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ABSTRACT

Examining the factors impacting egg consumer prices in Turkiye holds significant importance. This research contributes
to a deeper understanding of how specific variables influence market prices and illuminates cause-and-effect
relationships in price fluctuations. The study analyzed 131 datasets from Turkiye, covering the period from January 2010
to November 2020, including various factors. The primary aim was to predict the relationships and impacts on egg
consumer prices by considering variables such as laying hens feed price, the exchange rate of the US dollar, producer
price indices, agricultural producer price indices, feed prices for broilers, corn, barley, and soybeans, utilizing K-nearest
neighbors (KNN) regression analysis. Within the model, the consumer price of eggs showed the weakest correlation with
the corn variable (r = 0.832). In contrast, the consumer price of eggs displayed the highest correlation with the US dollar
exchange rate and soybean variables (r = 0.892). Therefore, it is evident that egg consumer prices are significantly
influenced by the costs of raw materials for feed and currency exchange rates. Unlike other studies, this study found that
the price of broiler feed also affects consumer egg prices. Thus, it is imperative for Turkiye to implement policies
promoting the local supply of imported inputs essential for egg production and adopt measures to manage and mitigate
exchange rate fluctuations and production expenses.
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INTRODUCTION al., 2021).
When it comes to Turkiye, studies generally
Poultry represents one of the fastest-growing approach this subject from a technical perspective, with
livestock production sectors in the rural economies of limited economic-econometric research. The market price
developing countries (Osti et al., 2016). In Turkiye, the of a product is determined by supply and demand, as well
poultry sector stands out as one of the most rapidly as Varioqs factors .like the prices of related .goods,
growing and suitable production models for meeting changes in production technology, and the prices of
societal needs in terms of breeding and feeding practices produptlon inputs. Among th_e most influential variables
(Turhan, 2023). Predicting egg prices, even in developed affecting production input prices are the dollar exchange
economies, is a complex phenomenon primarily driven rate and the producer price index (Mat et al., 2020).
by market forces of supply and demand and existing Fluctuatlpns in productlon. cos.ts can lead to s1.1pp1y and
factors. Several key factors affecting future egg prices demand 1mba}lances, resulting in produce.rs se'lhng be.low
may include the number of laying hens in the holding, their production costs and consumers facing higher prices
egg production levels, feed costs, the number of hatching for the product. Consequently, supply shocks may occur
eggs placed for replacement pullets, climate, seasonality, in egg production (Giirer, 2021). Despite eggs being one

and export levels (Ahmad et al., 2001; Bakhtavoryan et of the most affordable animal food products, there are
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significant fluctuations in egg prices on an annual,
monthly, and even daily basis (Ahmad et al., 2001;
Yuhuan and Fu, 2018).

The high inflation experienced in Turkiye in
recent years, along with increases in foreign exchange
rates and economic fluctuations, directly impacts egg
prices. This is because a substantial portion of the
primary raw materials used in feed, breeding, and other
aspects of egg production, such as medicines and
vaccines, are imported from abroad. These negative
factors contribute significantly to the overall increase in
product prices. Consequently, fluctuations in both prices
and production quantities have effects on both producers
and consumers (Yuhuan and Fu, 2018; Sariézkan et al.,
2021).

Econometric models serve as valuable decision
support tools for phased production planning in animal
production within the livestock sector (Cicek et al.,
2009). Over the past decade, various estimation and
modeling studies, including ARIMA, MLP, SVM, VEC
models, and others, have been carried out in relation to
egg prices (Li ef al., 2013; Chen 2019;lhsanet al., 2022).
In Li et al’s 2013 study, chaotic neural network
technology was applied for short-term egg price
prediction, while Chen’s 2019 study attempted to predict
factors influencing egg price fluctuations using machine
learning (ARIMA). Thsan et al.(2022)sought to predict
egg prices using the multi-layer perceptron (MLP)
method. Additionally, it is worth noting that there is a
general consensus among these studies that there is a
need for more research on egg prices.

Given that KNN analysis can model non-linear
relationships and is suitable for reliable forecasts even
with limited observations, it is well-suited for
determining egg consumer prices, which have a complex
structure influenced by numerous factors. This research
aims to delineate the strong and weak relationships
among the factors and variables affecting egg consumer
prices in Turkiye between 2010 and 2020 using KNN
regression analysis.

MATERIALS AND METHODS

Dataset: In this research, a dataset comprising 131 data
units was collected monthly over the period from January
2010 to November 2020. The dataset included the
consumer price of eggs (TEPA, 2021) as the independent
variable and the following dependent variables that may
affect it: dollar exchange rate (CBRT, 2021), producer
price index, agricultural PPI (TUIK, 2021), laying hens
feed price, broiler feed price, corn, barley, and soybean
(TFMA, 2019). TurkStat (TUIK, 2021), the official
statistical institution of Turkiye, compiles data from
individuals, households, and businesses, converting it
into statistical information. This information serves as a
reliable basis for decision-making across various societal
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segments. The Turkish Egg Producers Association
(TEPA), established in 2006, has been consistently
monitoring and publishing egg prices since its inception.
The Turkish Feed Manufacturers Association (TFMA)
engages in professional, social, technical, and economic
aspects, serving organizations involved in the production
of all types of compound feed, and regularly publishes
statistical data in these fields.

The records maintained by these institutions
were utilized. Notably, broiler feed is used during the
initial developmental period of laying hens. Additionally,
barley is incorporated into the feed rations of laying hens
to maintain body condition without body weight gain
following the developmental period. Therefore, these
factors were considered as independent variables
potentially influencing the consumer price of eggs in
Turkiye.

The dataset consists of 131 units. Employing the
hold-out sampling method, 20% (26 units) of the dataset
was designated as the test dataset, and these units were
used to test the algorithm. Of the remaining 105 units,
20% (21 units) were allocated for validation, while the
rest (84 units) were used for training.

Model of the study

Purpose of Analysis: The objective of this analysis was
to elucidate the consumer price of eggs and the
interrelations among various variables influencing this
price. It focused on identifying both strong and weak
connections between the dependent variable (egg
consumer price) and independent variables, exploring
interactions among these variables, and elucidating the
roles of these variables.

Data Analysis Tool: The JASP Team program, an open-
source statistical software known for its efficacy in data
analysis and visualization, was employed.

K-Nearest Neighbors (KNN): KNN, a machine learning
algorithm applicable for both classification and
regression tasks, was used here for regression analysis. It
identifies the closest neighbors in the training dataset for
the variables under study and utilizes their values to
predict the output variable (Sokiin et al., 2012). The
Euclidean distance metric is predominantly used for
calculating distances between instances.

Distance Calculation: The Euclidean distance, a method
for computing the distance between two points based on
their straight-line distance in a multi-dimensional space,
was utilized. Although not detailed here, this method is a
fundamental concept in KNN. In KNN regression, the
algorithm calculates the distance between a data point
and its k-nearest neighbors (where k is a user-defined
parameter), then estimates the output variable based on
these neighbors.

The findings from this analysis likely offered
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insights into the dynamics and factors influencing egg
consumer prices during the specified period. The
Euclidean distance metric and KNN regression were
instrumental in generating these predictions and
understanding the influence of various variables on egg
prices.

A simple application of KNN regression
involves calculating the average of the numerical target
of its nearest neighbor. KNN regression uses the same
distance measurements as KNN classification (Soucy and
Mineau, 2001).

Mean squared error (MSE) represents the
standard deviation of the estimation errors (residues). In
other words, residuals measure how far the regression
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line is from the data points, while root mean squared
error (RMSE) indicates how spread out these residues are
around the best-fitting line. RMSE values can range from
0 to oo, with lower values indicating better performance.
An RMSE value of zero signifies that the model has
made no errors (Prayudani et al., 2019).

Mean absolute percentage error (MAPE) below
10% is considered “very good,” while models between
10% and 20% are classified as “good,” and models

between 20% and 50% are deemed “acceptable”
(Prayudani et al., 2019).
RESULTS
In this study, the K-Nearest Neighbors

regression algorithm was employed, and the relationships
between the variables are depicted in Figure 1.
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Figurel:Regression results regarding variables

The lowest correlation was observed between
the Consumer Price of Egg (dependent variable) and the

Corn (independent variable) (r = 0.832). Conversely, the
highest correlation was found between the Dollar

559



Cevrimli et al.,

Exchange Rate and Soybean variables and the dependent
variable (Consumer Price Of Egg) (r = 0.892).

Nearest neighbors were identified by dividing
the K-Nearest Neighbors regression algorithm datasets
into three parts. The MSE verification value obtained for
the test and verification performances of the model in
defining the nearest neighbor was found to be 0.093 and
0.202, respectively. Since the MSE results are very close
to zero, our model demonstrates excellent performance.

Table 1:Values of the most efficient model.
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account for 85% of the change in the dependent variable.
Therefore, it can be concluded that the independent
variables have a high level of explanatory power for the
dependent variable.

Table 1 indicates that the model’s MSE is 0.202,
1 the RMSE is 0.449, representing the model’s spread
variance.

For significantly low forecast wvalues, the
percentage error cannot exceed 100%. However, for very
high forecast values, there is no upper limit for the same
error. With a MAPE value of 34.46% for our model, it
can be considered to have an acceptable fit.

Finally, Figure 2 presents the relationship

an
or

Method Accuracy MSE  Test MSE bet h del’ mati d th rual val
etween the model’s estimation and the actual values,
KNN 0.093 0.202 depicting the performance chart of the model’s
) o estimation.
Based on the findings, when examining the R?
value, it becomes evident that the independent variables
Table 2 K-Nearest Neighbors Evaluation Metrics.
Regression Algorithm MSE RMSE MAE MAPE R2
K-Nearest Neighbors 0.202 0.449 0.284 34.46% 0.85
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Figure2:Performance Chart According to Actual and Observed Values

The chart depicted in Figure 2 illustrates the
distribution of error terms. The clustering of gray dots
along the red line suggests that the error between actual
and estimated observation values is minimal. Given this
alignment of gray dots on the red line within our model, it
can be concluded that our model operates with high
performance.

In conclusion, our dependent variable, the
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Consumer price of egg, was determined and explained
with an explanatory rate of 81.8%, a standard error of
0.226, and a variance of 0.475. This explanation was
achieved using the following variables: laying hens feed
price, dollar exchange rate, producer price index,
agricultural producer price index, broiler feed price, corn,
barley, and soybean, through the utilization of the Nearest
Neighbors Regression method.
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DISCUSSION

The estimation of egg prices is a complex
undertaking. Despite being established with timely and
extensive data, these models struggle to elucidate most
fluctuations in egg market prices (Ahmad and Mariano,
2006). In a study examining factors such as egg price, the
number of hens, and egg storage capacity for price
estimation, it was found that only 37% of the egg price
variation could be explained (Ahmad and Mariano,
2006).

In a study investigating the impact of long-term
vacations on basic necessities’ prices in Indonesia, an
analysis employing the MLP method to predict egg prices
revealed that egg prices can be predicted with moderate
accuracy (Thsan et al., 2022).

A novel approach involving neural networks, a
branch of artificial intelligence, was employed to predict
egg prices. While the backpropagation neural network
(BPNN)yielded an RZof 0.27, the general regression
neural network (GRNN)produced a higher R? of 0.73.
Neural networks offer a more efficient alternative to
traditional forecasting techniques, without requiring
additional time and resource investments in collecting
supporting data for egg price estimates (Ahmad et al.,
2001). In a study conducted with the Artificial Neural
Networks (ANN) method to discern the factors
influencing egg price fluctuations in China, influential
factors were identified as pullet price, feed price,
consumer price index, and weather conditions (Chen,
2019). The factors affecting egg prices are considered to
be feed prices, mortality rates, and natural gas prices,
with only natural gas price showing a statistically
significant effect on egg prices (Muhammad et al., 2023).

A study in Pakistan identified a positive and
significant impact of crude oil prices on most food prices.
A one percentage point increase in oil price led to a 0.15
and 0.25 percentage point increase in chicken meat and
egg prices, respectively. The study also emphasized that
increased local production significantly reduced food
product prices in the long run (Zehra and Sohail, 2022).

An analysis of the impact of macroeconomic
variables on global food prices revealed that the oil price
index has the most significant effect, especially in rapidly
growing countries. Consequently, crude oil prices
indirectly influence egg consumer prices (Esmaeili and
Shokoohi, 2011). Another study highlighted that the most
indicative factor in egg prices is the cost of feed, which
fluctuates based on the proportions of corn and soybean.
Additionally, foreign dependencies in feed, feed raw
materials, and related products such as vaccines and
antibiotics significantly impact egg prices (Osti et al.,
2016). These findings align with the factors considered
influential in our study.

In an econometric study, the impact of all
independent variables analyzed on profit per kg of egg
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(Y) was found to be statistically significant (p<0.05). It
was concluded that an increase of 1 TL in pullet, feed,
labor, veterinary health, and other expenses, as well as a
1 unit increase in feed conversion ratio (FCR) and
mortality rates, reduced profit per kg of egg in
companies. Conversely, a 1 TL increase in egg sales price
and a 1 unit increase in egg yield increased profit per unit
(Cicek et al, 2009). In an Iranian study examining the
transmission mechanism between egg prices and corn
prices, it was revealed that price shocks in corn prices
affected egg consumer prices in the long run between
2006 and 2017. The recent surge in corn prices in Iran
has led to dissatisfaction among both consumers and
producers, with higher production costs leading to
increased egg prices and reduced overall consumption
(Aghabeygi et al., 2021).

Although Turkiye’s poultry industry exhibits a
robust production structure, it relies heavily on imported
raw materials (Arikan et al., 2019). The primary among
these materials are soy and corn (BESD-BIR 2014).
Turkiye falls short of meeting its consumption needs for
these two inputs. Approximately 30% of corn and nearly
90% of soybean requirements are fulfilled through
imports (Esidir and Pirim, 2013). This dependency tightly
correlates egg consumer prices with the costs of feed raw
materials. In general, intervening in egg consumer prices
becomes challenging due to the reliance on imports for
essential production inputs. Consequently, Turkish egg
producers are highly susceptible to price fluctuations in
both domestic and export markets (Cinar and Keskin,
2018). When combined with market inefficiencies and
traditional production methods, this situation may
negatively impact sectoral progress, export objectives,
and jeopardize food safety and national self-sufficiency
(Aghabeygi et al., 2021).

A study has revealed that the amount of credit
allocated to the agricultural sector, per capita income, and
corn and chicken meat production levels positively
influence egg production in both the short and long term.
Conversely, the consumer price index exhibits a negative
correlation with egg production in both time frames
(Akpan and Nkanta, 2022). Examining developed
countries, it is evident that they focus on demand-driven
research rather than studying input-output relationships.
For example, research has indicated that egg retail prices
in the United States surged by 141% due to increased
demand for table eggs during the Covid-19 pandemic
(Malone et al., 2021). In this study, economic data were
obtained from various institutions and organizations.
However, limitations arise from factors such as
seasonality, egg foreign trade, and the profitability of egg
production enterprises due to the limited data variety and

type.

Conclusion: Understanding inter-factor price spillover
effects is essential for policymakers to craft effective



Cevrimli et al.,

price control policies in livestock and agricultural product
markets. In this updated model for Turkiye, the main
variables influencing egg prices are Corn, Soybean, and
the Dollar Exchange Rate. Corn and Soybean represent
the primary inputs in laying hen diets, with most of the
demand being met through imports. Given that these two
primary inputs are influenced by the exchange rate, the
strong positive relationship between these variables and
egg consumer prices becomes clearer. Policymakers
should prioritize reducing production costs by subsidizing
producers' input costs. For example, by increasing the
production of corn and soybeans in Turkiye, foreign
dependency in this regard could be reduced. Turkiye
should implement incentive and production policies to
stabilize egg consumer prices, secure domestic access to
imported inputs, and manage or control exchange rate
fluctuations.
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