
______________________________________________________________ 

Cluj-Napoca 

2011 

 

UNIVERSITY OF AGRICULTURAL 

SCIENCES AND VETERINARY MEDICINE 

CLUJ-NAPOCA 

 

PhD SCHOOL 

Faculty of Veterinary Medicine  

 

 

SORANA TEODORA MATEI 
 

 

SUMMARY OF THE PHD THESIS 

 
 

LABORATORY  METHODS USED FOR  

SUBCLINICAL MASTITIS DIAGNOSIS  

IN CATTLE 

 

 
 
 
 
 

Scientific coordinator, 

Prof. IOAN GROZA, PhD, DVM 
 



„Laboratory methods used for subclinical mastitis diagnosis in cattle”                                                                                                                                   

Ph.D. THESIS 

 

 
I 

 

INTRODUCTION 
 

  Subclinical mastitis continues to be the most important disease in the cow 

mammary gland, with zoo-economic implications due to significant losses in milk 

production and the risk infected milk poses to public health (Tylernw J. and Cullor S.J,, 

2002). Although there has been significant progress in controlling subclinical mastitis 

and its therapy, the results of these conditions are sub-optimal, as the frequency of these 

disorders is high in some livestock, which has a negative influence on production 

parameters and implicitly on the economic indicators in dairy farms (dos Santos 

Nacimento et al., 2005).  

 In this context, addressing subclinical mastitis in cows is highly appropriate, because 

the rate of participation of Romania in the EU market will be maintained only by 

increasing milk quality, which is a must for cattle breeders, dairy farmers and the 

Romania economy in general. This way, one can get a milk quality in accordance with 

EU standards, which will sell at a good price. Therefore, the most important way to 

produce good quality milk is to keep subclinical mastitis under very strict control 

(Krzysztof Urbanek, 2008).  

 
 

PERSONAL RESEARCH 

PURPOSE OF RESEARCH 
 

Given the importance of these diseases, the purpose of this thesis was a study of 

subclinical mastitis diagnosis, epidemiological studies and consequences of oxidative 

stress induced by these diseases on milk quality, with the following objectives:  

 diagnosis of subclinical mastitis in cows, epidemiological studies and 

implementation of a computerized surveillance program of mammary gland health; 

 laboratory methods used in monitoring oxidative stress parameters with applicability 

in the diagnosis of subclinical mastitis in cows; 
 study of the changes induced by the lipophilic compounds of milk by subclinical 

mastitis and their impact on milk quality. 

 
 

CATTLE SUBCLINICAL MASTITIS DIAGNOSIS AND  

EPIDEMIOLOGICAL STUDIES 
 

 

 

PURPOSE OF RESEARCH 
 

  Given the increasing incidence of subclinical mastitis in cows because of the 

milking technology, still poor in Romanian farms. we consider that further research 

regarding these diseases is necessary. In line with these, the objectives of this chapter 

refer to establishing the diagnosis of subclinical mastitis in cattle and to the 

epidemiological study on the role of extrinsic and intrinsic factors that can cause 

subclinical mastitis as risk factors. 
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  Our research takes into consideration the actuality according to which the quantity 

and quality of milk is of particular importance for breeders, producers and consumers of 

milk. The role and importance of this topic reflects on the implementation of control 

methods and mammary gland functioning management, but also on activities related to 

production and reproduction.  

 

MATERIAL AND METHOD 
 

  The research was conducted in the period 2008-2009 in two farms in Cluj county 

(Farm A and Farm B), on a total of 1224 lactating cattle.  

  We have collected data on the herd of cattle, data on the intrinsic and extrinsic 

factors that may act as risk factors for the production of subclinical mastitis. The 

diagnosis was made based on tests conducted with Waikato mastitis indicator, R-

mastitest method, Bovi-Vet indicator paper and AfiFarm program. 

  Among the extrinsic factors, we have been analyzed data on housing conditions 

and maintenance of paddocks, feeding conditions, milking technology, disinfection 

system, the veterinary actions performed. For the intrinsic factors, we carried out a 

detailed analysis of the incidence of mastitis in relation to the breeds of cows, season, age 

of the animals, stage of lactation, milk production and number of affected quarters in 

relation to their anatomical position. 

 

RESULTS AND DISCUSSIONS 
 

  Following the diagnosis of subclinical mastitis, conducted using the Waikato 

method, in farm A we identified in 2008 a total of 56 cows, the average monthly 

incidence being 3.45% and in 2009, the monthly average incidence of these diseases 

decreased under 3.27% (51 cows); in farm B, as a result of the supervision of mammary 

gland with AfiFarm program,  a total of 25 out of 485 dairy lactating cows were 

diagnosed in 2008, the average monthly incidence being 0.42%, and 19 cows out of 470 

cows with a monthly average of 0.33% in 2009. Table 1 presents the highest values 

recorded from the epidemiological studies based on the intrinsic factors analyzed that can 

interfere as risk factors for the production of subclinical mastitis: 

 

Table 1 

Maximum values obtained from the epidemiological survey 

Intrinsic 

factors 

YEAR 2008 YEAR 2009 

Farm A Farm B Farm A Farm B 

Season 
June – August 

(4.37% - 5.83%) 

June – August 

(0.82%-1.23%) 

June – August 

(4.54% - 6.06%) 

June – August 

(0.53% - 0.85%) 

Breed M2 (55.35%) - M2 (50.98%) - 

Age 4-6 years (62.50%) 4-6 years (56.00%) 4-6 years (56.86%) 4-6 years(73.68%) 

No. lactation lactation 4 (46.42%) lactation 4 (48.00%) lactation 4 (49.01%) lactation 4 (42.10%) 

Milk 

production 
>15 l/day (69.63%) >15 l/day (72.00%) >15 l/day (58.82%) >15 l/day (78.94%) 

Quarters  
Hind quarters 

(69.63%) 

Hind quarters 

(76.00%) 

Hind quarters 

(58.82%) 

Hind quarters 

(84.21%) 
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LABORATORY METHODS USED IN MONITORING OXIDATIVE STRESS 

PARAMETERS WICH CAN BE APPLY FOR CATTLE  

SUBCLINICAL MASTITIS DIAGNOSIS 

PURPOSE OF RESEARCH 
 

Numerous studies, especially on cow milk, have shown that the change of the 

number of somatic cells is related to changes occurring in the composition of milk; this 

has two explanations: a lesion of the mammary cells that reduces the synthesis of milk 

constituents in the mammary gland and permeability changes of membranes and 

interstitial spaces which enhance the passage of blood components in milk.  

 

The purpose of this chapter is to highlight the biochemical indicators of 

oxidative stress in milk from cows diagnosed with subclinical mastitis. The main 

objectives of this chapter are: 

 metabolic profiling;  

 somatic cell count and physical-chemical parameters determination;  

 microbiological examination;  

 determination of total proteins, soluble proteins and caseins in milk;  

 protein profiling with mono-dimensional and two-dimensional electrophoresis; 

 determining free amino acids in milk;  

 determining the total antioxidant status from blood and milk;  

 determination of the oxidation of lipids and proteins in milk;  

 determination of the antioxidant enzyme activity in blood and milk. 

   

MATERIAL AND METHOD 
 

The research was conducted over three years, from 2009 to 2011, in Farm A and 

Farm B. Biochemical tests were performed in the Department of Veterinary 

Reproduction, Obstetrics and Gynaecology in collaboration with the Department of 

Biochemistry and Microbiology of the Faculty of Veterinary Medicine in Cluj-Napoca, 

the Faculty of Physics in Cluj-Napoca and the National Institute of Agronomic Research 

INRA Jouy en Josas - Paris, France.  

To achieve the objectives of this chapter, the cows studied were divided into three 

experimental groups. Thus the study was carried out on a total of 55 cows diagnosed with 

subclinical mastitis and a healthy control group of 15 cows form different ages and races.. 

The tests were conducted as in table 2. 

 

 

 
 
 
 

 

 

 



„Laboratory methods used for subclinical mastitis diagnosis in cattle”                                                                                                                                   

Ph.D. THESIS 

 

 
IV 

 

Table 2 

Biochemical parameters and methods of analysis  

No. Determined parameters Methods of analysis 

1. Metabolic profile Automatic Vet Scan device 

2. Somatic cells count and physical-chemical parameters MT-04 device, EkoMilk ULTRA 

3. Total proteins, soluble proteins and caseins Photometric method, Bradford reactive 

4. 
Mono and bi-dimensional electrophoresis protein 

profile  

Device Model MiniProtean BioRad 3 Cell 

Amersham Biosciences Dalt Six device Ehan 

5. Free Amino acids  
Gaschromatographic technique with mass 

spectrometry 

6. Antioxidant status Type analysis kits Randox TAS 

7. Antioxidant enzyme activity 

Catalase - photometric methods CAYMAN Kit 

SOD - photometric method, kit RANSOD 

GPX - photometric methods, kit type RANSEL 

 LPX - way kinetic spectrophotometric 

8. The level of oxidation of lipids and proteins 
Spectrophotometric method tiobarbituric acid 

Spectrophotometric method with DNPH-reaction 
 

 

RESULTS AND DISCUSSIONS 
 

For the metabolic profile carried out, we would like to mention that in addition to 

the average of the total proteins and globulins, the values obtained were within the 

physiological limits presented in the literature. As a result of globulin accumulation in the 

blood of cows with subclinical mastitis, there is an increase in the number of total 

proteins in blood, the average ranging between 10.23 g/dl and 9.14 g/dl for cows with 

subclinical mastitis and between 7.20 g/dl respectively 7.50 g/dl for healthy cows. These 

increases indicate an activation of the immune response due to infection of the mammary 

gland, the proteins being directly involved in its defence mechanism. 
  

Results of milk somatic cells count and physico-chemical parameters  
 

Subclinical mastitis diagnosis was confirmed by the large number of somatic cells 

in mastitis milk, the change of the pH and of the freezing point in respect to the 

physiological limits. The results showed us an increase in the number of somatic cells in 

cows with subclinical mastitis over the limit (<400.000 SCC/ml.), with an average 

between 740.120 SCC/ml and 1.077.273 SSC/ml (chart 1). The pH was alkaline with a 

maximum of 7.55 and the average freezing point between -0.590  and - 0.630 (chart 2, 3). 

 

 
Chart 1 - Somatic cells count from normal and mastitis milk 
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Chart 2 - Milk freezing point average  Chart 3 - Milk pH average  

 

 

The results of milk microbiological exam  
 

After the microbiological exam processing of the milk samples, were isolated nine 

different species of microorganisms from all samples, of which seven bacterial species 

and two types of fungi. The predominant bacterial species were Staphylococcus 

intermedius (45.45%), Streptococcus agalactiae (31.81%) and Bacillus cereus (27.27%). 

 

 

The results of milk antioxidant status determination and the level of 

milk fat oxidation 
 

The biochemical analyses carried out revealed that the total antioxidant activity of 

milk decreases in mastitis milk samples compared with normal ones. Thus, in normal 

milk samples the values ranged between 10.30 µmol/ml and 11.92 µmol/ml, while in the 

mastitis milk the average samples ranged from 7.75 µmol/ml and 8.43 µmol/ml (chart 4).  

These reductions are directly proportional to the oxidative degradation of lipids. 

As seen in chart 5, the peroxidation level significantly increased mastitis. The milk 

collected from healthy cows, the concentration malonil-dialdehyde (MDA), lipid 

peroxidation index, showed mean values between 14.54 nmol/ml and 16.84 nmol/ml, 

while the MDA media mastitis milk was between 38.53 nmol/ml and 49.97 nmol/ml. 

Moreover, lipid peroxidation level is correlated with increased somatic cells (chart 6). 

 

 
Chart 4 - Milk total antioxidant activity 

 
Chart 5 - Changes in milk MDA concentration  
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Chart 6 - Changes in MDA concentration in milk and NCS 

 

 

 

The results of the milk proteins oxidation  
 

  For mastitis milk samples, in all experiments the average oxidative protein 

concentration was more increased than the average for healthy cows, with an average 

value of about 12 µmol/mg for healthy cows and 19 µmol/mg for cows with subclinical 

mastitis. Furthermore, there is a correlation between lipid peroxidation and protein. As 

seen in chart 7, increased lipid peroxidation processes lead to an increase in oxidative 

degradation processes of proteins.  
 

 
Chart 7 - Intensification of lipid peroxidation together with increased of 

 oxidative protein concentration 

 

Results of milk antioxidant enzyme activity 
 
 

Regarding the determination of antioxidant enzyme activity, the first enzyme 

determined in milk was lactoperoxidase (LPx). This was significantly increased in 

mastitis milk with averages of 3 U/ml in normal milk at 5 U/ml in mastitis milk (chart 8). 

Moreover, a large number of somatic cells in mastitis milk is correlated with a high 

activity of lactoperoxidase (chart 9). 
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Chart 8 - LPx variation in milk  

 
Chart 9 - Correlation between SCC and LPx 

 

Results of milk and blood antioxidant enzyme activity 
 

For all periods studied, superoxide-dismutase (SOD) did not significantly changed  

the activity either in the blood or in milk (chart 10). Unlike SOD, catalase activity, 

showed slight increases in both areas studied, the average activity being of approximately 

1.45 U both in milk and blood of healthy cows and an average of 2 U in samples from 

cows with subclinical mastitis (chart 11). 

 
Chart 10 - SOD average in milk and blood  

 
Graph 11 - catalase average in milk and blood  

 

Unlike the enzymes above, glutathione peroxidase (GPx) increased significantly in 

mastitis milk, reaching average values of 60 U, compared with the average of 23 U 

obtained in normal milk (chart 12). 

 
Graph 12 - GPX activity in milk 
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We issued three hypotheses that could explain this variation of glutathione 

peroxidase activity: 

1-increased activity of this enzyme in milk due to an increase in the concentration / 

activity in the blood; 

2-in milk the enzyme associates with caseins, and casein hydrolysis intensive processes 

would lead to its release and therefore to an increased activity; 

3-the enzyme can be produced by the pathogens. 

The first hypothesis was not confirmed by the laboratory data obtained. As seen in 

chart 13, the enzyme does not change its activity in the blood, the values were similar, 

with an average of about 104 U/g Hb  in both cows with and without mastitis. 

The second hypothesis is based on the way in which this enzyme exists in milk, in 

a combination related to caseins. The results obtained showed that no significant changes 

in total protein content occur in mastitis milk, but there are changes in the ratio of casein 

and soluble proteins. Chart 14 shows decreases in the amount of casein protein content 

concomitantly with an increase of lactoser protein content.  

 

 
Graph 13 - GPX activity in milk and blood 

 

 
Chart 14 - Changes in lactoser protein 

concentration and casein  

 

Changes in protein profile of milk were also confirmed with electrophoresis 

techniques. The main proteins identified were: lactoferrin, BSA, bovine serum albumin, 

immunoglobulins, -casein, -casein, k-casein,-lactoglobulin and -lactalbumin. For 

normal milk figure 1 shows the corresponding intense caseins bands, bands that decrease 

in intensity for mastitis milk. Simultaneously, one can observe diffuse bands in the 

intermediate region between -lactoglobulin and casein, an area that corresponds to the 

casein hydrolysis products. 

The intensification of hydrolysis of casein directly correlates with the somatic cell 

count and pathogenic bacteria present in milk. For mastitis milk samples, the intensity of 

the bands in the intermediate region is higher for those with a greater number of somatic 

cells ("area b") as compared to those with a small number ("area c"). The intensity of 

hydrolysis is dependent on the type of pathogen involved in infection. Thus, if one 

compares the areas B and D (fig. 2), one can note that the number of somatic cells is 

similar in samples, but the protein profile is much different. Thus, the sample 

corresponding to "area B" is more intense in the hydrolyzed casein, as in this sample we 

identified a species of Staphylococcus intermedius. 
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 The sample corresponding to "area d ', in which casein hydrolysis is lower, 

contains pathogens of the species Streptococcus agalactiae. To highlight the changes in 

the lactoser proteins we conducted a two-dimensional electrophoresis analysis. By this 

analysis we followed the profile of proteins of blood origin present in milk, namely BSA 

and Ig. So, for mastitis milk samples one can observe intense areas in case of bovine 

serum albumin (BSA) and immunoglobulin,  especially those with a long-chain (fig. 3). 

 

 
Figure 1 - Major proteins identified 

  in milk 

 
Figure 2 - Correlation between profile 

  protein and SCC 
 

 

 

  

Figure 3 - 2D-PAGE two-dimensional gels obtained from lactoser protein separation  

 

 

Results of amino acid content variation in milk 
 

In as far as the content of total amino acids is concerned, it significantly increases 

in mastitis milk compared to normal milk. So for all the samples analyzed, the values 

were over 20 times higher, averaging between 12 073 mg/ml and 10 861 mg/ml in 

mastitis milk and 553 mg/ml and 622 mg/ml in normal milk. These data confirm the 

results obtained in the analysis of protein profile of milk, the increase of the amino acid 

content being due to the proteolytic processes occurring at the level of the caseins in 

subclinical mastitis. As shown in chart 15, there are variations between the different types 

of amino acids. 

 



„Laboratory methods used for subclinical mastitis diagnosis in cattle”                                                                                                                                   

Ph.D. THESIS 

 

 
X 

 

 
Chart 15 - Variation of the amino acid percentage in milk 

 

The third hypothesis issued is based on the action mechanism of pathogenic 

bacteria that can adapt to oxidative stress by activating glutathione peroxidase enzyme. 

The statistical study showed a direct correlation between the activity of glutathione-

peroxidase and the increase in the total number of bacteria (table 4). 

 

 

Table 4 

Correlation between GPX activity enzyme in milk, the somatic cell counts, CFU and 

the milk caseins concentration in mastitis milk 

Correlation Pearson “r” IC 95% “p” R
2 

 

GPx 

activity 

U.mL
-
 

SCC/mL
-1

 0,0191 -0,6534 - 0,6748 0,9610 0,00036 

CFU/mL
-1

 0,1785 -0,5511 - 0,7534 0,6459 0,03187 

Caseins/mg.mL
-1

 -0,2606 -0,7884 – 0,4881 0,4983 0,06790 

 

 

CHANGES OF MILK LIPOPHILIC COMPOUNDS INDUCED BY 

SUBCLINICAL MASTITIS AND THE IMPACT  

OF MILK QUALITY  

 

PURPOSE OF RESEARCH 

 

  Based on the nutritional importance of lipophilic compounds present in milk, in 

this chapter we followed the changes induced by subclinical mastitis in concentration of  

milk soluble vitamins, fatty acids profile and cholesterol concentration. Thus, the general 

steps were followed: 
 dosage of provitamins A in milk (β-carotene, total carotenoids);  

 determination of milk soluble vitamins (A - α-retinol and E - α-tocopherol); 

 determination of milk fatty acids; 

 determination of total cholesterol in milk; 

 evidence of correlations between them and their influence in the diagnosis of 

subclinical mastitis and milk quality.  
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MATERIAL AND METHOD 

 

The research was conducted over three years, between 2009 - 2011, on mastitis 

and healthy milk samples collected from cows in Farm A and B. 

Biochemical analyses were performed in the Department of Veterinary 

Reproduction, Obstetrics and Gynaecology and Department of Biochemistry from the 

Faculty of Veterinary Medicine in Cluj-Napoca. Table 5 presents the parameters analyzed 

and the methods used: 

Table 5 

Biochemical parameters and methods of analysis 

No. Parameters determined Methods of analysis 

1. 
Determination of 

antioxidant vitamins in milk 

Liquid chromatography High-performance - HPLC 

► Shimadzu pump system LC-20 AT 

► SPD-M20A photodiode detector with data processing software 

► injector Rheodyne loop of 20 ml 

► LiChrosorb RP18 column Hibar 250-4 column (5 mm), 25 cm x 4.6 mm 

► mobile phase - acetonitrile: methanol (85:15, izocratic)  

2. 
Determination of fatty acids 

and cholesterol in milk 

Gas chromatography 

Shimadzu gas chromatograph GC-FID detector 2010; 

 

RESULTS AND DISCUSSIONS 

 

Results of milk provitamin A dosage  
 

In our studies we observed changes in the concentration of antioxidant vitamins 

and provitamins milk. In case of β-carotene and total carotenoids provitamins the values 

were below the detection limit. 

 

Results of milk vitamin A and E dosage 
 

Regarding the results of fat-soluble vitamins in milk dosage, Chart 16 clearly 

shows that in all three experiments performed both the α-retinol and α-tocopherol values 

were lower in cows with subclinical mastitis than in healthy cows, with an average of 13 

mg/ml in terms of α-retinol in mastitis and 17 mg/ml in healthy milk and 50 mg/ml α-

tocopherol for mastitis milk and 63 mg/ml in normal milk. Decreased levels of these 

vitamins can only be explained by their antioxidant function. 

 

 
Chart 16 - Changes in milk α-retinol and α-tocopherol concentration   
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Results of the milk fatty acids profile and milk cholesterol  
 

Comparative analysis of data from fatty acid analysis reveals that in mastitis milk 

samples the proportion of fatty acids increases, particularly the stearic acid, with an 

average of about 65% as compared to 57% in normal milk, along with a decrease in 

unsaturated fatty acids (chart 17). The decrease in unsaturated fatty acids is explained by 

the fact that the main substrate of lipid peroxidation is the double link present in these 

acids. 

 With regard to cholesterol dosing, in mastitis milk their content decreases below 

the detection limit. Mean values in normal milk ranged from 10.84 and 11.20 mg/100 ml 

mg/100 ml, which is consistent with data presented by literature, and between 6.28 

mg/100 ml milk 7.28 mg/100 ml milk (chart 18) in mastitis milk. Cholesterol decrease in 

mastitis milk is not a positive sign, as the decrease of the signal corresponding to 

cholesterol, sometimes below the detection limit, is accompanied by the emergence of a 

new signal, which corresponds to cholesterol oxidation products. Recent studies have 

shown that these oxidation products are harmful to animal and human body. 

 

 
Chart 17 - Changes in classes of milk fatty acids  

 
Chart 18 - Average of cholesterol in milk samples 
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GENERAL CONCLUSIONS AND PRACTICAL RECOMMENDATIONS 

 

1. the epidemiological surveillance of mastitis is a major component of mastitis 

control and combat programs. The epidemiological study applied to the two farms 

studied allowed us to conclude that exploitation technology, milking technology and 

the system of prevention of the mammary gland diseases are very important: 

   ● the diagnosis of subclinical mastitis in the two farms studied allowed us to identify a 

number of 56 cows in Farm A with the Waikato method, with a monthly average 

incidence of 3.45% in 2008 and a number of 51 cows in 2009, with an monthly incidence 

average of 3.27%; with the Afifarm program in Farm B, in the period 2008-2009 the 

monthly  incidence average was  0.42% (25 cows ) in 2008 and  0.33% (19 cows) in 

2009;  

   ● we can say that with AfiFarm program - the most advanced management software for 

dairy farms worldwide, the diagnosis of subclinical mastitis is much more easily 

established, as it correlates the dynamic female activity, the amount of milk during 

milking and the electrical conductivity of milk; 

 

 2. the epidemiological study conducted over 2 years within the framework of the 

two farms showed that the incidence of subclinical mastitis is dependent on various 

intrinsic factors such as season, animal breed and age, stage of lactation and 

mammary gland production  and anatomical position of the quarters: 

   ● in terms of development in time, we can say that there is a variable distribution from 

month to month, the highest incidence being recorded at both farms in the summer 

months (June - August), with average values ranging from 4.37% and 6.06% at Farm A, 

0.63% respectively 1.23% at Farm B, the opposite being in the winter months (October-

January), with values between 1.45% and 2.91 % at Farm A respectively 0.00% and 

0.41% at Farm B; 

   ● the highest percentage of subclinical mastitis was shown in breed cattle Romanian 

Spotted with Holstein Friesian breed cattle (55.35% -  2008; 50.98% - 2009) and the 

lowest incidence Romanian Spotted breed (14.28% - 2008; 21.56% - 2009); 

   ● analyzing the frequency of subclinical mastitis in cows with respect to: age, at the 

level of both farms, the highest incidence was found in cows classified as 4-6 years old 

(62.50%, 56.85% - Farm A, 56, 00%, 73.68% - Farm B) and lowest in cows under 3 

years old (12.50%, 17.64% - Farm A, 12.00%, 5.26% - Farm B); 

   ● the epidemiological study of subclinical mastitis conducted in cows in relation to the 

lactation stage showed that the occurrence of these disorders is directly proportional to 

the number of lactations, so that in both periods, at the two farms studied, the highest rate 

was recorded in cows in the 4th lactation (46.42%, 49.01% - Farm A, 48.00%, 42.10% - 

Farm B) and the lowest incidence was recorded in cows at first lactation (8.92% , 11.76% 

- Farm A, 12.00%, 10.52% - Farm B); 

   ● direct correlations were found between milk production and the incidence of 

subclinical mastitis. Thus, both in 2008 and in 2009 the highest incidence was recorded 
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in cows with production over 15 l/day (69.63%, 58.82%-Farm A, 72.00%; 78 94% - 

Farm B); 

   ● overall analysis of the results obtained during the monitoring period, in relation to the 

quarter affected by their anatomical position showed that the highest frequency ocurs in 

cows with the hindquarters affected (69.63%, 58.82%-Farm  A, 76.00%, 84.21% - Farm 

B), while the frequency is much lower in the case of forequarters (30.35%, 41.17% - 

Farm A, 24.00%, 15.78% - Farm B);  

 

3. We carried out a study aimed at revealing certain biochemical indicators of 

oxidative stress in milk from cows diagnosed with subclinical mastitis, indicators that 

can be used in the laboratory to diagnose subclinical mastitis still in subclinical phase: 

   ●  the results of the metabolic parameters showed physiological values in both healthy 

cows and cows with subclinical mastitis, except for total proteins and globulins: 

    - average of total proteins (9.14 g/dl-E1; 10.23 g/dl-E2; 9.20 g/dl-E3) and globulins 

(5.76 g/dl-E1, 5.44 g/dl-E2, 5.80 g/dl-E3) in cows with subclinical mastitis was much 

higher than the average of total proteins (7.50 g/dl-E1; 7.20 g/dl-E2; 7.60 g/dl-E3) and 

globulins (3.95 g/dl-E1; 4.10 g/dl-E2; 3.78 g/dl-E3) in the blood of healthy cows; 

   ● the determination of somatic cell count revealed values over the limit in mastitis 

samples and normal values in normal samples taken from healthy cows, the animals 

considered healthy showed SCC values between 120 and 300-mL SCCx10-3 while limits 

of the number of somatic cells of cows with subclinical mastitis ranged between 500 and 

1,500-mL SCCx10-3; 

   ● physico-chemical parameters determination of mastitis milk with Ultra Ekomilk 

device found, in all cases, a change of the pH and freezing point for mastitis samples. In 

all mastitis milk samples analyzed the average freezing point was lower between -0.6300 

C and pH showed values well above the accepted normal range (6.5 to 6.7 at 20 
0
C), is 

located in alkaline with an average of 7.55; 

   ● microbiological examination of mastitis milk samples showed the existence of a 

number of seven bacterial species and 2 types of fungi. Predominant bacterial species 

were Staphylococcus intermedius (45.45%), Streptococcus agalactiae (31.81%) and 

Bacillus cereus (27.27%); 

  ● the concentration and specific milk protein profile changes for subclinical mastitis: 

   - for total proteins in the milk collected from healthy cows the values were within the 

limits indicated in the literature (mg/ml-E1 30.52, 30.45 mg/ml-E2; 30.43 mg/ml- E3). 

For mastitis milk, the total protein concentration (29.61 mg/ml-E1; 29.88 mg/ml-E2, 

30.04 mg/ml-E3) did not change significantly as compared with normal milk, but 

important variations occur for soluble proteins and caseins; 

   - samples of milk coming from cows diagnosed with mastitis highlight an increase in 

soluble protein concentration (protein lactoser) (12.03 mg/ml-E1; mg/ml-E2 12.43, 12.22 

mg / ml -E3) as compared to normal milk samples (8.08 mg/ml-E1; mg/ml-E2 8.02, 8.11 

mg/ml-E3) with decreasing concentration in casein (milk mastitis: 16, 57 mg/ml-E1; 

mg/ml-E2 16.69, 17.12 mg/ml-E3, normal milk: 22.42 mg/ml-E1; mg/ml-E2 22.39, 23.11 

mg/ml-E3); 

   - in mastitis milk decreases were observed along with increased concentration of 

caseins simultaneously with an increase of soluble proteins of blood origin, in case of 
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bovine serum albumin and immunoglobulins. These variations occurred in the protein 

profile directly relate to the number of somatic cells present in milk and the total number 

of germs/ type of pathogen that caused the infection; 

   - pathogens involved in infection release proteolytic enzymes whose specificity is 

different from caseins (which explains their different hydrolysis) and the organism reacts 

to these infections with a similar immune response (which explains the presence of 

similar amounts of lactoferrin, BSA and immunoglobulins); 

   - intensification of hydrolytic processes in the milk caseins (as evidenced by lower 

casein concentration, the substrate preferred proteases released by pathogens infect the 

mammary gland) increases sharply the amino acid content in mastitis (μg/ml-E1 

12073.06, 11150.37 μg/ml-E2; 10861.74 μg/ml-E3) compared to normal milk (619.82 

μg/ml-E1; 553 97 μg/ml-E2; 622.45 μg/ml-E3) for all samples analyzed, values of over 

20 times higher as a result of proteolytic processes that occur in the caseins;  

   ● total antioxidant activity of milk showed significant changes, when compared with 

normal samples mastitis. Milk from cows with subclinical mastitis present a low 

antioxidant activity (8.43 μmol/mL-E1; 7.75 μmol/mL-E2; μmol/mL-E3 8.28) than 

normal milk (10.39 μmol/mL-E1; 11.92 μmol/mL-E2, 11.24 μmol/mL-E3) leading to the 

accumulation of reactive oxygen species and oxidative stress setting, there has been 

observed a direct correlation between the antioxidant status (8,43 μmol/mL-E1; 7.75 

μmol/mL-E2; 8.28 μmol/mL-E3) and the severity of infection/the number of somatic 

cells present in milk (1077.273 SCCx10
-3

 ml - E1, 900,875 SCCx10
-3

 ml - E2, 740.120 

SCCx10
-3

 ml - E3); 

   ● the oxidative stress occurred in the infected mammary gland and in the milk from 

cows with subclinical mastitis was demonstrated by an increased plasma oxidative 

degradation of lipids and proteins of milk: 

   - malonildialdehide concentration, indicator of lipid peroxidation was significantly 

increased in mastitis milk samples (48.97 nmoli/ml-E1; nmoli/ml-E2 43.89, 38.53 

nmoli/ml-E3) as compared to normal milk samples (16.84 nmoli/ml-E1, 15.60 nmoli/ml-

E2; 14.54 nmoli/ml-E3); 

   -  it has been demonstrated that in all samples of milk taken from cows with subclinical 

mastitis, the increase of the lipid peroxidation processes lead to an increase in protein 

carbonyl concentration (milk mastitis-19, 16 μmoli/mg-E1, 19.06 μmoli/mg-E2; 18.93 

μmoli/mg-E3, normal milk: 12.17 μmoli/mg-E1; 12.32 μmoli/mg-E2, 12.14 μmoli/mg-

E3), therefore, to an increase in the degree of oxidative degradation of proteins; 

  ● in cows with subclinical mastitis there are variations in the activity of antioxidant 

enzymes present in the blood and milk: 

   - in case of catalase (mastitis milk: 2.12 U/ml-E1; 2.09 U/ml-E2; 2.07 U/ml-E3, normal 

milk: 1.55 U/ml-E1; 1.56 U/ml-E2; 1.45 U/ml - E3) and superoxide dismutase-(mastitis 

milk: U/ml-E1 1065, 1066 U/ml-E2, 1050 U/ml-E3, normal milk: 1044 U/ml-E1, 1041 

U/ml-E2, 1036 U/ml-E3), slight increases were observed in milk from cows with mastitis 

as compared to healthy cows, the activity of such enzyme not correlating with increased 

somatic cell count in milk; 

 - in case of subclinical mastitis, the level of lactoperoxidase increases in affected cow 

milk (U/ml-E1 5.30, 5.28 U/ml-E2; 5.21 U/ml-E3) as compared with milk from healthy 
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cows (3,23 U/ml-E1; 3.25 U/ml-E2, 3.16 U/ml-E3), thus there is a direct correlation 

between increased lactoperoxidase and increased milk somatic cell samples; 

   ● a significant increase in glutathione peroxidase activity in mastitis milk has been 

demonstrated (60.37 U/ml-E1; U/ml-E2 60.32, 60.14 U/ml-E3), the recorded values 

being statistically significantly increased as compared with those for normal milk (23.09 

U/ml-E1; 23.02 U/ml-E2; 22.94 U/ml-E3), but the blood does not present changes in 

respect with mastitis milk or healthy milk: 

   - the increase in the activity of the enzyme in mastitis milk statistically correlates with 

the number of cells and total number of germs; the increase of the enzyme activity was 

explained primarily by hydrolysis of the casein-enzyme complex, leading to a release of 

this enzyme and, on the other hand, the antioxidant defense mechanisms specific to the 

pathogens; 

 

4. based on the study aimed at monitoring the changes induced in the lipophilic 

compounds of milk by subclinical mastitis in cows and its impact on the quality, we can 

draw the following conclusions: 

   ● the concentration of the provitamins and antioxidant fat soluble vitamins studied, 

presents significant decreases in milk from cows diagnosed with subclinical mastitis in 

subclinical phase as compared to those in healthy milk. Β-carotinoide and carotinoides 

were below the detection limit and the concentration of soluble antioxidant vitamins 

studied (retinol: 13.87 μg/100ml-E1; 12.97 μg/100ml-E2; 13.45 μg/100ml-E3 and 

tocopherol: 50.27 μg/100ml-E1; 50.45 μg/100ml-E2, 49.86 μg/100ml-E3) presents 

significant decreases in milk from cows diagnosed with subclinical mastitis in subclinical 

phase as compared to those in milk from healthy cows (retinol: μg/100ml-E1 17.26, 

17.63 μg/100ml-E2; 17.32 μg/100ml-E3 and tocopherol: 63.60 μg/100ml-E1, 64.11 

μg/100ml-E2; 63.70 μg/100ml-E3). Vitamins decrease is explained precisely by 

exercising their antioxidant role; 

    ● the comparative study of fatty acids profile in normal and mastitis milk revealed that 

mastitis milk contains higher proportions of short chain saturated fatty acids C10 - C14, 

and stearic acid (66.85%-E1; 61.00%-E2, 67.85%-E3) as compared to normal milk 

(60.60%-E1, 56.60%-E2, 59.64%-E3), but we could notice a small proportion of 

unsaturated acids; 

    ● subclinical mastitis causes qualitative and quantitative changes in the total 

cholesterol present in milk. In mastitis milk there appears a decrease of the total 

cholesterol concentration (6.28 mg/100 ml-E1, 6.87 mg/100 ml-E2, 7.28 mg/100 ml-E3) 

along with the development of cholesterol oxidation products.  
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RECOMMENDATIONS 
 

Given that good quality milk (low somatic cell count and total germ count) has a 

better delivery price than that in which these elements are in large quantity, early 

diagnosis of subclinical mastitis should be a priority for each farmer, prevention 

leading to avoidance of economic losses due to the therapeutic costs of these primary 

affections. Supervision of the breeding activity and hence the performance of the 

mammary gland involves using an efficient program, which increases the exploitation 

life of dairy cows, their performance with low costs. These issues presented in 

conjunction with the results of epidemiological research carried out, allow us to 

recommend the  implementation in all Romanian farms of a new program for the 

surveillance of the performance of the mammary gland, such as Afifarm. 

The biochemical study revealed that in subclinical phase, mastitis infection 

causes oxidative stress. This manifests itself both in blood and in milk secreted by the 

infected mammary glands. So far, the data in the literature suggest three parameters of 

oxidative stress that can be applied in laboratories for the diagnosis of subclinical 

mastitis in cows: lactoperoxidase and catalase (category enzyme antioxidant) and lipid 

peroxidation level. All these factors are directly relate with the increased of milk 

somatic cells. We consider the results obtained in this study to be of interest, because 

we have managed to establish new correlations between the glutathione-peroxidase 

enzyme activity and the number of somatic cells in milk collected from cows with 

mastitis in subclinical phase (so far, no data have been identified in the literature to 

present these correlations). Moreover, the additional tests performed (microbiological 

analysis and milk protein profiling) have demonstrated the mechanisms responsible for 

the increase of the activity of this enzyme in milk. 

Thus, based on the research conducted, we believe that in terms of oxidative 

stress we identified two new indicators that in the future could be used in laboratories 

for the early diagnosis of subclinical mastitis in cows – the glutathione-peroxidase 

activity and the protein carbonyl concentration . 

The analyses performed have shown that, in terms of quality, milk from cows 

with subclinical infections presents drastic changes, affecting its nutritional value. 

Thus, increased milk somatic cell count leads to significant decreases in the 

concentration of provitamins A and fat soluble vitamins A and E, as well as of the 

essential fatty acids level, all these components being essential nutritional factors for 

growth and metabolism in humans and animals. Also, from a toxicological point of 

view, the consumption of foods containing fatty acids and cholesterol oxidation 

products (and hence the milk from cows with subclinical mastitis, which often is used 

for food) should be avoided. Such compounds can have negative effects, being 

considered cytotoxic and even mutagenic.  
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