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Participation overview
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Visual analysis of international participation
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Abstract

Accurately and early predicting studentsd acaden
of atrisk students and the planning of targeted academic interventions. Although machineilearning
based models achieve high predictive accuracy, the lack of transparency in their dpaldimn
processes, particularly in humaantered domains such as education, constitutes a major limitation for
trust andpractical applicability. In this study, Logistic Regression, Decision Tree, Random Forest,
Radial Basis Function kerriddased Support Vector Machines, antléarest Neighbor algorithms are
jointly evaluated for the student performance prediction task, and their decision mechanisms are
examined using SHAP and LIMBased Explainable Artificial Intelligence methods. The experiments

are conducted on the widely used Student Performance dataset, which comprises demographic,
familial, and academic variables f649 students and 33 attributes. The models are compared using
accuracy, precision, recall, and-Bdore metrics, and the results show that Logistic Regression and
Random Forest achieve more balanced and superior classification performance than the other
approaches. SHAP analyses indicate that prior academic achievement indicators and speeific socio
academic factors are decisive in model predictions, while Lbd&ed local explanations enable
reliable interpretation of individual studelevel predictionsBy jointly evaluating both classification
performance and SHARnd LIME-based interpretability within the same experimental setting, this
study presents an integrated framework for developing transparent and trustworthy artificial
intelligencebased decision support systems in education.

Keywords: Explainableartificial intelligence studentperformanceprediction,machinelearning shap
lime.

1. INTRODUCTION

The increasing use of digital learning platforms has resulted in complex and @&idecsgional data
streams that reflect studentsd academic and beh
early prediction of student sé academic perfor
personalized learning support, and efficiently allocating resources. In this study, multiple academic,
demographi c, and behavioral indicators are joi
academic success. (Luo et al., 2024; Paul et al., 2025). In educational contexts, pesficiveance

alone is not adequate unless the underlying decision logic can also be understood. Opaque learning
models limit the ability of educators to trust, validate, and ethically apply automated predictions.
Ribeiro, Singh, and Guestrin (2016), who developed LIME, highlighted that local, interpretable, and
faithful explanations are crucial for trust in a prediction. This need is even more important in
educational settings, as algorithmic results directly influence the support given to students and
institutional decisiormaking (Swamy et al., 2022; Paul et al., 2025). In this context, Explainable
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Artificial Intelligence aims to make the decision mechanisms of machine learning models interpretable
to humans.In this work, SHAP and LIME are employed to reveal how individual features influence
both overall model behavior and studéntel predictions. In educational applications, the combined

use of these two methods is effective in guiding interventions by revealing both overall determinants
of academicsuccess and studespecific risk profiles (Johora et al., 2025; Kesgin et al., 2025).
However, recent research highlights serious concerns about the reliability and stability of post hoc
explanations. It has been shown that various explainers, such as LIME, SHAP, and DiCE, can yield
different featuremportance rankings for the same model and student, and that the choice of explainer
can influence interpretation more than the instructional context itself (Swamy et al., 2022). Likewise,
explanationstability and shifts in temporal context, such as concept drift, have become key issues
affecting the reproducibility of explanations in educational analytics (Tiukhova et al., 2024). These
findings suggest that XAl outputs should not only be visualized but also assessed for consistency,
fidelity, and contextual sensitivity. A further contemporary direction concerns fairness and ethical
compliance. Sensitive attributes in educational data, such as gender, school type, and socioeconomic
status, can introdudeias into predictive models. Explainers such as SHAP and LIME, together with
fairness metrics including demographic parity and equalized odds, are used to detect and mitigate
these biases (Kesgin et al., 2025). In addition, counterfactual explanations enable actionable
interventions by answering the question of which minimal changes would lead to successful outcomes,
thereby providing practical and implementable feedback for both teachers and students. This study
aims to experimentally examine the balamstween performance and interpretability, rather than
measuring fairness or explanation stability. Although the integration of-matlel and XAl for

student performance prediction has become common in the literature (Johora et al., 2025; Paul et al.,
2025), comparative evaluation of different classifiers in terms of both performance and interpretability
under the same experimental setup, as well as considering the consistency and reliability of
explanations together, still remains limited. The usspaitiotemporal and multidimensional features

(Luo et al., 2024), along with ensemble and deep learning approaches (Johora et al., 2025), when
combined with XAl, provides a robust framework to address this gap. This study compares Logistic
Regression, Decision Tree, Random Forest, 88M, and KNearest Neighbors models using the
same dataset and protocol, and generates both global and local explanations using SHAP and LIME.
The aim is to not only optimize high accuracy but also to establish a balancentphtsizes
transparency, reliability, and educational applicability. In this way, it contributes to the development of
responsible and trustworthy Mlased decision support systems in education. This study is among the
first to compare classification performance and SHAP + Lib&Sed explainability simultaneously

using the same dataset and experimental protocol.

2. MATERIAL AND METHOD

This study evaluated various machine learning classification models for predicting student
performanceand examined their interpretability using Explainable Artificial Intelligence (XAl)

methodsThefull processincludingdatacollection,modelevaluationandinterpretabilityanalysisjs
detailedin Figurel.
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Figure 1. XAl Driven decisionsupportpipelinefor studentperformanceprediction

2.1. DatasetDescription

This studyusesthe StudentPerformancelatase{Cortez& Silva, 2008),availablein the UCI Machine
Learning Repository.The versionemployedhereis the one accessibleon Kaggle. It contains649
observationsand 33 attributesrelatedto PortuguesesecondaryschoolstudentsThe datasetcaptures
multiple dimensionof studentprofiles,including personatharacteristicsfamily context,engagement
patterns,and prior academicrecords. (absenteeisnmand study habits). Academic achievementis
representedhrough three successivegrade measurementsaken during the school year. For this
analysis G3 waschoserasthe primarytargetvariable.For modelingpurposesstudentutcomesvere
convertednto a binarytargetvariableusinga gradebasedsuccesshreshold Here,studentsvith G3 O
10 were classifiedas successfulwhereasthosewith G3 <10 were classifiedas unsuccessfulThis
transformationresultedin a datasetwith 549 successfulstudents(84.6%) and 100 unsuccessful
studentq15.4%),showinga notableclassimbalanceof about5.49:1.To mitigatethe negativeimpact
of thisimbalanceon predictionaccuracyandinterpretabilityduringmodeling,a resamplingechnique,
describedn the methodssection,wasapplied.Specifically,the classdistributionwas balancedusing
the SMOTE (SyntheticMinority OversamplingTechnigue)method,and modelsweretrainedon the
resultingbalanceddatase{Chawlaet al., 2002).Table 1 providesdetaileddescriptionsof the variable
types (both numericaland categorical)in the dataset.The StudentPerformancelatasetis a widely
usedbenchmarkor predictingeducationauccessandhassupportechumerousnachinelearningand
explainableAl studies(Cortez & Silva, 2008). The processe®f data processingmodeling, and
explainabilityanalysisn this studyfollowed the methodologicaflow outlinedin Figurel.

Table 1. Descriptionof the variablesn the studentperformancelataset.

Variable Description
school Type of secondary school the student is enrolled in
sex Biological gender of the student
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age
address
famsize
Pstatus
Medu
Fedu
Mjob

Fjob
reason
guardian
traveltime
studytime
failures
schoolsup
famsup
paid
activities
nursery
higher
internet
romantic
famrel
freetime
goout
Dalc
Walc
health
absences
Gl

G2

Student 6s

age

measured in y

Residential area category where the student lives

Size of the household the student belongs to

Whet her
Educati on
Educati on

Occupational

Occupational

t he

student 6s paren
evel attained by
evel attained by
category of th
category of th

Main motivation behind choosing the current school

Primary person responsible for the student

Time required for daily travel from home to school

Average weekly amount of tindevoted to studying

Count of previously failed academic terms

Whether the student receives institutional academic support

Whether the family provides learnimglated support

Participation in privately paid supplementary lessons

Involvement in extracurricular or leisure activities

Whether the student attended preschool education

Student 6s

ntent i

on to purs

Availability of internet connection at home

Whether the student is currently in a romantic relationship

Self-reported quality of family relationships

Amount of free time available after school hours

Frequency of social outings with peers

Level of alcohol consumption on a workday

Level of alcohol consumption on weekend

Student 6s

current

Total number of school days missed

perceived

Academic score obtained in the first grading period

Academicscore obtained in the second grading period
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G3 Academic score obtained at the end of the course

Success Binary outcome indicating whether the final grade meets
success criterion

2.2. Data Preprocessing

The pre-processingprocedurealigns with the XAl -Driven Decision Support Pipeline framework
shownin Figurel. Initially, theraw datawereanalyzedor missingvaluesandinconsistenciesandno
missing observationsvere identified. Next, featureengineeringwas appliedto the raw variablesto
enhanceheir representationf the educationacontext,andthesevariableswere split into numerical
andcategoricalgroups.To preventdataleakageandensurereliablemodelevaluation the datasetwas
divided into training and testingsubsetghroughstratified traini test splitting. This methodpreserves
classratios in both subsets,avoiding biased performanceestimates particularly with imbalanced
datasetgKuhn & Johnson2013;Pedregosat al., 2011).All preprocessingtepswerelearnedsolely
from the training data, and the sametransformationswvere then appliedto the test data. Attribute
transformationsverecarriedout within the pipelineframework.All continuoudeaturesvererescaled
to ensurecomparablenumericalrangesprior to modeltraining. Categoricalattributeswere encoded
into numericalrepresentationsuitablefor machindearningmodels A unified processingipelinewas
adoptedo ensureconsistendatatransformatiorandto avoid informationleakageduring evaluation.
(Pedregosatal., 2011;Géron,2022).The classimbalancassuewastackledusingSMOTE (Synthetic
Minority OversamplingTechnique)appliedonly to thetrainingset.SMOTE createsyntheticsamples
for the minority class, thereby establishingmore balanceddecision boundariesand enhancing
classificationaccuracy,particularly in imbalancedclasseqChawlaet al., 2002). This processaligns
with the ClassimbalanceHandlingcomponentepictedin Figure 1. During targetvariablecreation,
observationsvith afinal gradeG3 of 10 or higherwereclassifiedassuccessfulandthosebelow 10 as
unsuccessfutherebyconvertingthe probleminto a binary classificationtask.This stepalignswith the
FeatureEngineering& TargetDefinition stagein Figure 1. As a result, methodologicalconsistency
was maintainedacrossdata preprocessingmodeling,and XAl analysesgnablingthe generationof
reliable,reproducibleperformanceanetricsand SHAP/LIME explanations.

2.3. Machine Learning Models

To evaluate students' academic performance prediction, five common classification models
representingdifferent learning biasesand decision boundary complexities were tested: Logistic
Regression(LR), DecisionTree (DT), RandomForest(RF), SupportVector Machine (RBF kernel,
SVM), and K-NearestNeighbors (KNN). These models enable comparisonsbetweenlinear and
nonlinear, parametricand nortparametric,as well as global and local decisionprocessesising the
samedatasetand experimentaketup(Hastie, Tibshirani& Friedman 2009;Kuhn & Johnson2013).
Logistic regressionprovides a strong baselinefor risk analysisand failure probability estimation
duringtraining,owing to its lineardecisionboundaryandprobabilisticoutputs(Hosmer,Lemeshow&

Sturdivant, 2013). Decision Tree algorithms produce intuitive, interpretable decision rules by
capturingcomplexvariable interactions(Quinlan, 1993). RandomForest,which combinesmultiple
trees,reducesvarianceand generallyprovideshigher generalizatiorperformancemakingit popular
for its robustnessand stable performanceon training data (Breiman, 2001). The Support Vector
Machinewith an RBF kernelcan effectively learnnonlineardecisionboundariesn high-dimensional
feature spacesmaking it suitablefor complex patternrecognitiontaskssuch as assessingtudent
performance(Cortes& Vapnik, 1995; Scholkopf& Smola,2002). Converselyk-nearesineighbors
(KNN) is an instancebasedmethodthat makeslocal decisionsbasedon similar studentprofiles,
yielding valuableresults,particularlywhenworking with datasetshatincludediversestudentgroups
(Cover& Hart, 1967).All modelsweretrainedusingstratifiedcrossvalidationto maintainclassratios
and optimized with either grid or randomsearchfor hyperparameteréKuhn & Johnson2013).To

tackle class imbalance, SMOTE (Synthetic Minority Oversampling Technique) was applied
exclusively within training subsets,helping to more reliably define decision boundariesfor the
minority class (Chawla et al., 2002). This approachaligns with the Model Training and Class
ImbalanceHandlingcomponentslepictedin Figurel. For improvedinterpretability,global andlocal
featurecontributionsfor treebasedmodels(DT and RF) were efficiently computedusing the SHAP
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method(Lundberg& Lee, 2017), whereasfor black-box modelssuchas SVM and KNN, sample
specific local explanationswere generatedusing LIME (Ribeiro, Singh & Guestrin, 2016).
Consequently, the evaluation encompassedpredictive performance, interpretability, and the
transparencyf modeldecisionswithin a unified framework.

2.4. Experimental Setup

The experimentabetupwasdesignedo align with the XAl -Driven DecisionSupportPipelineshown
in Figurel. The datasewas stratified andsplit into 80% for training and20% for testing,preserving
classratios.Reproducibilitywasguaranteedvith a fixed randomseed(42). All experimentsvererun

using Python 3.12 and scikit-learn (Pedregosat al., 2011). The pipeline included scaling, onehot

encoding,and SMOTE, appliedonly to training datato preventdataleakage Hyperparametetuning

utilized grid andrandomsearchwith stratifiedk-fold crossvalidation(Kuhn & Johnson2013;Probst
et al., 2019). Classimbalancewas handledwith SMOTE during training, with no resamplingof the

testdata(Chawlaet al., 2002). Explainability analysesvere basedon final model predictionson the

testset. SHAP providedglobal andlocal featurecontributionexplanationgLundberg& Lee, 2017),
while LIME offeredinstancespecificexplanationgRibeiro et al., 2016).This configurationensures

consistentomparisorof performanceindexplainabilitywithin the sameexperimentaprotocol.

2.5. Performance Metrics

The classificationmodels'performancewvas assessedsing severalmetrics, consideringthe dataset's
significantclassimbalance The main metricsinclude Accuracy,Precision Recall,andF1-score,with
particularemphasi®n RecallandF1-scoreto effectivelyidentify failing studentsn the minority class.
While Accuracy reflects overall correctnessjt can be misleadingin imbalanceddatasetsand is
thereforeinsufficienton its own. Precisionis the proportionof predictedfailing studentavho actually
fail, and recall is the proportion of failing studentscorrectly detected.The F1-score combines
Precisionand Recall for a balancedevaluationof the minority class(Sokolova& Lapalme,2009;
Powers,2011). Additionally, a confusionmatrix wasemployedto examineclassspecificerrors,such
asfalsenegativeqfailing studentdncorrectlypredictedaspassing)andfalse positives,helpingassess
the educationaimpactof critical errors.This evaluationapproachaligns with the Model Evaluation
stepin Figurel andaimsfor bothoverallaccuracyandreliabledetectionof at-risk students.

2.6. Explainability Methods (XAl)

This study utilized SHAP and LIME -basedExplainableAl (XAl) methodsto interpretthe decision
makingprocessesf machinelearningmodels.SHAP estimategeaturecontributionsandtheir impact
on eachstudent'spredictionusing gametheory, offering both global andlocal insights(Lundberg&
Lee, 2017). TreeSHAPwas specifically usedfor treebasedmodels,while other modelsemployed
modelagnostic SHAP techniques.To clarify individual predictions,the LIME method was also
applied,providinglocal linear explanationsaboutwhy a studentis deemedsuccessfubr unsuccessful
(Ribeiro et al., 2016). All analyseswere conductedon the final model predictionsfor the test set;
global featureeffectsare shownin SHAP summaryplots, andindividual explanationsare visualized
throughSHAPandLIME local explanatiorgraphs.This approachalignswith the Explainability Layer
in Figurel andseekgo assessransparencanddecisionreliability beyondmeremodelaccuracy.

3. RESULTS AND DISCUSSIONS

This sectioncomparesthe performanceof various machinelearning modelsin predicting student
outcomesusing the test datasetwith resultsaccompaniedy XAl -basedexplanationsThe models
were assessedsing metricssuchas precision,recall, and F1-score,which are particularlyimportant
for accuratelyidentifying studentsvho arefailing.
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Table 2. Predictive performanceof the machine learning models used for explainable student
performancerediction.

Model Accuracy Precision Recall F1-Score
Logistic Regression 0.685 0.879 0.727 0.796
Random Forest 0.785 0.866 0.882 0.874
SVM (RBF) 0.785 0.880 0.864 0.872
KNN 0.638 0.871 0.673 0.759
Decision Tree 0.777 0.872 0.864 0.868

According to Table 2, the RandomForestmodel achievedthe highestF1-score (0.874) and recall
(0.882)amongthe models.This resultshowsthatthe treebasedapproachs moreeffective,especially
in identifying at-risk studentsTherefore the RandomForestmodelservedasthe basisfor subsequent
interpretabilityanalysesthe variablesthat most contributedto the model'sdecisionswere examined
using SHAP-basedglobal featureimportance.The SHAP global featureimportanceresultsfor the
RandomForestmodelareshownin thebarchartin Figure2.

Random Forest - SHAP Global Feature Importance

school_GP
failures
school_MS
higher_no
higher_yes
Fedu

Medu

Walc

Features

studytime
guardian_father
freetime

Dalc
guardian_mother
goout

Mjoh_at_home

F T T T T T T T
0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07
Mean(|SHAP value|)} (test set)

Figure 2. Bar chartillustrating overallfeatureimportance$asedn SHAPvaluesfor the Random
Forestmodel.
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Figure?2 illustratesthe variablesmostinfluential on the RandomForestmodelat the global scale.The
top contributorsincludethe numberof prior academidailures, schooltype (school_GPschool MS),
and the student'shighereducationaspiration(higher_yes/no)Parentaleducationlevels (Fedu and
Medu) also play a significantrole, highlighting the model'seffective use of socicacademidactors.
Theseresultsshowthat studentsuccesss closelylinked not just to personalstudy habitsbut alsoto

institutionalandfamily influences Confusionmatriceswveregeneratedisingthe testsetto analyzethe

distribution of correct and incorrect classificationsby the models. The matricesfor the Logistic

RegressiomndRandomForestmodelsareshownin Figure3 andFigure4, respectively.

Logistic Regression - Confusion Matrix (Test Set)

Failure

True label

Success

T
Failure Success
Predicted label

Figure 3. Confusionmatrix of the Logistic Regressiomodel

Random Forest - Confusion Matrix (Test Set)

Failure

True label

Success

Failure Success
Predicted label

Figure 4. Confusionmatrix of the RandomForestmodel
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Figure3 (Logistic Regression ConfusionMatrix) indicatesthatthe modeleffectivelyidentifiesmost
successfustudentg80 true positives)but alsomisclassifiesa notablenumberof unsuccessfustudents
as successful(11 false negatives).This suggestghat, although SMOTE was usedto balancethe
datasetthe linear modelstrugglego distinguishborderlinecasesparticularlymissingat-risk students
(FN), which canbea critical flaw for earlyinterventionefforts.In contrastfFigure4 (RandomForesti
ConfusionMatrix) demonstratesa strongerability to identify unsuccessfustudentslt showsa more
balancedcountof false negativeq12) andfalse positives(17), with a high numberof true positives
(98). Thisimpliesthat RandomForestis betterat capturingnonlinearpatternsandinteractionsjeading
to more dependablredictionsdespiteclassimbalance Overall, the RandomForestmodel not only
achieveshigheraccuracyand F1-scorebut alsodemonstratesore consistenperformanceon critical
educationatasks,suchasidentifying at-risk studentsThis supportghe selectionof RandomForestas
the primary model for XAl analyses.To analyzethe decision processedainderlying this overall
classificationadvantagenoreclosely,local explanationst theindividualstudentevel weregenerated
for the RandomForestmodel using the LIME technique.The LIME resultsshownbelow illustrate,
with specificexamplesthe variableson which the model dependgo predictboth successfubnd at-
risk students.

LIME - Successful Student (Random Forest)

0.00 < cat__school_GP <= 1.00
cat__school_MS <= 0.00 4
cat higher no <= 0.00
cat__reason_reputation <= 0.00 -

cat__guardian_father <= 0.00 -

cat_ schoolsup_yes = 0.00 -
cat__romantic_yes <= 0.00 -
num__freetime <= -0.16

0.00 < cat__guardian_mother <= 1.00 - -

cat famsize GT3 <= 0.00

-0.05 0.00 0.05 0.10 0.15

Figure 5. LIME: SuccessfuStudentRandomForest)

The LIME explanationfor the studentlabeled as successfulhighlights that key factors include
attending GP school (school_GP),aiming for higher education(higher_yes),and school support
(schoolsup_yes)¥amily structureand social factorsalso positively influencethis classification.The
minimal negative contributions show the model's strong confidencein labeling this studentas
'successful.This local explanationindicatesthat the RandomForestmodel considersnot just grades
but alsomotivationandinstitutionalsupportindicatorswhendeterminingsuccess.
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LIME - At-risk Student (Random Forest)

cat__school_GP <= 0.00

0.00 < cat_ school_M5 <= 1.00 A

cat__higher_no <= 0.00
cat__reason_reputation <= 0.00
cat__guardian_father <= 0.00 -
cat__schoolsup_yes <= 0.00 1

0.00 < cat__romantic_yes <= 1.00 -
num__studytime <= -1.12

0.00 < cat__guardian_mother <= 1.00

cat__reason_home <= 0.00

-0.15 -0.10 -0.05 0.00 0.05 0.10

Figure 6. LIME: At-Risk StudentRandomForest)

Figure6 displaysthelocal explanatiorfor a studentclassifiedasunsuccessfuby the model. The most
significantnegativefactorsinclude not beingenrolledin the GP school(school_MS)Jow studytime

(studytime),and lacking a higher educationgoal (higher_no).Additionally, the absenceof school

support(schoolsup_nopand family-relatedvariables(guardian,reason)also increasethe risk. These
resultsindicate the model'ssensitivity not only to academicindicatorsbut also to institutional and

sociafamily circumstancesOverall, thesefindings show that the RandomForestmodel not only

achieveshigher classificationaccuracybut also reliably identifies key academic,institutional, and

socicfamily factors that affect studentsuccessas evidencedby SHAP and LIME explanations.
Consequentlya comprehensivevaluationframeworkhasbeendevelopedhat balanceperformance
with interpretability.

4. CONCLUSION

This studysystematicalljcomparedvariousmachinelearningmodelsfor predictingstudentacademic
performancefocusingon both classificationaccuracyandinterpretability. The resultsclearly indicate
that, in humancenteredfields such as education,both high accuracyand the transparencyand
interpretabilityof decisionmodelsare crucial. Experimentafindings showedthat the RandomForest
model,in particular,yielded more consisteniandreliable predictionsin imbalanceddatasettings,as
evidencedy performancametricsandconfusionmatrices Global analysesisingSHAP demonstrated
that factorssuchasprior academicsuccessschooltype, andfamily and socialvariablessignificantly
influence student outcomes.Additionally, LIME -basedlocal explanationsprovided insights into
pedagogicallymeaningfuland actionablereasonsbehindthe classificationof individual studentsas
'successfulor 'at risk." This comprehensiveXAl approachshowsthat machinelearningmodelscan
servenot only as predictivetools in educationbut also as trustworthy supportsystemsthat explain
their decisioamaking process.The findings offer a solid analytical basisfor teachers,guidance
counselorsandadministratorgo identify studentsat risk early andimplementtargetednterventions.
In summarythis studyintroducesanintegratedrameworkthatbalancesccuracyjnterpretability,and
practicalapplicability for predictingstudentperformancetherebymaking a valuablecontributionto
thedevelopmenbf responsibletransparentanddatadrivenAl decisionsupportsystemsn education.
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Gl DA SKSTEMLERKNDE TEMKZ ETKKETLK YA
G, NCEL TEKNOLOJKLER VE GELECEK PERSF

CLEAN-LABEL FAT REPLACERS IN FOOD SYSTEMS: CURRENT TECHNOLOGIES
AND FUTURE PERSPECTIVES

Bilge BASTURK BERK?, Sebnem TAVMAN?
IArk . G°Ege | niversitesi Géda Mg h0eog@b02340%5p88 B° | ¢ myg

Prof. Dr., Ege | niversitesi Géda -00Q2B069WY sl i J i E
Ozet

Obezite, kardiyovask¢l er hastal ekl ar ve beslenm
gédal arda doymuk ve trans vyajlarén kull anéméneér
Ayné zamanda t¢keticilerin dojal ve kolay anl ack
eti ket yaj i kamel erinin geliktiril mesini t ek
teknol oj ik vV e duyusal fonksiyonl ar éne takl it

form¢gl asyonl arén geliktirilmesine olanak sajl am
etiketli yajJ ikame stratejileri ve yaj yapeéelande
el e aléenméexteéer. Ni k a-glukamn, konjak glukomannan peekkantanngam gbe | ¢ | o
karbonhidrat bazl é ya] i kamel er| il e peynir alteée
yumurt a proteinler:i gi bi protein bazl é alterna
avantajl ar é, séneérl él eklarée ve géda wuygul amal ar €
il gi g°ren oleojeller, organojeller, em¢l siyon
al enméxkter Bunun yanénda oleojellektirme ve Pi
yapélandérma teknolojileri i ncel enmi K; bu siste
bazl é gédal ardaki uygul amal ar é dejerlendiril mik
arakter ma gereksinimlerdi dejerlendiril mik; oksi
korunmasé, end¢gstrivyel °] -ekte wuygul anahlerl i r 1 i7Ji
don¢gkt eéer el mek geda bil ekenl erinin vV e il er yaj
arakteérma ejilimler:i tartékél mékteéer. Sonu- ol ar
beklentilerini karkélayan hem de daha sajl ékl é
sajlayan °nemli teknolojiler arasénda yer al makt
Anahtar kelimeler: Temi z eti ket , vyaj i kamesi, ol eojel, Picl
Abstract

The increasing prevalence of obesity, cardiovascular diseases, and othelatket health problems

has accelerated efforts to reduce the use of saturated and trans fats in processed foods. At the same
time, consumers are demanding products formulated with natural, recognizable ingredients, driving
the rapid development of cledeibel fat replacers. These ingredients are designed to mimic the
functional roles of conventional fats while maintaining the quality, texture, and sensory characteristics
of food products. This review presents an overview of current -tddwh fat replacement strategies

and recent advances insgttucturing technologies. Carbohydréi@sed fat replacers, including starch,

i nul in, p e c-glican, konfae dlucomanoam,eand xdénthan gum, as well as pbateda
alternatives such as whey, pea, soy, gelatin, and egg proteins, are evaluated regarding their
mechanisms of action, functional properties, advantages, limitations, and food applications. Emphasis
is placed on lipiebased fat replacers, including oleogels, organogels, emulsion gels, and bigels, which
have emerged as promising alternatives for replacing conventional solid fats while preserving
desirable textural and sensory properties. The review further discusses recent developments in fat
structuring technologies, such as oleogelation and Pickering emulsions, together with their
applications in bakery, meat, dairy, confectionery, and fdased food products. Moreover, the study
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discusses current challenges and future research directions, with particular emphasis on improving
oxidative stability, sensory quality, and industrial scalability, as well as exploring sustainable raw
materials, upcycled food ingredients, and advanced-$ipiccturing technologies to support the
development of healthier and more sustainable diael food products. Overall, negeneration
cleartlabel fat replacers represent a promising strategy for developing healthier and more sustainable
food products while satisfying consumer expectations for dkgzei formulations.

Keywords: Cleartlabel foods, fat replacers, oleogel, Pickering emulsion, food systems

1. GKRKK

Besl enme al éeékkanl ékl aréndaki dejikim ve obezite
kroni k hastal ekl ar én art éexke, géda end¢gstrisinde
azaltél maséné °nemld.i bir gereklilik h®©line getir
tamamen uzakl| aktér él masé; tekst ¢r, ajéz hissi, €
belirleyen °zelliklerde ©°nemld. kayéplara neden
yaj én tamamen uzakl akteéerél maséndan ziyade, t ekn
sistemlerinin geliktirilmesine y°nelmicktir ( Sha
2025).

Ayné zamanda t¢keticilerin dojal, anl akélabilir
temiz etiket yaklakéméné géda inovasyonunhun tem
karbonhidrat, protein ve I|lipit bazleé dojal yaj i
yapélandéréel mék yaj sistemlerine y°nelik araxktéer
2026).

Bu- al éexmamda eti ketl i yaj i kamel eri; karbonhidr af
dejerlendiril mick; °zelli kle oleojelasyon ve Pic
yapél andérma teknolojileri, géda wuygul amal ar e, r
kapsamlée ol arak incelenmi«ktir.

l.l.yajéeén Géda Sistemlerindeki ¥nemi

Yaj , géda sistemlerinde yalnéezca bir enerji kay
teknolojik ©°zelliklerini belirleyen temel bil ek
i Kl evleri nedeniyle yaj mi kt arénén azalteéel mase
tuketici kabuliini dnemli 6lctide etkileyebilmektedir (Shaheen vd., 2023; Hu & McClements, 2025).
Yajén teknolojik fonksiyonlaré géda t¢réene gor
hamura ©plastisite kazandér ar ak hava kabarcékl a
destekl er ken, et icréenl erinde protein matri si i
tekst¢egren kor unma s Bomchinivd, 208 Kerhawmdi .kt a2l@26 ). Ayr
iyilektirmekte, ' i pofilik aroma bilekenlerinin
katée yajlarén olukturduju kristal yapé sayesi nde
vd., 2023;Meng & Li, 2026 Ni kol i I vd., 2024).

Besl enme a-éséndan yajlar, h¢cre zarl arénén yapeé
D, E ile K vitaminlerinin emilimini dest ekl emek
tamamen form¢glasyondan uzakl aktérmaktan ziyade vy
daha sajl ékl é hol e getirmeye odakl anmaktadeéer .
sertl ekme, ajeéz hissinde zayeéflama ve |l ezzet ka:
dojrultuda geliktirilen ol eojeller, Pickering
sistemleri, daha d¢ K¢k yaj i -erijine sahip or
korunmaséna y°nelik umut wverici yaklakémlar ol ar

vd., 2023; Hu & McClements, 2025).
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l12Doymuk ve Trans Yajlarén Sajléek | zerindeki EtKk
G¢encel besl enme al ékkanl ekl aréendaki deji kim ve
trans yajlarén diyetle além oranéné artérmakta
uzat mal aré ve iistenen yapésal o zellikleri sajl a
olarak kull anélan bu yajlar, obezite, ins¢gl in di
hastaleéeklarla da ilikkilendiril mekteMengé&LljTemkoyv
2026 Hu & McCl ement s, 2025) Mevcut Dbili msel k an:é
teketim degzeyli tanéml anmaméck ol up, m¢ mKk ¢ n ol du
(Temkov & Mur eHan, 2021) . Bu dojrultuda D¢nya ¢
%10"'" undan daha azénén doymuk yajlardan, %1' i nde
°nermektedir. WHO taraféendan y¢r et el en REPLACE ¢
zincirinden kal dér(@HOn2$8g n®@8uheadéfl dine kt &dier, géhnec
tamamen wuzakl aktérél maséndan ziyade, yaj asidi I
Bu gereksinim, besl enme a-éséndan daha sajl ekl é
yaj sistemlerinin geliktirilmesine y°nelik -aleé
2023;Meng & Li, 2029.

13.Temi z Eti ket Kavr ameé

Tée¢keticilerin dojal, mini mum d¢zeyde i Kl enmik v
il gisi, t emi z eti ket yakl akéméne geda endg¢stri
Ul usl ararase d¢zeyde ortak bir yasal t anéme b u
maddel erinin m¢gmkegn ol dujunca sénérlandeéer él dej é,
etiketleme ilkelerine dayanan Urinleri ifade etmektedir (Polachini vd., 2023; Urugo vd., B026).

yakl akeém, yaj i kamesi -al ékxmal aréné da °nemli 0
pektighuk&n, bitkisel proteinler ve doj al hidro
etmi ktir. Ayné zamanda ol eojeller, Pickering em
t emi z eti ket yakl akéméyl a uyuml u alternatifler
hammaddel erin dejikkenlifji, oksidatif stabilite
h©l en arakteérélmaya devam etmektedir (lnguglia \
Li, 2026).

l4Yaj] Azaltma Yakl akémlarénén Gel i ki mi

Yaj azaltmaya y°nelik ilk -alékmalar, toplam ya
bitkisel yajlarla dejiktiril mesine odakl anméxter
stabilitesi czerindeki kritik rol ¢ nedeniyle bt
sajl ayamaméktér (Shaheen vd., 2023; Hu & McCIl eme
Bu dojrultuda ©°nce kimyasal ve enzimati k intere:
protein bazlé yaj taklitler:i geliktirilmiktir.

olarak vyapeélandéerél maséna dayanan ol eojeller, P
fazl e em¢l siyjehl ar gHbPEyeme béesil sistemlere yo
yajl ar én besinsel avantajl aréne korurken kat é
nedeniyle temiz etiketld] yaj] i kamelerinde en umu
& MureHan, 2021; Tan vd., 2023; Hu & McCl ement s,
2. TEMKZ ETKKETLK YAJ KKAMELERK

Yaj i kameleri, géda sistemlerinde yajén teknol oj
doymuk ve trans yaj kullanéeméné azaltmayeé ama-| ¢
de¢kegk kalorili r¢en geliktirme amacéyla kull aneéel
yaygénl akmaséyla birlikte doj al kaynakl e ve sg¢
°neml i bir yer edinmicktir. Bitkisel polisakkari:t
ajeéez hissi, em¢l siyon stabilitesi ve aroma sal é]
kalitesinin kor unma&srgueira & Raatta@e23;Ha & Mcelemsehts, 20268 r  (
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Temi z etiket yakl akéemé dojrultusunda geliktiril
protein bazleée ve |ipit bazl é& sisfTemler ebl kmakl ig
i kamel er i genel ol arak i ki t emel grupta dejerl er
yajén teknol®7elkl ivkel edruiynuis atlak | i t eden yaj takl i
sistemler ise séeévée yajlaren yapeéelandéreéel maseéeyl a
ikameleri olarak kabul edilmekted{Shaheen vd., 2023).
21.Ya] Kkamelerinin ¢alékma Mekani zmasé
Yaj i kamelerinin -al é&kma mekani zmasé, kull anél art
ve géda matri si i -erisindeki etkilekimlerine ba
tem yaj i kamel erinin ortak amacé@; yajén sajl ad:¢
kapasitesi ve yapeéesal stabilite gibi fonksiyonl
ol ukturabil mektir. Génegmegzde bu ama{)lajroa,ikulyljl
taklitcileri v e ikamjeleriol mak ¢zer e i ki ana mekaQeiqueinas ¢ zer i
Pastrana 2023; Shaheen vd., 2023¥.a j taklitleri, yaj fazene dojr
etkilekerek olukturduklareée ¢- boyutlu aj yapél ar
Karbonhidrat ve protein bazlé biyopolimerl erden
viskozite, kremamsél ek vV e tekst ¢or el czellikler
nedeniyle aroma takeénémé ve erime davranékéne t
vd., 2024; Hu & McClements, 2025Y.a | benzeri bil ekenl er, séveée yaj
kate yajlara benzer mekani k, reolojik ve duyusal
Pickering em¢l siyonl ggidéer emyl sgiryuopnt aj eylelrerdal maek t k
asitlerinin korunmaséyla birlikte oksidatif st a
sajl amaktadeéer (Tan vd., 2023; Hu & McCl ement s, 2
22.Karbonhidrat Bazl é Yaj Kkamel eri
Karbonhidr at bazl & yaj i kamel eri, temiz etiketl |
kul | yrag| armeak laistélnedrai yer al maktadeéer. ¢ojunluju pol
yé¢ksek su bajl ama kapasiteleri ve j el ol uktur ma
ve em¢gl siyon stabilitesi gi bi teknol oji k ikl evl e
ol ukturduklaré ¢- boyutlu hidrojel aj e, créenler
kazandeéereéerken, de¢kek enerji dejerl eri ve Yy ksek
avantaj sajlamaktadeér (Nikolil vd., 2024)
Bununla birlikte, ger-ek bir yaj fazeée i-er memel
bilekiklerinin takénmaseé, erime davranéké ve vyl
gOstermektedir Cerqueira & Pastrana 2 0 2 3 ; Hu & McCl ement s, 2025) .
mol ekg¢l er yapél ar é, mol ek ¢ | ajerl ekl ar é, -9 zéng
dejiktijinden, farkl e géeda si st eml erKarbodhedratf ar k1 &
i kamel erinin temel et ki mekani zmal ar &

bazl é& ya
o 1

]
Tabl "de. °zetl enmi ktir
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Tablol.Kar bonhi dr at mbhahiézmaliaré&awme géda matrisl eri

Karbonhidrat Et ki Me k ar
Séenéef e

¥ne ¢éekan Senéerl el ekl ar
ve Besi ns el Deformasyon Riskleri

Ni kasta Grang¢gl er
amiloz/amilopektin
dengesine
hidrojel matrisi
sentezi.

Kne¢glin Hi dr at asyc
mi krokri st
ol ukturar e
eden tibrikasyon
etkisi.

Pektin D¢ K¢k m e
formda kalsiyum
iyonl ar é
kutusu capraz
bajl anma r

Sellloz Surekli faz viskozite

Turevleri arter éeme,;
molekdllerinin
polimer zincirleri
arasénda
hapsedilmesi.

b-Glukan Yiksek molekdl
ajerl é] éenc
viskoelastik karakte!
ve hidroje

Konjak Polisakkarit zincirleri
Glukomannan ar asénda
yojun h

bajl areyl ¢
viskoelastik matriks.

Ksantan Gam  Sirekli faz
kal énl akt é
ps®dopl ast

D¢kek maliyRetrogradasyc
Ve yojurtttakéma kapasi
teksturel stabilite. Mur eHan, 2027

Prebiyotik Asit/y¢ksek
dondurmalarda bukararseéezl ék;
kristali biylmesini sindirim sistemi hassasiye
séneérl ama. (Fadillah vd., 2024).

Meyve yan rinEst er | ek me d
dej erl endi r pHlyon hassasiyeti
vizkozite ve emiulsiyor sakéeézéemsé do
karar | el ej & &McClements, 2025).

Féréenceéel ék Yiksek dozlarda kuru
matrislerinde mikemme purdzld, lifsi ve kumsu ora
nem tutma vey¢zey kusur |l ¢
homojenlik kontrold. 2024).

D¢ K¢k yo Mekani k maka:
lipoprotein (LDL) ésé alténda
kol esterol riski (Nikol:i

postprandiyal glisemik
yanét kontr

¢ ok d Doz akéméenda
konsantrasyonlarda bil sert ve elastik tekstl
akéré ye¢gksekusurl ar é; a

créen verimi (Stoginil vd.

Geni K pHAkKEér é kul |l an
kararl él ejeyapéexkan, y i
¢ozunme  dongllerinthi s si ; t ek

reolojisi regulasyonu. Ustiin mekanik direng.  lubrikasyon (Fadillah vd.
2024).

23.Protein Bazl é Ya]J Kkamel eri

Protein bazleée yaj i kamel er i ;fonksiyokeszdlikleb sayesinde dej er
temiz etiketli geda form¢glasyonl arénda °ne - ékal
Stoginil vd. , 2024d) .t Xarfboomkli @maétarmak!| pr gt ei nl e
sayesinde hem su hem de yaj fazéyla etkil eki me
ol ukumu, su tutma kapasitesi ve k°pe¢k stabiliza
ger -ekl ekmesini sajl ar. B°yl ece yalnézca tekstg
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dol gunl uju gi bi duyusal °czellikler de daha b a
Nourmohammadi vd., 2023).

Proteintaklithzlré nyaj en yaygén ¢retim y°ntemlerindel

Bu y°ntemde proteinler kontroll ¢ denat¢¢rB3syon Ve
Om -apénda k¢resel mi kroj el partike¢ll erine d°ng¢ck
bu partike¢ll er S¢e¢rtéenmeyi azaltarak tam yajle
proteinler j el ajeé oluxkturarak suyu matri ks i -
em¢l siyonl arén fiziksel kararl el ejené artérmakt a
Protein bazl é sistemler, d¢ K¢k enerji dejerler
nedeniyle beslenme a-éséndan da avantajl édeér. P e
doj al kaynakl ardan el de edilebil meleri temi z et
°czell ikl eri sayesinde bazée sentetik em¢l gator | o
Fadillah vd., 2024).

Bununla Dbirlikte proteinlerin fonksiyonel °czell
etkilenebil mektedir. Bazé bitkisel proteinler i
kull aném seviyelerinde sert veya tebexkirimsi bir
2026) . Bu nedenle g¢n¢gmgzde proteinler -ojunl uk
birlikte kullanél maktadéer (St®goheinvbazl 20g4j F
bakl éca °zellikleri, etki mekani zmal aré ve Kkull a
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Tablo 2.Pr ot ei n bazl é& yaj i kamel erinin teknolojik n
sistemlerindeki uygul amal ar e
Protei r Etki ¥ne ¢eéekan TeSéenérl el ekl ar
Mekani zm Besinsel Ava Késétl amal ar e
Peynir Termomekanik Ge¢-1 ¢ el ol S¢t al erjeni
Suyu Proteini  mikropartikilasyo bi y ol oj i k d € konsantrasyonlarda
n, kontrolli aj €z hi ssi v agregasyon ve sert tekst
polimerizasyon drinlerinde dstin tekstirc ol ukt ur abi | me
performans s 2020; Stogini
Bezelye Misellar Bitkisel kayD¢kek -°z¢égngr
Proteini ekstraksiyon, protein t at vV e séner |
yéksek surdurdlebilir ve vegar- o u Zaman
homojenizasyon f or m¢ | asy on | gerektirmesi (Badar vd., 202:
Nourmohammadi vd., 2023).
Soya Proteini m-TGase kovalen Gucli  emdlsifiye edici Al er j en ol mas
-apraz bezell ik, y ¢ fasulyemsi tat ve GDC
papain kontrolli b aj | a ma kapal géséna ba
hidroliz tekst ¢r cekinceleri  (Paglarini  vd.
performansé. 2022; Stogini
Jelatin Termotersinir Ge¢- 1| ¢ j el Hayvansal k°
sarmal peptid Kk r e ma ms é aj nedeniyle veg
ajl aré hibrit  jel sistemlerinde beslenme tercihleri icin uygu
yéksek yapés ol mamaseé (Ja
Stoginil vd.,
Yumurta Soyal pey Gigli emulsifiye edici ve Al er j en ol ma:
Proteinleri suyu ile ko- k°pg¢k oluktiséecakl ekl ar da
mikropartikilasyo d ¢ Kk ¢ k yajl & denat ¢¢rasyona
n, elektrostatik Urtinlerinde yuksel gorilebilmesi (Han vd., 202:
k omp |l e k s | performans gosterir. Stoginil vd.,
24.G¢ncel Lipit Bazlé Yaj Kkame Sistemleri
Lipit bazl é& yaj ikameleri, séveée bitkisel yajl ar
yapésal, reolojik ve duyusal °czellikler kazandEée
taklitlerinden farkl & olarak ger-ek yaj fazeéné i
takénéemé gibi yajén temel fonksiyonl aréné daha
Mur e Ha n, 2021; Tan vd. , 202 3; Hu & McCl ement s, 2
Son yéllarda geliktirilen 1ipit bazl & sistemler;
kat e yajl ar én teknol oj ik °czell i klerini sajl aya
-al ékmal arénda ©°nemlii bir ar akt éoteojetler, Rickesing é hol i
em¢l siyonl aré, y¢ksek i - fazlé Pickering em¢gl siy
kull anél an yaklakémlar arasénda yer almaktader.
avantajlareée, sénérl el éklaré ve bakléca uygul ama
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Tablo3.G¢ nc el l' i pit bazlée yaj i kame sistemler:i

Teknoloji/ Et ki Mekani ¥ne ¢ Sénerl el ekl ar e

Sistem Teknolojik ve Késétl amal ar e

Besinsel

Oleojeller Séve yaj érDoymamék Yapél andér écé
mona/digliseritler, asitlerini korurken mu ms u aj ez hi
fitosteroller, etilseliloz k at & yaj kristal d°n¢Kye¢
veya biyopolimer temelli teksttr,  reolojik r i s ki vV e dol
Kabl onl ar i Ozellik ve kurut maya bajl
kristal, fibriler veya oksidatif stabilite gorulebilir (Patel & Dewettinck
g°zenekl i isajlar. 2016 ; Temkov &
fiziksel olarak Gravelle vd., 2024).
immobilize edilmesi

Pickering Kat é b i y Sentetik emilgaté Partikil Ozelliklerinin

Em¢l siyparti k¢l | su gerektirmez, standardizasyonu, proses kontre

Y¢é¢ ks ek
Fazl é
Pickering
Eme¢l siy
(HIPPE)

Emudlsiyon
kabl onl

Emulsiyon
Jelleri

ara ylzeyine
d°n¢ K¢ ms g
adsorpsiyonu
daml acékl

ger
z

ile
ar

olarak stabilize edilmesi

K- faz
czerinde
Pickering
em¢l si
daml ac
paket|
benzeri
ol ukturul

y

0
é k
en

n
I
m

hac

0

| a
ar
es
a
ma

Protein veya polisakkari

bazl é
suyun

uzakl akt é
g6zenekli
matri
yaj én
tut ul

s i
bu
mas é

Ya]j
protein
polisakkaritlerden
ol ukan
hidroj el
immobilize edilmesi

d aml
veya

e mg |

re

biyopolimer
ol

y

a

(.1 -

a

yuksek fiziksel ve
oksidatif stabilite
sajlar,
uygul ama
uygundur.

Y¢ ks ek
bajl ama
kapasitesi, guglt
vi skoel a:
ve biyoaktif
bil exki kI
kontroll
takénmas:

Doj al bi
kul l aneém
yafj
immobilizasyonu
ve temiz etiket
uyumu sa’

Tekst ¢r ¢
oksidatif
stabil it
ve biyoaktif
bil ekenl
korunmas:
sajl ar.

ve endistriyel 06lcek biyitm
°neml i zor |l ukl
(Xia vd., 2021; Badar vd., 202:
Hu & McClements, 2025).

Yiksek viskozite, Uretim ve 6lge
buayatme guclukleri ile prose
parametrel erine
goOstermektedir (LépePedrouso
vd., 2022; Badar vd., 2023).

"Kur ut ma Séras
-%°kmesi, yaj s
dayaném

gorilebilmektedir  (Patel &

Dewettinck, 2016; Gravelle vd
2024; Farooq vd., 2025).

Bi yopol i mer o]
ayarl anmamasé
l asti ksi veya
ol ukabilir ( Re
vd., 2026)
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Bijeller Oleojel ve hidrojel Ay né and Uretim parametrelerine yikse
fazl arénén su vV e yeieduyarl el ék g
ol ukt ur ar ak kapasitesi, endustriyel standardizasyc
icerisinde birlikte kontrolli aroma g ¢ -1 ¢kl er i % n¢
yapeélandéréve biyoa araséendader (
il e g 2023; Gao vd., 2025; Jadhe
yapésal 2025).
sajl ar.

2.4.1. Oleojeller

Ol eojeller, séveée bitkisel yajl ar é d¢kek mi ktar
i -erisinde fiziksel ol arak hapsedil mesiyle el de
hi drojenasyona gerek duyul maksézén katé yajlara
nedeniyl e, doymuk ve trans yajlarén azalteéel maseée
al maktader (Patel & Dewettinck, 2016 ; Temkov & N
Ol eojeller genel olarak dojrudan ve dolayl é yb©°
yapél andéréecélar séevé yaj i-erisinde kristal vV ey
polisakkaritl erden hazeérl anan em¢l si yon y a da
bi yopoli mer matri si i -erisinde immobilize edil me
mekani k °zellikleri, oksidatif stabilitesi ve ku

2.4.2. PickeringEm¢ 1 si yonl ar é

Pickering em¢lsiyonlare, geleneksel y¢é¢zeigraaktif
yézeyine geri d°n¢kegmsegz ol arak adsorbe ol maséy
fiziksel koruyucu tabaka, daml acék birl ekmesini
em¢l siyonl ara kéyasla daha y¢ksek fiziksel ve ol
Pedrouso vd., 2022; Yang vd., 2026).

Temi z eti ket yakl akéméyl a uyuml u ol mal ar e, s e
bi yopoli merlerin kullanéména ol anak sajl amal ar é
i kamesi -al ékmal arénda °nemli bir arakteéerma al a
stabilizasyonunda dejil, ayné zamanda ol eoj el é
bilekenlerin kontrollg¢ takénmasé amacéyla da Kku
2025).

Pickering em¢l siyonl arénda kul |l aneéel apolisakkarir t i k¢ | |
kompl eksl eri ve tar émsal yan ¢réenl erden.Senl de ed
yéllarda ©°zellikle s¢grdereglebilir hammaddel er de
-evre dostu yaj yapeélandérma sistemleri a-é&sénda
243. Y¢iksek K- Fazlé Pickering Em¢gl siyonlaré (HI PEF
Y¢ksek 0o- fazlé Pickering em¢l siyonlareée (Hi h |
hacminin %74' ¢n ¢zerinde ol duju ve katé parti kgl
Bu yapeélarda yojun kKkekilde paketl enmik yaj daml a
ol ukturmakta ve sisteme y¢ksek viskoelastisite
Pedrouso vd., 2022; Badar vd., 2023).

HI PPE sistemleri, d¢kek mi ktarda parti kel kul | a
oksidatif stabiliteyi artérmal aré ve yaj fazénc
ver mel er i nedeniyle son yéllarda ol eoj el creti mi
alternatif ol arak dejerlendirilmektedir Bununl |
b¢eyetme ge-1 ¢kl eri, end¢striyel uygul amal ar én °

(Badar vd., 2023; Hu & McClements, 2025).
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244. Em¢l siyon kabl onl ama
Em¢l siyon kabl onl ama -fememgi snyamrlimpd @andamg) suyhi.

uzakl aktéerél maséyla g°zenekl:] bir bi yopol i mer
yontemlerinden biridir. Bu yontemde protein veya polisakkaritlerle stabilize edilen emdulsiyonlar
kurutul arak vyajeéen é - boyutlu yapé i-erisinde f
Dewettinck, 2016; Gravelle vd., 2024).

Em¢l siyon kabl onl ama, doj al bi yopolimerlerin kul
kapasitesi sunmasé vV e t emi z eti ket yakl akéméyl
sajl amaktadeér. Bununl a birlikte kurut ma Séraséi
mekani k dayaném kayéplaré y°ntemin temel seneérl e

& McClements, 2025).

2.4.5. Emdulsiyon Jelleri ve Bjeller

Emulsiyon jellerive e | | er , hidrofilik ve I|ipofilik fazlareée
ol up, katée yajlareéen tekstg¢rel °zelliklerini t al
stabilize edil mesine olanak s ]Iamaktadér. Bu s
fonksiyonel gédal arda hem yapeéesal betenl ¢ én ko
a-éséndan ©°nemli avantajlar sunmaktadeéer (Ren vd.
Em¢l siyon jellerinde yaj damlacéekl aré protein v
icerisinde immobilize edilirken, J@ | | er hi dr oj el ve ol eoj el fazl ar é
destekl ediJi -0 ft aj yapeéelarée olukturmaktader.

ar oma vV e bi yoaktif sal eme s a fcbzanma b stabilitesik t e \
geliktirilebil mektedir. Bununl a birlikte bi yopo
i stenmeyen l asti ksjel lyampede oil uakalirleme kmt epar mimet r e
end¢striyel ©°1 -ek be¢egyeéet meyi zorl|l akteéermaktadér (A
3. GI| DA SKSTEMLERKNDE UYGULAMALAR

Geda form¢gl asyonlarénda doymuk ve trans yajlaréer

i kamel erinin bakar ése, yalnéezca yajén yerine ge
matrisinin fizikokimyasal, reol oji k Cerqueird &y us al

Pastrana 2 02 3; Keum vd. , 2026) . Gel eneksel katée ya
erime davraneéexée, kayganl ek ve nem bariyeri gi bi
getirmektedir (Rollel& Jones, 1996; Syan vd., 202. Kull anéel an yafj i kamesi ,
kokull aréna, mekani k gereksinimlerine ve istenen
31Féerénceéel ék jre¢gnleri

Kek, kurabiye, bi sk¢vi ve muffin gibi unl u mamu
gel i kiminin sénérlandér él maséneéeé, gevrek yapeée ol
eden t emel Ceérjueira & Pasttam@028;iYaza&( Ros el | , 2023) . Bu nede
yajl ar én dojrudan kull anéme hamur viskozitesin
azal maya neden ol abil mektedir. Bu sorunu gi der me
yerine kull anél maktadeér.

Kurabiye ve bisk¢gvilerde klhgegeghaijhkakmumanéhdeépeé
reol ojik czelliklerini dejiktirerek pi Kir me s é
k or u ma ICerguedira & Pdstrana2023; Yazar& Rosell, 2023). Emiulsiyon dolgulu jeller ise

gevrek hamurlu Urlinlde gliteng e | i Ki mi ni senérl andérarak gel enek
taklit edebil mektedir. Bununla birlikte y¢ksek
ve fazla kullanéem d¢zeylerinde daha &d&osel, ¢r ¢n

2023).

Muffin ve s¢nger kekl er de HP MCi50seviyeering kades dzgilk b a z |
hacim ve g°zene k yapéséné korurken, daha y¢ksek
ve ¢r¢é¢n yo] un Carquaira &aRastran2dR3; ¥ada& Roséll, 2023).
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Buna karkén kruvasan ve milfo%y gibi l ami ne hamu
hen¢z i stenen performansé tam ol arak sajlayamam
akék davranékénén Kkorunamamasé ve y¢iksek gerini
gr ubu, yaj i kame teknolojilerinin halen en ©°nen
(Yazar& Rosell, 2023).

32Et | r¢nleri ve Et Analoglaré Uygul amal ar é

Sosis, salam, burger g ankf ur t er gi bi em¢gl sifiye et créenloer
tekste¢er ¢, sulul uju, pi Kme ver i mi ve ajéz hissin
yajén dojrudan séeveée bitkisel yajlarla dejiktiri
d¢kermekte ve | ipit oksidasyonunu hézlandér makt a
Bu probl emlerin gideril mesinde yapeélandeér él méx
¥zellikle ye¢ksek i - fazl e Pickering em¢gl siyonl a
oranlarda hatta tamamen i kame edil mesine ol anal
kapasitesini artérmakta ve tekstg¢rel ©°zellikler
Ol eojeller ve hibrit jel sisteml er. i se hayvans:
taklit ederek duyusal kaliteyi gel i ktirmektedir

Bit ki bazl & et anal oglarénda ise bu yapélandér el
ayné zamanda ¢rén i -erisinde mermeri msi yaj] daj €
reolojik ©°zelliklerin sajlanmasé amacéyla da ku
202).

3.3.Ssut Urunleri

S¢t yajénéen azaltéel maseé; peynir, yojurt ve Kkrema
kaybé ve em¢glsiyon kararl él ejenda azal ma gi bi k
2024) . Bu nedenl e de¢ K¢k yajl é s ¢t crénlerinde,
koruyabil mek amacéyla hidrofilik vyaj i kamel eri,
yaygén olarak kullanéel maktadér (Han vd., 2023; A
S¢t ve st crénlerinde yaj i kamel eri, d¢kek yaj
azaltél masénda yaygén ol arak kullanéel maktadeér.

sodyum aljinat veya konj ak gl ukomannan kull an
iyilexktirirken ¢reéegnegn enerji dejerini yakl akék

Kekil de, Feta ve Ricotta peynirlerinde mi-kropar:t
Lo®) ile ksantaguar gam kombinasyonl ar é, kazein matri ks
tutma kapasitesi ve peerézseéezl ¢k gi bi kalite ©°zel
Abbas vd. , 2024) . Fer ment e s ¢t créenl erinde i SE€
hi drokol |l oi dl er serum ayrél maséné azalteéerken, mi
g¢-lendirerek yapeéesal stabiliteyi artérmaktadeéer
stabilitesinin olumsuz etkilendif9J:i krem kKanti Ve
hava kabarceéklarée etrafénda olukturduju Kor uy u
modi fiye pirin- ni kastaseée d¢ K¢k yaj seviyeler
sajl amaktader Ayr éca méseér zeini ve papain hi.:i
parti kel l eri, d¢kek yajl é kremalarda k°pegk ol uk
geli ktiren umut verici alternatifler olarak ©°ne
34kekerl eme | re¢nl eri

¢i kol at a vV e s¢relebilir ocréenl er de keurs mélamag ml i k 8
bilinmektedir. Etilsel ¢loz ve «kKkellak bazlée ol eo
yé¢ksek seécakl ekl arda ¢r¢n st abi ICerqueim i&rPastrapar t €ér ab
2023) . Ayr éc a l esitin, kristal yapéneén d¢zenl
iyilektirilmesinde rol oynamaktader.

Bunun yanénda vyapélandér él mék yaj sisteml eri y a
biyoaktif bilekenlerin takénmasé i-in fonksiyon
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Bijeller v e e-hagoters lutgio, EGOGedmegar vy aj] basi tl er i ve pro
bilekenlerin sindirim sérasénda kontroll ¢ sal énr
(Pinto vd., 2021, Zhao vd. , 2022, Francavill a v
end¢gstrisi yan srénl erinden el de edil en - 0% z¢ée¢nm
stabilizat®r ol arak kull anél maseé, Kekerl eme ¢r ¢én
veri ci bir yakl akéYanguod,20pak ©°ne -ékmaktader (

4, MEVCUT ZORLUKLAR VE GELECEK PERSPEKTKFLERK

Temi z etiketli yaj] i kamel eri ve yapeéelandeéer él mex
y°neli k ©°neml.i il erl emel er sajl amék ol sa da bu
sénérl ayan tekni k, duyusal, mi krobiyol ojik vV e
uygul amal arda bakar é; créen performansénén yaneé s
uygulanabilirlifji ve yasal d¢zenl emelerin birlil

2023; Cerqueira vd., 2023; Polachini vd., 2023; Urugo vd., 2026).
4.1.Mevcut Zorluklar

Temi z etiketl:i yaj i kamel erinde en ©°nemli sorun
kull anél mamasé nedeniyle em¢glsiyon ve el siste
depolama ve ikleme sérasénda faz ayreélmaseé, yaj
¥zellikle em¢gl siyon Kablonl ama y°ntemlerinde g°©z
ve doj al polisakkaritlerde g°r¢len retrogradasy
(Tan vd., 2023: Melchior vd., 2023; Nikolil wvd.,
Duyusal a-édan ise mevcut vyaj ikameleri, kat & vy
sal é@éméné her zaman tam olarak taklit edememekt e
mum bazlé oleojellerde g°r¢len mumsu ajéz hissi
sakézéemsée yapé, t¢iketici kabul ¢n¢ sénérl ayan batk

Meng & Li, 2026).

Ayréca protein ve hidrojel bazl & sistemler oroé
ol umsuz etkileyebil mekte, |l aboratuvar ©°1| -ejinde
sérasénda proses kokull aréendaki dejikimlerden et
mal i yetl eri ve yeni yapélandéréecélareén yasal on
°neml i engeller arasénda yer al maktadeér (Cerquei
4.2.Gelecek Perspektifleri

Temi z etiketli yaj i kamel erinin geleceji, yeni

sistemleri destekl eyen yenilik-i proses teknol ¢
yéksek basén-1 é& hdabelieémrikzas koml @HRH)(,PEF) , soj ul
fermantasyon gi bi teknolojiler; bi yopolimerl eri

maddelerine olan gereksinimi azaltma potansiyeline sahiptir (Inguglia vd., 2023; Roobab vd., 2023;
Urugo vd., 2026).

Bunun yanénda, géda end¢strisi yan ¢reénl erinden
s¢e¢rdegreglebilirlik a-éeéséndan giderek °nem kazanma
edilen diyet i fleri, pektin ve fenolik Dbilexi.lk
oksidatif stabilitenin artérél maseé hem de t emi
sonu-lar sunmaktader (Lombardi vd. , 202 4; Ni kol i
Son yéll arda yapay zeka destekli form¢gl asyon (
em¢l siyonlaré ve hibrit el sistemlerinin fonks
-ékmakt adeér . Bu gelikmel erin, ki Kisellexktiril mik
yeni uygul ama al anlarénda temiz etiketl:i yaj i k

(Hu & McClements, 2025; Meng & Li, 2026; Guimarées vd., 2026).
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5. SONUC

Besl enmeye bajl é kroni k hastal ékl ar én artexke \
sistemlerinde doy muck vV e trans yajlar én yerine
hezl andéer mékt éer . Karbonhidrat ve protein bazlé
em¢l si yonjeat @r vegi bbii i pit bazl é sistemler, f a
fonksiyonl aréné bakareéyla yerine getirebil mekte
umut verici sonu-Ilar sunmaktader.

Bununla birlikte, yapésal ve oksidatif stabili
mi krobiyolojik g¢venlijin sajlanmasé ve | aborat.u
teknolojilerin yaygén kull anéméné sénérl ayan ter
bi yopolimerler, s¢rdereglebilir hammaddel er ve ye
temi z eti ket i sistemlerin geliktirilmesi, daha
°neml i rol oynayacakteer.
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YAPAY ZEKA DESTEKLK AKI LLI NOT ¢1 KARMA VE ¥JRE
NOTEGENIE

AN Al -SUPPORTED INTELLIGENT NOTE -TAKING AND LEARNING
PLATFORM: NOTEGENIE

AzraCOPUR!, Ceren MEBRTODJLWjr. !yesi ¥Xsmail Hakk
'Bol u Abant Kzzet Baysal i niversitesi, M¢hendi s
Yapay Zeka,, ORCID: 0009000297558221
Bol u Abant Kzzet Baysal iy niversitesi, M¢hendi s
Yapay Zeka,, ORCID: 0009000262336688
Dr. ¥jr. ryesi, Bol u Abant Kzzet Baysal rniver si
Bolumd, , ORCID: 00060001-86959471
OZET
Géenegmegzde ¢niversite °Jrencileri ders i-erikleri
ve PDF formateéndaki ders notlarée aracélejeyla e
veya Vy¢zlerce sayfal ék dok¢gmanl ardan manuel ol ai
ve sénav °ncesi tekrar materyal.i hazérl anmaseé
ol maktadeéer . Bu -al ékmada, s°z konusu probl emi -0
bir akellé not -ékarma ve °Jrenme platformu ol a
YouTube video bajlantésénée veya bir PDF dosyasé
bi-i mde -ékarmakt a, bu met ni b¢yéKk di | model i
yapél andéréel mék akademi k °zet, akell é& zaman dam
sénav ¢retmektedir. Ayr éca kullaneéecél arcevap,r et i | «
asi stane ile etkilekime ge-ebil mekt e, cCzetl eri
yapésé altéenda dijer kullanéecélarla payl akabi |l me
bir REST APl arka y¢ze¢g ve PostgreSQL veritabanén
edilen sonu-1ar, geni kK bajlam penceresine sahip
i Kl eyer ek tutarl é czetl er, sénavl ar vV e kavram
verimliliJini artérdéjéné ve yapay zek©nén hal
°Jrenme deneyi mi sundujunu g°stermektedir. ¢al é
y°ntemleri ve elde edilen bulgularé ayreéntel é bi
Anahtar Kelimeler: Yapay Zek O, B¢eyek Dil Model i, OtomatiKk
ABSTRACT

Today, university students access course materials largely through educational videos on YouTube and
lecture notes in PDF format. However, manually extracting notes from-temgvideo recordings or
hundredpage documents, identifying key concepts, and preparingxamm review materials is a
time-consuming and inefficient process for students. In this study, NoteGenie;@owated, web

based intelligent noteaking and learning platform, has been developed to address this problem. The
developed systertakes a YouTube video link or a PDF file as input, automatically extracts the textual
content of the source, and processes this text using a large language model (Google Gemini 2.5 Flash)
to generate a structured academic summary, smart timestamps, -ap@pfic concept tree, and a
multiple-choice quiz. In addition, users can interact with arpdivered questicanswering assistant

based on the generated content, download the generated summaries as PDF documents, and share their
materials with other usgmunder a booklet structure. The system has a-timearchitecture consisting
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of a Reacbased front end, a FastABased REST API back end, and a PostgreSQL database. The
results show that large language models with wide context windows can process course content
without fragmentation and generate coherent summaries, quizzes, and concept maps; this approach
increases learning efficiency and reduces the risk of hallucination by keeping the assistant grounded in
the source material. The study presents the architectural components, methods, and findings of the
developed system in detail.

Keywords: Artificial Intelligence, Large Language Model, Automatic Summarization, Educational
Technology

1. GKRKK

Dijitall ekxmenin hezl anmaséyl a birlikte ejitim

format éndaki ders notl ar e, bilgiye erikim ve °]
Knternet bant geni kKl ijinin artmasé ve uzaktan

boyutlarda bir dijital ejitim i-erifji havuzu ol
eri kKmek, dojrusal bir izl eme veya y¢zlerce sayf
almakta ve °Jrenme verimlilifini d¢kKermektedir.,
yé¢zlerce sayfalék bir ders doke¢gmané i -erisinde b
i -in ciddi bir zaman kaybé yakamaktadeér. Son yeé
entegre edil mesi, bu t¢r -ok kipli (mul ti modal)
materyallerine dP°n¢kt¢r ¢l me ¢Forunavd BORS).i k bir i htiy
Beyek di | model | erinin (LLM) ve bu model | erin
Transfor mer mi mari sinin gelikmesiyle birlikte (
ol arak analiz edil mesi, czetl enmesi ve anl aml an
bul maya bakl améekt ér . Bu gel i kmel er , statik vV e
etkilexkimli ve kikiye ©°zel ©°Jrenme kaynakl|l ar éna
Bu -alékma kapsaménda geliktirilen NoteGenie pl
tabanl é& bir -%z¢m sunmayé ama-| amaktadeéer. Pl at f
bajl antéeséné veya ye¢klediJi bir PDF dosyaséne

i -erijini i Kl er . Bu dojrultuda, l'iterate¢rde et
°©zetl eme yakl akémlaréndan yararl anel sbragd aimBabyaea
akademik cCzetl er icretil mekt e, i -erijin akeékeéen:

listelenmektedir.

Sistem yalnézca statik bir metin ©°zetl eme ar aceé

otomati k soru ¢reti mi ve dejerlendirme yakl akeén
2024)- okt an se-mel i interaktif sénavl ar icret mekt ec
amaceéyla, ejitim teknolojilerinde g¢ncel bir eji
grafée olukturma y°ntemleri ¢e5alihvedlbtaibi 80284hd y et 8¢ Kii &c
bir akademi k kavram ajacé inka edilmektedir. Kul
bajl aména sadéek kal ar ak vy ané tAugmened @eneratonRAG) m de st
prensipleriyle (Lewis vd., 2020, Roy vd., 2025)
kapsaménda sunul maktader.

Geliktirilen bu kapsamlé mimarinin °n y¢ze, mo d
ve °|l -eklenebilir Tek Sayfa Uygul amasé (SPA) -
(Jonathan ve Suprihadi, 2023; Mandava, 2022) Re
t emel ama-laré akajédaki Kekil de °zetlenebilir:
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T Video ve PDF gibi farkl e kaynak te¢rl erinden
toplama katmanée tasarl amak,

T Beyek dil model i tabanl & -ok modg¢l I ¢ bir i - e
ajaceée, quiz) gelixtirmek,

T Kaynak metne sadek, hal ssdwap yoNni gtisrkd swmmhd ke
T iretilen materyallerin y°netilebilecefji ve d
y°netim sistemi (LMS) altyapéesé kurmakter.

2. LKTERAT] R TARAMASI

Beyek dil model | er i il e otomati k metin °zetl eme
Sanghvi, 2023) MPT-7b-instruct, Falcor/b-instruct ve OpenAl ChatGPT modellerinin metin
©zetl eme performansl|l aréné Kkarkél aktérmal é ol ar a

czetin akéceléejé ve kaynak metne bajl élejée a-=e&s
sonu-1ar crettijini or tiasyea sk¢pryemukbdodak!| § Jbhomat.i
y°ntemlerini kapsaml é bir kKekilde incelemik ve
(extractive) y°nt eml ere keyasla daha b¢téegnceel
metinlerde bajlam kaybé ve hesaplama maliyeti 0
ol dujunu vurgul améextér . Bu i ki -al ekxma, Not eGeni
bak!|l ékl andér él mék bir ©°zet yapésénén tercih edil
Eri kim dest ekl jAugmentedt GeneratibplRRAGY mimarisi, | (Lewis vd., 2020)
taraféendan bil gi yojun doj al di | i Kl eme g°revler
bir bilgi kaynajéndan getirilen pasajlarla birl
oranéné azalttejeée gostlegydhni diidlr modRdyewid. j | &0
-ékaréméne erikim destekl:i sistemler iszerinden
dok¢man bajlaména dayalé ol arak yanétl anmasénén,
gevenilirliJini artéerdéj ené b-edvadpr(chatbotk mhodiiinin,Bu b u
kull anécé sorularéné yalnézca kaynak transkript
tasarl anmasénén | iterate¢grle uyumlu bir tercih ol
Otomati k soru ¢reti mi alanéenda (Zhang, 2023) , -
y°nelik y°ntemleri incelemik ve dojru cevabeéen y
sretil mesinin model performansénda kritiike bir r
cretici yapay zek© -ajénda otomatik soru ¢retinm
i ncel emi K; be¢yeéek dil model | er i ile ¢retilen sén
s¢re-lerini destekledijini, ancak ¢retilen sorul
gerektijJini i fade etmixktir. Bu -al éexkxmal ar, Not e
dayal é ve dojru cevap indeksi i -eren yapél andeéeé
ol uktur muktur.

Bilginin g°rsellextiril mesi a-éséndan (Schicchi
ol uktur madaki rol¢neg incelemik ve begyek dil mo ¢
kavraml ar araseéndaki anl amsal ilikkileri bakar él
konul ar arasé bajlanteéel ar é g?° r-Saksve Alotaibik 20P4ay | akt €
ejitimde bil gi grafé (knowledge graph) ol uktur
l'iterate¢r i ncel emesi ger -ekl exktirmik,; bil gi gr a
gezilebilir bir forma d°n¢kt ¢egr el mesinde et kil
°| -ekl enebilir bi-imde ¢retilmesinin h©l © a- ek
-al ekxma, Not eGeni e' nin akademi k kavram ajacé moc
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ilikkilerle bajlanan kavramlardan olukan hiyera
ol muktur.

Daha genik bir perspekytdgday nze d@mean ukniak ivde |, | kt2it

i likkin k¢gresel °l -ekte bir sistemati k incel eme
motivasyonunu, erikilebilirlifji ve °Jrenme -ékt
ver.i gizliliji, mo de |l geveni birl g ve exkitlik
koymuktur . Bu bul gu, Not eGenie'"nin kullanéecée ki
tasaréménda di kkate al énméxktér.

Sistemin °n y¢z mimarisine ilikkin olarak (Jonat
-er-evesi ve React.js k¢tegphanesi kull aneéel ar ak
bil eken tabanl e mi mar i ni n, kodun yeni den kul | ar
°] - ¢de artéerdéjeéeneé g ° sige eJava$cHpt icarceveleinM a perdoemarss,, 20
°l -ekl enebilirlik ve geliktirici deneyi mi a-ése
(°rnejin Vite), geli ktirme s¢recindeki anl ek g¢
artérarak gelixktirici verimlilijine dojrudan kat
°n y¢z katmanénda React ve Vite kombinasyonunun
Literate¢rdeki bu -al éxkmal ar i ncel ewalap]otomatile , ot o
soru ¢retimi ve kavram haritasé/ bil gi grafeée ol
araktérma problemleri ol arak ele aleéendeéejeée g°r ¢l
y°nt emsel katkélar sunmakla birlikte, bu d°rt vy
kull anécé verisi czerinde ikleyen b¢gtenlexkik bi
senérl edeér. Bu -al ékma, s°z konusu y°ntemler.i N
yazélem mimari si, veritabane tasar émeé vV e kul | a

uygul amal & bir katké sunmayé hedefl emektedir.
3. MATERYAL VE YONTEM

3.1. Sistem Mimarisi

Not eGenie platfor mu, yécksek bakar é-mi eere) minidrg | g ak
mi mar i si czerine kurgulanmékter. Kstemci kat maneé
kat manénda Python Fast APl tabanlé bir REST API
kull anél makt adeér . Yapay zek© iklemlerini ger - ek
performansl e dil model | erini hem de | okal opti
transformatdr mimarilerinb i r ar ada i kKl eyebilecek hibrit bir vy
di | model i ol arak Google Gemini 2.5 Flash API s
entegre edilirken; metin 0zetleme ve soru uretimi gibi alt gérevlerde alternatif pipeline denemeleri
ger-eklexktirebil mek amacéyla BART ve T5 gi bi 0z
dahi | edi |l mi ktir. kekil 1"de sistemin temel bil
kat manl ar ar as éktedirer i akeke g°steril me
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Sistem bilesen diyagrami — Béliim 1: Arayliz ve sunucu

~ T
1
v

_— N . .
Kullanici arayiizii (Frontend) Sunucu ve is mantigi (Backend)
~ N
«Component» «Component» Course
React.js Web App FastAPI + Uvicorn Manager
J A - . AN
I 1
N ~ 5 1
. 1
Arayliz react-markdown Yetkilendirme | Al akis!
bilesenleri react-youtube HTTP / ISON (REST) i
\ )\ isPDF J P ~N ~
' Auth Manager Al Orchestrator
1 Kullanim JWT +b hash .
' L crypt has Prompt yonetimi
v AN

T
1
v

State Management
Vite + React Router

s ~
SQLAIchemy ORM

Ve ™
Pydantic Schemas

SQL / PostgreSQL Dodrulama / OpenAPI
- ~ b . y - . _
Tailwind CSS ! .
Utility-first stil + dark mode - v W v -,
\ \
b - - PostgreSQL DB - Metin analizi istegi
(Bolim 2) | (BSlim 2: Gemini API) |
AN S AN /

Sistem bilesen diyagrami — B&liim 2: Servisler, veri ve YZ

Metin analizi istegi

. . N
Dis servisler Igerik gikarma ( Yapay zeka servisi (YZ)
‘ ) . N
«Component» GET/ Tra PyMuPDF (fitz) Ha «Ana LLM»
YouTube Transcript API PDF metin ¢ikarma 4™ Gemini 2.5 Flash
- 4 ~1M token baglam penceresi
'e Y - I ™ T T
yt-dip Fallbach youtube-transcript-api M ) v )
. Altyazi yedek kaynagdi Zaman damgal transkript Akademik\ Zaman )
b . dzet damgalarl
\ J |-
SQL [ SQLAIchemy
. Kavram uiz uretlm
Veri depolama agaci ‘gkta" segmei
$ «Database»
PostgreSQL RAG Soru—cevap a5|stan|
- T o Kaynak metne sadik yanit |
| sQLAlchemy ORM M
Kullanicl + YZ giktilari BART [/ T5 (opsiyonel)
1 4 Alternatif pipeline denemesi
. o~
keki NotleGeni e sistem bileken diyagr amé. (a) Kul
servisler, veri depolama ve yapay zeka servisi.
kekil 1"de g°re¢ldegjée ¢zere i stemci kat mane, s u
czerinden iletikim kurmaktadér Sunucu kat mané;
yapay zek© ik akékée orkestrasyonu ol mak ¢zere b
zek© orkestrasyon mod¢l ¢, dok¢gman °n i eme adé
model |l erine daj éeétmaktader Di yagramda detayl and
belirl eme ademtboemamasénaéethemer mak adéna bul ut t
BART (Summari zati on) model i, otomati k soru ve f
Generator) model i alternatif ver.i yoll aré ol ar a
kat maneéeé, kull anécé verilerini ve ¢reti en bu a|
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servisler kat maneée YouTube veril erinin -ekil mes
kull anél maktadeéer.

3.2. On Yz (Frontend) Teknolojileri

Kull anéecé aray¢ze, bialsekén mi amaanlsé , (kompoaneretni d
dinamik durum (state) y°neti mi sérasénda sunduj
k¢t ephanesi ile geliktirilmiktir. Literatye¢rde, F
kar makek we b araye¢zlerinde gel i ktirici deneyin
(Jonathan ve Suprihadi, 2023) Proj e yapélandérma ve derl eme ar
mi mar i si yerine modern bir ara- olan Vite terci
odakl & evri mi dojrul tisuem'dian (Mamawe&ae ROR2Z2NI1 & vy
dayanan yapésé geliktirme s¢recine entegre edil
Repl acement ( HMR) performansé ve il k derl eme h
yonl endirmel er. i -in React Rout er k¢t ¢pbsidenesi K L
routing) ger-eklexktirilmixktir.

Aray¢z Dbilekenlerinin g°rsel tasar éméenda, moder
(responsi ve) ekran d¢zenlerinion ol ukturul masé

geli ktirme s¢re-lerinde °ne -ékan Dbileken odakl

vd.,,2024) Tai l wind CSS' i naf iirksltev yPampceesléi,k Igiel (enteiklsietly C
karmakékl akmasé sorununu ortadan kaldérarak gel

s¢reli ders -aléexkxma aktivitelerinde g°z yorgunl
desteji de sunul maktadeéer.

Yapay zek© modelinden elde edilen °zetler, kavr
i steler ve tablol ar gi bi zengin metin ( Mar kdo
aray¢zende okunabilir -markdden skpulpmhaeesi-i kulrl
i -erijinin akélleée ders notyautéewde keikl ezkaermain | e&n ttea
bil eken araceéel éjeyla yapay zek®©® taraféendan ¢ret
saniyeye otomati k ol arak sarél masée (seekTo) sajl
taraféndan takénabilir bi-imde indiril mesi i -in
entegre edilmik ve T¢rk-e karakter kodl ama sor
geliktirilmiktir.

3.3. Arka Yuz (Backend) Mimarisi ve Veri Yonetimi

Sunucu taraféenda, y¢ksek performansl & Python t al
(ASGI) olarak Uvicorn kull anél méextér. Fast API ' n
yerl eki k asenkron (async/ await) yapése, be¢yeék

sunucuda olukabil ecek tékanmal aré engell emektedi
Pydantic kemal aré ile dojrulanarak u-tan wuca ver
OpenAPI dokiimantasyonu otomatik olarak Uretilmektedir.

Téem kull anécé verileri, d°k¢,man meta verileri, \
veritabanénda sakl anmaktader. Veritabanée et kil el
proaktif ol arak engell emek ve nesne tabanlé ve
SQLAl chemy ORM katmané ¢zerinden ye¢reéeteéel mektediod!l
y°net i mi i -in end¢stri standardé JSON Web Toke
par ol al ar &, awerniat akbaarnkéé stéezké nyt°énll ¢ ol arak hash'|l e
sunucu tarafénda i mzal anméck, sénérl é& ge-erlilik
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étek web mimarilerinde sunucu ve istemci sor
ern REST APl g¢venl i(palimusthead, 8023).t | ar eyl a uyuml u
K-eri k ¢ékarma Mod¢ !l |l eri
|l anécél ar pl atf or ma bir YouTube der s vi deos
nakl aréné optimize etmek amacéyla videonun t
eo kimlifiji (video | D) ay é k | -teansomipgtépt lditdphanesi Bu ki
|l anél arak videonun mevcut T¢rk-e veya Kngildi
kl aré& halinde sunucuya -ekilmektedir. Dojrudse
temin hata t ol erdalnps éknéet caprht aénrensai kn daerma cyéayrl aar lyatn é
bi-imindeki ders notl ar é, akademi k makal el e
l edijinde sunucu tarafenda PyMuPDF (fitz) k ¢
i nsel veriler otomati k ol arak ayeéklanmaktadeé
ma Kk é k i ki s¢tunlou d¢ézenl er i ve tablo met i nl
beyla ayéklayabil difji gesteAyékmi &mnam IfaAmhimka,
itabanénda il gili d°k¢man kimlijiyle il i kKkile
ompt bajlamé) olukturmak amacéyl a temel girdi
Yapay Zek© Modg¢l I eri ve Prompt M¢cghendi sl iji
tformun t¢m yapay zek© iklevleri, Googl e'" én
model i ol an Gemini 2.5 Flash mimari si taraf
Kturan di kkat tabanl é Transformer mimari sini:
l akék 1 milyon token'a kadar genik bir bajl a
s videolaréna ait altyazé verilerinin ve y¢zl
unking) ve semanti k bajlam kaybé yakanmadan t
émaktadeéer. Kaynakt an -ekilen metinler, det er
ekteéereéelabilir -ékteéelar isretmek ¢zere tasarl a
ele g°nderil mektedir. Geliktirilen d°rt temel
Otomati k ¥zetl eme: Kaynak meti n, biliksel yg¢l
ve alt maddel er «keklinde akademi k ol arak ©°ze
2024) . i retilen ©°zetin sonuna, °n y¢zde g°°r s
gorsel anahtar kelime eklenmektedir.
Akéell é Zaman Damgal ar é: Vi deon6n otdapg!l anno k § gt
belirlenerek, bu konul ar dakika: saniye (MM: S
uygun bir navigasyon dizini ol ukturul makt adeér
Akademi k Kavr am AJ a c-EtemelNtavtain betirlerimekteebn kakramilat i k 5
mer kezi bir bakl éja semanti k ilikkilerle ba
tanémlar ¢retil mekt edalihve(AlStaibh,i2249)hii redi ] eB0g%ap
y¢zde ikl enebi tbeaj | lninfe dlge@M ddegjmam éndadeéer .
Sénav Sorul ar é Fretiomi (Qui z): ¥Jrenilen
peki ktiril mesi amacéyla, dojrudan kaynak met

cevap indeksini iceren dinamik bir soru listesi uretilmektedir (Zhang, 2023; Maity ve Deroy,
2024).

doert mod¢l ¢n dékeénda, kull anéceél ar énceMamy nak 1
stané (chatbot) da geliktirilmixktir. Kul l aneéc
ni ni bajl am ol arak Gemini 2.5 Flash modeline
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késa ve net bir yaneét cretmektedir. Bu yakl akém
olup (Lewis vd., 2020; Roy vd., 2028j)odel i n kaynak déeké bil gi creter
azal tmaktadeér. Hassas kimlik dojrulama verisi ol
sézderél mayacak kekilde tamamen sunucu tarafeéenda
3.6. Sistem Kk Akéxkeée

kekil 2' de, kull anécénén bir YouTube vi deosu

cretil mesine ve kullanécéya sunul maséna kadar

(Fast API ) , décxk servisler (YouTube API , Gemi ni

(PostgreSQL) bilekenl eri araseéndaki me s aj al eKve
hesaplama maliyet.i gerektiren doj al di | i KI eme
servislerle y¢regterken, belirli al t mod¢l | er de
Zzamanl & veya alternatif birer I kK hatte (pipelin
mi mari si ne dayanmaktader

Video analizi ve akilli igerik Uretim siireci (Sequence Diagram)

React ( FastAPI ‘ ‘YouTube‘ emini 2.5 Flagh | PostgreSQL |
Frontend Backend API Ana LLM Veritabani

Ogrenci
Bolim 1 — Video ekleme ve dogrulama
1 YouTube URL girigi
—_—
2 POST /api/v1/videos/analyze (URL)
ﬁ

3 Video metadata sorgusu

| alt [Altyazi bulunamadi]

[Video erisilebilir]

Boliim 2 — Yapay zeka analiz siireci

9 Metni gonder (6zetleme ve soru Uretimi)

Gemini 2.5 Flash icerigi
analiz eder:
ozet - quiz - kavram agaci
- zaman damgalari

10 JSON cikti (6zet, quiz, kavram agaci, zaman damgalari)
DA s S

& Opsiyonel: BART (6zetleme dogrulama) ve T5 (soru liretimi) alternatifleri orkestrasyon tarafindan tetiklenebilir

Boliim 3 — Veri kayit ve yanit
11 Kayit: Video, Summary, Quizzes, Questions

12 Kayit basaril (ID'ler)

13 200 OK: Analiz tamamlandi (veri paketi)

P
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Bolum 4 — Etkilesim katmani
15 Quiz ¢o6z /[ not al
_

16 PUT /api/v1/user-notes (Timestamp, Text)
_—

17 Notu kaydet

18 Basaril

( React FastAPI YouTubeW emini 2.5 Flagsh | PostgreSQL
Frontend ___Backend | API Ana LLM Veritabani |

Ofrenci

kekiVli dz2.o anali zi ve i-erik ¢retim s¢égrecine ait
kekil 2'de go°re¢ldejé¢ é¢zere s¢re- i stemcinin ge
sunucu bu bajlantéeyé dojrulayép altyazé verisini
bul unamamasé durumunda kull anécéya hata mesajé ¢
ise ham metin -ekilerek yapay zek© analiz s¢rec
veriyi orkestre ederek ana metin anali zi i -in C
me s aj akekénda g°sterildifiji czere °%°zetl eme doj r i
i-in T5 model bilekenlerini de entegre bir kekil
czet, zaman damgal ar e, kavram ajacé ve quiz sor
taraféendan dojrul anép veritabanéna kaydedil di kt
ders kitap-¢€ej] é' ol arak sunul maktadér. Bu asenkr
boyunca vyanet vermeye devam et mesi ni ve platfor
koordine etmesini sajlamaktadeéer

4. BULGULAR VE TARTI kMA

Geliktirilen NoteGenie platfor mu, bir YouTube ba
i -erik -é&kar ma, yapay zek© anali zi ve sonu-1 ar
saniyeler i -erisinde tamamlamaktadeéer. Si stemin
damgasé, kavram ajace, qui z) crettifji -ékteéelar,
-ekte formaté a-éséndan Tablo 1'de ©°zetl enmekted
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Tablol.Not eGeni e yapay zek®© mod¢l Il erinin girdi, y©°n
Modl Girdi Yontem / teknik tcekteée foKIgild@ I
Akademik Transkript /LLM tabanl éBakl ekl é& Basyal ve
Ozet PDF metni Ozetleme (Gemini 2.! akademik metin Sanghvi (2023):
Flash) Jin vd. (2024)
Ak el | & Video K-eri k akekMMSS etiketli Jinvd. (2024)
Zaman transkripti nokta tespiti liste
Damgal
Akademik Transkript / Semantik kavramr J SON d  Schicchi vd.
Kavram PDF metni -ékaréme vebajl ant é (2025); Abu
Aj aceé Salih ve Alotaibi
(2024)

Quiz Uretimi Transkript / Kaynaj a d a 10 soruluk JSON Zhang  (2023);

PDF metni secmeli soru dretimi soru listesi Maity ve Deroy
(2024)

SoruCevap Kul | ané Baj |l ama da'Kéesa m Lewis vd. (2020);
As i st a sorusu+ kaynal destekli tretim (RAG) vy aneét Roy vd. (2025)

metin
Tablo 1'"de g°r¢l dejé¢ gibi her modg¢ |, l'iteratg¢rd
iczerinde birlexkxtirmektedir. Sistemin veri mo d e
gosteril mektedir. Kull anéceé, kurs (kitap-ée&k), %
ilikkiler; her bir yapay zek© -éktéseéneéen il gi
ilikkilendirilmesini sajlamaktadeér.
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sahiptir

1.*

«Class» Kurs

-course_id: int

-baslik: String
-aciklama: String
-olusturulma_tarihi: Date
-gorunurluk: boolean

+kursuYayinla() +kutuphaneyeEkle(

aretilir

1 icerir

1

/

NoteGenie — Sinif Diyagrami

«Class» Kullanici

-user_id: int
-ad_soyad: String
-email: String
-sifre_hash: String

+kayitOl()
+girisYap() +profilGuncelle()

1
olusturur

1.*

«Class» igerik (Video/PDF)

| «Class» Al_Orkestrasyon ]

-icerik_id: int

* -tur: Enum {VIDEO, PDF}

-youtube_url: String
-baslik: String -sure: int
-islendi_mi: boolean

+altyaziCek() +analizGonder()

-model: String {Gemini 2.5 Flash}
-api_key: String

l alr

+ozetUret(text): String
+kavramAgacilUret(text): JSON
+quizOlustur(text): List
+chatbotYanit(soru, ctx): String

f J

+pdfMetinCikar()

tretilir

\

uretilir

icinde bulunur

«Class» Ozet |

«Class» KavramAgaci }

«Class» Quiz

«Class» Not

-summary_id: int
-icerik: String
-zaman_damagalari: JSON

+pdfDonustur()

-agac_id: int
-dugumler: JSON (node-edge)
-merkez_kavram: String

+gorsellestiriimisGoster()

-quiz_id: int
-baslik: String

-sorular: List<Soru>

+testiBaslat() +skorHesapla()

-note_id: int

-zaman_damagasi: int

-icerik: String

+notuKaydet() +sil()

kekiNot®.Geni e veri modeline ait sénéf (class) di)
El de edilen bulgul ar, geni kK bajlam penceresine
mil yon token), uzun ders videolaréna ai'¢t altyaz
b°l meden iikleyebildijini gestermektedir Bu dur
-ékteéelareneén birbirleriyle tutarl e ve -cavgmé baj
mod¢l ¢nde i se yanétlarén yalnézca kaynak metin |
hatal é bil gi cretme (hal ¢sinasyon) ejilimini ©°ne
hal ¢sinasyonu azaltté]ena dlewsvd]2020er at ¢r bul gul a
Mi mar i a-édan, Fast API " nin asenkron yapésé ve P
kull anécé verilerinin ve yapay zek®© -éktelareéne
Gemini API anahtarénén yalnézca sunucu tarafenda
dajétéek web mimarilerinde °nerilen g¢venOni k pra
yé¢zde React ve Vite kombinasyonunun kull anél masé
ve bileken tabanl é yapé sayesinde °zet, kavram
olarak geliktirilip entegre edilmesini kol ayl akt
Bununla birlikte, -al ékmanén bazé sénérl él ekl ar
kavram aja-1laréneén Ve qui z sorul ar éneén kal ites
dejerlendirilmixktir; geni kK kateéeléemlé kull aneéecé
°Jrenme -éekteéese °|-¢;mleri

hen¢gz tamamlanmaméxkt éer Ayr éc a, YouTube altyaze
soru ¢retimi performansénén etkilenebilece].i g°
y°ntemlerl e uyuml u bir mi mar i iszerine kur ul c
ger-eklexktirilecek kontrollg¢ kullanécé -al ékmal a

39



ARCENG V. INTERNATIONAL AEGAN SCIENCES CONGRESS BOOK

5. SONU¢ VE ¥NERKLER

Bu -al eékmada, cniversite °jJrencilerinin uzun Vi
edi nme s¢grecindeki verimsizIlifi azal tmayée ama-|
°Trenme platformu ol an NoteGenie geliktirilmikt:i
bir REST API arka vy¢ze¢ ve PostgreSQL veritaban
kur ul muck; YouTube transkript ve PDF metin -ékarnmn
model i ni b¢eteéenlektirerek akademi k °zet | akeéell e

sorucevap asistané ¢retmektedir.

El de edilen bulgular, genik bajlam penceresine s
i -eri klerini bel ¢nmeden i kKleyebildijini; bu say
birbiriyle tutarl é ealed/iajpump dg stnegrmmelatyendikr .meS mreu
tasarl anmaseé, RAG mi mari si ne i1 i kkin l iterate¢r
azal tmexter ( LeBwi ssovndu.-,l a2020)al ekmaneéen | iteratyg
°czetl eme, soru ¢retimi, k av r a m-cekiap yontendesing tekddir u Kk t ur
ejitim platformunda b¢t ¢nl ektirme hedefine ul akt
Gel ecek -aléexkxmalar i1i-in akajéedaki geliktirme °ne
T Sistemin °J renme -ékteéelare czerindeki et k
ger-eklektirilecek nicseh talsékmalsarleaml @t Eneijdi
T Bil gi kartlaréenén (flashcards) gesteril me s
(spaced repetition) algoritmal arénén entegre
T Kstemci kat manénén React Native veya Flutter
mobil cihazlardan da i-erije erikebilmesinin
T Geliktirilen yapay zek© mod¢l Il erinin, cnive
Y°netim Sistemlerine (Moodl e, Canvas, Bl ackb
entegre edilmesi,
T Dé¢KéKk kaliteld altyazé verisine sahip video
arteéermaya y°nelik °n ikleme (ge¢relte temizler
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Ozet

Beyek kKehirl erde yakayan bireyl er, yojun me k C
kikisellexxtirilmik gezi rotalaré belirl emekte g¢
genel |l ikl e statiKk model | er czerinden -al exmakt
yeterince dikkate aWampmakeé adéée. vB8ui lahéyampédaal a
di nami k v e - ok akamal é bir me k ©n °neri si il e
kull anécénén anl ébké rkaokn uynfumtue nviey | s2¢ rbéekllier | enen ki K
ol arak alarak en uygun g e-pglatfornt mobiawglanga Uteendeap | a ma
sunmaktader. Sistem, Flutter tabanl & mobil ar a\
PostgreSQL verit ahRlnée ntee ggroaogyl een PKH aatcreasn éndan ol u
czerine kurul muktur. Rota optimizasyonu ve mekan
-1 MS) form¢gl asyonu ve Gezgilni t®at ékné YRrkeelnl ekKnd mktu
Nei ghbor) algoritmasé kullanél méxteéer. Mo bi | ar a
Android ve web platformlaréné tek kod tabanéndar
ile anl ek ve dinamokuutiur udojarkafaidéver iStissheaeme per

s¢releri, al goritma kar makékl| ék anal izl eri vV e
dejerlendirilecektir. Tekni k dojrulama i-in bir
Wayf ar e, Terkiye' de dijital turizm altyapéseéncte
ki kisellektirmeye y°nelik yenilik-i ve °]-eklene
Anahtar Kelimeler: Mo b i | Turi zm, Dinami k Rota Optimizasyon

Uyum Skoru (IMS)

WAYFARE: A STRUCTURAL -ALGORITHM -SUPPORTED DYNAMIC VENUE
RECOMMENDATION AND MULTI -STAGE ROUTE PLANNING SYSTEM BASED ON
LOCATION AND ACTIVITY PREFERENCES
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Abstract

Individuals residing in major cities frequently struggle to identify personalized travel itineraries due to
the overwhelming diversity of venues and prevailing time constraints. Existing lotaisedl
recommendation systems predominantly operate on static models that inadequately account for user
preferences and dynamic variables. This study introduces Wayaggnamic multstage venue
recommendation and route planning system inspired by Al algorithms. Given a usetimaeal
location and personal activity preferences determined via aamthdrop interface, the system
computes an optimized itinerary and delivers it through a -@as®rm mobile application. The
backend infrastructure is built on .NET 9.0 (C#) and operates on a PostgreSQL database. Route
optimization and venue selection are performed using the Interest Match Score (IMS) formulation and
a Traveling Salesman Probldmased (TSH.ite) Nearest Neighbor algorithm. The mobile interface is
developed with the Flutter framework, targeting iOS, Android, and web platforms from a single
codebase. Integration with the Google Places API supports-timealdynamic geospatial database.
System performance will be evaluated through external API response latencies, algorithm complexity
profiling, and usebased venue matching accuracy. Validation includes unit tests and error handling
evaluationsWayfare offers an innovative, scalable solution aimed at strengthening Turkey's digital
tourism infrastructure and enhancing the personalization of urban travel experiences.

Keywords: Mobile Tourism, Dynamic Route Optimization, LocatiBased Recommendation
System, Interest Match Score (IMS)
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SOSYALMEDYA STRATEJ KEERKBJIK Kk L ET ME
PERFORMANSI: L KB YA' DEAKKPME RAKENDECKLERKNDEN
KANITLAR

SOCIAL MEDIA STRATEGIES AND SMALL BUSINESSPERFORMANCE: EVIDENCE
FROM CLOTHING RETAILERS IN LIBYA
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! Department of BusinessAdministration, A | t & Wdniversity, Istanbul, Turkiye
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Ozet

Bu- al ékimlay alfabius e h r faaliyetegosterenkiicik giyim i k1 et mpkeef bnimansé
Uzerindeb eswsyalmedyastratejisiboyutunuretkisiniampirikolaraka r a Kk t € rKanyadkT ald&m |. €
m¢, K tkeart iéveiélmet pagaramia,k t \v& icgim@ilergcerik o | u K tveid arfaéile 8 m &ee K
potansiyel m¢ kKt g a i at man éem enref o r (imeximdeke toplu ve bireysel etkilerini
incelemektedirNicel, kesitselbir t a s éenineenerely a k | 3D giydnk acentesindéki Kilit bilgi

k ay n ayjaépnéal a rnadketu ¢ § mE sldavdilent0 bireysely a i &tl aiizeyimdeb i | e ki k
puanlarad © n ¢ K t ¢ r SPESitesbrtimleyiciistatistikler, glivenilirlik analizi, Pearsorkorelasyon

analizi ve h i y e rcakiukregtesyonanalizig er - e k | e kBulgularj tbpta isesyal nredya
stratejisi modelinin istatistiksela - € d a h aonhldéu j(R# n /8, p < .001) ortaya koyarak ana
hipotezidesteklemektediBireyselboyutlara r a syéanl dnséaz vegaatansiyelm ¢, K tyaratma( &

49, p < .001) istatistiksel a - € chann apoditiE bir etki g ° st e r T bdyutlar bi | ek i k
performanslagicli pozitif ikili korelasyonlas e r g i |(re=n6iri K%).Bu | g u hemte@ikhem
depratik- e k artéanrltadké | makt adeéer .

Anahtar Kelimeler: SosyalMedya Stratejileri,K O BKe r f o rLibyaDgital ,PazarlamaKuiguk
Kkl et mel er

Abstract

This researchempirically examinesthe impact of five dimensionsof social media strategyon the
performanceof small clothing enterprisesn Tripoli, Libya. The ResourceBasedView and Usesand
Gratifications Theory give way to a study on the brand awarenessand promotion, customer
engagemenand communicationmarketresearchandinsights,contentcreationand distribution, and
salesandleadgenerationmpact,which collectively and severallybring aboutimprovedperformance
of the businessn termsof finance,operation satisfactionjnnovation,andmarketgrowth. Utilizing a
guantitativecrosssectionaldesign,structuredquestionnairesvereadministeredo 2 key informantsat
approximately 30 clothing agents,yielding 60 individual responseswhich were aggregatednto
businesdevel compositescoresfor analysis.SPSSwas usedto run the descriptive statisticsand
reliability analysis,Pearsorcorrelationanalysis,and hierarchicalmultiple regressionThe resultsof

44


https://orcid.org/0009-0006-5643-4213
https://orcid.org/0000-0001-5572-5058

ARCENG V. INTERNATIONAL AEGAN SCIENCES CONGRESS BOOK

the studyindicatethatthe overall socialmediastrategymodelis statisticallysignificant(Rz=.78,p <
.001). Thus, the main hypothesisis supported.Among individual dimensions,only salesand lead
generatiomproduceda statisticallysignificant positive effect ( & .49, p < .001).All five dimensions
demonstratedtrong positive bivariate correlationswith compositeperformance(r = .67 .75), with
nonsignificancein regressionattributablepartly to multicollinearity among predictorsand limited
statisticalpower. Contextually,the dominanceof salesorientedactivity reflectsL i b ycasBbsised,
informally networkedcommercialenvironmentn which socialmediaservesprimarily asa demand
stimulationand leadfacilitation tool ratherthan a formal marketingchannel.The findings represent
thefirst quantitativeempirical evidenceon the socialmediastrategyandthe SME performancen the
Libyan clothing sector.They haveimportantimplicationsfor entrepreneurgrogrammedesignersand
policymakersn postconflict developingeconomies.

Keywords: SocialMediaStrategiesSME Performancel.ibya, Digital Marketing, SmallBusiness
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BAKL AGHBUKLARINDAN F ONK S K'Y OBNIEAL
BKLEKENL ERBANEK STE ML E RTEKNDEF ONKSKYONE L
¥ ZEL L KKVYEWRGULAMALARI

FROM PULSE PODSTO FUNCTIONAL FOOD INGREDIENTS: TECHNO-FUNCTIONAL
PROPERTIES AND APPLICATIONS IN FOOD SYSTEMS

Bilge BASTURK BERK?, SebnemTAVMAN 2
'Ark Gor., EgeUniversitesiG & dVig, h e n d Botimii, TemelK kK | e 060D0H00274055288
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Ozet

Sardurdlebilir g € diretimi ve donguselbiyoekonomia n | a yyéneli& are@anilgi, t ar éyars a |
Urtinlerinfonksiyonelg € 0 a | e kolmakde 1§ ie r | e n ddnelikal rnaeksti @mr@mad laanrd@& r mé K t
Bu yanirinlera r a syemaldrebaklagilk a b u kehdéstrigeli k | & éne a BUgUK miltarlarda

a - é-jéak mar sag megyik olciided eJ er | e ndi r Bununleerlikte, kitksldiyat lifi

i - eileifgnalik b i | e wd dkil Jberoaktif b i | e wdydsihdeg & drénlerinin hem besleyici

d e ] e hemnea teknolojik 6zelliklerini g e | i k t i potanisiyelfonksigokelb i | e kol e r

giderek dahafazla ilgi gormektedir.Bu derlemedebaklagil k a b u k | @lde@dilendmn | ekenl er e

i | i gikdeln al é k dzellikle teknafonksiyonel dzellikleri ve g é aistemlerindekik ul | an ém
potansiyelleria - € s @l@adlaénn maiyt raé&decatma,® | ¢ tvenekstraksiyongibi f a rikkl 1ée me
yontemlerininbu b i | e k eekniofenksiyonel 6zellikleri Gzerindeki etkileri; su ve y a jutma

kapasitesiemdilsifiye edici ve kbpuko | u k tozeltikierd jel o | u Kk tdwarv m aeol@jik ézellikler
ve antioksidan aktivite a - € s édhedjaenr | e n d i Buhuh me lkndee rbaklagil k abuj u

bil ekehéeé iranierih@akarna,et drinleri,at é Kk t & wentai | ] gekr Sistamlerindeki
gincelu y g u | adrdlénmeaktédirTeknolojika v ant ay & m & duyuysalkalite, hammadde
d e] i K kweendustriyeidlcektei k | #eme i mdvgutizarluklardat ar t & Kk éSomokadakt, a d é r .

Ozellikle bi | efkemk si yomell li ikjt iver ibaklagé E a buk ay nadklléekenl er i
surdurilebilir ve temiz etiketli g € dfaor m¢ | a s ydahaly ary @gkéuwhlal a n éyomalks é n a
gelecekteki ar a kKt gareksmimleri ele al € n ma kBaldagiE rk.a b u k |yeteriice

dej er | endirr k | yameigiaeimkatmad e | yeikseékbirg é dal e @ misgrkd ¢r ¢ 1 mes
a - & s énerdlibinpotansiyels u n ma kBula id e e kK Ekndfenksiyomeldzelliklerinin dahaiyi

anl ak é&léndaag @ | a madhha g € nalgekte k u | | a n é destakleyecekva daha
surdurilebilirile temizetiketlig & drédnlerining e | | K t ikraitdlagelsa yneec a k't er .

Anahtar kelimeler: Baklagil k a b u ktékmofogksiyonel 6zellikler, fonksiyonelg é dba | ekenl er i
gédwgul atemidetiket & ,

Abstract

The increasingdemandfor sustainablefood production and circular bioeconomyhas stimulated
interestin the valorizationof agriculturalby-productsasfunctionalfood ingredients Amongtheseby-
products pulsepodsare generatedn large quantitiesduring industrial processingout remainlargely
underutilized. Despite this, pulse pods have attractedincreasingattention as ingredientsthat can
improve both the nutritional value and technologicalperformanceof food productsdue to their high
dietaryfiber contentandthe presenceof phenoliccompoundsand other bioactive constituentsThis
review bringstogetherrecentstudieson pulse pod-derivedingredientswith particularfocuson their
technefunctional propertiesand their potential use in food systems.The effects of processing
methods,including drying, milling, and extraction,on the technefunctional propertiesof pulse pod
ingredientsare discussedwith particularemphasison water and oil-holding capacity,emulsifying
and foaming properties,gelation behavior, rheological performance and antioxidant activity. The
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review also summarizegsecentapplicationsof pulsepod ingredientsin bakeryproducts,pasta,meat
products snacks andotherfood systemsin additionto the technologicabenefits,currentchallenges
relatedto sensoryquality, variability of raw materials,and largescale processingare discussed.
Finally, future researchneedsare highlighted, particularly those related to improving ingredient
functionality and expandingthe use of pulse pod-derivedingredientsin sustainableand cleartlabel

food formulations. Pulse pods offer an opportunity to transform an underutilized processingby-

product into a valueadded food ingredient. A better understandingof their technefunctional
propertieswill facilitate the wider utilization of pulse pod-derived ingredientsand support the
developmenbf moresustainabl@ndcleanlabelfood products.

Keywords: Pulsepods,technafunctional properties functional food ingredients,food applications,
cleartlabel

1. GKRKK

D¢nya n¢gfusundaki arték, doj al kaynakl arén gi de
géda ikKleme end¢gstrisinde olukan yan ¢ré¢nlerin d
h©l ine getirmiktir. Géda ikKkleme sérasénda ol uka
dejer i uygul amal arda kull anél makta veya aték o
kayeplara hem de -evresel sorunl araypap&l aaxéeém&kt a
tarémsal yan ¢ré¢nlerin y¢ksek katma dejerl i fon
s¢e¢rder gl ebilir bir str atVegavd, 2020aGuavd., 202 eYuvdé k ma k t a

2025).

Baklagiller, yiiksek protein, kompleks karbonhidrat, diyet lifi, vitamin ve mineral icerikleri nedeniyle
insan beslenmesinde 6nemli bir yere sahiptir. Bununla birlikte bezelgeni sativuri nohut Cicer
arietinum), mercimek ens culinari3, fasulye Phaseolus vulgarjsve bakla(Vicia fabg gibi tirlerin

i KI enmesi sérasénda °nemli mi ktarda kabuk vyan ¢
y € mi veya kompost olarak dejerlendiril mekte, anc
katma dejerli uygul amalar i -in °neml:.i bir potan:
Lamonaca vd., 2025).

Bakl agi | kabukl arénén fonksiyonel performansé vy
uygulanan ikleme teknolojilerine de bajl édeéer.
ekstre¢gzyon gibi i Kl eml er ; i f, protein ve fenol
kapasitesi, em¢l si fiye edici °czelli kler,- jel 0
fonksiyonel czellikleri dojrudan etkilemektedir
bil ekenl er, ferencel ek ¢renlerinden bitKki bazl é
temi z etiketli fonksi yonel MateosAparicionvd.e2010;Kbnaarn a k Kk u |
ve Deka, 2021; Sharifi vd., 282Ben Said vd., 2025).

Mevcut - al é k-majl lamrl ukl a bakl agi |l kabukl arénén Dbesi n:
czerine odaklanéeérkenfonksieyenelekhoélolji kleen , veek:
uygul amal ar éneé be¢teéencgl ol ar akalelkemafdahr skn é - ablaéku
kabukl aréenén ki myasal bil eki ml-tonksiyonel bzeljkiedi wenan i K
geéda sistemlerindeki kull aném al anl aré ge¢ncel 1
gel ecekt eki arakt eéer ma gereksinimler:i s¢rder ¢l e

perspektifiyle tarteéekél méexkter.
2. BAKL AGWBUKLARININ GENEL¥ ZEL L KKLERK

Baklagillerini k | e B me a & Ié mbdbuklar,uzuny € |dl¢;akatknad e ] € B I Byansirénler

olarakd e ] e r | e olshdaryiiksekdiyet lifi, protein,fenolik b i | eexdii fbgoaktifbi | e kK e n
icerikleri nedeniylegiinimuzdefonksiyonelg € & & | eolamkdnemli bir potansiyelt a k € ma kt ad éer
Bezelye, nohut, mercimek, fasulye ve bakla gibi y a y daklagillerini Kk | e rsrae aisnemlid a

miktarda kabuk o | u k nmodu, buayan Uriinler tir ve y e t i kktoikrunheb a jo@akaf ar k1 é
kimyasalb i | e kgdstaimektedirGenelolarak kabuklar;seliiloz,hemiselilozve lignindeno | u k a n
¢ozinmeyeniyetlifi b a k € m2engihalup,dg i kommardgorotein,fenolikb i | e Hnindrdlles r |,
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ve d i Jbeaoaktif b i | e kde icdrmektedir.Bu b i | ebaklagil,lk a b u k | sa ved raguima
kapasitesi,emdulsifiye edici 6zellikler, jel o | u K tduarvm aaena@tiovksidanaktivitesi gibi tekno
fonksiyoneldzelliklerinintemelinio | u Kk t u r Ayark@yguidn@arkurutma,® j ¢ tfrakesiyonlama
ve ekstraksiyoni kK | e bu beirlie Kk ¢ mIn& sii 1y cdneenli diciide etkileyerekf a r ké da
sistemlerindk u | | potaresiyelinibelirlemektedir.

2.1. BaklagilKa b u k | &t @ r éatenelOzellikleri

Baklagiller (Fabaceag yuksek protein, kompleks karbonhidrat, diyet lifi ve biyoaktif bi | e Kk e n
icerikleri nedeniyleinsan beslenmesindé@nemli bir yere sahip olup, a y rzamandastrdurulebilir
bitkisel proteink a y n aakrl aasn@rad ana k(As# ddg 2013). Bezelye(Pisumsativun), nohut

(Cicer arietinum), mercimek(Lensculinaris), fasulye(Phaseolusulgarig) ve bakla(Vicia faba) gibi

turler; konserve,d o n d u r arlinmunkn i K ave bitkisel protein Uretiminde y a y gkarak

i K1 e n mekan érdtimracmiyle birlikte bu sureclerdeénemli miktarda organik yan uriin

ol uk malkku ral che jéenr | e rsidrduntlebllirdretima - € s énemdkaanz a n mgNartea d & r
vd., 2023;Yu vd., 2025).

Baklagilk a b u kmeyavaniad, ekké s mé ni& pevikaradokusuolupg e | isiresiacde o hu ml ar é

k or u ma Kanelemé kabuk soyma, konserveleme,dondurmave protein ekstraksiyonugibi

i K| esnélrearmmlardara y r €l w Ir ukeaninen biyikbiyokitlef r ak s i y doimirli ar é nd a
ol ukt ur Tazebdazaydi€krl. e n nkeash inkdbplam @ima j € r lyéajkélRa3mMa R ' é n é
genel olarak ise baklagil i k | eanairlnlerinin toplam biyokitlenin %20 30'unuo |l ukt ur duj u
bildiriimektedir (Nasir vd., 2024; Narteavd., 2023).K Kk | 8 ;e a m&vell a b u k | yaarséenréan

tohumk a b u K Ié aveydkusurlutanelerproteinekstraksiyoniss o n o A siposahr ak sivge onl ar é
p i K isrénveaa yarr U8ln olarak ortaya- € k ma kAncakdba derleme,miktar ve fonksiyonel

k ul | potaesiyelia - € s @modeanh fraksiyonuo | u Kk meyvekma bu k lodm&hanmakt ad
(Narteavd., 2023;Lamonacavd., 2025).

Baklagil k a b u k |fizikse? wve &imyasal 6zellikleri; bitki tlrd, genotip,y e t i kktoikrunihdsa r € ,

ol g unveuyygulanani k | eekrelojilerine b a ] dlagak d e ] i K meBut ceadjiirk k enl i k,
ekstraksiyorverimini, eldeedilenprotein,diyet lifi vefenolikb i | £ kK & k s i ydzellikleaimi\veen é n

f a rgkél destemlerindekifonksiyonelp e r f or md o p I etkil@meltedir(Narteavd., 2023).

Bu nedenlebaklagilk a b u k Ikimmyagathé H e kK i wvely @ p ®zeiikierininortayak o nul mas é,
fonksiyonelk u | | potar&sigellerinind e j er | e rad ié rs iccimad garekliliktir.

2.1.1. BezelyeK a b u k (Pisum &ativumL.)

Bezelye(PisumsativumL.), konserved o n d u r tulh, itkisel protein,n i K &esuh {@etiminde

y ay olaraki k| e@memlnbir baklagildir. Bui k1 esnd rea ® &€ o déadbuklar, ham madde
ajéerl galen@BEAKW ' e hekt emblyik kan Grin f r ak s i y oliril lB&liné n d a n
gelmektedifHananvd., 2020;Nasirvd., 2024; Bhiri vd., 2024).

Bezelyek a b u k Iteameld n E @ wigenlifi o | u K t u r Topldmtdigedli® i - e kuiujnadde
bazeéeyalk!l &%8&klup bunun biylk k & s seRiloz, hemisellloz ve ligninden ol uk an
¢cozunmeyetif fraksiyonudurAy r ¢ a k | %a1RQ,& 1d,9protein,d ¢ kmgiktardalipit, basitk e k e r | e r
ile kalsiyum ve demir gibi minerallericermektedir(MateosAparicio vd., 2010; Hananvd., 2020;
Nasirvd., 2024).

Fenolik b i | e kbiakkleenmrébazdlyeik a b u k | e-kuénarid asit, sinnamoil glikoz ve 5-

kafeoilkuinik asit gibi fenolik asitlerile k a t eekpii nk, ave ratia b a K Ifla¥anaidler olarak 6ne
- & k ma KAty a dareksisinnamikasit tlrevleri, klorofil ve karotenoidlerantioksidankapasiteye
katslkag | a m@dndriadd Z2022;Nasirvd., 2024).

Lignoseluloziky a psaye®nddezelyek a b u i b b nfénksiyamelg € H & | eolarekd ie Jaiyln, é
zamandaseluloz mikrolifleri ve seltloz nanokristallerinintretimi igin de uygun bir hammaddedir.

Alkali ekstraksiyonve a j a rit umlae mlyikgek syal f el sélifor edde edilebilmekte;buy ap €1 ar

b i y o lmbaldj,llompozitmalzemelerve kapsillemesistemlerinded e J er | e nd (Kaessadbme k't e d
vd., 2020;Bhiri vd., 2024;Fengvd., 2024).
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Teknofonksiyonela - & Oeaeatyek a b whuy a k | &62 §/d su tutmave 2,58 g/g y a futma
kapasitesi gostermektedir. Bu 06zellikleri sayesinde hamur sistemleri, emilsiyonlar ve corba

for m¢gl as yoipyashpg elnidsetstahbilizarolarakk ul | an é | aHananvehg2R20;e d i r
Rudravd., 2020;Ben Saidvd., 2025).

2.1.2. NohutKa b u k (CmaraietinumL.)

Nohut (Cicer arietinumL.), konserve,un, bitkisel proteini z o Vea & &ii K Il egrandrénlerinin
Uretimindey a y glazakk u | | a@memlibiabaklagildir.Bui k | esnél rears I€ unkdbklar,diyet

lifi, protein,fenolikb i | e weiminéradlarb a k € meengihlh n | e knedanhiykefonksiyonelg € d a
bil eolarekdie ] er | e n d (Tassohivth2020; daddawd., 2023;Lamonacavd., 2025).

Nohut k a b u Kkdriamaddeb a z éynadkal %X @rktein icermekteolup, d ¢ K lgpk i - er i J i ne
sahiptir.Proteinfraksiyonuasparajin)dsin ve valin gibi esansiyeaminoasitlerb a k € m zengihdirn

Ay r @8etill@z,hemiselllozve lignindeno | ulifd m a k s iilg fenolik b r E e u yiarl Gaimin
hembesinsehemde teknofonksiyonel6zelliklerinek a tskag | a mehtestve, @@5; Narteavd.,
2023;Lamonacavd., 2025).

Fonksiyonelozelliklering e | i k t iybnelik-meels @ n raadllilderdarizeljelektrik alan(PEF)6n

i K | dikiket cekmektedirAlkali ekstraksiyondncesindeuygulananortak i d dPER hlieed uv ar
ge-ir gant &fpraemelstraksiyonverimini yikseltmekte;su ve y a futma kapasitesiile
kopuk o | u k tve emilsifiye edici 6zelliklerii y i | e kK t iBunondakitlikéedyilksek elektrik
alank i d d erotéiredenatirasyonunaedeno | a b i | d ikjl kax e In logimizeredimesi
gerekmektedifAtesvd., 2025).

Yikseksub a ] | kapasitesinesahiplif f r a k s i sgyesindlamhugk a b u KZelbikikeE ér énceéel ék
Urinlerinded o jyad g e | i wlarakk u £ 1 a n é ILimiadegi kamuEunhidrasyonunwe Urin

neminiar t éralatmalkiii yi | ekt i aneakyikser& kil ¢ amnaml| glatehmd & n €

z ay éf haait\e teleskirizerindeolumsuzetkilero | u Kk t u r a lfTassomel k2020;dNartea

vd., 2023;Prabhuwd., 2025).

Lignosellloziky a p énedeniyienohutk a b u b li § o &ocanpokitemateryallericin de uygun bir
hammaddedirOzellikle aminosilanile yiizeymodifikasyonuuygulanarmikronizenohutk ab u k | ar é n & n
kompozitlerinmekanikd a y a n @ meé aveé du@alpsérbsiyonunwa z a | hildiriengkéedir (Prabhu

vd., 2025).

2.1.3. Mercimek Ka b u k (Lenscalinaris)

(o]

Mercimek(Lensculinaris), kabuksoymave k & rimal e sné re a dnénmlichiktardad ékabukyan
arindo I u k ty @&y die baklagildir. Bu kabuklar, yliksek diyet lifi ve fenolik b i | éerikleki
nedeniylefonksiyonelg € 0 & | eolarekdie ] e r | e n d {BautistaBxpdsitoal.d2022; Nartea
vd., 2023;Chauharvd., 2026;MoralesCabreravd., 2026).

Mercimek k a b u k | kamyagahbéinl e bdylknilglide sellloz, hemiseliloz,lignin ve pektinden

ol u kimred u v pdisakkaritlerindenmeydanagelmektedir. Toplam diyet lifi i - e P4V8j438'e

kadaru | a k mlagburainbiyikboliminicdézinmeyerliyetlifi o | u K t u r Ayarka9¢@édng r .
GAE/g'au | a koplam fenolik maddei - e r ibjkliagyl yae Urinleriar as@adak makt adeéer .
B a Kk Ifendilab i | e K49-k & & eprosiyanidinler,prodelfinidinlerve g a | | o yflavam3rolé K

turevleri olup, kalsiyum ve demir gibi mineraller de besinseld e | e desteklemektedi(Bautista

Expésitovd., 2022;Chauharvd., 2026).

Mercimek k a b u k | fanksgand deellikleri uygulanani k | éekmelojilerinden dnemli dlgtide
etkilenmektedir. Kontrolli kurutma i k | e menadik b i | e k ivik krngioksidan kapasitenin
kor unmiaasteshesf | ayiksaekis € c aky gkl abiyodktd b é | kraiyle p hedené n a
olabilmektedir.Benzerk e k ipdktthazb a zhzignatikhidroliz ve mikrodalgadestekliekstraksiyon,
fenolik b i | e He pkebiyotik oligosakkaritleringerik a z a n @ mt @ eaneakoptanumi kK | e m
k o kK u | bedirleranesinigerektirmektedi{BautistaExpdsitovd., 2022;Chauharvd., 2026).

Yiksek diyet lifi ve fenolik b i | é k ie ksalygsindemercimekk a b u kfénksiyomel unlar, lif
konsantrelerive d o J anfioksidane k s t r alketintindeadéeri er | endi uyguhe bi € mekt e
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teknolojileriyle d e st e k | demiad étiketli wedfenksiyonelg é d @ r m¢ | a s Ymemlibar é nd a
kul | potaresigelis un makt adér .

2.1.4. FasulyeKa b u k (PbaseelusulgarisL.)

Fasulye(PhaseoluwulgarisL.), konservelemejondurmakurutanei k | ‘eetitiisel proteintretimi
gibi bircok endustriyelsirectei kK | e n buea kktl eegrd rea énemlidniktarda kabuk yan Grini
ol uk makasulyek @ .u kylikeekdéyet lifi ve fenolik b i | &axikleki nedeniylefonksiyonel
gédal eve biyoiefineriuy gul aanad sa@red am hammaddedi(Tassonivd., 2020;
Mosoarcavd., 2021;Smerigliovd., 2025).

Kimyasal b i | elka ke m&asudya k a b u kylikeek diyet lifi ve d ¢ K Hpk icerikleriyle
karakterizedirBorlotto fasulyesi(Phaseolusiulgaris var. borlotto) k a b u k | yaar kél Sa9kadiyet

lifi ve%10,9karbonhidrabulunurkenlipiti - ey & [ mn%Qz,c4a6Y'adraksiyonua | € rolardakk | &
oleik, palmitik ve linoleik asitlerdeno | u kK ma % t @akkaroz,b-fruktopiranoz, sitrik asit ve
suksinikasit gibi karbonhidratve organikasitlerde besinseld e ] ek a tslag§ | a m¢Seriglia é r
vd., 2025).

Fasulyek a b u laly aa@@ndafenolik b i | e b ia k le en&englnalap, toplam fenolik madde
mi k t586r88 mg GAE/100 g'a kadaru | a kK a b i |BnaeKk feesldaibri .| e kkeersétieve
kaempferoltirevleri ile antosiyaninlerdero | u k nolug bud i | e yikdeKamtioksidanaktivite

gOstermekteve g € dciatemlerinderenk stabilitesinek a tskag] | a maAky tr a@ngénellin gibi
biyoaktif alkaloidlerde fonksiyonel6zelliklerini desteklemektedi{Smerigliovd., 2025).

Gozeneklilignoselilozikmi k r o gaygsieddasulyek a b u kiksekseve y a futmakapasitesi
gOstermektedif-asulyek a b wiuy a k | 7556 & 30g/g sututmave 2,53g / glzegindey atjtma
kapasitesinesahipolup, bu 6zellikleri sayesindeunlu mamuller,emulsifiye et triinlerive d i jgeérd a
sistemlerinded o J tad | | aeyyéacpe® | i wlarakk iud¢ I a n € | a(Martiner@aktafievd.,i r
2020;Mosoarcavd., 2021;Smerigliovd., 2025).

2.1.5. BaklaKa b u k (Viaia fabal.)

Bakla (Vicia faba L.), taze tiketim, konservelemeve d 0 n d u r ulin inetimindey a y @larak

i K1 e nalup, b Dleabuklartazebitki a ] € r |yea] kel d&@n@sknio | u K t u r Buayliktel d é r .
yan Urinmi Kk t bakla& a b u k forksiyenel® i | diretamnicin dnemli bir biyokitlek ay naj é
halinegetirmektedirKrenzvd., 2024;Camachovd., 2025;BarrialLujanvd., 2025).

Baklak a b u kdruamaddeb a z e, 157,5 toplam diyet lifi icermekteolup, ¢cbziinmeyerve
¢cozunurlif o r aynaék | JAlidié Rroteini - e gendlikle%13,614,4a r a sceenjdiak birkkie| e

b a vagyetelerde29,11'ekadaru | ak ab i IAsne B g alpikir - e r i § ji ndnolenik ve

linoleik asitlerile potasyumfosfor, kalsiyum,magnezyumdemirveb a kgi@iminerallerb a k € mé nd a n
zenginbir b i | esahiptir@MateosAparicio vd., 2010; Mejri vd., 2018;Kalili vd., 2022;Krenzvd.,
2024;Vlasovavd., 2025).

Fenolikb i | e m i kB b @arengimolanbaklak a b u k | tegplarafendlit maddemi k t320/7%
mg GAE/g'a kadar ul ak abi | Geelklt ekdéd & € e & p in k a kuergetim kaempferol
glikozitleri ve apigenintlrevleri b a k Ifeddtikab i | e kKcelnd ketr u askonbik asinve klorofil

i - e deiaftioksidankapasiteyidesteklemektedi(Mejri vd., 2018; Kalili vd., 2022; Elbadrawyve
Mostafa,2024;BarrialLujanvd., 2025).

Bakla k a b u k | &omksiyor@ln 6zellikleri uygulanan i k | etekeolojilerine b a ] blarak

dej i K m&iratreaded °r]. ¢ ti md e solveeyraifutmakapasitesile fenolik b i | ek gek | er i n
k a z a nakitegkengontrollii & si ekl | efitikl asitrtripsin inhibitérleri ve U-galaktozitlergibi anti-
besinselbi | ekakakt énanaled h a maly r dakdak a b u ] widekedilanlif ve

pektin f r aksi ¥ anlki@gsstemlerindedo] glapgel i Kueijrelcliealdrakr i ci
kul | anél a(lendrivle 2016eBen Said vd., 2025; Camachovd., 2025; Krenz vd., 2024;
BarrialLujanvd., 2025).

50



ARCENG V. INTERNATIONAL AEGAN SCIENCES CONGRESS BOOK

3. KKLEMEKNOLOJKLERK

Baklagilk a b u k I|fanksigoneigné 8 & | eolarakdie ] er | e ndy a li thdeab]dkahlyasals i
bi | exidmd]jaydulanai k | eknelojilerinedeb aj | Kudittna,® J ¢ t fraksiyonlama,
ekstraksiyon ve ekstrizyongibi i K1 e miced u v yrag € préteirevie polisakkaritlerin
organizasyonunuile biyoaktif bi | ek iekli xriil e d k] i k tfonksiyamad kzellikleri
d o] r etdilanmktedir.Bu teknolojiler, protein, diyet lifi ve fenolk bi | ek geckk @z ané mén é
ar t e rynaasnésuee y afutmakapasitesiemiilsifiyeedici 6zellikler,jel o | u k tduarvmasen é K &
reolojik performangibi teknofonksiyoneldzelliklering e | i kKt idek d teled | a m@érteaa d € r

vd.,2023;Yu vd., 2025).
3.1. Kurutma
Kurutma, baklagilk a b u k | dapol@mastabilitesinia r t emehémi kK | e mbiddir. K@uima

yontemi,fenolik b i | e K k & t & n ivafen&siy@neldzelliklerid o ] r etkilamektedir.Bakla
kabukI5°Ceé a cavikk ur u tkalite weenerjitiketimia - € s @yguhhbirrsecenelolarak
Oone - é k a rddne@urarakkurutma ¢ozunurlik ve képik o | u Kk toaellikteani gel i Kt i r mekt e

Mercimekk a b u k | ised@Cldekaurutmafenolik b i | e K k & t e n nlasteldemektesprey
kurutmaise proteinkonsantrelerinirdepolamastabilitesinia r t & r nf@aknachodd § 2025;Barrial
Lujanvd., 2025;Chauharvd., 2026;Shahvd., 2026).

3.2. ¥] ¢t me

¥ 7 ¢t mpestikil boyutunu azaltarak protein, diyet lifi ve fenolik bi | exkiek i i il @bi | i r |
ar t e rvembukat @ jolarak hidrasyon,¢cozinirlikve reolojik 6zellikleri etkilemektedir.Ancak

a kK mee®] ¢ thimed u viag ¢ n lbezargksuttmave k i kKkapasitesinazaltabilmektedir.

Bakla k a b u k | id rfréksiybrdar daha yiiksek su ve y a futma kapasitesigdsterirken,ince
fraksiyonlarfenolik b i | gekik & z a n & mté & ré mBuknedentegantikil boyutununhedeflenen

g édggul agobespémmzeediimesigerekmektedifBarrialLujan vd., 2025;BarrialLujan vd.,
2026;Lamonacavrd., 2025).

3.3.  Fraksiyonlama

Fraksiyonlama, protein ve diyet lifi gibi fonksiyonel b i | e k esetici®larakray r é k't ér €| ma s
s aj | afyarkialkél a h @ mlugundraksiyonlarelde edilmesineolanakt a n € maKkutua d € r .
fraksiyonlamas ¢ r d ¢ r ¢ | eybafrhksiyorlamgise yikseks a f Ip@teinvalif f r aksi yonl ar
s aj | anvaes & Kk Ima Orellildedezelyek a b u k | aldeédiledselilozmikrolifleri (CMF)

ve sellloznanokristaller{CNC), emulsiyonsistemlerive biyobozunurambalaju y g u | a manmiuar é nd a
vericiy ap é | an d érka&Gubvd. r20R4;Kassabvd., 2020;Bhiri vd., 2024;Yu vd., 2025).

3.4. Ekstraksiyon

Ekstraksiyon protein,fenolik b i | eexpéktn gibi fonksiyonelb i | e Kk genik @ z & n éeméln d a
yontemlerdenbiridir. Gelenekselgoziicl ekstraksiyonunury a rs & dasbeli elektrik alan (PEF),
mikrodalga destekli ekstraksiyon(MAE), ultrason destekli ekstraksiyon(UAE) ve enzim destekli
ekstraksiyon (EAE) gibi y e kekstraksiyonteknolojileri daha yiiksek geri k a z a me@nm ve

g e | i k fomksiyiorleldzelliklers aj | a m8wkybngehlérbaklagilk a b u k Itemizeiket ve
yUksekkatmad e ] &1 Il ie k& gur tes r gnemiidis dotandiyels u n ma kKRerddvel.r
2022;Atesvd., 2025;BautistaExpositovd., 2022;Yildiz vd., 2025;Yu vd., 2025)

3.5.  Ekstriizyon

Ekstriizyon,yiukseks e c akkél seeddi termomekanikbir i k | okupm i K glatinizasyonuprotein
denatirasyonwe diyet lifi modifikasyonuyoluyla fonksiyonel 6zelliklerige | i k't | Uygemkt edi r
prosek o K u | Ifeadlikébri d & k dné&nilileirik ié rskorénurkencdzinurdiyetlifi o r asatétma

kapasitesive proteins i n di r iad retbna Bunadémeekstrizyonpaklagilk a b u k| aldeé ndan
edilenlif ve proteinf r a k s i yoakekawiideinialear,ylkseklifli t a Krénlerive bitki b a 21 &

anal oofjmakaizezef a r gkd deistemlerindek u | | a westekéeyeretkili bir modifikasyon
teknolojisidir (Asif vd., 2013; Rathodve Annapure,2017; OrozceAngelinovd., 2023; Yu vd., 2025;
MoralesCabreravd., 2026)
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4. TEKNO-FONKSKYOANZEHL L KKL ER

Baklagil k a b u k | ca& dbigteanlerindefonksiyonelb i | eclaraknd e ] er | e nd isahipl ebi | m
o | d u ktékroforksiyonel ozelliklere b aj | &idgasal bi | e Kk ilembygulanani k| e me
teknolojileri; su ve y a futmakapasitesik i kdnev r semidsiiye edici 6zellikler, kdpik ve jel

ol u Kkt kapasitesiile reolojik 6zellikleri d o] r uetkiiemektedir. Bu 06zellikler, baklagil

k abukI| aeldeéedietanlarlif f r a k s ivg pyatelnlkonsantrelerinirunlu mamuller,ekstriide

artnler, et ve bitki b a zutt@er ile emdilsiyonsistemlerinded o j yad g & | i we fonksiyanel

bil eclamlnk ul | a n eolamak s & jn la a mgCGamposd/ega vd., 2020; Hou vd., 2023;
Lamonacavd., 2025;Shahvd., 2026).

4.1. Hidrasyon Ozellikleri

Hidrasyonozellikleri, baklagilk a b u k | aldeéedietld me proteinf r ak si ysuwvelyaiffeé n € n

et ki | e wkelirleyerdemeltekinafonksiyoneltzelliklerdir. Sututmakapasites(WHC), y atjtma
kapasites(OHC) vek i kkapasites(SC),g € distemlerindehamurreolojisi, tekstir,p i K iverimie

ve depolamastabilitesinid o | r etiilayenb a k lhidrasgonparametreleridirBu 6zellikler; lif

bi | e paitikilibgyutuve uygulanani kK | teknaojilerineb a jolarakd e | i k o lOzelikle

unlu mamuller,et Grinleri, ekstriiddeg € d add&, rk y¢ & jfdrma@ilasyonlarddeknolojikp e r f or mans én
gel i Kkt i onenilimle s inradna (Ndrtaaddé 2023;Lamonacard., 2025;Yu vd., 2025).

4.1.1. SuTutma Kapasitesi(WHC)

Su tutmakapasitesipaklagilk a b u k | ea gnémii &kmofonksiyoneldzelliklerindenbiri olup, lif

matrisi ve proteinlerinhidrofilik g r u pshyasinéesuyu absorbeedereky a p igesisendetutabilme

y e t e nifade etmektedirBu 6zellik; hamurreolojisi,p i K iverimigtekstirve raf dmri Uzerinde

belirleyici rol 0 y n a ma kateodAparicio vd., 2010; Narteavd., 2023). Baklagik abu k| ar énd a
WHC buyuk dlgudelif b i | evemimk r o ybaag @ #exkeleak .a b wijunday a k | 336R gk

Borlotto fasulyesik a b u k | iser7,8ehgd/ ag Uzeximdesu tutma kapasitesib i | di r Yikseki Kt i r .
lignoseliloziky a pe@o6zeneklilif matrisi,suyuny a gegisindet ut ul kmalsa&yléa K {Bémr ma k t a c
Saidvd., 2025; Mosoarcavd., 2021; Smerigliovd., 2025).WHC, uygulanan k | tknaojilerinden

de 6nemli dl¢lude etkilenmektedir.Kontrollii kurutma, uygun partikill boyutu ve ekstriizyongibi

i K1 eliny ap édejniék tsibragjriedkmar agé k e nei r eQzeliklergdZinumeifd i r .

o0 r a n éeanrdttadkasyorkapasitesve viskoziteyia r t éunlamaaidler,etirtinlerived ¢ kKy;&k] | €

g € d a ltednoldiilap e r f ori mda 1 =& t (BarratLkjanevdl,i2025; OrozceAngelino vd.,

2023;Yu vd., 2025).

4.1.2. Y a Jutma Kapasitesi(OHC)

Y a jutma kapasitesibir g € db & | e K e aifnolekllteriniy a p igesisindetutabilmey et enej i ni
ifade etmekteolup,aromab i | e k itka keér mrinddissiing e | i Kk tve tekistliretstalilikenin

k o r u nam aésseenerdlibimteknofonksiyoneldzelliktir. Bu 6zellik, lif matrisiningbzenekly a p € s é

ile proteinlerinhidrofobik bolgelerinderkaynaklanmaktave 6zellikle emdilsifiye triinler, et Grunleri,

bitki b a 2tlaé a | oguhlamamullerdeteknolojikp er f o mama @ s @fAsk vda20E;Ben

Saidvd., 2025).Baklagilk a b u k | yakee&kOHC d e | enagore dii | rBezelyek a b wjunda

y a k | 58 @ds Borlotto fasulyesik a b u k | 25568 @ /n glizezimde,Pinto fasulyesik a b uj undan
elde edilen polisakkaritf r a k s i y isaylaakr| ea&gigel a futmakapasitesb e | i r | Bunmi kKt i r
yuksekd e ] e lighosetilpziky a p éonl eurk t wdzehekiimatrisilei | i Kk ki | en@enr i | me Kk 1
Saidvd., 2025; Kamarudinve Gan, 2016; MartinezCastafiovd., 2020; Smerigliovd., 2025). OHC,

uygulanan k | knaojilerindendnemlidlgtideetkilenmektedirKontrollii s € chavkile kurutulan

bezelyek a b utjouz | agr¢rekrutdan drneklere gore dahayiksek OHC g © st elvakla | i |,

k abukl| ige k@rotmhaayontemi ve partikil boyutununy ajpaj | dmar abekénéediji
bi | di r¥Yalknhia@gtéikpartikil boyutunasahipiri © | ¢t ¢blakiak m b U jruia k si4bonl ar &
pm'lik ince fraksiyonlaragore dahayiikseky a futmakapasitesgostermektedirAy r erami ddet t e
darbeli elektrik alan (PEF) 6n i k | enohut k a b upyoteinlerinde hidrofobik bdlgelerina - € ] a
-ékmasadé haOQHEyiakt € r ab (ShanmeMe Kuendr,2d26;Camachovd., 2025;Barriak

Lujanvd., 2025;Atesvd., 2025).
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4.1.3. k i K Kapasitesi(SC)

k i K kagasitesibaklagilk a b u k |saynabsordaederekhacimlerinia r t € ryadti @ nifiede i n i
etmekteolup, lif matrisininy a p \& fidrofilik polisakkaritlerinsuile et ki | drij rhiéamher r .
reolojisi, tekstlreldzelliklervep i kK ipremd o fizeramdestidi o | maedemiylefonksiyonelg € d a

for m¢gl as yremliba paanmalrenlarakd e ] er | e n d (Nartedvdh,028; bachdnaca

vd., 2025).k i K kagasitesblyik 6lcidediyetlifi b i | eve partikil boyutundaretkilenmektedir.

Seluloz, hemiselilozve pektin b a k € m&angirdinf r a k s i dalapiksekrsabsorpsiyonu

s a] | arr pamikiill boyutunasahipbakla(Vicia fabalL.) k a b djrua k si yinoced jag e nléem¢ K
fraksiyonlaragbredahayiksekk i kkapasitesg © s t eitdidlmgktedir (BarrialLujan vd., 2025).
Uygulanani k | deknelojileri de Kk i Kk dha v r a onemliedicime d e ] i Kkt i rKonrddld edi r .
kurutmalif y a p € kK 8 n @ n nkaasteknga | aarkkewe®,] ¢ tgdzenekliy a p ém&ru | mas é na
b a jolaraékk i kkapasitesinazaltabilmektediBunak a r elestri2ykrnve enzimatikmodifikasyon

gibi i K| eg¢otuelrlif or a naérntée hidrasywkve Ki Kthavr agekerRéi Bmekt edi
Ozellikleri sayesindebaklagilk a b u k | aldeedilehlif i r a k s i ynlo mdmallerget, Grinleri,
ekstridedrinlerve d ¢ kK y & ] d éd a lhacimdya | i guituhilumu ve tekstirel stabilitenin

i yil exktkaitiskad&d saimikorzcaAhgelino vd., 2023; Barrial-Lujan vd., 2025; Yu vd.,

2025).

4.2. Arayizey Ozellikleri

Baklagil k a b u k | aIdeéediléraprotein ve polisakkaritf r a k s i y adu vealav&asu ara
ylUzeylerinde gosterdiklerid a v r a magesihdeemilsifiye edici ve kopik o | u k t deellikler u
sergilemektedirBu 6zellikler; proteinlerinylzey aktif karakteri,- © z ¢ n ¢ hidtofghikdidrofilik

amino asitdengesive lif f r a k s i y\skokitea ré th @kisthdeek ay na k | a riAraixey ad ér .
Ozellikleri, emlsiyon b a zdrtaler, kopuklii g € d avé hitki b a zforradlasyonlarday a pvé
stabilitenins a jJ | aa-ma s @merlidin teknolojik rol Gstlenmektedi(Narteavd., 2023; Yu vd.,

2025).

4.2.1. Emulsifiye Edici Ozellikler

Emuilsifiye edici 6zellikler, baklagilk a b u k | eldeédieth@rateinve polisakkaritleriny a-§uara

ylizeyinde adsorbe olarak emilsiyon o | u Kk weanstabilitesini s aj | ay g bt b migaflei ni
etmektedir. Protein - © z ¢ n ¢ pattikiilf bgyutu ve molekiler y a peéillsifiye edici aktiviteyi
belirleyentemel faktorlerdir (Narteavd., 2023; Yu vd., 2025). Baklagil k a b u k | @lde&dileha n
protein f r a k s i y gikdela eméilsifiyen edici aktivite ve emllsiyon stabilitesi g° st er di J i
bildiriimektedir. Ozellikle nohut k a b upjotginlerinde uygulanandarbeli elektrik alan (PEF) 6n

i K | epmoteinlerin ylzey hidrofobisitesinia r t & endiiisify& edici Ozellikleri ge |l i Kt i r mekt e
Benzerk e k iultradomve enzimatikmodifikasyonu y g u | adaprdtesny @ p édsegfniek arar er e k
ylzeyaktivitesinia r t €& rvexiahastabile m¢ | s i yod nlkanke@®Bhadg | a medtedvad,d é r
2025; Yu vd., 2025). Bu 0zellikleri sayesindebaklagil k a b u k | aldecedildngprotein ve lif

f r a k s i spstanemalgifigept Urtinlerivebitkib a myled ar m¢ | a s yl o fdmdilga®med a
stabilizatérolarakd e J er Il endi ri | mekt edi r.

4.2.2. Kopik Ol u k t Ozellikigri

Kopik o | u k tkapasitesive kdpuk stabilitesi, proteinlerin havasu ara yiizeyineadsorbeolarak

elastikbir film ol ukt uy a b e hled]ji InBdzelikler, protein- ° z ¢ n ¢ve malekuler

y a p éetkidenmekteolup 6zellikle f € r & arinkerl, te kt Veeptoteinb a ZKdpeakli sistemlerde

onemt a Kk € maMattem\l§ 2023). Baklagil k a b u k | @ldeaedilehgroteinf r aksi yonl ar é
kopuko | u k tplem rha ruygalanané k | yonemlerineb a jolarékd e J i k m ®déntueachk r .
kurutulanbaklak a b u k | saér déankdedkurutulandrneklerek é y aahdyizksekkopuko | ukt ur ma
kapasitesive kopuk stabilitesib i | d i r Ay rm®PEka/ei enzimatik modifikasyongibi i Kk | e ml er

2025;BarrialLujanvd., 2026;Atesvd., 2025).Bu bulgular,baklagilk a b u k | alde@éditedpaotein

fraksiyofnd rakdeésgdaesistemlerinde d o] akopik ol ukt ulriulceuolarak
dej er |l endi gostdrmeektadit. e c e i ni
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4.3. Ya p elzdllikler

Baklagil k a b u k | @ldeédilengnotein, diyet lifi ve polisakkaritf r a k s i §cdoyltla a jé ,
y a p &@ll aurk& uvewidkoelastike a v r sergileyebilmedzellikleri sayesindey € distemlerinde
onemliy a p &oskaiyonlaristlenmektedirBu 6zellikler; Grtinlerintekstiri,k € v ssurt@&ulumuve
bazgle@atdajydabgé !l i bt | e wlaerakk ek | a n & dlamakd ajr 1€ amm@Eanipasd € r
Vegavd.,2020;Yu vd., 2025).

4.3.1. JelO| u Kk t Ozellklzri

Jelo | u k tkapasnesipaklagilk a b u k | aldeédiedpaoteinve polisakkaritlerinti¢ boyutlu bir

ajy apelsek t suyuaatrkkicerisindetutabilmey e t e nifade etmektedir.Bu 6zellik; Grin
teksturi,sututulumuvey a p atabditta - € s énerdtaank € wiapkozekikle d ¢ Ky, &k judurder

ve bitki b azeta&@nal ogtdayyedamel i wlarakrdiegier | end i(Yu vd, 202%K.t ed i r
Baklagil k a b u k | lulunanpekan, seliloz, hemiseliilozve proteinf r ak sijgsloh b e udmuna

k atskag | a m®xkelikiedhaklak a b u | wldekdilenpektinf r ak si yobnjljaerl @ re&n i r i c
olarakk u | | a n é lemazinatik neodifik@isyonve ekstriizyongibi i k | e nisle biyopolimerlerin

molekilery a p édsegjniék fel orlew kevkrswb a j | lapasitesinig e | i « kildiritmelitefin

(Fendrivd., 2016; Krenz vd., 2024; Yu vd., 2025). Bu 0Ozellikleri sayesindebaklagilk a bu k| ar é nd a
elde edilen biyopolimerler, sentetik hidrokolloidlere alternatifd o | yad p € | abni dl éer k@lecakl e r
Onemlibir potansiyet ak € makt adeéer .

4.3.2. Reolojik Ozellikler

Reolojik 6zellikler, baklagilk a b u k | aldeédiledbninl e k @ k ¥edeformasyord avr anékl ar é
t anéml adumg k digemlerinink Kk | e n e tekstlirive depolpniastabilitesia - & s énerdlia n
parametrelerdirLif ve proteinf r a k s i ysuitelea rké8 rissmmucunaied | u wiskoelastiky a p é ,
Uriinlerink € v a weanekanikd a y a n leeliniénmelktedir(CamposVvegavd., 2020; Yu vd., 2025).

Baklagil k a b u k | alogkndanv r alifi &k 8 ;e wartikil boyutu ve uygulanani kK1 e me
teknolojilerineb a jola@ak d e J i k meEkstrizybn, enzimatik modifikasyonve d i ] figiksel

i K| ecodlrdinlif o r a a& & viskoritaykve jel benzerid avr geEk @t i r Alyirlémek t e c
yiksek su tutma kapasitesinesahip lif f r a k s i hamur siskemlérindestabiliteyiar t ér ér ke n,
emilsiyon b a zirUBlerdefaz a y r € araltarekdahak ar gralp@&ll aurk maaghamakt adé
(OrozcoeAngelino vd., 2023; MoralesCabreravd., 2026). Bu bulgular,baklagilk a b u k | &ldeé n d a n
edilenlif ve proteinf r a k s i yfoargkelrdiEenmderinded o jkad vamt @eryéaqé | i Kt i ri c i
bil e wlarakk e Ir | porar&sigeliniortayak oy makt adeéer .

5. GIDASKSTEML E RKSULEMALAR

Baklagili k | wamiglnlerindenelde edilenunlar,lif f r a k s ivg pratein konsantreleriytksek

diyetlifi, proteinve biyoaktifb i | éerikleni sayesindé a rgkél disiemlerinddonksiyonelb i | e K e n
olarakd e ] er | e n diYiksek snevekyt aejutmarkapasiteleri,emdlsifiye edici 6zellikleri ve

reolojik p er f o r msayesmdelaurbd | e kKteantbé@leurigler, et ve bitki b a zet @&unleri,
ekstriideg € d ald eanfilsiyonsistemlerindey a g & | i kstabilizaibcvé hesinselz e ngi nl ekt i r
olarak k u |l | a n é |(Gamapgodvena & 2020; Hou vd., 2023; OrozceAngelino vd., 2023;
Lamonaca vd., 2025; Shah vd., 2026). Yeni y a k | ametedolojileri (NAMS) kapsaménda
ger - ek | -exltéd whakdgbkra, b u k | @ldeeedilehgpnoteine k st r a lsitotokaik ve n € n
mutajenik etki g ° s t e r ma jd @étal igeriklerinin yasal s &€ n égerisindeb ul undwej unu
mikrobiyolojik a - & dlaemlio | d u jontayak o y mu (Shatuvd., 2026). Bu bulgular, baklagil

k a b u k Ifomksigone@yré d & | eolarakgilivenled e | er | e n d i destdklenektddie c ej i ni

5.1. T a heeal zUrualeri

Baklagil k a b u k | @ldeéedildnaun ve lif f r a k s i gkmek]biakivw, makarna,noodle ve
ekstridedrunlerdebesinselkaliteyi a r t & tamurkeelaiisi, su tutulumu ve teksturel 6zellikleri
i yi | ekt iviksek dyetdfidicerikleri sayesindelirunlerin lif, fenolik b i | e@exantioksidan
kapasitesiartarkenuygunk u | | an & ml kabuéedildbdir duyusaldzellikler korunabilmektedir
(Narteavd., 2023;Ben Saidvd., 2025).
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F e r é drdnieldindekaklagilk a b differi glutena | ég tl lai | rmmueunse tkitmakapasitesini

art ervelmky at IgeciktiameldedirBezelyek a b ugzumuffinlerde proteinvelif i - er i J i ni
ar t e rbezelke& a b uupwile bakla unununbirlikte k u | | sekmekteénbesinseld ej er i ni
yukseltmektedir.Benzer k e k i Hezklge,ve fasulye k a b uuj nul ézellkle glutensiz makarna

f or m¢ | as ytekndopkr genrdfao r destaklengkte; ekstriizyonla modifiye edilen lif
fraksiisepnk csb#iesi,tekstirvey ap dg ale nlygjl e k t (Fendrievdk, 201@) i r
Poojavd., 2022;Aroravd., 2025;MoralesCabreravd., 2026).

Ekstridet a hi@idlerindelif f r a k s i y @dnihlalif @ n @ mé& rt & rsuntatraagkapasitesini
gel i kK veiamtHbesisselb i | e kaizkall ebesiassh@liteyii y i | e k t iAmcakgikseldifd i r .
ilavesihamurd ay a nveidréng @ n | e kolamssizen ki | ey e Kiull d iajn dlempioses ,

k o Kk ul Ibaliktee apéinmize edilmesi gerekmektedir(OrozceAngelino vd., 2023; Rathod ve
Annapure2017;Asif vd., 2013).

5.2. Protein B a zUrgaler

M D1

Baklagil k a b u k | @ldeédilendifn protein ve fenolik b i | e ket Grdnlerrile bitki b a zet &
anal ogldeorjeanadm®e | i kK ¥y B fikarne edici ve antioksidan bi | e Kk elanak e r
dej er | endiYikseksmeely ta githa kapasitelerile emdlsifiye edici 6zellikleri sayesinde
arinlerin p i k i vennmg teksturl ve emdlsiyon stabilitesii yi | ek ttoplamy aj kemj J i
azal t él a(louvdn20R3tMerdlesCabreravd.,2026).

Baklagilk a b u k | aldeedilehlif i r a k s i yiksekhidrasy®nkapasitelerisayesindeserbest
mercimekve fasulyek a b uj weldadedilan liflerin tavuk nugget,sosisve benzeriemilsifiye et
Urtinlerindek €& symaiikameedicisiolarakk u | | a n éUrialérinnerdini, fekstiirinive emilsiyon
stabilitesinii 'y i | e kytaij r ie r & Z an | biidtrileng¢k&dir (MartinezCastafiovd., 2020;Hou vd.,
2023;MoralesCabreravd., 2026).

Fenolik bi | e k izknigie eksteaktlar ise d o] artioksidan olarak lipid oksidasyonunu

y av a k| arenkastatilieesini ve raf omrint i yi | ekt i Aymeekcbagedk st.r akt | ar €
antimikrobiyal 6zellik gostermesisentetik antioksidanve koruyucularad o | atdrnatifo | uk t ur ma
potansiyeliniortayak o y ma k(Feadd &dr, 2022; Krenz vd., 2024; Smeriglio vd., 2025). Ay n &
fonksiyoneldzellikler, bitki b a zla@ a | o gdasututulondugy a p € t ¢ nvé dyyjusalkaliteyi
destekleyerekemiz etiketlif or m¢ | a gy d ri Ikd ri I a tbkage b a m @8untunia birdikte,

yiksekk u | | dimeglenindesertlika r tvérenkd e i kg Mt g Ir € b iGtudtipiheiuygdne n
optimumk u | | seviyelenininbelirlenmesigerekmektedir.

5.3. Di | Wgulamalar

Baklagilk a b u k | aldea@dilehéifnproteinve fenolik b i | e wean In& & leaggproteinb a z | €
urtinlerded e j hi d z@balar,emdilsiyonsistemleribitki b a Zcecéklerve sutalternatiflerigibis € v &
veyakaygeda ldafonksayonelb i | eokaraknd e j e r | e n d iVYilksdk suebkat] el dai nma
kapasitesiemdlsifiyeedici6zelliklerive d o j aatioksidaricerikleri sayesinddub i | e kiimerire r

k & v a nyéanpeéssahilitesini ve besinseld e ] ematr h B rtamizkedketi f or m¢g |l asyonl ar
gel i kt ikraitdldelsa m@edmoraché.r2025;MoralesCabreravd., 2026).

H a z garbave benzeritrinlerdebaklagil k a b u kehidrasyond a v r a ve&eolgjik @&ellikleri

i yi | ek bezelye kr &kbeuthzw ¢cozinir lif i - e sdygsindez a yabdakk ar gty &@p é s é
ol ukt toplaanrdigeklifi mi kt ar & @ @€ mak it @wdisatik modifikasyonlaelde edilen
mercimek k a b ufjrua k s i y @rebiyetik @digosakkarit o | u k uenmamtioksidan kapasitenin
art tsayjve baklak a b uj ueldel aditen liflerin ise baj € ms Rk 0o b i gestéklaygre n &
fonksiyonelb i | e wlaraklk @ d | a n & bildifinmektedic (eldnanvd., 2020; Ansari vd., 2022;
Huangve Hsieh,2019;BautistaExpdsitovd., 2022;CamposVegavd., 2020).

Sony é | |baklagila k | gamértnlerib i y o laudmalardada 6nemk a z a n rBé wah € r .
drtinlerdenelde edilen seliiloz nanokristalleribiyobozunurambalajfilmlerinin mekanik ve bariyer
Ozelliklerinig e | i k tfenolik br ikleenk 2 & th @ ir h lea&tik ambalajmiateryallerive selilozik
t a K ésigténdeg probiyotikler ile d i ] hagsasbiyoaktif b i | e K & @ Ir & m imaraué vercia
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uygulamalars u n ma KHowavd.£2023; Tassonivd., 2020;Fengvd., 2024).Bug e | i khaldabile r |,
k abuk |yaa |em@adkeiyanel g € da | edkeejndi ¥y rgamandastrdirilebilir biyomalzeme
Uretimiicin ded e J birhammadd® | d u postermektedir.

6. MEVCUT ZORLUKLAR VE GELECEK PERSPEKTKFL ERK

Baklagilk a b u kyliksekdget lifi, proteinve biyoaktifb i | igacikleki sayesinddonksiyonelg € d a

bi | eokamkdnemli bir potansiyels u n mars&jnrandustriyeldlcektey ay g@h | anéml ar é
S € n ér |-aemxdknik serekonomikzorluklarb ul un maBk £ a d B ulk d 1 éhandradde

bil eki e jhide getmektedikTlr, - e kyi ett,i kktoikrunffgsatz & m ave Wygulanan

i K | gomemleri;lif, proteinve fenolik b i | ®acdiklekindednemlif a r k | addenddnhakta, ba

durum ise elde edilen bi | e k etekhofonksiyonel Ozelliklerini ve g & dsestemlerindeki

per f or dnajnis @ldiéektedi(Narteavd.,2023;Lamonacavd., 2025;Yu vd., 2025).

Bir d i joeemlis € n é fohk@yornelkzelliklerin uygulanani k | &knaojilerineyiiksekdiizeyde

baj eanl rma skumditena, ° | ¢ t fra&sjyonlama, ekstraksiyonve ekstrizyongibi i k| eml er
bilekktahksi ngeeé¢l Kideuyguibolmbaysrgrosesk o K u prdtein dedatlirasyonu,
fenolikb i | kR &y &yeyalfry@ p € b & n @ Iginiasee@meyerd e | | K yohacabiimektedir.

Bu nedenle,hedeflenerng € di g g u | a uygus @osesparametreleriniroptimize edilmesibiyik

onemt ak @émaktadeéer .

Baklagil k a b u k | kaurlélnaém& m& m & dai nj éErunsunise duyusal 6zelliklerdir. Yiksek

kul |l anamierkk & y ul akabadokueo,l u k @& m @&Jeya karakteristikbitkiselt at | ar é n
bel i r gi gii enederdedeitiketici kabulini olumsuz etkileyebilmektedir. Bu nedenle
formulasyonoptimizasyonuile birlikte partikil boyutununkontrolll, uygunéni Kk | evmbéet ek en
modifikasyonunaytneliky a k | a duyusdlkalite a - € s &ritikd tmemesahiptir (Ben Said vd.,
2025;MoralesCabreravd., 2026).

Gelecekteki - al e k mpd lam @nd @gere R a z a n édnedj nfahksiyonel per f or mans én
art éer amldm&d awiderangkéeditUltrasondestekliekstraksiyondarbelielektrik alan,ylksek

hidrostatikb a s @nzimatikmodifikasyonve fermantasyorgibi yenilik¢i teknolojiler, proteinve lif
fraksiyyganpaogediiecem i y i | e kst veryearjetrka kapasitesi,emulsifiye edici

Ozellikler ve antioksidanaktivitening e | i kKt i k d tiska® ¢ ia 1y eutmut Veaccyekk | ak é ml ar
olarakd e J er | e n d (Yildiz Vdn29251Yevd.j2025).

Ay r édakiagilk a b u k | aldeedileld, rproteinve fenolikf r ak si yahhtékbé a ekenl i
kat k@draar d e ] f b r kiyo@olimerlerle birlikte hibrit fonksiyonel sistemler icerisinde

dej er | e meacekiebhem& 8 z a n aBu &apga@daroteiri polisakkaritkompleksleri,cok

bi | elk sisteimierive d o j hadtokolloidlerleo | u Kkt y a p & la @ nthtéisiegtémiz&tiketli
gedar m¢gl asyenli &kt & ik @ tswad sl ianyeaybnilikcieyceekkl a ka& mlsaen d a

al maktadér.

Endustriyeluygulamalara - € s &t chaard a r t Uretink sUregleBningné kK i Kk t proséslerime s i
Olcek blylitme- a |l & K ma laa ré dvn@kenomik fizibilitenin ortaya k o n u | dadsemli

ar aktadramd Bunind@&am.é gy d & giingisid ej er | e (LEA),r tekaosehkonomik
analizlerve surdurulebilirlik gostergelerinirbirlikte d e | e r | e nbdklagilk b ma & 1dangiseh € n
biyoekonomi k a p s a ntévnedebve ekonomik k at k € Idaha & a @ 8 aitiinde ortaya
konul mamiksmad | ayacakt ér.

Son olarak, baklagil k a b u k | eldetedil@rafonksiyonel b i | e k aizuh dbnem depolama

stabilitesi, b i y oy ar agréldaatridem &erisindeki e t ki | ewve itUketice kalbulli Gzerine
yapél-axlakk wm b at e Kk etinari euygulamalaraa kt ar e hmas$ and&8Buacakt é
ar akt érbakiagilakraébnu,k | g e g€ jnetralrié yan érlinler olmaktan - e k ar €l ar ak
surdurulebilir, temiz etiketli ve yiksek katmad e | gréldia | e Kk ed® neg ki tnéer opedmine s i n e

k at ksal] d ra gngoctbmekeedir.

7.  SONUC

Baklagil k ab uk ¢ ar midktkegkonomik d e ] esahep t ar € yes altlinler olarak
dej er | e n dinimizbeyukdelediyet lifi, protein ve biyoaktif b i | dcerikldei sayesinde
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surdurdlebilir ve temiz etiketli g € @istemleriicin d e ] donKsiyonel hammaddelewolarak kabul
edilmektedir.Bu derlemedéncelenen a | & kuyganelstraksiyonfraksiyonlamave modifikasyon
teknolojileriyle baklagilk a b u k | aeldeédiledlminl e k suwd yearfuimakapasitesiemuilsifiye
edici 6zellikler, jel o | u Kk tduarvm sserredlrjig performansgibi teknofonksiyonel dzelliklerinin
Onemlidlcideg e | i Kkt i rgbsteemikitetiBu sphyedasbzkonusub i | e kf eénrl édimioleri, € k
makarnave noodle, et ve bitki b a zet aén a | oejdtrizdeaét ,& k t € lenemiilsg/dnb a rglédd a
sistemlerindehem besinselkaliteyi a r t Bemalentiriin tekstirtve stabilitesini destekleyerd o j a |
bil ewlerakl eferl endiril ebil mektedir.

Bununlabirlikte, bu potansiyelinendUstriyeldicektetamolarakd e | e r | e n digim harhneatdde | me s i
standardizasyonunus a J | a fonksiyoreelozelliklerdekid e J i k k@ xad li §f duyusedkalie ,
Uzerindekiolumsuzetkilerin kontrol a | t @&lnén veaenibikci i k | &kmelojilerinin ekonomik

a - & dygutanabilirsiireclered © n ¢ kK t ¢gergkinektedir®zellikley e wekstraksiyorydontemleri,

fiziksel ve biyolojik modifikasyon teknikleri ile Grin b a z éoptoinzee d i Ifnoirkm¢ | asyonl ar
gel i kthualandakienwla r a Kk 6neetikieda r a syeratd sna k't adeéer .

Gelecekteyapayzekadestekliprosesoptimizasyonuyerio d afkrinidasyong e | i k¢okibi e xk en | i
hibrit sistemler ve surdurtlebilir biyorafinasyony a k | a k € lirlikte ik @i @ @ n éhakiagis é y | a

k abukl| elde aeditta fonksiyonel b i | e k dicati @y igm | a n a bdahaida &1 § inas @&
beklenmektedirBu d o | r u bhaklagidkaa b u kyl aal rna@gm-endistriyelbir yan irino | man € n
Otesine gecerek dongusel biyoekonomiyi destekleyen,yiksek katma d e J eve lteimiz etiket

y a k | a wgumgeanianesil fonksiyonelg € b @ | e kaernd sa@neidi bir yer edinecektir.Bu
kapsamdapaklagil k a b u k lilarir iéknl&éakmelojileriylef onksi yonevef akdgkd ®ca | mes
sistemlerineentegrasyonuhem sirdurulebilir Uretim hedeflerinek a tskag | a lyem deag&lecek
nesilfonksiyonelg € d ad elr iemt i stratéjikbieysd knldeek @ mmt ur acakt ér .
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Abstract

Carbon nanotube technology, which is one of the important candidates fesiligost integrated

circuit technology, has regained popularity in recent years owing to advances in production
technologies. Carbon nanotubes may exhibit either metallic or semiconducting behavior depending on
their atomic arrangement (chirality), and these properties enable their use in both carbon nanotube
field-effect transistors and carbon nanotilased interconnects. In carbon nanotubes, whose atomic
arrangement can be expsed by the chirality indiceg,m), metallic behavior is observed whenr)

is an integer multiple of 3; otherwise, they exhibit semiconducting characteristics and can be used in
carbon nanotube fieldffect transistors. In this study, a metallic carbon nanotube sample that can be
used as an interconnect is investigated. (6,0) carbon nanotube which can be classified athan ultra
carbon nanotube is investigated from the curuetiage viewpoint. Firstly, curreitoltage
characteristic of this carbon nanotube device in its perfectatrgructure is obtained through
atomistic simulations. According to the curiierdltage characteristics this carbon nanotube has
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metallic behavior. On the other hand, various defects may occur in carbon nanotubes during
production process. One such defect type is the substitutional impurity defect, in which a different
atom replaces carbon atom. From this perspective, the study examines how thé voliaget
characteristic of the investigated (6,0) metallic carbon nanotube changes in the presence of a possible
substitutional impurity defect. For this purpose, the cursmaitage characteristics of the carbon
nanotube is obtained for the case whareecarbon atorain the central regioarereplaced bythree
phosphous (P) atons. According to the simulation results, curfiardgltage characteristic of the (6,0)
carbon nanotube changes significarfty impurity case Consequently, its use as an interconnect
element is substantially limited under this defect condition. This finding is expected to contribute to
the literature on carbon nanotube interconnects.

Keywords: Carbon nanotube, metallic interconnects, atomic simulations.

1.INTRODUCTION

Carbon nanotubeshave attracted considerableattention as potential materials for postsilicon

integratedcircuit technologiesbecauseof their nanoscaledimensions,high mechanicalstrength,
excellent thermal properties,and remarkableelectrical transport characteristics As conventional
silicon-baseddevicescontinueto approachphysical and technologicalscaling limits, carbonbased
nanostructureshave increasingly been investigated for applications in transistors, sensors,
interconnectsand other nanoelectroniccomponentsAmong thesestructures carbonnanotubesare

particularly important becausetheir electronic behavior can be either metallic or semiconducting
dependingon their atomicarrangement.

The structureof a singlewalled carbonnanotubds commonlydefinedby the chirality indices(n,m),

which describehow a graphenesheetis conceptuallyrolled to form the cylindrical nanotube These
indices determinethe nanotubediameter,chiral angle, and electronic properties.According to the
conventionalchirality-basedclassification,a carbonnanotubeexhibits metallic behaviorwhen the
difference ( n 1 ms)an integer multiple of three. Otherwise, the nanotube generally exhibits
semiconductingbehavior. This structural dependencesnablesdifferent carbon nanotubesto be
employedfor differentelectronicfunctions.Semiconductingarbonnanotubesanbe usedaschannel
materialsin carbornanotubefield-effect transistors,whereasmetallic carbon nanotubescan be
considerecsnanoscalénterconnecelements.

Metallic carbonnanotubesare promising candidatesfor interconnectapplicationsbecausehey can

supporthigh currentdensitiesandmay provide nearlyballistic electrontransportover shortdistances.
Their strong carboncarbon bonds also provide high resistanceto electromigration,which is an

importantreliability limitation in conventionalmetallic interconnectsThesepropertiesmakemetallic

carbon nanotubesattractive for local interconnects,vertical connections,and other conductive
elementsn highly scaledintegratedcircuits. However,the favorableperformancegenerallyattributed
to carbonnanotubess often basedon ideal structureswith perfectatomicarrangementdn practical

production processesgarbon nanotubesmay contain various structural and chemical defectsthat

significantly altertheir electricalbehavior.

Defectscan arise during nanotubegrowth, purification, processingjrradiation, or integrationwith
other device materials.Commondefectsinclude vacancies StoneWales defects, lattice distortions,
adsorbechtoms,and substitutionaimpurities. A substitutionalimpurity defectoccurswhena carbon
atomin the nanotubdattice is replacedby a foreign atom.Becausehe electricalpropertiesof carbon
nanotubeglependstrongly on their periodic atomic structure ,evena single substitutionalatom may
distub the local bonding configurationand electronicpotential. The impurity may createlocalized
electronicstates modify the densityof statesnearthe Fermilevel, andintroduceadditionalelectron
scatteringmechanismsAs a result, transmissiorthroughthe nanotubemay decreaseandits current
voltage characteristionay deviatesubstantiallyfrom that of the pristine structure.The influence of
substitutionaldefectsmay dependon severalfactors,including the chemicalidentity of the impurity,
its atomic size, valenceelectron configuration, location within the nanotube,applied bias voltage,
nanotubechirality, and nanotubediameter.Phosphoruss particularlyrelevantin this contextbecause
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it differs from carbonin both atomicsize and valenceconfiguration.Replacinga carbonatomwith a
phosphorusatom canthereforeproducelocal structuraldeformationand a considerablenodification
of the electronictransportpathways.In an ultrathin carbonnanotubewherethe numberof available
conductionchannelss limited, theinfluenceof a singleimpurity maybe especiallypronounced.

In this study, the currentvoltage characteristicof an ultrathin metallic (6,0) carbonnanotubeare
investigatedhroughatomisticsimulations.The (6,0) nanotubesatisfiesthe metallic chirality condition
and is thereforeconsideredas a possiblenanoscalanterconnectelement.First, the currentvoltage
characteristicof the nanotubewith a perfect crystal structureis obtainedto establishits reference
electrical behavior. Subsequentlysubstitutionalimpurity defecs are introducedby replacingthree
carbon atons in the central transport region with three phosphorusatons. The currentvoltage
characteristicof the defective nanotubeis then calculatedand comparedwith that of the pristine
device. This comparisonis usedto determinethe extentto which phosphorussubstitutiors affect
currenttransportandlimits the suitability of the (6,0) carbonnanotubdor interconnectapplications.

2. LITERATURE ANALYSIS

Carbon nanotubes have been extensively studied as quasionedimensional materials for
nanoelectronicapplications becausetheir electrical behavior can be metallic or semiconducting
dependingon chirality and diameter. Avouris examinedthe electronic structure, carrierscattering
mechanismshigh-field transport,and device applicationsof carbonnanotubesgemphasizingtheir
potentialfor bothtransistorandinterconnectechnologiegl]. Metallic CNTsareparticularlyattractive
for interconnectapplicationsbecausef their high currentcarrying capability,long meanfree paths,
strongcarbon carbonbonds,andresistanceo electromigrationNeverthelessl.i et al. demonstrated
that nearly ballistic electron and phonon transportdoes not automatically ensurethat CNT vias
outperformconventionalmetallic vias, since contactresistancepacking density, Joule heating,and
thermatinterfaceresistanceanconsiderablaffect practicalperformancd2]. Similarly, Srivastaveaet
al. showedthat CNT currenttransportdependson chirality, electrostaticsdevice geometry,charge
injection, and scatteringprocessesndicating that realistic devicebehaviorcannotbe assessedolely
from theidealbandstructureg[3].

Chemicalmodification providesan importantmethodfor tailoring CNT electronicpropertiesbut it
may also introduce undesirablecarrier scattering.Latil et al. investigatedmesoscopidransportin
boron and nitrogerdoped CNTs by combining ab initio calculationswith tight-binding transport
methods[4]. Their resultsshowedthat substitutionalboron and nitrogenatomsact as acceptorand
donorimpurities, respectively,while also creatinglocalized or quasiboundstates.Evenlow dopant
concentrationsverefoundto modify meanfree paths,conductancecaling,andtransportmechanisms.
Yang et al. examinedchargetransportin aligned CNT structuresand demonstratedhat electronic
coupling dependsstrongly on nanotubediameter, separation,relative orientation, and chemical
modification[5]. Although their work mainly concerndntermoleculartransportbetweenneighboring
tubes,it confirmsthe broadersensitivityof CNT chargetransportto atomicarrangemenandchemical
environment.

A particularly relevantinvestigationwas performedby Tsuyuki et al., who studiedthe electronic
transportpropertiesof substitutionallyboron and nitrogerdopedmetallic and semiconductingCNTs

usingdensityfunctionaltheoryandthe nonequilibriumG r e efunéisn method[6]. Their calculated
transmissiorspectraand current voltage characteristicshowedthat single substitutionalimpurities
reducethe conductivity of metallic CNTs becausehe foreign atomsact as scatteringcenters.They
also found that the relative locations of boron and nitrogen atomsin codopedstructuresstrongly
influence transmission Adjacent dopantpairs producedtransportcharacteristicxloser to those of

pristine CNTs, whereasmore widely separateddopants generally causedstronger transmission
degradation.

The effectsof chemicaldisorderon longer CNT structureswvere analyzedby Avriller etal. [7]. Their
studydemonstratethat randomlydistributednitrogenimpuritiescan produceresonanbackscattering
and reducethe elastic mean free path. As nanotubelength or impurity concentrationincreases,
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transportmay evolve from weak localizationtoward stronglocalization. Changet al. investigateda
pointlike impurity in a metallic zigzagCNT usingthe LandauerBlttiker approach8]. At low bias,
animpurity-inducedstatesuppressedneof the conductingchannelsandreducedconductancéo half
of its pristine value. At selectedenergies,however, resonanttransmissionrestoredthe perfect
conductanceijllustrating that impurity effects are strongly energy and biasdependentPan et al.
similarly foundthatanimpurity cansuppresgurrentunderon-resonanceonditionsbut enhancet in
an off-resonanceonfiguration[9]. Thus,impurity-inducedcurrentchangesnay dependon nanotube
length,energylevel alignmentjmpurity strength andthe appliedelectricalfield.

Studiesof structuraldefectsprovide additionalinsightinto the transportdegradatiorcausedoy lattice

imperfections Neophytouet al. showedthat a single vacancyin a smalldiametermetallic CNT can

reduceits conductanceby approximatelyonehalf, while multiple vacanciescausemore severe
deterioration10]. Theyalsoreportedthat largerdiameterCNTs arelesssensitiveto vacancydefects.
Zanolli and Charlier investigated vacancycontaining metallic CNTs and demonstratedthat

reconstructednonc and trivacanciescan behaveas quasilocalizedmagneticimpurities, producing
spindependentonductancd11]. Egorushkinet al. further emphasizedhat impurity concentration,
structuraldisorder,chirality, and shortrangeatomic orderingjointly determinethe densityof states
nearthe Fermilevel andmay substantiallyalterthe apparentlectricalcharacteof CNTs[12].

The behaviorof impurity statesis alsoinfluencedby CNT geometryand externalconditions.Li and
Lin foundthatimpurity binding energyin semiconductingCNTs varieswith nanotuberadiusbecause
of thecombinedeffectsof electronicconfinementeffectivemassandscreening13]. RabieeGolgir et
al. demonstratedthat strain and substitutional boron or nitrogen impurities can increase the
conductancef semiconductingCNTs and may induce semiconducteto-metal transitions[14]. This
resultcontrastswith the conductivity reductiongenerallyobservednvhen substitutionaimpurities are
introducedinto an alreadymetallic CNT. Lebedeveet al. showedthat donorandacceptorimpurities
modify the electronicspectrumand piezoresistivaresponsef chiral CNTs, with the effectdepending
on defectconcentratiorand mechanicadeformation[15]. Ebin and Babu additionally demonstrated
that substitutionaldoping and vacancydefectsinfluence phonontransportand thermal conductivity,
which areimportantfor interconnecteliability andheatdissipation16].

Collectively,the literatureestablisheshat substitutionaimpuritiesalter CNT transporthroughcharge
transfer,local lattice deformationJocalizedstateformation,andresonantarrier scattering However,
mostavailablestudiesconcentrateon boronandnitrogenimpurities. The current voltagebehaviorof
an ultrathin metallic (6,0) CNT containing substitutional phosphorusatonrs therefore remains
insufficiently investigated Examiningthis structurecan provide further insight into the sensitivity of
metallicCNT interconnectso individual foreignatomsin the activetransportregion.

3. RESULTS AND DISCUSSION

The electrical transport characteristicsof the pristine and phosphorussubstituted (6,0) carbon
nanotubedevices were evaluatedby comparingtheir current voltage curves and biasdependent
transmissionspectra. The pristine CNT representsthe ideal interconnectstructure, whereasthe
defectivedevicecontainsthreesubstitutionalbhosphorustons in the centraltransportregion. Figure
1 showsthe pristine (6,0) CNT while Figure 2 is the obtainedcurrentvoltage characteristic®f this
device. The current beginsto increaseimmediately when a bias voltage is applied, without an
observablehresholdvoltageregion. This behaviorconfirmsthe metallic characterexpectedrom the
chirality of the (6,0) nanotubeThe currentinitially increasegapidly between0 and approximately
0.4V. A relatively weakincreaseis then observedbetweenapproximately0.4 and 0.5V, producinga
shouldeflike regionin the IiV curve.BeyondO0.5V, the currentincreasesmore strongly againand
reachespproximatelyl.35x10nA at 1V. The nonlinearform of the curveindicatesthatthe currentis
not governedby a constantesistanceverthe entirebiasrange.Instead the numberandtransmission
probabilitiesof the electronicstategarticipatingin transporichangeasthe biaswindow expands.
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Figure 1. Pristine(6,0) CNT interconnecgeometry
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Figure 2. 1-V characteristicef the (6,0) pristineCNT interconnect

The phosphorussubstitutedCNT is shownin Figure 3 andits currentvoltagecharacteristicés shown
in Figure 4. Therefore,the introduction of phosphorusatons does not completely transform the
metallic nanotubeinto an electrically insulating structure. However, its 17V characteristicis
substantiallydifferent from that of the pristine CNT. The defectivedevice producesa lower current
throughoutthe investigatedvoltage range. The differenceis particularly pronouncedat low and
intermediatebiasesFor examplejn theregionbetweerapproximately0.3and0.5V, the currentof the
phosphorusubstitutedCNT is roughly half that of the pristine structure.At 1 V, the defective
structure producesapproximately1.17x10nA, comparedwith approximately1.35x16nA for the
pristine nanotube The relative differencebecomesmallerat higher bias, but the defectiveCNT still

doesnotrecoverthecurrentlevel of theideal structure.
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Figure 3. P substituted6,0) CNT interconnecgeometry
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Figure 4.1-V characteristicef the P substituted6,0) CNT interconnect

The reductionin the low-biasslopeof theli V curveindicatesa decreasén the effectiveconductance
causedby phosphorussubstitution. A phosphorusatom has a different atomic size and valence
electronconfigurationfrom carbon.lts incorporationinto the CNT lattice thereforemodifiesthe local
bonding environmentand electronicpotentialin the centralregion. The substitutedatom actsas a
scatteringcenterand disturbsthe propagatiorof electronicstatesthroughthe nanotubeNevertheless,
the continuingincreasdn currentat highervoltagesuggestshatadditionaltransporichanneldbecome
accessiblastheappliedbiasandassociatedransportenergywindow increase.

Thetransmissiorspectrumof the pristine CNT at zerobiasis presentedn Figure5. Its steplike form
is characteristiof the discreteconductingchannelof a quasionedimensionaktructure At the Fermi
energy,E=0eV, the transmissiorcoefficientis 6. This relatively high transmissionvalueis consistent
with the metallic IV responseof the pristine CNT. The spectrumalso containsseveraltransmission
plateausat otherenergiesshowingthatthe numberof availablechannelslepend®n electronenergy.
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Figure 5. Transmissiorspectrunof the pristine(6,0) CNT interconnector OV bias
Whenthe biasvoltageis increasedo 0.5V, the pristine transmissiorspectrumchangesas shownin
Figure 6. The transmissiorat E=0eV decreaseslightly from 6 to 5.70368.More substantiakenergy
dependentariationsoccurelsewheren the spectrunmbecausehe electrochemicapotentialsof theleft
andright electrodesare separatedindernonequilibriumconditions.Although the transmissiorat the
central energy remains high, the spectrumis no longer symmetric or ideally steplike. These
modificationscorrespondo the nonlinearincreasenbservedn theli V characteristic.
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Figure 6. Transmissiorspectrunof the pristine(6,0) CNT interconnecfor 0.5V bias

At a biasvoltageof 1V, the pristinetransmissiorat E=0eV falls sharplyto 8.6996x10 3 asshownin

Figure 7. This value indicatesthat transmissiorpreciselyat the centralenergyis almostcompletely
suppressedinder this bias condition. However, the currentat 1V remainshigh becausethe total

currentis determinedby transmissionintegratedover the entire bias window rather than by the
transmissiorvalueat only E=0eV. The spectrumshowsfinite andrelatively high transmissiorat other
energiedbetweerthe electrodeelectrochemicapotentials. Theseenergydependenthannelsontinue
to contributeto thetotal currentdespitethe very smalltransmissiorat the centralenergy.
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Figure 7. Transmissiorspectrunof the pristine(6,0) CNT interconnecfor 1V bias

The zerobias spectrumof the phosphorusubstitutedCNT, presentedn Figure 8, differs markedly
from that of the pristine structure.The regular transmissionplateausbecomedistortedand several
energydependenfluctuationsappear.At E=0 eV, the transmissiordecrease$rom 6 in the pristine
deviceto 3.58905in the defectivedevice,correspondindgo a reductionof approximately40.2%.This

resultdirectly demonstratethat substitutionalphosphorusatons suppressea considerablgortion of
theavailabletransmissiorat the Fermienergy.
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Figure 8. Transmissiorspectrumof the P substituted6,0) CNT interconnector OV bias

A similar effect is observedat 0.5V. The transmissionat E=0 eV is 2.9199for the defective CNT,
comparedwith 5.70368for the pristine structure.Thus, phosphorusubstitutionreducesthe centrat
energytransmissionby approximately48.8% at this bias. The spectrumin Figure 9 also contains
irregular peaks,dips, and curvedfeaturesthat are absentor lesspronouncedn the pristine structure.
Thesefeaturesindicatethat the defectdoesnot simply reduceall transmissiornvaluesby a constant
proportion.Insteadjt modifiesthe electronicstatesselectivelyasa function of energy,consistentvith
defectinducedscatteringandpossibldocalizedor quasilocalizedstatesaroundthe substitutiorsite.
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Figure 9. Transmissiorspectrunof the P substituted6,0) CNT interconnecfor 0.5V bias

At 1V, the transmissiomat E=0 eV is 0.0109343for the phosphorusubstitutedCNT as shownin

Figure 10, whereast is 8.6996x10 >for the pristine CNT. Although the defectivevalueis morethan
two ordersof magnituddargerthanthe pristinevalue,bothvaluesarevery smallcomparedwith their
correspondingzerc and intermediatebias values. This comparisonalso demonstratesvhy the
transmissiorat oneselectecenergycannot,by itself, be usedto predictthetotal current. The defective
CNT still producesa lower currentat 1V becausehe transmissionintegratedacrossthe full bias
window is lower overall,eventhoughits transmissiorhappengo be higherat exactlyE=0eV.
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Figure 10. Transmissiorspectrunof the P substituted6,0) CNT interconnector 1V bias
Overall, the TV curves and transmissionspectraconsistentlyshow that phosphorussubstitution
modifiesthe transportchannelsof the metallic (6,0) CNT. The defectreducedow- andintermediate
bias current,lowerstransmissiomearthe Fermi energy,and disruptsthe regularenergydependence
observedin the pristine structure. The nanotuberetains a conductingresponsebut its effective
conductanceand currentcarrying performancedeteriorate.Therefore,even a single substitutional
impurity in the centraltransportregioncansubstantiallyrestrictthe suitability of an ultrathin metallic
CNT for reliable interconnectapplications.Theseresults emphasizethat controlling substitutional
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impurities during fabricationis critical for preservingthe expectedelectrical performanceof CNT-
basednterconnects.

4. CONCLUSIONS

In this study,the current voltagecharacteristicandbiasdependenglectrontransmissiorpropertiesof
an ultrathin metallic (6,0) carbonnanotubewere investigatedhroughatomistictransportsimulations.
The primary objective was to determinehow substitutionalphosphorusmpurities locatedin the
centraltransportregionaffectsthe electricalbehaviorof a CNT consideredor nanoscalénterconnect
applicationsFor this purposetwo deviceconfigurationswere examined:a pristine (6,0) CNT with a
perfect atomic structure and a defective structurein which one carbon atom was replacedby a
phosphorusitom.The comparisorof theseconfigurationgprovideda directassessmerf the effectof
a singlesubstitutionalmpurity on currentconduction.

The pristine (6,0) CNT displayeda conductingcurrent voltage responsewithout a clear threshold
voltageregion.This behavioris consistenwith the expectedmetallic natureof the nanotubebasedon
its chirality. The currentincreasedasthe appliedbiasvoltagewasraisedfrom 0 to 1V, confirmingthat
the pristine structure can support electrical conduction over the investigatedvoltage range. The
nonlinearform of the curreni voltage curve indicatesthat the nanotubecannotbe representedy a
constantresistancahroughoutthe completebiasinterval. Instead,its electricalresponseds governed
by the biasdependentavailability and transmissionprobabilities of electronic stateswithin the
transportwindow.

The introduction of phosphorussubstitutionalimpurities significantly changedthe current voltage
characteristicAlthough the defectivenanotuberemainedconductiveand did not becomecompletely
insulating,its currentwaslower thanthatof the pristinenanotubeovertheinvestigateiasrange.The
reductionwasespeciallyevidentat low andintermediatebiasvoltages.This finding demonstratethat
the presencef only oneforeign atomin the centralregioncanproducea measurabl@eteriorationin
the electricalperformanceof an ultrathin metallic CNT. The alteredresponseanbe attributedto the
differencebetweercarbonandphosphorusn atomicsize,bondingconfiguration,andvalenceelectron
structure. The phosphorusatons disturb the periodic carbon lattice, modifies the local electronic
potential,and actsasa scatteringcenterfor propagatingchargecarriers.The calculatedtransmission
spectra support the conclusions obtained from the currenivoltage curves. At zero bias, the
transmissiorcoefficientof the pristinenanotubeat E=0eVwas6, whereashe correspondingaluefor
the phosphorussubstituted structure was 3.58905. Thus, the substitutional defect reduced the
transmissiorat the Fermi energyby approximately40%. At a biasvoltageof 0.5V, the transmission
valuesat E=0eVwere5.70368and 2.9199for the pristine and defectivestructuresrespectivelyThis
correspondso a reductionof nearly49%, showingthat the effect of the impurity remainssubstantial
undernonequilibriumtransporiconditions.

At 1V, the transmissiorat E=0eV decreasedo 8.6996x10 °for the pristine CNT and 0.0109343for

the phosphorusubstitutedCNT. The defectivestructurethereforehada largertransmissiorprecisely
at the central energyunder this bias condition. However, this result doesnot imply superiortotal

conductionbecauseelectrical currentis determinedby the transmissionintegratedover the entire
energyinterval betweenthe electrochemicapotentialsof the electrodesThe defectivenanotubestill

exhibited a lower current becauseits overall transmissionacrossthe relevant bias window was
reduced.This observationemphasizeshat a single transmissiornvalue at one energyshouldnot be
interpreted independentlyfrom the complete spectrum and the correspondingcurrent voltage
characteristic.

Overall, the resultsshow that the pristine (6,0) CNT possesseslectrical characteristiccompatible
with metallic nanoscaleinterconnectbehavior, whereas substitutional phosphorusconsiderably
disrupts its transport properties. The defect reducesavailable transmissionchannels,introduces
strongerenergydependenvariationsin the transmissiorspectrumanddecreasethe currentcarrying
performancef thedevice.Consequentlythe practicaluseof anultrathin(6,0) CNT asaninterconnect
may be subsantially limited when phosphorussubstitutionalimpurities are presentin the active
transportregion. The findings demonstrate¢hat atomicscaledefectcontrol is a critical requiremenin
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CNT productionand integration.Reliable CNT-basedinterconnectechnologywill thereforedepend
not only on selectingmetallic chirality but alsoon minimizing substitutionaimpuritiesandpreserving
theatomicperiodicity of the nanotubestructure.
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KLKOKUL VE ORTAOKULDA DERSLER ARASI DK
YAKLAKI MIN KULLANI MI: BKR ALANYAZIN |
ARAKTI RMA ¥NERKSK

Esra DAKTAN

TY¢ksek Lisans ¥jrencisi, Kstanbul Aydéen | niver
000594754317
Oz
Disiplinlerarasé yakl akeéem, farkl e derslere ait
problem etrafénda bilin-1: bi-imde ilikkilendiri
-al ekxkmanén amacé, il diogkiupl vel erdrnakaly adklzezyé mar
alanyazéenée tarama modeliyle incel emek, incel enen
karkél aktérmal & Dbi-imde ortaya koymak ve bu i ni
°nermektir. ¢tal ékma kapsameéenda °l - ¢tl ere uy al

kavramsal/kuramsal, bibliyometrik demhe, deneysel / uygul avmeal®°g,r e°njcrie tgfier
ol mak ¢zere bek kategoride seéeypeéklavndmerel mgkgecygl

kal éeécé °Jrenme, motivasyon ve °jJjretmen kabul ¢ a
ancak zaman yetersizI|liji, °jJretim programé dest
bajéeml é kal masé ve bazé deneysel -al exmal arda
tekrarl andéejéneée g°stermektedir. Nitel ger ¢k - al ¢
-al ekmaltara®z ol duju g°r ¢l megkt ¢r. Kncellewewen - al
tek bir sénef d¢gzeyiyle sénérl e olduju, °jJrenci
ve il kokuldan ortaokula ge-ik s¢recinde disipliol
belirl enmiktir. Bu bul gul ardan hareketl e, " Kl ok
di sipli°flretamasugggul amal arénén s¢grdereéeglebilirli]

i ncel enmesi bakl ékl & bir arakteérma konusu ©°neri

Anahtar Kelimeler: Di si pl i nl erarasé yakl akeém, Kl kokul , Ort

Abstract

The interdisciplinary approach is an instructional understanding based on deliberately relating
concepts, skills, and learning outcomes from different courses around a common theme or problem.
This study aims to examine the national literature on the use afitéreisciplinary approach at the
primary and middle school levels through a review design, to comparatively present the reviewed
studies in terms of method, sample, and findings, and to propose a research topic worth investigating.

Fourteen sources meeting the inclusion criteria were reviewed and classified into five categories:
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conceptual/theoretical, bibliometric reviews, experimental/applied studies, teacher perception studies,
and a student perception study. Findings indicate that the interdiscipbpanpach is generally
viewed positively in terms of holistic understanding, retention, motivation, and teacher acceptance;
however, recurring difficulties include time constraints, limited curricular support, dependence on
high-achieving students, and inconsistent effects in some experimental studies. Qualitative perception
studies support a positive perception, while experimental evidence remains inconsistent. Most
reviewed studies were limited to a single subject pair and a single grade level, vedirdetly
examined student perceptions, and none addressed the continuity of interdisciplinary practices during
the transition from primary to middle school. Based on these findings, a research topic titled
"Examining teacher and student perceptions of the sustainability of interdisciplinary teaching practices

during the primanto-middle-school transition (grades 4 and 5)" is proposed.
Keywords:Interdisciplinary approach, Primary school, Middle school, Literature review

1. Girik

Ejitimde tek bir disiplinin sénérlaré i-inde Kk
bi-imde edinmesine yol a-abil mekt e; bu dur um,
problemlerine -0k y°nl ¢ -°z¢m ¢retme becerisini
°nerilen yaklakéemlardan biri di si ply anl leaxa&dm,s éil keik
da daha fazla dersin kavr am, beceri ve kazanéml
bilin-1: bi-imde ilikkilendirilmesidir. Yéldérer
bil giyi par-al e dejil be¢t ¢gncel bi-imde yapel ande

Al anyazeén incel endyiajkilmkes, méadi suiypgluil nalneardaar a¢gs-€é f ar
-éktejée g°r¢l mektedir. Birincisi, farkl e der sl e
bi-i mde ekl ektirildifjgi kavram ve becer.i i i Kki
yeéerettejeée ve tek bir isré¢nde birlexktifi ortak [0
I -éncese i se gezi ve saha -al ékmasé gibi ort aml

da ders déké entegr asyon vablapardt,2088.] ar edér ( Samuk,

Di siplinlerarasé yaklakem®pnr émeimii d°litl goiayil ékd
ilikkilerle be¢et encel bi-i mde yapél andér maseé,

°rt¢kmektedir Biivdedérdram)] aldPaé) amda karkél akeéel an

transfer edilebildifji ik eirr | isjeir,e | porek b leedrn r - 9 Z7rae o
gi bi 21 . yézyeél beeekihéeéirkhendai daphi nlodgradr absié-
dekenegl mektedir. Son ol ar ak, ger - ek yakam pr o
kal madéejéendan, disiplinlerarasé ©°jJretim bu doj al
T¢rkiye' de bu al andaki araktérma ejilimlerine

e
Yusufojlu ve Batur'un (2023) yaptéjé bibliyomet:r
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di si pl ikmolneurlaur atseez ve makale sayéseée yeéellar i -ind
bilimleri, mat emati k ve sosyal bilgiler der sl er

-al exmal ar yéksek®jretime kéyasla sayéeéca daha f

kal makt adeéer . Bu tespitler, konunun ejitimdeki

ol dujunu ve °zellikle temel ejitim d¢zeyinde sis
gOstermektedir.

Bu gorinimderh ar ek et | e, bu -al ékmanén amacé il kokul
yakl akémén kullanéména ilikkin wulusal al anyazén

hareketle araktérél maya dejer bir konu °ner mekt:

aranméecxter

1- Disiplinlerarasée yaklakém hangi d¢zeylerde, |
2- Deneysel/ uygul amal e -al exmal ar én bul gul ar e

bul gul arée tutarl é& méedeér ?

3 Kl keekawlaokul d¢zeyinde hangi konul ar, hangi ©°
Kavramsal ve Bibliyometrik ¢al ékmal ar

Di siplinlerarase yakl akémén kur amsal temel | er
-al @ékmaséna, ul us al alanyazéenda ise Yéldéréem' én
yakl akémén tanéméné ve program geliktirme s¢grec
nitelijindedir. Bi bliyometrik derl emeler a-é&seénit
yakl akémén kullanéel déje tezleri analiz et miKk; ¥
tezlerin bibliyometrik analizini yaparak al anén
al andaki arakt eéer ma sayeéeseéneéen artteéejene ancak

gOstermektedir.

Deneysel ve Uygul amal e ¢al ekmal ar

Kl kokul ve ortaokulyadkezaekyeimedne ediksiisp Iniin |deernaeryassed
inceleyen bek -alékmaya ul akél méktér. Arslantacx
futbol t emel becerilerinin disiplinleraraseée °Jre
i ncelemi ktir. Demir (2009) , i | Kokowlt ¢ 2c ¢lsehjer ét
yakl akéménén etkisini deneysel ol arak arakteéer me
-evre ejitiminin ilk°jretim 4. séneéf °Jrencil er
deneyk ont r ol gruplu bir desenle incelemicktir. Ak s o
Fen ve Teknol oj i dersl erini ortak kazanémlar et
Bu bek -aléekma i-inde °zellikle dikkat -ekici o]
d¢zeyinde matemati k ve beden ejitimi dersoherini
t est kontrol grupl u deneysel -al ékmaseéedeéer . Bu
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°jJrencilerin beden ejitimi ve matemati k der sl eri
fark bulunamaméxkteér (p>QakRbakéemBanbel lgiusi diisi @1 o
ol madeéej éne, uygul amanén nitelijine, ders -iftine
bakéeéméndan °nemlidir.

¥Tretmen ve ¥jrenci G°r¢ke ¢al ékmal ar é

¥Tretmen g°r¢kKlerine dayanan -al ékmal ar arase
°Tretmeniyle ye¢eretteokleri durum®jalekmasgnfadhal ikj
bir tutuma sahip ol dujunu, ancak zaman yetersi:
uygul amada g¢-1 ¢k yarattéjéené belirlemixktir. Ka
bilimleri ve matemati k ©°jretmeniyle yapteéklarée

-ojunlukla yalnezca akademi k bakarésée y¢iksek ©°7]
de¢kendegkl erini sapt am&rt é&¢.n eBa yCraanmb(ax0, 2 2A7, a - adri tkaea

yeéeregtt ekl erdi nitel -al ékmada benzer bi-imde ol L
Zzamané ihtiyacénén yine °ne -éktejéené bildirmikck
okul y°neticisi vV e °7Jret men go°r ¢kl erine dayan
programénén esneklijinin yetersizliji ve zaman Kk
¥Trenci g°r¢é¢keng¢g dojrudan odldarkabaméenalr Ermal ar
Samuk, Yekil bursa ve Hamarat'én (2021) -al ekxmas
ortaokul 5. sénef °Trencisiyle ye¢gregtteklerdi du
derslerinin disiplinlerarasé yakl akémla okul deé.
°fJrencilerin bu uygulamayé olumlu ve il gi -ekic
kaynak i-inde ©°jJrenci geré¢keneg esas alan tek ©°ron
3. Ybntem

Bu -al ékmada nitel araktérma desenlerinden tal
Ver i kaynaj é ol ar ak Y¥K Ul usal Tez Mer kezi, D
"disiplinlerarasée °jretim', "disiplinler arase
kel i meleriyle taranmékter. Dahi |l etme ©°1I -¢tleri
ortaokul déezeyindeyakimaséeéme ddesjipbdanhekanmasédi nr
Kngilizce dil i ndeahilydlyeyenlogutlenéske oplrnoagssréa.m D anét ém
di siplin i-i ilikkilendirme °rnekleri ve y¢ksek?®©
Bu °1-¢tlere uyan 14 -alékmaya ul akél mextér. H
kategorilerinde kodl anmécxk; kavramsal/ kur amsal ,
°Jretmemeg®°jeepcCi g%°r ¢kKe¢ Ol mak ¢zere bek t¢grde s
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4. Bulgular
Kncel enen 14 -al ékmanén terl ere gere daj el é
deneysel /uygul amal e -al ekxmal ar ol ukturmaktader.
izl emektedir. Kavramsal/ kur amsal kaynakl ar ve b
edilirken, °Jrenci g°ré¢keneg esas alan tekemeir -
sesinin b¢gyek °1-¢de eksi k kal déjéné g°stermesi
Tablol.Deneysel ve Uygulamal & ¢al ékmal arén Karkeél aki
Yazar Duzey / Yontem Temel Bulgu

Orneklem
Arsl anKIl kokul Ni cel aDisiplinlerarase m
(2006) (beden - deseni °fTretiminde uygul ar

futbol)
Demir Kl kokul Ni cel aB¢gt éignecygl di sipli
(2009) deseni yakl akéménén et ki si
Guven Kl kokul Ni cel atevreye yonel ik t
(2012) (-evr e e deseni czerindeki et ki si é
Aksoy Ortaokul Nicel a Kki der sin ortak
(2011) (Kngi |l i z deseni ili kkilendiril mesi
Dur mukOrtaokul Nicel aTut umda anl aml & f
Alpkaya (mat. + beder deseni (p>0.05).
(2019) ejt.)
Tablo 1'"de yer alan -al é&kmalarén d°rd¢ ol uml u
tamamée tek bir okul ya da sénéfla séneéerl é&, kéesa
ayréntelé bi-imde raporl anmaméxt ér .
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Tablo2.¥7 ret men ve ¥jJrenci G°r¢ke¢ ¢al ékmal arénén Ka
Yazar Kat él émc & Yontem Temel Bulgu

Karakt23 sénéf Nitel Ol umlu tut um; Zaman

Aslan (ilkokul) araktédesteji eksi kIl i7ji g ¢

(2016) deseni

Kar ak 70 fen/matematik Nitel Kl'i kkil endirmenin -«

Turhan °Jretmeni araxkteée®°jrenciler taraf é

Turkkan ve deseni dekenegl mektedir.

Kar akt

(2017)

Bayr ar Ortaokul Nitel Ol umlu g°r ¢k baskeén;
Aja-di°jretmenl|l araktéyine °ne -ékmaktadeéer

vV e G, deseni

Can (2022)

Kandér¥jretim Nitel Sorunl ar: i Kbirlifjg

ve Urediy°netici, araktéeéesneklijinin yetersi

(2024) deseni

Tablo 2.de g°r¢k -aléekmalaréenén tamaménda ortak
tut um, ancak zaman ve program destefji konusund
Hamarat' én (2021) -al eékxmas e, °Jrenci bakék a-¢€s
ol abilecejini g°stermesi bakéméndan benzersizdir
Kncel enen 14 -al ékma bir araya getirildijinde
be¢et éencél kavrayeéeck (el der ém, 1996 ; Kar akuk vV e
motivasyon ve il gi arteké (Samuk, Yeki |l bursa v
(Kar akuk vV e Asl an, 2016 ; Bayr amback vd. , 2022
tekrarl anmaktadeér: zaman yetersizliji gKairlklkiujki v
(Kandérmaz ve |redi, 2024) , ilikkilendirmenin ©°
T¢e¢rkkan ve Karakuk, 2017) ve bazé deneysel -al e

Alpkaya, 2019).
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5. Sonug

Bu -aléekmada incelenen 14 kaynak, disiplinlera
olarak olumlu ama y°mhmitremgeft ¢msmdannmdlutmudairz. Ni
olumlu algéyée desteklerken, sénerl & sayedaki der
g°%r ¢kK¢ voer tialokkawK ulge-i ki ndeki s¢rekl i ik, al any a:
ol arak °ne -ékmaktader. ¥nerilen araktérmanén, b
kuramsal hem de uygul amaya y°nelik °zg¢n bir kat
Yapél an inceleme sonucunda d°rt temel bokl uk t
b¢e¢yek bo°l ¢gmeg tek bir ders -iftiyle ve tek bir

deneyim ve algélaréné dojrudan inceleyen -al éKme
(Samukv d . , 2021) °frenci g°r¢é¢kKeng¢g esas al maktader
tasarl anmék olup uzun solukl u, izl eme °1 -¢me 0 - €
kritik olané, il kokul dan ortaokula ge-ikte (4.

ge-i kKl e birlikte di siplinlerarasé uygul amal ar e

-al ekmaya rastl anmaméxt er .

Bu boklukl ardan hareketl e, "KIl kokul dan ortaoku
°fJretim uygulamal aréneéen s¢rdereéelebilirlijine il
bakl ékl & bir araktérma konusu ©°neril mektedir. B
dersin s¢grekliliJini be¢etéencygl bi -imde ele al makt
go°ré¢Kkeéengég ge-i kK d°nemi bajl aménda geni kl et mekt e;
kull anarak y°ntemsvee t-eekkiltilri | de&r°s§tageit a-mmkytédbéinré ek
bir ge-ik s¢recini el e alarak zamansal bir boyut

¥nerilen -alékmanén nitel bir durum - al ékmaseé
topl ama s¢recinde; 4, séneéf °Jretmenleri, 5.
yapélandéréel mék g°r ¢kmepleanlywa@mel ndaesrés | edii i phemml
g%zl eml enmesi ve ders planlaré, °JTrenci créenl et
taranmasé planlanmaktadér. Bul gul ar én; i Kbir 7]
sajlayan uygul amal ar temal aré alténda sunul masé
6 . Tart eékma

Bul gul ar bir araya getirildijinde dikkat -ekic
g%°r ¢kl erine dayaleée nitel -al ékmal ar (Wa20A)X uk ve
di si pl iyrmalkd arxreanaé y°nel i k b¢gyegk °1-¢de olumlu bir
-oJjunlukla késa s¢reldi g%zl em ve ©°znel dejerl e
dojrul anmamaktadér. Deneysel/uygul amal é -al ékma
ol umlu et ki bildirirken (G¢gven, 201 2; Ar sl ant ak .
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bir fark bul amaméxkteéer. Bu tutarseéezl eéejeéen,; ke-¢6k
-iftiyle sénérl é tasarémlardan kaynaklanabilece]j
Genel bir dejerl endir me vy apdaucdiedyiede dseverilerinl gé d ¢
farklelbje aldopjyaxemlkudusu@mk éhem y°ntemsel -eki tl
daha kapsaml e, uzun sol ukl u araktéerma tasar éml ¢
Ayr éc a, °Tretmenl erin il i kkil endl dmgwinu °dg & aime
(Karakuk, Turhan T¢rkkan ve Kar akukuygulanalarda) |, o g
sistemati klexktiril mesi gerektijine ikKkaret et mekt
Bu -al ékma, sénerl & sayéda kaynakla y¢regt el mgk
bir derl emenin tem keffafl ék Ol - ¢tl erini i -erm
-alekmasée olarak sénérl é sayéda okul ve kateéele
genell enemeyecek; yalnézca benzer bajlamlara akt
7. Oneriler

-Mi | I~ Efjitim Bakanléejé °Jretim programé kél avu

araseé ortak kazaném eklektirme tabl ol aré ekl enme

saatlerinin kurumsall akteéerél masé; °Trenci dosya
°zetinin ekl ener ek s¢egrekl i i Jin goeréngr kél énm
di si pl ipfdlaemd amas @& eceri sine °zel mod¢l Il er ayr él ma
kaynak destejini sajlamasé °neril mektedir.

2-Kl kokudulaokul ge-i K s¢recindeki s¢reklilijin boy
ni cel °l - ¢mlerl e destekl eyen karma y°ntem arack
bl gesel bajl amlarda -oklu durum -al é&kmal aré 'y
araktérma tasarémlarénén gelixktiril mesi,; veli g ¢

ol ukturul masé ve &8l sskemaairksdi nl &kayxzZ2éalka ér ma vy
Olcekli bir derleme yuratilmesi dnerilmektedir.
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YARGI TAY KARARLARI 1kl JINDA "QUIET FI T

T! RK Kk HUKUKUNDAKK YERK: MOBBKNG VI

Y¥NETKM HAKKI NI N SI NIRLARI A¢I SI NI
DEJERLENDKRME

THE ROLE OF AQUIET FI RINGO I'N TURKI SH LABOR LAW
COURT DECISIONS: AN ANALYSIS FROM THE PERSPECTIVE OF HARASSMENT AND
THE LI MI TS OF THE EMPLOYEROGS MANAGEMENT RI

Ceyhun SER¢EMELK

Dr. ¥jr. yesi, Atat¢rk | niversitesi, KKBF, Kk
D a 10603000160135239

Ozet

¢al ékanjaatdé fn d a allel] eimsamin a y n aukyl gaur | Eaveneshels rad emodeléerinin
yaygeéenl aklikeawtédyg-l éakhasuslardarbirisi de "quiet firing" k a v r a Quiedfiging.,

i Kveil earfizd e kdrejsri dedhetmekyerine - a | ésistarmaBkbicimded ej er si z | ekt i
gorev ve s or uml ulamakan,agred n &li ann a ksl éanr éérnl éd @ & €& ®ayan igtifaya
yonlendirenu y g u | a ma heydargagetelailmektedir. Kavram, Tirk K kHukukundad o] r ud an
dizenlemea | t @& In&n mamaldakbirlikte, s6z konusud a v r a nraexdutduk@kinkurumlar
kapsdahé h er | e mdmkinddr. me s i

Bu- al é kamaanqué@atfiring olgusununYa r gl 4 a & d ajroEetlildeanobbing,i Kk ver eni n
g6zetmeborcu, e k davranmaborcu, dirdstlikk u r eely@éetmh a k k 6 8 a erd knemé nd an
dejerl end¢ al ékamms admlasaldeau | u s | diteradir ike sr@ r g € psikolojiké n

taciz,i k -igstifgyazorlama- a |l &wmai | B E & h & rdt éexrléakmaa It & § |k dhlaline é n

ik kkar aarlaawtéér él mékt éer .

Ar a K ts@enucondazellikle sistematikd € k | gioreméerina n | a ms é z | karyargga léil umamién i n
engellenmesive - a | &zerindeistifab as lbé si& t ur yohelha y g d a senuta b ap é n
Ozelliklerine gére mobbing,yonetimh a k k li@tiyek u | | a rveéydi nkavseégoeatnmeborcunun

ihlaik apsamhépndal endani & r &lathé&kénpas a me o d b [deratimdeyenié

gel iNnkefiet k a g 0TdinkE KHukukub a k € m 8istedhatikbicimded ej er | eolupi r i | mi
dijitalvéesneknear iekynayn@Ean | b r jolmleonaga- € k a b yehi bususlara

yonelik proaktifonlemlera | & nwalugtbdeyeniar akt gamelf g héeakt er .

Anahtar kelimeler: QuietFiring, K Kukuku,Mobbing,Y a r g dnetimH a k k &

Abstract

One of the issuesthat has emergedalongsidedigitalization in the workplace, changing human
resourcegpractices,and the growing prevalenceof flexible work modelsis the conceptof A qu i et
f i r i Quigt.fibng can result from an e mp | o ypracticéssthat systematically devalue an
employe® such as reducing their duties and responsibilities, limiting their opportunities for
developmentexcluding them, or pressuringthem to resigr® rather than directly terminatingtheir
employmentcontract.Although the conceptis not directly regulatedunder Turkish Labor Law, it is
possibleto evaluatesuchbehaviorswithin the frameworkof existinglegalinstitutions.
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The purposeof this studyis to evaluatethe phenomenorof A g ufi ient in fightdf SupremeCourt
decisions,particularly with regardto workplacebullying, thee mp | o guty of&are,the duty of
equaltreatment.the principle of good faith, and the limits of managerialdiscretion.As part of this
study, the national and internationalliterature,as well asthe SupremeC o u rdéciSiensregarding
psychologicalharassmentforcing an employeeto resign, the worseningof working conditions,
exclusion,andtheviolation of personatights,wereexamined.

The researchconcludedthat practicessuch as systematicexclusion, renderingtasks meaningless,
obstructingcareerdevelopmentandpressuringemployeedo resignmay be classified dependingon

the specific circumstance®f the cas® as workplacebullying, abuseof managerialauthority, or a
violationof thee mp | o duty of éare.Within the scopeof this study,theconceptof i g ufi ietd n g o
which is a recentdevelopmentn the internationalliteraturéd hasbeensystematicallyevaluatedrom

the perspectivef TurkishLaborLaw. It would be beneficialto takeproactivemeasuresegardingnew
issuesthat may arise due to the spreadof digitalization and flexible work arrangementsand to
conductfurtherresearchn this area.

Keywords: QuietFiring, LaborLaw, WorkplaceHarassmentSupremeCourt, ManagemenRights

1.GKRKK

Son yéllarda -alékma hayaténda dijitallexkmenin |
yaygénl akmasé, performans y°neti mi sistemlerini
don¢keg-mkvewkem i likkilerinde yeni sorun al anl ar é
ol gul ardan biri de wuluslararaseé I|literatg¢rde gi
kavraméeder Qui et firing, i Kverenin i K sS°zl| ekKme
bi-imde dejersizlexktiren, g°rev ve sorumlul ukl a
karar alma s¢re-lerinden déklayan veya psi kol oji
i fade etmektedir. Bu y°n¢yle quiet firing, kl asi
i K i likkisinin sona erdiril nkeaspismimddBienan tHdaiy&an y° n
Caldwell, 2023).

Quiet firing kavramé son yeéllarda °zellikle Amel
y°neti mi ve -al ékma psi kol oji si literat¢rende el
-al ékma yakaména ilikkin yeni bir tartéekma al ar
tanémé kapsaméndaki yekeml gl ¢kl erini yerine get
taraféndan ger-eklexktirilen vV e -al exane i Kt en
et mektedir. Bu nedenle quiet firing, yalnézca i
a-éséndan da dejge¢healdi bi it meEdamicd Bfedere,iB22) ndedi r
T¢e¢rk Kk Hukukunda qui et firing kavraména il i kki
Bununla birlikte, qui et firingkkapéeaméndaml deper
Sayel & Kk Kanunu, 6098 sayelé T¢grk Bor-1lar Kanun
-er-evesinde hukuk.i denet i me tabi tutul abil mek
davranma borcu, d¢eregstl ¢k kural e, y°netim hakkeéer
i i kkin h¢gkemler, qui et firing nitelijindeki L
dayanakl ar olukturmaktadeér Bunun yanénda Yar get
istifaya zorl ama, -al ékma kokull aréenén t ek tar
kull anél maséna ilikkin gelixktirilen il keler de
dejertehmesi ne i mkKor kmy 2 adnakzzlaarca, 201 2; Yijit,
Qui et firing ile mobbing kavramlarée bazeé y°nl er
O rt Kt ] eneg s°yl emek m¢ mk ¢ n dejil dir Mobbingin
s¢reklili k arz eden ve i1 kK-inin kikilik haklar én
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firing kapsaménda dejerlendirilen bazé uygul ame
karkél ek g°rev ve yetkilerin azalteéel mase, ter fi
dekl anmasé veya anlamséz g°revlierle pasiflextiri
mobbing, y°netim hakkénén k°t¢ye kull anéel maseée v
dejerl endi(Ergeh\eh2025p ce k't i r

Bu -al @ékmanén amac é, ul usl ar ar asé l'iterat¢rde vy
Hukuku bakéméndan incelemek ve ©°zellikle Yarget
hangi hukuki kurumlar kapsaménda dejerlendirildi
firing kavramé a-éklanacak, ardéendan ikKverenin
mobbing kavramé ile ilikKkisi el e al éenacak, son
gui et firing uygulamalarénén T¢grk Kk Hukukundaki
2. C¢ALI kMA HAYATI NDA QUIET FI RI NG OLGUSU

Qui et firing, i kverenin iK s°zlekmesini dojruda
ayrélmaya y°nelten uygul amal aréené ifade eden ni
dijitallekmenin heéez kazanmasé, uzaktan ve hibri-t
kaynakl ar é y°net i mi l'iterate¢r¢gnde sekl ekl a k u
s®°zl ekmesinin a-ékKk bir fesih bil diri mi ol maksé
-al @ékma ortaménda dejersizlexktiril mesi suretiyl
(Karadak &.¢evik, 2025)

Quiet firing uygulamalarée tek bir davranéktan i
Bunl ar arasénda -al ékanén gerev ve sorumlul ukl
engell enmesi , ter fi s¢re-lerinden dékl anmaseé, e
ma k u | ol mayan kKekilde artéréelmasé veya azalteéel
s¢re-lerinden uzakl|l aktéréeél masé, il eti kKi min S é |
dejerl endir mel er i ne(Atku keiemiah &tGentyn2@25Bu uggalgmalaraek i | i r

bakl aréna her zaman hukuka aykérél ék oluxktur mas
i kKten ayrél maséné ama- | ama kbkaitebk kdza@abimeldedir huk uki s o
Qui et firing kavramé -o0oju zaman mobbing (psi kol o
kavr amén ortak nokt aseé, i K-1 nin -al exma yakameér
birlikte mobbing, °Jretide vV e Yargétay i -tihat
gerektiren 6zel bir hukuki kurum olarak kabul edilmektedir. Buna gére mobbingden s6z edilebilmesi

i -in davranéklarén belirl:.i bir kikiyi hedef al m
zedel eyecek nitelikte ol masé ve -al éxifiatsalpr t ameén
2016) Buna karkeél ék quieterfdieveaede kde]j, @emnigaietmchghrai Igraek
uygul amasé mobbing nitelif§ji takémayabil ecefji gi
ket ¢ye kullanél masé veya iKverenin g°zetme borcu
T¢rk Kk Hukukunda qui et firing kavraména il i KKkI
kapsamda dejerlendirilebilecek davranékl arén me
me¢ mkendeér . ¥ncelikle ikverenin y°netim hakke, i
verme ve iKin yé¢gregtel mesini sajl ama yetkisini i -
hakkénéen d¢gregstl ¢k kural éna aykéré bi-imde kull
s®°zl ekxmesinin esasl & wunsurlaréné tek (Gimel&fl & ol
Catalkaya, 2014) ¥zel |l i kl e i K-inin g°rev tanéménén anl a
bi-i mde azaltél masé veya mesl eki gel i ki minin e
sénérl arénén akél masé sonucunu dojurabilecektir.

84



ARCENG V. INTERNATIONAL AEGAN SCIENCES CONGRESS BOOK

KKverenin iK-1iyi g°®zetme borcu da quiet firing u)
dayanak ol ukturmaktadeéer. T¢rk Bor-1 ar Kanunu' nu
korumak ve saygé g°ster mek, i kKyerinde d¢gregstl ¢k
tacize ujramamasé i -in ger(eTklIfit i kKn l&e mMldebyiel zaeyl ansa é&2y0i
-al ékanén sistematik bi-imde dékl anmasé@, dejers
ger-eklektirilen wuygul amal ar, yalnéezca y°netim
i kKverenin g°zetme borcunun ihl ali. sonucunu da do
Qui et firing uygulamal arénén dejerlendiril mesind
eKit davranma borcudur. Ayné veya benzer dur umd:
neden bulunmaksézén farkIl & uygul amal ar yapeél masEé€
veya kariyer ol anakl aréndan mahr um béerakel mas
dej er | en dQatalkayae BG21)i rBu t ¢r uygul amal ar t ek baké
nitelendiril mese bil e, dijer davranéxklarla birl
sistemati k bir s¢recin par-asé ho©line gelebil ece
Qui et firing, T¢rk Kk Hukukunda bajémseéez bir h L
hakkénén k°tg¢gye kull anél masé, g®zetme borcunun
kural énén i hl ali ve somut ol ayén ©°zelliklerine
dejerlendirilebil ecek -o0ok boy(SuZeky 2000j Kandenirg&u ol arr
Yardémcéeoj !l u, 20.14;Bu S¢nzeedke,n | € 0 1g6u)i et firing u
nitelendiril mesinde tek bir o] - ¢t yerine, her S
dejerlendirme yapél masé gerekmektedir.

3. YARGI TAY KARARLARI l k1 J1 NDA QUI ET FI R

DEJERLENDKRKL MESK

KK-1inin sessiz A&kaeméluvmaslkel axlt & r &diem fmiagd olglise,n di r i |
i kverenin dojrudan fesih yoluna bakvurmak yeri |
pasiflektiren, g°rev alanéné daraltan veya -al é
uygul amal arl a i kxikgmrel lmarséinéi stad ]l ibpihaiplaakfad@en el i k
edilebilir (Othman, Rahman & Ali, 2025) T¢r k hukukunda bu kavram baj

ol arak d¢gzenl enmemi k ol makla birlikte, Yargétay
y°netim hakkeénén sénérl ar e, deregstl ¢k kural é&, |
benzerolguak apsaménda dejerlendirilebilir. Bu bo°l m k
bi-imlerine dejinilen quiet firing olgusunun Yar
Yargétay kararl aré akajéda uyukmazl ék konul ar é
i ncelener ek °rnek ol ukturabil ecek nitelikteki

gorilmektedir.
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Tablol¥r nek Yargetay Kararl ar é

Yargét Uyukmazl ek Qui et Firing A-ésén

Kar ar

9. HD., Kk-inin uz Kk-inin niteliji ve °nce

2026/499E., ol arak -al bajdakmayan g°revlendirn

2026/1164 K. sonrayenidentemizlik bak é méndan g°rev dejer si

gorevine verilmesi dejerlendirilebilecek ni

s¢re itiraz edil memesi ni
dejerlendirmicktir.

9. HD., Tébbi sekr Mesl eki nitelije uygun o

2025/9884E.,i k-inin na firing kapsaménda g°r ¢l e

2026/968 K. | temizlik gorevlisi itibare azaltma davraneéecx

ol arak - al

9. HD., Kk-inin va ¢al ékanén ikyerindeki ko

2025/733E., vaséefséz g g°revinden wuzakl akteér éln

2025/3710 K. gegcirilmesi uzaklaktérma tartekmal ar
niteliktedir.

9. HD., Fazla -al é& Kkveren uygul amal ar énén

2016/7837E., al acaj éneén ¢zerindeki etkisinin son

2019/13182 hesapl anma gerektijini g°stermekted

K.

9. HD., Mobbing ve Kkyerinde s¢reklilik g°s

2022/15429 il i kKki sindik-inin psikolojik b¢ten

E., kaynaklanantalepleri al é nmasé gerektijini ort

2022/16922

K.

9. HD., Kk-inin -aKkverenin y°netim hakkeé&n

2018/1094E., kokul |l arén deji ki kliklerin ik-inin

2019/5590K. gel en deji gerektijini vurgul amakt a

9. HD,, G°rev ve - Kkverenin tek tarafl é uy

2017/4018E., k art | ar éné - al ékma d¢zeni czerindek

2019/5596 K. deji ktiril gerektijini g°stermekted

9. HD,, Kk 11likkis Kkveren davranéklarénén

2015/11872 kur al & ve -er-evesinde dejerlendir

E., davranékl a koymaktader.

2017/21840

K.

Kaynak: k ar ar arama. yargitay.gov.tr adresinden eri«xki/l

Yargeétay kararl ar é incelendijinde, qui et firi
i simlendirilmedii7i:; ancak bu ol gunun °zellikle -
Ve yet kil erin azalteéel mase, mesl eki niteli]e ay

zayeflatéel masé ve psikolojik baské olukturan uyg

¥zelli kle son d°nem Yargétay karuwmyduwlré@&mallaa rvéansaé fi
uyukmazl ekl arqguikeotn uf iar-iénsgé nudyagnul amal ar @énén T¢r k h
biri ol arak dejerlendirkbhebrir|l arendBainunbaubi stk
itiraz il eri s¢rmeden yemide atli ek kae adgrepantdlé j kk ak
kapsaménda Rakkaemesiinier isérmsér | ayBa medentei duiet firmgn | a k € |
ol gusunun hukuk.i dejerlendiril mesinde yal nézca
objektif nitelifji, i K-1inin mesl eki konumu iszer
taraflarén d¢r¢gstl ¢k kural é@éna uygun davranép dav
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4. SONUC, TARTI| kMM¥ NERKL ER

¢al ékma hayaténda dijitall ekme, esnek -al ekma
uygul amal ar én diakvi e rd@m ¢ikléink kiilkerii nde kl asi k hukuk
uygul amal arén ortaya -ékmaséna neden ol maktadeér
°ne -ékan qui et firing ol gusu, i kverenin dojru
uygul amal aré araceéel éjeyla ikK-iyi i Kten ayr él may
di kkat -ekmektedir Térk Kk Hukukunda bu kavram
birlikte, mevcut hukuki kurumlar ve °zellikle Y
firing kapsaménda dejerlendirilebilecek bir-ok
denetl enebil difji ger ¢l mektedir.

Bu -alékma kapsaménda incelenen argéetay karar/l
ol madéjéné ve bu hakkeén d(;rg,stl¢,k kur a Ié, i Kver
kikilik haklarénén korunmaseéna ilikkin temel i1k
koymakt adeér ¥zellikle i K-1inin mes | eki nitelif]
sorumlul ukl ar é&nén sistematik bi-i mde azal tél ma
ortaméndan déxkl anmasé veya ©psikolojik baské ol
davranékl arén somut olayéen ©°zelliklerine g°re y°
borcunun i hl ali veya mobbing kapsaménda dejerl e
Yargétay' én her uyukmazl ejé kendi somut kokull ar
amacé, i K-inin mesl eki stat¢se ¢dzerindeki et ki
davranmadeéejé gibi ©°| -edrl eri dikkate aldéejeée g°r ¢l
¥te yandan, gui et firing ile mobbing kavramlare
Her quiet firing uygulamasé mobbingin unsurl ar én
istifaya y°nlendirme amacé takémayabilir. Bu ne
altenda dejerlendiril mesi yerine, her somut ol a)
inceleme yapélmasé daha isabetli ol acakt ér. Bu
kaynakl anan y°netim yetkisinin korunmaséna hem
dengel.i bi-i mdleé gmaredhrcae kdttlk€amasajl ayacakt ér .

Ulusl ararasé -alékma hayaténda giderek daha g°r
zek© destekli performans dejerlendirme sistemle
-al ékma modell erinin yaygénlakmaséyla birlikte
ed
i

bekl enmekt ir Bu nedenle T¢grk Kk Hukukunda me\
uygul anabi riijinin doktrin ve yargé kararl are
performans izl eme sistemlerinin hukuki séneéerl ar ¢
algoritmik y°netimin ik-inin temel hakl aré ¢zer|
gerekenk nul ar arasénda yer al maktader

Sonu- ol ar ak, qui et firing kavr amé Ter k KK H
d¢zenl enmemi k ol sa da, Yargétay'én gelixktirdifjgi
hakkénén sénérl ar é, der éestl ¢k kur al &, eKit d e
dejerlendirildljinde bu te¢r uygul amal arén hukuki
birlikte -alékma hayateéndaki hezl e d°P°n¢kem di kka
belirsizlikIlerin azaltél maseé amaceéeyl a doktrins
geliktiril mesi Ve gerektijinde kanun koyucu t e
dé¢zenl emel erin yapeéel maseé, hem i k-ilerin korunma:
a-éséndan °nem arz etmektedir.
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USABILITY OF WASTE GLASS POWDER IN GLASS FIBER -ADDED
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Abstract

] Namék Kemal Uni versity, ¢orl u En
, , Corstuétion, Matéralk, ORCi#Da j000000331711553

Concrete, a brittle material, is generally weak in terms of tensile strength, flexural strength, and energy
absorption capacity. Nowadays, natural, steel, polymer, andlzgassl fibers are commonly used in

the production of fibereinforced concrete. One of the materials added to concrete to achieve a more
ductile structure is glass fiber. The addition of glass fiber prevents the rapid propagation of cracks in
the concrete, thereby increasing its strength. Recently, research has shown that waste glass can be
effectively used in concrete either as glass aggregate or as a glass pozzolana. Waste glass, when
ground to a very fine powder, shows some pozzolanic properties due to its silica content. In the study,
the effects of glass fiber (0%, 0.3%, and 0.6%) and waste glass powder (0%, 7.5%, and 15%)
substitution on the physical properties (water absorption, unit weight, void ratio) of the mortars were
investigated. While the void ratio decreased in the series with 7.5% and 15% glass powder
replacement rate from the 0.3% glass fiber series, the void ratio followed a more constant course in the
0.6% glass fiber ratiosThe results demonstrate that glass powder and glass fiber ratios should be
optimized together rather than independently. Among the investigated combinations, the mixture
containing 7.5% glass powder without glass fiber exhibited the most favorable overall physical
properties.

Keywords: Waste Glass Powder, Glass fiber, Water absorption, Unit weight, Void ratio
Ozet

Bet on, kerélgan bir mal zeme ol up, -ekme dayane
a-éséndan genel li klteakwayefltierb.et®gnn ¢emeeztd emi nldief do
bazl é | ifler yaygén ol arak kullanél maktadér. Be
malzemelerden biri de caffifidir. Camlifi i | avesi |, betonda -atl akl ar én
dayanéméné arteéereéer. Son zamanl arda yapélan ar ack
puzolanée ol arak etkild@ bir Kekilde kullanél abil
getirildijJinde, sili ka°zelelriiflierned%at gl i@p0,b aBle -pec

%0, 3 ve %0, 6) ve atéek cam tozu ( %0, %7,5 ve %15)
birim ajérl ek, bokl uk or aneé) Iflizserisidedod, & Je%l15cank i | er i
tozu i kame oranéna sahip serlfibeadé abexwidak bok & o &
sabit bir seyir izledi. Sonuglar, camtozuveddhror anl ar énén bajémséez ol ar ak
edi |l mesi gerektKijdelierme@rstlkameikn aifditermelyea %7,5cama s € n d a
tozu i -eren karékém, en uygun genel fiziksel ©°ze

Anahtar Kelimeler: At é k Ca m UOfig z S,u Eanmme , Birim Ajeéerl ek, Bok
1. INTRODUCTION

Concrete has several drawbacks, such as its low tensile strength, limited crack resistance, and poor
ductility (Rashiddadasht al., 2014) To address these issues, it is often reinforced with various fibers
(Kayali et al., 2003) These include steel fiberglass fiber, polyvinyl alcohol fibers, polyacrylonitrile

fibers, plartbased fibers, and polypropylene fib&/ganget al., 2021) Among these, glass fiber is the

most commonly used due to its excellent ductility, impact resistance, strong tensile strength, and
affordability (Kaplan et al., 2021) Glassfiber-reinforced cementitious composites (GFRCs) are
widely used for these reasof@rouiji et al., 2021; Jain et al. 2020)
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A significant amount of waste glass (WG) is generated worldwide, with a large portion of it being sent

to landfills for disposalMany studies have been conducted in the past to investigate the actual
performance of glass powder and recycled glass fibers in concrete. Rahn{a@@iconducted two

sets of experiments on concrete. In the first set, glass powder was used as a partial replacement for
cement at levels ranging from 2.5% to 15%, without any admixture. In the second set, both glass
powder and a plasticizer were added. The results from the second set of experiments showed the most
favorable outcomes. Morsli et §2018)focused on reducing greenhouse gas emissions by replacing
cement with recyclable industrial byproducts at varying replacement levels. Their experiments
confirmed that substituting glass powder improved both the physical and mechanical properties of the
cement. Patel et g2019)studied the effect of glass powder particle size on concrete performance by
replacing up to 20% of cement with glass powde
shrinkage, water absorption, and concrete strength revealed that the mix with 20% glass powder
performed better than the control samptethe study, the effects of glass fiber (0%, 0.3%, and 0.6%)

and waste glass powder (0%, 7.5%, and 15%) substitution on the physical properties (water
absorption, unit weight, void ratio) of the mortars were investigated.

2. MATERIAL AND METHODS

CEM | 42.5 R cement, standard sand (conforming to TS EN112616), distilled water, glass fiber

(GF, length, 3 mm), and 308m undersieve waste glass powder (WGP) were used in specimen
production. The chemical composition of cement and WGP is given in Table 1. Moreover, the
elements in the WGP content were determined by ®EM and given in Table 2. As expected, Si is

the highest element by weight in the WGP. The specific gravity and specific surface value of cement
are 3.12 g/crhand 4129 crfig, respectively. WGP's particle structure and granulometry curve were
determined by SEM imaging technique and sieve analysis, respectively. The granulometry curve and
SEM images are shown in Figure 1 and Figure 2, respectively.

Table 1.Chemical composition of cement and waste glass powder

Composition Wt %) Cement WGP
CaO 64.24 8.55
SiO; 17.73 73.10
Al>O3 4.15 1.03
FeOs 2.98 1.43
MgO 0.90 3.87
SG; 3.26 0.27
NaO 0.35 8.51
K O 0.69 0.02
Cr 0.0202 0.0127
H-O - 1
Loss of ignition 4.00 2.37
Free lime 1.82 -
Insoluble residue 0.37 -
Table 2.The elements in the WGP
Elements 0] Na Mg Al Si K Ca Fe
wt % 46.34 | 11.22 3.27 1.015 |34.51 |0.15 3.165 | 0.325
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Figure 1. Grading curve of WGP
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WGP can trigger pozzolanic reactiof&hietal., 2005) The 75 em grain size i s
for the pozzolanic reactivity of WGEShi et al., 2005;PereiraDe-Oliveira et al., 2012) When the

WGP grading curve (Figure 1) is analyzed, it is seen that 60% of the WGP used is coarsenthan 63

This indicates that the pozzolanic effect of WGP will be low. In general, WGP is known to have an
angular shape and sharp ed{jdg et al., 2011; TS EN 109%, 2001) When Figure 2 (SEM images)

is examined, it is seen that the WGPs used in the study also have an angular shape and sharp edges.
WGP particles have higher aspect ratios and a smoother texture compared to Portland cement particles
(Shiet al., 2005PereiraDe-Oliveiraet al., 2012]dir et al., 2011)

In the experimental study, glass fiber (GF) ratio (by weight of mix, 0%, 0.3%, and 0.6%), waste glass
powder (WGP) substitution ratio (by weight of cement, 0%, 7.5%, and 15%) were selected as effect
variableswater absorption, unit weight, void ratio of the mortaese selected as response variables.
water absorption, unit weight, void ratio testsre determined in accordance W{ifS EN 1097 5

(2001) TS EN 1961 (2016) TSEN 123907 (2019))standards, respectively.
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3.RESULTS & DISCUSSION

The unit weight water absorption, and void ratiesults of the mortar series are given in Figure 1
Figure 2, and Figure 3, respectively

Replacemet ratio of glass fiber, %0 Replacement ratio of glass fiber, %0.3

Replacement ratio of glass fiber, %0.6
2,08

2,07
2,06
2,05

2,04

Unit weight, g/cm?3

2,03
2,02
2,01

2,00
0 5 10 15
Replacement ratio of glass powder, %

Figure 1.The unit weight results of the mixes

The unit weight(Figure 1)results show that the combined effect of the glass powder and glass fiber
ratios is nonlinear. In mixtures without glass fiber, increasing the glass powder ratio from 0% to 7.5%
increased the unit weight from approximately 2.028 §/tm2.074 g/cri, whereas at a 15% glass
powder ratio, it decreased to approximately 2.004 g/cm3. This result suggests that a 7.5% glass powder
substitution in fiberlessnixtures causes a denser, more compact structure. By comparison, in the
series containing 0.3% glass fiber, the unit weight increased from approximately 2.036og2c031

g/cn? at the center point with increasing glass powder ratio, and to 2.038 a/d5% glass powder

ratio, but the change was limited. In contrast, in the series containing 0.6% glass fiber, the unit weight
continuously decreased with increasing glass powder content, falling from approximately 2.048 g/cm
to 2.004 g/cr This indicates that increasing the amount of Higlr glass powder does not produce

a denser internal structure; instead, it reduces the mixture's unit weight. Notably, the highest unit
weight value was obtained in the mixture containing 7.5% glass powder and 0% glass fiber.

Water absorptiofFigure 2)results show that the effect of glass powder varies significantly depending
on the glass fiber ratio. In mixtures without glass fiber, increasing the glass powder ratio from 0% to
7.5% reduced the water absorption from approximately 8.4% to 5.3%, while using 15% glass powder
increased it again to approximately 7.9%. This distinsh®ped behavior suggests that a 7.5% glass
powder ratio may be the optimum region for reducing water absorption in fiberiessres.
Similarly, in mixtures containing 0.3% glass fiber, increasing the glass powder ratio reduced the water
absorption from approximately 8.5% to 6.2% at the center point, and to approximately 6.0% at 15%
glass powder. Therefore, increasing the glass powder ratio at moderate fiber levels increases water
absorption. In contrast, in mixtures containing 0.6% glass fiber, increasing the glass powder ratio
raised water absorption from approximately 6.2% to 7.1%. These opposing trends indicate a
significant interaction between glass powder and glass fiber. In other words, the effect of glass powder
on water absorption is not constant and varies depending on the fiber ratio used.
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Figure 2.The water absorption (%) results of the mixes
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The void ratio(Figure 3)results show a very strong agreement with the water absorption results. In
mixtures without glass fiber, the void ratio decreased from approximately 17.0% to 11.0% as the glass
powder ratio increased from 0% to 7.5%, then increased again to approximately 15.8% at a glass
powder ratio of 15%. The samestiaped trend is also seen in the water absorption graph. In mixtures
containing 0.3% glass fiber, the void ratio decreased from approximately 17.2% to 12.6% at the center
point, and then to 12.2% at a 15% glass powder ratio. Similarly, the water absorptionfmathess

series were approximately 8.5%, 6.2%, and 6.0%. In the series containing 0.6% glass fiber, as the glass
powder ratio increased, the void ratio increased from approximately 12.7% to 14.3%, while the water
absorption rate increased from approximately 6.2% to 7.1%. Therefore, the void ratio and water
absorption results support each other in terms of direction and trend across all experimental levels.

When the relationships between the three properties are considered together, the strongest correlation
is observed between water absorption and void ratio. At all three fiber levels, these two properties
change in the same direction. This is consistent with the expected physical behavior; an increase in
open and connected voids leads to greater water absorption by the material. The relationship between
unit weight and these two properties is particularly pronounced in the 0% glass fiber series: at a 7.5%
glass powder ratio, unit weight reaches its maximum while water absorption and void ratio reach their
minimum. This result supports the idea that the mixture has a more compact internal structure.
However, in the series containing 0.3% and especially 0.6% glass fiber, there is not a complete inverse
relationship between unit weight, water absorption, and void ratio at every point. This difference can
be explained by the fact that unit weight is affected not only by the void structure but also by the
specific gravities of the substituted materials, the fiber distribution, and the ifilad¢tixinterface
structure. Therefore, it can be said that there is no fundamental contradiction between the graphs; on
the contrary, water absorption and void ratios strongly corroborate each other, and unit weight supports
these results, especially in tligerless series.

4. CONCLUSIONS

This paper has discussed glass fiber (0%, 0.3%, and 0.6%) and waste glass powder (0%, 7.5%, and
15%) substitution on the water absorption, unit weight, void ratio of the mortars were investigated.
Themainconclusions of this study are listed below.

1 The combined effects of glass powder and glass fiber on the physical properties of the
mixtures were nonlinear, indicating a clear interaction between these two parameters.

7 In mixtures without glass fiber, using 7.5% glass powder resulted in the highest unit weight
and the lowest water absorption and void ratio, indicating a denser and more compact internal
structure.

1 At a glass fiber ratio of 0.3%, increasing the glass powder content caused only limited changes
in unit weight, while reducing both water absorption and void ratio.

1 At a glass fiber ratio of 0.6%, increasing the glass powder content decreased unit weight while
increasing water absorption and void ratio, indicating that higher glass powder contents were
not beneficial at this fiber level.

1 Water absorption and void ratio exhibited highly consistent trends across all investigated
mixtures, confirming the close relationship between water absorption behavior and the void
structure.

1 Unit weight generally supported the water absorption and void ratio results, particularly in
fiberless mixtures. However, its behavior was also influenced by material composition, fiber
distribution, and matrixfiber interactions.

Overall, the results demonstrate that glass powder and glass fiber ratios should be optimized together
rather than independently. Among the investigated combinations, the mixture containing 7.5% glass
powder without glass fiber exhibited the most favorable overall physical properties.
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Summary

Magsud Sheikhzadeh is one of the most famous representatives of
philosophical political poetry and dramaturgy in modern Uzbek literature. He was
born in 1908 in Aghdash, Azerbaijan, in the family of a doctor. M. Sheykhzade
showed a great passion for science and poetry from a young age. In addition to being
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a poet, playwright, M. Sheykhzadeh is also known as a scholar of literature. After
completing postgraduate studies in Tashkent, he started his scientific activity and
wrote many scientific works dealing with the problems of classical and modern
Uzbek literature. His "Genius poet”, "Navain's lyrical hero", "Alishir Navain's poetic
skill", "Mayakovsky-a new type of poet" etc. scientific articles are characteristic from
this point of view. M. Sheykhzade also had great services as a translator. He
translated Pushkin, Lermontov, Shakespeare, T. Shevchenko, N. Hikmet,
Mayakovsky, N. Tikhonov and dozens of other welbwn artists of world literature

into Uzbek.

Key words: M. Sheykhzadeh, Uzbek, literature, poet, dramatist
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vbtonpborvorl ik duyjul aréné-rfwnbnsdisdbimks et di |
vahid stjetx p tott ir a fg ® h deah pé N ma MB@adaDeark.k pknal-i mbhuk i |,
guni, gnol pé b ] m@Bs bl bbbc ¢halefyaik t lcinaiesiyasi
hadi smd ma 9fi dpyept ap mébalkdn& rp.s vi r ol unanl ar DSDT
gophr pmané Ki mi spbci ygekbnwWikialoborm z ®ak kb nd,
m¢ Dy ynmm acdlaago | b ntdd swiol mr o k pagamh o m bdbbz i
ardécéilblmé jn &oeréd mi K

KInk vbMdbey Daxkomhip b b bibir ayzeérnd@dié k,D hDr i

mbp d h edir . 18 fpsil dbn i barmrtk pbbamnn iDakKk:I
s i ma shévilkba x a | @xink e - mi K ibinglmintirh o gqi got |l bri ni a- @
gestorir, Kairin vDtoDnN g aolax sevg@smnid a borcun

m¢ebyybnlokdirir:

Vphbtpn ¢rpyi mdpViytakmiymn bir sps,
ul

mpnasé u, inrépgkpldpdrp s ! .
ul duzdur, vptvpbn pndarnat ,

yakam@dg phpdyi art .

On a g°ro dpo Kair konkret mbnada O zéneén
Si ma shéenbdpaé q | ay ér :

Da k k birmr b ma mda&rk,pzandmMp md [pu
romaq@Emr pmanéyam.
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Maqgsud keyxzadbp dramaturgi ya sahbsindbp
karl ardandeéer. Onun ACDI|I al oddi n-bvpyndguber di 0
(1960) facibpolobori me¢asir ©°zbdkrdrdamaturgi yas

ACbpl albddin Mbnquberdi 6 d°r d-sypXlr dpl i bir
pDsrdp bak vermi k tari xi h ahdai dsi bsl ppl rodro nt agr®itx¢dr bg
gete¢r el so do, mbD s Dd t-aydki Vxkpit migdnchir s ipsn f on
i 11 px &lInggooahrrépb ma o h & g a dl-érumadaqu r . Ona g°rpbp dr ama
mbhz °zbbk xal généanr igxghneoemanbh k@ gr dol u

csDrhiamgpbhr p@Gm@min&l PBlod g nb e®, dSolthhn Mpb h e mp d

claboddin Xarpbpzmkahén ojluduiXarbaamkmmi ® zbv v D
sarayé-ndanelyyrm mbpDkK] ul oltamignrz mamgaln maknpmia
EI -inin gpotirdiyi n- amaostep | offibiurk X anri cnz mkoashl i m o |
Cingizx aneéln- i roddvmeé@odny °1 kbpdbp m¢gdafibp i kKl brin

buna g°rp ojluar@olaalemdidi nziidldp yy oot yaraneér
ofJ lunu vobl i prhudnt i &kddiorn. Qmwolha lam d ¢i-r, ni sy xt, a®Xtl kbn
m¢dafi bpsi-baricgalynbgkino,aparmdeh &r xoyambpt !l or
mbngbnodsainndbozilir. czilsbpD do gérurunu DY
Sol t an lklbarsipno,h | pavmmang @bir - o x | aonantaébn r | bk mb s i

Cpol al pdd°dyipmiyrm a reé n deaa rxla@® € ma s & p dvarir. Buna

g°edp bpsbprin sonunda Cpl alpboddin camkndan da
zpofmamidify ¢ lt cerlimidiq Ime y d ta m édk.

Be K pordpol i i Mi r zp Ul uj boyo fkaachi D s i M. k
D s D radw\ ofl.&kdkimbbubp s d garixi movzuyah p 8 d i FdmiikMi r z D
Ul uj] bbby ®iX¥so s tarixi hp qi g b tbutdnmr meari-okko b | i k V D
ziddiyybptlobprini g°stpbormpkdp-zoWlouji yoyy t | i y €
facimmrikibz ithgp akbr azedér .

Qeyde d kikMi r @lpu ] tarxix D X s i YOyomidegymurunn D vDsi di r .

1394c ¢ i1 dp anadawiolimudiw wH oyhEndoda of kndbn
goptlbp yetirilmickdir. Mi 14461480¢c u ] bbybopbewDl 8D
b¢egteéen bpDtraf pyal ot | Wak inmidypy phtadkpoi noi | doul j muu Kvdauxr t.
mpdboni yybptin, i ngagpanontgi°st onki kaf &manpr qond
mbpdrbosbp vbD r bpsnodkxdamal aOn utni kdikrdi r di yi binal
D mMPvcuddlbmu] bMiyr XY psrdbp yakamék bDn mbKhur
zmék] wliddiey ci Ul ujbbpyo bpsbpbrinbp g°rpbp tbokco

Prd kol xPihmaiz an mvd.kidey xtarixkidhop g i q sddiglik r D
;s maet di MoMiol Ul uj boyo facibsindp Ul uj bbby

d

y a

k D

neé

X¢susiy9emehopmbrsus tpbrzdpop bpks etdirmbyb nai
gophmanéna i ki aspektdbpn yanakmékder . 0, hor
hakim ti msal eénda gestorilir. O, - el mi, S D
hi bliyindbn St én tutur . Buna g°ro db bi z
mbpdboniyybpt i KIbrinbp mbkjul ol mMag @i pmillkan K
i1k ppoprdbpsindbn bakl ayaraq, -hkagillariélnor i n

danékéeql arénda pbyalpbotin el-Mdianv°hibomnia-@a x
Lakin sonraké pbprdpl pr dion khiakdaifs pd tombp yzbi dbda kylya
Bel o dembpk m¢mkg¢ns b, siyasilpmsesy pgnordginn | ipkrlobsreisn

Ak°l gpgalndodiPrl ay er .

Faci vt i r ald -qeupdart @ msoluhurlar. Mi r 2Ud u} lyip

torpofdarl aré m¢gtoroboqqi pl andeeykgl iegldamil ir
B¢e¢rhanoddi n, Firuzpo, At a addamlaalu,qrupup dr s b t D
tomsil -ilboridirlobpr. M¢vhpa f mmmskmalrp b rhpoaskti mg ry y p &

100



ARCENG V. INTERNATIONAL AEGAN SCIENCES CONGRESS BOOK

adlare nifrpotlbp yadbad{ luSemwtAbidAbbasjBoragy i n o] | u
b bpw b. daxildir. Bu obrazlarbzmbp gsbod| pri np - atmaq ¢-¢n ar d
zamanda, a marniszépz ymo¢lbua se-irl br. De mpbp k ol ar
birl okbonl borama hgeodon r9z sfoinkrindon d°nmg¢r, g
adamlarénémant @akmbpkdbn bel o -pkinmirloor. |

haki mi ykyep-tii rdspidkp&aplxé olgnob r Glopuj B b i, rdsbb |l D r
m¢ D Ibufiafc i tbinmsad cEanldoat kd @ $ @ z/dple pia s i qzd ri kyép
0zinink b s ki A ritlidiir mi kdi r .

Mi rzp Ul uj bbby qgan t°kmbmbpk n-almo rnilpop  h
tophvil ver mbpybD mbpcbur ol ur . orpe yigdin et d
mbp n s D bd,° vv art mbnbDyi yox, -knaddaelioxtel ybbr

et mplOdagrP .dmop,h a ki mit yyhwé il diséncadostuAta Murada
b e Heyir:

Pghpr ki, tac i ti Dedmmsp, azadl éq
gbpb!l s pngdyims p fqab aj €.

Vb yaxud onun gblpbocbyb ol an-¥phbenk
akaj &dakk &dnaraqd o] ur ur :

aki mi
i yi mi
ver mb

tapd:

i namé

Mpn gedpr pm, gphbl bim gal ar dojma °I| kpmdp,

Xat érneofmne kfpnd mpni

Amma Kaypd Spmprqgpndi mpn g°rmpspm dp,

Deyi kg thrypprgSprmpr mfpmid.

KAYNAKLAR

1. Magsudk e y x & m.Ba .kle7s.

2. Maqsud keyxzadpbp. Se-il mik196sbpr !l pri ,
3. Magsudk ey x Seed o d svd rRlcp i B d k873.
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OZET

AZERBAYCAN ¢OCUK EDEBKYATI NDA TEORK VE
FKKRKNK
DESTEKLEYEN YAZARLARIMIZ

¢ocuklar i-in yazél mék pek -ok eser, kitapl a
i nsanl ék m¢gcadel esi deneyi mini vb. °Jretmede my¢
k¢l tegr degnyaséna a-€él an kapé, bil gi kaynajé ve
vV e anl amlandéreéer . Kitap okuyucuda aktivizm du:
uyand®@rzeydra.ycanl & yazarl ar -ocuklara sadece kit
saygéel é davranmayé da °jretiyorlar. M. Seyidzade
olarak varl ejéné s¢rder mesi gereken bir kitabén
aktarmak i¢infiPinti Hasan ( 1 934) adl & eserini yazméexkt er . Seyi
fiKitaplarén 8@ked2) Geiienil eden ARINAt éHasadca dy &p aersaekr i ynal
kitaplaréné d¢zensi z, kKiorl:i tut an, yértan bir C
anl atiek®geyi il gi -ekici bir RPuertgruo | HAB@atikon er uk ur
Kukd avrur ukdnMuahrasebe 0§obunlkartéapl ar € konuktur mak
kull anér. Eserin sonunda k¢t egphanenin etkisinde
duyan zeki bir okul -ocuju ve okuyucuya d°ng¢ker.

1930'" 1l u yéllarda -ocuk edebiyatéenédl°yamli 1
-ocukl arda irade, dayanékl él ék, sebat gi bi ol un
-al ékmaya yakl aktérmakté. Okullarda bilime, doj a
amacéyla yazél mék -ok sayéefapkbembajha( athdnd)k Oadlee
°yke¢se, -ocuk etkinliklerinin ve oyunl arénén uyoc
- al Kokauléun son sénéfénda birinci ol an A. Shai g,
oyunl ar d¢zenleme istejiyle dolu olan |1l ker'in -
ruh hall erini iy bilen yaklée yazar, -ocukl areén
biri. Onun vyaken kateéelémé ve -abalarée sayesinde
okuyor, sohbet ve tartékma yapéyor, hep birlik
gidiyorl ar. B¢t en bunl ar -ocuklaréen zihinsel g e
geni Kl etiyor.

S - O M

Yazar, -ocuklarla yapélan et kil ejitim -al éxk
sanat se-imleri czerinde -ok olumlu bir etki y a
bir mesl ek wvardeéer: Ki mi si pilot, Ki mi si m¢ hendi
tercih eder. Genel olarak’1 yak arasé okul -ocuklarénén il gi a
-ok muhta- olan bu -ocuklar, i nsanl arén yapteéekl
tutumlaréna il gi duymaya baxkl éeyorl ar. Bunu g°z
konul aré dejil, ©°zel, yakayan cehennemleri, so0sY
KI gi -ekici i -eriklere, detayl e °yk¢l ere, kitap

fiKap !l umb ajodg cakicieve gDryceldir.
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Anahtar kelimeler: k ¢ | t ¢ r ebeveyn, °ne -ékan, yakam, i K,

ABSTRACT
OUR WRITERS WHO PROMOTE THE IDEA OF THE UNITY OF THEORY AND

PRACTICE IN AZERBAIJAN CHILDREN'S LITERATURE

Many works written for children showed that books play an exceptional role in teaching
sciences, studying the history of the development of nations, the experience of the struggle of
mankind, etc. A book, which is the door to the world of science and culture, a source of knowledge, a
teacher of life, adorns and gives meaning to a person's life. A book awakens activity, respect for
creativity, and love for labor in the read@zerbaijani writers teach children not only to love books,
but also to treat books in a cultural way. In order to convey to children that taking care of a book that
should live for centuries as a product of human intelligence and inspiration requires special care, M.
Seyidzadeh wrote the work APinti Hasano (1934).
poem AThose Who Became Enemies of Bookso (1932)
Seyidzadeh described the negative aspects of the character of a scideéisani who keeps books
untidy, dirty, and tears them uphe poet, who builds the story on an interesting compaosition, in his
wor k, he makes books talk about such names as
Probl emso, et c. and uses psychological influenc
influence of the library, becomes an intelligent schoolboy and reader who understands his mistake and
respects books.

One of the important themes in children's literature of the 1930s was to cultivate positive
gualities such as willpower, endurance and perseverance in young schoolchititeyeéfs old), and
to bring them closer to life and practical work. There are a number of works that were written in
schools with the aim of arousing interest in science and freedom, the animal world, and living nature.

A. Shaig's story APlaying Turtleso (1934) was
organizing children's activities and games.

A. Shaig, a teacher in the last grade of the school, described with great sincerity the work of
Ulker among the little ones, who was excited by the desire to be with children, to organize their
activities and games. The old writer, who knew the mood of children well, showed that children love
kind people very much. Ulker is one of those people. Thanks to his close patrticipation and efforts, the
children have a great time, read various books, have discussions and conversations, collectively go to
the zoo, circus performances, and excursions. All this greatly contributes to the intellectual
development of children, expands their circle of observation. The writer shows that effective
educational work with children has a very positive effect on their future development, on their choice
of profession and art. Each of the children dreams of becoming a pilot, some an engineer, some a
teacher, and some prefer to train animals. In general, the interestd-ge@rold schoolchildren vary.

These children, who need great help, are beginning to be interested in people's work, their relationship
with each other, and the new socialist attitude to some extent. Taking this into account, it is necessary
to write books for children of that age, not on general issues, but on specific, vivid issues, issues with
socialist content. The books should have interesting content, detailed stories, and the issues raised. In
this respectfiPlaying Turtlesis interesting and appropriate.

Keywords: culture, parent, prominent, life, work, labor, interest
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AZcRBAYCAN UKAQ cDCcBEYYRKIYNRAKLcC TcCR! Bc NKN
BKRLKYK KDEYASINI TcBLKJ EDcN YAZI ¢I LARI MI Z

Azbprbaycan yazé-élaré wukaglara kitabé sevmbpyi 0
°yrpodirlobor. Knsan ajlé vb il haménén mbhsulu kir
X¢éSsSusi spligp tolpbb etdiyini ukaglara -atdér ma
yazmékde. Seyidzadp g°r kopmli sovet Kairi S. Mar K
igtibas yolu ilp yazdéje #APinti Hp s ptha] épdsabnr i midrp
mbpktoblinin Hbsbnin xarakteriUkdmhkiar mpnfiin gmlzit le
psbprl bprdpo gestorilirdi ki, el ml ori tbplim et mbpKkoc
tbpcr¢bbopsinin vbp s, °yrponil mbpsindbp kitab m¢gstbsn
bilik mbnbboyi, hpyat me¢eD|l i mi ol an kitab, i nsa
oxucuda fpbpall é&q, yaradéceéeleéeja h°rmbpt, bpmbpyD Sevg

chval até maraql é bir kompozisiya ¢zrbp quran kKali
mpsDI Dl bDrioankbt abl adBEaddaékdéreér vbp pdii xXospDfjinto

sonunda Hpspbn, kitabxananén tDsi ri i | b 0z sphy
mbpktobliybp, oxucuya -evrilir.

1930-:1940cli | | brin ukaq bdbbiyyaténda ikKklbnbn m¢ghegm n
(711 yaxkl é& wukaql ar) i radb, d°z¢m-¢1 ¢k vbD sbbat I
DmDI i i KD yaxéenlakdérmaq idi. Bir séra bspbprilor
topbibptbp maraq oyatmag mbpgsbpdi il b yazéel mékdeée. A.
mbpkKj Dbl b vb oyunlaréné d¢zgen tokkil eA .mo&Ki gmbD S D
mbpktobin son sinf iwmkapqloaxrulyaa nbidrp ryse rodpa - @®lsnea q, onl
t ok kil etmbpk hbvbDsi il b -okan |l kbprin bai.adal ar
Ukag -phwaliybsini yaxkeé bilpbon gocaman bpdib g°stobl
i I kbr do el b adamlardandeéer. Onun yaxéndan i Kti:
mextolif kitabl ar oxuyur, m¢bahi sp vV D s°hbpot |l |
tamakal ar éna, ekskursiyalara gedirloor. Beten bu
onl arén m¢kahidp dairbpsini geniklondirir.

Yazée-é& wukaqlarla aparélan sbombrool i torbiypbvi i K
se-mblbobrinbp dbp -o0ox m¢gsbbpt tosir etdiyini gestori
arzusundadeéer : Ki mi toyyarop-i, Ki mi argonom, K i
°yr ot mbpyi cSsten #dt wra.k | Emumikytytl lid,por7n mar aj é n
m°® ht ac ol an bu wukagl ar-biadiamli dpén yieki slosj albins &
dorpocbobyD lg@amma] anabawkl ayér |l ar . Bunu nbozborpbp al ar ag
kitablar, ¢ mu mi MDsDIsphmpldpmdoreyi $osikainikstet mp zm@un
yazmaqg | azémdeéer. Mar aql & mbpzmun, m¢ f psspl phval.
cbhptdbon dp AOyun-u bafi@yanou mblakaagil g r wadlaarcian aocsx wcd
belbo bir faydaleée fikir -atdereér ki, ukaqgql arén me
bizim °l kbpmizdpop bunun hbpl | i éc-¢n dbp bo°y¢sgk i mkan
s°hrotlidir. Lakin yaddan -éxartmaq ol maz ki, i
|l azémdeéer o. AOyun-u bajalaro hekaybsi nArkabgaseéena
orijinal vD r eal hadi spl pr b ipQa nabtaéyr .v pYaAs Itapnténl i
mbDKJj DI Dl brini tbosvir etmbpk yolu ilb yazeée-é, uk.
pyl oncolborl b mbpkjul ol majé °yrobpdir. Burada ukag
tajlarénén arasénda tapdéjé bajalara rbpbgs °yropt
ukaqlara ©bir séra yeni vbD maraql é& mbpl umatl ar Vo
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ol maj a Heajvearndrar én musi qi yp al ékmal arp@ wasthbgbko
bilborik. Heyvanl arén m¢gbyybpn gi s mi (at, it ay é,
ol ur . Hoptta g°zl ¢kl ¢ i lan da musiginin tobpbsiri i
garké marfa@Qy Wmo-jwrhiaj. al acgio ihlekmydBaj dl98r6én rbpqgsi 0
|l i brettosu bsaséntdaatir|l mpénpkktmnkavén8anpeg mayi K
hadi spl br hekaybpdbp tbobsvir olunan hadisbplbrdbpn mg¢

d¢kbrgbnopsindbp cbrpobyan edir. D¢kbrgoybp sirk dbpst
oynamal ar e, cérbobcecer mar aqgql & hborpokbotl pri ukaqgql a
gedbopndbpn sonra mbktobli Al yoka itpo, ayeé bal aseénce
g°stborobon Yunis isb bajaya tbpblim vermbpybp bakl ayeé
spbirli, inadleée bpmbpyi nbpticbpsindbp Yunis bajaneén
Ukagql ar ©z tobibtl o bori etibaré ip hbpssasdeér V D
°yronmbpypb -al éx®ezobradbn Bwk andlqareyd-¢n yazélan DsSD

hadi spl br V D mpspbpl ol br barbpsindb mbD |l umat ver mbpk
m¢ebyybn dbrobocbdb Mi r Col al é&n AG¢gl gpzo (1940) D

neqteyi nbzborindon m¢ghegm bir mbpsbpl b qoyul mukdur
bir yaklé mbktobl i G¢l gpzin evdpki i Kindbpn, dbr s
et mbpyi °yronmbpsi tbosvir olunur ki, bununla da vy
a-é@er, yeni mbpl umat ver Mgpl bnf afn&pl pktkdybsbr dodb
prosesindbp g°stbpr mi K, onun arzu VD istbpyini t bs
meblliminin tapkéréejeé ilbp peyvbnd ¢-¢6n -ubug Kk
sczbrindbpki tumurcuqlarée ayéréb tull adéjéené g°rdyg
edil on peyvdoeaywWbd tuow@azion i baka sal ér: ABbps o har s
tbpzpdbn tumurcuq gbt itrkmpz.umGorcouky he-l agldas & zki rd
onl ardan kbpsmbk | azéemdeér o.

Nbzpbriyybp il b tocr¢gbonin birlivyi i deyaseymeée tobbl
zamandamiudrika d aml ara h°r mpt et mp Kk, onl arén zbngin t
Sé¢rmegkder . cdib g°storir kiomazbi ¢¢szbbhmbit zi tophdpt |
i nsan DmDY il b d¢e®d Ipgnp zdog18BpealmaEy °dyip o n Az bk baycan
pdbopbiyyaténén yaxké n¢gmunbpl borindondir. Lakin ucxk
tobl i] et mbpyi garkéséna gqgqoyan Mir Col al AS°oy¢d
|l azéménca gbpl b bil momi kdi

Yakegl®zepg |'i k vbp sajlamléq dembpkdir. Yakéll éq ins
sal magq, -oxillik bitkilbor becbprmbk adamlar én can
g°zpol mbgsbd ¢-¢n bey¢kl prin hbpyaténdan gbl pmbp
pmbpkdbn, faydal é ik g°rmbpkdpbn, -alekganl égdan d

ki kinin yolun kbnarénda bir s°y¢d ajacé bpkmbsi nc
k°l gbpsindp oturan adamlarén Sal man ki kiyb rbhmb

danéekéglarén tosvirinop vermikdir. Sal man ki Ki C
xeyrini biz g°re¢r k. Biz dbp gborpok bpkbk, yetirpbpk
yembpk geydinbp qgqalsa onca ildbp d¢nya xaraba qal a
°©zIl ¢ye¢ndbp -ox faydal é, xeyirxah bir i kKdir VD bt
xal genén b°y¢k «kairi M. c. Sabir AQoca bajbano (1
Bir dbpstbo gbnc yol dan ke- bpr ktpint rypégyzp yaa knméan d-ap rbdapj kb
g°rd¢kdp, buna tobcce¢gblbnir, dodaq b¢zerl or.
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G¢l bropk etdil br sual: AAy gqgoca,

Yéz yakéoplal npaliqoda?d

Dedi : iYer kKumlayéb c¢cbpfa -bkirbpm,
Torpaja al ma -bprdbpyi DKirpbmo.
Dedil bor : fiBundan bir sbplahén yox,
Sbpn bu g¢n var i sbn, sabahén yox;
Kndi obpkdi kl borin np vbqt -éxar?

Bu -éxénca sbni zbDmanbp yéxar.
Rahat ol , -bkmp bok yerpbp zophmbt,
Ol amaz meyvbsi sbpnb qismbpt! o

Dedi : fickmi kIl br, al mékéz, yemi Ki z,

Xeyirlp yad edib dua demi ki z;

ckbriz bir daha yeybnlbr ¢-¢n,
chi&xieyrpo dua deybnlbr ¢-¢no.

M. c. Sabirin goca baj-hbama@&in&@mé m&zraumi tyymo n ma s é@z.,a h
g°zIl pmbpdbenc oD kli Bkl Dri ni npajagtac s dlasmégebdi blagr i nir
Col al én Sal man ki ki shbphopbdigi sPtykdgn bigar dwaulsieret

k°l gbpsindp dincbolobonlobri géenlbprl b pusur, onl ar a
nQul aq asmaqo ukKkagq torbiybpsinbp zoprorlidir VD
i mumi yybotl b, hekaypbpdbp tbosvir ol unainbibro sst®aznl,p Shaplrn

k®hnpboliyi Herkiawan b airdiard.énén Sal man ki ki ybp dediyi

Ki ki, porsumpkrido ewdldonmbpkdbon yorul madénmeé?.
Sal man ki ki isb ona belb cavab verir:

Porsugqg cpbnabéndér.
csprdp belb c¢mlpblbrp dbp rast gotndikeg d@lTmatar d

arvada gqullug edirmik Kkimi, hor tajén bakéna di
yumaqg i stbyirsbopn. Cbphbonnbobmdbpn gorxursano VD §S.

Azbprbaycanéen xalq Kai ri Rpsul Rza AUkag Ddbpbi
ujrundaodo (1952) adl é& mbpgal bosindbp Mir Col al én A S
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vermi K vb demikdir: AS°y¢d k°l gbpsi 0 hekaybpsi u i
et mir, pksinbp ziyan veriro. Bu haql é tbongiddbn
NfnSe-il mik bpsbprloborionp daxil etmixkdir.

190ocu il Il bprdp mbpktpobbgbdbr yakl e ukaqgql ar haqqgén
c.Vbpliyevin Acrk®y¢no (1941) hekaybpsi bel b DSD
valideynl br ¢-¢h yazéel mék bu bsbprdbop mpbpktobbgbdbp
Mbpktobbgobdbpr torbiybp isbp -ox vaxt wukajén gblbcpol
mbpktbobpop gedbonbp gopdbr danékmaq °yronir, getdi kco
yaxkédan se-mbpyb bakl ayér vbD s. Ukaj én bu d°vr ¢
dowvr tborbiybsi ail b torbiybsi il b mehkbpm bajl éc
tor bi ysanyirne agynrsé, r | pr i ni pvvblcbp mbphz ailbdbp mbn
il l ordbp bel b, -avnaaxstéennrgéany d-doa&ugrée v @ ma Kebehedr ihrp.y at é n d
gete¢réel mgk fAcrk®yegnodo hekaybpsinin c.Vbliyev tobi
Qa-ayén wvbziyypbtindbn, ailbsinin dolanacajéndan
bpsl opdi kIl pri mbhobbpbpt dbpn, Qa-ay il b m¢gpllim dos
psbrdbp iropli s¢rd¢gye¢ Dsas gayb isb ukaqglaré bprKk
gestormbokdir.

csbrdpoki phval atl ar bksbpbrbon Qa-ayén ailbsindbp c
tapdej] éi Dapamjéean zxafj ¢ nmdoi rzajUkaj én bir s°z¢ i k
mphbobbbti ndbpn, yersi z hpr pkbpt V D nbpvazi KI|I brindi]
d°z¢l mpz hall ar-biprmpndiopn goldé&ncal,atha rvp anasé gqgar
i crasé ¢-¢ntetzo kdjdl aeydéirr,, °tzeizn¢ yerp vurur, ataseér
gpzdirmbpyi tblbb edir vbD s.

Valideyn mbhbobbbpti haggénda danékarkbpn V. Q. Bel ir
haqgdéranva aadtéa m¢igbopddbpsdir. Bu x¢susda he- kim mg
Bu cohbptdbon hpolb insan heyvandan ¢stegn deyil dir ;g
Siz deyirsiniz ki, Afhansé ata vb ya hansé ana ©°:
sorukKkagq: si z mbhbobbbt nNbyb deyirsAxnéd zQoyMpnhpd & D 1
guzusunu sevir: onu s¢de¢ 1 Ilp bbslbyir, di | i il
otl amaj a bakl-4déadloétngl amg masathapt i gurtareéer. A X
Mitrofanukk@yvyengasewmbdi dibt i ni i fka edbpn ANakami|l
Ukag -o0ox yeybndbp db, az yeybndbp db o, goca Yer el
©z ojlunu o dbprpbocbpdbp sevirdi -akie, agdmrr dej lku , ¢ aKr
vuranda g°rpbsbpn bDIi ajréemadé ki ! Bol i, goyun qu.
ojlu ¢-¢n hbpom qoyun, hom inbpk ol magla bbrabbpr,
arabaya mindirib s¢grmbpyp hazérde,; mD g D r-batgnoy u n u n
bunl ar mbphobbbotdirmi? Bol i, mbphobbbotdir, amma
mphbobbbotdir. .. Bel o bir mphpopbbbt mbnhaseéeéz, -irkin
Qa-ayén da, arvadé G°y-pyin dbp Tapdéja qgqarké m
Tapdéq da atasénéen ¢z¢é¢gnbp sillbolbr vurur, papajeéer
ga-maja mbpcbur edir. .. Bu -éxél maz vbziyybtdbn
me¢ DI T i mi ol ur . M¢extol if psixol oj i topdbirl bor, me¢,
torbiybp olunur. Yaze-é& da bu fikirdbpdir ki, pi ¢
i stomi kdi r ki, ukajJ én tborbiybsi il o Iap erkbpn do
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Mol i Tapdéjén torbiybpsindbp m¢ghegm 1ol oyn:
Burada biz bDsas etibaré ilbp kbnd m¢gplliminin pe
tuturugq. M¢pl Iim xasiyynbpt vb rpopftaré pis olan
Tapdéja m¢gkafat vbd edir. Vedi yerinp yetirbprobpk
karandakl ar al éb -betoriver mbgkbnribgabaté helksi oy
Mayi sdbpn istifadp edir vb deyir ki, kim makeéne
Mayis qurduju halda m¢pllim onu Tapdéja verir v
Mayis makéné bir dpofbo qura bildiyi hal da, Tapde
psixol oj i hal deyil dir, i ki nci si i sb makéné Ma)
Aydénder ki, bel b bir m¢gnasi bbpbt vb torofgirlik h
ATapdég ¢-é6n négmunbovi, gi bto hissi oyadacaq bir
m¢hegm bir vasitpo olub fobal bir rol oynaya bil bco
goyur B¢t ¢n bunl arla yanaké hekaybdbp anl akeéel mase
memkegnder . Mbspbl bn, A°zl borini onda qoymamagq?o, i
Agérrakmaqgqo VD S. Bunl arén sayéné daha da arteéern

Anaya mbhbobbpbptin tboronn¢gm¢ c¢cbpbhbptdbon wukagql ar h a

Vurjunun xidmbpt. dbo az ol mamékdeéer. Onun bér sér
onl arén ailpoypbp -gwhiiyyd k|l mehr klpanlbdhyal $af vD t Dmi
ana qblbinin -érpénteéelaré bpbks olunmukdur. Lakin
tosirli gpl ombp al énméexkdeéer Bu da tbsadg¢fi deyi
ol mukdur . Ukagq g°z¢n¢ déegnyaya onun i sti, mehr i b:
il k dopfbo s°ylobdiyi DN Dzi z s°-5evdb-tutann @idiEib . Onu
danéekdér an, baké ajréyanda Acand deybn ana ol muck
Dojdujumuz g¢ndon °mregmgzeéen axéréna gqgbpdbpr sevdi
ol dujumuzdan asél é& ol mayaaraq o biizm ¢-¢én bn o s
Daxil bpn °©z¢mezdbp hbomi Kb ananeén nbpvaziKkKkinb eht i)
nQezcéjazo (1939), AAna vb k°rpboodo (1940) «keirlopo
yaratmaq, ukaq b°y¢degb torbiybp etmbk ki mi g°zpol
sevincinin bbpodii i fadbpsini tapeéeregq.
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