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Abstract. Mastitis is an important udder disease causing loss of yield in dairy cattle farming and 

environmental factors that play a significant role in the emergence of the disease. Factors, such as infectious 

diseases, live weight, cattle breed, nutritional status, environment and milking hygiene, which are thought 

to affect the presence of mastitis disease were discussed in the study. The data of the study was obtained 

randomly from the records of veterinarians and small and medium-sized enterprises operating in the two 

provinces of Turkey. Based on these results, we found that the environment and milking hygiene, and 

adequate and balanced nutrition would lead to a 6.2%, 11.3%, and 94.9% lower risk on mastitis, 

respectively. Of the other hand, it was determined that cattle with various symptoms of infectious diseases 

had a 4.3 times greater risk of mastitis than healthy cattle. It was concluded that taking into account the 

impact rates of factors affecting the risk of mastitis of enterprises, it can contribute to the prevention of milk 

yield losses. 
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Introduction 

Mastitis disease is one of the biggest problems that cause yield losses in milk 

production enterprises. It is reported that more than 130 microorganisms cause the 

occurrence of mastitis (Lakew et al., 2009; Tel et al., 2009). Mastitis is observed in two 

ways depending on the clinical course. The first is subclinical mastitis, which is not taken 

seriously by farmers because it is invisible to the eye and can be described as a latent 

disease, while the other is clinical mastitis, which is manifested by symptoms such as 

hardening, swelling, flushing in the udder tissue (Ndahetuye et al., 2020; Cobirka et al., 

2020). Mastitis disease causes milk yield losses both directly and indirectly. The direct 

effect of mastitis is the milk yield loss caused by the damages in udder tissue over time. 

On other hand, losses that it causes in reproductive performance and increases that it 

causes in treatment expenses can be shown as examples of the indirect effect of mastitis 

(Özyurt, 2013). 

Research results noted a negative correlation between mastitis and reproductive 

performance (Chebel et al., 2004). This may indirectly affect milk yield losses in cases 

where there is failure to conceive or due to delayed insemination. Guimaraes et al. (2017) 

reported that cattle might suffer from milk loss up to 77% due to mastitis during the 

lactation period. In the studies conducted in different periods in Turkey, mastitis findings 

showing differences between 5% and 60% by provinces were encountered (Sabuncuoğlu 

et al., 2003; Kılıç and Keskin, 2019). Mastitis is not only a problem in the undeveloped 

countries, but also always an important risk factor in modern dairy farming enterprises in 

developed countries. In a study conducted in the Netherlands, as a developed country on 

dairy cattle breeding, it was found that 38% of dairy cattle (Rougoor et al., 1999) had 

mastitis, while in another study conducted in dairy farming enterprises in France, it was 
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reported that 29% of cows had mastitis (Longo et al., 2001; Sabuncuoğlu and Çoban, 

2006). 

Given the large economic losses caused by mastitis disease in dairy farming 

enterprises, it is clear that the impact rates of the factors causing mastitis should be 

determined by appropriate regression models. The presence of mastitis disease discussed 

here and some of the factors affecting it are qualitative (categorical) variables, and some 

are continuous variables. Since qualitative variables indicate the presence or absence of 

a characteristic, the way to digitize these characteristics is to create dummy variables that 

take values of 0 and 1 (Gujarati and Porter, 2009; Güneri and Durmuş, 2020). In the model 

created in this study, like independent variables, dependent variables include Bernoulli 

random variables consisting of categorical data with two options (1/0). 

The risk of mastitis in cattle is not only microbial, but also under the influence of some 

environmental factors. For example, this disease can also develop due to many 

environmental factors such as weather conditions, age, weight, nutrition and care status 

of the animal (Mekonnen et al., 2017; Jamali et al., 2018; Özenç, 2019). In order to model 

mastitis findings under the influence of these factors, instead of the least-squares (LS) 

method, it is necessary to take advantage of approaches that better explain binary 

dependent variables (Long and Freese, 2014; Mert, 2016). For this purpose, by using 

Logit and Probit regression models, it was attempted to explain the impact rates of factors 

that could cause the presence of mastitis disease leading to a significant loss of yield in 

dairy cattle. In this way, it is aimed to draw attention to the effect rates of some 

environmental factors that will reduce mastitis to the lowest incidence. 

Materials and Methods 

The research was carried out in 2020 in Adıyaman (37.763650; 38.277259, 

GPS: 37° 45' 49.14" N 38° 16' 38.132" E) and Şanlıurfa (37.167404; 38.795515; 

GPS: 37° 10 '2.654" N 38° 47' 43.854 " E) provinces taking place in the Southeastern 

Anatolia region of Turkey. The data were obtained randomly from some small (1 to 10 

head) and medium-sized (11 to 100 head) cattle enterprises located in the rural area in 

question. For this purpose, the records of veterinarians serving in the region were also 

used. In the records, information such as cattle’s earring numbers, breeds, farms in which 

they are located, disease symptoms, body weight, age, and artificial insemination was 

reached. Cattle with missing registration information and some variables were eliminated, 

and data obtained from the remaining 180 dairy cattle were used. By visiting the 69 

enterprises where the cattle in question were registered, feeding conditions, and 

environment and milking hygiene of cattle were observed. In addition, as a result of a 

survey conducted with owners of the enterprises, factors related to the environment and 

milking hygiene were scored with values between 0 and 100 points. Descriptions related 

to the dependent and independent variables to be included in the regression model are 

given in Table 1. 

The presence of mastitis in dairy cattle in the enterprises was defined as a dependent 

variable (Y). Whether there was mastitis (1) or not (0) was coded as a binary categorical 

variable. The live weight of cattle, which were considered as independent variable, was 

defined by X1 and its unit was kg. Environmental hygiene (X2) and milking hygiene (X3) 

in the enterprises were scored between zero and one hundred (0-100). 
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Table 1. Descriptions of dependent and independent (explanatory) variables 

Variables 
Meaning of 

the variable 
Description Codding 

Dependent 

(Y) 
Mastitis 

Whether or not there is mastitis in cattle in 

randomly determined enterprises 

Mastitis yes=0 (Reference) 

Mastitis no=1 

Independent    

(X1) Live weight 
Live weight of the cattle 

(Continuous variable) 
kg 

(X2) 
Environmental 

hygiene 

Hygiene status of the enterprise: 

scored between 0 and 100 

Low score = poor hygiene 

High score = good hygiene 

(X3) 
Milking 

hygiene 

Whether attention is paid to milking 

hygiene: scored between 0 and 100. 

Low score = poor hygiene 

High score= high hygiene 

(X4) 
Infectious 

disease 

Whether cattle have any infectious 

diseases (categorical variable) 

No disease=0 (reference) 

Have disease = 1 

(X5) Nutrition Balanced nutritional status of dairy cattle 
Malnutrition =0 (Reference) 

Adequate Nutrition = 1 

(X6) 
Cattle breed 

 

Breeds of cattle in the enterprises 

(categorical variable) 

Local breed = 1(Reference) 

Holstein friesian = 2 

Simmental = 3 

 

 

A low score indicates that hygiene is poor and bad, while a high score indicates that 

hygiene conditions are good. Environmental and milking hygiene scores were categorized 

as in Table 2. As can be seen in Table 2, 20 points were given for each operation 

performed by farmers in terms of environmental and milking hygiene; thus, the enterprise 

performing all expected operations earned a score of 100. 

 
Table 2. Classification of scores given for environmental and milking hygiene procedure. 

 Hygiene procedure 

Scores Environmental hygiene Milking hygiene 

1-(20%) Dry base Simple udder and teat cleaning 

2-(40%) Material hygiene 
Application of disinfectant to teats before 

milking 

3-(60%) Periodic environmental disinfection Cleaning with disposable cloths 

4-( 80%) 
Disinfecting shoes at the entrance to the 

enterprise 
Cleaning milk residues at the end of milking 

5-(100%) 
Outsiders are not allowed to enter into the 

enterprise and milking households 
Applying teat dipping at the end of milking 

 

 

Whether the cattle in question had any infectious diseases was defined by X4. Cattle 

that had disease were coded by “1”, while cattle that did not have disease were accepted 

as references and coded by “0”. The nutritional status defined as X5 was coded by “1” if 

the cattle were fed with an adequate and balanced ration, and by “0” if they were fed 

insufficiently and with haphazard feed. Cattle breeds in the enterprises (X6) were coded 

as local breed (1), Holstein (2), and Simmental (3). Local breed was accepted as the 

reference. In the region in general, as a local breed, there is South Anatolian Red (SAR), 

which is adapted to hot climatic conditions. 

In short, as seen in Table 1, the dependent variable is a binary variable, while the 

independent variables are categorical, binary categorical, and continuous variables. In 

regression model estimations to be made by LS method, problems such as the occurrence 
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of the problem of changing variance, non-normal distribution of residues, or the loss of 

the importance of the coefficient of determination (R2) can be encountered due to the fact 

that the dependent variable is a binary categorical variable. Therefore, it is more 

convenient to use the logistic model whose parameters are estimated iteratively by the 

maximum likelihood method (Mert, 2016). 

In Logit and Probit regression approaches, assumptions that are in the LS method are 

not sought. The only assumption is that the dependent variable is a binary categorical 

variable such as successful-unsuccessful and sick-healthy (1 and 0). For independent 

variables, there is not any restriction. In other words, independent variables can be 

nominal, ordinal, or continuous. The most basic difference between the Logit model and 

the Probit model is that while the Logit model uses the logistic odds ratio (the odds ratio 

is the probability obtained by dividing the probability of an event occurring by the 

probability of it not occurring), the Probit model uses the Gaussian distribution function. 

In logistic regression, the probability of the interested event is 𝑃𝑖 , and the dependent 

variable is shown as ln (𝑃𝑖/(1-𝑃𝑖)) and it is defined as a Logit function (İnal et al., 2006; 

Mert, 2016). 

Logit regression model 

In logistic regression analysis, as in other model configuration methods, the goal is to 

create the best prediction model with minimum independent variables. As in linear 

regression, in logistic regression analysis, estimates are tried to be made based on some 

variables. However, in linear regression, the value of the dependent variable is tried to be 

estimated by using independent variables, while in logistic regression, the probability of 

occurrence of one of the values that the dependent variable can take is calculated 

(Montgomery et al., 2012). 

Logistic regression is a powerful alternative method that could be used in conditions 

where the assumptions of other methods cannot be met. Moreover, Nusinovici et al. 

(2020) reported that the estimation performance of the logistic regression was at least as 

good as machine learning techniques in some studies. Logistic regression refers to models 

that reveal the shape of the relationship between weak-scale (categorical) variables. 

The basis of the logistic regression model is based on the odds ratio. The odds ratio is 

obtained by dividing the probability of an event occurring by the probability of the event 

not occurring. By taking the natural logarithm of the ratio in question (odds), the 

parameters of the logistic regression model are estimated using the Maximum Likelihood 

method (Gujarati and Porter, 2009). 

Signs of the coefficients belonging to the independent variables in the estimated model 

show the direction of the relationship. A positive coefficient indicates that the probability 

of occurring of an event will increase, and a negative coefficient indicates that it will 

decrease. Another meaning of negative coefficients is that the odds ratio is less than 1 and 

its probability is less than 0.5. The fact that the coefficient is zero means that the 

probability of occurring of an event will not change (Mert, 2016). 

In binary logistic regression analysis, the functions given in Eq.1 and Eq.2 are used. 

 

 𝑃(𝑌) =
𝑒𝑧

1+𝑒𝑧 =
1

1+𝑒−𝑧 (Eq.1) 

 

 𝑃(𝑌) =
𝑒𝛽0+𝛽1𝑋

1+𝑒𝛽0+𝛽1𝑋 =
1

1+𝑒−(𝛽0+𝛽1𝑋) 
 (Eq.2) 
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In case of multivariate model, Z value in Eq.1 is written as in Eq.3 

 

 𝑍 = 𝛽0 + 𝛽1𝑋1 + 𝛽2𝑋2 + ⋯ + 𝛽𝑝𝑋𝑝 (Eq.3) 

 

Beta (𝛽𝑖 ) parameters in Eq.3; 𝛽0 , 𝛽1 , 𝛽2, … , 𝛽𝑃  are the coefficients of the logistic 

regression. 

Calculation of logistic regression parameter coefficients is performed as follows. 

If Q(Y)=1-P(Y), the odds ratio is found as: 

 

 
𝑃(𝑌)

𝑄(𝑌)
=

𝑃(𝑌)

1−𝑃(𝑌)
=

𝑒𝑧

(1+𝑒𝑧)

1−
𝑒𝑧

(1+𝑒𝑧)

= 𝑒𝑧 = 𝑒𝛽0+𝛽1𝑋1+𝛽2𝑋2+⋯+𝛽𝑝𝑋𝑝 (Eq.4) 

 

If the natural logarithm of both sides of the odds ratio equation (Eq.4) is taken, Eq.5 is 

obtained; 

 

 ln
𝑃(𝑌)

𝑄(𝑌)
= 𝛽0 + 𝛽1𝑋1 + 𝛽2𝑋2 + ⋯ + 𝛽𝑝𝑋𝑝 (Eq.5) 

 

If the ratio of two separate odds values to each other is calculated, the odds ratio (OR) 

is obtained: 

 

 𝑂𝑅 =
𝑃(𝑌)

𝑄(𝑌)
= 𝑒𝑍 = 𝑒𝛽0+𝛽1𝑋1+𝛽2𝑋2+⋯+𝛽𝑝𝑋𝑝 = 𝐸𝑥𝑝(𝛽) (Eq.6) 

 

In Eq.6, the Exp(β) values of each parameter are taken as values of the odds ratio. 

Thus, Exp (β) indicates how likely (or how many % more) the variable Y is observed 

under the influence of the variable 𝑋𝑃. The significance of the coefficient 𝛽𝑃 is also 

considered as the significance of 𝑂𝑅𝑃 = 𝐸𝑥𝑝(𝛽𝑃) (Uzmay et al., 2001; Montgomery et 

al., 2012; Güneri and Durmuş, 2020). 

Probit regression model 

Probit analysis, as an alternative to logistic regression, is a model used to find the effect 

of one or more explanatory variables on a binary categorical response variable (alive-

dead, working-not working, sold or not sold, etc.). Both logistic and probit regression 

analyses are quite similar to each other and the obtained probability estimates are close 

to each other. Log-odds are used in logistic regression analysis, while cumulative normal 

distribution is used in probit regression. In other words, the probit is the opposite of the 

cumulative standard normal distribution (Caffo and Griswold, 2006). 

The assumption underlying the probit model is that the response function is in the form 

of Yi = α + β Xi + Ui.  Here, Xi is a variable that can be observed but Yi is a variable that 

cannot be observed. If Yi > 0, Yi=1, but if Yi < 0, Yi = 0. When assigning the result of the 

Yi variable, the c value used as the threshold value is usually taken as zero (0), but another 

number value can also be used instead of zero (Demaris, 2004). If the cumulative normal 

distribution function Ф (z) is defined as Ф (z) = P (Z≤ z) for the normal standard variable 

Z, it can be expressed as: 

 

 𝑃(𝑌𝑖 = 1) = 𝑃(𝑈𝑖 > −∝ −𝛽 𝑋𝑖) = 1 − ∅(
−∝−𝛽𝑋𝑖

𝜎
) (Eq.7) 
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 𝑃(𝑌𝑖 = 0) = 𝑃(𝑈𝑖 ≤ −∝ −𝛽𝑋𝑖) = ∅(
−∝−𝛽𝑋𝑖

𝜎
) (Eq.8) 

 

When there is more than one explanatory variable in the Probit model, it is defined as 

Pr(Y=1/X) = ∅(Xβ). Here, Φ is the standard normal probability distribution. βX is called 

Probit score or index and has a normal distribution. Probit coefficient (β) refers to an 

increase that a unit increase in the estimate will make in the Probit score. The Probit 

coefficient measures the effect that the independent variable will have on the standard z-

value of the dependent variable. The numerical magnitudes of these coefficients have no 

importance and no special interpretation; they only determine the direction and degree of 

the relationship (MacKinnon et al., 2007; Kulendran and Wong, 2011). 

Results and Discussion 

Description of dependent and independent variables belonging to 180 cattle randomly 

determined from the enterprises and their descriptive statistics are given in Table 3. In the 

table, the distribution of each variable by breeds, their means, standard deviations, 

standard errors, and the confidence interval values (limits) are summarized. 

 
Table 3. Descriptive statistics for dependent and independent variables 

Variable 
(X6) 

*Breed 

Total 

Cow 

Cow with 

mastitis 

Proportion 

 
SD 

95% CI for p 

Lower  - Upper 

 1 41 23 0.561 - 0.407-0.715 

(Y) Mastitis 2 67 32 0.477 - 0.357-0.598 

 3 72 30 0.417 - 0.302-0.531 

 1 41 23 0.561 - 0.407-0.715 

(X4) Infectious 2 67 34 0.508 - 0.387-0.628 

diseases 3 72 38 0.528 - 0.412-0.644 

 1 41 17 0.415 - 0.262-0.567 

(X5) Nutrition 2 67 29 0.433 - 0.313-0.552 

 3 72 38 0.528 - 0.412-0.644 

    Mean SD 95% CI for μ 

 1 41 - 465.76 31.83 456.2- 475.3 

(X1) Live 2 67 - 580.90 34.09 573.4- 588.4 

weight 3 72 - 603.96 27.14 596.8- 611.2 

 1 41 - 43.05 24.05 36.05- 50.05 

(X2)Environmental 2 67 - 49.57 20.98 44.09- 55.04 

hygiene 3 72 - 53.47 23.48 48.19- 58.76 

 1 41 - 52.39 20.74 46.02- 58.76 

(X3) Milking 2 67 - 55.24 20.60 50.25- 60.22 

hygiene 3 72 - 58.85 20.71 54.04- 63.66 

(X6) = * Breed was coded as “1, 2, and 3”: 1. Local breed, Southern Anatolian Red (SAR), 2. Holstein 

Friesian and 3. Simmental, SD: standard deviation, CI: confidence interval 

 

 

Data of the study were analyzed and evaluated by using the Stata (2018) package 

program. The data were analyzed according to both the probit and logistic models. The 

fit statistics of the statistical results of the probit model obtained from the definition 
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interval in the Eq.7 and Eq.8 are given in Table 4. Similarly, some fit statistics of the logit 

model are given in the same table for comparison. 

 
Table 4. Some goodness of fit statistics for Logistic and Probit regressions 

Goodness of fit criteria 
Probit 

regression 
P 

Logit 

regression 
P 

LR CHI2  (DF=7) 177.480 0.000 179.770 0.000 

AIC 0.519 - 0.507 - 

PSEUDO R2 0.7128 - 0.722 - 

Cragg &  Uhler's R2 0.837 - 0.843 - 

Mckelvey and Zavoina's R2 0.845 - 0.859 - 

Log Likelihood -35.749 - -34.605 - 

Hosmer Lemeshow CHI2  (DF=8) - - 12.212 0.142 

AIC: Akaike information criterion, LR chi2: likelihood ratio chi-square test,  DF: Degrees of freedom, P: 

probability 

 

 

In general, the Probit and Logit regression analyses gave results close to each other. 

However, since we had to choose one of them in the interpretation of variables, it was 

required to look at the adaptation criteria. As can be seen in Table 4, all goodness of fit 

criteria and test criteria mainly point to the logit model. For example, the fact that the AIC 

value of the logit model is lower than the probit (0.519>0.507) indicates that logit is a 

better model. In addition, the fact that the Log Likelihood value of the logit model is 

higher than the probit model (-35.749<-34.605) again indicates that the logit model 

should be preferred. Moreover, the value of LR chi2 (179.77), which again plays an 

important role in the choice of the model, should be large and significant (p<0.01). Taking 

into account other criteria like these, it was decided to prefer the logit model and make 

evaluations on the results of this model.  

The results obtained by running the following command in Stata (2018) program are 

given in Table 5. In addition, OR (Odds ratio Exp(B)) values obtained from Eq.6 are 

given in the same Table 5: 

Logit Y (X1) (X2) (X3) i.(X4) i.(X5) i.(X6) 

Here, the infectious disease variable (X4) was significant at the level of p<0.05, while 

all other independent variables were significant at the level of p<0.01. This indicates that 

the independent variables are adequate in explaining the dependent variable. 

 
Table 5. Parameter estimates for the Logistic regression model 

Variables 
Coefficient 

B 
SEM Wald df P 

Odds ratio 

Exp(B) 

95% CI for 

Exp(B) 

Lower Upper 

(X1) Live weight 0.043 0.012 12.721 1 0.000 1.044 1.019 1.068 

(X2)Environmental hygiene -0.064 0.016 16.292 1 0.000 0.938 0.909 0.968 

(X3) Milking hygiene -0.120 0.023 27.952 1 0.000 0.887 0.848 0.927 

(X4) Infectious disease (1) 1.449 0.671 4.659 1 0.031 4.257 1.143 15.859 

(X5) Nutrition (1) -2.975 0.710 17.550 1 0.000 0.051 0.013 0.205 

(X6) Breed   9.643 2 0.008    

(X6)  Holstein(2) -4.927 1.622 9.226 1 0.002 0.007 0.000 0.174 

(X6)  Simmental(3) -5.632 1.855 9.215 1 0.002 0.004 0.000 0.136 

Constant -9.915 5.256 3.559 1 0.059 0.000   

SEM: standard error of means, df: degrees of freedom, P: probability, CI: confidence interval 
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Whether there is a specification error in the created logistics model can be understood 

by entering the ‘linktest’ command in the Stata (2018) program. The obtained results are 

given in Table 6, and the ‘hatsq’ statistic was not found significant (p>0.05). This 

indicates that there is no specification error in the model. That is, there is no missing 

variable to be included in the model or an unnecessary variable to be removed from the 

model. Here, the variable ‘hat’ shows the estimated values of the dependent variable. 

‘hatsq’, on the other hand, shows the variable �̂�𝑖
2, consisting of the square of estimated 

values (Mert, 2016). 

 
Table 6. Test results for the specification error 

Mastitis Coefficient Standard error Z P [95%  Conf. Interval] 

hat 1.050 0.172 6.08 0.000 0.712 -   1.389 

hatsq 0.051 0.046 1.11 0.267 - 0.039 -   0.142 

constant -0.219 0.379 -0.58 0.562 -0.963 -   0.523 

Z: Z test statistic, P: probability 

 

 

Before interpreting the logistic model, the ‘collin’ command was used to check 

whether there was multicollinearity between continuous variables in the regression 

model. For this, the following command was run in the Stata (2018) and the results 

showing the vif values were obtained (Table 7): 

collin X1 X2 X3 

Here, the fact that vif values for the live weight(X1), milking hygiene(X2), and 

environmental hygiene (X3) are below five (vif<5) indicates that there is not any 

multicollinearity. Since there can be no multicollinearity between categorical variables, 

there is no need to calculate vif values. 

 
Table 7. Collinearity diagnostics 

Variable VIF SQRT VIF Tolerance R-Squared 

(X1) Live weight 1.02 1.01 0.9791 0.0209 

(X2) Envir. hygiene 1.07 1.04 0.9309 0.0691 

(X3) Milking hygiene 1.05 1.03 0.9498 0.0502 

Mean VIF 1.05    

SQRT VIF: square root of the variance inflation factor 

 

 

When the parameters obtained based on the logistic model are given in Table 5. It was 

observed that the coefficients of the live weight variable and the infectious disease 

variable were positive and the coefficients of the other independent variables were 

negative. In this case, looking at the odds ratio of the live weight variable, it can be 

interpreted that a one-unit increase in live weight increases the likelihood of mastitis by 

1.044 times. In other words, the probability of getting mastitis increases by 4.4%. As the 

age of the animal’s increases, also, there is a natural increase in body weight, milk yield 

and udder tissues. Due to the fact that the udder tissues, especially the nipples are close 

to the ground and contact surface with the bedding material and feces increases and this 

situation reveals the risk of mastitis (Kuczaj, 2003). 
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The coefficient of environmental hygiene is negative, and by looking at its odds ratio, 

it can be interpreted that a one-unit increase in environmental hygiene scores leads to a 

6.2% (1-0.938) decrease in the likelihood of being mastitis. Similarly, it can be also 

interpreted that a one-unit increase in milking hygiene scores will reduce the likelihood 

of being mastitis by 11.3% (1-0.887). Ndahetuye et al. (2020) stated that paying attention 

to environment and milking hygiene may reduce the risk of mastitis in dairy cows with a 

high rate of subclinical mastitis. In addition, many researchers reported that the dryness 

of the bedding material that cattle are in constant contact with reduces the rate of 

contamination in the udder tissue. The reduction of mastitis pathogen risk in dry bedding 

material supports the results of the current study (Jobim et al., 2010; Lago et al., 2011; 

Oliveira and Ruegg, 2014; Fávero et al., 2015). 

It has been reported that streptococci which cause infectious diseases, are one of the 

main causes of subclinical mastitis in cattle herds (Jobim et al., 2010; Oliveira and Ruegg, 

2014). In this study, statistics of data (Table 5) show that cattle showing signs of 

infectious disease are 4.257 times more at risk of mastitis than healthy cattle. Alpay and 

Yeşilbağ (2009) and Zadoks et al. (2001) reported that there is a high degree of positive 

correlation between infectious diseases caused by many microorganisms and mastitis. In 

addition, these investigators stated that many secretions and spills such as nose, eyes, 

saliva, stool, semen and vaginal discharge and milk of infected animals, and placenta and 

fetal tissues play an important role in the spread of the virus to environment. This 

situation, explains why the risk of mastitis is high in cattle with symptoms of infectious 

disease. 

Cattle fed adequately with a good and balanced ration are 94.9% (1 - 0.051) less likely 

to get mastitis compared to cattle fed inadequately and unbalanced (Table 5). Ingvartsen 

and Moyes (2013) stated that feeding with a balanced ration may prevent sudden changes 

in body condition score, so, it increases resistance against diseases by keeping immune 

cell functions at a high level. Inadequate nutrition in terms of vitamin E and selenium can 

lead to an increase in infections in cows (Cengiz, 2009). In addition, Spears and Weiss 

(2008) stated that the incidence of mastitis was reduced by 37% and clinical symptoms 

by 62%, by giving oral selenium and vitamin E (740 IU/day) for 3 weeks before delivery. 

This supports the finding of how effective nutrition is on mastitis. 

In Table 3, mastitis rates of each breed are given. Here, the highest incidence of 

mastitis is in local breeds (56.1%). This is followed by Holstein (47.7%) and Simmental 

(41.7%), respectively. The reason for this is that farmers give more attention to care for 

cultural breeds, and it has been observed that they behave more carefully towards them. 

In this experiment, local breed (SAR) was accepted as a reference, however, it was 

statistically insignificant (p>0.05), so, local breed didn’t compare with Holstein and 

Simmental breed’s mastitis occurrence. However, the possibility of mastitis occurrence 

for each breed are given in Table 9 and have been interpreted separately. 

In Table 8, the classification of cows according to whether they have mastitis are given. 

The predictive power of the Logit model can be seen in this classification table. In the 

Table 8, out of a total of 95 cows without mastitis disease, 87 were classified correctly 

and 8 were classified incorrectly, which indicates that estimation is carried out at a 91.6% 

accuracy level. Similarly, out of the total 85 cows with mastitis disease, 80 were correctly 

classified and 5 were incorrectly classified, which shows that the correct estimate rate is 

94.1%. Overall, it can be said that the model has a high estimation rate (92.8%). 
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Table 8. Classification table 

 
Mastitis Percentage 

correct No Yes 

Mastitis 
No 87 8 91.6 

Yes 5 80 94.1 

Overall percentage   92.8 

 

 

To estimate the impact rates of each of the categorical variables (infectious disease 

(X4), nutrition(X5), and breed (X6)) on mastitis disease, the following ‘margins’ command 

was used in the Stata (2018) program, and the results given in Table 9 were obtained: 

margins X4 X5 X6, at means 

It is seen in the Table 9 that all factors except the local breed factor have a significant 

(p<0.05) impact rate on mastitis. 

 
Table 9. Risk probabilities of categorical independent variables that are effective in the 

mastitis disease 

Categorical variable 
Impact rate 

margin 

Delta-method 

Std. Err. 
Z P 95% confidence interval 

(X4) Infectious Dis.     Lower Upper 

0 0.217 0.089 2.42 0.015 0.041 0.393 

1 0.541 0.107 5.03 0.000 0.330 0.753 

(X5) Nutrition       

0 0.705 0.097 7.26 0.000 0.514 0.895 

1 0.108 0.050 2.15 0.032 0.009 0.208 

(X6) Breed       

(1) Local (SAR) 0.972 0.071 1.59 0.113 -0.026 0.252 

(2) Holstein 0.204 0.091 2.24 0.025 0.025 0.383 

(3) Simmental 0.112 0.036 26.82 0.000 0.901 1.043 

Z: Z test statistic, P: probability 

 

 

As can be seen in Table 9, the probability of getting mastitis in cows without any 

infectious disease (0) is 21.7%, while the probability of getting mastitis in cows with 

symptoms of any infectious disease increases to 54.1%. Since the body resistance of cattle 

fed inadequately with a poor and unbalanced ration (0) weakened, the probability of 

getting mastitis is estimated as 70.5%. However, in cattle fed balanced with a ration (1) 

whose nutrients, minerals, and vitamins balance is well-adjusted, the probability of 

getting mastitis decreases to 10.8%. These results are consistent with the study of 

Sundrum (2015) who stated that the incidence of mastitis increased up to 60% in herds 

with poor care, feeding and adverse environmental conditions throughout the world. On 

the other hand, in an experiment carried out in the same region (Tel et al., 2009), rate of 

mastitis was quite high (72.4%) compared to other parts of Turkey. The researchers 

claimed that this was due to the lack of environmental and milking hygiene and dry period 

treatment habits, especially in small scale family farms. 

When the breed factor was considered, the probability of getting mastitis was 11.2% 

in the Simmental breed, while the rate increased to 20.4% in the Holstein breed (Table 9). 
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Koç (2016) states that, the somatic cell count of the Simmental breed in raw milk is 70 to 

80% lower than the Holstein breed, and Simmental breeds are more resistant against to 

mastitis. Tel et al. (2009) reported that the incidence of mastitis in Simmental cows in 

Turkey was 15.78%. This data supports the research findings obtained from the region. 

In local breeds, this rate was found to be 97.2%, but it was not significant (p>0.05). When 

the reason of this was investigated, it was understood that farmers are take care more to 

cultural breeds that are more economically valuable, but they ignored many factors, such 

as environmental conditions, care, milking hygiene, and nutrition, for local breeds 

because they approach these cattle traditionally. This leads to a decrease in cows’ milk 

yields by increasing the likelihood of developing subclinical mastitis that farmers cannot 

see by eye. Tel et al. (2009) recommended that for overcome of these problems the 

breeders in that region should be trained. 

In order to estimate the impact rates of milking (X3) and environmental hygiene (X2) 

on mastitis, it is necessary to categorize the variables (Table 10). Since scores are not 

categorical variables, they must be categorized by classifying first (Schreiner and Ruegg, 

2003; Mert, 2016). Then, it is possible to obtain the impact probability of the score value 

of each created class on mastitis by using the ‘margins’ command. For environmental 

hygiene (X2) and milking hygiene (X3), the following commands were run respectively 

in the Stata 14.2 program: 

margins, at( X2 =(20(20)100)) vsquish 

margins, at( X3 =(20(20)100)) vsquish 

Here, the environment and milking hygiene, divided into 5 classes at 20 point intervals, 

were categorized, and the impact rates (margins) of each category on mastitis disease are 

obtained as in Table 10. 

 
Table 10. Impact rates of environmental and milking hygiene scores on mastitis 

Class scores 
Impact rate 

margin 

Delta-method 

Std. Err. 
Z P 

95% confidence 

interval 

Environmental hygiene     Lower Upper 

1-(20%) 0.609 0.038 15.99 0.000 0.534 0.683 

2-(40%) 0.518 0.026 19.89 0.000 0.467 0.569 

3-(60%) 0.424 0.028 15.13 0.000 0.369 0.479 

4-(80%) 0.324 0.046 7.00 0.000 0.233 0.415 

5-(100%) 0.220 0.065 3.35 0.001 0.091 0.349 

Milking hygiene       

1-(20%) 0.862 0.053 16.17 0.000 0.758 0.967 

2-(40%) 0.643 0.043 14.67 0.000 0.557 0.729 

3-(60%) 0.397 0.036 10.99 0.000 0.326 0.468 

4-(80%) 0.179 0.057 3.12 0.000 0.066 0.291 

5-(100%) 0.040 0.035 1.14 0.256 -0.029 0.111 

Z: Z test statistic, P: probability 

 

 

As seen in Table 10, the probability of getting mastitis is 60.9% in enterprises with the 

lowest environmental hygiene (20 points), while the risk of getting mastitis also decreases 

as scores increase. The probability of getting mastitis of cows in the enterprise that 

receives a 100 score from environmental hygiene falls to 22%. Similarly, while the 

probability of mastitis is 86.2% in enterprises that receive 20 points from milking hygiene, 
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the risk of mastitis decreases in enterprises that pay more attention to the milking 

procedure. That is, in an enterprise that scores 80 by paying more attention to milking 

hygiene conditions, the probability of mastitis falls to 17.9% (p<0.01). 

Mastitis may develop in the udder lobes of dairy cows inadequate care before and after 

milking and non-hygienic conditions. While mastitis can develop due to a single factor, 

it is inevitable that the risk of mastitis increases with the combination of negative factors. 

Teat dipping solution before and after milking are important not only to reduce the 

possibility of mastitis but also to reduce the risk of bacterial contamination in milk (Zucali 

et al., 2011). Before milking, the teats should be dipped in an antiseptic solution and 

waited for at least 30 seconds, then the teats should be wiped with disposable paper 

napkins or towels and dried. If not dried, the remnants of the solution applied to the udder 

contaminate the milk. If the above-mentioned precautions are not taken before milking, 

microorganisms pass into the milk. In this case, since the quality of milk deteriorates, it 

causes odor, taste, structure and color changes in products obtained from milk, causing a 

decrease in product quality (Nelson and Trout, 1964). 

Since the teats remain open for a while after milking, flies and microorganisms easily 

transmitted by animal manure increase the risk of mastitis. To protect from this 

contamination, after milking, teat dipping should be done, and the cows should be fed so 

that they can stand for at least half an hour. 

The estimated logit model of factors affecting the mastitis disease was defined as 

follows, and it was determined that the model had a high prediction rate of 92.8%. 

Model for mastitis = 1 

   Z = −9.914 + 0.043 ∗ (LiveW. ) −  0.064 ∗ (EnvirH. ) −  0.12 ∗ (MilkingH. )
+  1.449 ∗    (Inf. Dis = 1) −  2.975 ∗ (Nutrition
= 1) −  4.927 ∗ (Breed = 2) −  5.631 ∗ (Breed = 3) 

It may be a little difficult for the model to be applied directly by the farmers in practice. 

However, it can be easily used by a veterinarian or zootechnist. The Z value is calculated 

by defining the relevant parameters in the Eq.3 model, and by replacing them in Eq.1, 

estimation values in the range of  0 ≤ 𝑃(𝑌) ≤ 1 could be obtained. The obtained value 

gives the probability of getting mastitis of the cow under the mentioned living conditions. 

Conclusion and Recommendations 

In conclusion, in this study, the impact rates of factors that directly and indirectly affect 

mastitis disease, which secretly gnaws on the udder lobes of dairy cows and causes a 

constant decrease in milk yield, was revealed. It was attempted to draw attention to the 

effects of these factors, which are ignored especially by small family enterprises, on 

mastitis. It should be told to enterprise managers that taking the necessary measures for 

the mentioned factors is a cheaper way than treating animals. In addition, it was concluded 

that although they were more adapted to environmental conditions, local breeds, which 

are fed poorly in pastures, are far from veterinary control and whose living and caring 

conditions were not paid attention, were at risk more in terms of mastitis. 

In cases where the dependent variable is in a binary structure, the LS method is 

insufficient in estimating the relationships between the dependent and independent 

variables since it cannot provide the necessary assumptions. Therefore, it is necessary to 

resort to logistic regression analysis, which does not require the assumption of normality 

and continuity, and also offers a prediction performance as good as machine learning. 
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When the study is applied to larger integrated farms in the future, it can ensure that 

measures are taken to minimize economic losses. However, there are many other factors 

that directly and indirectly affect the risk of mastitis. For example, these include disease 

types, ration content, number of lactations, genetic predisposition, milking number, 

periodic mastitis controls, environmental factors such as milk yields, climatic conditions, 

temperature, humidity, and technical factors such as the breeder's expertise and 

educational status. For this reason, it would be beneficial to conduct more comprehensive 

studies covering all factors by researchers. 
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