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Abstract

This study examines 45,769 veterinary medicine publication titles from Tiirkiye (1980-
2024) using large-scale text mining, hybrid clustering, and Sustainable Development
Goals (SDG) mapping. It aims to identify long-term thematic trends and assess alignment
with global sustainability priorities. A two-stage hybrid clustering approach (k-means +
hierarchical) revealed 11 thematic groups. SDG alignment was evaluated using a hybrid
Aurora-Elsevier dictionary model enhanced with n-gram-based weighting and validation.
Findings indicate a clear shift from traditional species- and production-focused research
toward molecular, experimental, and data-driven domains. SDG mapping shows
strong associations with Zero Hunger (SDG 2), Good Health and Well-being (SDG 3),
Responsible Consumption and Production (SDG 12), and Life Below Water (SDG 14). In
contrast, Climate Action (SDG 13) and Life on Land (SDG 15) remain underrepresented,
highlighting critical gaps in environmental sustainability. Overall, veterinary research in
Tiirkiye aligns with global production- and health-oriented trends but exhibits partial
thematic divergence, particularly in aquatic systems. The comparatively lower emphasis
on climate change, biodiversity, and ecosystem health suggests areas that could be further
strengthened within the national research agenda. These results offer a data-driven basis
for strengthening interdisciplinary research, advancing the environmental dimension of
One Health, and improving alignment with global sustainability priorities.
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INTRODUCTION

Veterinary medicine plays a critical role at the intersection
of animal health, public health, food safety, environmental
sustainability, and global health security. Beyond clinical
practice, the discipline contributes significantly to
the prevention of zoonotic diseases, the fight against
antimicrobial resistance, sustainable livestock production
systems, the conservation of biological diversity, and
the support of ecosystem health within the One Health
approach %l In this context, veterinary science is directly
related to the Sustainable Development Goals (SDGs),
particularly SDG 2 (Zero Hunger), SDG 3 (Good Health
and Well-being), SDG 12 (Responsible Consumption and
Production), SDG 13 (Climate Action), and SDG 15 (Life
on Land). The strategic position of veterinary medicine
in contributing to these global sustainability goals makes
it important to understand the alignment of national
research orientations with global priorities 1.,

Tiirkiye is a strategic country in regional and global
veterinary management due to its geopolitical position,
animal production capacity, biological diversity, and wildlife
corridors. This position makes veterinary research critical
for both national animal husbandry and public health, as
well as global disease surveillance, control of zoonotic risks,
and sustainable food systems. Strengthening veterinary
research capacity in Tirkiye directly supports regional
biosecurity and international collaborations such as FAO,
WOAH, and WHO, in line with One Health initiatives 7.

In recent years, veterinary education and research
infrastructure in Tiirkiye have developed significantly,
accelerating international collaborations and integration
with digital epidemiology, genomics, precision livestock
farming, and sustainable agriculture policies 1],

Despite the growing use of text-based approaches in
medicine, agriculture, and environmental sciences, the
application of these methods in veterinary research within
an SDG framework remains an emerging area.

@ OO ‘ ‘ This article is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License (CC BY-NC 4.0)
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This study examines 45,769 veterinary science publication
titles from Tiirkiye (1980-2024) using text mining, hybrid
hierarchical clustering, and SDG-based classification to
reveal (i) the transformation of Turkish veterinary research
trends over time, (ii) thematic clustering structures
among departments, and (iii) the alignment of publication
content with the SDGs - contributing to sustainability-
focused scientific mapping in the international literature.

MATERIAL AND METHOD
Ethical Statement

This study did not involve any procedures requiring
ethical approval.

Material

The data used in this study includes the title, year, and
division/department information of scientific articles
published in the field of veterinary science in Tiirkiye
between 1980 and 2024 ", The analyses were performed
on article titles; the total data set consists of 45,769 unique
titles obtained after cleaning.

Method

To ensure methodological transparency and
reproducibility, the analysis was structured into four
stages: (i) data preprocessing, (ii) TF-IDF-based
text representation with SVD-based dimensionality
reduction and scaling, (iii) hybrid clustering (k-means
+ hierarchical), and (iv) SDG mapping and validation
using a hybrid dictionary approach with ranking-based
evaluation. This workflow ensures a coherent and
reproducible analytical process.

Data Preprocessing and Text Standardization

The texts were first subjected to a comprehensive
preprocessing process. In the first stage, all titles were
run through a language filter to identify those in Turkish
and were translated into English to ensure linguistic
consistency. Subsequently, the texts underwent cleaning,
noise filtering, and tokenization processes.

Text Representation and Dimension Reduction

In the first stage, article titles were converted into high-
dimensional feature vectors based on TF-IDF using a
text mining approach. TF-IDF representations derived
from text data typically have a high-dimensional and
sparse feature space. This situation can negatively affect
the performance and computational cost of clustering
algorithms. Therefore, to reduce the dimensionality
problem and preserve the fundamental variation
components in the data structure, a dimension
reduction process was applied using the Singular Value
Decomposition (SVD) method. To ensure comparability

among variables in the clustering analysis, the resulting
vectors were subsequently scaled.

Hybrid Clustering (k-means + hierarchical)

Cluster analysis is an unsupervised learning approach
for identifying homogeneous groups based on similarity
patterns. In text mining, clustering reveals latent thematic
structures; performance depends on appropriate feature
representation, dimensionality reduction, and distance
metric selection.

Due to the large-scale nature of the dataset in this study,
a two-stage hybrid clustering (k-means + hierarchical)
chosen for the clustering analysis. Hybrid
clustering strategies are widely recommended in the
literature, particularly for large datasets, both to reduce
computational costs and to enhance the interpretability of
the resulting cluster structure. This approach combines the
computational efficiency of the k-means algorithm with
the structural interpretability provided by hierarchical
clustering, offering an effective solution for revealing the
thematic structures of large-scale datasets [*-18

was

Pre-Clustering and Determination of Representative
Centers

Given the complexity of hierarchical clustering,
applying it directly to 45,769 observations would require
approximately 2.1 billion pairwise distance calculations,
which is computationally infeasible. By reducing the
dataset to M=500 representative centroids via k-means pre-
clustering, this number decreases to about 250,000. Thus,
M=500 was selected as a balance between computational
feasibility and preserving the global structure of the data.

Hierarchical Clustering Analysis

In the second stage, hierarchical clustering analysis was
performed on the representative centers obtained using
the Ward.D2 linkage method. The Ward method is an
agglomerative approach aimed at minimizing intra-cluster
variance and is widely used, particularly in text-based
datasets. Similarities were calculated using the Euclidean
distance during the clustering process.

Euclidean distance was selected as the similarity measure
given the continuous, standardized feature space. Feature
scaling ensured equal contribution of all dimensions.
SVD-based dimensionality reduction addressed the high-
dimensional, sparse nature of TF-IDF representations,
reducing noise and preserving informative latent
structures.

Determination of the Optimal Number of Clusters

Candidate cluster numbers were evaluated in the range
k=2-30 using four internal validation indices: Silhouette
(higher=better intra-cluster cohesion "), Calinski-
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Harabasz (higher = stronger separation), Dunn (higher
= better structure), and Davies-Bouldin (lower = better
performance). As different indices may suggest varying
optimal k values 2*2) a consensus across multiple
indices was applied 2%, supplemented by cluster size
distribution and inter-cluster variance ratio to assess over-
fragmentation.

While validation indices serve as an important guide in
determining the final number of clusters, the thematic
consistency and interpretability of the clusters played
a decisive role in the decision-making process. This
approach is of critical importance in ensuring that the
resulting clusters provide not only statistically valid but also
meaningful and interpretable thematic structures 271,

SDG Mapping Using the Hybrid Dictionary Approach

A hybrid dictionary content and text mining approach
was applied to determine the relationship between the
articles in the study and the United Nations’ 17 Sustainable
Development Goals (SDGs). The analysis process was
built on a two-stage design by combining the conceptual
structures obtained from the Aurora ¥ and Elsevier !
SDG dictionaries 2. The analysis was conducted in two
consecutive design steps. In Design 1, the XML-based SDG
query files of the Aurora platform were parsed, and the
terms derived from this were converted into a systematic
lexicon structure under the name “Aurora SDG Lexicon.”
In Design 2, the “Elsevier SDG Lexicon” was created
using terms extracted from Elsevier’s 2025 Sustainable
Development Goals (SDGs) Mapping query files; then, it
was integrated with the Aurora lexicon to develop a hybrid
SDG assignment model based on source-based weighting.
In Elsevier queries, expressions in double quotation marks
were parsed as “phrases,” while single words were parsed
as “unigrams’, and each was matched with the relevant
SDG number. These terms were compared with article
titles tokenized at the unigram, bigram, and trigram
levels. Matching scores were calculated considering
n-gram length (tri > bi > uni) and term type (phrase >
unigram) weights. This hybrid structure enabled multi-
source information integration at both the conceptual
and linguistic levels; the most probable SDG label was
identified for ranking and validation purposes based on
the total score, number of matches, and maximum n-gram
level, while multiple SDG matches were retained under
the multi-label classification framework. Thus, a hybrid
text-matching approach that integrates the strengths
of dictionary-based approaches and n-gram matching
techniques was developed 134,

Validation of the SDG Model

To assess the reliability of the SDG assignment model,
a manual validation procedure was conducted using a
stratified sample of article titles based on the highest

detected n-gram level. This sampling strategy was
adopted to separately evaluate the performance of the
n-gram-based matching mechanism, which represents
a fundamental component of the proposed hybrid
system. In this context, 100 article titles were randomly
selected from each n-gram category (trigram, bigram,
and unigram) to ensure a representative evaluation. As a
result, SDG labels were manually assigned to a total of 300
article titles, and these labels were compared with the SDG
candidates generated by the model.

Manual verification was performed independently by
two authors, and disagreements were resolved through
discussion until consensus was reached. In the verification
analysis, the manually assigned SDG labels were compared
with the ranked SDG candidates generated by the model.
Model performance was evaluated using ranking-based
metrics, including coverage and Top-k accuracy (Top-1,
Top-3, and Top-5). Coverage indicates the proportion of
cases where the manually assigned SDG is present among
the candidate SDGs generated by the model, while Top-k
accuracy indicates whether the correct SDG is among
the top k ranked positions. These evaluation metrics are
widely used in SDG mapping and classification studies
because such systems typically generate ranked lists of
candidate SDGs rather than single-label predictions %,

Multi-label Approach

SDG assignment was performed using a multi-label
matching approach. A single article title may contain
expressions related to multiple SDGs and can therefore
be associated with more than one SDG. Consequently,
the values derived from this process represent association
counts, defined as the number of article titles matched
with each SDG, rather than mutually exclusive category
assignments. Percentages reported in the results are
calculated based on these association counts; therefore,
the total percentage may exceed 100%, which is expected
in multi-label classification analyses.

Analysis of Cluster-SDG Relationships (Heatmap)

A heatmap visualization was created to examine the
relationships between the identified thematic clusters and
the Sustainable Development Goals (SDGs) more clearly.
First, using the hybrid SDG lexicon approach, it was
determined which SDGs each article title matched. Then,
the SDG match frequencies were calculated for each cluster.
To determine the relative weight of each SDG within a
cluster, the number of SDG matches for that SDG was
divided by the total number of SDG matches within the
same cluster to obtain percentage values. These percentage
values were visualized on the heatmap. In the heatmap,
rows represent clusters, while columns represent the SDGs
(SDG01-SDG17). Color intensity indicates the relative
density of SDG matches within the respective cluster.
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Software and Packages

All analyses were conducted in R (v4.5.1). Data handling
used readxl, readr, dplyr, tidyr, stringr, and tidyverse;
tokenization and n-gram generation used tidytext;
lemmatization used textstem; TF-IDF construction
used text2vec; stop-word filtering used stopwords
and tokenizers. Dimensionality reduction used irlba;
clustering used fastcluster, proxy, and RANN; validation
used cluster and igraph. Visualization used dendextend,
factoextra, ggplot2, gridExtra, and forcats.

RESULTS
Publication Trends by Year (1980-2024)

Annual publication output in veterinary medicine from
Tiirkiye increased steadily from the 1980s, accelerating
after 2000 and exceeding 1,000 per year; output first
exceeded 3,000 in 2015, followed by a slight decline in
2019 and 2024 (Fig. 1).

Publication Distribution by Division and Department

Fig. 2 shows the publication volume in the veterinary field in
Tiirkiye by division and department between 1980 and 2024.

Preclinical Sciences accounted for the highest publication
share (29.9%), followed by Clinical Sciences (29.0%), Basic
Sciences (19.3%), Zootechnics and Animal Nutrition
(15.8%), and Food Hygiene and Technology (6.1%) (Fig. 2).

Division and Department Collaboration Network

Fig. 3 shows the network structure of joint publication
relationships at the division and department levels in
the field of veterinary science. Each node represents a
department, the edge thickness represents the frequency
of joint publications between two departments, and the
coloring represents the divisions.

The strongest inter-departmental connections occur
between Preclinical and Clinical Sciences, with Basic

Number of Publications.

Y G S RS A S g G g g R S g
FELESE FELEL S ES ST # G S A R

Fig 1. Annual publication numbers in the field of veterinary medicine
between 1980 and 2024

Sciences (Biochemistry, Physiology, Histology) bridging
both divisions. Zootechnics and Animal Nutrition has
multiple connections, while Food Hygiene and Technology
shows more limited network links (Fig. 3).

Unigram and Bigram Frequency Analyses

Fig. 4 shows the distribution of the 20 most frequently
occurring single words (unigrams) and two-word
expressions (bigrams) in the titles of veterinary research
in Tiirkiye.

The most frequently occurring terms in the unigram
analysis were dog, rat, turkey, sheep, cattle, cow, and
goat. Among methodological terms, investigation,
parameter, evaluation, treatment, and performance
showed high frequency. The most frequently used
bigram in the bigram analysis was oxidative stress. This
was followed by dairy cows, biochemical parameters,
blood parameters, escherichia coli, rainbow trout, and
broiler chickens.

Trend Topics Diagram

Fig. 5 and Fig. 6 display, for the 30 most frequent unigrams
and bigrams respectively, the first appearance, peak usage,
and last appearance year as horizontal trend lines.

Species-based terms (dog, sheep, cattle, goat, turkey)
dominated the 1980-2000 period. After 2000, molecular-
focused terms such as oxidative, stress, biochemical, and
antioxidant increased rapidly, reaching peak frequencies
between 2020-2024 alongside production-related terms
(broiler, dairy, meat) (Fig. 5).

Production-related bigrams (broiler chickens, dairy
cows, rainbow trout) appeared consistently from the
1980s. Post-2000, mechanistic bigrams (oxidative stress,
biochemical parameters, lipid peroxidation, heat stress)
became increasingly frequent, with marked increases in
oxidative stress and biochemical parameters after 2020
(Fig. 6).

Examining SDG Associations Using a Hybrid
Dictionary-Based Approach

Fig. 7 shows the pattern of SDG associations obtained by
applying a hybrid dictionary-based approach to all article
titles published between 1980 and 2024.

The results indicate that academic publications are most
strongly associated with SDG 2 (36.3%), followed by SDG
14 (19.0%), SDG 3 (18.1%), and SDG 12 (15.8%). Goals
with moderate association levels include SDG 4 (12.3%),
SDG 6 (10.6%), SDG 8 (11.6%), SDG 11 (11.9%), and
SDG 17 (9.3%). Lower association levels are observed
for SDG 1 (8.6%), SDG 5 (7.6%), SDG 7 (8.5%), SDG 9
(5.7%), SDG 10 (7.0%), SDG 13 (6.4%), SDG 15 (8.0%),
and SDG 16 (5.2%).
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Fig 2. Distribution of publications by veterinary departments according to divisions

Validation of the SDG Classification Model

Comparative validation results for the Aurora, Elsevier,
and Hybrid SDG models across different n-gram levels
and for the overall validation dataset are presented in
Table 1.

The hybrid model outperformed both Aurora and
Elsevier models across all n-gram levels (Table 1). For the
overall validation set (n=300), hybrid coverage was 0.755
vs. Aurora 0.631 and Elsevier 0.359; Top-3 accuracy was
0.645 vs. 0.510 and 0.355, respectively, confirming that the
hybrid approach provides more reliable identification of
SDG-related themes.

These results indicate that the hybrid SDG assignment
approach provides a more reliable identification of SDG-
related themes in article titles compared with the single-
dictionary approaches.

SDG and Division Relationship

Fig. 8 shows the top 5 veterinary divisions contributing
most to each SDG, revealing the distribution of research
production in these divisions from a sustainability
perspective.

Clinical Sciences and Preclinical Sciences lead across
the majority of SDGs. Basic Sciences ranks among the
top three for nearly all SDGs, while Zootechnics and
Animal Nutrition stands out particularly in SDG 2, 8, and
17. Overall, the findings suggest that interdisciplinary
contributions within veterinary sciences exhibit a
thematically differentiated yet balanced distribution
across the SDG portfolio.

Cluster Validation and Dendrogram

Cluster validation indices for k=2-30 indicated the
Silhouette maximum at k=9 (0.288), with k=10-12
forming a stable region (0.186-0.220). Calinski-Harabasz

Unigrams (Top 20) Bigrams (Top 20)

Fig 3. Collaborative publication network among veterinary departments

Fig 4. Top 20 unigrams and bigrams from article titles
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Fig 5. Trend analysis of unigram terms by year

increased gradually through this range (10: 12.30; 11:
12.56; 12: 12.94) while Davies-Bouldin reached its
minimum at k=11 (2.17). The Dunn index peaked locally
at k=12 (0.145) and k=15 (0.150), but increases at higher
k were attributed to fragmentation effects. At k>12,
minimum cluster size dropped substantially; the k=11
solution yielded a minimum size of 7 and a between-
cluster variance ratio of 0.197, representing the optimal
balance of separation, interpretability, and balance.

When all validation indices were considered together, the
range of k = 10-12 emerged as an appropriate solution
region in terms of clustering quality. Within this range,
the k = 11 solution was selected as the optimal cluster
structure, as it (i) ensured a balanced distribution of
cluster sizes, (ii) provided adequate cluster separation,

and (iii) prevented over-fragmentation. Therefore, k = 11
was determined as the final number of clusters that best
represents the thematic structure of the dataset from both
statistical and interpretability perspectives.

Eleven thematic clusters were obtained as a result of two-
stage hybrid clustering. The dendrogram generated using
the hybrid structure (k-means & Ward) shows distinct
clustering between clusters.

Fig. 9 shows the final dendrogram resulting from the Ward.
D2 hierarchical clustering applied to the 500 centroids
obtained in the k-means preprocessing stage.

The dendrogram (Fig. 9) shows five main groupings:
Cluster 3 as a dominant independent block; Clusters 2-6-9
on a shared main branch; Clusters 5-8 in the same region;
Clusters 7-10 under a common branch; and Clusters 1-4-
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Fig 6. Trend analysis of bigram terms by year
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Fig 7. Article-SDG associations identified using a hybrid dictionary-based multi-label matching approach (1980-2024). A single article title may be
associated with more than one SDG because the SDG assignment follows a multi-label matching approach. Therefore, the total counts across SDGs may
exceed the total number of articles. The values shown in the figure represent the number of article titles matched with each SDG, while percentages reported
in the text are calculated based on these counts

11 within the same large block. Long top-level branches
indicate high semantic distances, while Clusters 7, 10, 9,
and 6 form compact, closely related structures.

Content Characteristics of Clusters

Table 2 shows the terms with the highest TF-IDF weight
and cluster sizes for each of the 11 thematic clusters
obtained using the hybrid clustering method.

10 represent aquaculture and poultry-egg specializations;
Clusters 1, 4, and 11 form a clinical-institutional-public
health block (Table 2, Fig. 9).

The Evolution of Clusters Over the Years

Fig. 10 shows the annual number of articles in the thematic
cluster for the period 1980-2024. In each panel, the black
line represents the number of publications in the relevant

Cluster 3 (n=27,081) is the largest and most heterogeneous cluster in the relevant year.

structure, dominated by species terms. Clusters 2, 6, and
9 form a production-biochemical-molecular branch;
Clusters 5 and 8 a pathogen-dairy branch; Clusters 7 and

Cluster 3 shows the largest and most steadily increasing
trend from the 1980s; Cluster 2 rose markedly after 2000;
Clusters 5 and 6 show steady growth. Smaller clusters (1,

Table 1. Comparative validation performance of Aurora, Elsevier, and Hybrid SDG models across different n-gram levels
N-gram Level Model n Coverage Top-1 Top-3 Top-5
Hybrid 100 0.833 0.456 0.711 0.744
Trigram Aurora 100 0.689 0.311 0.556 0.611
Elsevier 100 0.511 0.467 0.511 0.511
Hybrid 100 0.780 0.420 0.650 0.750
Bigram Aurora 100 0.590 0.330 0.430 0.540
Elsevier 100 0.490 0.390 0.480 0.490
Hybrid 100 0.660 0.300 0.580 0.620
Unigram Aurora 100 0.620 0.280 0.550 0.590
Elsevier 100 0.090 0.080 0.090 0.090
Hybrid 300 0.755 0.390 0.645 0.703
Overall Aurora 300 0.631 0.307 0.510 0.579
Elsevier 300 0.359 0.307 0.355 0.359
Coverage and Top-k accuracy values represent proportions of correct matches. Top-k accuracy indicates the proportion of cases in which the manually assigned SDG appears within
the first k ranked SDG candidates generated by the model
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Fig 9. Dendrogram obtained using the hybrid clustering method (k=11)

4,7,8,9, 10, 11) show lower publication volumes and no
discernible trend (Fig. 10).

The Relationship Between Thematic Clusters and the
Sustainable Development Goals (Heatmap Analysis)

Fig. 11 presents a heatmap of within-cluster relative SDG
association densities, with rows representing thematic
clusters and columns representing SDGs (SDGO1-
SDG17); color intensity reflects the percentage of SDG
matches within each cluster.

SDGO2 exhibits relatively higher density in Clusters 2, 5, 8,
10, and 11; SDGO3 is more prominent in Cluster 5; SDG14
in Cluster 7; and SDGO6 in Cluster 9. Other SDGs show a
more balanced distribution across clusters (Fig. 11).

Di1sCcUsSSION

This study provides a comprehensive analysis of the
thematic evolution of veterinary science in Ttirkiye (1980-

2024) based on 45,769 publications, integrating hybrid
clustering and SDG alignment within a unified analytical
framework 7. The hybrid clustering approach reduced
the computational load on the large dataset %4, while
the n-gram-weighted combination of Aurora and Elsevier
SDG dictionaries substantially reduced the risk of context-
disconnected matching inherent in single-dictionary
approaches (324,

International scientometric research indicates that
sustainability research is unevenly distributed across SDGs,
with environmental goals relatively underrepresented
146l a pattern reflected in veterinary and animal sciences
where production, health, and clinical fields dominate
over environmental topics (2.

Global veterinaryresearch capacity remains geographically
skewed toward Western Europe and North America,
while emerging countries like Tiirkiye have concentrated
thematically on specific areas ™. Methodological
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Table 2. Dominant terms and publication count of the cluster

Cluster Representative Terms (Top-TF-IDF) n

1 case, case_report, report, dog, calf, cat, dog_case, congenital, cause, two, myiasis, atresia, treatment, case_congenital, calf_case 1122

2 effect, performance, parameter, egg, broiler, different, lamb, characteristic, biochemical, blood, hen, in vitro, diet, quail, carcass 5642

3 dog, turkey, sheep, effect, study, cattle, treatment, investigation, use, cat, evaluation, disease, region, goat, infection 27081

4 veterinary, medicine, veterinary_medicine, faculty, university, faculty_veterinary, university_faculty, journal, clinic, 690
veterinary_faculty, education, animal, student, turkish_veterinary, history

5 isolate, resistance, coli, escherichia, escherichia coli, antibiotic, staphylococcus, listeria, monocytogenes, listeria 1582
monocytogenes, o, aureus, staphylococcus aureus, antibiotic resistance, strain

6 rat, effect, acid, activity, sperm, protective, antioxidant, vitamin, protective_effect, ram, damage, model, injury, lipid, e 5347

- trout, rainbow, rainbow_trout, mykiss, oncorhynchus, oncorhynchus_mykiss, trout_oncorhynchus, walbaum, mykiss_ 389
walbaum, effect, isolate_rainbow, isolate, w, mykiss_w, farm

8 milk, cow, dairy_cow, dairy, milk_yield, yield, mastitis, subclinical, subclinical_mastitis, effect, lactation, somatic_cell, somatic, 1480
relationship, holstein

9 oxidative stress, oxidative, stress, rat, effect, apoptosis, inflammation, stress inflammation, stress parameter, stress rat, 755
parameter, damage, protective, inflammation apoptosis, antioxidant

10 Coturnix, Coturnix coturnix, japonica, Coturnix japonica, quail coturnix, quail, Japanese, Japanese quail, egg, effect, 319
performance, weight, hatch, egg weight, egg quality

1 animal, food, health, importance, public_health, public, nutrition, use, safety, domestic_animal, welfare, food_safety, animal_ 1362
nutrition, animal_welfare, human

variability across SDG-based analyses limits direct
quantitative comparisons; findings are therefore evaluated
at the contextual and conceptual level.

The dominance of SDG 2 (Zero Hunger) and SDG 3 (Good
Health and Well-being) reflects veterinary science’s long-
standing focus on animal production, food safety, and
zoonotic disease control - a structure aligned with global
veterinary orientation rather than a national deviation ['*47-#],

The cluster evolution data corroborate the global shift
toward molecular and data-driven veterinary research [

53 species- and production-focused studies dominated
before 2000, after which molecular-biochemical terms
(oxidative stress, antioxidant activity, lipid peroxidation)
rapidly gained prominence, consistent with methodological
diversification in the global literature **°,

The relatively high representation of SDG 14 (19%) is
notable, as this goal is predominantly associated with
marine sciences globally . Tirkiye’s prominence
likely reflects its aquaculture production capacity and
geographical advantages, evidenced by the concentration
of rainbow trout and aquaculture terms in Cluster 7,
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suggesting a distinct national specialization partially
diverging from the global veterinary literature 12/,

The comparatively lower representation of SDG 13 (Climate
Action) and SDG 15 (Life on Land) represents an area
warranting further attention. Global veterinary and livestock
literature increasingly emphasizes climate change, heat stress,
methane emissions, vector dynamics, and biodiversity loss
1225659 indicating a partial misalignment between national
veterinary research priorities and these emerging global trends.

Several structural factors may explain this pattern:
veterinary curricula have historically centered on clinical
sciences and production efficiency; research funding has
favored directly observable outcomes such as disease
control and production gains; and climate/biodiversity
topics inherently require interdisciplinary integration
with ecology, environmental sciences, and public health
that remains underdeveloped 21,

From a One Health perspective, the strong associations
with SDG 2, 3, 12, and 14 confirm that veterinary research
robustly addresses human-animal-production system
linkages ***8. However, weaker representation of SDG 13
and SDG 15 indicates that the environmental dimension of
One Health has not been sufficiently addressed; a stronger
research focus on climate change, ecosystem degradation,
and biodiversity is needed [**),

The low publication volume in Food Hygiene and
Technology highlights the need for strengthening research
in food safety surveillance and sustainable food chains.
The literature indicates that the relationship between meat
inspection, surveillance, food safety, and animal welfare
is multifaceted; however, data gaps and insufficient
systematic utilization are reported in many areas 7).
Whether this reflects a Tiirkiye-specific pattern or a
broader global trend warrants comparative investigation.

Academic output in Tiirkiye is primarily concentrated in
animal health and production, consistent with existing
bibliometric analyses ['*¢l. Emerging global priorities
-climate change, ecosystem health, and biodiversity- have
not yet been fully integrated into the national veterinary
research agenda.

The spread of zoonotic diseases emerging due to
climate change, changes in vector distributions, habitat
transformation, and the impacts of extreme weather
events on animal health and production systems are risks
that are difficult to manage without adequate scientific
infrastructure ©*). Furthermore, the strengthening of
relationships between ecosystem degradation, pathogen
circulation, interactions between wild and domestic
animals, and agroecological vulnerabilities makes the
environmental dimension of veterinary research even
more critical 2. In this context, comparatively lower
levels of knowledge production in relevant fields may
influence Tiirkiye’s preparedness for multidimensional
environmental and biological challenges. Global
scientific trends increasingly shift toward climate change,
environmental adaptation, and ecosystem-based research,
comparatively lower academic output in these areas may

influence Tiirkiye’s international scientific competitiveness
11

This study has certain limitations. Since analyses rely
solely on publication titles, context-sensitive themes
-particularly those associated with SDG 13 and SDG 15-
that tend to be elaborated in abstracts or full texts may not
be fully captured. Manual entry inconsistencies in the YOK
Academic dataset and the English-based nature of the SDG
dictionaries may have led to partial underrepresentation
of Turkish-titled studies. While the cluster number k
was determined through multiple validation criteria, the
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final selection inevitably involves a degree of interpretive
judgment. Additionally, the multi-label SDG approach
may have contributed to a relative overrepresentation of
structurally overlapping goals (e.g., SDG 2 and SDG 14
in aquaculture-related studies), though this is an inherent
feature of multi-label classification frameworks rather
than a methodological flaw.

In conclusion, the field of veterinary sciences in Tiirkiye
demonstrates a strong thematic concentration, particularly
within the context of SDG 2 (Zero Hunger) and SDG 3
(Good Health and Well-being), and in this regard, aligns
significantly with global trends. Conversely, the relatively
high representation of SDG 14 suggests that Tiirkiye may
have developed a distinct specialization in aquatic systems
and aquaculture, whereas the comparatively lower
representation of SDG 13 and SDG 15 indicates areas that
may benefit from further research attention in climate
change, biodiversity, and ecosystem health.

Strengthening interdisciplinary collaborations and
directing funding toward environmental sustainability,
food security, and ecosystem health -and expanding the
One Health framework to encompass its environmental
dimension- will enhance Tiirkiye’s sustainability-focused
scientific output and global alignment *. In this context,
the findings reveal that veterinary sciences are not merely
a discipline focused on production and health, but a
strategic field that must be re-examined and repositioned
within the context of global environmental crises.
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