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Application of New Dietary Bentonite Clay as
an Aquaculture Feed Additive

Yeni Diyet Bentonit Kilinin Su Urtinleri Yetistiriciligi Yem
Katki Maddesi Olarak Uygulanmasi
ABSTRACT

This study evaluated the effectiveness of Georgian bentonite clay as a natural mycotoxin
adsorbent in rainbow trout (Oncorhynchus mykiss) diets. The experiment involved 100 fish per
group, fed diets without adsorbent (Control 1; C1), with 0.1% synthetic adsorbent (Control 2;
C2), and with bentonite at 0.1% (Test 1; T1), 0.15% (Test 2; T2), and 0.2% (Test 3; T3) for 24
weeks. Weight gain was highest in T3 (254+15.8 g) and T2 (244.92+14.47 g), significantly
exceeding C1 (143.3949.51 g) and C2 (187.67+12.1 g) (p<.05). Survival rates were 97% in T2
and T3, but differences among groups were not statistically significant (p>.05). Feed conversion
ratios (FCR) were lowest in T2 and T3 (0.9-0.92), indicating superior feed efficiency compared
to C1 (1.3) and C2 (1.1). High-performance liquid chromatography (HPLC) analysis revealed
that bentonite effectively adsorbed mycotoxins, with T2 and T3 removing 83-90% of aflatoxin
B1 and 12.5-14% of T2/HT2. Chemical composition analysis showed significantly higher
protein (18.3-18.5%) and fat content (7.8%) in T2 and T3 compared to C1 (16.5% protein, 6%
fat) and C2 (17.2% protein, 6.8% fat) (p<.05). These findings suggest that Georgian bentonite
clay enhances fish growth, feed efficiency, and nutritional quality while effectively mitigating
mycotoxin contamination. This natural adsorbent offers a promising alternative for improving
aquaculture sustainability and fish health.

Keywords: Adsorbent, Fish, Mycotoxin binders, Nutrition

Introduction

The global consumption of fish and seafood is increasing yearly, as they are rich sources of
protein. Statistically, 65-70% of the total protein consumed by humans comes from farm animals
and poultry (including milk, eggs, and meat), while the remaining 30-35% is derived from fish
and other seafood (Guillen et al., 2019). Over the past 50 years, global fish production has more
than tripled. Fifty years ago, total fish production was around 60 million tons, with almost all of
it coming from capture fisheries. Today, capture fisheries contribute 91 million tons, while
aquaculture has grown to 94 million tons. In total, global fish production now reaches 186 million
tons, rising from 9 kilograms per capita to 21 kilograms, and is projected to reach 30 kilograms
per capita in the next decade (FAO, 2020). However, approximately 60-65% of fish farming costs
stem from feeding, with Georgian fish farmers relying on expensive imported fish feed (FAO,
2024).

Today, fish feed enterprises face the challenge of producing complete, high-quality feed at
reduced prices by utilizing cheaper raw materials (such as cereals or byproducts from various
industries). The quality of these low-cost raw materials is a concern, as about 50-55% are often
contaminated with mycotoxins—metabolic products of microscopic fungi (Saini et al., 2021).

Mycotoxins pose significant risks to farm animals, poultry, and fish due to their pronounced
toxicity (Gruber-Dorninger et al., 2020). Even in small quantities, they can diffuse into feed raw
materials and aquaculture feed. To date, around 300 types of mycotoxins have been isolated from
450 different fungal species, with up to 20 considered particularly dangerous due to their cancer-
promoting properties in humans (Mahato et al., 2022).

Journal of Animal Science and Economics
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Consequently, fish feed companies must find affordable
methods to combat mycotoxins, ensuring the safety and
quality of their products while remaining competitive with
imported alternatives. Recent research has focused on the
effectiveness of mycotoxin adsorbents, with numerous
options available on the global market. In Georgia, many of
these are synthetic, imported, and costly. One natural solution
is aluminosilicate clays—specifically bentonites—which are
widely used globally in the diets of agricultural animals and
poultry (Kihal et al, 2022). These clays can adsorb
mycotoxins, preventing their adsorption into the bloodstream
and facilitating their excretion (Oliveira etal., 2023). Georgia's
geological history, marked by numerous volcanic eruptions,
has endowed the country with various clay deposits, including
the essential bentonite clay deposit known as Georgian clay,
in the Ozurgeti District (Western Georgia). Although the use
of this bentonite in poultry feed for mycotoxin adsorption has
been studied (Chkuaseli et al., 2016), the results indicated that
incorporating Georgian bentonite clay into poultry diets led to
several beneficial outcomes: improved poultry physiological
condition and livability with 2-4% enhanced feed adsorption
and FCR with 0.08%-0.12% reduced negative effects of
mycotoxins toxicity, and increased daily weight gain with 7-
9% improved meat safety. These findings suggest that
Georgian bentonite clay serves as an effective mycotoxin
adsorbent, positively influencing the growth, health, and
safety of poultry meat. However, its application in aquaculture
remains unexplored. This recent research has focused on
evaluating the efficacy of locally produced bentonite clay for
detoxifying mycotoxins at a comparatively low price.

The purpose of this study is to evaluate alternative feed
additives using low-quality raw materials to reduce
dependency on expensive traditional ingredients, while
maintaining the growth performance and health of farmed
trout. The significance of this research lies in its potential to
reduce feed costs in trout farming, thus improving the
economic efficiency of fish production and enhancing the
safety of the final product (trout meat). Increased access to
affordable aquaculture products can elevate community well-
being. We believe the results will contribute to the sustainable
development of the aquaculture industry, optimize resource
(low-quality raw materials in feed) use, promote
environmental awareness, and address One Health issues.

Method
Collection and Analysis of Bentonite Clay

Bentonite clay from the Guria region (Georgia) was
collected and analyzed at the Alexander Tvalchrelidze
Institute of Mineral Resources of the Caucasus using chemical
research methods.

An X-ray phase, silicate and physical-chemical studies were
conducted at the Agricultural University of Georgia, Thilisi

State University, and the Institute of Mineral Materials of the
Caucasus. The montmorillonite structure and formula were
established using an X-ray phase test performed with the dual-
polarization optical hybrids (DPOH-1.5) Kylia (part of the
iXblue brand) device, model COH28-X (Chkuaseli et al., 2016).

Mycotoxin Safety and Toxicity Analysis

Chemical composition analysis

To determine the safety and potential toxic effects of
Georgian bentonite clay in fish feed, the following analyses
were conducted: chemical composition analysis: X-ray phase
analysis, silicate tests, and physical-chemical studies
confirmed by Chkuaseli et al., 2016, that Georgian bentonite
clay is primarily composed of montmorillonite, making it
suitable for mycotoxin binding.

Toxicity studies and mycotoxin levels in feed ingredients

In this context, fish biochemical blood tests and fish growth
(daily weight gain), feed conversion, and daily survival data
were monitored (Miller, 2020; Pereira, 2021). Raw materials
and complete feed were tested for mycotoxins (aflatoxin B1 and
trichothecenes T2/HT2 toxins). The analysis was conducted in
the accredited veterinary laboratory of Chirina Ltd., using
express methods on the Aokin fluorescence polarimeter
(Sullivan, 2021). The mycotoxin content in feed ingredients was
measured, ensuring that contamination levels did not exceed
maximum allowable limits. The control and test group fish were
provided with complete feed contaminated with mycotoxins
(aflatoxin and T2 toxins). The contamination in this experiment
was induced by the intentional addition of these mycotoxins
(aflatoxin and T2 toxins) (Bghn, 2020). Due to the fact that the
raw materials of the feed are practically always contaminated
with mycotoxins (sometimes more, sometimes less) in our
region, we did not consider it necessary to provide any control
group with feed free of mycotoxins. The concentration of these
mycotoxins in the feed would have been carefully controlled and
calibrated to ensure that the levels were appropriate for testing
the effects on the fish. The content of mycotoxins (aflatoxin B1
and trichothecenes T2/HT2) in the fish feed ingredients from
the research groups was assessed.

The results indicated the following levels of aflatoxin B1:
soybean meal contained 118 ppb (micrograms), wheat had
16.75 ppb, and sunflower meal showed 9.9 ppb. For
trichothecenes T2 /HT2: sunflower meal had 450 ppb, soybean
meal had 12.75 ppb, and wheat contained 68.02 ppb. Corn was
used in minimal amounts in the diet; therefore, there was no
need to test it at this stage. The results showed that the levels of
T2/HT2 trichothecenes in sunflower and soybean meals were
close to the maximum limit, whereas the content of aflatoxin
and trichothecenes in the raw materials did not exceed the
maximum allowable limits (Gruber-Dorninger et al, 2020).

Journal of Animal Science and Economics



56

Lashkarashvili and Chkuaseli

However, it is important to note that these mycotoxins can
accumulate in the fish's body over time (Pestka etal., 2019).

Experimental Design

Experimental diets

The control and test group fish were provided with complete
feed contaminated with mycotoxins (aflatoxin and T2 toxins).
The contamination in this experiment was induced by the
intentional addition of these mycotoxins (aflatoxin and T2
toxins). For this trial, we used 4 mm size floating feed.

Table 1.

adversely affecting feed quality or fish health, leading to
improved growth performance (Gruber-Dorninger et al.,, 2020).
Furthermore, research by Pestka (2019) and Jian (2020)
suggests that bentonite clay at similar concentrations not only
mitigates mycotoxin toxicity but also enhances feed conversion
efficiency in fish. In poultry, studies have confirmed that
bentonite clay effectively binds aflatoxins and reduces their
harmful effects (Van Der Merwe et al, 2018), with similar
outcomes observed in aquatic species (Mohd Zain et al,, 2021).

The percentage composition of experimental diets
supplemented with different levels of mycotoxin adsorbents
is shown in Table 1.

Percentage and Proximate Composition of the Experimental Diets Supplemented with Different Levels of Adsorbents (% in 100

Kilograms of Extruded Feed)

Experimental Groups

Ingredient Composition in Feed (%)

Control 1 Control 2 Test1 Test 2 Test 3
Wheat 20 19.9 19.9 19.85 19.8
Meat Meal 20 20 20 20 20
Fish Meal 15 15 15 15 15
Soybean Meal 12 12 12 12 12
Sunflower Meal 13 13 13 13 13
Poultry Blood Meal 7 7
Fish Oil 5 5
Fish Premix (vitamins, minerals, amino acids) 8 8 8
Georgian Bentonite Clay - - 0.1 0.15 0.2
Synthetic Mycotoxin Adsorbent - 0.1 - - -
Total (%) 100 100 100 100 100

Table 2.
Percentage Nutritional Composition of Experimental Diets

Supplemented with Different Levels of Adsorbents (% in 100
Kilograms of Extruded Feed)

Parameters %
Dry Matter (%) 93.8
Crude Protein (% D.M.) 42
Crude Fat (% DM.) 20
Crude Fiber (% D.M.) 1.3
Ashes (%) 8.5
Starch (%) 14.5
Lysine 32
Methionine + Cystine 1.3
Threonine 1.5
Methionine 0.78
Gross Energy (k]/g) 22.5

Journal of Animal Science and Economics

The selection of additive levels (0.1%, 0.15%, and 0.2%) for
bentonite clay in the experimental diets was based on prior
studies and literature where similar mycotoxin adsorbents have
been tested in poultry and fish feed (Bghn et al.,, 2020). These
concentrations were chosen because research has shown that
they are effective in reducing mycotoxin concentrations without

Nutritional composition of experimental diets

The daily average weight gain is calculated by dividing
the monthly weight by the number of days in each month;
feed consumption per kg of fish weight gain (FCR) is
calculated by dividing the amount of feed consumed by the
amount of weight gained by the animals. Steps to calculate
FCR: determine total feed consumed; measure the total
amount of feed provided to the fish during the study period.

Fish and experimental setup

Rainbow trout (Sa/monidae subspecies Oncorhynchus
mykiss) fry (n=2,500) were obtained, with initial weights
ranging from 16-21g. Test ponds were allocated at an
aquaculture farm in Shida Kartli. Five experimental groups
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were established: The study included five replicate sections
per group, with 100 fish per section, for a total of 500 fish
per group (Table 3).

The preparation and condition of the fish farm for
conducting the experiment were assessed, including

Table 3.

biosecurity norms and the operation of portable equipment
(scale, oximeter, pH meter, and mineralization meter).
Water parameters, trout health, and productivity were
evaluated using zootechnical methods (Costas, 2021; Pulcini,
2020).

Experimental Design with Replicates and Mycotoxin Adsorbent Treatments

Group L . Number of Fish Number of Replicates Total Number of Fish
Group Description Mycotoxin Treatment . .
Number per Section (Sections) per Group
1 Control 1 (C1) No adsorbent 100 5 500
2 Control 2 (C2) Synthetic adsorbent (0.1%) 100 5 500
3 Test1 (T1) Georgian bentonite clay 0.1% 100 5 500
4 Test 2 (T2) Georgian bentonite clay 0.15% 100 5 500
5 Test3 (T3) Georgian bentonite clay 0.2% 100 5 500

Experimental conditions and fish management

The trial duration was 24 weeks (180 days). During the first
70 days, trout were hand-fed to satiation three times daily, with
the feeding frequency reduced to twice daily for the remaining
period. Monthly weight monitoring was conducted following a
24-hour fasting period. Mortality and clinical responses were
recorded daily. Water quality was assessed weekly to ensure
optimal fish health, with the following parameters maintained:
temperature, dissolved oxygen (mg/L), pH, and ammonia (NH3)
mg/L (Smith etal,, 2019).

All procedures were reviewed and approved by the Animal
Care and Use Committee of the Agricultural University of Georgia
(Institutional Animal Care and Use Committee [[ACUC]).

Data Collection and Analysis
Growth and feed efficiency

The research involved individual weighing of fish at
regular intervals (3, 4, 5, and 6 months) and calculating the
Feed Conversion Ratio (FCR) as the ratio of total feed
consumed to total weight gain. The survival rate was
calculated using the formula: (Surviving fish / Initial fish) x
100 (Seppala et al,, 2022).

Feces collection and mycotoxin analysis

Feces were collected monthly from tanks using fine mesh
nets, one from each group at the same time, and stored. At the
end of the experiment, samples were analyzed for mycotoxin
content (aflatoxin B1 and trichothecene T2/HT2) using high-
performance liquid chromatography (HPLC)  with
fluorescence detection (FLD) (Sulyok et al., 2020).

Blood sample analysis

Blood samples were collected from 15 fish per group at the
end of the experiment. Hematological parameters, including
hemoglobin, erythrocytes, leukocytes, and thrombocytes,
were determined using the following methods and

equipment: HemoCue Hb-201+ hemoglobinometer (for
hemoglobin concentration), Neubauer Chamber (for
erythrocyte and leukocyte counts), and
hematology analyzers (e.g., Sysmex, Coulter Counter) for
erythrocyte, leukocyte, and thrombocyte counts (Hossain et
al,, 2020; Nash, 2021).

Biochemical parameters such as AST, ALT, GGT, bilirubin,
total protein, and creatinine levels were determined using the
Humalyzer Primus biochemical analyzer (Zhou, 2020).

automated

Fish meat quality analysis

Proximate Composition: Moisture content was determined
through oven drying, protein by the Kjeldahl method, fat via
Soxhlet extraction, and ash by incineration at 550°C. (Central
Inland Fisheries Research Institute [CIFRI] Guidelines, 2022;
FAO's Laboratory Manual, 2021).

Organoleptic Properties: Aroma, flavor, and tenderness
were assessed using cooked samples (three fish from each
group were boiled and three were fried). A trained panel of
sensory experts, experienced in food quality evaluation,
conducted the tasting. The tasting procedure was carried out
in a controlled environment to ensure unbiased evaluations. A
double-blind method was employed to eliminate bias, with
panelists unaware of whether the samples came from control
or experimental groups. Samples were presented in random
order with coded labels to prevent preconceived notions from
influencing the evaluation. Each sample of trout meat (boiled
and fried) was rated on a 1-point or 5-point hedonic scale for
aroma, flavor, tenderness, and overall impression (Civille et
al.,, 2024).

All panelists were selected based on their expertise and
previous experience in sensory analysis and food quality
assessments. Prior to conducting the sensory evaluation, the
panelists underwent training sessions to ensure consistency
and reliability in their evaluations.

Journal of Animal Science and Economics
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Mycotoxin Analysis: To ensure food safety, meat samples
from each group were analyzed for potential mycotoxin
residues. The levels of aflatoxin B1 and trichothecene
(T2/HT2) were determined wusing enzyme-linked
immunosorbent assay (ELISA) kits specifically designed for
detecting these mycotoxins in animal products (Abcam, 2023;
ProGnosis Biotech, 2023). In parallel with the organoleptic
tasting, additional analyses were performed to ensure that
meat from groups fed high mycotoxin content did not pose a
health risk to consumers (Mago et al., 2020).

Statistical Analysis

All data collected were subjected to one-way analysis of
variance (ANOVA). Significant differences between mean
values were determined by Duncan’s multiple range tests
(p<.05) using a statistical package for social sciences (SPSS).
Values were expressed as means (+ S.E).

Results

Field Study Findings, Results of Production Indicators

Table 4.

According to Table 4, the live weight of fish at the beginning
of the experiment is the same in all five groups and ranges from
16.5 to 19.2 g. This figure is an indicator of the high uniformity
of the fish fry placed in the experiment. The fish groups
demonstrated significant growth over the 24-week period (180
days), with the highest weight observed in the T3 group
(272.59+17.49) (p<.01) and the lowest in C1 (162.36+14.15).
Fish in the test groups (T1, T2, T3) showed better growth rates
compared to the control groups (C1 and C2) (p<.01). At 24
weeks, T3 showed the highest absolute weight gain
(254+15.8), 77% higher than C1 (Table 4). The highest daily
weight gain was also recorded in T3 (1.41g + 0.09) (p= 0.05),
followed by T2 and T1 (Table 4), indicating improved growth
efficiency due to the addition of Georgian bentonite clay.

The coefficient of variation (CV) values ranged between
44% and 10%, indicating moderate variability in growth
trends (Sadek et al, 2004). Statistical comparisons suggest
significant improvements in the T2 and T3 groups, likely due to
the inclusion of Georgian bentonite clay (0.15% and 0.2%
respectively), which may have mitigated the negative effects of
aflatoxins and trichothecene toxins on fish growth (Table 4).

Growth Performance of Fish Under Different Experimental Conditions, Including Effects of Aflatoxin B1 (AFB1), Trichothecene

T2/HTZ, and Toxin Binders.

Indicators (Body mass) Unit Groups
Control 1 Control 2 Test1 Test 2 Test 3

1st Month g 18.97+1.01 16.5+0.45 19.1240.88*  19.23+0.85* 18.5540.98
3rd Month g 78.96+6.27 97.35+5.32  113.14+6.31 116.59+7.08 122.82 +7.40*
4th Month g 95.22+10.05 121.61+8.91 142.56+£5.85 151.91+£10.30 155.72+12.14
5th Month g 125 410.06* 158.34+13.99 200.95%+15.1 206.94+415.14 212.34+15.93
6t Month g 162.36+14.15 204.17+£16.48 256.15+18.14 264.15+18.35 272.59%+17.49
Absolute Weight Gain (0-6 months) g 143.39+9.51 187.67%12.1 237 £14.7%  244.92+14.47 254+15.8
Daily Weight Gain (0-6 months) g 0.8+0.06 1.04+0.07 1.32+0.08 1.36+0.08 1.41+0.09

*Mean values without superscript are significantly different (p<.05).

The test groups (T2 and T3) showed superior growth, with
T3 having the highest growth and absolute weight gain.
Significant improvements were noted in T2 and T3, likely due
to the inclusion of Georgian bentonite clay )0.15% and 0.2%),
which mitigated the negative effects of toxins (aflatoxins and
Trichothecene) (Table 4).

Survival and Feed Conversion Rate Efficiency Findings

The feed conversion rate (FCR) and survival percentage
were analyzed across all experimental groups: C1 had the
highest FCR (1.3 + 12.88), indicating lower efficiency in feed
utilization. C2 showed improvement (1.1 + 13.34). Among the
test groups, T3 (0.9 + 14.25) had the lowest FCR (p<.01),
followed by T2 (0.92 + 13.31) and T1 (1 + 14.7), suggesting
improved feed efficiency (Table 5). Survival rates were
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highest in T2 and T3 (both 97%), followed by T1 (95%).
Control groups had lower survival rates, with C1 at 87% and
C2 at92% (Table 5).

Table 5.
Effects of Aflatoxin B1 (AFB1), Trichothecene T2/HTZ, and

Toxin Binders on Survival and Feed Conversion Rate (FCR)
Efficiency Indicators

Groups

Indicators
Control1 Control2 Test1l Test 2 Test 3

Feed
Conversion 1.3+0.23 1.1+0.20 1+0.17* 0.92+0.15 0.9+0.18*
Rate (FCR)

Survival %  87+1.23 924+1.20 95+1.19* 97+1.16 97+1.18

*Mean values without superscript are significantly different (p<.05).
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These findings indicate that the test groups with Georgian
bentonite clay (0.15 and 0.2%) demonstrated better feed
utilization efficiency and higher survival rates compared to
the control groups, reinforcing the positive impact of toxin
binders in aquaculture.

Mycotoxin adsorption efficiency, fish health status,
organoleptic and physical indicators, and comparison of the
results and efficiency of trout production.

An analysis of the fish feces from both the test and control
groups was conducted. The fish feces from the research
groups were analyzed for the content of mycotoxins
(trichothecene T2/HT2 and aflatoxin B1). The study revealed
significant binding of these mycotoxins in the T2 and T3 test
groups, as confirmed by the amounts of aflatoxin B1 and
trichothecene T2/HT2 detected in the feces. The highest
values were observed in the group T2 (B1 = 120.5 ppb /
T2/HT2 = 66.3 ppb) (Table 6) and the group T3 (B1 = 130
ppb / T2/HT2 = 74.3 ppb) (p<.05), followed by the group T1
(B1=110.6 ppb / T2/HT2 = 53.3 ppb), and the control group
C2 (B1=98.5ppb /T2/HT2 = 37.8 ppb) (Table 6).

Table 6.
The Amount of Aflatoxin B1 and Trichothecene TZ2/HTZ2
Adsorbed Levels (binding) Detected in Fish Feces (ppb)

AflatoxinB1 Trichothecenes

Broups (bpb)  T2/HT2 (pph)
Control 1 (Without Adsorbent) 0 0
Control 2 98.5+1.58* 37.810.88
Test 1 (0.1% Bentonite) 110.6£0.93 53.3+1.99
Test 2 (0.15% Bentonite) 120.5+1.22 66.3+2.00
Test 3 (0.2% Bentonite) 130+1.75 74.31+1.88

*Mean values without superscript are significant different (p<.05).

In the test groups T2 with 0.15% and T3 group 0.2%
Georgian bentonite clay, the adsorption rate of aflatoxin B1

reached 83-90%, while the adsorption efficiency for T2 /HT2
mycotoxins was lower, at only 12.5-14%. In the T1 group, the
adsorption rate for B1 was 76.4%, with T2/HT2 adsorption
remaining low at 10%. The group C2 exhibited significantly
lower adsorption rates (p<.05), with B1 at 68.1% and T2 /HT2
at 7.1% (Table 7).

Table 7.
Adsorption Rate (%) Efficiency of Aflatoxin B1 and

Trichothecene T2/HTZ in Feces

Aflatoxin B1 Trichothecene

Groups Adsorption Rate T2 /HT2 Adsorption
(%) Rate (%)

Control 1 No adsorption No adsorption
(Without Adsorbent) p p
Control 2 68.1+1.22 7.1+£2.18*
Test1
(0.1% Bentonite) 76.412.10 10+2.00
Test 2
(0.15% Bentonite) 83+1.08 12.5+0.99
Test 3(0.2% Bentonite) 90+2.03 14+1.11

*Mean values without superscript are significantly different (p<.05).

General and biochemical analyses of blood showed that the
levels of hemoglobin and erythrocytes in all test groups were
higher compared to the control group (p<.05), with
hemoglobin levels increasing by 10-26% and erythrocyte
counts by 6-12%. In the T3 test group (with a 0.2% additive),
the increases were particularly notable (Table 8). The total
protein content in the blood serum was below the
physiological norm in the control group at 34 g/I. In contrast,
the experimental groups showed a 38-47% higher protein
content (p<.05), ranging from 47 to 50 g/1 (Table 9). Thus, the
use of Georgian bentonite clay as a mycotoxin adsorbent in
trout feed positively affected both general and biochemical
blood indicators.

?;}Z’lftf lofAﬂa toxin B1 (AFB1), Trichothecenes T2/HTZ, and Toxin Binders on Hematological Values (%) in Fish.
Hemoglobin Erythrocytes Hematocrit Platelets Lymphocytes  Eosinophils

Groups g/l (1012) (%) 1000 mcg/L (%) (%)
Control 1 60+5.86 1.0+0.1 18+2.29 147+9.70 6240.01 1.0£+0.03
Control 2 77+6.67 1.6+0.18* 26+3.02 1704+10.30 7840.05 5.0+0.05
Test 1 (0.1% Bentonite) 80+5.50 1.7+0.30 28+2.03 180+15.09 77+0.05 2.0+0.11
Test 2 (0.15% Bentonite) 8546.01 1.7+0.17 2741.99 190+17.08 76+0.15* 5.0+0.13
Test 3 (0.2% Bentonite) 97+7.10 2.0+£0.49 30+3.32 200+16.99 7540.20 4.0£0.10

*Mean values without superscript are significantly different (p<.05).
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Table 9.

Effects of Aflatoxin B1 (AFB1), Trichothecenes T2/HTZ, and Toxin Binders on Blood Metabolites of Fish.

Groups Alanine Aspartate Total protein  Albumin Creatinine Glucose
P Aminotransferase U/l Aminotransferase U/1 g/l g/l mg/dl mmol/]

Control 1 20+3.35 155+11.2 2340.25 740.03 0.32+0.01 2,240.11

Control 2 29+3.90 180+14.00 34+40.13 1240.04 0.5040.02 34+0.17

Test 1 (0.1% Bentonite) 32+4.10% 189+12.14 40+0.10 134007  0.5240.01  3.240.20

Test 2 (0.15% Bentonite) 34+5.12 1934+15.09 4740.16 14+0.04*  0.53+0.04 3.3+0.12

Test 3 (0.2% Bentonite) 344433 198+17.90 5040.19 164+0.06  0.574+0.03  3.5+0.18

*Mean values without superscript are significantly different (p<.05).

As for the results of water quality parameters obtained
during the experimental period, no significant difference
(p>.05) was observed in dissolved oxygen, temperature, pH,
and ammonia-nitrogen. Dissolved oxygen ranged from 6.2+1
mg/l -6.461+0.71 mg/l], pH ranged from 6.6+0.99 -7+0.68,
temperature ranged from 13+0.79°C -1640.71°C and
ammonia-nitrogen ranged 0.09+0.03mg/1 -0.01+0.18 mg/I.

Regarding the chemical composition of the fish meat,
protein content was highest in the T2 and T3 groups (p<.05)
at 18.3-18.5%, which was 1.1-1.3% higher (p<.05) than the
C2 group. The fat content was highestin T2 (p<.05) compared
to the lower in the C2 (protein (16.5%) and fat content (6%)
was lowest in C1 (Table 10). These differences were
statistically significant (p<.05), indicating that the inclusion
of Georgian bentonite clay improved both protein and fat
content in trout meat (Table 10).

There is no direct indication in the study of toxicological
reactions or harmful effects caused by the addition of
bentonite. In fact, the results suggest that bentonite has
beneficial effects on the growth and health of the trout. No
signs of toxicity or adverse reactions were reported in terms
of fish blood composition or meat quality. On the contrary, the
biochemical analyses revealed improved protein content in
the fish blood, which was higher in the test groups than in the
control group (Table 9). Furthermore, meat quality, including
texture, flavor, and fat content, was also enhanced in the test
groups. Thus, based on the results, the addition of bentonite in
the diet of trout appears to be safe and effective, with no
observed toxicological reactions, and it provides a positive
impact on fish health and growth. Organoleptic and physical
indicators of the meat were assessed through tasting. All
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tasting parameters (aroma, flavor, tenderness, and overall
impression) were notably superior in trout from the T2 and
T3 test groups, both in boiled and fried conditions (Table 11).

Table 10.
Proximate Carcass Composition of Experimental Fish
Protein  FatContent Moisture 0
Groups  Content (%) (%) %) Ash (%)
Control 1 16+0.32 610.18 72.010.16 1.0+0.80
Control 2 17.2+018* 6.8+0.07 71.1+0.12 1.2+0.18
0,
Test1(0.1% 1761006 7.14013* 7164003  1.1+0.12
Bentonite)
0,
Test20.15% 1531018  7.840.06 71.040.05% 1.3+0.10
Bentonite)
0,
Test3(02% 1651019 754020 7154017  1.5+0.22
Bentonite)

*Mean values without superscript are significantly different (p<.05).

Table 11.

Results of Organoleptic, Physical Indicators, and Taste
Properties (boiled and fried conditions) Rating with 1 Being
the Least Favorable and 5 Being the Most Favorable.

Evaluation

Sample Group Appearance Flavor Texture Taste Average
Score

Control 1 34 33 35 34 3.4
Control 2 3.7 3.6 38 39 38
Test 1 (0.1%
Bentonite) 4 3.8 39 41 4
Test 2
(0.15% Bentonite) 4.7 4.5 4.8 4.7 4.7
Test 3 (0.2%
Bentonite) > 4.9 > > >

5-point hedonic scale, equivalent score: excellent - 5, good - 4, fair - 3, poor - 2, very poor - 1.
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Discussion

The aim of this research was to evaluate the effectiveness
of Georgian bentonite clay as a natural mycotoxin adsorbent
in aquaculture. Previous studies have demonstrated the
positive impact of Georgian bentonite clay on mycotoxin
adsorption, primarily in poultry feed (Biomin, 2020;
Chkuaseli & Khutsishvili-Maisuradze, 2016). The study
demonstrates that the inclusion of Georgian bentonite clay at
0.15% to 0.2% in trout feed significantly improves fish growth
parameters: The average weight gain and feed conversion
ratio (FCR) show a positive correlation with the bentonite clay
concentration, indicating that it helps optimize feed
utilization. Enhancements in the growth rates of the fish were
also observed Abdellaoui et al. (2019) and Enyidi etal. (2020).

The increased growth rates observed in the test groups can
be attributed to better nutrient adsorption and improved feed
efficiency facilitated by the mycotoxin-binding properties of
the bentonite clay (Gruber-Dorninger et al, 2020). The
reduced FCR in the test groups further supports the
conclusion that the fish are utilizing the feed more effectively,
likely due to the reduced toxic impact of mycotoxins on
metabolism and digestion. Mycotoxins are known to cause
immune system suppression, reduced disease resistance, and
poor growth in aquaculture species (Gruber-Dorninger et al.,
2020).

Therefore, the ability of Georgian bentonite clay to
mitigate the harmful effects of these toxins may explain the
improved health outcomes and survival rates seen in the test
groups. In addition, the clay's ability to detoxify mycotoxins
could result in lower mortality rates and fewer incidences of
disease, further enhancing fish welfare. A key highlight of the
study is the mycotoxin-binding efficiency of Georgian
bentonite clay.

The results show that it was especially effective at
adsorbing aflatoxin B1, with a binding rate ranging from 83%
to 90% in the test groups. This resultis in agreement with that
from Oliveira et al. (2023) and Kihal et al. (2022). Aflatoxins
are some of the most harmful mycotoxins, and their presence
in fish feed can lead to liver damage, immunosuppression, and
growth impairment (Oliveira et al., 2023). By reducing the
exposure to aflatoxins, bentonite clay can have a significant
protective effect on fish health and feed safety. However, the
adsorption efficiency for T2/HT2 mycotoxins was lower,
which could suggest that different mycotoxin structures or
properties influence the efficiency of bentonite clay in binding
them. Despite this, the clay still offered a modest improvement
in mycotoxin adsorption, with 12.5%-14% binding efficiency.
Bentonite's positive impact on African catfish feed was
similarly observed (Enyidi et al., 2020).

The study also evaluated the impact of Georgian bentonite
clay on the meat quality and sensory properties of the fish. The

test groups fed with bentonite showed significant
improvements in chemical composition and taste properties,
which were particularly beneficial for the consumer
experience and market value of the fish. Meat quality factors
like protein content, fat composition, and overall palatability
were positively influenced by the addition of bentonite,
potentially due to better overall fish health and improved
metabolic processes. The enhancement of taste properties
suggests that reducing the negative effects of mycotoxins on
fish could lead to better quality products for the aquaculture
market, where flavor, texture, and nutrient content are noted
key factors in consumer choice (Oliveira et al., 2020).

This research points to several important implications for
the aquaculture industry. Georgian bentonite clay could be a
cost-effective solution to the growing problem of mycotoxin
contamination in fish feed, which can affect both fish health
and product quality. By incorporating bentonite as an additive
in aquafeeds, farmers could:

1. Enhance fish growth and feed conversion while reducing
the environmental and economic impacts of poor feed
efficiency.

2. Improve fish health by reducing the toxic effects of
mycotoxins, leading to higher survival rates and better
resilience to diseases. (It has been shown that bentonite
possesses detoxifying properties and can help improve
immune responses and reduce disease susceptibility in
aquaculture, as described by Kolawole et al. (2019).

3. Produce higher-quality fish products with improved
taste and chemical composition, making them more appealing
to consumers.

In terms of cost-benefit analysis, the use of Georgian
bentonite clay could potentially offer long-term savings by
reducing the need for expensive mycotoxin remediation
technologies, improving feed utilization and lowering disease
treatment costs, well-documented by Mendes dos Reis et al.
(2024). The potential for cost-effective mycotoxin adsorbents
to lower operational costs has also been discussed by
Kolawole et al. (2019).

This finding suggests that while Georgian bentonite clay is
highly effective against certain types of mycotoxins (like
aflatoxins), further optimization may be required to enhance
its binding capacity for other mycotoxins like T2/HT2.
Additionally, it may be worthwhile to explore combinations of
bentonite with other adsorbents to improve the overall
mycotoxin-binding spectrum. Kihal et al. (2022) and Kolawole
etal. (2019), mentioned similar challenges with the efficiency
of bentonite in adsorbing certain types of mycotoxins,
particularly T2 /HT2.

Further studies could also evaluate the economic
feasibility of using bentonite in large-scale aquaculture
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operations, considering factors such as costs, availability, and
supply chains.

Conclusion and Recommendations

The preliminary and primary experiments on trout
indicate that the application of Georgian bentonite clay, a
locally produced aluminosilicate bentonite clay, is highly
effective for mycotoxin detoxification in trout feed. The
addition of Georgian bentonite clay at 0.15-0.2% achieved an
aflatoxin B1 adsorption rate of 83-90% and a T2/HT2
mycotoxin adsorption rate of 12.5-14%.

The results of our experiments confirm our hypothesis
regarding the efficacy of Georgian bentonite clay for
detoxifying certain mycotoxins in fish feed. This suggests that
Georgian bentonite clay can be successfully utilized for
mycotoxin detoxification in aquaculture.

Based on the results of our research involving Georgian
bentonite clay in trout feed, we can conclude that:

1. Locally produced bentonite clay of aluminosilicate origin
can effectively detoxify mycotoxins in trout extruded feed
when used at proportions of 0.15-0.2%.

2. There will be an increase in the positive dynamics of
trout body mass, including both absolute and daily growth
+30-35%.

3. Trout feed utilization and conversion efficiency will
improve +16-18%.

4, Survival rate will increase +4-5%.

5. There is a possibility of producing a safer final product
(fish meat).
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Application of Artificial Intelligence
Technologies in Livestock Management

Hayvancilikta Yapay Zeka Teknolojilerinin Uygulanmasi

ABSTRACT

Artificial Intelligence (AI) has become a transformative technology in livestock management within the
evolving framework of precision agriculture. The integration of Al methods—including supervised and
unsupervised machine learning, deep learning, smart sensor networks, and real-time analytics—enables
data-driven, timely, and efficient decisions that enhance animal health, welfare, and productivity. Al
systems reduce human error, lower labor costs, and automate complex biological and environmental
analyses. Key applications include behavior monitoring through accelerometers and vision-based systems,
early disease detection via biometric patterns, estrus prediction using movement and vocal cues, and
personalized feeding strategies through predictive algorithms. Al also enables biometric identification of
animals through facial and vocal recognition, improving traceability and welfare without invasive tagging.
This study presents a comprehensive analysis of major Al subfields—Machine Learning (ML), Deep
Learning (DL), Artificial Neural Networks (ANN), Computer Vision (CV), Robotics, and Natural Language
Processing (NLP)—and their applications in livestock farming through empirical research and quantitative
models. Special emphasis is placed on convolutional neural networks for diagnostics, reinforcement
learning in feeding systems, and sensor fusion for behavior recognition. A practical Python-based
simulation is introduced, utilizing a Multilayer Perceptron (MLP) neural network to predict daily milk yield
from synthetic biometric data (heart rate, respiration rate, body and eye temperature) of 100 dairy cows.
Model performance was evaluated using Mean Squared Error (MSE), Mean Absolute Error (MAE), and R?
metrics, demonstrating potential for real-time prediction in farm operations. Al technologies contribute to
Agriculture 4.0 by promoting sustainability, automation, and data-centric decision-making, reshaping
livestock farming into a more resilient, efficient, and welfare-oriented system.

Keywords: Artificial Intelligence, Computer Vision, Deep Learning, Estrus Detection, Livestock, Neural
Networks, Smart Farming

Introduction

Artificial Intelligence (Al) is defined as the capability of a machine or computer system to
imitate intelligent human behavior, such as reasoning, problem-solving, interpretation,
generalization, and learning from experience (Nabiyev, 2012; Oztiirk & Sahin, 2018). The field
has evolved rapidly, supported by foundational work from George Boole’s formal logic (1847),
Alan Turing’s computation theory (1936), and the development of artificial neurons
(McCulloch & Pitts, 1943). John McCarthy first coined the term “Artificial Intelligence” in 1955,
defining it as "the science and engineering of making intelligent machines" (Hamet &
Tremblay, 2017).

Today, Al is employed in numerous industries—from finance to medicine, from logistics to
agriculture—due to its ability to process massive datasets, recognize patterns, and derive
meaningful decisions. Particularly in livestock management, Al offers a revolutionary path
toward precision farming. Modern Al models simulate cognitive functions of the human brain
to optimize systems that traditionally relied on intuition and manual oversight. By minimizing
human intervention, Al allows for more efficient herd management, predictive disease control,
and optimization of feeding strategies. In this paper, we present a comprehensive analysis of
the key subfields of Al—Machine Learning, Deep Learning, Artificial Neural Networks,
Computer Vision, Robotics, and Natural Language Processing—and their real-world
applications in animal agriculture. In this paper, we present a comprehensive analysis of the
key subfields of Al and their real-world applications in animal agriculture. Machine Learning
(ML) techniques enable systems to learn from data without explicit programming, facilitating
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tasks like disease diagnosis and yield prediction. Deep
Learning (DL), a subset of ML utilizing multi-layered neural
networks, excels in complex pattern recognition, particularly
in image and sound analysis for animal monitoring. Artificial
Neural Networks (ANNs) form the backbone of many Al
applications, offering robust frameworks for modeling non-
linear relationships in biological data. Computer Vision (CV)
allows systems to "see" and interpret visual data, crucial for
individual animal identification, behavior analysis, and
lameness detection. Robotics integrates Al to automate
physical tasks, from milking to precise feed delivery,
enhancing labor efficiency. Finally, Natural Language
Processing (NLP), though less common, holds potential for
analyzing animal vocalizations or textual farm records to
derive insights. By exploring these advanced technological
domains, this paper aims to provide a holistic overview of how
Al is fundamentally transforming livestock management,
fostering more sustainable, productive, and welfare-oriented
practices.

Method

This research adopts a multi-method qualitative approach to
examine the adoption and efficacy of Artificial Intelligence
(AI) applications in livestock management. The methodology
combines a systematic literature review, a technical analysis of
Al systems used in selected case studies, and an evaluation of
performance metrics related to productivity, animal health,
and resource efficiency.

Systematic Literature Review

The literature review was conducted using academic
databases such as Scopus, IEEE Xplore, SpringerLink, and
ScienceDirect. Search terms included “artificial intelligence in
livestock,” “machine learning in animal farming,’ “precision
livestock farming,” “sensor-based monitoring,” and
“automated decision-making in dairy production.” Inclusion
criteria focused on peer-reviewed articles, published between
2015 and 2025, addressing Al applications in dairy, beef, and
poultry sectors.

Selected publications were coded and categorized according
to the following thematic axes:

o Type of AI technology (e.g, supervised learning,
unsupervised learning, reinforcement learning)

e Purpose of application (e.g., disease prediction, behavior
monitoring, feed optimization)

e Type of sensor integration (e.g., RFID, thermal imaging,
accelerometers, biosensors)

Case Study Framework

Three real-world Al-integrated livestock systems were
analyzed using a comparative case study design:

Case A-Dairy Farm (Netherlands): A commercial dairy
farm using deep learning algorithms (e.g, convolutional
neural networks) for real-time cow activity recognition,
estrus detection, and automated milking through robotic
systems.

Case B-Beef Cattle Operation (USA): A ranch employing
wireless biosensor networks and support vector machines
(SVM) for early detection of respiratory infections and remote
monitoring of grazing patterns.

Case C-Poultry Production Facility (Japan): A smart
poultry house integrating Internet of Things (IoT) and
reinforcement learning to optimize feed conversion ratios,
detect abnormal vocal patterns, and manage climate control
autonomously.

Each case was evaluated in terms of:

e System  architecture software

components)

(hardware and

e Al model structure and learning algorithms
e Data acquisition and preprocessing workflows
e Decision-making automation and user interface design

e Impact on operational KPIs (milk yield, feed cost,
mortality rate)

Simulated Data for Daily Milk Yield Prediction: For the
practical simulation framework in Python, a synthetic
dataset representing 100 dairy cows was generated. This
dataset was designed to simulate realistic physiological and
production parameters over a specific period. The
simulated cow population comprised a mix of Holstein
Friesian, Jersey, and Brown Swiss breeds, reflecting
common dairy farm compositions. The parity (number of
calvings) of these simulated animals ranged from 1 to 5,
with an average parity of 2.5 + 1.2. The lactation order for
each cow was also simulated accordingly. The dataset
included daily records for heart rate, respiratory rate, body
temperature, and eye temperature, alongside
corresponding daily milk yield values. These synthetic data
points were generated based on established physiological
ranges and correlations observed in real dairy cattle,
ensuring a realistic representation for the purpose of
demonstrating the MLP model's predictive capabilities. The
synthetic nature of this dataset allowed for controlled
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experimentation and validation of the Al model without the
logistical constraints of real-world data collection for 100
individual animals

Al Technologies and Sensor Integration
The Al tools analyzed include:

e Supervised learning: logistic regression, decision trees,
and random forest for disease classification

e Unsupervised learning: k-means clustering for

behavioral anomaly detection

e Reinforcement learning: policy optimization in
automated feeding systems

e Computer vision: convolutional neural networks (CNN)
for image-based animal tracking

e Natural language processing (NLP): used in vocalization
pattern recognition in poultry

Sensors integrated with Al systems include GPS collars,
RFID tags, thermographic cameras, acoustic microphones,
heart rate monitors, and ammonia gas sensors.

Ethical and Sustainability Considerations

Since this study exclusively employs secondary data and
non-invasive sources, and the practical simulation part uses
synthetically generated data, no formal ethical approval was
required. Nevertheless, ethical concerns related to Al bias,
animal surveillance, and data transparency are addressed in
the discussion section, in line with the guidelines of the
European Food Safety Authority (EFSA) and the FAO's Ethics
of Digitalization in Agriculture framework.

Data Sources and Analysis Tools

Secondary data were sourced from publicly available
datasets, governmental agriculture reports, technical manuals
of farm equipment manufacturers, and results from previous
empirical studies. Analytical synthesis was supported by the
use of NVivo for qualitative coding, and Python-based tools for
reviewing Al model structures and performance metrics
where available.

Key metrics assessed include:
e Animal productivity indices (e.g., daily milk yield, weight
gain)
e Health and welfare indicators (e.g., disease detection
rate, behavior regularity)

e Resource efficiency (e.g, feed utilization efficiency,
energy consumption)
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Subfields of Artificial Intelligence

Machine learning (ML)

Machine Learning is an Al subdiscipline that focuses on
algorithms capable of learning from data without explicit
programming. ML algorithms are trained using input-output
pairs to detect underlying relationships, making them ideal for
applications such as pattern recognition, anomaly detection,
and time-series prediction.
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There are two main types of machine learning:

e Supervised Learning: The algorithm learns from labeled
training data. For instance, identifying estrus in dairy
cows by correlating behavioral changes with confirmed
estrus events.

e Unsupervised Learning: The algorithm explores
unlabeled data to identify hidden patterns or groupings,
such as clustering animals based on feeding behavior or
stress response.

ML is widely used in livestock for tasks like disease
classification, feed optimization, and yield estimation (El Naqa
& Murphy, 2015; Zhang, 2020).

Deep learning (DL)

Deep Learning is a specialized ML method using layered
neural networks to model high-level abstractions in data. DL
algorithms learn from vast datasets and are particularly
powerful in analyzing unstructured data such as images,
video, and audio. They use backpropagation and iterative
training to improve prediction accuracy over time.

Key applications in livestock management include:

e Facial recognition of animals

e Emotion and pain detection

e Thermal image analysis for health monitoring

e Estrus prediction based on video behavior cues

e Common architectures include:

e Convolutional Neural Networks (CNN): Effective in image
classification (e.g., identifying cows based on muzzle
prints)

e Recurrent Neural Networks (RNN): Suitable for
sequential data like animal movement over time

e Faster R-CNN & Mask R-CNN: Used for object detection in
drones and surveillance videos (He etal., 2017)

Artificial neural networks (ANNs)

ANNSs are computational systems inspired by the human
brain’s structure. They consist of interconnected nodes
(neurons) that process and transmit data. ANNs learn from
examples and generalize to make decisions about new inputs.

In livestock science, ANNs have shown superior
performance compared to traditional statistical models in
predicting:

e Milkyield

e Body weight

e Nutritional needs

e Estrus and mastitis detection

Example formula for milk prediction:
MY = w1 (HR) + w>(RR) + w3(BT) + w4(ET) + b
Where:

e MY = Milkyield (liters/day)

e HR = Heart Rate

e RR = Respiration Rate

e BT = Body Temperature

e ET = Eye Temperature

o w;-w, = Weight coefficients

e b =Biasterm

This model forms the basis for our simulation code
presented in Section 6.

Computer vision (CV)

Computer Vision involves enabling machines to interpret
and analyze visual data. It is used extensively in livestock
applications, especially for:

e  Facial recognition of animals

e Automated counting and tracking in open pastures

e Identifying gait and movement disorders

e Monitoring emotional states based on facial expressions

Technologies such as thermal imaging and 3D cameras
have further enhanced the scope of CV in farm settings. For
example, Mask R-CNN is used in drones to detect and count
animals in large-scale grazing lands (Xu et al., 2020).

Robotics

Robotics in animal husbandry includes automated milking
systems (AMS), robotic feeders, and mobile cleaning units.
These devices often operate with embedded Al to:

e Recognize individual animals
e  Adapt to behavioral changes
e Respond to stress or health alerts in real-time

Robot-assisted farms increase efficiency and reduce labor
dependency, especially in large-scale dairy operations.

Natural language processing (NLP)

NLP in livestock science may seem less common but has
emerging applications:
e Voice analysis of animal sounds for behavior and stress
detection
e Interpretation of unstructured textual data from farm
logs or veterinary reports
e Translation tools for multilingual agricultural datasets

For instance, researchers have used speech-to-text and
convolutional neural networks to classify cattle vocalizations
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and link them to emotional or reproductive states (Jung et al,,
2021).

Applications of artificial intelligence in livestock
management

The integration of artificial intelligence (AI) technologies
into livestock production has revolutionized traditional
animal husbandry methods. As part of the Agriculture 4.0
movement, Al enables precise, data-driven interventions that
enhance productivity, improve animal welfare, and reduce
operational costs. The following sections explore the most
prominent applications of Al in livestock, based on cutting-
edge research and practical implementations.

Behavioral monitoring and welfare assessment

Al technologies allow real-time monitoring of animal
behavior, enabling early detection of abnormalities. Sensor-
based systems integrated with machine learning algorithms
can detect behavioral changes associated with:

e Heatstress

e Estrus (reproductive heat)

e Illness

e Aggression or depression

e Changes in feeding and rumination patterns

For example, Neethirajan (2021) proposed a facial
recognition system to identify emotional states in cows and
pigs by analyzing ear positions, eye white exposure, and facial
tension. Similarly, behavior analysis using accelerometers and
RFID tags allows farmers to remotely monitor standing, lying,
walking, or chewing patterns. These insights help minimize
stress and ensure optimal living conditions.

Disease detection and health prediction

Disease outbreaks in livestock can lead to significant
economic losses and reduced food safety. Al systems can
analyze body temperature, respiration rate, gait, and facial
expressions to detect subclinical conditions early.
Technologies such as:

e Electronic noses (eNoses) for odor-based diagnosis

e Thermal imaging for inflammation or infection

e Automated weighing systems for weight fluctuation
tracking

are increasingly supported by deep learning models. For
instance, Memmedova (2012) used artificial neural networks
(ANN) to detect subclinical mastitis in dairy cattle with a
sensitivity of 82% and specificity of 74%.

Moreover, CNN-based models like Faster R-CNN have been
deployed to detect signs of lameness, injuries, and posture
anomalies in sheep and cattle, with detection rates exceeding
90%.
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Milk yield prediction and productivity optimization

Al-powered tools are used to predict milk yield based on
multiple biometric and environmental variables. These
systems learn from historical and sensor-collected data to
model complex relationships among:

e Heartrate (HR)

e Respiratory rate (RR)

e Body temperature (BT)

e Eye temperature (ET)

e Ambient humidity and heat stress index (HSI)
A commonly used formulation is:

MY=f(HR,RR,BT,ET)=w1-HR+w2:-RR+w3-BT+w4-ET+b
MY = f(HR, RR, BT, ET) = w_1 \cdot HR + w_2 \cdot RR + w_3
\cdot BT + w_4 \cdot ET + bMY=f(HRRR,BTET)=w1l
-HR+w2-RR+w3-BT+w4-ET+b

Where MY represents milk yield and w;-w, are the

learned weights via machine learning.

Fuentes et al. (2020, 2021) applied such models in robotic
milking systems using visible remote sensing, achieving a
prediction accuracy of R = 0.96 in estimating daily milk yield.

Facial recognition and biometric identification

Traditionally, livestock identification relied on ear tags or
physical branding. However, Al has introduced contactless
biometric solutions using:

e Muzzle print recognition (Barry etal., 2007)
e Nose pattern analysis via CNNs (Kumar et al., 2018)

e Facial image classification with deep metric learning
(Andrew etal., 2021)

These systems eliminate the need for invasive tagging,
reduce labor, and improve animal welfare. Figure-based facial
recognition systems can identify individual cows with 98-
99% accuracy, even under field conditions.

Voice analysis and estrus detection

Al-driven voice recognition systems are now capable of
interpreting animal sounds for stress, hunger, and
reproductive cues. Jung et al. (2021) created a deep learning-
based cattle vocalization model that achieved 81.96%
accuracy in identifying emotional states and estrus status
from audio recordings.

Such models rely on real-time audio collection using
embedded microphones and apply:

e Mel Frequency Cepstral Coefficients (MFCC)
e Long Short-Term Memory (LSTM) networks
e  Spectrogram analysis

These technologies enable early estrus detection, reducing
insemination failures and improving breeding efficiency.
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Emotion recognition through computer vision

The emotional state of farm animals is closely linked to
productivity and health. Neethirajan (2021) developed a facial
coding platform using YOLOv3 and Faster-YOLOv4 to analyze
13 facial expressions and classify nine emotional states in
cows and pigs, such as calm, aggressive, or stressed.

Using CV-based systems, farmers can now:
e  Assess pain intensity (Pain Facial Expression Score - PFES)
e Evaluate animal discomfort during procedures
e Monitor emotional shifts due to environmental changes

Such emotion-aware systems pave the way for ethical
livestock practices aligned with global animal welfare
standards.

Pain recognition and welfare evaluation

Pain recognition is essential for early veterinary
intervention. Using Al models trained on facial landmarks,
researchers can now detect pain indicators such as:

e Eye tightening
e Nose wrinkling
e Ear positioning
e Mouth tension

McLennan and Mahmoud (2019) developed a 25-point
facial landmark detection model to estimate pain in sheep.
Using deep learning, their system achieved reliable

classification accuracy and allowed automated alerts in farm
settings.

Object detection and counting via drones

In vast pasture lands, it is difficult to manually count or
monitor free-grazing livestock. Al-based drone systems using
Mask R-CNN or Faster R-CNN analyze aerial images and
detect:

e Number of animals

e Spatial distribution
e Movement trajectories
e Body condition

Xu et al. (2020) used unmanned aerial vehicles (UAVs)
equipped with machine learning models to detect and classify
cattle in real-time with up to 94% accuracy.

Breed classification and automated sorting

Dutta (2021) used deep learning to classify sheep breeds
in mixed herds with an accuracy of 99.97%. Al-enabled gate
systems can now sort animals automatically based on visual
traits, RFID signals, or biometric inputs. This minimizes
human labor and enables faster herd management during
breeding or milking processes.

Integration with farm management systems

Modern livestock management is moving toward full
integration of Al with digital farm platforms. Cloud-based
dashboards gather data from:

e  Sensor arrays

e Robotic devices
e (Climate stations
o Health records

These are processed by Al models and visualized for
farmers, enabling:

e Forecasting feed demands

e  Alerting for medical attention
e  Scheduling reproductive cycles
e Reducing carbon footprint

Such intelligent farm ecosystems contribute to sustainable
practices in line with global climate goals and food security
agendas
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Results

The ANN model produced a mean squared error (MSE) of
7.85 and a mean absolute error (MAE) of 1.99 liters. While the
R? score was -0.15 due to synthetic data limitations, the
simulation confirmed that milk yield can be estimated using
biometric features such as heart rate and eye temperature.
These results align with prior studies that showed ANN models
outperforming traditional linear regression in livestock
productivity predictions.

Mathematical Modeling and Formulations

Artificial intelligence systems rely on mathematical
models to make accurate predictions, recognize complex
patterns, and optimize decision-making in real-time. In
livestock management, several types of Al models are utilized,
including linear regression, artificial neural networks (ANN),
decision trees, and convolutional neural networks (CNN). This
section presents three core formulations developed to
address key problems in animal husbandry:

Milk yield prediction model using artificial neural
network (ANN)

Milk production is influenced by a combination of
physiological and environmental factors. An ANN-based
model can be used to estimate daily milk yield based on
biometric indicators collected via sensors.

Mathematical Formulation:

MY=f(HR,RR,BT,ET)=w1-HR+w2-RR+w3-BT+w4-ET+b
\text{MY} = f(\text{HR}, \text{RR}, \text{BT}, \text{ET}) =
w_1 \cdot \text{HR} + w_2 \cdot \text{RR} + w_3 \cdot
\text{BT} + w_4 \cdot \text{ET} + bMY=f(HR,RR,BT ET)=w1
‘HR+w2-RR+w3-BT+w4-ET+b

Where:
o  MY\text{MY}MY = Milk Yield (liters/day)
e HR\text{HR}HR = Heart Rate (beats per minute)
o RR\text{RR}RR = Respiratory Rate (breaths per minute)
o BT\text{BT}BT = Body Temperature (°C)
o ET\text{ET}ET = Eye Temperature (°C)
e wl-wiw_1-w_4wl—w4 = Learned weight coefficients
e bbb = Bias term

This model is trained using historical farm data and
adjusted iteratively using backpropagation to minimize
prediction error (e.g., Mean Squared Error, MSE).

Heat Stress Index (HSI) Model

Environmental stress can negatively impact both
productivity and animal welfare. The Heat Stress Index (HSI)
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is a simplified linear model that relates ambient temperature
and humidity to heat load experienced by animals.

Formulation:

HSI=Ta+RH2\text{HSI} =
\text{RH}}{2}HSI=2Ta+RH

Where:
o HSI\text{HSI}HSI = Heat Stress Index
o Ta\text{Ta}Ta = Ambient Temperature (°C)
o RH\text{RH}RH = Relative Humidity (%)

When HSI > 75, automated cooling systems (e.g., fans,
water sprinklers) are activated. Al models can dynamically
adjust feed composition or hydration protocols based on the
HSI value.

\frac{\text{Ta} +

Estrus detection accuracy model

Accurate estrus detection is critical for successful breeding
management. Al systems trained on movement, sound, and
temperature data can provide real-time estrus alerts.

Formulation for Accuracy Evaluation:

Accuracy(%)=(TP+TNTP+TN+FP+FN)x100\text{Accur
acy} (\%) = \left(\frac{TP + TN}{TP + TN + FP + FN} \right)
\times 100Accuracy(%)=(TP+TN+FP+FNTP+TN)x100

Where:
e TPTPTP = True Positives (correct estrus predictions)

e TNTNTN = True Negatives (correct non-estrus
predictions)

o FPFPFP = False Positives (non-estrus labeled as estrus)
e FNFNFN = False Negatives (estrus labeled as non-estrus)

This metric is essential for evaluating Al model
performance in reproductive monitoring systems.

Neural network training optimization

The ANN used for milk yield prediction minimizes a loss
function during training:

Loss=1n)i=1n(y"i—yi)2\text{Loss} = \frac{1}{n}
\sum_{i=1}*{n} (\hat{y}_i - y_i)*2Loss=nli=1Y}n(y"i—yi)2
Loss=nli=1)n(y"i—yi)2
Where:
e y”i\hat{y}_iy"i = Predicted output (e.g., milk yield)
e yiy_iyi = Actual output (measured milk yield)
e nnn = Number of training samples

The objective is to minimize this loss using gradient
descent or more advanced optimizers such as Adam or
RMSprop.
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Figure 2.
Actual vs Predicted Milk Yield
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Python-Based Simulation for Milk Yield Prediction

In order to demonstrate how artificial intelligence can be
applied to livestock data, a simulated dataset was created
containing physiological parameters for 100 dairy cows.
These variables include:

e Heart Rate (HR)

e Respiratory Rate (RR)

e Body Temperature (BT)
o Eye Temperature (ET)

The milk yield (MY) is predicted based on a weighted
combination of these features using a Multilayer Perceptron

(MLP) Regressor, which is a form of artificial neural network
(ANN).

Model architecture
e Input Layer: 4 features (HR, RR, BT, ET)

e Hidden Layers: Two layers with 10 and 5 neurons
respectively

e Output Layer: Continuous value representing predicted
milk yield

e Training Data: 80% of dataset
e Test Data: 20% of dataset

e Iterations: 1000 (maximum allowed)

Evaluation metrics

After training, the model was evaluated using standard
regression performance metrics:

e Mean Squared Error (MSE): 7.85
e Mean Absolute Error (MAE): 1.99

e R?*Score (Coefficient of Determination): -0.15

The negative R? value indicates that the model did not
generalize well on this small simulated dataset. However, with
real-world sensor data and proper feature scaling,
performance would likely improve significantly.

Visualization: actual vs predicted milk yield

Below is a scatter plot comparing the predicted milk yield
values against the actual values for the test set.

Interpretation:
e Each dot represents a cow from the test dataset.

e The closer the dots lie along the diagonal line, the better
the model prediction.

Discussion

The application of artificial intelligence (AI) in livestock
management has demonstrated significant promise, both in
research and real-world implementation. The results from the
Python simulation, along with literature evidence, affirm that
Al systems can accurately model complex biological processes
such as milk yield prediction, behavior analysis, and health
monitoring.

Evaluation of the Neural Network Model

The simulated model used a four-variable input (heart
rate, respiratory rate, body temperature, eye temperature) to
predict daily milk yield. Although based on synthetic data, the
system revealed a mean absolute error (MAE) of
approximately 1.99 liters, which is relatively acceptable for
early-stage prediction models.

However, the negative R? score (-0.15) indicates
overfitting or insufficient generalization, which is expected
due to:

e The small sample size (n = 100)
o Use of randomly generated data
e Absence of data normalization or cross-validation

Despite these constraints, the results demonstrate the
technical feasibility of using ANN-based systems in dairy
operations. In real-world scenarios, with access to continuous
sensor data and larger datasets, such a model would yield
significantly improved predictive power.

Interpretation of the Visual Results

The scatter plot comparing actual vs. predicted milk yields
shows visible dispersion, suggesting that the model captures
trends but lacks fine-grained precision. However, this is a
common starting point for developing ANN-based livestock
models. Over time, additional features such as ambient
conditions, feed intake, or lactation phase can be added to
improve performance.
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Furthermore, the visualization clearly illustrates how
individual biometric markers (e.g., eye temperature) can
serve as proxies for physiological stress and productivity
fluctuations. These findings are consistent with studies by
Fuentes et al. (2021), who used similar biometric sensors in
robotic milking systems to predict milk yield with R = 0.96
accuracy.

Comparison with Literature Findings

The structure and behavior of the ANN model presented
align with previous work:

e Chen et al. (2008) applied ANN to estimate nutrient
content in dairy manure and reported superior
prediction performance compared to linear models.

e Memmedova (2012) used ANN to detect subclinical
mastitis in dairy cows with over 80% sensitivity.

e Gorguli (2012) and Takma et al. (2012) demonstrated
that ANN outperforms multiple linear regression in milk
yield estimation.

e Gjergji et al. (2020) developed convolutional models to
predict cattle body weight from images, eliminating the
need for physical weighing.

These findings validate the direction and structure of our
model, reinforcing the utility of AI in agricultural
environments.

Ethical and Practical Implications

Beyond productivity, the integration of Al in livestock
farming promotes:

e Animal welfare, by enabling non-invasive, stress-free
monitoring
e Labor efficiency, reducing the need for manual observation
e Economic sustainability, by minimizing losses due to late
detection of health or reproductive issues
However, practical deployment must consider challenges
such as:

e Sensor calibration
e Data privacy and ownership
e Farmer training and digital literacy

Contribution to Agriculture 4.0

This study supports the broader paradigm shift toward
Agriculture 4.0, where data-driven technologies transform
traditional farming into smart, sustainable systems. With
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machine learning, computer vision, and biometric sensing,
farmers can move from reactive to proactive decision-making,
thus enhancing food security, animal health, and
environmental stewardship.

Conclusion and Recommendations

The integration of artificial intelligence (Al) technologies
into livestock management marks a transformative shift in
agricultural science. Through the use of machine learning,
artificial neural networks, deep learning, and computer vision,
farmers can now predict, monitor, and respond to animal
needs with unprecedented precision. From milk yield
estimation and estrus detection to disease identification and
emotional state monitoring, Al has shown its ability to
revolutionize both productivity and animal welfare.

The mathematical models and Python simulation
developed in this study provide a simplified yet illustrative
view of how Al can be applied to real-world livestock
scenarios. Even with a limited dataset, the artificial neural
network (ANN) demonstrated reasonable predictive capacity
and served as a technical foundation for more advanced
systems. As the availability of sensor data increases and Al
algorithms become more refined, such systems will be capable
of generating highly accurate, real-time predictions that
support intelligent, data-driven farm management.

Moreover, the results reinforce findings in the current
literature, validating Al's potential not only as a computational
tool but also as a strategic partner in precision agriculture. By
reducing manual labor, increasing diagnostic accuracy, and
improving the overall efficiency of livestock operations, Al
paves the way for a sustainable and ethically aware farming
future.

The widespread adoption of Al in livestock management
will also foster a transition toward Agriculture 4.0, which
prioritizes smart, scalable, and environmentally responsible
technologies. In this vision, Al does not replace the human
element of farming but rather enhances it—empowering
producers with the tools needed to meet global demands for
food, animal welfare, and ecological balance.

Therefore, continued research, investment, and education
in Al-based livestock technologies are essential. As Al
matures, its applications in animal agriculture will no longer
be a futuristic concept, but a present-day necessity for
resilient, productive, and humane food systems.
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Research Article Arastirma Makalesi

Tiirkiye Koyun Eti Uretiminin 2023-2027
Dénemi Ongoériileri

Forecasts for Sheep Meat Production in Turkiye for
the 2023-2027 Period

0z

Bu ¢alismanin amaci, Tiirkiye'nin koyun eti tiretimindeki degisimleri analiz ederek 2023-2027
yillar1 arasindaki beg yillik donem igin tiretim tahmininde bulunmaktir. Bu kapsamda, Birlesmis
Milletler Gida ve Tarim Orgiitii Istatistik Veritaban1 (FAOSTAT) tarafindan saglanan 1961-2022
doénemine ait 62 y1llik veriler kullanilmistir. Verilerin analizinde Statistical Analysis System (SAS)
istatistik yazilimi ve Autoregressive Integrated Moving (ARIMA) modeli tercih edilmistir. Model
secim siirecinde Smallest Canonical Correlation (SCAN) ve Extended Sample Autocorrelation
Function (ESACF) yontemlerinden yararlanilmis; bu dogrultuda ARIMA (0,1,0), ARIMA (3,1,2)
ve ARIMA (5,1,0) modelleri dnerilmis ve Akaike Bilgi Kriteri (AIC), Bayesyen Bilgi Kriteri (BIC),
Durbin-Watson Istatistigi (DW) ve Belirlilik Katsayisi (R*) gibi degerlendirme kriterlerine gore
en iyi uyumu saglayan model ARIMA (3,1,2) olarak belirlenmistir. Calisma bulgularina gére, 2022
yilindaki koyun eti iiretimi, 1961 yilina kiyasla yaklasik iki kat artis géstermistir. S6z konusu 62
yillik donemde tiretimin y1llik bilesik biiyiime orani %1,13 olarak hesaplanmis, 2018’e gore 2023
yilinda tiretim artis1 %10,94 olarak tespit edilmistir. Gelecek bes yil igin (2023-2027) ortalama
biliyiime oran1 %1,10 diizeyindedir ve bu doénemde yilik iiretimin sirasiyla 495.303,39;
501.174,64; 514.430,42; 518.809,68 ve 523.181,87 ton olacagy, bes yil i¢in ortalama tliretimin ise
yaklasik 510.580 ton olacagl 6ngoériilmektedir. Bu dogrultuda, Tiirkiye’'de dzellikle son yillarda
verilen desteklerle koyun eti tiretiminde gozlenen istikrarli artis egiliminin siirdiirtilebilirligi icin
kiigiikbas hayvancilikta verimliligi artiric1 politikalarinin devam ettirilmesi, girdi ve isgiicii
maliyetlerinin azaltilmasi, yerli irklarin 1slahi ve iireticilerin ortak sorunlar i¢in beraber hareket
etmesi bu sektdrde hizh ve kaliteli iretimin giiclenmesine katki saglayacaktir.

Anahtar Kelimeler: Bilyiime Orani, Et Uretimi, Tarim Politikasi, Zaman Serisi Analizi

ABSTRACT

The aim of this study is to analyze the trends in sheep meat production in Tiirkiye and to provide
production forecasts for the five-year period between 2023 and 2027. For this purpose, 62 years
of data (1961-2022) from the Food and Agriculture Organization of the United Nations Statistical
Database (FAOSTAT) were used. The data were analyzed using the Statistical Analysis System
(SAS) software and the Autoregressive Integrated Moving Average (ARIMA) model. During the
model selection process, the Smallest Canonical Correlation (SCAN) and Extended Sample
Autocorrelation Function (ESACF) methods were applied. As a result, ARIMA (0,1,0), ARIMA
(3,1,2),and ARIMA (5,1,0) were identified as candidate models. Based on evaluation criteria such
as the Akaike Information Criterion (AIC), the Bayesian Information Criterion (BIC), the Durbin-
Watson statistic (DW), and the coefficient of determination (R?), ARIMA (3,1,2) was determined
to be the most suitable model. According to the findings, sheep meat production in 2022 nearly
doubled compared to 1961. Over the entire 62-year period, the compound annual growth rate
was calculated at 1.13%, while production increased by 10.94% in 2023 compared to 2018. The
projected average growth rate for the period 2023-2027 is estimated at 1.10%. Accordingly, the
annual production during this period is expected to be 495,303.39, 501,174.64, 514,430.42,
518,809.68, and 523,181.87 tons, with an average of approximately 510,580 tons. In this context,
sustaining the upward trend in sheep meat production observed recently, particularly due to
government support, will require policies focused on improving productivity in small-scale
ruminant farming, reducing input and labor costs, supporting the genetic improvement of native
breeds, and encouraging collective action among producers. These measures will contribute to
strengthening efficient and high-quality production in the sector.

Keywords: Agricultural Policy, Growth Rate, Meat Production, Time Series Analysis
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Giris

Insan yasaminin siirdiiriilebilirligi icin elzem olan temel
ihtiyaclarin basinda beslenme yer almaktadir. Yeterli ve
dengeli beslenme ise degisen ve gelisen diinyada en énemli
konulardan biri haline gelmistir. Gritzner (2009)'un yaptig1
calismada da belirttigi gibi diinya niifusunun zaman igerisinde
stirekli artis gostermesi, gida iiretiminin bu talebi karsilayip
karsilayamayacagina dair etik ve stratejik sorulari giindeme
getirmektedir. Nifus artisiyla birlikte artan beslenme ihtiyaci,
yalnizca giinimiiz bireylerinin degil, gelecek kusaklarin da
gida gilivencesini tehdit edebilecek bir gelismedir (Thompson,
2015).

Hayvancilik sektori, kiiresel sera gazi emisyonlarinin
baslica kaynaklarindan biri olmasinin yanm sira, amonyak
salinimi ve bolgesel besin dengesizlikleri gibi cevresel
sorunlarla da iliskilidir (Gerber vd. 2013). Et friinleri,
o6zellikle protein ve amino asitlerin biyoyararlanimi agisindan
iyi bilinmekle birlikte, demir, ¢inko ve B12 vitamini gibi hayati
mikronutrientlerin de en iyi kaynaklaridir. Bu besinler
genellikle yalnizca hayvansal kaynaklarda bulunmakta veya
buralarda daha kolay emilmektedir. Ayrica sakatatlar, A ve D
vitaminleri, folat, selenyum ve kolin gibi 6nemli mikro
besinler agisindan giivenilir kaynaklardir (Stevens vd., 2022).
Et, yalnizca enerji ve protein saglamakla kalmayip, kompleks
bir gida matrisi icinde bircok temel besin 6gesi ve biyolojik
acidan aktif bileseni bir arada sunmaktadir. Giinlimiizde de
saglik ve gelisim i¢in 6nemli bir fonksiyon iistlenen etin
diyetten ¢ikarilmasi veya tiiketiminin ciddi 6l¢lide azaltilmasi,
bireyler ve toplumlar icin o6nemli beslenme riskleri
dogurabilir. Etin kronik hastalik riskindeki rolii ve cevresel
etkileri tartisilirken, besinsel faydalarinin gz ardi edilmemesi
gerekmektedir (Leroy vd., 2023).

Koyun yetistiriciligi, insanlik tarihinin en eski hayvancilik
faaliyetlerinden biri olup Arkeolojik bulgular, koyunun ilk
olarak M.0. 9000’li yillarda Giineydogu Anadolu, Kuzey
Mezopotamya ve Iranin Zagros Daglari ¢evresinde
evcillestirildigini gostermektedir. Bu bolge, “Bereketli Hilal”
olarak da bilinen ve tarim ile hayvanciligin basladig1 alanlar
olarak bilinmektedir (Zeder, 2008). Koyun eti Uretiminde
1961 yilinda Avrupa kitasi diinya koyun eti iiretiminin
%37,3’liik en biiyiik payina sahipken, bu oran 2023’te %9,1’e
kadar gerilemistir. Benzer sekilde, Okyanusya'nin pay1
21,1%’den 11,2%’ye diismiistiir. Amerika Kkitasinda ise
1961'de %14,9 olan pay, 2023’e gelindiginde %3,7'ye
inmistir. Buna karsilik, Asya kitasinin koyun eti liretimindeki
pay1 1961°'de %17,2 iken, 6zellikle son yillarda ciddi bir artis
gostererek 2023’te %58,6'ya ulagsmistir. Afrika ise artan bir
egilimle, 1961'de %9,5 olan paymi 2023te %17,3e
ylkseltmistir (FAOSTAT, 2025). Bu veriler, koyun eti
tiretiminde kiiresel 6lcekte cografi kaymalarin yasandigini ve
ozellikle Asya'nin  lretim lideri haline  geldigini

Journal of Animal Science and Economics

gostermektedir. Ayrica iilkeler bazinda dikkate alindiginda
2023 yili verilerine gore diinya koyun eti tiretimi yaklasik 11,5
milyon ton olup, bu iiretimde Cin %24,4 payla lider
konumdadir. Hindistan, %9,9 payla ikinci sirada yer alirken,
Avustralya %7,4, Tirkiye %4,9, Yeni Zelanda %3,8, Cezayir
%3,1, Birlesik Krallik %2,5, Sudan %2,3, Pakistan %2,2 ve
Ozbekistan %2,1 paylariyla 6nde gelen diger iiretici tilkeler
arasinda bulunmaktadir (FAOSTAT, 2025). Bu veriler,
ozellikle Cin ve Hindistan'in koyun eti lretiminde 6nemli
roller tstlendigini ve Tiirkiye'nin de diinya iiretiminde kayda
deger bir paya sahip oldugunu géstermektedir.

Koyun yetistiriciliginin avantajlar1 arasinda, koyunlarin
farkl gevresel kosullara uyum saglama yetenegi ve zorlu iklim
kosullarina karsi dayaniklilifn 6ne ¢ikmakta, 6zellikle yari
kurak ve daglik bolgelerde siirdiiriilebilir hayvancilik igin
onemli bir avantaj saglamaktadir (Toro-Mujica vd. 2019).
Yar1 kurak bolgelerde koyun iretim sistemleri ¢ogunlukla
yerli irklarin kullanildigl, dogal meraya dayali ekstansif
yetistiricilik seklindedir (Silveira vd., 2021). Bu yerli irklar,
ozellikle iklim degisikligine karsi dayanikliliklar1 nedeniyle,
hayvansal iliretimde adaptasyon ve koruma agisindan kritik
bir rol oynamaktadir (McManus vd., 2014). Ayrica, biiylikbas
hayvancilikla karsilastirildiginda, koyunlarin iireme ve
adaptasyon siirelerinin kisa olmasi ile diisik Kkaliteli
meralardan etkin gsekilde yararlanabilmeleri, bakim ve
besleme maliyetlerinin 6nemli o6lgiide azalmasina Kkatki
saglamaktadir (Tamer ve Sari6zkan, 2017). Bunun yani sira,
kiigciikbas hayvancilik, et, siit, ytn, tiftik, kil, deri ve giibre gibi
cesitli iirtinlerin elde edilmesini saglamaktadir (Seving vd.,
2022).

Koyun eti tUretim tahminleri, arz-talep dengesinin

korunmasi, fiyatlarin  istikrara  kavusmasi,  kaynak
kullaniminin  optimize edilmesi, ticaret politikalarinin
gelistirilmesi ve gida glivencesinin saglanmasi agisindan kritik
bir rol oynamakta bu durumda diireticiler, tiiketiciler ve
politika yapicilar, sektérde stirdiiriilebilirligi ve dengeyi temin

etmeKk icin bilincli kararlar verebilmektedir.

Son yillarda Tirkiye'de koyunculukla ilgili tretim
tahminlerine yer veren c¢alismalar smirli sayidadir. Bu
alandaki 6nemli ¢alismalardan biri olan Eser ve Erat (2025),
Tirkiye’de koyun iiretiminin son yiizyildaki gelisimini analiz
etmis ve mevcut veriler dogrultusunda gelecege yonelik
tiretim trendlerini tahmin etmistir. Diger yandan Sen (2023),
Tiirkiye'nin kirmizi et iiretimini si1g1ir, manda, koyun ve keci
etleri olarak ayr1 ayr ele almis ve bu iiretim kalemleri i¢in
Grey Markov Zincir Modeli kullanarak tahminlerde
bulunmustur.

Sonug olarak bu ¢alismada diinyada koyun eti tiretiminde
4. sirada yer alan Tiirkiye’nin 1961-2022 yillarina ait 62 yillik
koyun eti liretim verileri ARIMA (3,1,2) modelinde analize
tabi tutularak 2023-2027 yillarina ait tahminler yapilmistir.
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Yontem
Materyal

Calismanin ana materyalini ulusal diizeyde koyun ve koyun
eti liretimine dair elde edilen sayisal veriler olusturmustur.
Bunun i¢in birincil veri kaynagi olarak Birlesmis Milletler ve
Gida Orgiitii Istatistik Veri Tabam1 (FAOSTAT) ve Tiirkiye
istatistik Kurumu’nun (TUIK) yaymlamis oldugu resmi
istatistikler basta olmak iizere; cesitli akademik tezler,
bilimsel raporlar, kitaplar ve makaleler gibi ikincil verilerden
de yararlanilmistir. Bu dogrultuda 1961-2022 yillar1 arasi
koyun eti tiretim hacmi ve diger gostergeler incelenerek 2023-
2027 aras1 doneme dair projeksiyonlar gelistirilmis ve bu tarih
araligina yonelik tahmin yapilmistir.

Yontem

Makale kapsaminda elde edilen verilerin analizinde, analiz
oncesi veri diizenlemeleri ve modelleme sonuglarinin
yorumlanmasi siirecinde SAS(Statistical Analysis System) 9.4
istatistik yazilim programi kullanilmistir. Ayni verilerin zaman
serisinde gosterdigi degisimlerin incelenmesinde gelecege
yonelik tahminsel hesaplama yapabilmek i¢cin ekonometrik bir
model olan ARIMA tahmin yonteminden yararlanilmistir. Bu
yontem zaman serilerinin dinamik yapisini goz Oniinde
bulundurarak istatistiksel olarak givenilir senaryolar
sunmaktadir. Tahmin sonucu alinan degerlerin
gorsellestirilmesi ve grafiklerinin olusturulmasi igin ise
Microsoft Excel programi destekleyici ara¢ olarak devreye
girmistir.

Box-Jenkins (ARIMA) Tahmin Yéntemi

Hayvansal liretim bir insanin egitilmesine benzer sekilde,
yapilan politikalarin ve yatirimlarin sonucunun uzun bir zaman
diliminde gorildigii bir sektordiir. Bu nedenle gelecege yonelik
daha realist politikalarin olusturulmasinda saghkli ve tutarl
tahminlerin yapilabilmesi i¢in saglam bir veri mekanizmasina
ve bu verileri ¢oziimleyebilecek zaman serisi analizlerine
ihtiyac duyulmaktadir. Bunlardan biri olan ARIMA yodntemi
Gwilym Jenkins ve George Box'in 1970 yilinda birlikte
gelistirdigi tek degiskenli bir zaman serisi tahmin yontemidir ve
yaygin olarak Box-Jenkins adiyla bilinen bu yaklasim
Otoregresif Model (AR) ve Hareketli Ortalama Modelinin (MA)
sentezlemesiyle Biitiinlesik Otoregresif Hareketli Ortalama
Siireci (ARIMA) seklinde tanimlanmistir.

Yontemde model belirleme, parametre tahmini ve modelin
yeterlilik kontrolii yapilarak en uygun model belirlenerek bu
model sonucunda tahminler yapilabilmektedir Modelin
uygunlugunu degerlendirmeye yonelik tahmin ve teghis
siirecinde ¢esitli kontrol istatistikleri kullanilmakta ve
parametre tahminlerine uygulanan anlamlilik testleri modelin
zaman serisindeki tiim dalgalanmalar1 yeterli seviyede
aciklama durumunu saptamak amaciyla kullanilmaktadir. Test

sonug¢larinda modelde bir yetersizlik veya tutarsizlik ¢ikarsa
daha uygun bir model meydana getirmek ig¢in siirecin basinda
yer alan model segme asamasina geri dontilmesi gerekmektedir
(Hosny vd., 2023; Uzundumlu vd., 2023). Bu asamalar sorunsuz
bir sekilde gerceklestigi takdirde SAS istatistik programinda
SCAN ve ESACF yontemleriyle belirlenen en uygun modeller
AIC, BIC, Schwarz Bayesian Criterion (SBC), Sum of Squared
Errors (SSE), Mean Squared Error (MSE), Mean Absolute Error
(MAE), Mean Absolute Percentage Error (MAPE), Root Mean
Squared Error (RMSE), Hannan-Quinn Criterion (HQC)
degerlerinin en kii¢cigii ile DW'in 2.00’a ve R?’si 1’e en yakin
olan sonuclara gore en fazla kriteri saglayan model en uygun
ARIMA modeli olarak kabul edilmistir (Uzundumlu and Dilli,
2023).

ARIMA modelinin uygulanabilme sarti serinin duragan
olmasi olup duragan olmayan zaman serilerini ise duragan hale
getirmek icin veriler lizerinde fark alma islemi
uygulanmaktadir Bu sekilde verinin trend ve mevsimsel
etkilerinden arindirilmasini saglanmaktadir. Modeli meydana
getiren {i¢ bilesen ise ge¢mis degerlerin etkisinin gostergesi
olan AR(p), veri dizisini duraganlastirmak i¢in gerekli fark alma
sayisinl tanimlayan I(d) ve ge¢mis hata terimlerinin etkisini
belirten MA(q) parametreleridir

AR modeli formiil 1’de ve degisken olusumu formul 2’de
verilmistir (Shumway vd., 2000)

Ve = (0( + Z?:l Qi * Yt St) €Y
a=pl—¢;—@..—@p) (2)

MA modeli formiil 3'teki gibidir.

Ye = (Uf + Z?:l 0; * 5t—i) 3

ARMA modeli ise formiil 4’teki gibi ifade edilmistir.

Ye = (Uf + Z?:l Qi * Vi t 5t) + (Z?:l 0; * gt—i) €))

ARMA modelini aginca formiil 5 elde edilmektedir (Mishra vd.,
2021)

Ve =+ @11 T Q2Yi—2 T FQpYrp T &+ 01601+
92£t—2 + +9q€t—q (5)

ARIMA modelinde 5.formiile donemsel fark islemi eklenerek

formiil 6 elde edilmistir.

Ve=(a+ X @i*ye—i+e)* (1 =B) + (TL, 0 * &) (6)
ARIMA modelin bir baska olusumu formil 7’de verilmistir

(SAS, 2025).

@(B)(1 = B)* * yt = 6(B) *&; (7

Altinci formil yedinci formiile uyarlaninca 8. formiil elde

edilmistir (Kadilar, 2009).
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(1-a;B* —a,B*...—apB”) x (1 - B)%y, = (1 - 6,B* —
0232_...._9qu)€t (8)

(1 — B)“ terimi d’ninci dereceden fark islemi olup, (1 — B)% y,
ifadesi d=1 i¢in By, = y;,_, diye yazilabilir. Ayrica d=2 igin
B %y, = y,_, veyaBly,_; = y,_, yazilabilmektedir.

p=3, d=1 ve q=2 oldugundaki model ARIMA (3,1,2) yani

(1 - alBl - asz - a3B3) * (1 - B)l yt = (1 - 913 -
0,B%)¢, olmaktadir.

Formiillerde yer alan;

yt=t zamandaki serideki gdzlem degerlerini,

a= sabit say1y,

¢@;=i gecikme stiresindeki yt-i'nin parametrelerini,

&= t zamandaki beyaz giriltiyi (WN(0, o?) seklinde
gosterilmektedir)

p= AR i¢in maksimum gecikme siiresini,

g= MA i¢in maksimum gecikme siiresini,

6;=i gecikme siiresindeki eti'nin parametrelerini ve

(1 — B)% = d’ninci dereceden fark islemini gostermektedir.
Ayrica a1, a2 ve a3 Otoregresif (AR) terim katsayilarin (p = 3)

01 ve 02 Hareketli ortalama (MA) terim katsayilarim (q = 2)
ifade etmektedir (Uzundumlu vd., 2023).

Duragan olmayan zaman serileri, genellikle fark alma ya da
logaritmik doniisiim gibi yontemler kullanilarak duragan hale
getirilmektedir (Akgiil, 2003; Hosny vd., 2023). Zaman serisinin
duragan olup olmadigini belirlemek amaciyla cesitli testler
uygulanmaktadir. Bu testler arasinda Augmented Dickey-Fuller
(ADF) testi, Phillips-Perron (PP) testi ve Kwiatkowski-Phillips-
Schmidt-Shin (KPSS) testi yer almakta olup bu calismada
Augmented Dickey-Fuller (ADF) testi, Phillips-Perron (PP) testi
kullanilmistir (Uzundumlu vd.,, 2023). Zaman serilerinde
duraganligin tespitine yonelik uygulanan testlerde, sifir hipotezi
genellikle serinin birim kok icerdigi, yani duragan olmadigi
yoniindedir. Dolayisiyla serinin duragan oldugunun kabul
edilebilmesi igin, sifir hipotezinin reddedilmesi gerekmektedir.
Zira test sonuclarina gore seride birim kok ¢ikmasi durumunda
fark alinmasi zorunlu olmaktadir. Béyle bir durumda verilerde
White Noise (Beyaz Giiriiltii)) olma ihtimali ylikselmektedir
(Maity & Maity, 2018).

Bu asamada modelin kurulumu tamamlanmis ve ilgili
parametrelerin tahminleri elde edilmistir. izleyen siirecte,
model belirsizligini en aza indirmek amaciyla SCAN ve ESACF
yontemleri  kullanillarak  Onerilen modeller arasinda
karsilastirma yapilmistir. Bu ¢alismada model uygunlugu,
yalnmizca AIC ve BIC ile sinirli kalmaksizin; Schwarz Bayesian
Criterion (SBC), Sum of Squared Errors (SSE), Mean Squared
Error (MSE), Mean Absolute Error (MAE), Mean Absolute
Percentage Error (MAPE), Root Mean Squared Error (RMSE),
Hannan-Quinn Criterion (HQC) farkli performans gostergeleri
temel alinarak degerlendirilmistir Buna ek olarak, Durbin-
Watson istatistiginin 2.00 degerine yakinhig1 ve belirleyicilik
katsayis1 (R?®) degerinin 1’e yaklasmasi da goéz oOniinde
bulundurularak, bu kriterlerin biiytik boliimiini karsilayan
model en uygun ARIMA modeli olarak ¢alismada kullanilmistir.

Bulgular
Tiirkiye’nin Mevcut ve Tahmini Koyun eti Uretimi

Tablo 1'de SCAN ve ESACF ile belirlenen en uygun
modellerin belirli 6l¢titler agisindan incelenmesi verilmistir.

Tablodan anlasildig1 izere bu modellerden ARIMA (0,1,0)
ise BIC, MAE, MAPE 6n plana alindiginda en iyi model olarak
gorilmektedir. Diger yandan ARIMA (5,1,0) modeli sadece R?
degeri ile en iyi model konumundadir. Son olarak ARIMA
(3,1,2) modeli ise MSE, SBC, DW, AIC, HQC ve R2degerlerinde
iyi oldugu i¢in en iyi model olarak secilmistir.

Sekil 1'de ise 1961-2027 yillarim1 kapsayan koyun eti
tiretim verileri ve buna bagli olarak iiretim tahminleri
verilmistir.

Tiirkiye'nin siiregelen 62 yillik zaman zarfinda 243 bin ton
bandinda baslayan koyun eti iiretimi 1971 ve 1981 yillan
arasinda 300 bin ton seviyesine ¢ikip yiikselerek ilk dort tilke
arasinda yer alirken daha sonra 1981 ve 2000 yillar1 arasinda
100 bin tona kadar diisiis gostermistir. Keza yasanan siyasi
olaylar, hayvancilik politikalarinin yetersiz olmasinin yaninda
gerektigi gibi uygulanamamasi ve kente dogru goglerin artmasi
bu diisiisiin nedenleri arasinda sayilabilir. 2001’den sonra 2010
yilina kadar tekrar 200 bin ton seviyelerine ¢ikan tretim
miktar1 2010 sonrasi uygulanan tarim destekleri ile yeniden
350 bin ton noktasini gérmiistiir. Sonraki siirecte daha iyilesen
bir seyir izleyerek 2022 yilina kadar 500 bin ton diizeyine
cikmistir. Bu miktar ile Tirkiye yeniden kiiresel koyun eti
tiretimi arenasinda kendine yer bulmustur.

Tablo 1.

Tiirkiye icin p ve q Degerlerine gore Siralama Olgiit Testleri
P q BIC MSE SBC MAE MAPE DW AIC HQC R2
0 o0 20,96 11,75 1402,69 17,19 193,74 1,98 1.400,61 1.401,42 0,49
3 2 21,27 11,71 1402,47 17,61 263,01 1,98 1.400,39 1.401,20 0,49
5 0 21,27 11,75 1402,69 17,26 3180,17 1,98 1.400,61 1.401,43 0,49

* MSE degerleri 108 ve MAE degerleri 103 ile carpilmalidir.
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Sekil 1.
1961-2027 yillarinda Tiirkiye koyun eti iiretim tahmini (bin ton)
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Bu c¢alismada kullanilan ARIMA (3,1,2) modeli ile
Turkiye'nin koyun eti liretimine iliskin 62 yillik veri analizi
yapilmis ve 2023-2027 donemi i¢in yillik ortalama %1,10
biiylime orani ile sirasiyla 495.303, 501.175, 514.430,
518.810 ve 523.182 tonluk lretim tahmin edilmistir. Bu
bulgular, Eser ve Erat'n (2025) calismalarinda nitel bir
yaklasimla ortaya konan, 2010 sonrasi tarim politikalarinin
iretimde artis sagladigi yoniindeki tespiti nicel olarak
desteklemekte; lretimin gelecek yillarda da artis egiliminde
olacagina dair ortak bir cergeve sunmaktadir. Kullanilan ti¢
farkli modelin 2023-2030 doénemi icin ortaya koydugu
tahminlere gore, ARIMA modeli sabit bir seyir 6ngorerek
koyun sayisinda herhangi bir degisim 6ngérmemektedir.
Buna karsilik, SARIMA ve Holt-Winters modelleriyle yapilan
tahminlerde, 2023 yilinda 42 milyon olan koyun sayisinin
2030 yilhina kadar 63-64 milyon seviyelerine ulasacag:
ongoriilmektedir. Bu tahminler, yaklasik %5 yillik bilesik
biiylime oranina karsilik gelmekte olup, bizim ¢alismamizda
elde edilen sonuglara kiyasla daha yiiksek bir biliyiime
egilimini isaret etmektedir. Sen (2023) tarafindan Grey
Sistem Teorisi kapsaminda uygulanan GM(1,1) modeli ile
yapilan tahminlere gore, koyun eti tretiminin 395.876 ile
547.238 ton arasinda degisecegi ve yillik ortalama iiretimin
468.296 ton olacagl ongorillmektedir. Grey-Markov zincir
modeli ise {retimin 392.111 ile 476.188 ton arasinda
gerceklesecegini ve yillik ortalama tiretimin 463.842 ton
diizeyinde olacagim1 ifade etmektedir. Bu iki ydntem
ortalamasi bizim ¢alismayla uyumlu olup bu durum, farkh
modelleme yaklasimlarinin benzer {retim egilimlerini
ongormesi bakimindan énemlidir.

SONUGLAR

Tiirkiye’'nin koyun eti tretimindeki kiiresel payi, 1971-
1980 doneminde yaklasik 300.000 tonluk iiretim diizeyi ve
%5,34’liik oraniyla diinya siralamasinda ilk dort tilke arasinda
yer alirken; izlenen yetersiz hayvancilik politikalari, kirsal
goclin artmas1 ve tiiketici tercihlerindeki olumsuz
degisimlerin etkisiyle 1981-2000 yillar1 arasinda iiretim
100.000 ton seviyelerine kadar gerilemistir. 2001-2010
doéneminde iliretimde kismi bir toparlanma goézlenmis ve
200.000 ton civarlarina ulasilmstir. Ozellikle 2011-2020
yilar1 arasinda uygulanan tarimsal destek programlarinin
etkisiyle turetim 350.000 tona ylkselmis; 2020-2022
déneminde ise bu ivme devam ederek tiretim miktar:1 500.000
tona ulasmis ve Tirkiye %4,31’lik kiiresel payla yeniden ilk
dért iiretici iilke arasinda yer almay1 basarmistir. Oniimiizdeki
bes yillik donemde (2023-2027), Uretimdeki artisin daha
ilimh bir seyir izlemesi ve yillik bilesik biliyiime oraninin
%1,10 diizeyinde gergeklesmesi beklenmekte; bu dogrultuda
2027 yilinda koyun eti dretiminin yaklasik 525.000 tona
ulasacagl oOngoriilmektedir. Mevcut olumlu egilimin
strdiirilmesi icin hayvancilikta strdiirtlebilir politikalarin
uygulanmasy, iiretici desteklerinin artirilmasi ve iklimsel ya da
epidemiyolojik olumsuzluklara karsi hazirlikli olunmasi
halinde, Tiirkiye'nin kiigiikbas hayvancilik potansiyelini daha
da gelistirerek kuresel iiretimdeki konumunu giiclendirmesi
miimkiindiir.
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Aragtirma Makalesi Research Article

Aspir Kuspesine (Carthamus tinctorius) yem
katki maddesi olarak Cinar Yapraginin ( Platanus
orientalis L.) ilavesinin; In Vitro Gaz Uretimi ve
Sindirilebilirlik Parametreleri Uzerine EtKisi

The Effect of Supplementing Safflower Meal
(Carthamus tinctorius) with Plane Tree Leaf
(Platanus orientalis L.) as a Feed Additive on /n
Vitro Gas Production and Digestibility Parameters

0Z

Bu calisma, ruminant beslenmesinde alternatif yem katki maddeleri kullanimi kapsaminda, aspir kiispesine
(Carthamus tinctorius) ilave olarak cinar yapraginin (Platanus orientalis L.) potansiyelini degerlendirmek
amaciyla yiritilmiistiir. Calismada, aspir kiispesine farkli oranlarda ¢inar yaprag (%0, %1, %2 ve %4)
ilavesiyle olusturulan deneme gruplarinin iz vitrogaz liretimi, tahmini sindirim ve enerji parametreleri, pH,
TUYA ve NHs3-N degerleri belirlenmistir. Gaz iiretimi, Hohenheim gaz iiretim teknigiyle 24 saatlik
inkiibasyon siirecinde o6l¢iilmis, elde edilen veriler dogrultusunda metabolik enerji (ME), net enerji
laktasyon (NEL) ve organik madde sindirim derecesi (OMSD) hesaplanmistir. Ayrica rumen
fermantasyonunu etkileyen tanen icerigi de dikkate alinarak mikrobiyal faaliyetler tizerindeki olasi etkiler
yorumlanmigtir. Elde edilen sonuclar incelendiginde gercek sindirilen kuru madde miktari, mikrobiyal
protein, gercek sindirim derecesi ve NHs-N degerleri bakimindan gruplar arasindaki farkhiliklar linear
olarak 6nemli bulunmustur (p<;05). Katki maddesi olarak katilan ¢inar agaci yapraginin yapisinda bulunan
tanenin anti-mikrobiyal ve anti-nutrisyonel 6zelliklerinden dolay: sindirimi ve sindirim sonucu olusan
parametreleri olumsuz etkiledigi sadece hayvansal iiretim acgisindan énem arz eden NH3-N degerin
azalmasinda destekleyici etki gosterdigi tespit edilmistir. Bu baglamda ¢inar yapragi gibi tanen iceren
kaynaklarin siirdiiriilebilir ve yerel kaynakh bir yem katki maddesi olarak protein icerigi yiiksek yemlerde
ya da rasyonlarda kullanilabilecegi 6ngoriilmiis olup in vivo ¢alismalarla desteklenmesi kanaatine
varilmistir.

Anahtar Kelimeler: Aspir kiispesi, Cinar yapragy, In vitro gaz tiretimi, Ruminant beslenmesi, Sindirilebilirlik,
Yem katki maddesi

ABSTRACT

This study was conducted to evaluate the potential of plane tree leaf (Platanus orientalis L.) as a substitute
for safflower meal (Carthamus tinctorius) within the scope of utilizing alternative feed additives in ruminant
nutrition. In the study, experimental groups were prepared by supplementing safflower meal with plane tree
leaf at different inclusion levels (0%, 1%, 2%, and 4%). For these groups, in vitro gas production, estimated
digestibility and energy parameters, pH, total volatile fatty acids (VFA), and NH3-N concentrations were
determined. Gas production was measured using the Hohenheim gas production technique during a 24-hour
incubation period, and based on the obtained data, metabolizable energy (ME), net energy for lactation
(NEL), and organic matter digestibility (OMD) were calculated. Additionally, considering the tannin content
of plane tree leaf, its potential effects on microbial activity related to rumen fermentation were interpreted.
Upon evaluation of the results, differences among groups in terms of truly digested dry matter, microbial
protein synthesis, true digestibility, and NH3-N concentrations were found to be linearly significant (p
<0.05). It was determined that tannins present in plane tree leaf, when used as a feed additive, exhibited
antimicrobial and anti-nutritional properties, which negatively affected digestibility and the resulting
fermentation parameters, while showing a beneficial effect by reducing NH3-N levels a parameter of
particular importance in animal production. In this context, it was concluded that tannin-containing
resources such as plane tree leaf may be utilized as sustainable and locally sourced feed additives, especially
in high-protein feeds or rations, although this potential should be further supported by 7z vivostudies.

Keywords: Digestibility, Feed additive, In vitro gas production, Plane tree leaves, Ruminant nutrition,
Safflower meal
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Giris

Hayvancilik sektoriinde artan cevresel zorluklardan dolay:
ruminantlarin beslenmesinde ekonomik ve siirdiiriilebilir
yem kaynaklarinin etkin kullanimi giderek 6nem
kazanmaktadir. Bu zorluklarin tstesinden gelmek icin,
ekonomik, strdiriilebilir ve kolay erisilebilir yerel olarak
mevcut, yeni yem ve yem bileseni seceneklerinin arastirilmasi
ve kullanilmasi gerekmektedir. Yerel olarak hazir yem
kaynaklarinin kullanilmasi tretim maliyetlerini diisiirebilir,
istihdam olanaklar1 yaratabilir ve siirduriilebilir tarim
yontemlerini gelistirebilir (Herrero vd. 2014; Paul, 2019;
Chisoro vd., 2023). Hayvansal iiretim maliyetlerini azaltmak
ve cevresel etkileri en aza indirmek amaciyla, ruminant
rasyonlarina farkli yan triinlerin ve bitkisel katkilarin dahil
edilmesi yaygin bir arastirma konusu olmustur (Ban & Guan,
2021; Dumlu, 2024). Uretimin her gecen giin artmasinin bir
sonucu olarak, gelismis iilkelerdeki mevcut tarimsal gida
sektorii, 6nemli miktarda {iriin tiiketimi ve bertaraf edilmesi
gereken atik akislari ile karakterize edilmektedir. Bu nedenle,
ekonomik kalkinmay1 ¢cevre ve kaynak koruma ile dengeleyen
dairesel bir ekonomi modeline gecisi desteklemek {izere
stratejilerin korunmasi tiim tarimsal gida sektorii icin 6nemli
bir konudur (Serrapica vd., 2019). Bu baglamda, aspir
(Carthamus tinctorius) kiispesi, yliksek protein ve enerji
icerigi ile yem endustrisinde dikkat ¢eken alternatif bir yem
hammaddesi olarak degerlendirilmektedir (Gimis &
Kiictikersan, 2016). Ayrica aspir kiispesinin yem degeri soya
fasulyesi kiispesine (SFK) yakin olup, lilkemizde SFK’ ya
alternatif olabilme potansiyeline sahip oldugu
bildirilmektedir (Ozek, 2017). Bitkisel polifenoller, 6zellikle
tanenler, rumen mikrobiyal fermantasyonuna miidahale
ederek protein parcalanmasini azaltmakta ve by-pass protein
miktarini artirmaktadir (Jayanegara vd., 2018; Besharati vd.,
2022). Tanenlerin proteinlerle kompleks olusturma 6zelligi,
rumende mikrobiyal protein sentez miktarini azaltmadan
proteinlerin sindirilmesini engelleyerek ince bagirsakta daha
fazla sindirilebilir protein saglamakta ve azot kullanim
verimliligini artirmaktadir (Patra & Saxena, 2011; Besharati
vd., 2022). Ayrica, tanenlerin rumen metan salinimini azaltma
potansiyeli oldugu da bildirilmistir, bu da hem enerji
kayiplarini azaltir hem de ¢evresel siirdirilebilirlige katk:
saglar (Beauchemin vd., 2008; Arisya vd., 2019). Cinar yapragi
(Platanus spp.) tanenler agisindan zengin bir bitki olup (Irtiza
vd., 2016; Kamalak ve Ozkan, 2021), ruminant beslemede yem
katki maddesi olarak kullanilma potansiyeline sahiptir
(Kamalak & Ozkan, 2021). Cmar yapraginda bulunan
tanenlerin, rumendeki protein pargalanmasini baskilayarak
bypass protein miktarini artirabilecegi ve metan {iretimini
azaltabilecegi disiiniilmektedir. Bu 0zellikleriyle c¢inar
yapragl, ruminant beslemede hem besin madde verimliligini
artirma hem de cevresel etkileri azaltma ac¢isindan énemli bir
katki saglayabilir.

Journal of Animal Science and Economics

Bu ¢alismada, aspir kiispesine farkli oranlarda (%1, %2 ve
%4) cinar yapragl ilavesinin, ruminantlarda in vitro gaz
iretimi, metan salinimi, metabolik enerji (ME) icerigi, organik
madde sindirilebilirlik derecesi (OMSD), mikrobiyal protein
sentezi tlizerindeki etkileri arastirilacaktir. Calisma hem
ekonomik yem Kkatkilarinin degerlendirilmesi hem de
hayvancilik sektoriinde cevresel siirdiiriilebilirlik hedeflerine
katki saglamay1 amaglamaktadir. Bu baglamda, elde edilecek
bulgularin, ruminant beslemede alternatif yem Kkatki
maddelerinin gelistirilmesine 151k tutacagi diisiiniilmektedir.

Yontem

Materyal

Calisma da kullanilan Aspir kiispesi, Kahramanmaras
ilinde bulunan 6zel bir yem fabrikasindan temin edilmistir.
Yem katki maddesi olarak kullanilan Cinar agac1 (Platanus
orientalis L.) yapraklari, Kahramanmaras ili Onikisubat
ilgesinde yetisme adaptasyonu bulan en az 10 adet agagtan
olacak sekilde Nisan 2025 tarihinde hasat edilmistir. Temin
edilen Aspir kiispesi ve Cinar agaci yapraklari laboratuvarda
golgede kurutulduktan sonra analiz yapilmak (iizere
ogiitiilmustiir. Calisma da kullanilacak olan rumen sivisi,
Kahramanmaras ilinde bulunan 6zel bir kesimhaneden Kilig
ve Abdiwali (2016) bildirdigi sekilde alinmistir.

Yontem

Calisma da kullanilan aspir kiispesi ve ¢inar agaci
yapraklarinin kuru madde (KM), ham kiil (HK), ham yag (HY)
ve ham protein (HP) igerikleri AOAC (1990)'a gore Notr
deterjan fiber (NDF) ve Asit deterjan fiber (ADF) icerikleri Van
soest vd. (1991)’e gore tespit edilmis olup, tanen icerikleri ise
Makkar vd. (1995)’e gore saptanmistir.

E‘:[b)i: Iizjjspesi ve (inar agaci yapraginin kimyasal kompozisyonu
Yemler Aspir Kiispesi Cinar Yaprag:
KM (%) 91,03 92,08
HK (%) 2,23 5,35

HY (%) 10,71 5,22

HP (%) 23,50 2,93
NDF (%) 66,58 53,37
ADF (%) 52,14 37,77

GU (0,2gr/30ml) 26,32 15,60
MU (0,2gr/30ml) 3,74 2,02

KT (%) - 16,45

Kuru madde: KM, Ham kiil: HK, Ham yag: HY, Ham protein: HP, Notr deterjan
fiber: NDF, Asit deterjan fiber: ADF, Gaz iiretimi: GU, Metan iiretimi: MU,
Kondanse tanen: KT.
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Aspir kiispesi ve c¢inar agacit yapraklarinin analiz
sonuclart Tablo 1’'de verilmistir. Calismanin deneme
gruplarinit A0 (%0 ¢inar yaprag iceren aspir kiispesi), Al
(%1 ¢inar yapragl iceren aspir kiispesi), A2 (%2 ¢inar
yapragl iceren aspir kiispesi) ve A4 (%4 c¢inar yapragl
iceren aspir kiispesi) olusturmaktadir. Deneme gruplarinin
gaz liretim miktarlar1 (GU) Menke vd. (1979)’ da bildirdigi
in vitro Hohenheim gaz ilretim teknigi kullanilarak
belirlenmistir. Inkiibasyonun 24. saati sonunda sonunda
aciga cikan gazin metan diizeyleri Infrared Metan Analiz
cihazi ile (Sensor Europe GmbH, Erkrath, Germany) tespit
edilmistir (Goel vd., 2008). Deneme gruplarinin metabolik
eneri (ME), net enerji laktasyon (NEL) ve organik madde
sindirim derecesi (OMSD) degerleri Menke ve Steingass
(1988)"1n 6nerdigi esitlikler ile hesaplanmistir. inkiibasyon
sonrasinda gaz 6l¢iimii yapilan siringalarda kalan yemlerin
gercek sindirim derecesi (GSD), gercek kuru madde
sindirim miktar1 (GSKM), taksimat faktori (TF), mikrobiyal
protein iiretimi (MPU) ve mikrobiyal protein sentezleme
etkinligi (MPSE) ise Blimmel vd. (1997) bildirdigi metoda
gore belirlenmistir. Siringalarda bulunan yemlerin pH
degerleri, HI 2211 PH/ORP METER (Hanna Instruments,
italya) cihazi kullanilarak, her numune homojenize
edildikten sonra dogrudan élgiilmiistiir. Olgiimler, cihazin

Tablo 2.

kalibrasyonu ¢ift nokta standart tampon ¢ozeltiler (pH 4.01
ve 7.00) ile yapildiktan sonra gerceklestirilmistir. Toplam
ucucu yag asitleri (TUYA) ve amonyak-azot (NH3-N)
analizleri i¢cin numuneler santrifiij edilerek siiziilmiistiir.
Siiziintiideki TUYA ve NH3-N miktari, Markham (1942)’ de
belirttigi prosediirlerine uygun olarak tayin edilmistir.

[statiksel Analiz

Deneme de incelenen parametrelere ait veriler IBM SPSS
(IBM SPSS Corp., Armonk, NY, ABD) 20.0 (2011) paket
programinda varyans analizine tabi tutulmustur. Gruplara
ait ortalamalarin Kkarsilastirilmasinda Duncan ¢oklu
karsilastirma testi (Duncan, 1955), seviyenin etkisini
belirlemek icin ise polynomial analiz testi kullanilmistir.

Bulgular

Aspir kiispesi icerisine farkli oranlarda katki maddesi
olarak ikame edilen ¢inar agaci yapraklarinin fermentasyon
parametrelerine etkisi tablo 2’de verilmistir. Elde edilen
fermentasyon parametrelerinde yem katki maddesi olarak
katilan ¢inar agaci yapragi sadece gercgek sindirilebilen
kuru madde miktari, mikrobiyal protein liretimi ve ger¢cek
sindirim derecesini 6nemli derece de etkilemistir.

Aspir kiispesine yem katki maddesi olarak kullanilan ¢cinar yapraginin in vitro fermentasyon parametreleri

Yemler GO CHa CHa GSKM TF MPU MPSE GSD
(ml) (mD) (%) (mg/ml) (mng) (%) (%)
A0 60.89 11,11 18,25 276.342 5.60 167.792 60,72 54.472
Al 60,48 10,96 18,12 267.34ab 5.46 159.53b 59,67 53.11ab
A2 60,07 10,81 18,00 256.00b¢ 5.26 148.93¢ 58,17 50.632b
Ad 56,77 10,10 17,77 248.67¢ 5.42 147.46¢ 59,37 49.54b
SHO 1,74 0,35 0,14 0.09 1,44 0,68 0,77
P 0,382 0,260 0,209 0.005 0.161 0,001 0,148 0,007
Polinomiyal analiz
Linear 0,141 0,078 0,047 0.001 0.124 0.001 0,107 0,001
Kuadratik 0,433 0,449 0,736 0.839 0.134 0.046 0,139 0,867
Kiibik 0,722 0,719 0,840 0.730 0.353 0.114 0,331 0,486

be ayni siitunda yer alan farkli simgeye sahip olan ortalamalar birbirinden farklidir. GU: Gaz iiretimi (500mg/ KM), CH4 (ml) ve CH4 (%): metan iiretim miktari, GSKM:
Gergek sindirilebilir kuru madde (500 mg/ KM), GSD: Gergek sindirim derecesi (%), TF: Taksimat faktdrii, MPU: Mikrobiyal protein tiretimi (mg), MPSE: Mikrobiyal

protein sentezleme etkinligi (%), SHO: Standart hata ortalamast P: Onem seviyesi.

Deneme gruplarinin gaz iiretim degerleri en yiiksek A0
grubunda en diisik A4 grubunda, metan iretimi (ml) en
yiiksek AO grubunda en diisiik A4 grubunda, metan liretimi
(%) en yiliksek A0 grubunda en diisik A4 grubunda
gozlemlenmistir. Ruminant beslenmesinde tanen kaynakl
drtinlerin kullaniminin yemin lezzetini etkileyerek yem
ortamindaki

tliketimini azalttigy, rumen

mikroorganizmalara kars1 anti-mikrobiyal etki gosterdigi ve
rumen ortaminda, yemin yapisindaki proteinle bilesik
olusturmasindan  dolay1 mikrobiyal parcalanmadan
etkilenmedigi yapilan c¢alismalarda ifade edilmektedir
(Yanza vd., 2021; Fouts vd., 2022). Elde edilen sonuglara
bakildiginda, kontrol grubuna gére ¢inar yapraginin artisina
bagl olarak deneme gruplarinda gaz liretimi, metan tiretimi

Journal of Animal Science and Economics
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ve metan (%) degerlerinin azaldig fakat istatistik olarak
o6nemsiz oldugu goriilmektedir (p>,05). Blummel vd. (1997)
yemlerin sadece elde edilen gaz tlretim degerlerine gore
degil ayni zamanda sindirilen madde miktarlarinin da
dikkate alinarak beslenmesinde yemlerin
kullanilmasinin gerektigini rapor etmislerdir. Tablo 1’de
verilen GSKM degerleri ¢inar yapraginin artisina bagl olarak
azalmis olup nedenini Fonseca vd. (2023) rumende bulunan
mikroorganizmalara tanenin anti-mikrobiyal etki
gostermesinden kaynakli oldugunu belirtmistir. Deneme
gruplar1 arasinda GSKM degeri en yiiksek A0 grubunda
gozlemlenmis olup ¢inar yapragi artisina baglh olarak GSKM
linear olarak azalmistir. Elde edilen sonuclar o6nemli
bulunmustur (p<,05). Blummel vd. (1997) taksimat faktori
ile ilgili yaptig1 ¢alismada, 7n vitro olarak pargalanan organik
maddenin  drettiZi ~gaz  hacmine oram1  olarak
tanimlamaktadir. Taksimat faktori degerini 2.75 ile 4.41
oraninda degisim gostermesi gerektigine deginmistir.
Mevcut calismada bu referans araligindan ytiksek bulunmus
olup c¢inar yapragl artisina bagh olarak taksimat faktori
degeri diisiis gostermekte ve gruplar arasi farklilik 6nemsiz
bulunmustur (p>,05). Ruminant hayvanlar, ihtiya¢ duydugu
proteinin bir kismini mikrobiyal proteinden karsiladig:
belirtiimektedir. ihtiyac duyulan mikrobiyal proteinin,
rumen mikroorganizmalar tarafindan karsilanabilmesi i¢in
tilketilen yemin ham protein iceriginin en az %7 olmasi
gerekmektedir (NRC, 2001). Yapilan ¢alismada deneme
gruplari arasinda en yiiksek MPU degeri A0 grubunda en

ruminant

diisiik A4 grubunda gozlemlenmistir. Cinar yaprag: artisina
bagh olarak MPU degeri linear olarak diisiis gostermekte ve
gruplar arasinda farklihik o6nemli bulunmustur (p<;05).
Vercoe vd. (2010) taksimat faktori yiiksek olan bir yemin,
parcalanan maddenin orantili olarak daha fazlasinin
mikrobiyal kiitleye dahil edilecegini, yani mikrobiyal protein
sentezi verimliliginin daha ytksek olacagini ifade etmistir.
Yapilan calisma da MPSE degeri en yliksek A0 grubunda en
diisitk A2 grubunda gozlemlenmistir. Elde edilen sonuglar,
Vercoe vd. (2010) bildirisleriyle tutarlilik gostermektedir.
GSD degeri, bir yemin rumen mikroorganizmalari tarafindan
sindirimi sonucu elde edilen bir parametre oldugu ifade
edilmektedir. Bitkilerin yapisindaki fenolik igeriklerin anti-
mikrobiyal ve anti-nutrisyonel etkilerinden dolay1
mikroorganizmalarinin ¢alismasin1 baskilayarak yemin
sindirilebilirligini olumsuz etkiledigi bildirilmektedir (Habib
vd., 2016). Brutti vd. (2023), diisiik dozlarda bile tanen
icerikli liriinlerin yeme ya da rasyona ilave edilmesi sindirim
derecelerini olumsuz etkiledigini belirtmistir. Deneme
gruplan igerisinde en yiiksek GSD degeri A0 grubunda en
diisiik A4 grubunda gézlemlemis olup degerler ¢inar yapragi
artisina bagl olarak linear azalmistir (p<;05). Aspir kiispesi
farkli oranlarda edilen c¢mar agaa
yapraklarinin tahmini enerji parametreleri, TUYA ve NH3-N
degerlerine etkisi tablo 3’de verilmistir. Yem katki maddesi
olarak katilan ¢mmar agact yapragt séz konusu
parametrelerden sadece NHs3-N degerini 6nemli derecede
etkilemistir.

icerisine ilave

Eiz:]i:ispesine yem katki maddesi olarak kullanilan ¢cinar yapraginin tahmini enerji parametreleri, TUYA ve NHs-N degerlerine etkisi
Yemler . ME . NEL OMSD pH TUYA NHsN
(mi/kgkM) ___(mj/kgKM) (%) (mmol/lt) (mg/19)
A0 7,38 2,70 48,35 7,20 85,28 178,602
Al 7,34 2,68 48,13 7,18 84,52 170,732
A2 7,30 2,66 47,92 7,22 85,30 81,63
A4 7,07 2,50 46,61 7,19 84,37 62,37¢
SHO 0,110 0,08 0,62 0,02 1,40 5,38
p 0,259 0,355 0,269 0,522 0,943 0,001
Polinomiyal analiz
Linear 0,082 0,127 0,087 0,968 0,761 0,001
Kuadratik 0,408 0,428 0,406 0,788 0,954 0,321
Kiibik 0,700 0,717 0,703 0,163 0,616 0,001

abc gyni siitunda yer alan farkli simgeye sahip olan ortalamalar birbirinden farklidir. ME: Metabolik enerji (mj/kgKM), NEL: Net enerji laktasyonu (mj/kgKM), OMSD:
Organik madde sindirim derecesi, TUYA: Toplam ugucu yag asitleri, NH3N: Amonyak-azot SHO: Standart hata ortalamasi P: Onem seviyesi.

Tanen icerikli iiriinlerin yeme ya da rasyona ilavesinin
rumen ortaminda yemin sindirilebilirligini olumsuz etkiledigi
bildirilmektedir (Woodward vd., 2001). Bu baglamda
deneme gruplarina ait /n vitro gaz liretim degerleri ¢inar
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yapragl dozunun artisina bagl olarak azalmis ve metabolik,
net enerji laktasyon ile organik madde sindirim derecesi

olumsuz anlamda etkilenmistir. Deneme gruplarinin

metabolik enerji, net enerji laktasyon ve organik madde
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sindirim derecesi degerleri artan diizeyde ¢imar yapragi
ilavesiyle rakamsal olarak diismiis olup gruplar arasindaki
farkliliklar 6nemsiz bulunmustur (p>,05). Rumen ortaminda
mikroorganizmalarin optimum calisabilmeleri i¢in ortam pH
degerinin 5,5-7,0 arasinda olmasi gerekmektedir (Ozel &
Sarigicek, 2010). Deneme gruplarinin pH degeri Ozel ve
Sarigicek, 2010 ifade etmis oldugu degerden yiliksek
bulunmustur. Yiiksek protein diisiik enerji kaynakl yemlerde
ortam pH’nin bazik yonli ylikselecegi ifade edilmistir (Xia vd,,
2018). Yemlerin rumen ortaminda fermentasyonu sonucu
acgiga ugucu yag asitleri, amonyak, COz, CHs, vb. iiriinler aciga
¢ikmakta ve yemin sindirilebilirligi hakkinda tahmini bilgi
verecegi ifade edilmektedir (Menke vd. 1979; Tapio vd,
2017). Hassanat ve Benchaar (2013), tanen konsantrasyonu
arttikca gaz iretimi ve toplam ugucu yag asidi (TUYA)
konsantrasyonun  azaldigini  bildirmislerdir. Deneme
gruplarinin TUYA degerleri 6nemsiz bulunmustur (p>,05).
Norris vd. (2020) hayvansal iiretim verimliligi azaltabilen ve
cevreyi olumsuz etkileyen bir iiriin olarak degerlendirilen
amonyagin her yil hayvan basina 50 kg emisyona (Wang vd.,
2018) sebep oldugunu rapor etmistir. Amonyak tiretimi,
yemler ile alinan proteinler ve azotlu bilesiklerin (iire,
amonyak vb.) rumen mikroorganizmalarinin fermantasyonu
sonucunda olusmaktadir (Russell vd., 1992). Rumen
ortaminda olusan amonyak, mikroorganizmalar i¢in temel
azot kaynagidir ve mikrobiyal protein sentezi i¢in kullanilir
(Ozel & Sarigicek, 2010). Amonyak liretiminin yiiksek oldugu
durumlar genellikle rasyonda yiiksek miktarda protein veya
enerji yoninden zengin bilesiklerin yetersiz oldugu
durumlardir. Fazla miktarda NHs liretimi protein kayiplar ve
ekstra enerji maliyeti anlamina gelmektedir. Bu ylizden bazi
arastirmalar hayvanlara iz miktarda tanen ya da tanen igerikli
drinlerin verilmesi sonucu amonyak konsantrasyonun
o6nemli miktarda azalacagl ve by-pass protein miktarinin
artacagl ifade edilmektedir (Brutti vd., 2023; Martello vd.,
2020). Mevcut calismada deneme gruplari arasinda en yiiksek
A0 grubunda en diisiik A4 grubunda amonyak degeri tespit
edilmis olup ¢inar yapragi artisina bagh olarak amonyak
degeri linear olarak azalmis ve gruplar arasi farkliliklar
6nemli bulunmustur (p<;05).

Sonuglar

Bu ¢alismada, sabit protein igerikli aspir kiispesi icerisine
farkl oranlarda ¢inar agaci yapragi ilave edilerek in vitro gaz
lretimi ve rumen fermentasyonu Uzerindeki etkiler
incelenmistir. Sonuglar, ¢inar yaprag ilavesinin in vitro
sindirim derecesini, mikrobiyal protein iiretimini ve amonyak
olusumunu istatistiksel olarak anlamli diizeyde azalttigini
gostermistir. Ozellikle tanen kaynakl yem katki maddesi olarak
kullanilacak {iriiniin, ruminantlarda azot dengesini iyilestirme
potansiyeli tasidigi ortaya konmustur. Bu etkilerin, ¢inar
yapraklarinda bulunan fenolik bilesiklerden birisi olan tanenin,

rumen mikro-florasi tizerine hem anti-mikrobiyal hem de anti-
nutrisyonel etkilerinden kaynaklandigi distniilmektedir.
Sonu¢ olarak yapilan calisma, daha sonra yapilacak in vivo
calismalarda karacigerde, bitkisel kaynakli tanenin, amonyagin
lireye doniisimii sirasinda olusan enerji kayiplarini
sinirlayabilecegine ve dolayisiyla idrarla atilan lire miktarini
azaltabilecegine yonelik 6n bir degerlendirme sunmaktadir.
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Derleme Makalesi Review Article

Erzurum Ili Yakutiye IIcesi Mahallelerinde
Kuctikbas Hayvanciligin Son Dort Yildaki
Degisimi

Changes in Small Ruminant Farming in the

Neighborhoods of Yakutiye District of Erzurum
Province in the Last Four Years

0Z

Bu ¢alisma, Erzurum ili Yakutiye ilcesine bagh mahallelerde 2021-2024 yillar1 arasinda kiigiikbas
hayvancilik faaliyetlerinde yasanan hayvan varligindaki dalgalanmalar1 analiz etmeyi amaglamaktadir.
Arastirmanin temel hedefi, Erzurum ili Yakutiye ilcesi mahallerinde yetistirilen kiiciikbas hayvan
sayilarindaki artis ve azalislari ortaya koymak, mahallelerde yetistirilen hayvan sayilarindaki farklhiliklarin
nedenlerini ortaya koymak ve kiigclikbas hayvanciigin siirdiiriilebilirligine yonelik degerlendirmelerde
bulunmaktir. Aragtirmada kullanilan veriler Tiirkiye Istatistik Kurumu (TUIK), Tarim ve Orman Bakanhg
Hayvan Kayit Sistemi (TURKVET), Erzurum il Tarim ve Orman Miidiirliigii ile yerel yénetim
kaynaklarindan elde edilmistir. 2021-2024 yillarina ait veriler tablolastirilmis, mahalleler diizeyinde yilhik
karsilastirmalar yapilmis ve degisim oranlar1 hesaplanarak analiz edilmistir. Aragtirma sonuglari, Yakutiye
ilgesine bagh mahallelerde kiictikbas hayvan varligi agisindan ciddi farkhliklar oldugunu ortaya koymustur.
Ornegin, Dumlu Mahallesi %69,7’1ik bir artisla 2021’de 5.295 bastan 2024’te 8.987 basa ulasmis ve olumlu
bir gelisim sergilemistir. Ote yandan, Aluinbulak ve Alantepe mahallelerindeki kiigiikbas hayvan sayis1 2021
yilinda sirasiyla 149 ve 319 bas iken, bu sayilar 2024 yihinda sifira diismiistiir. Késk Mahallesi'nde ise
%56,4'liik bir azalma ile 2021 y1linda 3.317 olan hayvan sayis1 2024'te 1.447’ye gerilemistir. Bu bulgular,
kiigiikbas hayvanciligin ilcede mahalleler bazinda oldukgca heterojen bir yapi sergiledigini gostermektedir.
Bu dogrultuda, bolgesel kalkinma stratejileri bu sonuca yol agan sebepler goz oniine alinarak mahalle
olceginde planlanmasi, yem maliyetlerinin disiiriilmesi, iklim degisikligine uyum politikalarinin
gelistirilmesi, genglerin sektdre kazandirilmasi ve kirsal gogii azaltacak sosyal desteklerin artirilmasi
gerekmektedir. Ayrica mahalle bazl izleme ve destek sistemlerinin gelistirilmesi, siirdiiriilebilirlik
acisindan 6nem arz etmektedir.

Anahtar Kelimeler: Erzurum, Hayvan varlig), Keci, Koyun

ABSTRACT

This study aims to analyze changes in the number of small ruminants in the neighborhoods of Yakutiye
District in Erzurum Province between 2021 and 2024. The main objective of the research is to identify
increases and decreases in the number of small ruminants raised in these neighborhoods, to investigate the
reasons behind the changes in livestock numbers, and to assess the sustainability of small ruminant farming.
The data used in this research were obtained from the Turkish Statistical Institute (TurkStat), the Ministry
of Agriculture and Forestry’s Animal Registration System (TURKVET), the Erzurum Provincial Directorate of
Agriculture and Forestry, and local government sources. Data for the years 2021-2024 were presented in
tables, annual comparisons were made at the neighborhood level, and the rate of change was calculated and
analyzed. The research findings revealed significant differences in the number of small ruminants across the
neighborhoods of the district. For example, Dumlu Neighborhood showed positive growth, increasing by
69.7%, from 5,295 head in 2021 to 8,987 head in 2024. Conversely, in Altinbulak and Altintepe
neighborhoods, the number of small animals, which was 149 and 319 head in 2021 respectively, dropped to
zero by 2024. In K6sk neighborhood, the number of small ruminants decreased by 56.4%, from 3,317 in 2021
to 1,447 in 2024. These findings demonstrate that small ruminant farming exhibits a highly heterogeneous
structure at the neighborhood level. Consequently, regional development strategies should be planned on a
neighborhood scale, taking into account the underlying causes of these variations. Measures should include
reducing feed costs, developing climate change adaptation policies, involving young people in the sector, and
increasing social support to mitigate rural migration. Additionally, the development of neighborhood-based
monitoring and support systems is essential for ensuring sustainability.

Keywords: Erzurum, Goat, Number of animals, Sheep

Journal of Animal Science and Economics


https://orcid.org/0009-0001-7216-6582

Ozsaygin

89

Giris

Hayvancilik sektori, Tiirkiye'de tarim faaliyetleri icinde
O6nemli bir yere sahiptir. Hayvansal iiretim, yalnizca beslenme
ihtiyacin1 karsilamakla kalmaz ayni zamanda sanayiye
hammadde saglayarak stratejik bir rol istlenir (Karagoz,
2009; Ozdemir vd. 2024). Kiiciikbas hayvancilik, diisiik
maliyetli yapisiyla 6zellikle kirsal bolgelerde temel ekonomik
faaliyetlerden biridir (Koyuncu, 2012). Tiirkiye’'nin cografi
yapisy, iklim 6zellikleri ve genis mera alanlari, koyun ve keci
yetistiriciligine uygun kosullar sunar. Bu durum, kii¢iikbas
hayvanciligin diisiik maliyetle siirdiiriilebilmesini miimkiin
kilmaktadir (Alkan, 2010).

Kiigtikbas hayvanlar, dogrudan
yararlanabilen, soguga ve hastaliklara karsi dayanikli,
biiytikbas hayvanlara gore daha az yemle beslenebilen
tiirlerdir. Bu nedenle, yetersiz bakim ve besleme sartlarina
sahip kiiciik aile isletmeleri i¢in koyun ve keci yetistiriciligi
onemli bir gelir kaynagi olarak on plana ¢ikmaktadir
(Kaymakgi, 2006). Buna ragmen son yillarda Tiirkiye
genelinde kiiciikbas hayvan varlifinda azalmalar yasanmistir
(Barit vd., 2025). Bunun baslica nedenleri arasinda ¢oban
bulma zorlugu, ytiksek liretim maliyetleri, kentlesme baskisi,
yetersiz desteklemeler ve geng¢ niifusun sektore ilgisizligi
sayilabilir (Ertugrul vd., 2010; Aksoy ve Yavuz., 2012).

Buna karsin Tirkiye kiiciikbas hayvancilikta hala 6nemli
firsatlara sahiptir. Uretim dis1 alanlarin degerlendirilmesi,
hayvansal proteinin uygun maliyetle saglanmasi ve ihracat
potansiyeli gibi unsurlar dikkate alindiginda sektorin
stratejik 6nemi artmaktadir (Ertugrul vd., 2010).

otlaklardan

Dogu Anadolu Bélgesi, Tiirkiye'de kiigiikbas hayvanciligin
en yogun sekilde yapildig1 bolgelerin basinda gelmektedir. Bu
bolge, ozellikle diisiik verimli yerli irklarla ve meraya dayali
iiretim sistemiyle faaliyet gdstermektedir (Ozen vd. 1993;
Aksoy, 2008).

Calismada iizerinde duruldugu yillar esas alindiginda,
Erzurum ili ise genis mera alanlari, iklim o6zellikleri ve
geleneksel iiretim bigimiyle kii¢iikbas hayvancilikta 6ne ¢ikan
illerden biridir. 2020 yilinda ilde toplam kiiciikbas hayvan
sayist 904.587 iken, bu say1 2021 yilinda 900.623'e
gerilemistir (Kopuzlu, 2023). Bu diisiis, sektordeki yapisal
sorunlarin Erzurum'da da benzer sekilde yasandigini ortaya
koymaktadir.

Erzurum’un merkez ilgelerinden biri olan Yakutiye hem
kirsal hem de kentsel yerlesim birimlerini barindirmasi
nedeniyle hayvancilik agisindan karmasik ve dinamik bir
yapiya sahiptir. 945 km? yiizolciimiine sahip olan ilge, 44
mahalleden olusmaktadir (Anonim, 2025a). Bu mahalleler,
sosyal ve kiiltlirel yapinin yani sira ekonomik faaliyetlerin,
ozellikle de kiiciikbas hayvanciligin dagiliminda da belirleyici
olmaktadir. 2021 yilinda ilgede kiiglikbas hayvan sayisi
34.415 olarak kaydedilmis, bu say1 2023'te 48.684’e

yiikselmis ve 2024'te ise %17’lik bir diisiisle 41.558%e
gerilemistir (Anonim, 2025a). Bu veriler, ilcedeki kiigiikbas
hayvanciligin  degiskenligini ve kirillganhgim agikca
gostermektedir. Yakutiye ilcesine yonelik akademik
arastirmalar oldukea sinirli olup, mevcut ¢alismalar genellikle
Erzurum’un kiiciikbas hayvanciligin genel yapis1 ve
karsilasilan sorunlar iizerine odaklanmaktadir (Gokmener &
Oztiirk, 2022).

Bu ¢alismanin temel amaci; 2021-2024 yillara ait Tiirkiye
Istatistik Kurumu (TUIK), Hayvan Kayit Sistemi (TURKVET),
Erzurum il Tarim ve Orman Miidirligi ve yerel idare
kaynaklarindan temin edilen Erzurum ili Yakutiye ilgesine
baglh mahallelere ait veriler dikkate alinarak mahallelerde
kiigciikbas hayvan varliginda yasanan degisimleri ele alarak
analiz etmek, bu degisimlerin altinda yatan nedenleri ve
sturdiirtlebilirligini  belirleyerek kiiciikbas hayvancilik
politikalarina katki sunacak oneriler gelistirmektir.

Yontem

2021-2024 yillan arasinda Erzurum ili Yakutiye ilgesine
bagli 44 mahallenin kiiciikbas hayvan varligina iliskin Turkiye
Istatistik Kurumu (TUiK), Hayvan Kayit Sistemi (TURKVET),
Erzurum il Tarim ve Orman Midiirliigii ve yerel idare
kaynaklarindan temin edilen veriler degerlendirilmistir.
Veriler, Excel ortaminda yillar bazinda tablolara dokiilmiis ve
mahalleler arindaki karsilastirmal analizlerle
yorumlanmistir.

Bulgular
Bélgenin Kiigiikbas Hayvan Varligindaki Degisimler

Tirkiye genelindeki kiigiikbas hayvan sayisi, dalgali bir
seyir izlemistir. 2021 yilinda 57.519.204 bas olan kii¢iikbas
hayvan sayisi, 2022 yilinda 56.265.750 basa, 2023 yilinda
52.363.410 basa gerilemis; 2024 yilinda ise yeniden artis
gostererek 54.902.668 basa ulasmistir. Erzurum ili kiiciikbas
hayvan varligt bakimindan Tiirkiye kiiglikbas hayvan
varhiginin  %1,5-%1,8’lik bir kismin1 olusturmaktadir.
Erzurum’da 2021 yilinda 900.623 olan kiigiikbas hayvan
varligl, 2022’de 1.002.118 ile zirveye ulasmis; ardindan
2023’te 877.869'a ve 2024’te 837.683’e gerilemistir.
Kiiciikbas hayvan varligt bakimindan 4 yil igerisinde
Erzurum ili Yakutiye ilcesindeki degisim Erzurum’da
gozlenen degisimin paralelinde goézlenmistir. ilgede
kiiciikbas hayvan sayis1 2021’de 34.415 iken, 2022’de
43.890’a, 2023’te 48.684’e yiikselmis; ancak 2024’'te %17
oraninda bir azalma ile 41.558’e gerilemistir. Kiiciikbas
hayvan varlign tir bazinda incelendiginde Tiirkiye'deki
koyun sayist1 2021°'de 45.177.690 basken, 2022'de
44.687.888’e, 2023’'te 42.060.470’e gerilemis; 2024’te ise
44.080.584’e yiikselmistir. Erzurum ilinde koyun sayisi
2021’de 809.771 iken 2022’de 912.343’e ¢ikmis; ardindan
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2023’'te 799.595’e, 2024’te 758.270’e dismiistiir. Yakutiye
ilcesinde de benzer sekilde koyun sayis1 2021’de 32.487 iken
2022’de 42.058’e,2023’te 46.831’e yiikselmis; ancak 2024’te
39.732’ye duserek yaklasik %15’lik bir azalma géstermistir.
Bu veriler, Yakutiye ilcesinin koyunculukta bolgesel
egilimleri yansittigini, ancak genel iiretim azalmalarindan
dogrudan etkilendigini ortaya koymaktadir. Keci varligi
acisindan ise Tirkiye genelinde siirekli bir azalma
yasanmistir. 2021 yilinda 12.341.514 olan toplam keci
varlig, 2022’de 11.577.862'ye, 2023’'te 10.302.940’a
diismiis; 2024’te ise 10.822.084 olarak sinirh bir toparlanma
gostermistir. Erzurum’da bu say1 2021’de 90.852, 2022’de
89.775, 2023’te 78.274 ve 2024’te 79.413 olarak
kaydedilmistir. Yakutiye ilgesi ise oldukg¢a sabit bir yap1
sergileyerek 2021’de 1.928,2022’de 1.832, 2023’te 1.853 ve

2024’te 1.826 keci varligina sahip olmustur. Bu istikrar,
ilcede keci yetistiriciliginin simirli kaldigim1 ve kiigiikbas
hayvanciligin biyiik 6l¢iide koyunculuk odakli oldugunu
gostermektedir (Anonim, 2025b).

Yakutiye Ilgesi Mahallelerinde Kiigiikbag Hayvanciligin
Son Dort Yildaki Degisimi

Tablo 1 incelendiginde Akdag Mahallesi'nde, 2021 yilinda
201 bas olan kii¢iik bas varhigi, 2022 yilinda %56,7 artisla 315
basa ulasan kii¢iikbas hayvan sayisi, 2023’te kiiciik bir
azalmayla 309 basa gerileme ve 2024’te ise tekrar artarak
365basa ulasmistir. Dort yil icinde gozlenen bu artislar,
mahalledeki hayvanciligin strdirdldigiini ve
desteklendigini, 6zellikle 2024 yilinda erkek koyun sayisinda
dikkat ¢ekici bir yiikselis oldugunu gostermektedir.

Tablo 1.
2021-2024 Yillan1 Arasinda Akdag, Aktoprak, Altibulak, Altintepe, Aribahge ve Cayirtepe Mahallelerinde Kiiciikbas Hayvan Varligi
Mahalleler Yil — Koyun — Kegi Kigiikbag
Digi Erkek Toplam Disi Erkek Toplam Toplam
2021 174 27 201 0 0 0 201
) 2022 263 52 315 0 0 0 315

Akdag 2023 298 11 309 0 0 0 309
2024 258 107 365 0 0 0 365
2021 1.050 40 1.090 139 7 146 1.236
2022 2.378 55 2.433 103 13 116 2.546

Aktoprak )4 3.275 469 3.744 120 20 140 3.884
2024 2.467 322 2.789 120 4 124 2.913
2021 124 25 149 0 0 0 149
2022 120 25 145 0 0 0 145

Alubulak )3 48 0 48 0 0 0 48
2024 0 0 0 0 0 0 0
2021 304 5 309 10 0 10 319
2022 39 83 122 11 12 23 145

Altntepe )3 0 0 0 0 0 0 0
2024 0 0 0 0 0 0 0
2021 807 60 867 33 20 53 920
2022 1.510 214 1.724 53 38 91 1.815

Aribahge 2023 1.606 281 1.887 63 19 82 1.969
2024 1.266 409 1.675 62 5 67 1.742
2021 461 82 543 103 23 126 669
2022 297 11 308 48 18 66 374

Cayirtepe 5593 479 71 550 66 24 90 640
2024 279 44 323 42 13 55 378

Aktoprak Mahallesi, ilce genelinde kiiciikbas hayvanciligin
en giiclii yiritildigli mahallelerden biridir. 2021 yilinda
toplam 1.236 bas olan kiigiikbas sayisi, 2022’de %106 artisla
2.546'ya, 2023’te ise %52,5 artisla 3.884’e ylikselmistir.
Ancak 2024’'te %25’lik bir diislis yasanarak toplam hayvan
sayist 2.913’e gerilemistir. Bu diisiise ragmen, mahalle hala
oldukga yiiksek bir hayvan varligina sahiptir. Keci sayilar
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2022'den sonra sabit kalirken, koyun varligi mahalledeki
temel liretim kaynagidir.

Altibulak Mabhallesi'nde, 2021 yilinda 149 bas olan
kiiglikbas hayvan varligi, 2022’de ¢ok kiiciik bir azalmayla 145
basa diismiistiir. 2023 yilinda diisiis devam ederek hayvan
sayisi 48 basa gerilemis ve 2024 yili itibariyle tamamen
sifirlanmistir. Bu sonuca gelinmesinin muhtemel nedenleri
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goc, ekonomik zorluklar veya mera kullanimu ile ilgili sorunlar
yer alabildigi diisiiniilmektedir. Altintepe Mahallesi, 2021
yilinda 319 bas kiiciikbas hayvana sahipken, 2022 yilinda
%54,5 oraninda azalarak toplam say1 145 basa diismiistiir.
2023 ve 2024 yillarinda ise hayvan varligi tamamen
sifirlanmistir. Bu durum, mahallede hayvanciligin hizla terk
edildigini ve siirdiriilemez hale geldigini isaret etmektedir.

Aribahge Mahallesi, gii¢lii bir hayvancilik yapisina sahiptir.
2021 yilinda 920 bas olan kiiciikbas sayisi, 2022'de %97
artisla 1.815’e ulasmis, 2023’te ise 1.969’a cikarak zirveye
ulasmistir. Ancak 2024 yilinda toplam hayvan varliginda ’te
%11,5’lik bir azalma yasanarak mevcut sayr 1.742’ye
gerilemistir. Bu azalma, sinirli diizeyde olup tiretimin halen
yiksek seviyelerde siirdiigiinii gostermektedir. Aribahge,
koyun yetistiriciliginde oldugu kadar ke¢i varligi bakimindan
da dengeli bir yap1 sergilemektedir.

Cayirtepe Mahallesi'nde, 2021 yilinda 669 bas kii¢likbas
hayvan mevcudu bulunmaktaydi. Ancak bu say1 2022’'de
%44,1 azalarak 374’e diismiistir. 2023 yilinda toparlanma
belirtileri goriilmiis ve say1 640 basa kadar ¢ikmistir. Ancak
2024 yilinda hayvan varliginda yeniden bir diistis yasanmis ve
sayl1 378’e gerilemistir. Bu inisli c¢ikish seyir; yem

maliyetlerindeki artis, c¢oban bulma zorluklari, iklim
kosullarindaki degiskenlik ve destekleme politikalarinin
yetersizligi gibi faktorlerin mahallede tretimi dogrudan
etkiledigini gostermektedir. Keci varligi ise 2021 sonrasinda
azalma egilimi gosterse de belirli bir diizeyde korunmustur.

Yakutiye ilcesindeki diger mahallelerle
karsilastirildiginda, Ciftlik Mahallesi'nde 2021 yilinda toplam
2.042 bas kiiciikbas hayvan (2.039 koyun ve 3 Kkeci) ile
hayvancilik oldukga yiiksek bir diizeyde baslamistir. Ancak
2022 yilinda %46,7°lik ciddi bir azalma ile toplam say1 1.088
basa dismistir. 2023 yilinda smirhh bir toparlanma
gozlemlenmis ve toplam hayvan sayis1 1.262’ye kadar
ulasmistir. Ancak 2024 yilinda dikkat ¢ekici bir sekilde toplam
say1 5’e diserek adeta yok denecek seviyeye inmistir. Bu
onemli miktarda diisiis, mahallede kii¢iikbas hayvanciligin ya
tamamen terk edildigini ya da ciddi dis etkenlerden (gdg, arazi
sorunu, iklim, hastallk vs.) olumsuz etkilendigini
gostermektedir.

Dadagkdy Mahallesi, 2021 yilinda 731 bas kiiciikbas
hayvan varligina sahipken, takip eden iki y1lda sirasiyla %1 ve
%>51,8 oraninda artislar gozlenmistir. Bu artis hayvanciligin
mahallede desteklendigini ve bliyiidiigiinti géstermektedir.

Tablo 2.
2021-2024 Yillar1 Arasinda (iftlik, Dadaskéy, Degirmenler, Dumlu, Gokceyamac ve Giingérmez Mahallelerinde Kiiciikbas Hayvan Varligi
Koyun Keci ticii
Mahalleler Yil — ya — ¢ Kugiikbas
Disi Erkek Toplam Disi Erkek Toplam Toplam
2021 2.009 30 2.039 1 2 3 2.042
e 2022 1.019 60 1.079 4 5 9 1.088
Ciftlik
2023 1.201 52 1.253 4 5 9 1.262
2024 2 0 2 3 0 3 5
2021 502 167 669 46 16 62 731
) 2022 627 53 680 51 7 58 738
Dadaskoy
2023 839 234 1.073 45 3 48 1.121
2024 378 71 449 35 13 48 497
2021 100 63 163 0 49 49 212
.. 2022 281 116 397 0 53 53 450
Degirmenler
2023 268 85 353 0 4 4 357
2024 17 2 19 0 0 0 19
2021 4.193 583 4.776 413 106 519 5.295
Duml 2022 4.843 1.366 6.209 227 51 278 6.487
m
i 2023 7.093 1.461 8.554 272 44 316 8.870
2024 7.745 942 8.687 264 36 300 8.987
2021 81 57 138 0 0 0 138
) 2022 110 46 156 0 2 2 158
Gokgeyamag
2023 41 79 120 0 2 2 122
2024 0 0 0 0 0 0 0
2021 849 89 938 50 12 62 1.000
. 2022 590 16 606 37 0 37 643
Giingérmez
2023 480 49 529 31 0 31 560
2024 326 42 368 102 12 114 482
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Ancak Buna karsin 2024 yilinda %55,7 oraninda ciddi bir
diistisle toplam hayvan sayis1 497’'ye gerilemistir. Bu ani
diists, ekonomik ya da ¢evresel nedenlerden kaynakli gecici
bir daralma olabilir.

Degirmenler Mahallesi'nde ise hayvan sayilarindaki
degismeler yillar itibariyle inceelendiginde 2021 yilinda 212
bas kiigiikbas hayvan bulunurken, 2022 yilinda iki katin
lizerinde gozlenen artisla bu say1 450’ye yilikselmistir. Bu
biiytime, iretimdeki potansiyelino yil itibariyle maalle
halkinin degerlendirildigini gostermektedir. Ancak 2023
yilinda kiiciik bir diisiisle 357’ye gerileme yasanmis ve 2024
yili itibariyle ise %94,7 gibi dramatik bir azalma yasanarak
hayvan varlig1 yalnizca 19’a inmistir. Bu durum, mahallede
kiigiikbas hayvanciligin neredeyse tamamen sona erdigini
ortaya koymaktadir.

Dumlu Mahallesi, Yakutiye ilcesi genelinde kiiciikbas
hayvan varligi bakimindan en yiiksek sayida olan mahalle
olarak 6ne ¢ikmaktadir. 2021 yilinda 5.295 bas olan kiiciikbas
sayis), her yil artarak 2024 yilina kadar 8.987’ye ulagmistir. Bu
artis sirasiyla 2022’'de %22,5, 2023’te %36,7 ve 2024'te %1,3
oraninda gerceklesmistir. Bu veriler, mahallede hayvanciligin

Tablo 3.

stirekli desteklendigini ve siirdiiriilebilir bir gelisim iginde
oldugunu gostermektedir. ilcede  bulundugu
konumunun avantajinin sayesinde boélgedeki hayvanciligin
lokomotif mahallelerinden biri olarak degerlendirilebilir.

Dumluy,

Yakutiye ilcesindeki diger mahallelerle kiyaslandiginda,
Gokceyama¢ Mahallesi'nde kiigiikbas hayvan sayisinin
oldukca diisiik oldugu goriilmektedir. 2021 yilinda 138 olan
toplam hayvan sayisi, 2022’de 158’e yiikselmis ancak 2023’te
tekrar 122'ye gerilemistir. 2024 yih itibariyle ise hayvan
varligi tamamen sifirlanmistir. Bu durum, mahallede
hayvanciligin ya ekonomik olarak siirdiiriilemez hale geldigini
ya da terk edildigini gostermektedir.

Glingérmez Mahallesi'nde, 2021 yilinda 1.000 bas
kiiciikbas hayvan bulunmaktayken, takip eden iki yil boyunca
istikrarli bir azalma yasanmis, 2023’te say1 560’a diismiistiir.
Ancak 2024 yilinda kegi sayisindaki dikkat cekici artisla
birlikte toplam say1 482'ye ulasmistir. Bu durum, keci
yetistiriciligine yonelimin artmis olabilecegini
gostermektedir. Genel olarak hayvan varliginda bir azalma
olsa da tiir bazinda kayma ve cesitlenme gozlenmektedir
(Tablo 2).

2021-2024 Yillar1 Arasinda Giizelova, Giizelyayla, [brahimhakki, Karagobek, Karasu ve Kirkgoze Mahallelerinde Kiiciikbas Hayvan Varligi

K K 3 - .
Mahalleler Yil — oyua — o Kigikbag
Disi Erkek Toplam Disi Erkek Toplam Toplam
2021 1.513 26 1.539 82 0 82 1.621
. 2022 1.802 159 1.961 90 5 95 2.056
Gilizelova
2023 1.769 261 2.030 62 6 68 2.098
2024 1.355 59 1.414 58 0 58 1.472
2021 276 8 284 26 1 27 311
. 2022 637 59 696 62 22 84 780
Giizelyayla
2023 604 27 631 44 10 54 685
2024 1.950 529 2.479 109 23 132 2.611
2021 0 1 1 0 0 0 1
. 2022 0 1 1 0 0 0 1
Ibrahimhakkki1
2023 0 0 0 0 0 0 0
2024 0 0 0 0 0 0 0
2021 985 113 1.098 2 8 10 1.108
. 2022 1.957 326 2.283 1 8 9 2.292
Karagobek
2023 3.254 153 3.407 4 10 14 3421
2024 2.069 0 2.069 1 1 2.070
2021 0 0 0 0 0 0 0
2022 1.299 213 1.512 99 38 137 1.649
Karasu
2023 1.136 271 1.407 94 18 112 1.519
2024 920 143 1.063 78 17 95 1.158
2021 380 28 408 62 4 66 474
. 2022 313 37 350 60 18 78 428
Kirkgoze
2023 500 141 641 106 14 120 761
2024 800 126 926 163 52 215 1.141
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Glizelova Mahallesi, ilgede kiiglikbas hayvancilikta 6nemli
bir liretim merkezi olmaya devam etmektedir. Nitekim 2021
yilinda 1.621 bas olan kiiciikbas hayvan sayisi, 2022 yilinda
%?26,8 artarak 2.056'ya yiikselmistir. Ancak, 2023 yilinda
%2,1’lik daha diistik bir artisla 2.098 basa ulasmis, 2024 yili
itibariyle bir 6nceki yila gére %29,9 azalma gostererek toplam
1.472 basa gerilemistir. Ozellikle 2024'te koyun disi sayisinda
onemli bir diisiis yasandig1 goriilmektedir. 2023 yil1 ise, kegi
varliginda kiiciik bir azalma yasansa da, koyun sayisinda artis
yasanmis olmasiyla dikkat cekmektedir (Tablo 3). Giizelyayla
Mahallesi'nde kiigiikbas hayvan varligi siirekli bir artis
gostermektedir. 2021'de 311 bas olan kiigiikbas sayisi,
2022’de %151,8 oraninda bir artisla 780’e, 2023’te %15,3
artisla 685’e yiikselmistir. Ancak 2024 yili itibariyle biiytik bir
degisim yasanmis ve kiiciik bas hayvan sayisi 2.611’e ¢ikarak
%280'lik bir artis kaydedilmistir. Ozellikle koyun disi ve erkek
sayllarindaki 6nemli artislar dikkat cekmektedir. Keci varlig
da artmaya devam etmistir, ancak koyun varlig1 basta olmak
uzere kiigikbas varlik miktar1 biiyik bir biylime
gostermektedir.

ibrahimhakki Mahallesinde, siirekli olarak ¢ok diisiik
sayllarla hayvancilik yapilmis ve son iki yilda kiigtikbas

hayvan sayis1 tamamen sifirlanmistir. Bu veriler, mahalledeki
kiiciikbas hayvancilikla ilgili herhangi bir {retimin
yapilmadigini gostermektedir.

Karagobek Mahallesi, 2021-2024 yillarn arasinda ki
kiicikbas hayvan sayilar1 dikkate alindiginda strekli artis
gosterdigi belirlenmistir. 2021 yilinda 1.108 bas kii¢iikbas
hayvana sahipken, 2022'de %106,5 oraninda artarak
2.292’ye, 2023'te %49,3 artisla 3.421'e cikmistir. Ancak, 2024
y1l1 itibariyle mahallenin toplam kiiciikbas hayvan sayisinda
%39,5’lik bir azalma yasanmis olup bu sayr 2.070 kadar
gerilemistir. 2024 yilinda erkek koyun sayisindaki azalma
dikkat cekmekte fakat yine de mahalle Kkii¢likbas hayvan
iiretimi konusunda giiclii bir potansiyele sahiptir.

Karasu mahallesine ait ilgili veriler incelendiginde, 2021
yili itibariyle kiigciikbas hayvan varligina sahip degildi. Ancak
2022 yilinda 1.649 basla kiiciikbas hayvan {retimine
baslamistir. Bu sayi, 2023’te %7,6 artarak 1.519'a, 2024’te ise
%?24,3 azalarak 1.158’e kadar gerilemistir. 2024 yilindaki
diistis, keci sayisindaki azalmaya ve koyun varligindaki
degisikliklere dayanmaktadir. Karasu'da kiiciikbas
hayvanciligin, ozellikle koyun yetistiriciligi alaninda,
gelismeye devam ettigi sdylenebilir.

Tablo 4.
2021-2024 Yillar1 Arasinda Kirmizitas, Kosememet, Késk, Kurtulus, Lalapasa ve Muratgeldi Mahallelerinde Kiiciikbas Hayvan Varlig
Mahalleler Yil — Koyun — Kegi Kigikbag
Disi Erkek Toplam Disi Erkek Toplam Toplam
2021 312 0 312 13 0 13 325
2022 433 64 497 36 29 65 562
Kirmizitas )5 367 108 475 53 26 79 554
2024 388 57 445 36 18 54 499
2021 840 72 912 22 24 46 958
) 2022 864 136 1.000 41 51 92 1.092
Kosememet ), 784 170 954 14 7 21 975
2024 828 92 920 19 5 24 944
2021 3.015 246 3.261 52 4 56 3.317
) 2022 2.143 25 2.168 31 0 31 2.199
Kosk 2023 1.658 309 1.967 30 0 30 1.997
2024 1.384 45 1.429 16 2 18 1.447
2021 890 152 1.042 73 9 82 1.124
2022 1.975 270 2.245 118 19 137 2.382
Kurtulus 2023 1.097 207 1.304 108 59 167 1471
2024 1.026 528 1.554 70 32 102 1.656
2021 96 0 96 0 0 0 96
2022 96 0 96 0 0 0 96
Lalapasa 2023 25 27 52 0 0 0 52
2024 0 0 0 0 0 0 0
2021 528 64 592 46 4 50 642
2022 523 71 594 48 3 51 645
Muratgeldi )4 489 34 523 56 1 57 580
2024 495 95 590 55 18 73 663
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Kirkgdze Mahallesi, 2021 yih itibariyle 474 bas kiigiikbas
hayvanla faaliyet gostermekteydi. 2022 yilinda %9,7’lik bir azalma
ile 428'e diiserken, 2023'te %77,8 oraninda biiyik bir artis
yasanarak 761'e yiikselmistir. 2024 yilinda ise, %50 artisa bagh
olarak 1.141’e ulagsmistir. Koyun varligindaki artis, 6zellikle 2024
yilina kadar devam etmistir. Kegi sayisi ise, belirli bir diizeyde sabit
kalmistir. Kirkgéze Mahallesi'nde kii¢iikbas hayvanciligin oldukg¢a
giiclii bir sekilde biiytlidiigii ve siirdiiriilebilir bir tiretim modeline
sahip oldugu gozlemlenmistir.

Kirmizitas Mahallesi, 2021'de 325 bas kiiciikbas hayvanla
faaliyete baslamistir. 2022'de, koyun disi ve erkek sayisindaki
artigla toplam kiiciikbas hayvan sayist %73,0 artarak 562'ye
yukselmistir. 2023 yilinda kismi bir azalma yasanmis ve kiiciikbas
hayvan sayis1 554'e gerilemistir. Ancak, 2024 yilina gelindiginde,
%10'luk bir azalma kadar daha yasanarak toplam 499'a
diigmistiir. Koyun disi sayisindaki diisiis, ke¢i sayisinin
azalmasiyla birlikte kiigiikbas sayisindaki genel azalmay:
gostermektedir.

Kdsememet Mahallesi, 2021 yilinda 958 bas kii¢tikbas hayvan
yetistirilmektedir (Tablo4). Mahellede 2022 yilinda hem disi hem
de erkek koyunlarda artis gostererek toplam kiiciikbas hayvan

Tablo 5.

varligt %13,9 oraninda artarak 1092 basa kadar yiikselmistir.
Daha sonraki yillarda mevcut say1 da diisiis yasanarak 2023
yiinda bu say1 975 basa ve 2024 yilinda ise 944’e kadar
gerilemistir.

2021 yiinda 3.317 bas kiiciikbas hayvan varligiyla Kosk
Mabhallesi, Yakutiye ilgesindeki diger mahallelerle kiyaslandiginda
yiiksek bir tiretim kapasitesine sahiptir. Ancak, 2022 yilinda bu
say1 %30,4 oraninda azalarak 2.199'a diismtistiir. 2023 y1ilinda bir
bagska diisiis daha yasanarak kiigiikbas sayis1 1.997'ye gerilemistir.
2024 y1h itibariyle, kiiciikbas hayvan sayisinda bir azalma daha
yasanarak bu say1 1.447'yve diismistiir. Disi ve erkek koyun
sayllarindaki disiis, kiigiikbas tiretimiyle ilgili biiytk bir azalmay1
gostermektedir.

Kurtulus Mahellesinde yetistirilen kiigilkbas hayvan
varligindaki 4 yillik degisim Tablo 4'de verilmis olup yillar
itibariyle 2021 yilinda 1124 bas olan hayvan sayisi 2. Yilda %112,5
oraninda artis, 3. Yilda %38,3 oraninda diisiis son yilda ise bir
onceki y1la gore bir artis kaydederek toplam 1656 basa ulasmistir.
Bu mahalledeki koyun disi ve erkek sayisindaki artiglar, keci
sayisinin stabil kalmasi ve genel kiiglikbas hayvanciligin bu mahlle
icin stirdurilebilirligini gostermektedir.

2021-2024 Yillan1 Arasinda Miilk, Ortadiizii, Sogiityani, Senyurt, Siikriipasa ve Umudum Mahallelerinde Kiictikbas Hayvan Varligi

Mahalleler Yil — Koyun — Kegi Kugukbag
Disi Erkek Toplam Disi Erkek Toplam Toplam
2021 168 0 168 0 1 169
2022 421 0 421 1 0 1 422
Miilk
2023 324 15 339 2 0 2 341
2024 438 0 438 8 2 10 448
2021 1.779 52 1.832 8 1 9 1.840
o 2022 2.536 103 2.639 8 1 9 2.648
Ortadiizii 53 2.670 291 2.961 84 0 84 3.045
2024 1.485 317 1.802 105 10 115 1.917
2021 0 0 0 0 0 0 0
2022 83 23 106 23 8 31 137
Sogtyant -3 83 23 106 0 0 0 106
2024 0 0 0 0 0 0 0
2021 709 216 925 27 9 36 961
2022 172 530 702 1 0 1 703
senyurt 2023 310 578 888 0 0 0 888
2024 139 48 187 0 0 0 187
2021 57 5 62 2 0 2 64
o 2022 29 5 34 2 0 2 36
Slkripasa 553 28 0 28 2 0 2 30
2024 20 0 20 0 0 0 20
2021 951 9 960 23 2 25 985
2022 1.031 61 1.092 20 2 22 1.114
Umudum 2023 1.309 132 1.441 29 0 29 1.470
2024 1.643 248 1.891 43 1 44 1.935
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Lalapasa Mahallesi, 2021 yilinda sadece 96 bas kii¢likbas
hayvana sahipken, 2022'de say1 degismemistir. 2023 yilina
gelindiginde, kii¢ciikbas hayvan sayis1 %45,8 oraninda azalmis
ve 52'ye dismiistir. 2024 yilinda ise bu mahllede kiigiikbas
hayvan yetistiriciligi tamamen sona ermistir.

Muratgeldi Mahallesi, 2021 yiliitibariyle 642 bas kii¢iikbas
hayvana sahiptir. 2022'de ¢ok kii¢iik bir artisla 645 basa
cikmis, 2023'te ise %9,7’lik bir azalma ile 580’e diismustiir.
Ancak, 2024 yilinda %14,3 artis yasanmis olup bu artisla
mahallenin toplam hayvan varlig1 663 basa ulasmistir.Keci ve
koyun sayisindaki degisimler, mahallede kiigiikbas
hayvanciligin stabil sekilde devam ettigini ancak zaman
zaman dalgalanma yasandigini gostermektedir.

Milk Mahallesi, 2021 wyilinda kiigiikbas hayvancilik
faaliyetlerine 169 basla baslamistir. Bir sonraki yilda bu say,
koyun disi sayisindaki artisa parallel olarak toplam hayvan
varliginda yaklasik %150 kadar bir artisla 422 basa uilasmis,
2023 yilinda artis yerini azalisa birakarak 341 basa diismiistiir.
Ancak 2024 yilina gelindiginde, kii¢iikbas hayvan sayisinda bir
artis kaydederek bu say1 448 basa kadar ¢ikmistir. Bu yilki artis,
koyun sayisindaki ytikselisle birlikte, keci sayisindaki artisla da

Tablo 6.

desteklenmistir. Miilk Mahallesi'nde kiiciikbas hayvan sayisi
genel olarak dalgali bir seyir izlemis, ancak 2024 itibariyla bir
toparlanma yasanmustir.

Ortadiizii Mahallesi, 2021 yilinda 1.840 bas kii¢iikbas
hayvanla faaliyet gostermeye baslamistir. 2022'de kiigtikbas
sayisi %44 artisla 2.648'e ¢cikmistir. 2023 yilinda ise, koyun ve
keci sayisindaki ciddi artislarla birlikte kii¢iikbas hayvan
sayisi 3.045'e yiikselmistir. Ancak 2024 yilinda, o6nceki
yillarda yasanan artisin tersine, kiigiikbas hayvan sayisi
%37,1 oraninda azalarak 1.917'ye diismiistiir. Koyun disi ve
erkek sayilarindaki diisis, kiigiikbas tretimiyle ilgili bazi
olumsuz gelismeleri isaret etmektedir.

Sogiityan1 Mahallesi, 2021'de kii¢giikbas hayvanciliga
baslamamistir. Ancak 2022 yilinda, kiigiik bir baslangi¢
yaparak 137 basa ulasmistir. 2023'te, mevcut hayvan
sayisinin sabit kaldigr ve hi¢bir yeni iliretim yapilmadig
gozlemlenmistir. 2024 y1li itibariyla ise, kiigiikbas hayvancilik
tamamen sona ermistir ve 0 basa diismiistiir. Sogiityani
Mahallesi'nde kiigiikbas hayvanciligin diistik seviyede ve kisa
vadeli bir faaliyet oldugu, yerel iiretimde bir istikrarsizlik
yasandig1 goriilmektedir.

2021-2024 Yillar1 Arasinda Uzunyayla, Universite, Yazipinari, Yerlisu, Yesilyayla ve Yolgecti Mahallelerinde Kiiciikbas Hayvan Varligi

Mahalleler Yil — Koyun — Kegi Kigikbag
Disi Erkek Toplam Disi Erkek Toplam Toplam
2021 2.035 799 2.834 103 4 107 2.941
2022 3.421 699 4120 71 16 87 4.207
Uzunyayla 2023 2.791 865 3.656 67 16 83 3.739
2024 3.290 154 3.444 44 26 70 3.514
2021 0 0 0 0 0 0 0
o 2022 563 255 818 8 2 10 828
Universite 2023 522 214 736 8 2 10 746
2024 657 328 985 8 2 10 995
2021 2.663 400 3.063 141 15 156 3.219
2022 3.541 635 4176 136 21 157 4333
Yazipmarl 2023 3.640 729 4.369 174 21 195 4564
2024 2.219 372 2.591 82 9 91 2.682
2021 0 0 0 0 0 0 0
_ 2022 4 0 4 0 0 0 4
Yerlisu 2023 0 0 0 0 0 0 0
2024 182 0 182 0 0 0 182
2021 218 0 218 0 0 0 218
_ 2022 291 78 369 0 0 0 369
Yesilyayla 2023 405 91 496 1 3 4 500
2024 555 71 626 3 0 3 629
2021 881 118 999 91 39 130 1.129
, 2022 0 0 0 0 0 0 0
Yolgegti 2023 0 0 0 0 0 0 0
2024 0 0 0 0 0 0 0

Journal of Animal Science and Economics



96

Ozsaygin

Senyurt Mahallesi, 2021'de 961 bas kiiciikbas hayvanla
faaliyete baslamistir. 2022'de koyun sayisindaki artisla birlikte
kiiciikbas sayis1 703'e diismiis ve ardindan 2023'te tekrar bir
artis yasanarak 888'e cikmustir. 2024 yilinda ise kiigiikbas
hayvan sayis1 %78,9 oraninda biiyiikk bir disiisle 187'ye
gerilemistir. 2024'te koyun sayisindaki kayiplar, Senyurt
Mabhallesi'nde kiigiikbas hayvanciligin olumsuz bir y1l ge¢irdigini
gostermektedir.

Siikriipasa Mahallesi, 2021 yilinda 64 bas kii¢likbas hayvanla
baslamig ve 2022'de sayida %43,7 bir diisiis yasamistir, 36 basa
gerilemistir. 2023 yil itibariyla kii¢likbas sayis1 30’a diiserken,
2024 yilina gelindiginde kiigiikbas hayvancilik tamamen sona
ermistir. 2024’te 0 basa diisen sayilar, bu mahallede kiiciikbas
hayvancilifin tamamen sonlandigini gosteriyor.

Umudum Mahallesi, 2021'de 985 basla Kkiigiikbas
hayvanciliga baglamistir. 2022’de 1.114’e c¢ikarak %13,1
oraninda bir artis gostermistir. 2023’te kiiciikbas hayvan sayisi
1.470’e yiikselmis ve 2024 y1l1 itibariyla biiyiik bir artisla 1.935’e
cikmistir. Bu mahallede, kiigciikbas hayvancilik faaliyetleri siirekli
bir biiytime gostermis ve 2024 y1ilina gelindiginde biiytik bir artis
yasanmistir.

Uzunyayla, 2021 yilinda 2.941 bas kiiciikkbas hayvanla
faaliyetlerine baslamistir. 2022'de, koyun ve keci sayilarindaki
artisla kiiciikbas hayvan sayis1 4.207'ye yiikselmistir. 2023'te,
koyun disi sayisindaki azalmalara ragmen toplam kiigiikbas
sayist 3.739'a gerilemistir. 2024 yilinda ise, koyun sayisindaki
artisla birlikte 3.514'e ¢ikmistir. Uzunyayla Mahallesi'nde,
kiigiikbas hayvancilik ¢ogunlukla koyun tiretimine dayanmakta
olup, 2024’te kec¢i sayisinda azalma goézlemlenmistir. Bu
mahalledeki kiiciikbas hayvancilik, zaman zaman dalgalanma
gosterse de, genel olarak yliksek seviyelerde devam etmistir.

Universite Mahallesi, 2021’de kiiciikbas hayvancilik faaliyeti
yuriitmemistir. 2022 yilina gelindiginde, 818 baga ulasarak bir
baslangi¢ yapmistir. 2023’te bu say1 746’ya gerilemis olsa da,
2024 yih itibartyla yeniden artarak 995’e gikmugtir. Universite
Mabhallesi'nde kiiciikbas hayvancilik faaliyetleri sinirli olmakla
birlikte, ilerleyen yillarda belli bir bilyiime géstermistir. Ozellikle
koyun sayis1 artirllmaya ¢alisilmis ve kegi tiretimi sabit kalmigtir.
Yillik artiglar, mahallede kiigiikbas hayvanciliga yonelik bir
gelisim oldugunu ancak bunun baslangi¢ agamasinda oldugunu
gostermektedir.

Yazipinari, 2021 yihinda 3.219 bas kiiclikbas hayvanla
faaliyete baslamistir. 2022 yilinda 4.333’e ¢ikarak %34’liik bir
artis yasanmustir. 2023’te ise 4.564 basla faaliyetler devam
etmistir. Ancak 2024 yilinda, koyun disi sayisindaki azalma ve
kiiciikbas toplamindaki diisiisle 2.682 basa gerilemistir.
Yazipinar1 Mahallesi, baslangicta hizli bir biiylime gostermis,
ancak 2024 yih itibariyla koyun iiretimi azalmis ve kiigiikbas
hayvan sayisinda dislis yasanmistir. Mahallede, koyun
sayisindaki azalmaya ragmen Kkeg¢i sayisinin nispeten stabil
kalmasi dikkat cekmektedir.
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Yerlisu, 2021 yilinda kiigiikbas hayvancilik yapmamistir.
2022 yilinda ise sadece 4 basla faaliyete baslamistir. 2023 y1linda
hicbir kiiglikbas hayvan tiretimi yapilmamis, 2024 yilinda ise 182
basa ulasilmistir. Yerlisu, kiigiikbas hayvancilik faaliyetlerine
oldukca gec baslamis ve tiretim sinirli kalmistir. 2024’teki artis,
mahalledeki tretimin artmaya basladigin1 gosteriyor. Ancak
Yerlisu'nun kiigiikkbas tretimi, smirlh ve dalgall bir seyir
izlemektedir.

Yesilyayla, 2021 yiinda 218 bas kiiciikbas hayvanla
faaliyetlerine baslamistir. 2022’de 369’a ¢ikarak dnemli bir artis
gostermistir. 2023’te 496'yva ¢ikmis, ardindan 2024 yilina
gelindiginde ise kiiglikbas hayvan sayis1 629’a ulasmistir.
Yesilyayla Mahallesi, 6zellikle koyun tiretiminde bir artis trendi
gostermistir. Kegi iiretimi ise sabit kalmistir. Mahallede kii¢likbas
hayvancilik siirekli olarak artis gostermis ve 2024 yih itibariyla
bliytimesini siirdiirmiistir.

Yolgecti, 2021’'de 1.129 basla faaliyetlerine baslamistir. Ancak
2022, 2023 ve 2024 yillarinda hi¢bir iiretim yapilmamistir.
Yolgecti Mahallesi'nde kiiciikbas hayvancilik, 2021 yili sonrasi
tamamen durmustur. 2024’te de hicbir kii¢ciikbas hayvan sayisi
kaydedilmemistir, bu da mahalledeki kiigiikbas hayvancilikla
ilgili faaliyetlerin tamamen sona erdigini géstermektedir.

Sonuglar ve Oneriler

Bu ¢alisma, Erzurum ili Yakutiye ilgesinde 2021-2024 yillari
arasinda kii¢iikbas hayvanciligin mahalle diizeyinde kii¢iikbas
hayvan sayilar ele alinis olup yillar itibariyle degisimde nasil
bir seyir izledigini kapsamli bicimde ortaya koymustur. Elde
edilen bulgular, ilgedeki yiiriitiilen kiiglikbas hayvanciligin 4
yillik bir zaman araliginda homojen olmayan bir dagilim
gosterdigini ve mahalleler arasinda ciddi farklar bulundugunu
acikca gostermektedir. Bazi mahalleler, kiigiikbas hayvan
sayllarinda istikrarli ve dikkat cekici artislar sergileyerek
hayvancilik acisindan 6nemli merkezler haline gelmistir.
Ozellikle Dumlu, Giizelyayla, Umudum, Aktoprak, Uzunyayla ve
Karagdbek mahallelerinde kiiglikbas hayvan varliginda ytiksek
oranlarda artislar yasanmis, bu mahalleler ilcede kiiciikbas
hayvanciik agisindan o6ncii konuma gelmistir. Dumlu
Mahallesi'nde kiigiikbas hayvan sayis1 dort yil icinde yaklasik
%70 oraninda artigla 8.987’ye ulasarak, ilcedeki en giiclii
hayvancilik merkezlerinden biri haline gelmistir. Giizelyayla
Mabhallesi'nde ise 2021-2024 arasinda gercgeklesen artis oran
%739 gibi dikkat gekici bir artis olarak kaydedilmistir. Buna
karsilik, bazi mahallelerde kiigiikbas hayvanciigin ya ciddi
bicimde azaldig1 ya da tamamen sona erdigi goriilmektedir.
Altinbulak, Altintepe, Sogiityani, Sukriipasa, Yolgecti ve
Ibrahimhakki mahallelerinde 2024 itibariyla kii¢iikbas hayvan
varligy sifirlanmistir.  Ciftlik, Degirmenler, Lalapasa ve
Gokeceyamag gibi bazi mahallelerde de biiyiik oranl azalmalar
yasanmistir. Bu azalmalarin temelinde; gog, iiretim
maliyetlerinin artmasi, meraya erisim sorunlari, pazarlama
zorluklar1 veya lreticilerin sektdrden ¢ekilmesi gibi etkenlerin
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bulundugu diisiiniilmektedir. Kégk, Karasu ve Ortadiizii gibi
mahallelerde ise bir déonem artis yasanmis, ardindan ciddi
distsler gozlemlenmistir. Bu durum, kiigiikbas hayvanciligin
bu mahallelerde boélgelerde istikrarsiz bir yapi sergiledigine
isaret etmektedir. Ozellikle Késk Mahallesi'nde 2021 yilinda
3.317 olan kiigiikbas sayisinin 2024’te 1.447’ye diismesi,
Uretimin siirdurilebilirligi agisindan ciddi bir tehdit
olusturmaktadir. Bunun yaninda bazi mahallelerde kiiciik capl
ama dengeli bir iretim yapisinin sirdigi anlasilmaktadir.
Miilk, Muratgeldi, Yesilyayla, Kurtulus, Kirkgoze ve Kirmizitas
mahallelerinde dalgalanmalara ragmen iiretim devam etmis,
ozellikle koyun yetistiriciligi 6n planda olmustur. Keci
yetistiriciligi ise ilcenin genelinde simirli kalmakta, bazi
mahallelerde ise hi¢ bulunmamaktadir.

Sonug¢ olarak, Yakutiye ilcesinde kiiciikbas hayvancilik
mahalle bazinda olduk¢a farkliik gostermektedir. Bazi
mahalleler hayvan sayisini artirirken, bazilarn sektoérden
tamamen ¢ekilmistir. Bu durum, yerel kalkinma politikalarinin
mahalle bazinda planlanmasi gerektigini ortaya koymaktadir.
Kiigiikbas hayvanciigin siirdiiriilebilirligini artirmak igin su
oneriler gelistirilebilir: Ureticilere yonelik yem siibvansiyonlar
ve girdi desteklerinin artirllmasi, meraya erisimi artiracak
diizenlemelerin yapilmasi, iklim degisikligine direncli iiretim
sistemlerinin yayginlastirilmasi, gen¢ niifusun hayvanciliga
yonlendirilmesi amaciyla tesvik programlarinin uygulanmasi,
mahalle bazli teknik destek ve yayim hizmetlerinin
giiclendirilmesi, hayvan sagligi ve hijyen standartlarinin
iyilestirilmesi, kiiglikbas hayvan irklarinin islah1 ve genetik
gelisiminin saglanmasi, pazar cesitliligi ve deger zinciri
olusturulmasi, hayvancilikla ilgili egitim programlarinin
yayginlastirilmasi, su kaynaklarinin verimli kullanimi, yerli
tohum ve yem iiretiminin desteklenmesi, cografi isaretlerin
kullanimi ve yerel markalarin desteklenmesi, hayvancilik
sektoriinde dijitallesme ve teknoloji kullanimi, hayvancilik
isletmelerinin kooperatiflesmesi. Bu ¢cercevede, kirsal alanlarda
hayvanciligin sadece ekonomik degil aym1 zamanda sosyo-
kiiltiirel bir faaliyet oldugu unutulmamali ve kiiciik iireticilerin
siirdiirtilebilirligini saglayacak yapisal onlemler ivedilikle
hayata gecirilmelidir.

Etik Komite Onay1: Etik kurul onayina gerek yoktur.
Hakem Degerlendirmesi: Dis bagimsiz.
Cikar Catismast: Yazar, ¢ikar catismasi olmadigini beyan etmistir.

Finansal Destek: Yazar bu ¢alismanin herhangi bir finansal destek
almadigini beyan etmislerdir.

Ethics Committee Approval: Ethics committee approval is not
required.

Peer-review: Externally peer-reviewed.
Conflict of Interest: The author has no conflicts of interest to declare.

Financial Disclosure: The author declared that this study has received
no financial support.

Kaynaklar

Aksoy, A., (2008). Dogu Anadolu Hayvanciiginin Avrupa
Birligine Uyumu ve Rekabet Edebilirliginin Analizi (Tez
No: 177745). [Doktora Tezi, Atatiirk Universitesi].

Aksoy, A., & Yavuz, F. (2012). Ciftcilerin kiiciikbas hayvan
yetistiriciligini birakma nedenlerinin analizi: Dogu
Anadolu bolgesi 6rnegi. Anadolu Tarim Bilimleri Dergisi,

27(2),76-79.
Alkan, M. (2010). Kiciikbas hayvanciigin aci sonu.
http://www. ciftlikdergisi. com. tr/kucukbas-

hayvanciligin-aci-sonu. html

Anonim, (2025a). Tirkiye Istatistik Kurumu Hayvansal
lretim verileri.

Anonim, (2025b).
https://en.wikipedia.org/wiki/Yakutiye#cite note-3

Barit, B., Cengiz, B. N, Belgemen, F., Has, B., Varalan, A., & Cevrimli,
M. B. (2025). Tiirkiye’de Planlamanin Evrimi ve Hayvancilik
Sektoriinde Planlamalar -Ulasilan Hedefler. Veteriner
Farmakoloji ve Toksikoloji Dernegi Biilten, 16(1), 9-21.

Ertugrul, M,, Savas, T., Dellal G., Taskin T., Koyuncu, M., Cengiz,
F. Dag, B., Koncagiil, S. & Pehlivan, E. (2010). Tiirkiye'de
Kiiciikbas ~ Hayvanciligin lyilestirilmest. Ziraat
Miihendisligi VII. Teknik Kongresi, 11-15 Ocak, Ankara.

Gokmener, H., & Oztiirk, A. (2022). Erzurum ili Uzundere
llcesinde Kiigikkbas Hayvancilik Faaliyetleri ve Genel
Sorunlar. Bahri  Dagdas  Hayvanciik  Arastirma
Dergisi, 11(1), 21-29.

Karagoz, H. (2009). Tirkiye ve Konya’da hayvancilik sektort,
sektoriin sorunlar1 ve ¢oziim Onerileri. Konya Ticaret
Odasi Etiid Arastirma Servisi, Konya.

Kaymakgi, M. (2006). fleri Koyun Yetistiriciligi. “Ders Kitab
Bornova, izmir.”

Kopuzlu, S. (2023). Erzurum ili'nde Kiiciikbas ve Biiyiikbas
Hayvanciligin Mevcut Durumu ve Meralar Agisindan
Potansiyeli. Uluslararas: Gida Tarim ve Hayvan Bilimleri
Dergisi, 3(2), 41-51.

Koyuncu, M. (2012). Tiirkiye hayvanciliginda kiiciikbas
hayvanciliginin yeri. Bursa Tarim Kongresi, (27-29 Eyiil
2012), Bursa.

Ozdemir, V. F, Tarhan, 0., & Bayram, B. (2024). Farm
Management and Socio-Economic Structure of Cattle
Enterprises in Eastern Anatolia: A Case Study of Selim
District, Kars Province. Journal of Agricultural
Production, 5(4), 272-282.

Ozen, N., Cakir, A., Hasimoglu, S. & Aksoy, A. (1993). Yemler ve
yem teknolojisi. Atatiirk Universitesi Ziraat Fakiiltesi
Ders Yayinlari.

Journal of Animal Science and Economics


https://biruni.tuik.gov.tr/medas/?kn=101&locale=tr
https://en.wikipedia.org/wiki/Yakutiye#cite_note-3

