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Research article
Ερευνητικό άρθρο

ABSTRACT: The dairy industry is a vital component of Türkiye’s agricultural sector, contributing significantly to the 
national economy. This study examines the technical efficiency of dairy farms in the Gaziantep region, a key dairy-pro-
ducing area in Türkiye, to identify factors influencing milk yield and technical efficiency. Data were collected from 791 
dairy farms using stratified random sampling. The study employed the Stochastic Frontier Analysis to estimate effi-
ciency scores, focusing on variables such as feed intake, udder health, and management practices. Technical efficiency 
scores ranged between 0.65 and 0.99, with an average of 0.95. The coefficients of the variables explaining inefficiency 
were as expected. By addressing these inefficiencies, milk yield in the region could potentially increase by 5% with 
the same inputs, improving overall efficiency. The analysis revealed that udder health management practices, including 
pre-and post-dipping, the use of headlocks after milking, and vaccination programs, significantly impact TE and milk 
yield (t-values: -2.584, -1.681, and -2.909, respectively). The findings underscore the importance of proper manage-
ment practices in enhancing the efficiency and productivity of dairy farms. This study provides valuable insights for 
policymakers, farmers, and researchers aiming to improve dairy farm efficiency and sustainability.
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INTRODUCTION

The dairy industry is a cornerstone of the agricul-
tural sector in Türkiye, playing a key role in the 

nation’s economic growth (Gürsoy, 2006; Erdem and 
Ağır, 2024). Efficient dairy production is not only es-
sential for meeting the increasing demand for milk 
and dairy products but also for sustaining the eco-
nomic vitality of the dairy sector (Faye and Konuspa-
yeva, 2012; Akbar et al., 2020; Tricarico et al., 2020). 
To optimize production, it is crucial to understand 
the factors that influence both milk yield and techni-
cal efficiency (TE) across dairy farms. These factors, 
including feed efficiency, udder health, and manage-
ment practices, play a significant role in enhancing 
farm productivity and profitability.

Gaziantep (TRC1), a prominent dairy farming re-
gion in Türkiye, presents a unique opportunity to ex-
plore these factors, given its wide variety of farm siz-
es and management systems. TE, which measures the 
amount of output (milk) generated per unit of input, 
serves as a key indicator of farm efficiency (Russell 
and Young, 1983). Farms that operate with higher TE 
scores are able to produce more milk at lower costs, 
leading to greater profitability and sustainability (Irib-
arren et al., 2011).

A crucial aspect of improving TE is optimizing 
animal nutrition, as feed costs represent a significant 
portion of a farm’s operating expenses (Vandehaar, 
1998; Ferrazza et al., 2020; Atzori et al., 2021). In ad-
dition to feed efficiency, factors such as animal health, 
management practices, and environmental conditions 
also influence TE outcomes (Cabrera et al., 2010; 
Pulina et al., 2020; Terry et al., 2020; Birhanu et al., 
2021). Among these factors, udder health stands out 
as a critical determinant of both milk yield and farm 
efficiency. Poor udder health can drastically reduce 
milk production and quality, resulting in lower TE 
and financial losses for dairy farmers (Van Soest et 
al., 2016; Hogeveen et al., 2019; Malik et al., 2018; 
Skevas and Cabrera, 2020; Neculai-Valeanu and Ari-
ton, 2022).

Several management practices are essential for 
maintaining udder health and improving overall TE 
on dairy farms. For example, providing clean and 
comfortable environments for cows, particularly af-
ter calving, helps reduce stress and disease incidence, 
which in turn enhances TE (Espadamala et al., 2016; 
Witkowska and Ponieważ, 2022). Additionally, the 
use of headlocks after milking for activities such as 
heat detection, insemination, and health checks helps 

to streamline labor processes while ensuring cows 
remain standing until their teats close, which reduc-
es the risk of pathogen entry (Papinchak et al., 2022; 
König et al., 2023; Sorathiya, 2024). Proper bedding 
practices are also important, as they reduce the risk 
of udder infections by providing a dry and clean sur-
face, which supports overall cow comfort and health 
(Robles et al., 2020; Singh et al., 2020; Robles et al., 
2021; Zigo et al., 2021). Pre- and post-milking teat 
dipping is another critical practice that helps prevent 
mastitis and improves both milk yield and TE by re-
ducing pathogen entry into the udder (Romero et al., 
2020; Yanuartono et al., 2020; El-Sayed and Kamel, 
2021). Furthermore, vaccination programs that pre-
vent diseases harmful to milk production are essential 
for maintaining farm efficiency (Chen et al., 2021; 
El-Sayed and Kamel, 2021; Zigo et al., 2021; Necu-
lai-Valeanu and Ariton, 2022).

This study aims to examine how udder health, 
TE, and milk yield vary across farms of different siz-
es (Skevas and Cabrera, 2020; Gantner et al., 2024) 
and management practices (McMullen et al., 2021; 
Neculai-Valeanu and Ariton, 2022). The findings will 
provide valuable insights into the factors that drive 
dairy farm productivity in Türkiye, offering guidance 
for policymakers, farmers, and researchers seeking 
to enhance the efficiency and sustainability of dairy 
farming in the region.

MATERIALS AND METHODS

Study Area and Data Collection
The research was conducted in the TRC1 region, 

the largest agricultural production zone in Türkiye’s 
Southeastern Anatolia Region (Figure 1). This region 
is home to approximately 388,000 cattle, representing 
about 3% of Türkiye’s total dairy cattle population 
(TUİK, 2020). Data were gathered through surveys 
conducted during the 2019-2020 production period. 
In addition to survey data, information from previous 
studies and records from relevant institutions and or-
ganizations was utilized to support the research.

Sampling Method
A stratified random sampling technique was em-

ployed to select the dairy farms for the study. Specif-
ically, the Neyman method, a form of stratified ran-
dom sampling, was used to determine the number of 
farms to be surveyed. Farms were selected based on 
their cattle population, with larger farms represent-
ing a greater proportion of the sample. This method 
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ensures that the sample reflects the diversity of farm 
sizes in the region.

The sample size was calculated to ensure statisti-
cal reliability with a 5% margin of error and a 99% 
confidence level. Based on the formula provided by 
Yamane and Esin (2010), it was determined that 145 
farms should be surveyed. The formula for sample 
size calculation is as follows:

n=¿¿¿

In this formula, n represents the number of farms 
to be surveyed, N  denotes the total number of farms 
in the population, N h  indicates the number of farms 
in each stratum, Sh  is the standard deviation within 
each stratum, and D  represents the allowable margin 
of error.

The sample size within each stratum was allocated 
based on the standard deviation using the formula:

nh=
N h Sh

∑ N h Sh

×n

	 In this formula, nh  represents the sample size 
allocated to stratum h, N h  is the number of farms in 
stratum h, Sh  is the standard deviation of the stratum, 
and n represents the total sample size.

Estimation of technical efficiency
The Stochastic Frontier Approach (SFA) was used to 

estimate TE in this study, following the methodology 
outlined by Coelli et al. (2005). SFA is an econometric 
technique that separates the effects of random varia-
tion from those caused by inefficiency in production. 	
The analysis was carried out in two stages: In the first 
stage, TE scores were estimated for each dairy farm 
using the production function. In the second stage, 
the relationship between various influencing factors 
(such as management practices) and technical ineffi-
ciency (1-TE) was examined using maximum likeli-
hood estimation.

The production function used in this analysis was 
based on the model proposed by Aigner et al. (1977) 
and Meeusen and van Den Broeck (1977). The depen-
dent variable in this function was the 4% fat-corrected 
milk (FCM) produced per cow per day (kg/day/head). 
The independent variables included factors such as 
the number of lactations, days in milk, dry matter in-
take (kg/day/head), shelter area (m²/head), and labor 
input (hours/head).

The general form of the stochastic production 
function used in this study is as follows:

Y i=β Xi+vi−ui

vi−ui=εi

In these equations, Y i  denotes the 4% FCM, Xi 
stands for the input vector involved in milk produc-
tion, β  represents the unknown parameter, vi is the 
stochastic error term (random noise), and ui  is the 

Figure 1. Geographical Location of Study Area in the Gaziantep (TRC1) Region of Türkiye
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non-negative term reflecting technical inefficiency.

The term ui  represents the deviation of a farm’s 
performance from the “frontier” of best possible pro-
duction, while vi captures random factors like weath-
er or measurement errors.

The Maximum Likelihood Estimation (MLE) 
method, also known as the Log-Likelihood Function, 
was used to estimate the unknown parameters. The 
log-likelihood function used in this study is given by:

ln (L)=−N
2

ln( π2 )− N
2

log (σs
2)+∑

i=1

N

¿¿

zi=
(ln yi−xi β)

σs √ γ
1−γ

In these equations, L denotes the likelihood func-
tion, ɸ (.) represents the cumulative distribution func-
tion of the standard normal distribution, γ is the vari-
ance parameter associated with inefficiency, σs  is the 
total variance parameter of the error term, yi  is the 
observed milk production, and xi is the vector of in-
put variables.

Analysis of Technical Inefficiency
A three-stage process was used to estimate the 

technical inefficiency. First, the coefficients (β) and 
variance parameters (σ_s²) were estimated using the 
ordinary least squares (OLS). In the second stage, a 
one-way likelihood ratio (LR) test was conducted to 
evaluate the presence of technical inefficiency. This 
test, based on the recommendations of Coelli (1995), 
compared the fit of the stochastic frontier model to 
a model without inefficiency. A chi-squared value of 
5.138 (Kodde & Palm, 1986) was used as the crit-
ical threshold. At the last stage, optimal parameter 
estimates were obtained using the iterative Davi-
don-Fletcher-Powell (DFP) maximization method. 
The standard errors of the parameter estimates were 
calculated from the variance-covariance matrix of the 
final DFP iteration.

The Cobb-Douglas production function was cho-
sen as the most appropriate model, as the LR test sta-
tistic was below the critical threshold (LR < χ²).

The TE scores were then calculated using the fol-
lowing formula:

[TEi = exp(-Ui)]

Where Ui represents the unobservable technical 
inefficiency. To estimate the average TE across all 
farms, the following equation was used:

E [exp(−Ui)]=2¿

The TE scores were categorized into three groups: 
low, medium, and high efficiency, using k-means 
clustering analysis.

Analysis of factors affecting technical efficiency
To explore the relationship between farm manage-

ment practices and technical inefficiency, a regression 
model was developed. The dependent variable was 
technical inefficiency, defined as 1−TE. This measure 
quantifies the extent to which a farm deviates from 
optimal TE.

The regression model for technical inefficiency is 
expressed as:

Mit=Zit δ

In this equation, 
M
i
t  represents the technical inef-

ficiency score for dairy farm i at time t, Zit  is a vector 
of independent variables, and δ  denotes the parameter 
vector to be estimated.

The independent variables considered were man-
agement practices hypothesized to affect farm ef-
ficiency, including: Fresh Pen (providing a clean, 
comfortable environment for cows immediately af-
ter calving), Lock Up (using headlocks after milking 
to prevent pathogen entry and ensure udder health), 
Bedding (offering a dry, clean surface to improve 
cow comfort and health), Dipping (applying pre- and 
post-milking teat dips to reduce the risk of infection), 
and Vaccination (implementing vaccination programs 
to prevent disease outbreaks).

These management practices were selected based 
on their potential to reduce inefficiency and improve 
farm performance.

Comparative analyses
For normally distributed continuous variables, 

One-Way Analysis of Variance (ANOVA) was used 
to compare differences between groups. For discrete 
variables, the Kruskal-Wallis H test was applied. The 
Chi-Square test was used for categorical variables, 
and t-tests and Mann-Whitney U tests were used for 
pairwise comparisons, depending on the data distri-
bution.
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All statistical analyses were performed using IBM 
SPSS Statistics version 20, with a significance level 
set at P < 0.05.

RESULTS

Overview of dairy farms attributes
Table 2 presents the general attributes of the sam-

ple dairy farms in Gaziantep region. The mean num-
ber of dairy cattle per farm is 47.65±7.35, while the 
mean number of lactating cows is 26.94±3.97. Annu-
al milk production averages 149.44±25.98 tons. The 
mean lactation number is 3.81±0.13. On average, 
cows have 195.10±6.15 days in milk. Daily dry mat-
ter intake per cow averages 18.78±0.18 kg. Shelter 
area per cow averages 7.96±0.50 square meters. The 
labor force per cow is, on average, 0.07±0.03 persons. 
Additionally, the average milk yield, adjusted to 4% 
FCM, is 17.10±0.47 kg per cow daily.

Production function and technical efficiency of 
dairy farms

 Table 3 displays the parameter estimates of the 
production function, including coefficients, standard 
errors, and t-values for each variable. Significant fac-
tors are marked with asterisks: *p < 0.10, **p < 0.05, 
and ***p < 0.01.

The findings of the likelihood-ratio test suggested 
that the production function was stochastic and that 
a deterministic one was inappropriate for the study 

data. The gamma value showed that milk output was 
impacted by technical inefficiencies on dairy farms. 
Every variable in the stochastic production frontier 
had predicted signs, according to the maximum like-
lihood estimation of the production frontier. The milk 
output per cow was positively impacted by the coef-
ficients of variables including labor, shelter area, and 
dry matter intake. In the sample dairy farms, a 1% 
increase in dry matter intake could lead to a 0.26% 
increase in milk production (Table 3).

A negative correlation between the number of lac-
tation cycles and milk production was discovered us-
ing the MLE parameter estimate. The research area’s 
dairy cattle farms with varying lactation numbers saw 
a decrease in their average milk yield per cow (p < 
0.01). In the sample dairy farms, there was a 1.591% 
decline in milk output for every 1% increase in the 
number of lactations (Table 3).

The flexibility of dry matter intake was assessed to 
be the second highest, after labor and lactation num-
ber. The least elastic variable was “days in milk” (p 
> 0.10). The total of the elasticities revealed that the 
sample dairy farms had growing returns to scale, sug-
gesting potential for farm scale expansion in the study 
region (Table 3).

Table 4 presents the TE scores for dairy farms 
classified into low, medium, and high- efficiency cat-
egories, as well as for the overall research cohort in 

Table 1. Allocation of Dairy Farms for Survey Across Strata
 Stratums (Animal no) Population Mean Standard Err. Sample Size
First stratum (01 - 30) 370 23.69 2.87 68
Second stratum (31 - 100) 307 47.06 17.30 56
Second stratum (101 - 101+) 114 305.18 219.11 21
Total 791 73.33 127.15 145

Table 2. The General Attributes of the Sample Dairy Farms in Gaziantep Region
Variable Mean Std Dv.
Number of dairy cattle 47.65 7.35
Number of lactating cows 26.94 3.97
Milk production (tons/year) 149.44 25.98
Lactation number 3.81 0.13
Days in milk 195.10 6.15
Dry matter intake (kg/d/cow) 18.78 0.18
Shelter areas (m2/cow) 7.96 0.50
Labor force (person/cow) 0.07 0.03
Milk yield (4% FCM) (kg/d/cow) 17.10 0.47
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the Gaziantep region. The TE scores were observed to 
be significantly different across the efficiency catego-
ries (p < 0.05). Specifically, dairy farms categorized 
as high efficiency demonstrated the highest mean TE 
score of 0.98±0.01, with a range from 0.97 to 0.99. 
Medium efficiency farms followed with a mean score 
of 0.97±0.02, ranging from 0.90 to 0.99. Low-efficien-
cy farms had the lowest mean TE score at 0.93±0.07, 
with a range from 0.65 to 0.99. Overall, the Gaziantep 
cohort had a mean TE score of 0.95±0.06, with scores 
spanning from 0.65 to 0.99. The results indicate that 
higher efficiency categories consistently show better 
TE scores compared to lower efficiency categories, 
with significant differences between them.

Factors affecting technical efficiency
The maximum likelihood estimates for the param-

eters related to factors determining technical ineffi-
ciency in dairy farms are presented in Table 5. This 
includes coefficients, standard errors, and t-values for 
each variable. Significant factors are marked with as-
terisks, with *p < 0.10, **p < 0.05, and ***p < 0.01 
indicating the levels of significance.

Several of the factors examined were found to 
significantly impact technical inefficiencies in dairy 
farming operations. For instance, providing a clean 
and comfortable environment for cows immediately 

after calving—referred to as fresh pen and bedding—
aims to enhance cow comfort and overall health. 
These variables showed negative coefficients (-2.919 
and -2.759, respectively), but their effects were sta-
tistically insignificant, as indicated by their t-values 
(-1.035 and -1.129, respectively) (Table 5).

On the other hand, the variable “lock up,” which 
involves using headlocks after milking to prevent 
pathogen entry to udders, exhibited a negative coef-
ficient of -3.498 and a t-value of 1.681*, suggesting 
a potential association between lock-up practices and 
increased technical inefficiency (Table 5). Additional-
ly, pre- and post-milking teat dipping, as well as reg-
ular vaccination procedures, revealed significant neg-
ative coefficients (-5.128 and -2.764, respectively), 
indicating a strong influence on reducing technical 
inefficiency, as supported by their t-values (-2.584*** 
and -2.909***, respectively) (Table 5).

DISCUSSION
The findings from this study indicate critical fac-

tors influencing TE in dairy farms within the Gazian-
tep region of Türkiye, providing valuable insights 
into how different farm management practices impact 
milk production and overall farm profitability. The re-
sults support the theory that the role of udder health 
and effective management practices in enhancing TE 

Table 3. Maximum Likelihood Estimates of Cobb-Douglas Type Production Function
Variables  Coefficient SE t-value
Intercept 21.030 3.380 6.221 ***
Lactation number -1.591 0.265 -5.997 ***
Days in milk (DIM) -0.008 0.005 -1.519
Dry matter intake (DMI) (kg/d/cow) 0.260 0.156 1.662 *
Shelter area (m2/cow) 0.161 0.052 3.071 ***
Labor (hour/cow) 4.043 1.044 3.872 ***
Sigma-squared 6.934 0.828 8.369 ***
Gamma 0.068 0.030 2.249 **
Log likelihood -344.516
LR 45.445 ***

*, **, *** denote statistical significance at the 10%, 5%, and 1% probability levels, respectively, for the mentioned variable.

Table 4. Technical Efficiency Scores by Farm Efficiency Category
Variables Farms N Mean Min Max

Technical efficiency

Low 92 0.93±0.07a 0.65 0.99
Medium 49 0.97±0.02b 0.90 0.99

High 4 0.98±0.01b 0.97 0.99
TRC1 145 0.95±0.06 0.65 0.99

a,b Values within a row with different superscripts differ significantly at p<0.05
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and milk yield aligns with the established literature 
that emphasizes the close relationship between ani-
mal health, nutrition, and economic efficiency in dairy 
operations (Cabrera et al., 2010; Pulina et al., 2020; 
Terry et al., 2020; Birhanu et al., 2021).

Based on the results of the efficiency analysis, TE 
scores varied between 0.65 and 0.99, with an average 
score of 0.95. The coefficients of the variables ex-
plaining the inability to reach the efficient production 
level were as expected. By eliminating the technical 
inefficiencies, milk yield can be increased by 5% us-
ing the same regional inputs. These findings are con-
sistent with previous studies and suggest that TE var-
ies depending on herd management strategies (Skevas 
and Cabrera, 2020).

In line with the studies ,one of the most notable 
observations from the study is the variability in TE 
scores across different farm sizes and management 
practices (Skevas and Cabrera, 2020; Gantner et al., 
2024). This variability indicates that while some 
farms operate close to their optimal efficiency, others 
have substantial room for improvement. The lower 
TE scores observed in some farms may be attributed 
to suboptimal management practices, particularly in 
areas related to udder health management. These in-
clude inadequate post-milking care, insufficient pro-
viding of clean bedding, and lapses in vaccination and 
disease prevention protocols.

Such practices are critical in preventing masti-
tis and other udder-related health issues, which are 
known to negatively impact milk yield and increase 
production costs, as documented in previous stud-
ies (Chen et al., 2021; Neculai-Valeanu and Ariton, 
2022). The study highlights the effectiveness of spe-
cific management interventions in improving TE in 
dairy farming.

Drawing on findings from similar studies (McMul-
len et al., 2021; Neculai-Valeanu and Ariton, 2022), 

a more plausible explanation emerges. For example, 
the use of headlocks post-milking is associated with 
higher TE scores, likely due to their role in prevent-
ing pathogen entry into the udder by ensuring cows 
remain standing until their teats close (Papinchak et 
al., 2022; König et al., 2023; Sorathiya, 2024). Addi-
tionally, providing fresh pens for cows post-calving 
and consistently using pre- and post-milking teat dips 
were correlated with higher efficiency scores. These 
practices not only enhance udder health but also con-
tribute to better milk quality and higher yields, under-
scoring the critical role of comprehensive health man-
agement in dairy farming as highlighted in previous 
studies (Romero et al., 2020; Yanuartono et al., 2020; 
El-Sayed and Kamel, 2021).

The regression model analysis suggests that farm 
size and the level of management practices are signif-
icant determinants of TE. The data clearly show that 
larger farms with more sophisticated management 
practices tend to achieve higher efficiency levels, 
likely due to economies of scale and more effective 
resource utilization. In contrast, smaller farms with 
less advanced management practices often struggle 
to maintain high efficiency, which can lead to lower 
profitability.

This experiment offers new insights into the rela-
tionship between farm size, management practices, 
and TE. These results should be considered when de-
veloping strategies to enhance efficiency in the dairy 
industry. This finding indicates that targeted interven-
tions, such as training programs and the adoption of 
best practices, could help smaller farms improve their 
efficiency and competitiveness within the industry.

This study presents several limitations that should 
be considered when interpreting the findings. First, 
the data collection was constrained to the 2019-2020 
production cycle, which may not fully capture sea-
sonal or long-term variations in dairy farm productiv-

Table 5. Maximum Likelihood Parameter Estimates (Technical Inefficiency Determinants)
Variables  Coefficient SE t-value
Fresh pen (0=No, 1=Yes) -2.919 2.819 -1.035
Lock up (0=No, 1=Yes) -3.498 2.081 -1.681 *
Bedding (0=No, 1=Yes) -2.759 2.443 -1.129
Dipping (0=No, 1=Yes) -5.128 4.119 -2.584 ***
Vaccination (0=No, 1=Yes) -2.764 0.950 -2.909 ***
Log likelihood -429.231
LR 8.009 ***

*, **, and *** indicate statistical significance at the 10%, 5%, and 1% probability levels, respectively.
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ity and efficiency. Additionally, while the study em-
ployed a stratified random sampling method to select 
dairy farms, the sample size of 145 farms may not 
fully represent the entire dairy farming population in 
the region, potentially introducing sampling bias.

The use of the SFA to estimate TE is limited by 
the assumptions inherent in this method, such as the 
normal distribution of the stochastic error term and 
the exclusion of non-measured factors that may im-
pact efficiency. The study’s reliance on historical data 
and self-reported survey responses could introduce 
inaccuracies or reporting biases. Furthermore, the 
cross-sectional nature of the data means that causal 
relationships between factors affecting TE and milk 
yield cannot be definitively established.

The analysis also assumes that the Cobb-Douglas 
production function is the most appropriate model 
for the data, which may not account for all forms of 
production technology or functional forms. Future 
research should address these limitations by incorpo-
rating longitudinal data, expanding the sample size, 
exploring alternative efficiency estimation methods, 
and considering additional variables that may influ-

ence dairy farm performance.

CONCLUSIONS
This study provides empirical evidence that im-

proving udder health and adopting effective man-
agement practices are crucial for enhancing TE and 
milk production in dairy farms. The findings highlight 
the need for continued focus on health management 
and the adoption of best practices to ensure the sus-
tainability and profitability of dairy farming in the 
Gaziantep region. Policymakers and industry stake-
holders should consider these factors when designing 
programs aimed at improving the efficiency and pro-
ductivity of the dairy sector in Türkiye. Further re-
search could explore the long-term impacts of these 
practices on farm profitability and their applicability 
across different regions and farm sizes.
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