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Abstract 

Correlations between milk production traits play an important role in animal breeding. This study 
aimed to estimate the correlations between milk yield, fat yield, protein yield, fat percentage, and 
protein percentage in the dairy cattle population from Romania. Data from 121 Holstein cows during 
their first lactation were collected. These cows are descendants of 1 bull of the pure breed. The Test 
Interval Method was used to calculate milk yields, and ANOVA was employed to estimate 
correlations. The results showed strong positive correlations between milk yield and fat yield, as well 
as between milk yield and protein yield. A strong positive correlation was also found between fat yield 
and protein yield. Negative correlations were observed between milk yield and fat percentage, as well 
as between milk yield and protein percentage. Additionally, a strong positive correlation was 
identified between fat percentage and protein percentage. These findings provide valuable insights 
for optimizing breeding programs, improving milk productivity and quality, and guiding selection 
strategies in the Romanian dairy cattle industry. Further research is recommended to explore 
additional traits and underlying genetic mechanisms in dairy cattle populations. 
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INTRODUCTION 

Breeding plans, within the context of 
genetics and animal husbandry, include a 
systematic approach aimed at enhancing 
desired traits in a population through 
controlled mating strategies. These plans 
are devised based on the principles of 
heredity and the understanding of genetic 
variation within a species. The importance 
of breeding plans lies in their ability to 
optimize and accelerate the genetic progress 
of a population, ultimately leading to the 
production of improved individuals and 
subsequent generations. By selectively 
pairing individuals with desirable traits, 
such as increased productivity, disease 
resistance, or specific phenotypic 
characteristics, breeders can increase the 
frequency of these traits in subsequent 
generations. This process, known as 
selective breeding, exploits the 
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phenomenon of genetic correlation, 
wherein the presence of one trait is 
associated with the presence of another. 
Genetic correlations are important in 
breeding plans, as they enable breeders to 
indirectly improve multiple traits 
simultaneously. For example, selecting for 
higher milk production in dairy cattle may 
also result in improved udder conformation 
and fertility. Breeding plans provide a 
strategic framework for optimizing genetic 
gain and achieving desired breeding goals 
in a scientifically informed, objective, and 
impersonal manner, by understanding and 
utilizing these correlations. [1, 2, 3] 

In the field of animal science and dairy 
production, the significance of cow milk and 
its genetic correlation with milk yield, 
protein yield, fat yield, protein percentage, 
and fat percentage has been extensively 
studied. Cow milk contains essential 
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nutrients such as proteins, fats, vitamins, and 
minerals that are required for human 
nutrition [4]. Milk yield, protein yield, fat 
yield, protein percentage, and fat percentage 
are all important parameters in determining 
milk quality and quantity. Because these 
traits are heritable and subject to selective 
breeding, genetic factors play an important 
role in shaping them. Understanding the 
genetic relationship between these traits 
allows for the development of breeding 
strategies to improve milk production 
efficiency and composition [5, 6]. Dairy 
farmers can optimize their production 
systems, improve overall herd productivity, 
and meet the growing demands of the dairy 
industry by identifying and selecting cows 
with desirable genetic traits such as high milk 
yield, elevated protein and fat yields, and 
optimal protein and fat percentages. As a 
result, studying the genetic correlations of 
these traits in cow milk advances scientific 
knowledge and facilitates the development 
of sustainable and efficient dairy production 
practices. In other words, having a very 
important positive economic impact by the 
variety of the valuable products obtained 
from milk such as cheese, butter, cream, etc.   

The study of correlations between milk 
production traits is of great significance in 
the field of animal breeding, as it provides 
valuable insights into the interrelationships 
among various quantitative characters. 
About 155 years ago, Charles Darwin 
highlighted the existence of correlations 
between different traits, emphasizing that 
the development of one character can 
influence the development of another 
character in a positive or negative manner 
(Darwin, 1859, citat de [3]. This insight 
underscores the importance of estimating 
correlations in practical animal breeding. 

In the specific context of dairy cattle 
populations, understanding the correlations 
between milk production traits plays an 
important role in optimizing breeding 
programs and improving overall herd 
performance. Milk yield, fat yield, and 
protein yield are key traits that directly 

impact the profitability and productivity of 
dairy herds. Estimating the correlations 
between these traits provides valuable 
information about their simultaneous 
development and potential trade-offs. 

Previous studies have contributed to our 
understanding of the correlations in dairy 
cattle populations [7, 8, 9]. Notably, 
researchers have reported a strong positive 
correlation between milk yield and fat yield, 
suggesting that an increase in milk production 
is generally accompanied by a corresponding 
increase in fat production [10]. Similarly, 
there is a positive correlation between milk 
yield and protein yield, suggesting that higher 
milk production is associated with an increase 
in protein content. [11]. 

Furthermore, investigations have focused 
on the correlations between milk yield and 
the fat or protein percentage. Studies have 
revealed a negative correlation between milk 
yield and fat percentage, indicating that cows 
with higher milk production tend to have a 
lower fat percentage [12, 13, 14, 3]. 
Additionally, a negative correlation has been 
observed between milk yield and protein 
percentage, suggesting that increased milk 
production is associated with a decrease in 
protein percentage [12, 13, 14, 3]. 

Considering the importance of 
correlations in dairy cattle populations, it 
becomes evident that estimating the 
relationships between milk production traits 
is an essential step in cattle breeding 
practices [15]. Therefore, the aim of this 
research is to estimate the correlations 
between milk yield, fat yield, protein yield, 
as well as between milk yield and the fat or 
protein percentage specifically for the dairy 
cattle population from Iași, Romania. By 
doing so, this study helps to provide 
valuable insights into the interrelationships 
of these traits within the Romanian dairy 
industry. The findings contribute to the 
development of more effective breeding 
programs and the enhancement of 
productivity in dairy cattle populations. 
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MATERIAL AND METHOD 
The information for this study was 

gathered from the first lactation of 121 
Holstein cows, allocated in 11 farms, all 
offspring of 1 bull of the identical breed (table 
1). These cows are recorded with an 
association of Holstein breeders and reside on 
a dairy farm situated in Iași county, Romania. 

 
 
 
 
 
 
 

 
Table 1 Descriptive statistics for milk yield obtained from daughters of the bull 

Traits n daughters x̄ ± sx̄ v% max min 

Milk yield (kg) 121 8668.86 ± 182.4 23.15 13783 3776 

Fat (kg) 121 363.52 ± 7.82 23.67 664.38 174.94 

Fat (%) 121 4.23 ± 0.05 14.17 5.81 2.66 

Protein (kg) 121 278.59 ± 5.8 22.93 430.24 122.26 

Protein (%) 121 3.22 ± 0.02 8.13 3.95 2.53 

The data were collected from Holstein 
Ro association. The dataset incorporated 
monthly test-day observations, comprising 
measurements such as milk production, fat 
production, and protein production, from 
cows that gave birth over the span of a 
three-year study period. 

The traits considered in the analysis 
were the 305-day first lactation milk yield 
(MY), 305-day fat yield (FY), 305-day 
protein yield (PY), all measured in 
kilograms, and the 305-day fat percentage 
(F%) and protein percentage (P%). Test-day 
milk yields were recorded from each 
individual cow once a month during one of 
three milking times per day, starting from 
the time of calving until the cow's dry off. 
Monthly milk samples were collected and 
sent to the laboratory of the Holstein Ro 
Organisation for the determination of the 
three traits for each given month. 

The collected data underwent necessary 
editing to obtain appropriate results for 
statistical analyses. Using the Test Interval 
Method proposed by Sargent (1968) and 
described in the ICAR Guidelines (2022), 
the monthly test-day milk yields were 
utilized to calculate the 305-day milk yields. 

The Test Interval Method accounts for 
variations in the test intervals, ensuring 
accurate estimation of the overall milk yield 
for the entire lactation period [16, 17]. 

The primary goal of the statistical 
analysis was the estimation of correlations 
between the milk production traits. To 
achieve this, the ANOVA (Analysis of 
Variance) approach was employed. 
ANOVA allows for the decomposition of 
the total variation observed in the data into 
its various components, including the 
genetic component that contributes to the 
correlations between traits. By using 
ANOVA, the correlations between milk 
yield, fat yield, and protein yield were 
estimated [18, 19]. 

To estimate the genetic correlations 
between traits, the formula apllied was: 

 

re=
Cov(X1,X2)

[Var X1 ×Var X2 ]
 , where 

 

• rₑ represents the genetic correlation 
between two traits,  

• Cov(X₁, X₂) represents the 
covariance of the genetic values 
for traits 1 and 2,  

• Var(X₁) represents the genetic 
variance for trait 1, and  
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• Var(X₂) represents the genetic 
variance for trait 2. 

• X represents the genetic values for 
each respective trait. 

These formulas allow for the estimation 
of genetic correlations between milk yield, 
fat yield, protein yield, fat percentage, and 
protein percentage using the general 
notation X [3]. 

Additionally, the standard error was 
calculated for each case to provide an 
understanding of the variability within the 
traits and to assess the precision of the 
estimated genetic correlations [20]: 

 

SE(re)=
1-re

2

n-2  
 

For each specific case with traits 
represented by X, the formulas for standard 
error can be adapted accordingly: 

 

SE(re X1,X2 )= 1-re
2(X1,X2)

n X1,X2 -2
 , where: 

 

• rₑ represents the genetic correlation and  
• n represents the sample size (number of 

observations) for each respective trait 
combination represented by X [19]. 

The Test Interval Method by Sargent 
(1968) was chosen as the preferred 
methodology for calculating milk yields. 
This method considers the variations in test 
intervals, which commonly occur in 
practical dairy farming. It ensures reliable 
data for subsequent genetic correlation 
estimation, by accurately estimating the 
overall milk yield for the 305-day lactation 
period [21]. 

The ANOVA approach was selected for 
estimating the correlations between milk 
production traits due to its robustness, 
statistical rigor, and wide applicability. 
ANOVA enables the decomposition of 
variation, facilitating the identification and 
estimation of genetic components 
contributing to the correlations between 
traits. This established methodology has 
been extensively used in animal breeding 

studies, providing reliable and interpretable 
results [18, 22]. 

This study contributes to providing 
accurate estimates of correlations between 
milk production traits for the dairy cattle 
population from Romania, by employing the 
Test Interval Method and ANOVA. This 
methodology ensures the reliability and 
validity of the obtained results and supports 
the advancement of breeding strategies for 
improved productivity and genetic selection. 

 
RESULTS 

In the conducted research, the primary 
objective was to calculate and evaluate the 
correlations among milk production 
characteristics in the Holstein cow 
population from a dairy farm from Iași 
county in Romania. These traits included the 
305-day first lactation milk yield (MY), 305-
day fat yield (FY), 305-day protein yield 
(PY), as well as the 305-day fat percentage 
(F%) and protein percentage (P%). The 
sample data were extracted from a pool of 
104 Holstein cows, which provided 
substantial empirical evidence to illuminate 
the interdependencies among these important 
traits. The obtained insights have profound 
ramifications for devising effective cattle 
breeding strategies (figure 1). 
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Fig. 1 Comparative Analysis of Genetic Correlation Values for Key Dairy Production Traits 

 
Correlations between Milk Production 

Traits  
The correlation between milk yield and 

fat yield was found to be strong, with a 
value of 0.54. This indicates a positive 
relationship between the two traits, 
suggesting that an increase in milk yield 
tends to be accompanied by a corresponding 
increase in fat yield. This information is 
valuable for dairy farmers and breeders, 
enabling informed decision-making in 
selecting animals for improved milk 
productivity (table 2). 

The correlation between milk yield and 
protein yield was estimated to be 0.3. While 

this correlation is positive, it is relatively 
weaker compared to the correlation between 
milk yield and fat yield. This suggests that 
the increase in milk yield may have a less 
pronounced effect on protein yield 
compared to its effect on fat yield. (table 2). 

The correlation between fat yield and 
protein yield was calculated to be 0.62, 
indicating a strong positive correlation 
between these traits. This implies that an 
increase in fat yield is typically associated 
with a simultaneous increase in protein 
yield. Understanding this relationship 
allows for targeted breeding strategies to 
enhance overall milk composition (table 2). 

 
Table 2 Correlations between Milk Production Traits 

Traits Correlated Chauhan, 1991 Toghiani, 2012 Own results
MY – FY 0.45 0.81 0.54

MY – PY 0.79 0.7 0.3
FY – PY 0.62 0.7 0.62

Correlations between Milk Yield and 
Percentage Traits  

The correlation between milk yield and 
fat percentage was estimated to be -0.48. 
This negative correlation suggests that cows 

with higher milk production tend to have a 
lower fat percentage. As milk yield 
increases, there is a tendency for the fat 
percentage to decrease. These findings 
suggest that higher milk production is 
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associated with lower fat and protein 
percentages. Dairy farmers and processors 
can utilize this information to optimize milk 
quality and develop strategies to maintain 
desirable fat and protein levels in their 
products (table 3). 

The correlation between milk yield and 
protein percentage was found to be -0.25. 
Similar to the correlation between milk 
yield and fat percentage, this negative 
correlation indicates that higher milk 
production is associated with a lower 
protein percentage (table 3). 

The correlation between fat percentage 
and protein percentage was determined to 
be 0.54, representing a strong positive 
correlation. This indicates that cows with a 
higher fat percentage tend to also have a 
higher protein percentage. This reinforces 
the genetic link between these traits and 
emphasizes the importance of considering 
both characteristics in breeding programs 
aimed at enhancing milk composition    
(table 3). 

 
Table 3 Correlations between Milk Yield and Percentage Traits 

Traits Correlated Chauhan, 1991 Toghiani, 2012 Own results 
MY – F% -0.49 -0.39 -0.48 
MY – P% -0.54 -0.5 -0.25 
F% - P% 0.62 0.16 0.54 

While higher milk yield is correlated 
with greater fat and protein yield, it is 
important to note that it does not guarantee 
a proportionate increase in the fat and 
protein percentage of the milk. The dilution 
effect comes into play, suggesting that 
solely breeding for higher milk yield may 
not be sufficient to improve milk quality in 
terms of fat and protein content. Therefore, 
it is important to consider both yield and 
composition traits in genetic selection to 
maintain an optimal balance between 
quantity and quality. 

Future research could delve deeper into 
the genetic basis of these correlations 
through Genome-Wide Association Studies 
(GWAS) to identify specific genes 
influencing these traits, providing a more 
detailed understanding of the underlying 
biological mechanisms. Additionally, 
expanding the study to include other factors 
such as cow's age, breed, feeding regimen, 
and environmental conditions would be 
beneficial in isolating genetic effects from 
environmental influences and providing a 
comprehensive understanding of the factors 
contributing to milk yield and composition. 

Investigating potential trade-offs 
between these traits and understanding the 
limits of increasing milk yield without 
negatively impacting fat and protein 
percentages is another area for future 
research. This knowledge would aid in 
making informed decisions in breeding 
programs. 

Longitudinal studies tracking changes in 
these correlations over time would also be 
valuable to observe how relationships 
evolve with changes in breeding strategies, 
technological advancements, and shifts in 
industry practices. 

The insights gained from this study 
serve as a foundation for future research 
directions, promising to enhance our 
understanding of dairy cattle genetics and 
contribute to the sustainable advancement 
of the dairy industry. This study provides 
valuable insights into the correlations 
between milk production traits in the dairy 
cattle population from Romania. The results 
demonstrate the complex interplay between 
milk yield, fat yield, protein yield, and their 
respective percentages. Understanding 
these correlations is necessary for making 
informed decisions in animal breeding, 
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enabling the development of targeted 
selection strategies to enhance milk 
productivity and composition. 

The findings of this study have practical 
implications for dairy farmers, breeders, 
and processors in Romania, as they provide 
a foundation for optimizing breeding 
programs and improving the overall 
performance of dairy cattle herds. By 
considering the correlations between milk 
production traits, stakeholders in the dairy 
industry can work towards maximizing milk 
yield, enhancing milk quality, and 
ultimately achieving greater profitability. 

Further research can build upon these 
findings by exploring additional traits and 
investigating the underlying genetic 
mechanisms that contribute to the observed 
correlations. Continual advancements in 
understanding the genetics underlying milk 
production contribute to progress in animal 
breeding and support the sustainable 
development of the dairy industry. 

The study contributes to the body of 
knowledge in animal breeding and provides 
valuable insights for improving milk 
production and quality in dairy cattle 
populations. It underscores the importance 
of considering correlations in breeding 
programs to achieve desired outcomes. 

 
CONCLUSIONS 

This study provided significant insights 
into the interrelationships among milk 
production traits in dairy cattle from Iași 
county, Romania. The findings highlight 
the complex interaction between milk yield, 
fat yield, protein yield, and their respective 
percentages. This knowledge is essential for 
breeders in making informed decisions and 
developing targeted selection strategies. 
Moreover, the study's practical implications 
extend to various stakeholders in the dairy 
industry, as it supports the goal of 
enhancing milk yield, improving milk 
quality, and ultimately increasing 
profitability. The research emphasizes the 
importance of these correlations in shaping 
future breeding programs and encourages 

further investigation into the underlying 
genetic mechanisms influencing these 
traits. 
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