– 

2 M (0.5% raw) 0.404 a 0.197 0.289 

3 M (0.5% low pasteurized) 0.334 a –––– –––– 

4 M (0.5% high pasteurized) 0.327 a –––– –––– 

5 M (5% raw) 0.919 a 4.806 4.529 

6 M (5% low pasteurized) 0.37 a –––– –––– 

7 M (5% high pasteurized) 0.34 a –––– –––– 

8 M (50% raw) 0.853 b 42.08 39.409 

9 M (50% low pasteurized) 0.534 b 13.597 12.913 

10 M (50% high pasteurized) 0.458 b 6.797 6.997 

11 M (75% raw) 1.014 b 56.524 53.894 

12 M (75% low pasteurized) 0.609 b 20.257 18.865 

13 M (75% high pasteurized) 0.528 b 13.058 12.44 

14 M (100% raw) ! ! ! ! 

15 M (100% low pasteurized) ! ! ! ! 

16 M (100% high pasteurized) ! ! ! ! 

1 CH (0% raw cow) 0.204 a –––– –––– 

2 CH (0.5% raw) 0.409 a –––– 0.114 

3 CH (0.5% low pasteurized) 0.407 a –––– 0.101 

4 CH (0.5% high pasteurized) 0.398 a –––– –––– 

5 CH (5% raw) 0.634 a 1.98 1.768 

6 CH (5% low pasteurized) 0.411 a –––– 0.128 

7 CH (5% high pasteurized) 0.405 a –––– 0.088 

8 CH (50% raw) 0.569 b 13.254 12.177 

9 CH (50% low pasteurized) 0.867 a 3.945 3.55 

10 CH (50% high pasteurized) 0.637 a 1.985 1.723 

11 CH (75% raw) 0.646 b 20.023 17.866 

12 CH (75% low pasteurized) 1.025 a 5.334 4.435 

13 CH (75% high pasteurized) 0.648 a 2.024 1.805 

14 CH (100% raw) ! ! ! ! 

15 CH (100% low pasteurized) ! ! ! ! 

16 CH (100% high pasteurized) ! ! ! ! 

Dilution: 100 (a); 10-1 (b); differences within individual dilutions (!); outside the detection range (––––). 
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The ELISA tests RC-bovino were subsequently used for 

quantification of cow milk in 9 samples of commercial 

“Bryndza”. Individual percentage of cow milk in the 

samples were calculated by interpolating the absorbance 

values obtained into the calibration curve and using 

regression equations (y = 7.3075x – 1.9301; R2 = 0.9995). 

The presence of cow milk was confirmed in all analysed 

samples of bryndza (Table 3). The samples 1 – 8 were 

evaluated together and the sample 9 was evaluated 

separately according to the composition differences as 

given by manufacturers. By ELISA test there were 

detected from 11.56% (sample 1) to 14.3% (sample 4) cow  

milk. The coefficient of variation was 9.26% for these 8 

samples. The sample 9 „Tatranská bryndza“ was specific 

because of high portion of cow milk. The manufacturer 

indicates this fact on the labeling (25% of sheep cheese).

 In this sample 31.44% cow milk was detected by ELISA. 

But it can be assumed, that the real addition of cow milk in 

commercial samples of bryndza was higher than those 

detected by ELISA. This is based on the previously 

performed analyses and over mentioned results. Reliability 

of the ELISA tests and their applicability in the routine 

analysis was studied by many authors such as Popelka et 

al., (2002); Zeleňáková et al., (2008, 2009, 2011); 

Zarranz and Izco (2007); Costa et al., (2008); Štumr et 

al., (2008); Brinkhof et al., (2009); Luis et al., (2009); 

Taylor et al., (2009); Kardar (2010); Sleziaková and 

Baleková (2010); Xue et al., (2010); Song et al., (2011) 

and many others. 
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Figure 2 Impact of cow milk heat treatment on its detection in sheep milk and cheese. 

y = 0.407x - 0.1703

R² = 0.5175

y = 0.1231x + 0.0235

R² = 0.4058

0

10

20

30

40

50

60

0 20 40 60 80

D
et

ec
te

d 
am

ou
nt

 o
f c

ow
 m

ilk
 (

%
)

Real amount of cow milk (%)

milk

cheese

 
Figure 3 Comparison of detection trends for the determination of relationship between the real and detected 

percentage of cow milk in sheep milk and cheese (%). 
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CONCLUSION 
 The analyses carried out in laboratory conditions 

recently, focused on the current situation monitoring of 

milk and cheese adulteration, have proved the necessity to 

deal with this issue more thoroughly. Most of the ELISA 

tests come from abroad (outside Slovakia). Their quality is 

important for milk producers and processing companies as 

well as public inspection authorities. The tests should be 

highly specific, sensitive, reliable, an easy to use, easy to 

laboratory equipment and of course affordable. As the tests 

are certified, nobody doubts their quality. Our survey, 

which we have been performing for a few years, has 

shown that few milk producers know possibilities of milk 

and cheese adulteration detection. This situation results in 

the fact that the producers either don´t do any detection or 

they use the tests provided by distributors. 

 The aim of the study was to test the reliability of 

commercial ELISA tests for raw and heat-treated cow milk 

detection in the sheep milk and cheese and subsequently to 

quantify cow milk in commercial “Bryndza”. The used 

ELISA kits are designed for the quantitative determination 

of cow milk in sheep milk, sheep cheese, goat milk and 

goat cheese. By ELISA tests was possible to determine 

these amounts of raw cow milk in sheep milk:  0.5% 

(0.2%), 5% (4.81%), 50% (42.08%) and 75% (56.52%). 

The pasteurized samples in different combinations gave 

lower optical density responses than those prepared from 

raw milk. The decrease of cow milk amount by 53.53% 

y = 0.8438x + 0.3756
R² = 0.9835

y = 0.3157x - 0.2174
R² = 0.9603

y = 0.2416x - 0.2581
R² = 0.8251
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Figure 4 Linear functions with the regression equations for raw and heat-treated cow milk determination in sheep milk 

(%) amount of cow milk in sheep milk and cheese (%). 

Table 3 Samples of the bryndza analysed by the ELISA tests.  

Sample number/ 

manufacturer 
Label and composition of bryndza 

Quantification of 

cow milk by 

ELISA tests 

1 Sheep cheese processed from raw milk (min 51%), water, edible salt (max 

2.5%), dry matter (min 44%), fat in dry matter (min 48%)  

11.56% 

2 Stored sheep cheese, cow cheese, edible salt (max 3 %), water, dry matter 

(min 44%), fat in dry mater (min 48%)  

13.91% 

3 Stored sheep cheese (min 51%), cow cheese, edible salt (max 3%), water, dry 

matter (min 44%), fat in dry matter (min 48%)  

14.24% 

4 Stored sheep cheese (min 51%), cow cheese, edible salt (max 3%), water, dry 

matter (min 44%), fat in dry matter (min 48%) 

14.3% 

5 Stored sheep cheese (min 51%), cow cheese, edible salt (max 2%), water, dry 

matter (min 44%), fat in dry matter (min 48%) 

11.95% 

6 Sheep cheese processed from raw milk (min 51%), water, edible salt (max 

3%), dry matter (min 44%), fat in dry matter (min 4 %) 

12.57% 

7 Sheep cheese processed from raw milk (min 5 %), cow cheese processed 

from pasteurized milk, water, edible salt (max 2.5 %), dry matter (min 44%), 

fat in dry matter (min 48%) 

11.63% 

8 Mixture of cow and sheep cheese processed from pasteurized milk, water, 

edible salt (max 2.5%), dry matter (min 44%), fat in dry matter (min 48%) 

12.08% 

9 Cow cheese, sheep cheese (25%), fat (21%) 31.44% 

% – weight percentage, min – minimum, max – maximum. 
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and 59.34% (at 5% low and high pasteurized cow milk) 

and by 62.64% and 66.56% (at 75% low and high 

pasteurized cow milk) was detected. In next phase of the 

research, the relationship between the real and detected 

amount of cow milk (%) in different production stages 

(milk, cheese) using a regression analysis was examined. 

However, a lower reliability of the cow milk detection was 

found and indicated by R2 values, which ranged from 

0.4058 (cheese) to 0.5175 (milk). In practice this means 

that although individual percentage of cow milk in the 

sample can be detected (%), but in the unknown sample 

can´t be clearly confirmed whether the cow milk was raw 

or heat-treated. In this context, the results can be 

inaccurate and may not correspond to the real situation. As 

was noted above, one of the solutions is to set a specific 

regression curves for each of the heat treatment of 

analysed milk. The values of determination coefficients 

were higher than 0.82, which assumes the conditions for 

the reliable determination of raw or heat-treated cow milk 

in sheep milk. The only limitation here is the knowledge of 

cow milk heat treatment.  

 In total, 9 samples of bryndza were analysed in the 

monitoring phase of the research with the results of 

detected cow milk ranged from 11.56% to 14.3%. It can be 

assumed, that the real addition of cow milk in commercial 

samples of bryndza was higher than those detected by 

ELISA. 

 In conclusion, the analysis has shown that the ELISA 

tests identified the presence of cow milk, but 

quantification was not exact because of irreversible 

changes caused by the manufacturing process. Despite this 

fact, producer recommended ELISA tests for the detection 

of sheep milk and cheese adulteration by cow milk. 

Despite some negatives identified in this study, ELISA 

tests may find practical application, if they are used only 

for the qualitative detection of cow milk in other species 

milks or cheeses. Such detection is important for health, 

nutritional, technological as well as for economic reasons. 
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