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Kongremizde Yazim Kurallarina uygun génderilmis ve bilim kurulundan gecen bildiriler igin

online (video konferans sistemi {izerinden) sunum imkani saglanmustir.

Online sunum yapabilmek i¢in https://zoom.us/joinsitesi {izerinden giris yaparak “Meeting ID

orPersonal Link Name” yerine ID numarasini girerek oturuma katilabilirsiniz.

Zoom uygulamasi iicretsizdir ve hesap olusturmaya gerek yoktur.

Zoom uygulamasi kaydolmadan kullanilabilir.

Uygulama tablet, telefon ve PC’lerde ¢alisiyor.

Her oturumdaki sunucular, sunum saatinden 5 dk 6ncesinde oturuma baglanmis olmalar1

gerekmektedir.

Tiim kongre katilimcilar1 canli baglanarak tiim oturumlar1 dinleyebilir.

Moderatdr — oturumdaki sunum ve bilimsel tartisma (soru-cevap) kismindan sorumludur.
DikkatEdilmesiGerekenler- TEKNIK BILGILER

Bilgisayarinizda mikrofon olduguna ve ¢alistigina emin olun.

Zoom'da ekran paylagma 6zelligine kullanabilmelisiniz.

Katilim belgeleri kongre sonunda tarafiniza pdf olarak gonderilecektir

Kongre programinda yer ve saat degisikligi gibi talepler dikkate alinmayacaktir
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IMPORTANT, PLEASE READ CAREFULLY

% To be able to attend a meeting online, login via https://zoom.us/joinsite, enter ID “Meeting ID
or Personal Link Name” and solidify the session.
The Zoom application is free and no need to create an account.
The Zoom application can be used without registration.
The application works on tablets, phones and PCs.
The participant must be connected to the session 5 minutes before the presentation time.
All congress participants can connect live and listen to all sessions.
Moderator is responsible for the presentation and scientific discussion (question-answer) section
of the session.

Points to Take into Consideration - TECHNICAL INFORMATION
Make sure your computer has a microphone and is working.
You should be able to use screen sharing feature in Zoom.
Attendance certificates will be sent to you as pdf at the end of the congress.
Requests such as change of place and time will not be taken into consideration in the congress
program.
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1.Akilh ila¢ Tasiyicl Sistemlerin Calisma Mekanizmalar:
1.Mechanisms of Smart Drug Delivery Systems

1.1. Pasif Hedefleme ve EPR Etkisi

Pasif  hedefleme, EPR  (Gelismis
Gegirgenlik ve Retansiyon) etkisi ile
gerceklesir.

Tumér damarlann  gegirgen oldugundan
dolayy, ilag yiiklii nanotasiyicilar saghkl
dokulara gore daha yogun birikir
(Gelismis Gegirgenlik).

Bozulmusg lenfatik sistem
nanopargaciklarin timor ¢evresinde
tutulmasini saglar (Gelismis Retansiyon).
EPR etkisi hem gecirgenlik hem de
retansiyonu kapsar. - 4 ——9
‘”‘b“b“"m“’;’ff o Oy’
S €
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1.1. Passive Targeting via EPR
Effect

Passive targeting occurs through the EPR
(Enhanced Permeability and Retention)
effect.

Due to the leakiness of tumor vasculature,
drug-loaded nanocarriers accumulate more
in tumor tissue than in healthy tissues
(Enhanced Permeability)

A dysfunctional lymphatic system allows
nanoparticles to be retained around the
tumor (Enhanced Retention)

The EPR effect thus encompasses both
enhanced permeability and retention.
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Calismada, osteopatik ve geleneksel tedavi yaklagimlarinin etkinligini
degerlendirmek icin asagidaki 6lctim araglari kullanilmistir:

Agn diizeyi:
+ Visllel Analog Skala (VAS)

Fonksiyonel oziirliiliik: N
e : Sude SEVIM GU.
+ Boyun Oziirltlik Indeksi (NDI) ude
Ya;am kalitesi: bilal kaya L VIM GUNAY
+ SF-36 Yagam Kalitesi Olcegi
Kas kuvveti:
+ Manuel kas testiyle degerlendirilmistir.

Eklem hareket acikligi (ROM):
+ Gonyometrik lglimlerle belirlenmistir.

Tim degerlendirmeler, tedavi 6ncesi ve sonrasinda olmak tizere iki kez yapilmistir.
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9. Modernization and Rationalization

Weber saw modernization as the rationalization
of social life. Calculability, specialization, and
predictability became defining features of
modern institutions.

-> He described this process as the
“disenchantment of the world.”

- Yet, the sacred can re-emerge in new forms
even under rationalized conditions.

Ali Bugra Kilgik

BRE - AVL - — 1013
é’ow., puani 9 DO 005 Y




zoom

Workplace

& Toplant

S S1_H1_Moderator_seyfi sevik adl ()

MATERIAL AND MET

i

!

"ﬁ
f

f/,sz
5

1l
fi (
U

i

T

Exhaust vent ,

The dryer's base slope angle of 25°
corresponds to the latitude of the
experimental site. Thermocouples
and thermometers were used for
temperature measurements.
5-6 mm thicknesses

Transparent glass

Fresh quince slices were weighed at
1365 g before drying for

each
experiment.
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Three - phase
Olives
(1000 kg)

1

Washing
(with cold water)

ﬂ' Olive cake
Centrifugation “Orujo”
(three - phase decanter) @ 550 kg)

1

Oil washing / recovery of
the oil in the liquid fraction

Hot water

(06-1.3m’) |

Washing water

omw Wa
> (=1-1.6m°)

Olive oil
(=210 kg)
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Fig. 2. Single-slope solar dryer.
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Background / Motivation

Yemen's Energy Challenges and Opportunities for
Improvement

Current Situation: The Marib gas turbine power
plant operates with a simple Brayton cycle, releasing
high-temperature exhaust gases directly to the

atmosphere.

Energy Loss: This causes significant waste of
recoverable heat energy, lowering overall efficiency
and increasing CO, emissions.

Antibiyotik Direncinde Yeni
Yaklagimlar

Q

Antibiyotik direnci, hem bireysel hastalarda
hem de toplum genelinde ciddi saghk
sorunlarma yol agmaktadir.

Direngli enfeksiyonlar tedaviyi daha pahali,
uzun ve toksik hale getirirken, hastaneye yatig
sayis1 ve siirelerini artirr.

Bu durum 6zellikle baglﬁlkllgl zayif
hastalarda tedavi basarisizligi ve
komplikasyon riskini yiikseltir.

Bu nedenle toksisitesi diisiik ve direng
gelisimini en aza indiren alternatif stratejiler
bityiikk 6nem tagir; son yillarda bakteriyofaj
terapisi,  antimikrobiyal  peptitler  ve
CRISPR/Cas tabanli yaklagimlar umut verici
segenekler olarak one ¢ikmaktadir.

www.afsu.edu.tr

Novel Approaches in Antibiotic
Resistance

Antibiotic resistance poses serious health
challenges both for individual patients and for
public health.

Resistant infections make treatment more
expensive, prolonged, and often more toxic,
while also increasing hospital admission rates
and length of stay.

This issue is particularly critical for
immunocompromised patients, where it
elevates the risk of treatment failure and
complications.

Therefore, alternative strategies with low
toxicity and minimal potential for resistance
development are of great importance. In
recent  years, bacteriophage therapy,
antimicrobial peptides, and CRISPR/Cas
based approaches have emerged as promising
options in the fight against antibiotic
resistance. :
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ANALYSIS OF APPLE DRYING IN A SINGLE-SLOPE SOLAR DRYER

Seyfi SEVIK
Hitit University Vocational School of Technical Sciences, Electrical and Energy, Corum, Tiirkiye,
ORCID ID: 0000-0003-4063-0456

ABSRACT

In this study, it was aimed to dry apples (Malus domestica) in a single-inclined solar dryer.
Apples were dried in two consecutive weeks in October, with varying weather conditions. In
Exp-2, the drying cabinet air temperature was 6 °C higher than in Exp-1. Thus, drying time
decreased by 55.47%. Because there was cold weather in Exp-1, while there was comparatively
better weather in Exp-2. The Exp-2 experiment demonstrated superior performance in both
solar energy conversion to heat (dT/I) and moisture removal efficiency per unit of energy
(SMER), demonstrating a more effective and energy-efficient drying process. In Exp-2, the
SMER value reached a maximum of 13.8 g water/Wh, which was 68.18% higher than the
maximum observed in Exp-1. Based on average values, the specific energy consumption (SEC)
value in Exp-2 was 18% lower compared to Exp-1. In Exp-2, the average energy efficiency
(EE) was 24.97%, while the maximum reached 34.93%. In Exp-2, the average drying efficiency
(DE) was 24.84%, whereas the maximum reached 35.98%. The maximum effective diffusivity
coefficient (D.) values were 1.9x10—12 and 4.3x10—12 m?/s for Exp-1 and Exp-2, respectively.
The mass transfer coefficient (hm) value increased as the product surface temperature rose due
to the reduction in moisture content (Xa»). As a result, it has been established that apple drying
can be achieved using a dryer made from simple and recyclable materials.

Keywords: Solar drying, recycle, apple drying, drying efficiency, drying characteristics.
OZET

Bu ¢alismada, elmalarin (Malus domestica) tek egimli bir giines kurutucusunda kurutulmasi
amaglanmistir. Elmalar, Ekim ayinda iki ardisik hafta boyunca degisen hava kosullarinda
kurutulmugstur. Exp-2'de kurutma kabini hava sicakligi Exp-1'e gore 6 °C daha yiiksek olmustur.
Dolayisiyla kurutma siiresi %55.47 oraninda azalmistir. Ciinkii Exp-1'de soguk hava varken,
Exp-2'de nispeten daha iyi hava kosullar1 vardi. Exp-2 deneyi hem giines enerjisini 1siya
doniistiirme (dT/I) hem de enerji birimi basina nem giderme verimliliginde (SMER) iistiin
performans gostererek, daha etkili ve enerji agisindan verimli bir kurutma islemi ortaya
koymustur. Exp-2'de SMER degeri, Exp-1'de gozlenen maksimum degerden %68.18 daha
yiksek olan 13.8 g su/Wh'lik maksimum degere ulagmistir. Ortalama degerlere gore, Exp-
2'deki 6zgiil enerji tikketimi (SEC) degeri Exp-1'e gore %18 daha diislik ¢ikmistir. Exp-2'de
ortalama enerji verimliligi (EE) %?24.97 iken, maksimum %34.93'e ulasmistir. Exp-2'de
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ortalama kurutma verimliligi (DE) %24.84 iken, maksimum %35.98'e ulasmistir. Maksimum
etkili diflizyon katsayis1 (D.) degerleri Exp-1 ve Exp-2 igin sirastyla 1,9x10—12 ve 4,3x10—12
m?/s olmustur. Nem igerigindeki (Xz») azalmaya bagli olarak kiitle transfer katsayis1 (hm) degeri
irlin yiizey sicakligr arttikca artmistir. Sonu¢ olarak, basit ve geri doniistiriilebilir
malzemelerden yapilmis bir kurutucu kullanilarak elma kurutulabilecegi ortaya konmustur.
Anahtar Kelimeler: Giines enerjili kurutma, geri doniisiim, elma kurutma, kurutma
verimliligi, kurutma karakteristikleri.

1. INTRODUCTION

One of the healthiest fruits is the apple (Malus domestica), which is rich in dietary fiber, total
soluble solids, acids, vitamins, polyphenols, and antioxidants (Oyenihi et al., 2022). In this
context, it is an accessible, widely grown, and commonly consumed fruit around the world.
Apples are rich in minerals (such as potassium, calcium, nitrogen, and magnesium), organic
acids (such as malic acid), vitamins (such as C, E, and B6), macronutrients (such as sugars,
fiber, pectin, fat, and protein), and trace elements (such as zinc, iron, copper, and manganese)
(Skinner et al., 2018). Apples can be preserved by different methods and can be consumed in
various ways, the first of which is drying. In addition, dried apples can be found in a variety of
processed goods, including morning cereals, whole grain cereals, snacks, functional foods, and
quick infant products (Doymaz, 2009; Khanizadeh et al., 2008).

Due to its high nutritional value, ease of accessibility, and popularity as a snack, apple drying
has been the focus of numerous studies (Nowak and Lewicki, 2004; Mabrouk et al., 2012;
Hazervazifeh et al., 2016; Ullah et al., 2017; Sevik et al., 2019; Ghinea et al., 2022; Thakur et
al., 2024). The impact of near-infrared energy on the drying process of apple slices was
examined by Nowak and Lewicki (2004). According to their experimental findings, infrared
drying was crucially effective in drying, and it reduced drying time by 50%. Furthermore, the
infrared dryer's energy efficiency ranged from 35% to 45%. The energy impact of apples'
intermittent and convective drying processes was examined by Mabrouk et al. (2012). The
studies demonstrated that solar radiation and air drying conditions are useful parameters, and
that raising air temperature and lowering air velocity resulted in energy gain. In 2016, Blanco-
Cano and colleagues studied an indirect solar radiation collector. They used temperatures
ranging from 20 °C to 50 °C to dry apple slices. The findings showed that raising the drying air
temperature shortened the drying time. Hazervazifeh et al. (2016) looked into how different
drying techniques affected the drying of apple slices. Slices of apple were dried using hot air

flow, a microwave, and a microwave-hot air-drying combo. The results showed that using a
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microwave and a hot air dryer together produced a minimum drying time of 17 minutes. A
parabolic collector and dried apple slices were constructed by Ullah et al. (2017). Tests were
conducted on the collector at various absorber diameters and air mass flow rates. Energy
efficiency in their investigation ranged from 20.8 to 23.33%, while mass flow rates varied from
1.5 to 3.5 kg/min. The higher flow rates resulted in higher efficiency. Higher efficiency was
also demonstrated by the reduced diameter. When Thakur et al. (2024) looked at the quality
metrics of apples with pretreated and altered apple slice thicknesses, they found that
pretreatment improved the quality. Additionally, hybrid drying techniques were applied for
apple drying (Chong et al., 2014; Sevik et al., 2019; Musielak et al., 2024). Sevik et al. (2019)
used a dryer that combined infrared and solar energy to dry apples. They reported that the
double-pass solar air dryer (DPSAD) had an energy efficiency of roughly 27%, while the
infrared-assisted DPSAD (DPSAIRD) had an energy efficiency of roughly 9%.

As is evident, a number of studies on apple drying have been conducted. There is much research
on how different fruits and vegetables dry in the sun, but there isn't much on how apples dry in
the single-sloped solar dryer. This study's primary goals are to: a) create a simple single-slope
solar dryer out of recycled materials; b) test a direct solar dryer that provides cost-effective
drying process control and relative protection from environmental factors; c) determine how
well the dryer dries apples in two different conditions; and d) evaluate the quality of the dried
products.

2. MATERIAL AND METHOD

2.1. Sample preparation

Dried apples are juicy and firm fruits with a moisture content of 82—86% based on w.b. and are
suitable for drying with solar energy and air circulation. Dry matter content of the apples was
determined with the 10543 °C for 24 h method, which is the most common and reliable method
for dry matter determination. The initial moisture content of apples was determined as 5.825 g
water/g dry matter. Apples were harvested from a tree located near the solar dryer, as shown in
Figs. 1 and 2. They were washed and dried with a dry cloth. The apples were sliced into crescent
moon shapes, placed on a drying rack, and prepared for the drying experiment. For every
experiment, 1365 g of fresh apples were weighed before they were dried. Fresh apple slices,
without any pretreatment, were placed on an aluminum-framed fly tray. Photographs of the

apple slices were taken as soon as the drying process began.
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Fig. 1. Apples.
2.2. Experimental setup
As shown in Fig. 2, a low-cost single-slope solar dryer was designed for drying apples. The
experiment's direct-type, single-tray, single-slope solar dryer operates on the principle of
natural convection (Sevik, 2025). A wire grid style structure, which is quite suitable for air
circulation, is used to increase convective drying performance. There is no insulation in the
dryer. The trial site's latitude is matched by the dryer's base slope angle of 25°. Temperature

readings are taken using thermocouples, thermometers, and thermal cameras.
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i | Washing |

l

| Water removing ‘
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Fig. 2. Single-slope solar dryer.
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2.3. Theoretical analysis

The moisture content (Xup) is:

M;—M
Xa = (*524) 100 (1)
The drying rate (DR) is:
DR = Terdc% ©)

According to Crank (1975), the amount of moisture that is transferred from the product to the
air for slab products can be explained using the following formulas. Therefore, effective

moisture diffusivity (D.) can be expressed using the following formula:
0Xap _ 0 (D ade) (3)

at  oax\"¢ oax

Thuwapanichayanan et al. (2011) state that the beginning and boundary conditions are

represented by the following equations:

Xap (5,0) = X (4)
X 4p(0,t) _

0z =0 (5)
Xap(Lt

=D, % = hm(de - Xeq) (6)

The moisture ratio (MR) is the most widely used experimental metric to forecast product mass
loss during drying processes. The effective diffusion coefficient, which is dependent on the
product's temperature and moisture content, is a crucial transport parameter for drying process
modelling. Fick's second diffusion law provides a heat and mass transfer equation for product

drying (Bispo et al. 2015). The slab products' MR can be written as follows:

MM 85 1 (97 — 1)272 De.
MR = Mo—M, _ n? Y=o (2n-1)2 exp( (2n—1)*n e t) (7)
The equation's initial term is (Lopez et al. 2000);
8 2D,
In(MR) = In (;) - ("4L2 )t (8)

The convective boundary condition is often established using a Biot number (B1) in the wall
thermal boundary condition. Bi is a dimensionless number that establishes a correlation
between the heat transfer rate of internal convection and outside convection. Differential
equations can be used to characterise the transport processes when surface boundary conditions
on internal and external influences are expressed in dimensionless form (Giner et al. 2010). The

Bi can be calculated in this way:

. hmL
Bl=L
De

)
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Dincer and Hussain (2002) state that it can be computed using the relationship between Dincer

number (D7) and Bi. is as follows:

Bi = 24.85 (10)

Di0-375
Dincer and Hussain (2002) state that Di is a measure of how flow velocity affects the heating
or cooling coefficient. The Dincer model can be used to compute the movement of moisture to

goods exposed to solar radiation. One way to calculate the Di is as

Va

Di = "ol (11)
The drying constant (k¢) is (Aboltins, 2013);
ke =—DR/(Xap — M) (12)

The amount of solar irradiance that reaches the dryer's surface and the energy the dryer absorbs
are two important variables that impact drying efficiency (DE). The DE can be calculated by
dividing the energy used to heat the product and remove the moisture from it by the total energy

used. It can be computed using

EneatingtEeva Myp.Cpp-(Tpt+dt—Tp,t)+hrgMw
DE = Eheating p _ Mplpp(Tp P fg (13)
Etot Agl

Energy efficiency (EE) is:
EE = ~2wr (14)
Etot

The specific energy consumption (SEC) is:

_ Etor
SEC =2 (15)
The specific moisture extraction rate (SMER) is:

mm

SMER = =¥ (16)

tot

3. RESULT AND DISCUSSION

During two distinct weeks in October, apple slices were dried in two different tests under
comparable circumstances. Exp-1 lasted approximately 6 days (7680 minutes), from October
3rd to October 8th. Ramirez et al. (2017) dried apple slices in an air-drying oven at 30 °C, 40
°C, and 50 °C for a time ranging from 180 to 815 min. Nowak and Lewicki (2004) dried apple
slices in an infrared drying oven at speeds of 0.5, 1, and 1.5 m/s for approximately 170 min.
They found that infrared drying can reduce drying time by up to 50% compared to convective
drying (295 min). However, while these dryers offer significant time savings, it's important to
remember that they also come with significant energy, maintenance, and IR lamp replacement
costs.

Fig. 3 illustrates the dynamic relationship among solar irradiance (I), ambient air temperature
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(Td,1), and solar dryer outlet temperature (Td,0) over time in Exp-1. The graph offers insight
into the continuity of the drying process for Exp-1. This data is essential for predicting how the
drying system performed over time. The solar irradiance curve indicates the availability of
environmental energy for drying. As expected, solar irradiance increases in the morning, peaks
around noon, and declines rapidly in the evening. The daily cyclical pattern of increases and
decreases is clearly visible. From October 3rd to October 8th, a similar daily pattern is observed,
reflecting consistent weather conditions. In Exp-1, solar irradiance reached a maximum of 703
W/m?. However, the maximum effective solar irradiance for the dryer area is 688 W/m?. This
irradiance behavior directly influences the timing and efficiency of the drying process in solar
dryers. While the outdoor air temperature remains relatively stable during the day, it drops
significantly at night. The ambient air temperature varies from 5.0 °C to 19.0 °C, with an
average of 10.7 °C. The interior temperature of the cabinet ranges from 5.2 °C to 44.8 °C,
averaging 20.9 °C. Factors such as insulation effectiveness and thermal mass explain these
variations. The interior temperature helps prevent sudden fluctuations during drying, protecting
against physical damage like cracking. The data clearly demonstrates that solar radiation

directly influences outdoor temperature, while the interior temperature remains more stable.

Temperature (

Solar irradiance (W/m?2)

[N eNoNeoNeNelleNelNololoNoNeNoNeNo XNl
NFT O 0O AN OO ANTFT OO AN T O
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3 Oct. 4 Oct 5 Oct. 6 Oct. 7 Oct. 8 Oct.

Time (Min)

Fig. 3. A dynamic relationship showing the variation of solar irradiance, ambient air temperature, and
solar dryer outlet air temperature with time in Exp-1.

Exp-2 lasted approximately 3 days (3420 minutes), from October 12th to October 14th. Fig. 4
illustrates the dynamic relationship between solar irradiance (I), ambient air temperature (Td,1),
and solar dryer outlet temperature (Td,0) as they change over time in Exp-2. As anticipated,
solar irradiance increases noticeably in the morning, peaks at midday, and then sharply declines

in the evening. As in Exp-1, the daily cyclical increases and decreases are quite clear in Exp-2.
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From October 12th to October 14th, a similar pattern is observed every day, indicating a
regularity in weather conditions. In Exp-1, the solar irradiance amount reached a maximum of
806 W/m?. However, the maximum effective solar irradiance for the solar dryer area is 688
W/m?. In solar dryers, this irradiance behavior directly affects the timing and efficiency of the
drying process. This can be easily seen from the difference in drying time between Exp-1 and
Exp-2. As in Exp-1, while the outdoor air temperature does not change significantly during the
day, it drops significantly at night. The ambient air temperature varies from 6.0 °C to 24 °C,
with an experimental average of 14.3 °C. The inside temperature of the cabinet varied from 6.2
°C to 50.8 °C, with an experimental average of 26 °C. When maximum temperature values are
compared, in Exp-2, the ambient air temperature is 5 °C higher than in Exp-1. Similarly, in
Exp-2, the inside air temperature is only 6 °C higher than in Exp-1. However, drying time
decreased by 55.47%. This is because there is cold weather in Exp-1, while there is

comparatively better weather in Exp-2.
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Fig. 4. A dynamic relationship showing the variation of solar irradiance, ambient air temperature, and
solar dryer outlet air temperature with time in Exp-2.

Fig. 5a shows the changes in EE and DE during the experiment in Exp-1. When the graphs are
examined, significant fluctuations and comparative dynamics are observed between EE and DE
in the time period between October 3rd and 8th. While EE and DE are more stable during the
day, they increase significantly in the evening and at night. This can be attributed to the removal
of water vapor from the product despite the lack of energy input. More reliable data can be
obtained during the hours when the drying system can benefit more from solar irradiance. For

this purpose, Fig. 5b was obtained. Fig. 4b shows the changes in EE and DE obtained based
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only on daytime averages in Exp-1. Accordingly, the average EE is 19.5%, while the maximum

reaches 26.9%. While the average DE is 16.7%, the maximum reaches 24.7%.
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b) Variations in £E and DE obtained based only on daytime averages in Exp-1
Fig. 5. Variations in £E and DE during the experiment in Exp-1.

Similar situations are also seen in Exp-2. Fig. 6a shows the changes in EE and DE during the

experiment in Exp-1. When the graphs are examined, significant fluctuations and comparative

dynamics are observed between EE and DE in the period between October 12th and 14th. Fig.

6b shows the changes in EE and DE obtained based only on daytime averages in Exp-2.

Accordingly, the average EE is 24.97%, while the maximum reaches 34.93%. While the

average DE is 24.84%, the maximum reaches 35.98%. The average DE in Exp-1 was 18.9%

for quince slices in Sevik's (2025) study, while it was almost equal to 19.04% in Exp-2.
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Fig. 6. Variations in EE and DE during the experiment in Exp-2.

Fig. 7 shows the T_(d,0)-T_(d,i))/rh_w (°C/g) versus DE (%). In Exp-1, the average value was
found to be 1 °C/g, with a maximum value of 10.8 °C/g. Generally, it remained below 1 °C/g,
peaking in the final hours of the experiment. In Exp-2, the average value was found to be 0.6
°C/g, with a maximum value of 2.9 °C/g. Generally, it remained below 1 °C/g, peaking in the
final hours of the experiment. According to Sevik's (2025) research, quince slices' average value
in Exp-1 was 1.59 °C/g, whereas in Exp-2, it was almost the same at 1.61 °C/g. The results of
the current study show that the evaporation rate is crucial for drying efficiency, especially when
there is a large amount of free moisture on the surface. Evaporation occurs as free moisture
diffuses from the surface through a thin layer of air in contact with the material, which directly
influences the drying rate. This air layer creates significant resistance to both mass and heat
transfer, impacting the drying process. While increasing the drying air velocity can somewhat
reduce the film thickness, it cannot eliminate it. Saturated water vapor forms on the inner
surface of this film along the material, establishing a constant vapor pressure gradient between

it and the surrounding air, which ensures continuous evaporation. The evaporation rate is
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directly proportional to the total surface area and the particle properties of the material, as well
as the vapor pressure difference in the gaseous environment; it is inversely proportional to the

air film thickness.
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Fig. 7. T_(d,0)-T_(d,i))/m_w (°C/g) versus DE (%).

Fig. 8 shows the instantaneous variation of Xz and MR in Exp-1 and Exp-2. Initial Xz was
measured as 5.83 g water/g dry matter. Exp-1 was completed in 7680 min, while Exp-2 took
3420 min. Depending on the length of the drying period, it is seen that the Classical curves
repeat downward every day. The findings show that the parameters important for removing
surface moisture depend on environmental conditions, meaning external factors rather than the
particles' intrinsic properties. These external factors, especially temperature, humidity, and the
velocity of the drying air, as well as how much the air contacts the material, greatly influence
the drying process's effectiveness. Similarly, the physical shape of the material also
significantly impacts this process. All these external parameters are directly tied to the design
of the drying equipment. The importance of external conditions becomes even more critical
during the initial phase of drying—the removal of free and bound moisture from the surface.
During this stage, the primary factor controlling the drying rate is how effectively heat is
transferred to the material. Indeed, the results suggest that adjusting air temperature and

humidity can help optimize the drying rate.

11




ISARC
INTERNATIONAL SCIENCE AND ART RESEARCH CENTER

6,0 ¢
5,0

0 Xdb_ Exp-1
—6—Xdb_Exp-2

2 40
é” 3.0
<

= &£ 20
_

< 10
=~ 00

S OO O OO OO OO oo
O N0 T OO AN X0IT O VOA
N>~ O T O — W1 oA O NN

— —— NN NenNoon <t

30ct. 40Oct. 5 Oct. 6 Oct. 7 Oct.
Time (Min)

Fig. 8. The instantaneous variation of X4 and MR in Exp-1 and Exp-2.

Fig. 9 shows the instant change of X4, and DR in Exp-1 and Exp-2. As expected, DR rises during
the day and falls in the evening and night. When humidity drops, DR also drops accordingly.
The main factors influencing DR include airflow and temperature. In other words, the moisture
capacity of the passing drying air (or the ambient air around the product) is a key part of the
drying process. How much vapor air can hold affects both the drying rate and how long drying
takes. As expected, a decrease in the product's moisture content matches a lower DR value.
Initially, moisture evaporates from near the apple's surface. As drying continues, a crust forms
on the surface while the inside remains wet, making it harder for moisture to escape. This
indicates the beginning of the second stage. During this stage, the drying rate drops quickly,
leading to longer drying times. In Exp-2, a higher DR is achieved, but it decreases as the
humidity drops toward the end of the experiment. Analyses show that removing surface
moisture does not always mean the process will be fast. In hygroscopic materials like ceramics
and wood, continued drying after this initial phase can create significant internal moisture and
pressure differences. These stresses can cause cracking and fractures. To prevent damage, the
drying process must be carefully managed. In particular, air temperature and humidity should
be optimized to enable a gentler, more controlled drying process. This helps maintain the
product's quality and encourages sustainable drying. Since no cracking or fractures were seen

in the apples, temperature and humidity were not controlled during this study.
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Fig. 9. The instantaneous variation of Xz and DR in Exp-1 and Exp-2.

Fig. 10 shows the instantaneous changes between the Xu, and two performance indicators—the
ratio of temperature difference to solar irradiance level (dT/I) and the SMER—for two separate
experiments (Exp-1 and Exp-2). Exp-1 has lower dT/I values, while Exp-2 has higher values.
The dT/I value averages 0.2 in Exp-1 and 0.3 in Exp-2. This is due to the more efficient drying
conditions and energy conversion in Exp-2. In Exp-2, the amount of moisture removed per unit
of energy is quite high. Although SMER varies, it can be said that SMER decreases as Xap
decreases because, as moisture decreases, less can be removed per unit of energy used. Exp-2
data has higher SMER values, indicating higher energy efficiency of the system. The SMER
value in Exp-2 averages 2.5 g water/Wh and a maximum of 13.8 g water/Wh. Based on
maximum values, Exp-1 is 68.18% lower than Exp-2. In conclusion, the Exp-2 experiment
appears to be more successful than Exp-1 in terms of both thermal response (dT/I) and SMER.
As a result, the Exp-2 experiment demonstrated superior performance in both solar energy
conversion to heat (dT/I) and moisture removal efficiency per unit of energy, demonstrating a
more effective and energy-efficient drying process. Accordingly, although the dryer can dry
high-quality products at lower temperatures, drying time is significantly shorter on days with

higher solar irradiance.
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Fig. 10. Instantaneous variations in dT/I and SMER versus Xg in Exp-1 and Exp-2.

Fig. 11 shows the instantaneous changes between the SEC and SMER for two separate
experiments. Throughout the experiments, SMER values fall while SEC values rise. This
indicates that moisture extraction gets harder as the experiment goes on, and energy usage rises
in tandem. It is generally seen that the values are concentrated in a particular area, indicating
that the investigations are still in their early phases. Exp-2 stands out with its higher SMER
ratios even at low Xy values, indicating the system's success in removing more moisture with
less energy. Based on average values, the SEC value in Exp-2 is 18% lower compared to Exp-
1. These results reveal that Exp-2 provides higher moisture removal efficiency with lower

energy consumption (drying in 3 days).
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Fig. 11. The instantaneous changes between the SEC and SMER for experiments.
Fig. 12 displays the correlation between the MR and D.. Fig. 13 shows the instantaneous

variation of hm. Since D, heavily depends on the moisture content of the product, D., MR, and

Xap values are directly related. At high temperatures, with high product moisture, and during
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the initial drying stage, water molecules in the product move faster and reach the surface more
quickly due to the increased kinetic energy of water. This is because of the low product surface
temperature and high moisture content at the start of the experiment. Although moisture
removal becomes more difficult in the final drying stage, the higher drying temperature allows
faster evaporation of water molecules in the apple, leading to a quicker reduction in the apple's
Xap and a corresponding increase in the effective D. value. Consequently, D, and Am values
tend to rise together. Since both parameters depend on temperature, D, increases proportionally
with temperature as im rises. The maximum D, values are 1.9x10—12 and 4.3x10—12 m?/s for
Exp-1 and Exp-2, respectively. In a study conducted by Sevik (2025), for Exp-1 and Exp-2, the
maximum D. values of quince slices, which were dried in the same dryer in October and were
thinner than apple slices, are 4.8x10—11 and 4.65x10—11 m?/s, respectively. Ramirez et al.
(2017) calculated D, values in the range of 5.59 x 10—12 to 25.52 x 10—12 m?/s for apple slices
in an air-drying oven at 30 °C, 40 °C, and 50 °C. The sm value increases as the product surface
temperature rises due to the reduction in Xg». Similarly, #m increases while MR decreases. The
moisture gradient developed during drying causes stress in the food's cellular structure,
resulting in physical changes like shrinkage and color alteration. Significant increases in both
Bi and D, occur alongside rises in surface temperature. Bi fluctuates between 0.1 and 1.0, and

as temperature increases, the moisture content drops, causing Bi to increase as well.
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Fig. 12. Correlation between the MR and D.
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Fig. 13. The instantaneous variation of hm.

Fig. 14 shows the thermal image and photograph of vapor on the glass surface during the
experiment. To observe the relationship between the vapor distribution on the glass surface and
the temperature, comparing the image with the vapor on the glass surface and the thermal image
can yield very meaningful results. The images demonstrate the relationship between
temperature distribution and condensation behavior during the drying process. Observing vapor
behavior on the glass surface helps optimize the moisture removal process of products. The
images provide data to establish a relationship between temperature gradient and water vapor
density for solar dryer design and to observe its impact on drying efficiency. Thermal analysis
reveals that the temperature distribution on the glass surface is not homogeneous; local
temperature differences occur. This difference can be attributed to localized condensation
occurring during the interaction of evaporation processes with the glass surface. The vapor trails
seen in the actual image affect drying by altering the rate of solar irradiance entering the cabinet
from the glass surface. Vapor on the glass surface not only affects product surface temperatures
but also affects moisture removal efficiency. These images can be used to optimize the internal

dynamics of solar dryers, especially those incorporating glass coating systems.

72 —— Pete: =17

Fig. 14. Thermal image and photograph of vapor on the glass surface during the experiment.
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In two distinct studies conducted during two successive weeks in October, apple slices were
dried under comparable settings. Fig. 15 displays photos of the dried apples. The apple slices
look quite uniform and thin, which helps balance drying time and improves quality. As drying
gradually occurs, changes in the color of the apple slices are visible. The fact that the apples do
not turn brown indicates that proper temperature and time controls are in place. Slicing the
apples with their skins on offers benefits for flavor preservation and color stability, while
slightly slowing moisture loss. By ensuring even drying of high-moisture apples in a smooth-

flow solar dryer, good results are achieved.
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Fig. 15. Photos of the dried apples.

4. CONCLUSION

This study aimed to dry apples (Malus domestica) using a single-inclined solar dryer. Apples
were dried over two consecutive weeks in October under different weather conditions. An
outline of the experiments' results is provided below:

e In Exp-2, the air temperature inside the drying cabinet was 6 °C higher than in Exp-1,
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resulting in a 55.47% reduction in drying time. This was because Exp-1 experienced
cold weather, whereas Exp-2 had comparatively better weather.
e The Exp-2 experiment showed superior performance in both dT/I and SMER, indicating
a more effective and energy-efficient drying process.
e In Exp-2, the SMER value reached a maximum of 13.8 g water/Wh, which was 68.18%
higher than the maximum observed in Exp-1.
e The average SEC in Exp-2 was 18% lower compared to Exp-1.
e The average EE in Exp-2 was 24.97%, with a maximum of 34.93%.
e The average DE was 24.84%, reaching a maximum of 35.98%.
e The maximum D, values were 1.9x10—12 and 4.3x10—12 m?/s for Exp-1 and Exp-2,
respectively.
e The im increased as the product surface temperature rose due to the reduction in
moisture content (Xu»).
It has been noted that successful drying can be achieved with a dryer constructed of basic,
recyclable materials. Furthermore, it may be argued that, in terms of drying performance, it
produces outcomes comparable to those of the dryers described in the literature. The problems
of forced or energy storage can be investigated in the future, and different items can be
evaluated. Dryers can be made from recycled composite insulated materials.
Nomenclature

Agy dryer area (m?)
Bi Biot number

Cpe  specific heat capacity of air (kJ/kg K)
Cpp  specific heat capacity of product (kJ/kg K)

DE  drying efficiency (%)

D, effective diffusivity coefficient (m?/s)

Di Dincer number

DR  drying rate (g water/g dry matter min)

energy consumption (kJ/s)

latent heat energy (kJ/kg)

mass transfer coefficient (m/s)

solar irradiance (W/m?)

drying constant (1/min)

characteristic dimension and corresponds to the half thickness for a slab object (m)
X4p  moisture content in dry bases (g water/g dry matter)
equilibrium moisture content (g water/g dry matter)
M; initial wet weight (g)

M,  final dry weight (g)

M,  equilibrium moisture content (g water/g dry matter)
M, initial moisture content (g water/g dry matter)

Sk ~§:~§m
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M moisture content of the product at any level and at any time (g water/g dry matter)
X moisture content at the time “t” (g water/g dry matter)
Xi4+q¢ moisture content at the time “t + dt” (g water/g dry matter)
MR  moisture ratio

m,  product weight (kg)

m,,  vaporized water weight (kg/s)

Rh  relative humidity (%)

SEC specific energy consumption (kJ/kg)

SMER specific moisture extraction rate (g water/Wh)

T,, temperature of dryer outlet air (°C)

T,;; temperature of dryer inlet air (°C)

T, temperature of product (°C)

t drying time (min)
v, velocity (m/s)
z direction of diffusion process (m)
Subscripts
aai ambient air inlet oa outlet air
db dry bases S surface
1 inlet tot total
0 outlet
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ANALYSIS OF SWEET CHERRY DRYING IN A SINGLE-SLOPE SOLAR DRYER
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ABSRACT

The expected income from the product cannot be obtained because a large amount of sweet
cherries (Prunus avium) are thrown away as they do not meet export standards, are sold at a
low price in local markets, have a short shelf life, are wormy due to rain, are damaged by hail,
etc. Therefore, they need to be stored for a long time, and one of the best storage methods is
drying. In this regard, direct sun dryers are advantageous due to their low cost, effective drying
process management, and reasonable insulation from external influences. In this context, the
sun-drying method was evaluated to enhance the value of sweet cherries and extend their
storage life in this study. A remarkably low moisture value was reached, as evidenced by the
cherries' final moisture content of 0.18 g water/g dry matter. The highest effective diffusivity
coefficient (D.) value was 1.8x10—12 m?/s, and the highest drying rate (DR) value was
7.3x10—-3 g water/g dry matter h. The maximum moisture removal efficiency per unit of energy
(SMER) was 13.8 g water / Wh, whereas the average specific energy consumption (SEC) was
17.1 Wh/ g water. The energy efficiency (EE) ranged from a maximum of 42.4% to an average
of 31.3%. The drying efficiency (DE) was 40.7% on average. The highest mass transfer
coefficient (hm) was 1.5x10—9 m/s, whereas the average was 8.9x10—11 m/s. In June, 5760
minutes were needed for the sweet cherries to dry in the solar drier. The drying time was lower
than that of the sun-dryer, but it was still significantly longer than that of dryers operating in
controlled and consistent environments.

Keywords: Solar drying, recycling, sweet cherry drying, drying efficiency, drying
characteristics.

OZET

Biiyiik miktarda tath kirazin (Prunus avium) ihracat standartlarini karsilayamadigi i¢in ¢ope
atilir, yerel pazarlarda diisiik bir fiyata satilir, kisa 6miir nedeniyle raf 6émrii kisadir, yagmur
nedeniyle kurtlanir ve dolu nedeniyle yaralanir vb nedenlerle iirtinden beklenen gelir elde
edilemez. Bu nedenle uzun siireli muhafaza edilmesi gerekir ki en iyi muhafaza yontemlerinden
biri de kurutmadir. Bununla birlikte direkt giines kurutucular1 diisiik maliyeti, etkin kurutma
proses yonetimi ve dig etkenlerden makul izolasyonu nedeniyle olduk¢a avantajlidir. Bu

baglamda bu caligmada kirazin degerini arttirmak ve depolama Omriinii uzatmak amaciyla
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giineste kurutma yontemi degerlendirilmistir. Kirazlarin son nem igeriginin 0.18 g su/g kuru
madde olmasiyla kanitlandig1 gibi, dikkat c¢ekici derecede diisiik bir nem degerine ulasildi. En
yiksek D, degeri 1.8x10—12 m?*s ve en yiiksek DR degeri 7.3x10—3 g su/g kuru madde h idi.
Maksimum enerji birimi basina nem giderme verimliliginde (SMER) 13.8 g su/Wh iken,
ortalama 6zgiil enerji tikketimi (SEC) 17.1 Wh/g su idi. Enerji verimliligi (EE), maksimum
%42.4 ile ortalama %31.3 arasinda degisti. kurutma verimliligi (DE) ortalamas1 %40.7 idi. En
yuksek kiitle transfer katsayis1 (hm) 1.5%10—9 m/s iken, ortalama 8.9%10—11 m/s idi. Haziran
ayinda tath kirazlarin giines kurutucusunda kurumasi i¢in 5760 dakika gerekti. Kurutma stiresi
giines kurutucusundan daha diisiiktii, ancak kontrollii ve tutarli ortamlarda c¢alisan
kurutuculardan 6nemli 6l¢iide daha uzundu.

Anahtar Kelimeler: Giines enerjili kurutma, geri doniistim, kiraz kurutma, kurutma
verimliligi, kurutma karakteristikleri.

5. INTRODUCTION

Cherry (Prunus avium L.) is a fruit of temperate climates that holds high value in international
markets. Usually consumed raw, cherries are an early-season fruit (Usenik et al., 2008). Global
cherry production is increasing rapidly, with Tiirkiye, the United States, and Iran as the main
producers. Sweet cherries contain vitamins, especially vitamin C, along with minerals like
calcium, magnesium, phosphorus, and potassium (Yigit et al., 2009). These cherries are low in
sodium compared to other minerals, such as potassium, consist of about 80% water, and are
low in calories (63 kcal per 100 grams). They have low levels of organic acids (ranging from
3.67 to 8.66 g/kg of fresh weight) and simple sugars (from 125 to 265 g/kg of fresh weight)
(Usenik et al., 2008). A key factor behind the health benefits of sweet cherries is their high fiber
content (McCune et al., 2010). Valued for their flavor and health properties, cherries are a good
source of organic acids, sugars, anthocyanins, and derivatives of hydroxycinnamic acid
(Hayaloglu and Demir, 2015). They contain abundant carbohydrates, especially simple sugars
like glucose, fructose, sucrose, and sorbitol. Compared to other fruits, cherries have high levels
of phytochemicals, notably phenols; however, the variation among cultivars can be significant
(Faienza et al., 2020). According to Michailidis et al. (2019), sweet cherries are highly
perishable due to their strong respiratory activity, quick softening, and susceptibility to physical
damage. Their short shelf life makes them prone to cracking, worming, rain-induced decay, and
damage from hail. It is also believed that cracking can result from prolonged exposure to water
in the root zone or rainwater on the fruit. Consequently, extreme practices like flying helicopters

over the trees after rain to remove water are considered both risky and costly. Besides being
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eaten fresh, sweet cherries are used to produce syrups, marmalades, jams, jellies, stewed fruit,
and various soft beverages (Vursavus et al., 2006). Their shelf life in standard cold storage is
only 7—-10 days, underscoring their perishability (Chockchaisawasdee et al., 2016). To improve
long-term storage, drying is one of the simplest methods after harvest. Typically, cherries dry
in the sun within 5-8 days. Doymaz and Ismail (2011) dried pretreated sweet cherries in a
laboratory dryer at air temperatures of 60, 70, and 75 °C with an air speed of 2.0 m/s for 1590,
660, and 600 minutes, respectively.

Sweet cherries of the "Burlat" cultivar were dried at 60, 70, and 80 °C using an indirect solar
convective dryer, as studied by Ouaabou et al. (2020). They were then stored for a year, and
their total phenolics, antioxidant activity, total flavonoids, and total anthocyanins were
measured. Total flavonoids and anthocyanins decreased by 24% and 33%, respectively, while
the greatest retention of total phenolics and antioxidant activity was found in dried cherries
stored for a year. Vakula et al. (2020) applied an artificial neural network (ANN) to vacuum
drying of sweet cherries at 50-70 °C and 20-200 mbar conditions. Uribe et al. (2023) tested
various drying methods for sweet cherries, including freeze-drying (FD), convective drying
(CD), vacuum drying (VD), infrared radiation (IRD), and solar drying (SD). In FD, they
observed the lowest total color change (TCC) and the highest total anthocyanin content (TAC),
along with an increase in chlorogenic acid (CA) compared to fresh cherries. In CD, they noted
an increase in total phenolic content (TPC) and total flavonoid content (TFC), indicating higher
free radical levels. The highest antioxidant activity (AC) was seen in IRD. Conversely, the
lowest TPC and TFC values were recorded with the SD method, while the lowest TAC was
found in IRD. Berk et al. (2023) used microwave (MwD), hot air (HAD), and a microwave-hot
air hybrid (Mw-HAD) for drying pretreated and non-pretreated white cherries. They reported
that the color, antioxidant capacity, and total phenolic components of pretreated white cherry
samples dried by Mw-HAD at 200W+80 °C showed improved results.

As can be seen, various studies have been done on sweet cherry drying. Although there are
many studies on the sun-drying behavior of various vegetables and fruits, studies on the sun-
drying characteristics of sweet cherries are limited. The main objectives of this investigation
are to a) design a basic single-slope solar dryer using recycled materials, b) test a direct solar
dryer that offers effective drying process control, affordability, and relative protection against
environmental factors, c¢) ascertain the dryer's sweet cherry drying performance, and d) assess

the quality of the final products.
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6. MATERIAL AND METHOD

6.1. Sample preparation

The sweet cherries were harvested from our garden. The stems were removed. After the sweet
cherries were washed and dried with a dry cloth, then, they were laid out on the drying rack and
prepared for the drying experiment. The dry matter content of the sweet cherries was
determined by drying in a laboratory oven at 70+£3 °C for 24 h. Sweet cherries were found to
have an initial moisture level of 3.317 g water/g dry matter. Sweet cherries were plucked from
a tree close to the solar dryer. After washing, they were separated from their stems, and a dry
cloth was used to pat them dry. To be ready for the drying experiment, the sweet cherries were
put on a drying rack. 3000 g of fresh sweet cherries were weighed before drying for each
experiment. Fresh sweet cherries were put on a fly tray with an aluminium frame. As soon as
the drying process started, pictures of the Fresh sweet cherries were taken (Fig. 1).

6.2. Experimental setup

To dry sweet cherries, a low-cost single-slope solar dryer was developed, as shown in Fig. 1.
The experiment used a natural convection, direct-type, single-tray, single-slope solar dryer (not
insulated). The dryer’s base slope angle of 25° aligns with the testing site's latitude.

Temperature was measured with a thermal camera, thermocouples, and thermometers.

Exhaust vent .

Transparent glass J

Fig. 1. Low-cost single-slope solar dryer

6.3. Theoretical analysis

In this section, the equations employed to characterize the drying process are presented,
including those related to drying kinetics (such as moisture content, moisture ratio, and drying
rate), energy efficiency indicators (EE, DE, SEC, and SMER), and thermodynamic relationships

involving heat and mass transfer mechanisms (D. and Am). The equations take into account
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convective and heat variations, moisture diffusion, and solar irradiance effects on thermal

performance. The tabulated equations are used for evaluating system behavior, optimizing

process parameters, and comparing experimental outcomes across different drying conditions.

Mathematical expressions defining drying behavior and thermodynamic performance are given

in Table 1.

Table 1. Mathematical expressions defining drying behavior and thermodynamic performance.

Parameter Equation Definition
Moisture content (Xa) M; — My Amount of moisture per unit dry matter (g
db — 100
P water/g dry matter).
Moisture content (Xu) ¥ <£ 0) X Initial and boundary conditions.
(Thuwapanichayananet “db\’"~) = ©0
al., 2011) ade(O, t)
=0
dz
Moisture ratio (MR) MR = M- M, Ratio of current moisture content to initial
(defined by Fick's My, — M, and equilibrium values.
second diffusion law, 8 — 1
Bispo et al., 2015) = ), @ e exp (—(Zn
D
—1)%m? —“’t)
Y,

In(MR) (Lopez et al.,
2000)

8 m2.D,
In(MR) = In (?) - <W> t

Equation's initial term.

Drying rate (DR) DR = w Change in moisture over time.
t
Effective moisture  0Xgp 0 0Xyp Fick's law-based moisture migration in slab
diffusivity (D.) (Crank, gt ~— a< ¢ 9x ) geometry. To explain the quantity of
1975) X (£ t) moisture that is moved from the product to
w\2'") _ M (Xa — Xeq) the air for slab products.
e 3z m\“db eq
Biot number (Bi) . hpl It is a dimensionless number that forms a
(Giner et al., 2010) b= D, correlation between the exterior convection
and the interior convection heat transfer rate.

Dincer number (Di) . 24.85 The relationship between two dimensionless
(Dincer and Hussain, =~ D;j0375 numbers. The transport of moisture to
2002) W products exposed to solar irradiance can be

bi= kL defined.
Drying constant (k.) k.= —DR/(Xy4, —M,) This is the drying constant in the equation Di.
(Aboltins, 2013)
Specific moisture SMER = T Water removed per unit of energy (g
extraction rate (SMER) - Lot water/Wh).
Specific energy Eor Energy used per gram of moisture evaporated
consumption (SEC) SEC = T, (Wh/g water).
Drying efficiency (DE) Eneating+Eevap The fraction of total system moisture

DE = E... handling that resulted in effective drying.

0

Energy efficiency (EE) E‘evap Percentage of energy converted to moisture

EE = Eoor removal.

7. RESULT AND DISCUSSION

Sweet cherries were dried in two different experiments under similar conditions on two

different days in June. The experiments (Exp-1 and Exp-2) were conducted sequentially, and
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there were no significant differences between them. Therefore, only the graphs and
interpretations for the first experiment are presented. However, the final products of both
experiments are presented in Fig. 2. Pictures of dried sweet cherries are shown in Fig. 2. Sweet
cherries were dried from an initial moisture level of 3.317 g water/g dry matter to a final
moisture content of 0.18 g water/g dry matter. Typically, cherries dry in the sun within 5-8
days. In this study, the drying time was approximately 4 days. The experiment started at 14:00
on June 27 and ended at 14:00 on July 1. To extend the shelf life of cherries and make them
suitable for rehydration before use, they were dried to a slightly lower final moisture content
than those reported in the literature (Doymaz and Ismail, 2011; Ouaabou et al., 2020). In the
study of Doymaz and Ismail (2011), sweet cherries reduced the moisture content from 3.34 g
water/g dry matter to 0.28 g water/g dry matter. They found values ranging from 600 to 1590
min, depending on the drying temperature and pre-treatments in a hot air dryer at 60—75 °C and
2.0 m/s. In the current study, 3000 g of sweet cherries were used. In Doymaz and {smail (2011),
125 g of sweet cherries were used in the thin-layer tests. Although the maximum drying
temperature in this study reached 66 °C, the drying time was much longer than in the study by
Doymaz and Ismail (2011). This is because, while their study involved continuous drying for

1590 minutes, the temperature in the current study dropped to 16 °C at night.

a) Exp-1 Exp-2

Fig. 2. Pictures of the dried sweet cherries.

Fig. 3 illustrates how solar irradiance and air temperatures vary. Exp-1 had a maximum solar
irradiation of 880.8 W/m?. As the volume and duration of irradiation increase, the dryer's
efficiency declines because of the increased heat loss. In the meantime, it's significant to
remember that a variety of things influence how efficient the dryer is. Great solar irradiance

ensures great drying energy efficiency by facilitating drying over a wide temperature range.
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22.6 °C is the average dryer inlet temperature. The trials' high sun irradiation and drying cabin
inlet temperature were highly successful in drying. For Exp-1, the highest drying outlet

temperature recorded was 65.7 °C.
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Exp-1 | June Time (Min)

Fig. 3. The instantaneous variation of / and 7.

Studies have shown that the factors influencing surface moisture removal depend primarily on
external environmental factors rather than the internal structural properties of the particles. In
particular, the temperature of the drying environment, humidity level, airflow velocity, and the
degree of interaction between the air and the material shape the drying performance. The
physical form of the material also stands out as a direct factor influencing the process efficiency.
All of these external factors are closely related to the engineering design of the drying system
used. The influence of external conditions becomes more pronounced in the first phase of
drying, the removal of free and bound moisture from the surface. The key variable governing
the rate of drying during this phase is the amount of heat transferred to the material. The data
obtained indicate that the drying rate can be effectively regulated by adjusting the ambient
temperature and humidity levels. The findings also indicate that surface moisture removal does
not always proceed rapidly. Especially in moisture-retaining materials such as ceramics and
timber, if the drying process continues unabated after removing the free moisture from the
surface, significant moisture and pressure gradients can develop in the internal structure. These
internal stresses can cause structural deterioration in the material, such as cracks and fractures.
To prevent such damage, the drying process must be carefully planned, and air temperature and
humidity must be optimized in a controlled manner. This meticulous approach both increases
the sustainability of drying and preserves the product's integrity. No cracking was observed in

the sweet cherries in this study; therefore, temperature and humidity parameters were kept
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constant.

Furthermore, the evaporation rate directly affects drying efficiency, especially on surfaces with
high free moisture content. Evaporation occurs when moisture on the material surface is
transferred to the surrounding environment through diffusion through a thin layer of air in
contact with it. This layer creates a critical resistance zone for both mass and heat transfer.
While increasing the gas velocity can reduce the thickness of this film, it cannot be eliminated.
Saturated water vapor forms along this film on the material surface; this creates a constant vapor
pressure difference between the film and the surrounding gas, ensuring continuous evaporation.
The evaporation rate is positively related to the material's surface area and particle structure,
and negatively related to the air film thickness. The variation of Xz and MR is displayed in Fig.
4. The initial Xg, value was 3.317 g water/g dry matter. The testing durations were near to one

another because of the same conditions. Exp-1 took 5760 minutes to finish.
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Fig. 4. The instantaneous variation of X and MR.

Fig. 5 shows the instantaneous variation of Xu and the ratio of temperature difference to solar
irradiance level (dT/I). Throughout the experiment, the dT/I value averages 0.5. Consequently,
the experiment showed better results in terms of moisture removal efficiency per unit of energy
and solar energy conversion to heat (dT/I), indicating an efficient and effective drying process.
As a result, drying times are noticeably shorter on days with higher sun irradiance, even if the

dryer can dry high-quality products at lower temperatures.
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Fig. 5. The instantaneous variation of Xy and dT/I.

One important component affecting the drying process is the drying air's ability to carry
moisture as it passes over the product. The drying air temperature influences both the drying
rate and the length of the drying process to convey vapour. Fig. 6 illustrates how DR varies. As
expected, the DR value decreased in tandem with a decrease in the product's moisture value.
Moisture evaporation took place close to the sweet cherry's surface at the start of the
experiment. As the sweet cherries dried further, a crust developed on the outside while the
inside remained moist, making it harder for moisture to get to the top. The second stage was
passed.

8,0E-03
7,0E-03
6,0E-03
5,0E-03
4,0E-03
3,0E-03
2,0E-03
1,0E-03

0,0E+00
0,0 1,0 2,0 3,0 4,0

X, (g water/g dry matter)

—e— Exp-1

DR (g water/g dry matter min)

Fig. 6. The instantaneous variation of DR.

The variation of De according to MR is displayed in Fig. 7. D. and MR are closely linked
because D. heavily depends on the product's moisture content. Water molecules move faster
and reach the surface more quickly at high temperatures, high moisture levels, and during the
initial drying stage due to increased water kinetic energy. This is because of the low surface

temperature and high moisture content at the beginning of the experiment. The higher drying
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temperature caused water molecules in the sweet cherries to evaporate more rapidly, resulting
in a faster decrease in the MR and a higher effective D, value, even though removing moisture
from the product became more difficult in the final drying stage. It is found that the maximum
D, value is 1.5x10—9, while the average value is 8.9x10—11. In the Doymaz and ismail (2011)
study, the D. values were found to be between 5.683x10—10 and 1.544x10—9 m?/s for sweet
cherries at 60-75 °C. In a study of Ouaabou et al. (2020), D, values were 2.85 x10—9 m?/s to
6.51 x10-9 m?%/s at 60, 70, and 80 °C. For sweet cherries, the results are similar to those in
previous research. However, they were able to achieve higher values because higher drying air
temperature and air velocity were provided in a more controlled and continuous manner.
Additionally, it is observed that D. and Am values increase together. Since both parameters

depend on temperature, the D, value rises proportionally as 4m increases with temperature.

1,5E-09
1,0E-09
E 5,0E-10
g
~
1,0E-24
-5,0E-10
0,0 0,5 1,0 0,0 0,5 1,0
MR MR

Fig. 7. The variation of D, and Am.

Fig. 8 displays a link between the X, SEC, and SMER. The SMER levels varied and were
relatively high over the first third of the experiment. But over time, SMER values fall while
SEC values rise. This indicates that moisture extraction gets harder as the experiment goes on,
and energy usage rises in tandem. While average SMER was 2.3 g water / Wh, average SEC
reached 16.8 Wh / g water. It is generally seen that the values are concentrated in a particular
area, indicating that the investigations are still in their early phases. These values exhibited
more consistent behaviour after that. At the end of the experiment, the SMER levels were lower
than those at the start. The food's cellular structure is under some stress due to the moisture
gradient that develops during drying, which causes physical changes like shrinkage and colour
changes. It was determined that significant increases in the Bi and D. coincided with increases
in the surface temperature. It was determined that the Bi varied from 0.1 to 1.0. The product's

moisture content decreased as the temperature increased, increasing the Bi.
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Fig. 8. Correlation between the SEC and SMER.

The relationship between DE and T_(d,0)-T_(d,i))/m_w (°C/g) is displayed in Fig. 9. As one
falls, the other rises because their movements are inversely proportional. Because of the
product's high Xu» and quick evaporation, DE was relatively high at the start of the studies. Even
when the drying temperature rose later on, it became more challenging to remove moisture. As
a result, DE significantly dropped. The average DE was 40.7%. The average value of
T_(d,0)-T_(d,i))/m_w (°C/g) was 1.0 °C/g, while the maximum value was 5.9 °C/g.

——(T_(d,0)-T_(d,))/m" w —8—DE (%)
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Fig. 9. Correlation between DE and (Tg, — Ty ;) /1y,

The variations in EE and DE throughout the experiment are displayed in Fig. 10a. Examining
the plots reveals notable variations and comparative dynamics between EE and DE. As
expected, EE and DE values increased significantly in the evening and at night due to

evaporation despite no energy consumption. Therefore, Fig. 10b was plotted. The variations in
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EE and DE derived solely from daytime averages are displayed in Fig. 10b. As a result, the

maximum EE is 42.4%, while the average is 31.3%. 40.7% is the average DE.

8000

Exp-1
6000 o P
SR L &
o)
g 0 m@owo xS © S
[}
2 -2000 o 0
< -4000
-6000 o OEE (%) ODE (%)
-8000
[ R e e T = = i e R e i e T e i e B e I e I e R i e B e e R e B
S O O O O O OO OO O oo oo o o o o
N O AANAN N 0 — T O n O ANA N 0 — T >
— = = AN AN AN N NNt T NN n
27 28 June 29 June 30 June 1 July
June Time (Min)
¢) Variations in EE and DE during the experiment
60
50 © o Exp-1 o
o)
—~ [
Q 40 B [ |
= 30
g ]
5 20 Negative value -0.36%
CEN ° WEE (%)  ODE (%)
S OO OO OO OO ODODODODODODODODODODODOOOOO
0T FEREEIESESIE RS ESEREEEE
27 28 June 29 June 30 June 1 July
June Time (Min)

d) Variations in £E and DE obtained based only on daytime averages
Fig. 10. Variations in EE and DE during the experiment.

8. CONCLUSION
This study was purposed to use a single-inclined solar dryer to dry sweet cherries (Prunus
avium). In June, sweet cherries were dried. The following is a summary of the experiments'
findings:
e The experiment's conclusion showed that the cherries' final moisture content was 0.18
g water/g dry matter, indicating that a very low moisture value was attained.
e The drying time of sweet cherries in the solar dryer in June was 5760 minutes. Although
the drying time was quite longer compared to dryers under constant and controlled
conditions, it was shorter compared to the sun-dryer.

e Theaverage SEC was 17.1 Wh/ g water, whereas the maximum SMER was 13.8 g water
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/ Wh. The values are typically found to be concentrated in one place, suggesting that the
investigations are still in their early stages.
e The average EE is 31.3%, and the maximum was 42.4%. The mean DE was 40.7%.
e The average hm was 8.9%x10—11, and the maximum was 1.5x10-9.
e The maximum DR value was 7.3x10-3 g water/g dry matter h while the maximum D,
value was 1.8x10—12 m?/s.
The results of this study indicate that even dryers made of sustainable or recycled materials can
achieve good drying performance. These points lead to a viable path towards environmentally
responsible system design without sacrificing drying quality or thermal efficiency. Comparative
data show that these systems produce outcomes comparable to those of traditional dryers
documented in the literature, especially when it comes to energy usage and moisture removal
rates. Beyond this encouraging result, next research might look at more complex configurations,
including adding thermal energy storage modules, active air flow systems (forced convection),
or hybrid systems that combine passive and active solar components. Additionally, the
versatility of recycled dryer architecture makes it possible to expand applications to include a
greater variety of industrial and agricultural goods. It is possible to argue that incorporating
recyclable materials into the design of solar dryers is a technically sound, scalable, and
sustainable alternative that merits more research and development, both experimentally and

through sophisticated modelling studies.

Nomenclature

Ag  dryer area (m?)
Bi Biot number

Cpe  specific heat capacity of air (kJ/kg K)
Cpp  specific heat capacity of product (kJ/kg K)

DE  drying efficiency (%)

D, effective diffusivity coefficient (m?/s)

Di Dincer number

DR  drying rate (g water/g dry matter min)

E energy consumption (kJ/s)

EE  energy efficiency (%)

latent heat energy (kJ/kg)

mass transfer coefficient (m/s)

solar irradiance (W/m?)

drying constant (1/min)

characteristic dimension and corresponds to the half thickness for a slab object (m)
X4p  moisture content in dry bases (g water/g dry matter)
Xeq  equilibrium moisture content (g water/g dry matter)

~
T~ n» 33‘ \?‘
Q
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M; initial wet weight (g)
M;  final dry weight (g)
M, equilibrium moisture content (g water/g dry matter)
M, initial moisture content (g water/g dry matter)
moisture content of the product at any level and at any time (g water/g dry matter)
X moisture content at the time “t” (g water/g dry matter)
Xt+qe moisture content at the time “t + dt” (g water/g dry matter)
MR  moisture ratio
m,  product weight (kg)
m,,  vaporized water weight (kg/s)
Rh  relative humidity (%)
SEC specific energy consumption (kJ/kg)
SMER specific moisture extraction rate (g water/Wh)
T;, temperature of dryer outlet air (°C)
Ty;;  temperature of dryer inlet air (°C)
T, temperature of product (°C)

t drying time (min)
v, velocity (m/s)
z direction of diffusion process (m)
Subscripts
aai ambient air inlet oa outlet air
db dry bases s surface
i inlet tot total
0 outlet
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YEMEN’DEKI MARIB GAZ TURBINi SANTRALININ VERIMLILiGiNi
ARTIRMAK VE EMISYONLARI AZALTMAK ICIN BRAYTON-ORGANIK
RANKINE CEVRIiMI iLE YUKSELTILMESI

Abdulrazzak AKROOT

Karabiik University, Faculty of Engineering, Department of Mechanical Engineering,
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OZET

Yemen’deki Marib gaz tlirbini santrali halihazirda basit bir Brayton c¢evrimiyle ¢aligsmakta,
yuksek sicakliktaki egzoz gazlarini geri kazanim yapmadan atmosfere birakmakta ve bu durum
onemli enerji kayiplara ve yiiksek CO: emisyonlarina yol agmaktadir. Bu ¢alisma, bu atik
1s1in geri kazanilmasini saglamak ve performans ile ¢evresel siirdiiriilebilirligi iyilestirmek
amaciyla, Brayton—Organik Rankine Cevrimi (BC-ORC) entegre edilmis bir sistem
onermektedir. Onerilen sistemde Brayton gevrimi iist cevrim olarak gorev yaparken, Organik
Rankine Cevrimi alt ¢cevrim olarak toliien calisma akiskaniyla caligmakta ve gaz tiirbininin
egzoz gazlartyla tahrik edilmektedir. Entegre sistemi degerlendirmek amaciyla Engineering
Equation Solver (EES) kullanilarak kararlt durum termodinamik modeli gelistirilmistir. Her bir
bilesen ve genel ¢evrim icin enerji ve ekserji analizleri yapilmistir. Parametrik calismalar,
Brayton ¢evrimi basing orani, ORC tiirbini giris sicaklig1 ve ORC tiirbini girig basincinin net
gii¢ cikisi, verimler ve 6zgiil CO: emisyonlari lizerindeki etkilerini incelemistir. Sonuglar, ORC
entegrasyonunun toplam net gii¢ ¢cikisini 138,4 MW ’tan (yalnizca BC) 195,9 MW a ¢ikardigini,
bunun %41,5’lik bir artis anlamina geldigini gostermektedir. Termal verim %30,87 den
%43,71’e, ekserji verimi ise %29,81°den %42,21’¢ yiikselmistir. Ozgiil CO. emisyonlari
yaklagsik %29 oraninda azalmis, 639,1°den 451,3 kg/MWh degerine diigmiistiir. Parametrik
analiz, orta diizeydeki Pr degerlerinin (6—10) net gii¢ ¢ikis1 ve verim arasinda en 1yi dengeyi
sagladigini, ORC tiirbini giris sicakliginin artirilmasinin ORC katkisini yiikseltip emisyonlari
hafifce azalttigini, 20003000 kPa araligindaki ORC tiirbini giris basinct degisiminin ise
performans iizerinde ithmal edilebilir bir etki yarattigin1 gostermektedir. Bulgular, entegre bir
BC—ORC atik 1s1 geri kazanim sisteminin Marib santralinde uygulanmasinin, Yemen’in elektrik
tiretim verimliligini artirmak ve cevresel etkisini azaltmak i¢in pratik ve maliyet etkin bir
yaklasim oldugunu ortaya koymaktadir.

Anahtar Kelimeler: Brayton Cevrimi, Organik Rankine Cevrimi, Atik Is1 Geri Kazanimi, CO-

Emisyonlari, Yemen, Marib Enerji Santrali.
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UPGRADING THE MARIB GAS TURBINE POWER PLANT IN YEMEN WITH A
BRAYTON-ORGANIC RANKINE CYCLE FOR HIGHER EFFICIENCY AND
LOWER EMISSIONS

ABSTRACT

The Marib gas turbine power plant in Yemen currently operates on a simple Brayton cycle,
releasing high-temperature exhaust gases without recovery, resulting in substantial energy
losses and elevated CO: emissions. This study proposes an integrated Brayton—Organic
Rankine Cycle (BC—ORC) configured to capture and utilize this waste heat, improving
performance and environmental sustainability. In the proposed system, the Brayton cycle serves
as the topping cycle, while an organic Rankine cycle using toluene as the working fluid operates
as the bottoming cycle, driven by the gas turbine exhaust gases. A steady-state thermodynamic
model was developed using Engineering Equation Solver (EES) to evaluate the integrated
system. Energy and exergy analyses were conducted for each component and the overall cycle.
Parametric studies examined the effects of Brayton cycle pressure ratio (Pr), ORC turbine inlet
temperature, and ORC turbine inlet pressure on net power output, efficiencies, and specific CO2
emissions. Results show that integrating the ORC increases total net power output from 138.4
MW (BC only) to 195.9 MW, a 41.5% improvement. Thermal efficiency rises from 30.87% to
43.71%, and exergy efficiency from 29.81% to 42.21%, specific CO: emissions decrease by
approximately 29%, from 639.1 to 451.3 kg/MWh. Parametric analysis indicates that moderate
Pr values (6-10) provide the best balance between high net output and efficiency, higher ORC
turbine inlet temperature enhances ORC contribution and slightly reduces emissions, while
ORC turbine inlet pressure variation within 2000-3000 kPa has a negligible impact on
performance. The findings demonstrate that implementing an integrated Brayton—-ORC waste
heat recovery system in the Marib power plant is a practical and cost-effective approach for
enhancing Yemen’s electricity generation efficiency and reducing its environmental footprint.
Keywords: Brayton Cycle, Organic Rankine Cycle, Waste Heat Recovery, CO2 Emissions,
Yemen, Marib Power Plant.

1. INTRODUCTION

As traditional power sources are increasingly used, energy security and environmental
implications are vital concerns. Combined systems efficiently generate additional power from
one fuel source (Islam et al., 2014). These systems use waste heat to produce additional power
and reduce greenhouse gas emissions (Axelsson et al., 2003; Ahmed et al., 2022). This

integration reduces operating carbon footprint and increases energy efficiency, meeting global
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sustainability targets (Baleta et al., 2019; Liu et al., 2015). Combined systems are more efficient
than traditional power generation, which wastes heat. They create additional power from one
fuel source. The heat loss of conventional methods is eliminated (Olabi et al., 2020). The heat
from power generation, usually lost, drives the system. Combined system converts waste heat
into power using an organic Rankine cycle (ORC) (Sun et al., 2017; Tchanche et al., 2011).
This clever integration increases energy production efficiency and reduces environmental
effects (Sun et al., 2017). The combined system requires a gas turbine or engine to generate
electricity. This process generates much heat, which would otherwise be lost to the atmosphere.
Heat recovery devices recuperate this wasted thermal energy in the combined systems (Chen et
al., 2022).

In the 21st century, the pursuit of sustainable, low-carbon energy is crucial to addressing climate
change, necessitating the adoption of cleaner and more efficient technologies to minimize fossil
fuel use and environmental harm (Kabeyi and Olanrewaju, 2022; Chen et al., 2022). To meet
this challenge, research has increasingly focused on developing multi-energy systems that
integrate diverse energy carriers—such as natural gas, electricity, and heat. These systems offer
a promising pathway to deliver sustainable, efficient, and environmentally friendly energy by
combining various energy subsystems. Several studies in the literature have explored combined
heat and power (CHP) systems utilizing gas turbine engines (Dobre et al., 2024; Balli et al.,
2021; Pilavachi, 2000). Bagherzadeh et al. (Bagherzadeh et al., 2020) proposes enhancing
Brayton cycle performance using compressed air and organic Rankine cycles, identifying
optimal compression ratios and working fluids, with R123 yielding the highest efficiencies and
isopentane causing the least exergy destruction. Zare and Hasanzadeh (Zare and Hasanzadeh,
2016) utilized the Brayton cycle as the foundation of the power generation system and found
that it could enhance exergy efficiency by over 30% for the entire power plant. Pan et al. (Pan
et al., 2020) introduced a GT-SCO2/ORC cogeneration system using gas turbine exhaust heat
for improved efficiency. The system achieves energy and exergy efficiencies of 56.47% and
45.46%. Optimizing parameters like air compressor pressure ratio, gas turbine isentropic
efficiency, and inlet temperature enhances thermodynamic and economic performance. Ochoa
et al. (Ochoa et al., 2020) optimized a supercritical CO: Brayton and SORC system using PSO,
showing that reheating reduces exergy destruction by 92.28% and improves thermal efficiency
to 56.95%. Bian et al. (Bian et al., 2025) proposed integrating ORC and Brayton cycles for
hydrogen liquefaction, improving efficiency with a 3.7% SEC reduction, 47.62% exergy

efficiency, and eliminating the need for a hydrogen converter—offering a cost-effective,
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energy-efficient solution for clean energy applications. Abrosimov et al. (Abrosimov et al.,
2020) analyzed an inverted Brayton cycle combined with an organic Rankine cycle (IBC-ORC)
for high-temperature waste heat recovery from engine exhaust gases. Using Aspen HYSYS
software and a 1.4 MW gas-fueled engine case, the system’s performance was optimized under
various ambient temperatures. Kareem et al. (Kareem et al., 2023) analyzed the exergy—
economic performance of integrating Brayton and Organic Rankine cycles at Taji station in
Baghdad to recover waste heat and reduce emissions. Results show the GSO CC system
generates 258.2 MW with higher efficiencies (44.37% energy, 42.84% exergy) compared to the
Brayton cycle alone (28.74% and 27.75%). Ismael et al. (Ismael et al., 2022) analyzed an
organic Rankine cycle (ORC) integrated with a Brayton cycle using intercooling, reheating, and
regeneration (BCIRR). Results show that increasing turbine inlet temperature boosts net power
output and thermal efficiency. The combined cycle's efficiency is 11.7% higher than the
Brayton cycle alone, and the ORC contributes about 28,650 kW of net power.

While previous studies have examined the integration of Brayton and Organic Rankine Cycles
(ORC) for waste heat recovery and efficiency improvement in power generation systems, there
remains a lack of applied research focusing on real-world gas turbine plants in conflict-affected
and resource-constrained regions. This study is the first to propose and thermodynamically
analyze a hybrid Brayton—ORC system specifically designed for the Marib gas turbine power
plant in Yemen. By using toluene as the ORC working fluid and applying a steady-state
simulation in Engineering Equation Solver (EES), the research provides a tailored, practical
solution that significantly enhances both energy and exergy efficiency while reducing CO:
emissions by nearly 30%. Unlike previous general or theoretical models, this work offers a
region-specific, implementable strategy to upgrade an existing power facility, demonstrating
both technical feasibility and environmental benefit under the unique constraints of Yemen’s
energy infrastructure.

2. MATERIAL AND METHODS

This study develops and analyzes a hybrid Brayton Cycle—Organic Rankine Cycle (Brayton—
ORC) system as an upgrade to the existing gas turbine power plant in Marib, Yemen. The
current plant operates using a simple gas turbine cycle, which releases high-temperature exhaust
gases directly to the atmosphere. Figure 1 illustrates the thermodynamic configuration of a
hybrid Brayton—ORC system, designed to enhance energy recovery by integrating a Brayton
cycle (top cycle) with a bottoming ORC. The proposed system consists of a simple Brayton
cycle (BC) as the topping cycle, with an organic Rankine cycle (ORC) as the bottoming cycle
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for waste heat recovery. The BC generates primary power through gas turbine operation, while
the ORC produces additional electricity by utilizing the high-temperature exhaust gases from
the BC. This configuration maximizes energy utilization and improves overall thermal
performance.

The integration of an ORC bottoming cycle ensures better utilization of waste heat from the
Brayton cycle, increasing the overall thermal efficiency of the system. Using Toluene as the
ORC working fluid provides a wide operational temperature range, improving heat recovery
from the HRVG. The system configuration allows dual power generation (from both GT and
ORT) with minimal fuel consumption. Ambient air is compressed to a high pressure (stream 2)
in three parallel compressors, which improves combustion efficiency. Fuel is injected and
combusted with the compressed air (stream 2), producing high-temperature flue gases (stream
3). The hot gases expand in three parallel gas turbines (stream 4 — stream 5), generating
mechanical power that drives an electric generator (G). The exhaust gases from the Brayton
cycle (stream 5) pass through the HRVG, transferring waste heat to the ORC working fluid
(Toluene), which is circulated on the ORC side (stream 6). The vaporized working fluid
expands in the ORC turbine (stream 7 — stream 8), producing additional power via another
generator (QG), thereby utilizing heat that would otherwise be lost. The partially cooled working
fluid (stream 8 — stream 9) preheats the returning liquid (stream 11) before entering the
condenser, improving cycle efficiency by reducing energy input requirements. The working
fluid (stream 9 — stream 10) rejects heat to the cooling medium (stream 13 — stream 14),
condensing it into a liquid state. The liquid working fluid (stream 10 — stream 11) is pumped

back to the HRVG to close the cycle.
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Fig. 1. Schematic diagram of the proposed hybrid Brayton—-ORC power generation system
implemented in Marib, Yemen.

The thermodynamic analysis of the combined cycle incorporates several assumptions, as
outlined below:

* The system operates under steady-state thermodynamic conditions.

» Air and combustion gases in the Brayton cycle are treated as ideal gases.

* The fuel entering the combustion chamber is natural gas, specifically 100% methane, with a
lower heating value (LHV) of 50,056 kJ/kg.

» Pressure drops in heat exchangers (HRVG, regenerator, condenser, etc.) are considered
negligible.

» The Brayton cycle uses air as the working fluid, and the ORC uses toluene.

 Saturated vapor is used as the working fluid entering the organic Rankine turbine.

3. RESULTS AND DISCUSSION

The results section presents a comprehensive evaluation of the integrated Brayton—ORC
system, focusing on how key operating parameters influence power output, efficiency, and
environmental performance. The analysis examines the effects of the Brayton Cycle (BC)
pressure ratio, as well as the ORC turbine inlet temperature and pressure, on the thermodynamic

behavior of both the standalone BC and the combined cycle. Table 1 presents the key operating
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parameters used for simulating the integrated Brayton—ORC system for the Marib gas turbine

plant.

Table 1. Input Parameters for the Thermodynamic Simulation of the Brayton—ORC System in Marib
Gas Turbine Power Plant

Parameter Value
Compressor pressure ratio 10.5
Ambient temperature (°C) 26
Ambient pressure (°C) 101.3
Lower heating value of fuel(kJ/kg) 50056
Inlet air mass flow rate (kg/s) 501
Isentropic efficiency of the compressor (%) 85
Isentropic efficiency of gas turbine 89
Outlet temperature of gases from CC (K) 1350
The pressure of the ORF at the inlet of HRVG (kPa) 2800
Isentropic efficiency of the ORT 81
Outlet temperature of Condenser (°C) 35.8

Table 2 summarizes the key performance outcomes of the integrated Brayton—ORC system

modeled for the Marib gas turbine plant. The results indicate that with a fuel mass flow rate of

9 kg/s and a toluene mass flow rate of 330.9 kg/s, the Brayton Cycle (BC) generates 138.4 MW,

while the organic Rankine cycle (ORC) contributes an additional 57.56 MW, yielding a total

net power output of 195.9 MW. Thermal efficiency improves from 30.87% in the standalone

BC to 43.71% of the combined system. Similarly, exergy efficiency rises from 29.81% to

42.21%, reflecting the effective recovery of waste heat. The total exergy destruction is 253.1

MW, with significant reductions in CO: emissions: from 639.1 kg/MWh for the standalone BC

to 451.3 kg/MWh in the integrated system, demonstrating the environmental advantage of waste

heat recovery.
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Table 2. Performance Results of the Integrated Brayton—-ORC Waste Heat Recovery System for the

Marib Gas Turbine Plant

Calculated Parameters Value
Fuel mass flow rate. mg,¢ (kg/s) 9
Toluene mass flow rate, Mrgyene (kg/s) 330.9
CO, mass flow rate, Mgyene (kg/s) 24.57
Brayton cycle net power, Wz (MW) 138.4
ORC net power, Worc (MW) 57.56
Brayton -ORC cycle net power, W,,or (MW) 195.9
Thermal efficiency for Brayton -ORC cycle, N cycle (%0) 43.71
Thermal efficiency for BC, ne, gc (%) 30.87
Exergy efficiency for Brayton -ORC cycle, Ney cycle (%) 42.21
Exergy efficiency for BC, Nex gc (%) 29.81
Exergy destruction,Ep rota] (MW) 253.1
CO; emission for Brayton -ORC cycle, Emissiongyie (kgco, /MWh) 451.3
CO; emission for Brayton cycle, Emissiongc (kgco, /MWh) 639.1

Table 3 represents the energy and exergy analysis for each major component of the integrated
Brayton—ORC system in the developed model. The combustion chamber exhibits the highest
energy input (448.23 MW) but also the largest exergy destruction (149.7 MW), accounting for
the greatest irreversibility in the system due to chemical reaction losses. The heat recovery
vapor generator (HRVG) is another major contributor to exergy destruction (42.61 MW)
because of the large temperature difference between the exhaust gases and the ORC working
fluid. The gas turbine shows a high exergy efficiency (95.5%), indicating effective energy
conversion with minimal losses. Similarly, the air compressor achieves 91.17% exergy
efficiency, reflecting efficient compression. The organic Rankine turbine also performs well
with 84.97% efficiency. Conversely, the condenser has the lowest exergy efficiency (29.66%),
as it rejects low-grade heat to the environment. The pump has the smallest exergy destruction

(0.255 MW) and relatively high efficiency (82.36%).
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Table 3. Energy and Exergy Distribution Across Components in the Brayton—-ORC Waste Heat
Recovery System

Component WORQ Edest ¥
(MW) (MW) (%)
Air Compressor 172.1 13.48 91.17
Combustion chamber 448.23 149.7 75.97
Gas turbine 310.5 14.65 95.5
HRVG 229.05 42.61 65.19
Organic turbine 58.92 10.42 84.97
Regenerator 50.55 2.52 77.43
Condenser 137.14 6.37 29.66
Pump 1.37 0.255 82.36

Figures 2 illustrates the influence of the Brayton Cycle (BC) pressure ratio (Pr) on the
performance of the integrated Brayton—ORC system, considering the net power output, CO-
emissions, and thermal and exergy efficiencies. The results indicate that moderate Pr values
(around 6-10) offer the best trade-off between maximizing total net power output and achieving
substantial efficiency gains while maintaining low CO: emissions. Higher Pr improves
standalone BC efficiency and reduces emissions, but comes at the expense of ORC performance
and total output. Figure 2a illustrates the effect of the Brayton Cycle (BC) pressure ratio (Pr)
on the net power outputs of the overall system (W,,), the BC (Wp(), and the ORC (W) in
the hybrid Brayton—ORC configuration. Overall system output (W,,,,) starts at its highest value
of 205.7 MW when Pr=6, then decreases almost linearly to 169.3 MW at Pr=18. The reduction
is driven primarily by the decline in ORC power as Pr increases. BC output (Wp) initially
increases from 132.2 MW at Pr=6 to a peak of 138.7 MW at Pr=9, due to improved compression
and expansion efficiencies at moderate pressure ratios. Beyond this point, turbine power gains
are offset by increased compressor work, leading to a gradual decline to 125 MW at Pr=18.
ORC output (Wyrc) shows a steady decrease from 73.49 MW at Pr=6 to 44.33 MW at Pr=18.
This drop occurs because higher BC pressure ratios reduce the exhaust gas temperature and
enthalpy available at the HRVG, limiting waste heat recovery potential. Even though BC work
increases slightly at first, the reduction in ORC power dominates, Figure 2b shows the effect of
the Brayton Cycle (BC) pressure ratio (Pr) on CO: emissions for the standalone BC
(Emissiongc) and the combined Brayton-ORC system (Emissionye). This trend highlights
that integrating the ORC not only boosts power output but also achieves substantial

environmental benefits by lowering specific CO: emissions. The advantage is most significant
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at lower pressure ratios, making moderate Pr values (6—10) particularly attractive for balancing
high efficiency with reduced emissions in the Marib gas turbine plant upgrade. For all pressure
ratios, the combined Brayton—ORC system produces significantly lower CO: emissions
compared to the standalone BC, due to improved fuel utilization and waste heat recovery. At
Pr=6, CO: emissions are 755.8 kg CO/MWh for BC alone, but only 485.7 kg CO/MWh for
the combined cycle, a 35.7% reduction. As Pr increases, CO- emissions from both systems
gradually decline, reaching 601.9 kg CO/MWh for BC alone and 444.3 kg CO/MWh for the
combined cycle at Pr=18. The rate of reduction is more pronounced at lower pressure ratios;
beyond Pr=14, the emission values for both configurations stabilize, indicating diminishing
returns from further pressure ratio increases. resulting in an overall decline in W,,,, from 205.7
MW to 169.3 MW. Maximum total net power occurs at Pr = 6; beyond that, total efficiency
drops due to reduced ORC recovery. Figure 2c shows the variation of thermal efficiency (1)
and exergy efficiency (ney) for both the standalone BC and the combined Brayton—ORC system
as a function of the Brayton cycle pressure ratio (Pr). The combined system achieves an absolute
efficiency improvement of about 14-15 percentage points in thermal and exergy efficiencies
over the BC alone at all pressure ratios. Efficiency gains are most pronounced at lower Pr
values, where higher exhaust gas temperatures benefit the ORC. Although BC efficiency
improves at higher Pr, the ORC gain is reduced due to lower exhaust heat availability. For the
Marib power plant upgrade, operating in a moderate Pr range (around 10-14) strikes a good
balance between maximizing BC efficiency and maintaining strong ORC performance,
achieving high combined-cycle efficiency with reduced environmental impact. BC thermal
efficiency (e gc) increases from 26.1% at Pr=6 to 32.78% at Pr=18, reflecting improved cycle
performance with higher pressure ratios, while BC exergy efficiency (Nex ) follows a similar
trend, rising from 25.21% to 31.65%. Thermal efficiency for the combined Brayton—-ORC
(Nth,cycle) starts at 40.62% when Pr=6 and peaks at 44.49% around Pr=15-16, showing a

modest gain at higher pressure ratios but with diminishing returns beyond Pr=14 , whereas the

exergy efficiency (Nex cycle) improves from 39.22% to 42.98% over the same range, remaining

consistently higher than the BC alone due to effective waste heat recovery in the ORC.
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Fig. 2. Effects of the BC’s pressure ratio in a combined Brayton—ORC System on (a) net power output
(b) CO2 emission and (¢) thermal and exergy efficiencies.

Figures 3 presents the effect of the ORC turbine inlet temperature (Ts) on the performance of

the integrated Brayton—ORC system, considering the net power output, CO- emissions, and

thermal and exergy efficiencies. The results present that raising Tg improves ORC and total

system performance, slightly boosts overall efficiencies, and reduces CO: emissions for the

combined cycle, without impacting BC output. However, practical constraints such as the

thermal stability limits of the working fluid (toluene) must be considered when selecting the

optimal inlet temperature. Figure 3a shows the effect of ORC turbine inlet temperature (Tg) on

the net power outputs of the Brayton Cycle (W' BC), the ORC (W), and the combined system

(W,.0). Raising T8 significantly enhances ORC output and slightly boosts total system
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performance, without affecting BC power. As expected, BC power output (Wp.) remains
constant at 138.4 MW across the whole temperature range (570—600 K) because the BC
operation is independent of the ORC inlet temperature. ORC power output (W) increases
linearly from 57.56 MW at 570 K to 61.48 MW at 600 K. This is due to the greater specific
enthalpy drop across the ORC turbine at higher inlet temperatures, which increases the available
expansion work. Total net power output (W,,,;) rises from 195.9 MW at 570 K to 199.9 MW at
600 K. The ~4 MW gain is directly attributed to the improved ORC performance, since BC
output remains unchanged. Figure 3b presents the effect of ORC turbine inlet temperature (Ts)
on CO: emissions for the standalone Brayton Cycle (BC (Emissiongc) and the combined
Brayton—ORC system (Emissiongyje). While the improvement in CO2 emissions with rising
Ts is modest, it confirms that operating the ORC at higher turbine inlet temperatures enhances
environmental performance by increasing waste heat utilization efficiency. Standalone BC
emissions (Emissiongc) remain constant at 639.1 kg CO2/MWh across the entire range of Tg
(570600 K), since ORC inlet temperature does not influence BC fuel consumption or
operation. Combined cycle emissions (Emissioncyce) decrease slightly from 451.3 kg
CO2/MWh at 570 K to 442.5 kg CO/MWh at 600 K. This ~2% reduction is directly linked to
the increase in ORC power output at higher Tg, which increases the total electricity generated
without increasing fuel input, thereby lowering the specific emissions per unit of electricity.
Figure 3c shows the effect of the ORC turbine inlet temperature (Tg) on the thermal efficiency
(M) and exergy efficiency (ng,) of both the standalone Brayton Cycle and the combined
Brayton—ORC system. The results indicate that raising Tg has a positive but limited effect on
combined cycle efficiency, while it does not affect the BC alone. This suggests that while higher
ORC inlet temperatures are thermodynamically beneficial, the magnitude of efficiency
improvement is constrained by the finite temperature difference between the BC exhaust gases
and the ORC working fluid, as well as the fixed performance of the BC. Both (0, gc) and
(Nex,c) remain constant at 30.87% and 29.81%, respectively, for the entire Ts range (570-600
K). This constancy is expected because BC efficiency is unaffected by ORC operating
temperature, as there is no change in the BC’s thermodynamic states or fuel consumption.
Thermal efficiency of the combined cycle (M cycle) increases slightly from 43.71% at 570 K
to 44.59% at 600 K, and the exergy efficiency (Nex cycle) improves from 42.21% to 43.05% over
the same range. The improvements, though modest (less than one percentage point), are
consistent and result from higher ORC power generation at elevated inlet temperatures, which

increases the proportion of waste heat converted into practical work.
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Fig. 3. Effects of the of ORC turbine inlet temperature in a combined Brayton—ORC system on (a)
net power output (b) CO2 emission and (c) thermal and exergy efficiencies.

Figures 4 present the influence of the organic Rankine cycle (ORC) turbine inlet pressure (Ps)
on the performance of the integrated Brayton—ORC system, focusing on power output, CO:
emissions, and efficiency. The results demonstrate that, within the studied range of 2000-3000
kPa, ORC inlet pressure has negligible influence on the combined cycle’s power output,
specific CO: emissions, or efficiency. This indicates a broad operational flexibility in selecting
Ps. Figure 4a shows the effect of ORC turbine inlet pressure (Ps) on the power outputs of the
Brayton Cycle (Wg(), ORC (W), and the total combined system (W,,,,). The results indicate
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that the system operates in a relatively stable zone for the studied range of ORC turbine inlet
pressures, where neither BC nor ORC power is significantly impacted. This stability suggests
operational flexibility in choosing Pg without significant penalties in net output. However,
slightly lower inlet pressures (around 2000-2400 kPa) produce marginally higher total power
and may be preferable for maximizing energy recovery while potentially reducing mechanical
stress on the ORC turbine. BC power output (Wg.) remains constant at 138.4 MW across the
entire inlet pressure range (2000-3000 kPa). This is expected because the BC operation is
independent of the ORC inlet pressure. ORC power output (Wyrc) is nearly constant,
fluctuating slightly between 57.66 MW at 2000 kPa and 57.16 MW at 3000 kPa. This slight
decrease (<0.9%) suggests that the ORC is relatively insensitive to inlet pressure changes within
this range, likely because the temperature difference between the heat source (BC exhaust) and
the working fluid saturation temperature remains adequate for heat transfer. Total net power
(W,e¢) changes minimally, from 196 MW at 2000 kPa to 195.5 MW at 3000 kPa, showing a
negligible decline (<0.3%). Figure 4b presents the effect of ORC turbine inlet pressure (Pg) on
CO: emissions for the standalone Brayton Cycle (Emissiongc) and the combined Brayton—
ORC system (Emissiongye). The results indicate that ORC turbine inlet pressure does not
significantly impact CO- emissions for the standalone BC or the combined cycle within the
tested range (2000-3000 kPa). Standalone BC emissions remain constant at 639.1 kg
CO2/MWh for all values of Ps. This is expected since ORC inlet pressure does not influence the
BC’s fuel consumption or power output. Combined cycle emissions are also nearly constant,
varying minimally between 450.7 and 452.3 kg CO2/MWh (a fluctuation of less than 0.35%).
The slight variation is negligible and likely due to minor changes in ORC power output at
different P8 values (as seen in the previous analysis). Figure 4c shows the effect of ORC turbine
inlet pressure (Pg) on the thermal efficiency (1,) and exergy efficiency (ney) for both the
standalone Brayton Cycle and the combined Brayton—ORC system. Standalone BC efficiencies
(Mth,ec and (Nexpc) remain constant across all inlet pressures at 30.87% and 29.81%,
respectively. This is expected since the BC performance is unaffected by ORC inlet pressure

changes. Combined cycle efficiencies (N,cycle and Nex,cycle) also show minimal variation.
Thermal efficiency (Men,cycle) — Stays between 43.62% and 43.77% and Exergy efficiency
(Nex,cycle) varies slightly from 42.12% to 42.27%. These tiny fluctuations (<0.15 percentage

points) indicate that ORC inlet pressure has an insignificant effect on the overall system

efficiency within the tested range.
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Fig. 4. Effects of the of ORC turbine inlet pressure in a combined Brayton—ORC system on (a) net
power output (b) CO- emission and (c) thermal and exergy efficiencies.

CONCLUSIONS

This study evaluated the integration of an organic Rankine cycle (ORC) with the existing
Brayton cycle (BC) at the Marib gas turbine power plant in Yemen to recover waste heat from
high-temperature exhaust gases. A steady-state thermodynamic model was developed using
Engineering Equation Solver (EES) to perform detailed energy and exergy analyses and
investigate the influence of key operating parameters. The findings confirm that the proposed
Brayton—ORC configuration significantly improves power generation efficiency and reduces
environmental impact while requiring no significant structural changes to the existing system.

The most important results obtained are:
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* Net power output increased from 138.4 MW (BC only) to 195.9 MW (Brayton—ORC), a
41.5% gain.

* Thermal efficiency of the Brayton—ORC cycle improved from 30.87% to 43.71%.

» Exergy efficiency of the Brayton—ORC cycle increased from 29.81% to 42.21%.

* Specific CO: emissions of the Brayton—ORC cycle reduced by approximately 29%, from
639.1 kg/MWh to 451.3 kg/MWh.

* Optimal BC pressure ratio (Pr), in a moderate range of 6—10, achieves the best balance
between total output and efficiency.

* Higher ORC turbine inlet temperature values increase ORC contribution and slightly reduce
emissions.

* Variation of ORC turbine inlet pressure between 2000 and 3000 kPa shows a negligible

impact on performance.

SYMBOLS AND ABBREVIATIONS INDEX

SYMBOLS Abbreviations

COP coefficient of performance AC Air compressor

E exergy (kW) CC Combustion chamber

h specific enthalpy (kJ/kg) CHP Combined heat and power
m mass flow rate (kg/s) Comp compressor

P pressure (kPa) Cond condenser

0 heat transfer (kW) GT Gas turbine

s specific entropy (kJ/kg. K) HEVG Heat recovery vapor generation
14 Work done (kW) ORC organic Rankine cycle
Greek symbols ORT organic Rankine turbine

1 thermal efficiency (%) P pump

Y exergy efficiency (%)
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OZET

Bulasici hastaliklar, tedavi edilmediginde yiiksek mortalite oranlarina yol agarak ciddi bir halk
sagligi tehdidi olusturmaktadir. Antibiyotikler, bu hastaliklarin kontroliinde devrim niteliginde
bir gelisme saglamis olsa da, antibiyotik direnci giiniimiizde kiiresel 6l¢ekte giderek biiyiliyen
bir sorun haline gelmistir. Ozellikle ¢oklu ilag direncine sahip bakteriyel (6r. Mycobacterium
tuberculosis, Vibrio cholerae) patojenlere karsi etkili tedavi segceneklerinin sinirli olmasi, klinik
yonetimi daha da karmagik bir hale getirmektedir.

Antibiyotiklerin yanlis ve asir1 kullanimiyla tetiklenen diren¢ sorunu, alternatif ve yenilikc¢i
tedavi stratejilerinin gelistirilmesini zorunlu kilmistir. Bu ¢alismada, antibiyotik direncine karsi
one cikan ii¢ yeni nesil yaklasim bakteriyofaj terapisi, antimikrobiyal peptitler (AMP’ler) ve
CRISPR/Cas tabanli teknolojiler kapsamli olarak ele alinmaktadir. Bu yontemlerin etki
mekanizmalari, terapdtik  potansiyelleri  ve direngle miicadeledeki olast rolleri
degerlendirilmektedir.

AMP’ler, disiik molekiil agirlikli ve genis spektrumlu antimikrobiyal aktiviteye sahip
oligopeptitlerdir. Konak savunmasinin ilk hattinda gorev alarak mikroorganizmalarin hiicresel
yapilarini hedefler ve gli¢lii bir immiin yanit olustururlar. Bakteriyofaj terapisi, bakterilere 6zgii
viral ajanlar kullanarak patojenleri secici sekilde ortadan kaldirma potansiyeli tasirken;
CRISPR/Cas teknolojileri, bakteri genomlarinda diren¢ genlerini hedefleyip devre disi
birakabilme yetenegi ile dikkat c¢ekmektedir. Yapisal ve islevsel cesitlilikleri, hedef
ozgiilliikleri ve direng gelisimine kars1 diisiik yatkinliklar1 sayesinde bu {i¢ yaklasim, gelecekte
direngli enfeksiyonlarin tedavisinde umut vadeden stratejiler olarak one ¢ikmaktadir.

Bu c¢aligmada, s6z konusu yeni nesil yaklagimlarin giincel literatiir 1s181inda degerlendirilmesi
ve antibiyotik direnciyle miicadeledeki potansiyel katkilarinin ortaya konmasi hedeflenmistir.
Anahtar Kelimeler: Antibiyotik direnci, faj terapisi, CRISPR/Cas sistemi, antimikrobiyal
peptitler
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NOVEL APPROACHES AGAINST ANTIBIOTIC RESISTANCE: PHAGE
THERAPY, ANTIMICROBIAL PEPTIDES, AND CRISPR TECHNOLOGIES

ABSTRACT

Infectious diseases pose a significant public health threat by causing high mortality rates if left
untreated. Although antibiotics have revolutionized the control of these diseases, antimicrobial
resistance (AMR) has become an increasingly growing global problem today. The limited
availability of effective treatment options against multidrug-resistant bacterial (e.g.,
Mycobacterium tuberculosis, Vibrio cholerae) pathogens has further complicated clinical
management.

The resistance problem triggered by the misuse and overuse of antibiotics has necessitated the
development of alternative and innovative therapeutic strategies. This study comprehensively
examines three emerging next-generation approaches against antibiotic resistance
bacteriophage therapy, antimicrobial peptides (AMPs), and CRISPR/Cas-based technologies.
The mechanisms of action, therapeutic potentials, and possible roles of these methods in
combating resistance are evaluated.

AMPs are low molecular weight oligopeptides with broad-spectrum antimicrobial activity.
Serving as the first line of host defense, they target the cellular structures of microorganisms
and elicit a strong immune response. Bacteriophage therapy utilizes viral agents specific to
bacteria, offering the potential to selectively eliminate pathogens; meanwhile, CRISPR/Cas
technologies stand out for their ability to target and disable resistance genes within bacterial
genomes. Due to their structural and functional diversity, target specificity, and low propensity
for resistance development, these three approaches represent promising strategies for the future
treatment of resistant infections.

This study aims to evaluate these next-generation approaches in light of current literature and
to highlight their potential contributions to the fight against antibiotic resistance.

Keywords: Antibiotic resistance, phage therapy, CRISPR/Cas system, antimicrobial peptides
1.Giris

Bulagic1 hastaliklar; halk saghigini tehdit eden, kisiden kisiye hava veya temas yoluyla
bulasabilen, ciddi mortaliteye yol agabilen hastaliklardir. Tedavi edilmediklerinde hizla yayilim
gostererek toplum sagligi lizerinde 6nemli bir kiiresel yiik olusturur. Bu baglamda bulasici
hastaliklarin tedavisinde antibiyotiklerin kesfi halk saglig1 acisindan doniim noktasi
niteligindedir. Antibiyotikler; mikroorganizmalarin liremesini engelleyen veya onlar1 6ldiiren

biyolojik ya da sentetik kaynakli, yiiksek etkinlige sahip biyoaktif maddelerdir (Sayg et al.,
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2012). Her ne kadar gegmisten giiniimiize bir¢cok hastaligin tedavisinde basariyla kullanilmis
olsalar da, gereksiz veya yanlis kullanimlari, antibiyotik direncinin (AMR) gelismesine neden

olur (Llor & Bjerrum, 2014). Antibiyotik direnci; bakterilerin, onlar1 ortadan kaldirmak

amaciyla kullanilan antibiyotiklere kars1 koyma yetenegi gelistirmesi olarak tanimlanmakta ve

bu durum tedavi segeneklerini ciddi sekilde kisitlar (Lomazzi et al., 2013). Bu durum dogal

(intrinsik) veya kazanilmis diren¢ mekanizmalari ile ortaya ¢ikabilir (Davies & Davies, 2010).

Antibiyotik direncinin etkili sekilde ydnetilebilmesi ve yeni tedavi stratejilerinin
gelistirilebilmesi ig¢in, bakterilerin diren¢ gelistirme mekanizmalarinin iyi anlasilmasi
gereklidir.

2. Antibiyotiklerin Diren¢ Mekanizmalari

Direng gelisimi, bir veya birden fazla mekanizma araciligiyla ortaya ¢ikabilir. Bu mekanizmalar
genel olarak dogal (intrinsik) diren¢ ve kazanilmis diren¢ olmak iizere iki ana grupta incelenir

(Davies & Davies, 2010). Dogal direng, bir tiirlin tiim suslarinda yapisal ve biyokimyasal

ozelliklere bagli olarak goriilen; bakterinin dogasia 6zgil bir 6zelliktir (Fajardo et al., 2008).

Kazanilmig diren¢ ise, dogal olarak antibiyotiklere duyarli bakterilerin cesitli yollarla
antibiyotiklere karg1 duyarliliklarin1 kaybetmesi seklinde tanimlanir. Kazanilmis direng;
antibiyotik inaktivasyonu, hedef molekiildeki degisiklikler, aktif pompa sistemleri ve hiicre
duvar1 permeabilitesindeki degisiklikler gibi baslica dort mekanizma ile ortaya ¢ikar (Zhou et

al., 2015).

2.1. Dogal Direng

Bir tiiriin tiim suslarinin, yapisal ve biyokimyasal 6zelliklerinden kaynakli olarak belirli
antibiyotiklerden etkilenmemesi durumuna dogal (intrinsik) diren¢ adi verilir (Nguyen et al.,
2020). Bu direng tipi gosteren bakteriler, antibiyotiklerin baglanacagi hedef bolgeyi
icermeyebilir veya antibiyotiklerin kimyasal yapisindaki farkliliklara bagli olarak dogal
bicimde bu antibiyotiklere karsi diisiik gecirgenlik gosterebilir. Ornegin; penisilin grubu
antibiyotikler, bakterilerin hiicre duvar1 sentezini inhibe ederek ve hiicre duvar biitiinliiglinii
bozarak etki gosterir. Ancak, Mycoplasma tiirleri hiicre duvari icermediginden, penisilin grubu

antibiyotiklere dogal direnclidir (Bébéar, 2005). Buna ek olarak, baz1 antibiyotikler yapisal

ozellikleri nedeniyle hedef bdlgeye ulasamayabilir. Ornegin; makrolid grubu antibiyotikler,
sitoplazmik membran1 gecemeyecek kadar biiylik molekiiller olduklarindan, gram negatif

bakteriler makrolidlere dogal direnglidir (Retsema et al., 1987).
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2.2. Kazanilmis Direng

Kazanilmis direng, normalde antibiyotiklere duyarli olan bakterilerin g¢esitli meknizmalarla
antibiyotiklere kars1t direnc¢ gelistirmesi durumudur. Diren¢ gelisim mekanizmalar1 bakteri
tiirlerine gore farklilik gosterebilir. Kazanilmis direng; genetik ve biyokimyasal olmak iizere

iki ana mekanizma kapsaminda incelenir (Nguyen et al., 2020). Bir bakteri tiiriinde direng, tek

bir mekanizmayla ortaya ¢ikabilecegi gibi, birden fazla mekanizmanin es zamanl etkisiyle de

gelisebilir. Biyokimyasal mekanizmalar dort alt kategoride ele alinir (Zhou et al., 2015).

2.2.1. Antibiyotik Inaktivasyonu Sonucu Gelisen Direnc

Antibiyotik inaktivasyonu; bakterilerin hidrolitik enzimler, grup transferi veya redoks
mekanizmalar1 araciligiyla ilact etkisiz hale getirmesiyle ortaya ¢ikan bir direng
mekanizmasidir. Ester ve amid gibi hidrolize duyarli kimyasal baglara sahip antibiyotikler,
bakteriyel enzimler tarafindan pargalanarak hedef bolgeye ulasamadan etkilerini kaybeder
(Isik, 2013). Ornegin, penisilin ve sefalosporinlerde bulunan B-laktam halkasi, p-laktamaz
enzimleri tarafindan hidrolize edilerek ilacin antibakteriyel aktivitesi ortadan kaldirilir. Bu
enzimler hem Gram-negatif hem de Gram-pozitif bakterilerde bulunabilir ve hedef bolgeye

baglanmay1 engelleyerek ilacin terapotik etkinligini tamamen yok edebilir (Philippon et al.,

1989). Ayrica, redoks mekanizmasina O6rnek olarak, tetrasiklin antibiyotiklerin TetX enzimi

aracilifiyla oksidatif modifikasyonu gosterilebilir (Yang et al., 2004).

2.2.2. Hedef Molekiiliin Degismesi Sonucu Gelisen Diren¢

Bakteri hiicrelerinde, antibiyotiklerin baglanarak etkilerini gdsterdigi 6zgiil hedef molekiiller
bulunur. Bu hedef molekiillerde meydana gelen yapisal degisiklikler, antibiyotiklere olan
baglanma affinitesini azaltmakta ve boylece bakterilerin antibiyotik varliginda da ¢ogalmasina
olanak saglar. Sonu¢ olarak, hedef molekiildeki bu modifikasyonlar antibiyotigin etkili
baglanmasin1 engelleyerek tedavi basarisini diisiiriir. Bu mekanizma, antibiyotiklerin hedef
molekiillerine baglanma yetenegini engelleyerek tedavi basarisinit 6nemli 6l¢iide azaltan temel

direng bigimlerinden biridir (Lambert, 2005). Ornegin; florokinolon grubu antibiyotikler, DNA

giraz ve topoizomeraz IV enzimleriyle etkilesime girerek bakterilerin DNA replikasyonu ve
transkripsiyonunu engeller. Direng ise, bu enzimlerde (DNA giraz ve topoizomeraz IV) olusan
mutasyonlar sonucu ortaya ¢ikar. Bu mutasyonlar, enzimlerin florokinolonlara olan baglanma
affinitesini azaltarak antibiyotigin enzime etkili sekilde baglanmasini engeller (Ince et al.,

2002).
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2.2.3. Efluks Pompa Sistemleri ve Hiicre Duvari Permeabilite Degisimi Sonucu Gelisen
Direnc¢

Efluks pompa sistemleri, antibiyotikleri hiicre digina tagiyan membran proteinleridir ve boylece
hiicre icindeki antibiyotik konsantrasyonunu minimuma indirirler. Hiicre membran
gecirgenliginin azalmasi veya porin (hiicre zarindan molekiillerin gegisine izin veren proteinler)
ekspresyonundaki degisiklikler, antibiyotigin hiicre i¢ine girisini zorlastirir. Hem efluks pompa
sistemi araciligiyla antibiyotiklerin hiicre digina atilmasi hem de membran permeabilitesindeki
azalma, hiicre i¢i antibiyotik konsantrasyonunun diismesine yol agarak bir¢ok bakteride direng

gelisimine yol acar (Nikaido, 1994). Bu pompa sistemlerinin agir1 ekspresyonu veya

regiilasyonundaki bozukluklar, bakterilerin belirli antibiyotiklere karsi diren¢ kaznamasinda
kritik rol oynar. Ornegin; Pseudomonas aeruginosa’da bulunan MexAB-OprM effluks pompasi
ila¢ varligin1 normalde pozitif yonde diizenler. Ancak bu pompanin diizenleyicisi olan mexR
geninde olugsan mutasyonlar sonucunda, MexAB-OprM asir1 iiretilir ve boylece beta laktam

grubu antibiyotiklere karst direncin artmasina yol acar (Poole, 2001). Ayrica, Pseudomonas

aeruginosa suglarinda bir porin tiirii olan OprD’nin kaybi1 karbapenem direncine yol agar.

Antibiyotik direnci, antibiyotiklerin bakteriler lizerindeki etkinligini azaltarak morbidite ve
mortalite oranlarinin artmasina yol agar. Direncli enfeksiyonlarin tedavisi daha karmagik hale
gelir; bu da daha pahali, daha uzun siireli ve ¢ogu zaman daha yiiksek toksisiteye sahip alternatif
tedavilerin kullanimini zorunlu kilar. Sonug olarak hastaneye yatis sayist artar, yatis siireleri
uzar ve saghk sistemi maliyetleri belirgin sekilde yiikselir. Ozellikle bagisiklik sistemi zay1f
hastalarda  direngli ~ enfeksiyonlar; tedavi basarisizliklarina, komplikasyonlara ve
enfeksiyonlarin kroniklesmesine neden olur. Bu klinik sonuglar, sadece bireysel hasta sagligini
degil, toplum sagligin1 da tehdit eder ve antibiyotik kullaniminda daha bilingli, hedefe yonelik
stratejilerin gerekliligini ortaya koyar (Ochi & Hosaka, 2013). Dolayisiyla; toksisitesi diisiik,

diren¢ gelisimini en aza indiren ve yiiksek terapotik etkinlik sunan alternatif yaklasimlar
gelistirilmesi kritik 6nem tasir. Bu baglamda; son yillarda iizerinde yogun olarak calisilan
bakteriyofaj terapisi, antimikrobiyal peptitler ve CRISPR/Cas tabanli teknolojiler, antibiyotik
direnciyle miicadelede one ¢ikan umut verici alternatifler arasinda yer alir.

3. Antibiyotik Direncine Kars1 Alternatif Tedavi Yontemleri

3.1. CRISPR-Cas’in Antibiyotik Direnciyle Miicadeledeki Rolii

CRISPR-Cas sistemi, ¢cok sayida bakteri ve arkede bulunmakta olup; fajlar, viriisler ve diger
yabanci genetik elementlere karsi koruma saglayarak adaptif bagisiklik mekanizmasi islevi

goriir (Deveau et al., 2010; Horvath & Barrangou, 2010). CRISPR yapisi tekrarlayan kisa DNA
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dizilerinden olusan tekrar bolgeleriyle daha once hiicreye girmis yabanci DNA’lardan alinan
arabellek dizilerini igerir. Bu diziler, CRISPR RNA (crRNA) ve transaktive edici CRISPR RNA
(tractfRNA) olarak adlandirilan RNA’lara doniistiiriilebilirler. Ayrica sistem, endoniikleaz
aktivitesine sahip Cas proteinlerini kodlayan bir grup CRISPR iliskili (cas) gen barindirir
(Koonin & Makarova, 2009). Yabanci genetik elementler prokaryotu istila ettiginde, Cas

proteinleri bu DNA’y1 kisa pargalara ayirir ve pargalar yeni arabellekler olarak CRISPR dizisine
entegre edilir. Ayni istilaci tekrar saldirdiginda, crRNA yabanct DNA’y1 hizla tanir ve ona
baglanir; bu baglanma, Cas proteinlerinin hedef diziyi kesmesine aracilik ederek konagin

korunmasini saglar (Makarova et al., 2011). Bu dogal mekanizma, giiniimiizde antibiyotik

diren¢ genlerini dogrudan hedef alacak sekilde uyarlanmis ve direncli bakterilerin duyarli hale
getirilmesi ile enfeksiyonlarin tedavisinde alternatif bir yaklasim olarak kullamlir. Ornegin,
genislemis spektrumlu beta-laktamaz (ESBL) ve karbapenamaz, Enterobacteriaceae gibi
bakteriler tarafindan iiretilmekte ve bu enzimler diren¢ gelisimine yol agar. Yapilan bir
calisgmada CRISPR-Cas9 sistemi, ESBL fireten Escherichia coli lizerinde uygulanmis ve
sistemin, diren¢ plazmidlerini temizleyerek bakteriyi antimikrobiyal ajanlara yeniden duyarl

hale getirebildigi gosterilmistir (Kim et al., 2016).

Diger bir 6rnek olarak, Enterococcus faecalis tetrasiklin (tetM) ve eritromisin (ermB) direng
genlerine sahiptir. CRISPR-Cas9 sisteminin, bu direng genlerini hedef alarak hem in vitro hem

de in vivo olarak antibiyotik direncini etkili sekilde azalttig1 goriilmiistiir (Wu et al., 2021).

Buna ek olarak, bazi ¢aligmalar CRISPR-Cas9 sisteminin biyofilm olusumunu da engelledigini

gosterir. Ornegin, Sampson et al. (2014), ¢alismalarinda CRISPR-Cas endoniikleaz geni Cas9

ile birlikte tracrRNA ve ScaRNA’nin bakteriyel lipoprotein ekspresyonunu baskiladigini;
bunun sonucunda zar biitiinliigiiniin bozuldugunu, antibiyotik direncinin etkilendigini ve
enfeksiyon sirasinda bagisiklik sistemi tarafindan daha zor tanindigini géstermistir (Schunder

et al., 2013; Southern & Oyston, 2020). Bu baglamda, CRISPR-Cas sistemleri, antibiyotik

direnciyle miicadelede, 6zellikle direngli enfeksiyonlarin tedavisinde gelecekte etkili ve umut
vaat eden bir strateji olarak degerlendirilir.

3.2. Antimikrobiyal Peptitlerin Antibiyotik Direnciyle Miicadeledeki Rolii
Antimikrobiyal peptitler (AMP); dogal olarak sentezlenebilen veya sentetik yontemlerle
iiretilebilen, genellikle 5-100 amino asit uzunlugunda zincirlerden olusan biyomolekiillerdir

(Hancock & Sahl, 2006). Genis antimikrobiyal spektrumlar1 ve yapisal ¢esitlilikleri sayesinde

bakteriler, mantarlar, viriisler ve hatta kanser hiicreleri gibi farkli hedefleri etkisiz hale

getirebilirler (Lopez-Silva et al., 2020).
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AMP’ler literatiirde farkli terimlerle de anilir; katyonik konak savunma peptitleri (Brown &
Hancock, 2006), aniyonik antimikrobiyal peptit/proteinler (Harris et al., 2009), katyonik
amfipatik peptitler (Groenink et al., 1999), katyonik AMP’ler (Bradshaw, 2003), konak

savunma peptitleri (Riedl et al., 2011) ve alfa-heliks yapili antimikrobiyal peptitler (Bahar &

Ren, 2013; Huang et al., 2010) bu isimlendirmelere 6rnektir. Etki mekanizmalar: arasinda, zar

biitiinliigiiniin bozulmasi, gézenek olusumu ile protein sentezi veya DNA replikasyonu gibi

hiicre igi siireclere miidahale ederek mikrobiyal 6liime yol agmalar1 yer alir (Brogden, 2005;

Mahlapuu et al., 2016). Bu ¢ok yonlii mekanizmalar, AMP’leri direngli patojenlere karsi etkili

kilmakta ve geleneksel antibiyotiklere kiyasla diren¢ gelisme riskini azaltir (Brogden, 2005).

Omegin, yapilan bir ¢alismada, bir antibiyotik olan vankomisin ve bir AMP olan nisin, bakteri
hiicre duvar1 sentezini engelleyebilir. Ancak, metisiline direngli Staphylococcus aureus
(MRSA) suslariin vankomisine karst direngli kalmasina karsin, nisine karsi duyarliligini

korudugu bildirilmistir (Brumfitt et al., 2002). Bu durum, AMP’lerin direngli bakterilere kars1

potansiyel bir tedavi segenegi oldugunu gosterir. Giiniimiizde, antibiyotiklere karst direng
gelistirme olasiliklarinin diisiik olmasi, AMP’leri tercih edilen ajanlar haline getirir. Ek
aragtirmalar, AMP’lerin yalnizca antibiyotik direncini Onlemekle kalmayip, diger direng
tiirlerinde de potansiyel bir strateji olarak kullanilabilecegini ortaya koyar.

3.3. Faj Terapisinin Antibiyotik Direnciyle Miicadeledeki Rolii

Bakteriyofajlar, bakterilere 6zgii viriislerdir ve bakterilerin metabolizmasini bozarak lizisine
neden olurlar. Yapilari, genetik materyal (DNA veya RNA) ve bu materyali saran protein
kapsidinden olusur; ayrica birgok fajda, bakteriye tutunmay1 ve genetik materyalin aktarimini

saglayan protein yapili bir kuyruk bulunur (Pirnay et al., 2011; Sulakvelidze et al., 2001).

Bakteriyofaj tedavisinin amaci, izole edilen fajin hastaya uygulanmasinin ardindan, hedef
bakterilerle etkilesime girerek onlar lizise ugratmak ve bdylece ortadan kaldirir (Aydogan &
Hadimli, 2016; Yiiksel et al., 2016). Bakteriyofajlarin, iireyerek bakterilerde enfeksiyon

olusturma mekanizmalari; adsorbsiyon, penetrasyon, latent donem ve lizis ve disar1 ¢ikis olmak

lizere 4 basamakta incelenir (Arda, 2011).

1. Adsorpsiyon: Fajlarda; bakteri ylizeyinde bulunan pilus, teikoik asit, flagella, lipoprotein gibi

yapilara baglanma gozlenir (Arda, 2011).

2. Penetrasyon: Adsorpsiyon sonucu faj, bakteri yiizeyindeki spesifik reseptorlere baglanarak
DNA’sint hiicre i¢ine aktarir. Viral kapsid hiicre disinda kalirken, aktarilan DNA sitoplazmaya
geger ve bu siire¢ sirasinda hiicre duvarinda olusan delik, kisa siire i¢inde bakteri tarafindan

onarilir (Arda, 2011).
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3. Latent Donem: Bu donem, fajin genetik materyallerinin bakteri sitoplazmasina girmesinden
olgun fajlarm olusumuna kadar gegen siireyi kapsar. Bu dénem iki kisimdan meydana gelir. Tlk
kisimda, fajin iiremesi i¢in gerekli olan genetik materyallerin ve fajin ¢esitli komponentlerinin
sentezi tamamlanir. ikinci kisimda ise, sentezlenen komponentler birlestirilerek olgun ve

enfekte edici bakteriyofajlar olusur (Arda, 2011).

4. Lizis ve Disar1 Cikis: Bu agsamada, olgun fajlar, iiredikten sonra bakteriyi parcalar ve hiicre
disina ¢ikarlar. Bu sayede, bakterinin iireme fonksiyonlarinda yavaslama meydana gelir (Arda,
2011).

Bu mekanizmalar sayesinde, bakteriler spesifik olarak hedeflenerek yok edilir. Antibiyotik
kullaniminda siklikla karsilasilan direng gelisimi, tekrar doz gerekliligi, uzun stireli kullanim
ihtiyaci, yan etkiler ve yliksek maliyet gibi sorunlar, faj tedavisinde gozlenir (Aydogan &
Hadimli, 2016; Hanlon, 2007; O'Flaherty et al., 2009). Bu nedenle, dogru sekilde

uygulandiginda faj tedavisi etkili bir iyilesme saglayabilir. Dolayisiyla, bakteriyel
enfeksiyonlarin tedavisinde fajlar, gelecekte umut vadeden bir alternatif terapotik yaklagim
olarak degerlendirilir. Bu durum, klinik c¢aligmalardan elde edilen verilerle de
desteklenmektedir. Ornegin, antibiyotige direngli bakteriyel akut konjuktivitli hastalara

uygulanan faj tedavisinde, hastalarin yedi giin iginde iyilestigi bildirilmistir (Abedon et al.,

2011). Benzer sekilde, Staphylococcus aureus, Pseudomonas aeruginosa, Klebsiella
pneumoniae, Klebsiella oxytoca ve Escherishia coli gibi etkenlere bagli, antibiyotige yanit
vermeyen bakteriyel enfeksiyonlu kanser hastalarinda faj terapisi sonrasinda tamamen

tyilestikleri  gozlenmistir (Weber-Dabrowska et al., 2001). Ayrica, kronik deri

enfeksiyonlarinda  etken  olan  Staphylococcus  ve  gram  negatif  bakterilere
(Klebsiella,Escherichia, Proteus, Pseudomonas) uygulanan faj tedavisinin, hastalarin

%77’sinde iyilesme sagladig1 rapor edilmistir (Abedon et al., 2011; O'Flaherty et al., 2009).

Tim bu veriler, faj terapisi yaklasiminin antibiyotik direncine karsi etkili ve glivenilir bir
alternatif olabilecegini gostermekte, gelecekte daha yaygin uygulanma potansiyelini ortaya
koyar.

4. Sonuc¢

Antibiyotik direnci, kiiresel halk saglig1 agisindan giderek biiytliyen bir tehdit olusturmaktadir.
Antibiyotiklerin yanlis ve asirt kullanimi, direngli patojenlerin ortaya ¢ikmasini hizlandirmakta;
bunun yani sira organ toksisiteleri ve sindirim sistemi bozukluklar1 gibi yan etkiler meydana
getirmektedir. Bu nedenle, etkinligi yiiksek, toksisitesi diigiik ve yan etkileri minimal olan

alternatif tedavi stratejilerinin gelistirilmesi biiyiik 6nem tagimaktadir.
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Antimikrobiyal peptitler, CRISPR-Cas teknolojisi ve faj terapisi, mevcut literatiirde umut
vadeden yenilik¢i yaklagimlar olarak ©ne c¢ikmaktadir. Bununla birlikte, bu tedavi
yontemlerinin klinik uygulamalara entegre edilebilmesi i¢in daha fazla preklinik ve klinik
caligmaya, uzun donem giivenlik verilerine ve maliyet-etkinlik analizlerine ihtiyag vardir.
Ayrica, antibiyotik kullanimimin rasyonellestirilmesi, halk sagligi politikalarinin
giiclendirilmesi ve toplumda bilinglendirme ¢alismalarinin artirilmasi, direng gelisiminin
onlenmesinde kritik rol oynamaktadir. Tip, eczacilik, biyoteknoloji ve molekiiler biyoloji
alanlarinin disiplinler arasi is birligi, gelecekte daha etkili ve giivenli tedavi se¢eneklerinin
gelistirilmesine zemin hazirlayacaktir. Bu baglamda, yenilik¢i terapotik yaklagimlar,
antibiyotik direnci ile miicadelede 6nemli bir umut 15181 olarak degerlendirilmektedir.
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OZET

Kanser, kontrolsiiz hiicre ¢ogalmasi ile karakterize olan ve diinya genelinde milyonlarca kisiyi
etkileyen, mortalitesi yliksek bir hastaliktir. Giiniimiizde uygulanan kemoterapi, radyoterapi ve
diger klasik tedavi yontemleri ¢ogu zaman yetersiz kalmakta ve ciddi yan etkilere yol
acmaktadir. Bu baglamda, son yillarda nanoteknoloji tabanli yaklasimlar; kanser tedavisinde
hedefe yonelik ila¢ tasima, erken tan1 ve kisisellestirilmis tedavi stratejileri agisindan biiyiik
onem kazanmustir. Geleneksel tedavilerin karsilastigi diisiik ilag ¢oziiniirliigii, kemorezistans,
sistemik toksisite ve sinirl biyoyararlanim gibi temel sorunlar; nanopargacik temelli akilli ilag
tagima sistemleri sayesinde 6nemli dlgiide asilabilmektedir.

Arastirmalarin odak noktasi, kanserle iligkili 6zgiil kosullara segici olarak yanit verebilen ve
ilaclar1 hedef hiicrelere etkin sekilde ulastirabilen yeni nesil akilli nanotasiyicilarin
gelistirilmesidir. Akilli ilag tasiyici sistemler, yalnizca ilacin tasinmasini degil; ayn1 zamanda
hedef dokuya 6zgiiliik, kontrollii salim, biyoyararlanimin artirilmasi, sistemik toksisitenin
azaltilmas1 ve ¢oklu ila¢ ylikleme gibi birden fazla kritik rolii iistlenmektedir. Bu tasiyicilar,
genellikle timor mikrogevresindeki 6zgiil uyarilara (pH, enzim, sicaklik, redoks durumu gibi)
duyarlidir ve bu sayede yalnizca hedef bolgedeki hiicrelerde ilag salinimi gerceklestirir.
Boylece saglikli dokularin zarar gérmesi en aza indirilirken, tedavi etkinligi arttirilmaktadir.
Nanotagiyicilar, yiikledikleri terapdtik ajanlart tiimor bolgesine pasif ya da aktif
mekanizmalarla tagiyarak minimum diizeyde ilag kayb1 saglar. Bu ¢aligmada; dendrimerler,
lipozomlar, mezog6zenekli silika nanopargaciklari, miseller, siiperparamanyetik demir oksit
nanoparcaciklar1 ve altin nanopargaciklar gibi baslica akilli nanotasiyict sistemlerdeki giincel
gelismeler incelenecektir.

Bu alandaki yeniliklerin ilerlemesiyle, akilli nanotasiyicilarin klinik uygulamalardaki roliiniin

giderek artmasi ve kanser tedavisinde ¢igir acan sonuglar elde edilmesi beklenmektedir.
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Bununla birlikte, bu teknolojilerin tam potansiyelini ortaya koyabilmesi i¢in ileri klinik
arastirmalar ve multidisipliner ¢aligmalarin siirdiiriilmesi gerekmektedir.

Anahtar Kelimeler: Kanser tedavisi, nanoteknoloji, akilli ilag tagiyici sistemleri

NANOTECHNOLOGY IN CANCER THERAPY: TARGETED SMART DRUG
DELIVERY SYSTEMS

Abstract

Cancer is a disease characterized by uncontrolled cell proliferation and affects millions of
people worldwide, with a high mortality rate. Current treatment modalities such as
chemotherapy, radiotherapy, and other conventional therapies are often inadequate and cause
serious side effects. In this context, nanotechnology-based approaches have gained significant
importance in recent years for targeted drug delivery, early diagnosis, and personalized
treatment strategies in cancer therapy. Fundamental challenges faced by traditional
treatments—including poor drug solubility, chemoresistance, systemic toxicity, and limited
bioavailability—can be substantially overcome by nanoparticle-based smart drug delivery
systems.

Research efforts focus on developing next-generation smart nanocarriers that can selectively
respond to specific cancer-related stimuli and effectively deliver drugs to target cells. Smart
drug delivery systems perform multiple critical functions beyond mere drug transport, including
target tissue specificity, controlled release, enhanced bioavailability, reduced systemic toxicity,
and the capacity for multi-drug loading. These carriers are typically responsive to specific
stimuli within the tumor microenvironment (such as pH, enzymes, temperature, and redox
conditions), enabling drug release exclusively at the targeted site. This targeted release
minimizes damage to healthy tissues while enhancing therapeutic efficacy.

Nanocarriers deliver their therapeutic payloads to tumor sites via passive or active mechanisms,
ensuring minimal drug loss. This study will review recent advances in key smart nanocarrier
systems, including dendrimers, liposomes, mesoporous silica nanoparticles,micelles,
superparamagnetic iron oxide nanoparticles, and gold nanoparticles.

With ongoing innovations in this field, the clinical role of smart nanocarriers is expected to
increase, potentially leading to breakthrough outcomes in cancer treatment. However, to fully
realize the potential of these technologies, further advanced clinical research and
multidisciplinary studies are necessary.

Keywords: Cancer therapy, nanotechnology, smart drug delivery systems
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1.Giris

Kanser, organizmadaki hiicrelerin normal biiyiime ve farklilasma siireglerinin bozulmastyla
gelisen, kontrolsiiz hiicre ¢ogalmasi ve timor olusumu ile seyreden kompleks bir hastalik

grubudur (Futreal et al., 2001). Kanserin gelisiminde DNA dizisinde meydana gelen

mutasyonlar, replikasyon hatalari ve genetik yatkinlik yer alir. Bunun yani sira bakteriler,
viriisler, radyasyon, cevresel etmenler ve beslenme aligskanliklari gibi pek ¢ok faktér de kanser

olusumuna katkida bulunur (Williams, 1992; Zhou, 2014). Kanser tedavisinde, cerrahi ve

radyoterapi kullanilmasina ragmen, metastaz yapmis kanserler icin etkili bir tedavi segenegi

degildir (Pérez-Herrero & Fernandez-Medarde, 2015; Sohrabi Kashani & Packirisamy, 2021).

Kemoterapi de bir tedavi segenegi olmakla birlikte, hastalikli hiicrelerin yani sira saglikli

hiicrelere de zarar vermesi onemli bir simirhiliktir (Wayteck et al., 2014). Sistemik kanser

ilaclari, metastatik kanserler i¢in daha uygun bir tedavi yaklasimi sunarlar. Ancak bu diisiik
suda ¢ozlinlirliigii, yetersiz biyoyararlanimi ve sinirlt terapotik etkinligi tedavinin basarisini
azaltir. Daha yiiksek dozlarda kullanildiginda toksisiteye yol agtigindan dolayi, kanserde
alternatif tedavi stratejilerine ihtiya¢ duyulmaktadir (Tang et al., 2021). Bu nedenle, daha etkili

ve giivenli tedavi yontemlerinin gelistirilmesi biiylik 6nem tasir. Son yillarda hedefe yonelik
akilli ilag tasiyict sistemlere yonelik ilginin artmasi, kanser tedavisinde nanoteknolojinin umut
vadeden bir alternatif olarak 6ne ¢ikmasina yol agmistir.

2. Kanser Tedavisinde Nanoteknolojinin Rolii

Partikiil biiytikliikleri 10-1000 nm arasinda degiskenlik gdsteren ve etkin maddesi ¢oziinmiis,
hapsedilmis veya adsorbe halde bulunan, dogal ya da sentetik polimerlerden hazirlanmis kati

kolloidal polimerik sistemlere nanopartikiiller denir (Sengel Tiirk & Hascicek, 2009).

Nanopartikiillerin kanser tedavisindeki rolii, yalnizca ilaglarin taginmasini kolaylastirmakla
kalmayip; aynt zamanda hedef dokuya 6zgiilliigli artirmak, kontrollii salim saglamak ve
sistemik toksisiteyl azaltmak gibi avantajlar sunan akilli nanotasiyict sistemlerin
gelistirilmesine de olanak tanimaktadir.

3.Akilh ilac Tasiyic1 Sistemlerin Calisma Mekanizmalan

3.1. ila¢c Hedefleme

Kanser tedavisinde kullanilan akilli nanotasiyici sistemler, ilact kontrollii bi¢imde salarak hiicre
icine etkin bicimde tasinmasini saglar; bu sayede ilacin biyoyararlanimi artar, farmakokinetik
ve farmakodinamik 6zellikleri iyilesir, ayn1 zamanda 6zgiilliik ytikselirken toksisite azalir (Yu

et al., 2010). Ilag hedeflemede iki temel mekanizma yer almaktadur.
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3.1.1. Pasif Hedefleme

Pasif hedefleme, tiimor hiicrelerinde EPR (gelismis gegirgenlik ve retansiyon etkisi) etkisi
aracihigiyla gerceklesir. Timor damarlarinin  gegirgen yapist nedeniyle ilag yiikli
nanotagiyicilar, saglikli dokulara oranla tiimor dokusunda daha yogun birikmektedir; bu durum
gelismis gecirgenlik etkisi olarak tanimlanir. Ote yandan, lenfatik sistemdeki bozukluk
nanopartikiillerin timor ¢evresinde tutulmasina neden olur ki bu da gelismis retansiyon etkisi
olarak adlandirilmaktadir. Dolayisiyla EPR etkisi, hem gelismis gegirgenlik hem de retansiyon

stireglerini kapsamaktadir (Nakamura et al., 2016).

Pasif hedefleme, nanotasiciyilarin timor gegirgenligi ve damar yapisi, partikiil bliytkligii ve
dolagim stiresi gibi faktdrlere baglidir. Ayrica, nanotastyicilarin yiikii, boyutu ve yiizey kimyasi
gibi fizikokimyasal 6zellikleri ile kotii huylu tiimdrlerde hiicre hedeflemenin zorluklar1 da bu

stireci onemli Olclide etkiler (Albanese et al., 2012; Attia et al., 2019). Ayrica, tim bu

Ozelliklerin yani sira, bu tastyicilarin sistemik dolasimda kalma siireleri de dnemlidir. Eger
bagisiklik sisteminden kagarak sistemik dolagimda uzun siire kalabilirlerse, timorli bolgede
yiiksek konsantrasyonlara ulasarak 1-2 giin icinde, saglikli hiicrelere kiyasla 10-50 kat daha
fazla birikim saglarlar (Gullotti & Yeo, 2009).

3.1.2. Aktif Hedefleme

Aktif hedeflemede, akilli ilag tasiyicilar1 tiimor hiicrelerini tamiyarak yalnizca bu hiicrelere
ulagir. Bu nedenle, tiimor hiicreleri ve ylizeylerindeki 6zgiil molekiiller aktif hedeflemede kritik

rol oynar (Attia et al., 2019; Kumar Khanna, 2012). Tiimdr hiicreleri, baz1 molekiilleri saglikl

hiicrelere kiyasla daha fazla ifade eder; 6rnegin, hiicre ylizeyi antijenleri veya folik asit gibi
molekiiller tiimor hiicrelerinde asir1 eksprese edilir. Nanotastyicilar, aktif ligandlarla
birlestirildiginde bu asir1 eksprese edilen hedefleri taniyabilir. Boylece nanotasiyicilar yalnizca
hedef tiimor hiicresine baglanir ve ilaci ilgili bolgede birakir; bu sayede saglikli hiicrelere zarar
verilmez. En yaygin kullanilan ligandlar arasinda aptamerler, transferrin, peptitler, folat ve

antikorlar bulunmaktadir (Hossen et al., 2019).

Immiinolipozomlar, antitiimoral ilaglarin aktif hedeflemeli tasinmasinda kullanilan bir diger
tekniktir. Bunlar, antikorlarla konjuge edilmis lipozomlar olup, normal lipozomlar gibi ilag
tastma oOzelliklerine sahiptir; ancak, tiimor hiicresine 0zgiil antikorlar1 sayesinde hedef
bolgedeki tiimdr hiicrelerine yiiksek yogunlukta baglanabilirler. Ornegin, meme kanseri
tedavisind doxorubicin yiiklii HER2 immiinolipozomlari, antikor tasimayan PEG ile kapl

lipozomlara kiyasla daha ytiksek terapotik etki gostermistir (Park et al., 2002).

Son yillarda, pH, sicaklik, 151k, redoks durumu, enzimler gibi cesitli ¢cevresel faktorlere yanit
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olarak fizikokimyasal 6zelliklerinde belirgin degisiklikler gosteren uyarana duyarli polimerler
ve nanoparg¢aciklar tasarlanmis ve hedefe yonelik ila¢ tasima teknolojilerinde yaygin olarak
kullanilir. Tiimor bolgelerinde pasif ve aktif hedefleme mekanizmalar1 sayesinde biriken
uyarana duyarli nanopargaciklar, timdér mikrogevresinin Ozelliklerine yanit vererek ilag
salimini artirabilir, terapotik ajanlarin tiimor dokusu icinde daha homojen dagilmasini
saglayabilir ve hiicreler tarafindan daha etkin bir sekilde alinmalarini kolaylastirabilir (Du et
al., 2015).

Saglikli dokuya kiyasla TME, asidik pH (Xia et al., 2018), hipoksi (Chen et al., 2016; Du et al.,

2015; Feng et al., 2018) ve belirli enzimlerin yiiksek seviyeleri (Li et al., 2014; Moreira et al.,

2016) gibi benzersiz Ozellikler tasimaktadir. Buna karsin, TME’ye duyarli parcaciklarin,
geleneksel aktif ve pasif hedefleme yontemlerine kiyasla baz1 6nemli avantajlar saglar. Aktif
hedefleme, belirli ligandlar ve kanser hiicre yiizey reseptdrleri arasindaki spesifik etkilesimlere
dayanir; ancak reseptorlerin dagilim ve yogunluk farkliliklari, bu yontemin genis kapsamli
uygulanabilirligini sinirlayabilir. Ote yandan, TME-duyarli nanoparcaciklar, timorlerdeki
ortak fizyolojik Ozellikleri temel aldigindan, asidik pH, hipoksi, enzim aktivitesi, redoks
dengesi ve reaktif oksijen tiirleri (ROS) gibi tiimér mikrogevresine 6zgii faktorlere yanit vererek
ilaclarn ilgili bolgeye 6zgiil olarak salinmasini saglayan daha evrensel ve etkili bir strateji
sunar.

4. Kanser Tedavisinde Kullanilan Nanotasiyicilar

4.1. Lipozomlar

Lipozomlar, hidrofilik bir merkez ve bu merkezi gevreleyen fosfolipitlerle kapli ¢ift katmanl

vezikiillerdir (Jain et al., 2018). Hem hidrofilik hem de lipofilik ilaglar1 kapsayabilmeleri

nedeniyle terapoétik ilag tasiyicisi olarak tercih edilirler (Alwattar et al., 2021; Jain et al., 2019;

Mu et al., 2017). Avantajlar1 arasinda; aktif grup korumasi, hiicre benzeri zar yapisi, minimal

immiinojenik etki, biyouyumluluk, giivenlik, etkinlik ve artmis yar1 dmiirlidir (M. Li et al.

2019).

Lipozomlarin dezavantajlar1 ise; diisiik kapsama verimi, hidrofilik ve amfifilik ilaglarin
lipozomal vezikiillerden kagma olasiligi ve retikiiloendotelyal sistem (RES) aracilifiyla
hizlandirilmis kan temizlenmesidir (ABC). Viicut tarafindan yabanci olarak tanindiklarinda,
mononiikleer fagosit sistemi (MPS) ve RES makrofajlar1 tarafindan temizlenirler. Bu nedenle
boyut, yiik, hidrofiklik ve hidrofobiklik gibi fizikokimyasal 6zellikleri, sistemik dolasimdaki

kalma siirelerini dogrudan etkiler (Brown et al., 2014; Paolino et al., 2014).

Sistemik dolagim siiresini arttirmak i¢in boyut ayarlamalar1 ve yiizey modifikasyonlar1 gibi
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cesitli yontemler uygulanir. Ornegin, lipozomlarmn yiizeyine oligosakkaritler, glikoproteinler,
sentetik polimerler ve polisakkaritler eklenerek o6zellestirilmis ikinci nesil lipozomlar
gelistirilmistir; bu sayede, kan dolasiminda daha uzun siire kalabilrler (Pasut et al., 2015; Tu &
Lewis, 2021).

4.2. Dendrimerler
Dendrimerlerin, agac anlamina gelen dendron olarak da bilinmelerinin sebebi; yapilarinin agaca

benzer sekilde dallanmalarindan kaynaklanir (Ghaffari et al., 2018). Dendrimerler; merkezi

cekirdek, kendini tekrar eden ve merkezi ¢ekirdege bagl birimler ve dendrimerin periferindeki

fonksiyonel gruplar olmak {izere {i¢ ana bilesenden meydana gelir. Bu fonksiyonel gruplar,

farmakokinetik profili ve biyouyumlulugu belirler (Chen & Cooper, 2000). Ornegin katyonik
dendrimerler, yiizeylerinin pozitif yiikli olmalari nedeniyle, negatif yiiklii hiicre zariyla
etkileserek hiire membranina zarar verebilmekte ve hiicre lizisine yol agabilir (Moradi et al.

2019; Sheikh & Kesharwani, 2021).

Kanser tedavisinde nanotasiyici olarak, poli-amidoamin (PAMAM), poli-L-laktit, poli-lizin,
peptid dendrimer, poli-propilen-imin, poli-kaprolakton ve poli-etilen glikol gibi dendrimerler

kullanilir (Wolinsky & Grinstaff, 2008). Paklitaksel, doksorubisin, metotreksat ve sisplatin gibi

kemoterapotik ilaglar dendrimer nanotastyicilara yiiklenerek goriintiileme ve tan1 amaciyla da

kullanilabilir (Khemtong et al., 2009). Bu sekilde, dendrimerlere belirli molekiiller baglanarak

kanser hiicrelerini hedefleme potansiyelleri artirilarak terapétik etki yiikseltilmekte, toksisite
azaltilarak tedavide goriilen yan etkiler minimuma indirilir.

4.3. Miseller

Amfifilik blok kopolimerlerin kendiliginden birlesmesiyle olusan polimerik miseller, sulu
ortamda genellikle 10-100 nm ¢apinda kiiresel yapilar seklinde bulunur. Hidrofilik bir korona
ile ¢evrili hidrofobik cekirdekleri sayesinde, lipofilik ilaglarin etkin bigimde tasinmasina olanak

tanir (Fan et al., 2019; Mu et al., 2020). Misel ylizeyi; aptamer, peptit, antikor, karbonhidrat ve

folik asit gibi farkli ligandlarla islevsellestirilerek timor hiicrelerine 6zgii aktif hedefleme

saglanir (Alven & Aderibigbe, 2020). Hiicre i¢i alimi arttirmak i¢inse miselin hidrofilik ucuna

cesitli fonksiyonel gruplar eklenebilir (Das et al., 2017).

“Es-tasima stratejisi, polimerik misellerin ayni anda birden fazla fonksiyon iistlenmesini
saglayarak kanser tedavisinde giiclii bir sinerji yaratir. Ozellikle poli-iyon kompleks (PIC)
miseller, son yillarda niikleik asit temelli tedavi ajanlarinin (genler ve siRNA) tasinmasinda dne

¢ikan platformlardan biri olmustur (Nishiyama & Kataoka, 2006). Nitekim, Wan et al. (2019),

gelistirdikleri amfifilik kopolimer esasli misellere hem paklitaksel hem de sisplatini eszamanli
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olarak yiikleyerek, yumurtalik ve meme kanseri modellerinde ilag tagima kapasitesinin belirgin
bicimde iyilestigini gostermistir (Wan et al., 2019).
4.4. Altin Nanopartikiiller

Altin nanopartikiiller (AuNP), inorganik nanotasiyicilar olup ¢evresel kosullara karsi nispeten
stabil yapiya sahiptir ve fotodinamik veya fototermal terapi amaciyla tiimor hiicrelerine zarar
veren radikalleri iiretmek icin kullanilir. Biyolojik sistemlere karsi inert olmalari, geleneksel

metal tabanli ilag tagima sistemlerine gore {istiinliik saglar (Lewinski et al., 2008). Bu 6zellikleri

sayesinde, ilag isleme, biyogoriintiileme ve algilama gibi ¢esitli alanlarda 6nemli roller distlenir.
Uygun boyut ve sekle ayarlandiklarinda, toksik olmayan ve diisiik fototoksisiteye sahip
materyaller olarak kullanilabilirler (W. Li et al., 2019; Wang et al., 2016).

Altin nanopartikiillerin optik 6zellikleri, ayarlanabilirlikleri ve ylizey plazmon rezonansi gibi
ozellikleri arastirmacilarin ilgisini ¢ekmektedir. Gorliniimleri degistirilerek ve yiizeylerine
negatif ylik uygulanarak, ligandlar, ilaglar ve genler gibi c¢esitli molekiillerle kolayca
fonksiyonellestirilebilirler. Ayrica biyouyumlu ve toksik olmayan yapilari, onlar ilag tastyici
olarak ideal hale getirmektedir. Ornegin, metotreksat (MTX) altin nanopartikiillere
baglandiginda, serbest MTX’e kiyasla cesitli kanser hiicre hatlar1 iizerinde daha yiiksek
sitotoksisite gOstermistir; MTX’in nanopartikiillere konjuge edilmis halinin, kanser

hiicrelerinde daha hizli ve yiiksek konsantrasyonlarda biriktigi goriilmiistiir (Ajnai et al., 2014;

Kong et al., 2017; Singh et al., 2018). Buna ek olarak, PEG ile kaplanmis altin nanopartikiiller,

RES araciligiyla sistemik dolagimdan temizlenme sorununu agmaktadir; ¢iinkii PEG kaplama,

fizyolojik kosullar altinda hem stabiliteyi hem de ¢6ziintirliigii artirir (Pawar et al., 2012).

4.5. Mezogozenekli Silika Nanopartikiiller

Mezogozenekli silika nanopartikiiller (MSN), biyouyumlu yapilari, genis gézenek hacmi ve
homojen gozenek dagilimi sayesinde ilag tasima ve biyomedikal goriintiileme i¢in potansiyel
tastyicilar olarak degerlendirilmistir. Ayrica yiizeylerinde gergeklestirilebilecek kimyasal
modifikasyonlar, nanoparcaciklarin 6zelliklerinin optimize edilmesine imkan tanimaktadir.
Antikanser ilaglar, bu mezogozenekli yapilara yerlestirilerek uzun siireli salinim saglanabilir
(Chan & Lin, 2015; Moller & Bein, 2017). Parcacik boyutlari, 2—50 nm arasinda olabilir.
Kanser tedavisinde en yaygin kullanilan MSN tiirii MCM-41 nanopartikiilleridir. Bu MSN

siifi, ilaglarin mikro kanallara etkin bir sekilde yerlesmesini saglarken, ayn1 zamanda yiikli
ilaclarin erken salinimini da engeller ve altigen, diizenli mezogozenekleriyle karakterizedir

(Huda et al., 2020; Liu & Xia, 2013). Ayrica, MSN’lerin amin gruplarina polietilen glikol

(PEG) konjuge edilmesi, nanopartikiillere uzun dolasim dmrii kazandirmistir (Xu et al., 2018).
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Tiimor hiicrelerine yonelik hedefleme amaciyla, MSN’in mikro kanallarina transferrin, mannoz
ve folik asit (FA) gibi cesitli ligandlar eklenmistir. Ornegin, folat reseptérii (FR), birgok insan
timor hiicresinde yiiksek seviyede ifade edilmektedir. Bu nedenle, arastirmacilar, folati
polietilenimin aracilifiyla amid bagi kullanarak nanopargaciklara konjuge etmis ve ardindan
kopolimer silika partikiilleri ile kaplamistir. Sonug olarak, FA ile modifiye edilen MSN’ler,
hedeflenmemis nanoparcaciklarla kiyaslandiginda hem serviks hem de meme kanseri
hiicrelerinde daha yiiksek sitotoksik etki gostermis ve tiimor tutulumunu artirmistir (Li et al.

2016; Yang et al., 2017; Yang et al.. 2014).

4.6. Siiperparamanyetik Demiroksit Nanoparcaciklari

Stiperparamanyetik demir oksit nanopargaciklar1 (SPION’lar), sliperparamanyetik 6zellikleri
sayesinde disaridan uygulanan manyetik alan altinda hedef dokularda birikebilme kapasitesine
sahiptir. Bu ozellikleri, son yillarda arastirmacilarin ilgisini ¢eken 6dnemli nanomalzemeler

arasinda yer almalarini saglar (Yuan et al., 2018). Belirli frekansta siirekli degisen alternatif

manyetik alanlara maruz birakildiklarinda, SPION’lar manyetik rezonans kontrast ajani olarak
davranabilir, fototermal etki olusturabilir ve manyetik 1sitma gibi terapotik etkiler acgiga

cikarabilir; ayn1 zamanda yiiksek biyouyumluluk sergilerler (Balk et al., 2021; Cryer &

Thorley, 2019).
SPION’lar, ilag tagima sistemlerinde kullanilabilmeleri i¢in optimal parcacik boyutu 10-200

nm arasinda olmalidir. Bu boyut araligi, nanopargaciklarin kilcal damarlardan istenmeyen
dokulara sizmasin1 engeller, bobrekler tarafindan hizlica siiziiliip atilmalarini 6nler (renal
klerens) ve RES makrofajlarinin fagositozundan kagmalarina yardimci olur (Chomoucka et al.,

2010).

Bu tiir sistemler, disaridan uygulanan manyetik alan varliginda, manyetik alan yardimiyla
yonlendirilerek (aktif) veya tlimor damarlarinin artmis gecirgen yapisindan faydalanarak (pasif)

timor dokusunda birikebilirler (Zou et al., 2010). Antikorlar, hiyaliironik asit, transferrin,

peptitler, folat ve aptamerler (6rnegin Arg-Gly-Asp (RGD)) gibi hedefleme ligandlan ile
SPION temelli ila¢ tagima sistemlerinin konjugasyonu, hedefleme etkinligini arttirmak i¢in
kullanilabilir. Bu ligandlar, tiimor hiicre yiizeyinde asir1 eksprese edilen belirli reseptorleri
tantyabilir; boylece boylece daha diisiik dozlarda etkinlik saglanabilir ve yan etkiler azaltilabilir

(Zhi et al., 2016).

5. Sonug
Kanser, hiicrelerin kontrolsiiz gogalmasi ve apoptoz siireglerinin bozulmasiyla karakterize olan,

yiiksek mortaliteye sahip bir hastaliktir. Mevcut tedavi segenekleri arasinda cerrahi,
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radyoterapi, kemoterapi ve antitiimoral ilaglar bulunmakla birlikte, bu yontemlerin yiiksek
toksisiteye sahip olmasi ve saglikli hiicrelere zarar verebilmesi, alternatif stratejilerin 6nemini
artirmaktadir. Bu baglamda, nanoteknoloji kanser tedavisinde umut verici bir yaklasim
sunmaktadir. Hedefe yonelik akilli ilag tasiyicilari, ilaglart tiimor bolgesine yonlendirerek
kontrollii salim saglar ve bdylece terapotik etkinligi artirirken yan etkileri azaltmaktadir.
Akilli nanotagiyicilar, aktif ve pasif hedefleme mekanizmalari ile etki gosterir. Aktif hedefleme
yalnizca tiimor hiicrelerini hedef alarak etkinligi artirirken, tiimor mikrogevresine (TME)
duyarl nanopargaciklar, asidik pH, hipoksi ve yiiksek enzim seviyeleri gibi timdrlere 6zgii
fizyolojik 6zelliklerden yararlanarak ilaglarin bolgeye 6zgiil salimini saglar. Bu sayede, klasik
yontemlere kiyasla daha genis ve etkili bir tedavi segenegi sunarlar.

Kanser tedavisinde lipozomlar, dendrimerler, miseller, altin nanopartikiiller, mezogozenekli
silika nanopartikiiller ve siliperparamanyetik demiroksit nanoparcaciklar1 gibi nanotasiyici
sistemler kullanilmaktadir. Gelecekte bu teknolojilerin klinik uygulamalardaki etkinliginin
artirllmasi i¢in multidisipliner ¢aligmalar ve ileri klinik aragtirmalar biiyiik 6nem tasimaktadir.
Ayrica, nanotastyicilarin giivenligi, biyouyumlulugu ve iiretim siireglerinin optimizasyonu gibi
konular da ele alinmalidir. Uygun tasarlanmis akilli nanotasiyicilar, farkli kanser tiirlerinde
kisisellestirilmis tedavi stratejilerinin gelistirilmesine olanak saglayabilir ve bdylece tedavi
basarisin1 artirirken yan etkileri minimize edebilir. Bu dogrultuda, nanoteknoloji tabanli
yaklagimlar, klasik kanser tedavilerini tamamlayic1 veya alternatif yontemler olarak
onlimiizdeki yillarda daha fazla klinik 6neme sahip olacaktir.
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Abstract

Schizophrenia is a severe psychotic disorder associated with neurobiological insufficiencies.
Cognitive deficiencies in a patient can be best understood when brain activities are monitored
during the resting phase. The first signs of schizophrenia are thought to manifest during late
adolescence. Hence, the patient can lead a comparatively functional life if the diagnosis can be
made during the onset. The most cost-effective way to monitor brain activity is using
electroencephalography (EEG). Since the visual analysis of EEG comes with interpretation
issues, research is being carried out for machine learning-based interpretation systems. In this
paper, the authors proposed classification models using several machine learning algorithms to
distinguish between normal and schizophrenic subjects from EEG data taken during the resting
phase. The best result was by Random Forest(RF) with precision, sensitivity, and specificity of
0.965, 0.965, and 0.95, respectively. The outcome of the parameters of the machine learning
models was further evaluated using statistical measures such as G-mean, Wilcoxon Signed
Rank test, and Kendell's concordance coefficient. RF had the highest G-mean of 40.9. Kendell's
coefficient was 0.605, and RF was identified as the best rater with a rank value of 3.67.
Wilcoxon test proved that the outcome with RF was statistically different from the outcome
using other algorithms. Comparison with the works of various researchers also showed that the
proposed model had a promising outcome.

Keywords: Electroencephalography (EEG); Random Forest; Schizophrenia; G-mean;
Wilcoxon Signed Rank Test; Kendell’s Coefficient

1.INTRODUCTION

Schizophrenia is a psychotic disorder characterised by incoherent thinking, perception,
emotion, and behaviour. Patients usually suffer from visual and auditory hallucinations.
Worldwide 20 million people are affected by this disease [1]. Though the leading cause of
schizophrenia is still not known, it is believed to be due to some genetic, psychological, and
physical factors. The pathophysiology of schizophrenia is given in Figure 1. The onset of
schizophrenia usually starts during late adolescence or early adult life. The occurrence of
schizophrenia after 40 is rare. There is no known cure yet; however, if the symptoms can be

identified early, the symptoms can be minimised, and the patient can be given a comparatively
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functioning life.
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Figure 1: Pathophysiology of schizophrenia

If a person exhibits any two symptoms of schizophrenia for more than one month, he/she
can be evaluated for the disease. Sullivan [2] and Cameron [3]first performed a systematic
analysis of the forewarning of schizophrenia. When these models proved ineffective, Doherty

et al. [4]proposed stage models of progressing symptoms. This model, too, failed.

1.1.Detection of Schizophrenia using EEG

Psychiatrists traditionally detect schizophrenia through the Diagnostic and Statistical
Manual of Mental Disorders (DSM-5) using a series of questionnaires. The process might take
up to two years to accurately identify the disease from the symptoms. Inaccuracy can also crop
up in this method of diagnosis because the patients might tend to hide their symptoms.
Sometimes other mental disorders have symptoms similar to schizophrenia, making it difficult
for clinicians to distinguish [5].

A series of instruments were developed in the past 20 years to identify patients at risk of
schizophrenia. These instruments are non-invasive in nature and use either signalling or
imaging techniques to assess schizophrenia. The most common signalling techniques use
Electroencephalogram(EEG) with the help of multi-channel sensors [6]. The common imaging
techniques are Magnetic Resonance Imaging (MRI) and Computed Tomography (CT).
However, these methods are costlier than EEG [7]. EEG inspects brain connectivity during the
resting stage to reveal fundamental details of brain activity. EEG signals are obtained by placing

electrodes at particular positions on the scalp [8].
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Studies have reported that schizophrenia patients suffer from an inability to register subtle
changes in the recurring sounds in their surroundings. They also suffer from cognitive and
psycho-social impairments, which can be measured by recording the brain signal pattern using
EEG. Analysis of the EEG data is based on[9]:

i. Mismatch negativity (MMN) is the difference in response by the brain to a series of

beeping sounds and to a ping of different types of sound.

ii. P3a is a measure of the electrical energy emitted by the brain as its attention shifts to a

prolonged beeping sound.

Relative to the usual subjects, the schizophrenia patients have reduced MMN and P3a. Figure
2 shows the EEG signal of normal and schizophrenic subjects. Normal EEG signal is shown to

the left, and the schizophrenic one is on the right.

Figure 2: EEG signal of a normal subject on the left and that of a schizophrenia patient on the
right [10]

1.2.Literature Study

There are certain difficulties in the visual interpretation of EEG. EEG signals, which are very
weak, in the range of 20 mV, need to be amplified, which leads to noise amplification. As a
result, the visual analysis might lead to erroneous interpretation[11]. Also, the combination of
signal patterns might contain much more information than the human eye can decipher. Hence,
automated, intelligent systems are required to interpret EEG to detect schizophrenia. Recently,
research has been conducted to identify and classify schizophrenia using machine learning.
Mathematical models are applied to extract the features either from the images directly or from
the raw data. Machine learning methods have been successfully used to distinguish between

healthy control and schizophrenic subjects.
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Doan et al. [12]used Linked Independent Component Analysis (LICI) to identify the

differences in grey-matter density (GMD), cortical thickness, surface area, and six other
features of the brain from the structural and resting state functional MRI of 295 schizophrenic
patients and 45 healthy subjects. They obtained an overall accuracy of 90% and an accuracy of
82% with the functional MRI. Chin et al. [13]used the MRI image of 212 schizophrenia patients
and healthy subjects to identify the GMD using voxel-based morphometry and distinguish the
healthy subjects from the diseased using SVM. They obtained an accuracy of 86%.

Neuhaus et al. [14] used EEG biomarkers such as ERP amplitude and latency to identify
symptoms of schizophrenia with an accuracy of 72.4%. Chen et al. [15] used SVM to classify
the EEG signal of 52 subjects, of which 12 were healthy, and 40 were schizophrenic. They used
theta 1, theta 2, alpha, beta, and gamma frequency bands of the signal. With a total of 60
features, they obtained an accuracy of 84%. Santos-Mayo et al. [16] used J5, MIFS, and DISR
feature selection algorithms and classified from a dataset containingl6 schizophrenic and 31
healthy subjects using SVM and Multilayer Perceptron (MLP). The accuracy was 93.42%.
Twenty features of EEG were used in their work.

Boostani et al. [17]extracted 286 features of EEG signals. They used different classification
algorithms to differentiate healthy individuals from schizophrenic ones from a dataset
containing the data of 13 people with schizophrenia and 18 healthy subjects. The highest
accuracy of 87.51% was obtained with direct linear discriminant analysis (BDLDA). Khodyari
et al. [18]distinguished between 91 normal subjects, 40 people with schizophrenia, and 64
subjects with major depressive disorder (MDD) using 42 features and a mixture of factor
analysis (MFA). They obtained an accuracy of 87.1%. Sabeti et al. [19] selected the essential
EEG channels and used genetic programming to determine the best 80 features. Several
machine learning algorithms were applied; however, the best result was obtained with
Adaboost, with an accuracy of 91.94%. Thilakvathi et al.[20]considered 10 features from EEG
signals taken from five different scalp positions. SVM was then used on a dataset containing
55 people with schizophrenia and 23 non-schizophrenic data to build a classification model that
exhibited an accuracy of 80%. Liu et al. [21]worked with 200 EEG data samples with 1500
features collected from 40 people with schizophrenia and 40 normal subjects. The classification
model was built using SVM with an accuracy 0f 91.16%.

Oh et al.[10] applied convolution neural network (CNN) to a dataset containing 14 people
with schizophrenia and 14 normal subjects with 1142 features and got an accuracy of 81.26%.

The same dataset was used byJahmunah et al.[22], Buettner et al.[23], Racz et al. [24]and
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Goshvarpour et al.[25] where they used SVM, Random Forest (Buettner and Racz), and

probabilistic neural network (PNN) classifiers to build the models. Their respective accuracies
were 92.91%, 96.77%, 89.29%, and 100%, respectively. Phang et al. [26] used the same dataset
as the authors' but used 2730 features. Multi-domain connectome convolutional neural network
(MDC-CNN) was used for the classification with an accuracy of 93.06%.

In the proposed system, we have used several machine learning algorithms to build
classification models to distinguish between schizophrenic and healthy subjects. The outcome
of the models was statistically analysed to predict the most suitable classification algorithm for
the purpose. The paper is arranged as follows: the methodology is described in Section 2. The

result and Discussion are in Section 3. The conclusion is given in Section 4.

2.METHODOLOGY

2.1.Dataset Description

The dataset was obtained from the EEG records database of the Laboratory for
Neurophysiology and Neuro-Computer Interfaces of M.V Lomonosov Moscow State
University. The database consists of EEG data collected from 84 adolescents at the resting
stage. The noise had been removed from the EEG signal before creating the dataset. The
subjects were divided into two groups — a group of 45 people exhibiting symptoms of
schizophrenia and a group of 39 normal people. Each EEG sample consists of EEG amplitude
(mkV) reading from 16 EEG channels. Each channel produced 7680 samples taken with a
sampling rate of 128 kHz over a period of one minute [27]. Figure 3 shows the position of the
16 channels placed on five lobes — frontal (F), central (C), parietal (F), temporal (T), and
occipital (O). Data were taken from [F7, F3, F4, F8, T3, C3, Cz, C4, T4, TS5, P3, Pz, P4, T6,
01, O2] set of electrodes.
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Figure 3: Position of the 16 EEG electrodes

2.2.0verview of the Methodology

Overview of the methodology is shown diagrammatically in Figure 4.

EEG dataset

\4

Dimensionality
Reduction

\

Model building using different machine learning
algorithms to distinguish between Schizophrenic and
Normal

Y

Performance evaluation of Comparison of the
the classifiers outcome with other similar

works

Y

Y

Identification of the most
effective model

Figure 4: Process Overview

2.3.Dimensionality Reduction using PCA
The total number of features obtained from the 16 channels is 122880. We have marked the
feature columns as SC1, SC2,...., and so on. Since it is cumbersome and computationally

challenging to handle such a large number of features, we have considered the samples of the
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first 30 seconds from each channel. Principal Component Analysis (PCA) was then employed
twice to reduce the input feature set and avoid performance degradation. PCA finds the
direction of maximum variance in a high-dimensional feature space and projects them onto a
lower-dimensional feature space.

A d X k- dimensional transformation matrix M was constructed, where d = 61440 and
k = 84. A sample vector X; is thus represented as

x; = [aq,az, ..., a4], x € R®

M e R?

And the sample space is X = [xq, Xy, ..., Xi|. After the first round of PCA, we have m X k-
dimensional matrix M, where m = 16383. Since it is still a very high value, the PCA was run
a second time when a n X k- dimensional matrix was obtained, where n = 70.

2.4.Classification

Four classifiers — Bagging, Fuzzy Unordered Rule Induction Algorithm (FURIA),
Multilayer Perceptron (MLP), and Random Forest. Liang et al. [28] showed that bagging could
be used to build the prediction model using medical data. Bagging is a set of base learners
(b1, by, ..., b;) generated from a set of bootstrap samples (sy, Sy, ..., S;) that forms an ensemble
classification method. The final classification is done using a majority vote.

FURIA is derived from the RIPPER algorithm. Instead of conventional rules, FURIA
uses fuzzy rules to obtain supple classification boundaries. To generate the rules, the fuzzy
intervals are replaced by a trapezoidal function combined with the rule induction techniques of
RIPPER. Soares et al. [29] have shown that FURIA can be successfully used as a medical
decision support system classification method.

Many studies showed that MLP could classify medical data and accurately perform risk
analysis. For an MLP with two layers, If k is the size of the input vector X and the output vector
is f(x), then

f) =Fb® + WA + w®x)))

where, b and b® are bias vectors, and W and W) are the weight vectors. Fandh are
activation functions [30].

Random Forest (RF) constructs multiple decision trees and combines them to give a
robust classification. One main advantage of RF is that it can learn from imbalanced data, which
is quite common in medical data. RF groups the dataset into active and inactive instances before
engendering the training and testing datasets. RF has been used successfully for the

identification and classification of breast cancer[31], osteoporosis, diabetes[32], coronary
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atherosclerosis, peripheral atherosclerosis etc. [33].

Classifiers were trained using 10-fold cross-validation. The training dataset is split into 10
subgroups of equal size. One subgroup was used to test the model trained with the rest of the 9
subgroups. This process was repeated 10 times, thus allowing each subgroup to be used once
as a test dataset. The ultimate performance of the model is the average performance of each
validation set.

2.5.Statistical Evaluation Metrics

Accuracy is the usual metric for the evaluation of the performance of the model if the dataset
is symmetric. However, in medical data analysis, accuracy might not be the best metric for
evaluation because they usually are either asymmetric or unequal class distribution. In this
work, we have considered schizophrenia as the positive class and Normal as the negative class.
Precision is about how sure we are about the true positive (TP), while recall is how sure we are
that we are not missing any positives. The recall is better if the idea of false positive (FP) is
more acceptable than the idea of false negative (FN). F-score is best for uneven class
distribution.

The AUC-ROC curve in binary classification is a probability curve that plots the true
positive rate (TPR) against the false positive rate (FPR) at different threshold values. It shows
the measure of the ability of the classifiers to distinguish between classes. AUC=1 means the
classifier can make a perfect distinction between the two classes. Also, a smoother curve
indicates fewer FPs predicted by the model [34].

Sensitivity or recall and specificity are the other two essential parameters in the medical
diagnostic system. While sensitivity measures the true positive rate, specificity measures the
true negative rate. If the sensitivity is high, the system can correctly identify subjects with the
disease. High specificity, on the other hand, indicates that the subjects without the disease are
also accurately identified by the model.

The classifier that was found to have the best performance in terms of the metrics was
further analysed. Their performance measures were compared using geometric mean, Wilcoxon
signed rank test and Kendall's W to verify the outcomes of the classifiers were statistically

significant.

3.RESULT AND DISCUSSION

The performance of the four classification models is evaluated using the metrics such as
accuracy, true positive (TP), false positive (FP), specificity, precision, recall, F-Measure, kappa,

and the area under the AUC-ROC curve. This is shown in Table 1, the confusion matrices are
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given in Table 2, and the graphical representation of the performance comparison is given in
Figure5. The area under the AUC-ROC curve is shown in Figure 6.

Table 1: Evaluation parameters of the performance of the four classifiers

Classifiers | Accuracy | TP FP Specificity | Precision | Recall F- kappa
Measure

Bagging 81.18% 0.812 0.199 0.829 0.813 0.812 0.811 0.618

FURIA 75.29% 0.753 0.264 0.781 0.757 0.753 0.749 0.496

MLP 88.25% 0.882 0.127 0.914 0.885 0.882 0.882 0.762

Random 96.47% 0.965 0.034 0.95 0.965 0.965 0.965 0.929

Forest

Table 2: Confusion matrix

Classifiers Schizophrenic (S) | Normal (N)
Bagging Schizophrenic (S) | 40 6

Normal (N) 10 29
FURIA Schizophrenic (S) | 39 7

Normal (N) 14 25
MLP Schizophrenic (S) | 43 3

Normal (N) 7 32
Random Forest Schizophrenic (S) | 44 2

Normal (N) 1 38

Graphical representation of comparison of the
performance of the classifiers

100%
80%
60%
40%
20%

0% HTP [ | PreC|3|on H Recall
Bagging FURIA Random

H F-Measure B kappa u ROC B Spagjfgity

Figure 5: Graphical representation of the performance of the classifiers
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Figure 6: Area under the ROC for the four classifiers for both Schizophrenic and Normal

Figure 7, depicting the distribution of some of the features, shows that the dataset lacks
symmetry. However, the class distribution is more or less even, as 45 instances are
Schizophrenic and 39 are Normal. Hence, accuracy and F-score cannot be used as the
parameters for the performance evaluation. We have, thus, focused on the other metrics for
evaluation. The confusion matrices confirm that the TP are high for all the classifiers. In any
medical decision support system, the FP is always more acceptable than the FNs.The detection
of schizophrenia at the onset is of paramount importance for the start of early treatment. Hence,
it is desirable to keep the FNs to the lowest.

K 1s another parameter of importance. k assures that the prediction by the model is not a
random guess. It tries to correct the evaluation bias by considering the correct classification by
arandom guess. [f k>0.8, then the prediction is not by a random guess. Thus, Table 1 and Figure
4 show that the precision, sensitivity, recall (specificity), and kappa values are high for the
Random Forest. The confusion matrix shows that the Type I error (FP) and Type II error (FN)

are also lowest with the Random Forest classifier.
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Figure7: Distribution of some of the features

The ROC curve of Figure 5 for Random Forest depicts that up to a certain threshold, the FP
is nearly zero and AUC = 0.98.

To verify the statistical significance of the result obtained with Random Forest, the other
classifiers' performance measures were evaluated against that of Random Forest. We have used
geometric mean(G-mean), which measures the balance between the performance of the

classifiers for both the positive and negative classes, and the result is shown in Table 3. Low
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G-mean indicates poor performance. Random Forest was compared pairwise with others using
Wilcoxon signed rank test. It worked on the null hypothesis that there is no difference in the
outcome of the pair of classifiers, i.e. the mean difference of the outcome is zero. The null
hypothesis is rejected if the p-value is greater than 0.05 when the confidence interval is 95%.
The result is given in Table 4.

Kendell's W is a non-parametric concordance test that assesses the agreement between

classifiers. The value of W=0.605 and the mean rank of the classifiers is given in Table 5.

Table 3: G-mean of the classifiers

Classifiers Bagging FURIA MLP Random Forest
G-Mean 34.07 31.22 37.09 40.9
Table 4: Wilcoxon signed-rank test
Classifiers pair RF-Bagging RF-FURIA RF-MLP
p-value 0.065 0.092 0.05

Table 5: Mean rank of the classifiers in Kendell's concordance test

Classifier Rank
Bagging 2.1
FURIA 1.33
MLP 2.89
Random Forest 3.67

3.1.Comparison of the Result with Other Works
We have also compared our results with previous works done in this field. The accuracy

obtained by them and the dataset used are listed in Table 6.
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Table 6: Comparison with works of the others

Authors Classifier | Accuracy (%) | Sample
Size

Boostani et | AdaBoost | 85.41 31 (13 Sc, 18 N)
al.[17]

BDLDA 87.51
Laton et al.[35] | Naive 81.6 108(54 Sc, 54 N)

Bayes

Decision 80.5

Tree

AdaBoost | 81.3
Lietal. [36] SVM 90.48 42 (19 Sc, 23 N)
Liu et al.[21] SVM 9.16 80 (40 Sc, 40 N)
Zhang et al.[37] | HOPD 90 22 (11 Sc, 11 N)
Buettner et | Random 96.7 28 (14 Sc, 14 N)
al.[23] Forest
Jahmunah et al. | SVM 92.91% 28 (14 Sc, 14 N)
[22]
Oh et al.[10] CNN 81.26% 28 (14 Sc, 14 N)
Racz et al. RF 89.29% 28 (14 Sc, 14 N)
Phang et al. [26] | MDC- 93.06% 84 (45 Sc, 39N)

CNN
Proposed Random 96.5 84(45 Sc, 39 N)
method Forest

Conclusion

We have worked with 16-channel EEG signal data of 45 people with schizophrenia and 39
normal subjects. Using the feature reduction method, 70 features were used for the
classification. Multiple evaluation methods were used to analyse the performance of the
classifiers. As the dataset lacks symmetry, the focus of the evaluation was more on sensitivity,
specificity, precision, kappa, and the area under the AUC-ROC curve. Since high sensitivity
and specificity are desirable in medical diagnosis systems, Table 1 confirms that these values
are highest for the Random Forest classifier. From the values in Table 1, we have created Table
7, which shows the percentage improvement of the parameters when a Random Forest is used

for classification.

Table 7: Percentage improvement in the parameters when Random Forest is compared with the other

classifiers
Parameters RF-Bagging RF-FURIA RF-MLP
Precision 15.75% 21.55% 8.29%
Recall (Sensitivity) 15.75% 21.2% 8.6%
Specificity 12.74% 17.79% 3.79%
Kappa 33.48% 46.6% 17.98%
AUC-ROC 11.78% 24.37% 6.09%
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Though Random Forest performs better than the other parameters, we have verified whether
the performance is statistically significant. When each of the classifiers' parameters was
evaluated, the G-Mean was found that the G-Meanwas 40.9 for Random Forest, indicating that
it performs better than the other classifiers in identifying the positive classes. Pairwise
comparison of Random Forest with other classifiers using the Wilcoxon Signed Rank test in
Table 4, the rejected values are highlighted. The null hypothesis can, thus, be accepted for MLP,
i.e. the mean of the differences in the performance of MLP and Random Forest is zero. Kendell
W=0.605 indicates moderate agreement between the classifiers. A rank of 3.67 for Random
forest in Table 5 suggests that it is rated most favourably as a classifier. Analysis of the
performance parameters, thus, confirm that the performance of Random Forest is better than
Bagging and FURIA and slightly better than MLP.

The other researchers' works and the outcome's accuracy are summarised in Table 6. Both
Zhang et al. [37] and Buettner et al. [23] obtained a high accuracy of more than 90%; however,
their sample size was too small to make any conclusive classification model. Though Laton et
al. [35] worked with an extensive data set where 54 participants had schizophrenia and 54 were
normal, the classification accuracy was lower than the proposed method. Random Forest was
used as a classifier by Racz et al. [24]; however, they used only 21 features for the classification,
and the sample size was not adequate. Phang et al.[26] used the same dataset as the authors' but
used 2730 features and a deep learning-based model for the classification. Though the accuracy
was high, it was still less than the accuracy obtained with the proposed model. One probable
reason for lower accuracy might be the feature set's large size which affected the classifier's
performance.

Thus, using Random Forest in distinguishing schizophrenic subjects from normal ones has
high precision, sensitivity, and specificity. Also, the analysis of the performance parameters
proves that the result obtained with Random Forest is statistically significant and hence can be
used to identify schizophrenic patients from the EEG data correctly.

In future works, the authors plan to use various sets of features and find the optimal feature
set. Also, in future, a deep learning model will be implemented to identify schizophrenia from

EEG signals.
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OZET

Enerjinin biiyiik olclide fosil yakitlardan karsilanmasi ile beraber hem fosil yakitlara olan ilgiyi
arttirmis hem de fosil yakitlarin tiikenmesini hizlandirmistir. Fosil yakitlarin tiiketimindeki artis
sonucu Diinya ve iilkemiz i¢in hava kirliligi, sera gazi emisyonlar1 ve iklim degisiklikleri
canliligin devam i¢in sorun olusturmaya baslamistir. Fosil yakitlarin ¢evre iizerindeki fazlaca
sebep oldugu olumsuz etkileri, yenilenebilir enerji kaynaklarinin arastirilmasina ve
kullanilmasina olan ilgiyi artirmistir.

Bundan yola c¢ikarak Canakkale Bolgesi’ nde yetistirilen zeytinden elde edilen pirinadan n-
hekzan, dietil eter, petrol eteri ¢oziiciileri kullanilarak ekstraksiyon yoluyla pirina yagi elde
edilmistir. Elde edilen pirina yagindan, transesterifikasyon metodu kullanilarak biyodizel
iiretimi gergeklesmistir. Uretilen biyodizel iiriinlerinin enerji potansiyeli, nem, viskozite,
parlama noktast, kiikiirt igcerigi, 1s1l kapasitesi gibi 6zellikleri belirlenmistir. Farkli ¢oziiciiler ile
elde edilen biyodizel yakitlarinin belirlenen 6zellkiklerinin Tirkiye de kullanilan EN 14214
Standartlarini karsiladigi belirlenmistir.

Anahtar Kelimeler: Pirina Yagi, Yenilenebilir Enerji, Biyodizel, Biyoyakit, Alternatif Enerji
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AN EXAMINATION OF THE PRODUCTION OF BIODIESEL FROM OLIVE
POMACE EXTRACTED WITH VARIOUS SOLVENTS IN THE CANAKKALE
REGION

ABSTRACT

Today, most of our energy comes from fossil fuels, which has led to a growing demand and
faster depletion of these resources. This rising consumption has contributed to serious
environmental problems, including air pollution, greenhouse gas emissions, and climate change
— threatening life on Earth, and in Turkey. As the negative environmental effects of fossil fuels
become more apparent, interest in the research and use of renewable energy sources has
increased.

Based on this, this study involved extracting pomace oil from olives grown in the Canakkale
(Dardanelles) region using different solvents: n-hexane, diethyl ether, and petroleum ether. The
extracted olive pomace oil was then converted into biodiesel using transesterification. Key
properties of the resulting biodiesel such as energy potential, moisture content, viscosity, flash
point, sulfur content, and thermal were examined. The study results showed that the properties
of the biodiesel fuels obtained using different solvents meet the EN 14214 standards currently
used in Turkey.

Keywords: Pomace Oil, Renewable Energy, Biodiesel, Biofuel, Alternative Energy
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WEBER’IN ANLAYICI SOSYOLOJISINDE DIN

Ars. Gor. Dr. Ali AKSAC
Cukurova University, Faculty of Divinity, Department of Sociology of Religion, Adana, Tiirkiye
ORCID ID: 0000-0002-7301-5778
OZET
Weber’in anlayici sosyolojisi toplumsal eylemi 6znenin yiikledigi anlam tizerinden ele alir ve
bu anlamin nedensel tutarliligini tarihsel baglam i¢inde degerlendirir. Yontemin ana araci olan
ideal tip, karmasik olgular1 karsilastirilabilir hale getiren kavramsal bir kilavuzdur. Din bu
cergevede act, haksizlik ve belirsizlik karsisinda yon tayin eden bir anlam sistemi olarak
konumlanir. Dua, ibadet, diizenli ¢alisma, paylasma ve yardim gibi pratikler bu sistemin
goriiniir ifadeleridir. Eylem tipolojisi dini davranisin farkli giidiilerini ayirt eder. ilkeye bagh
davranis normatif baglilig1, geleneksel davranig aligkanligin siirekliligini, duygusal davranis
ritliel yogunlugunu, amag odakli davranis ise arag ve hedef uyumunu 6ne ¢ikarir. Bdylece inang
ile giindelik pratikler arasindaki iliski anlam ve eylem diizlemlerinde agik bir ¢éziimleme alani
kazanir.
Weber dini topluluklar1 ve otorite bigimlerini tipik ayrimlarla agiklar. Kilise tipi genis ve
kapsayict tyelik diizenine dayanir. Sekt tipi gonilli katilim ve siki ahlaki denetim ile
tanimlanir. Liderligin kisisel etkiden kurala ve kuruma dogru evrilmesi orgiitsel siireklilik i¢in
belirleyici bir hattir. Modern baglamda hesap yapilabilirlik ve uzmanlagma artar ve “diinyanin
biiyiisiiniin bozulmas1” olgusu belirginlik kazanir. Bununla birlikte rasyonalizasyon ¢izgisi her
baglamda dogrusal islemez ve yeniden biiylileme dinamikleri farkli tarihsel Oriintiilerde
goriilebilir. Ideal tipler agiklik saglasa da indirgeme riski tasir ve melez drgiitlenmeler kilise—
sekt ikiliginin Otesinde ara big¢imler iiretebilir. Anlama temelli yaklasim, bu notlar
gozetildiginde, inang ile eylem bagini ve dini 6rgiitlenmenin modernlesme siirecleriyle iliskisini
incelemek i¢in elverigli bir analitik zemindir.

Anahtar Kelimeler: Din sosyolojisi, Weber, anlama, ideal tip, eylem tipleri.
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RELIGION IN WEBER’S INTERPRETIVE SOCIOLOGY
ABSTRACT
Weber’s interpretive sociology approaches social action through the meaning attributed by the
actor and assesses the causal adequacy of that meaning within its historical context. The primary
tool of the method, the ideal type, is a conceptual guide that renders complex phenomena
comparable. Within this framework, religion is positioned as a system of meaning that orients
action in the face of suffering, injustice, and uncertainty. Practices such as prayer, worship,
disciplined work, sharing, and charity are visible expressions of this system. The typology of
action differentiates the distinct motives of religious conduct. Value-rational action foregrounds
normative commitment, traditional action highlights the persistence of habit, affectual action
makes ritual intensity salient, and instrumentally rational action emphasizes the alignment of
means and ends. In this way, the relationship between belief and everyday practices gains a
clear field of analysis at the levels of meaning and action.
Weber explicates religious communities and forms of authority through typical distinctions.
The church type rests on a broad and inclusive regime of membership. The sect type is defined
by voluntary participation and stringent moral discipline. The evolution of leadership from
personal influence to rule and institution constitutes a decisive trajectory for organizational
continuity. In modern contexts, calculability and specialization increase, and the phenomenon
of the “disenchantment of the world” becomes more pronounced. Yet the course of
rationalization is not linear in every context, and dynamics of re-enchantment can be observed
in diverse historical patterns. Although ideal types provide clarity, they entail a risk of
reduction, and hybrid organizations may produce intermediate forms beyond the church—sect
binary. With these caveats in view, the understanding-oriented approach offers a suitable
analytical ground for examining the link between belief and action and the relation of religious
organization to processes of modernization.

Keywords: Sociology of religion, Weber, understanding, ideal type, types of action.
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FRANCIS BACON VE DOGA UZERINDEKI EGEMENLIK TASARIMI

Doktora Ogrencisi Rojan CILTEPE
Inénii Universitesi, Fen Edebiyat Fakiiltesi, Felsefe Boliimii, 44000 Battalgazi, Malatya
ORCID ID: 0000-0003-4676-7082

OZET

Francs Bacon’in (1561-1626) yasadigi donem, Ronesans’in etkilerinin yavsa yavas goriiniir
hale geldigi, bilhassa siyasi agidan 6nemli doniisiimlerin oldugu, bunlarla iligkili olarak da
Kilise’nin giicliniin azaldig1 bir donem olarak tarif edilebilir. Haliyle Bacon bu dénemde
yasadigl icin ne bir aydinlanmaci ne de skolastik felsefe igerisinde degerlendirilebilecek
filozoflardan biridir. Onun hem yasadigi donem hem de felsefi durusu bir gecis donemi
icerisinde yer almasini saglamistir. Bu gecis donemi filozofunun doga ya kars1 tutumu da gegis
donemine yarasir bir anlayistadir. Orta Cag donemindeki biri i¢in doga anlasilamaz ve
giivenilmez bir durumdadir. Dogaya dair ¢ok az bilgiye sahip olmak giivensizligin baslica
nedenlerinden biridir. Bu baglamda doga incelemeye deger olmamasi bir tarafa insanlar i¢in
bilgi kaynagi da degildir. Bu sebeple doga lizerinde bir gozlem ve deney yapmaya da gerek
duyulmaz. Ancak Bacon dogay1 bu sekilde degerlendirmez ve onun degerlendirmeleri bazi
sonuclara yol acar. Bacon i¢in doga anlasilmaz gizemli bir yapida degildir. Bacon “insan
doganin faili ve yorumcusudur” diyerek insanin dogaya karst tutumunun degismesini
gerektigini ifade etmis olur. Bacon bu ifadesi ile doga i¢in yeni bir anlay1s kapisi1 aralamaktadir.
Insanin doga karsisinda skolastik felsefede deklare edildigi gibi aciz olmadigini 6zellikle
belirtir. Cilinkii insan doganin faili ve yorumcusu olacak kadar yetkin bir varlik olabilir. Bu
anlayisla sadece dogaya karsi tavir degil aslinda insan karsi tavir da degismektedir. Bacon
ozellikle deney ve gozlem yoluyla doganin anlasilmasi/¢coziimlenmesi gerektigini vurgular.
Onun sikg¢a kullanilan “bilgi giictlir” ifadesi de bununla oldukga ilintilidir. Dogaya dair bilgi
elde ettikge insan gliglenecek ve doga iizerinde hakimiyet kuracaktir. Burada Bacon’in tutumu
ile birlikte doga insanin hizmetine sunulur. Doga kendi basina, kendinden miilhem olan degerini
kaybetmeye baslar. Ciinkii deney ve gozlem sayesinde doganin sirlar1 yavasga ¢oziilmiis artik
doga karsisinda aciz olmayan insan dogaya diz c¢oktiirmeye baslamistir. Doganin gizemi
ortadan kalktiginda artik doganin kiymeti ancak fayda methumu ¢ercevesinde diisiiniiliir. Bu
caligmanin amaci, bugiin dogaya karsi tavrimizin temellerindeki Bacon etkisini gozler oniine
sermektedir.

Anahtar Kelimeler: Bacon, Bilgi, Deney. Doga, Hakimiyet.
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FRANCIS BACON AND THE DESIGN OF DOMINION OVER NATURE

ABSTRACT

The period in which Francis Bacon (1561-1626) lived can be described as a time when the
effects of the Renaissance were slowly becoming visible, particularly marked by significant
political transformations and, in connection with these, a decline in the power of the Church.
Accordingly, since Bacon lived in this period, he can be considered neither an Enlightenment
thinker nor a philosopher within the framework of scholastic philosophy. Both the era in which
he lived and his philosophical stance positioned him within a transitional period. The attitude
of this transitional figure toward nature was also consistent with the character of such a period.
For a person living in the Middle Ages, nature was incomprehensible and unreliable. One of
the main reasons for this distrust was the very limited knowledge available about it. In this
context, nature was not only deemed unworthy of investigation but was also not regarded as a
source of knowledge for human beings. Therefore, there was no perceived need to observe or
experiment upon it. Bacon, however, did not share this view, and his assessments led to certain
consequences. For Bacon, nature did not possess an unfathomable or mysterious structure. By
stating that “man is the minister and interpreter of nature,” he expressed the necessity of
changing humankind’s attitude toward it. With this statement, Bacon opened the door to a new
understanding of nature. He explicitly emphasized that humans are not helpless before nature,
as scholastic philosophy had declared, for a human being can be competent enough to be the
minister and interpreter of nature. With this perspective, not only humanity’s attitude toward
nature but also toward itself underwent a transformation. Bacon particularly stressed that nature
must be understood and analyzed through observation and experimentation. His frequently
cited phrase “knowledge is power” is closely related to this. As knowledge about nature is
acquired, humans will grow stronger and establish dominion over it. In this sense, with Bacon’s
stance, nature is placed at humanity’s service. Nature, in and of itself, loses its intrinsic value;
for once its mysteries are unraveled through observation and experimentation, humanity—no
longer powerless before it—begins to subdue it. When nature’s mystery disappears, its worth
comes to be considered only within the framework of utility. The aim of this study is to reveal

the influence of Bacon that lies at the foundations of our present-day attitude toward nature.

Keywords: Bacon, Knowledge, Experiment, Nature, Dominion.
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HOBBES FELSEFESINDE HESAPLAMA OLARAK AKIL KAVRAMI

Doktora Ogrencisi Rojan CILTEPE
In6nii Universitesi, Fen Edebiyat Fakiiltesi, Felsefe Boliimii, 44000 Battalgazi, Malatya
ORCID ID: 0000-0003-4676-7082

OZET

Thomas Hobbes (1588-1679) Aydinlanma diislincesinin ortaya ¢ikmasinda biiyiik pay1 olan bir
distintirdiir. Hobbes genellikle siyaset felsefesi alaninda 6n plana ¢ikarilan bir filozof olsa da
onun akil ile ilgili tavrinin aydinlanma doénemi iizerindeki etkisi benzersizdir. Hobbes “un akil
tanimi, akil kavraminin degigsmesinde 6nemli bir adimdir. Hobbes i¢in akil kavrami Skolastik
ya da antik donemde oldugu gibi ne dogrunun kaynagi ne de ilkeler saglayan bir yeti olarak
tahayytl edilir. Akil Hobbes’a gbre dnce bir hesaplama aracidir. Sadece pargalarin ¢ikarilip
toplanmasi yani aklin hesap yapmasidir. Bu aklin sadece verilen malzemeyi islemesi anlamina
gelmektedir. Bu makine nedenlerin sonuglar1 ya da sonuglarin nedenlerini arastiran ve buna
gore sonuca varan bir “organ”dir. Bu organ kendinden herhangi bir sey icat etme kabiliyetine
sahip olmadig1 i¢in sadece verileri yeniden hatirlar, birlestirir ve pargalar. Hobbes’a gore aklin
hesap makinesi olarak tanimlanmasi bazi sonuglar dogurmaktadir. Oncelikle akil dogustan
bilgiye kaynaklik edebilecek bir yeti degildir. Akil ahlaki ilkelere kaynaklik edecek bir ilke
degildir. Akil a priori bilgini kaynagi olmak. Neyse ki Hobbes akla dair diisiincelerinde sadece
bu tanimla yetinmemis ve akli bir de dogrunun araci olarak diistinmiistiir. Dogrunun aract olan
akil ise muhakeme etmek anlaminda kullanilir. Baz1 ilklerden yeni ilkeler ¢ikarmak. Bu
muhakeme etme durumu Hobbes’a gore doga ile catisma halinde olmayan bir durumdur. Doga
ile ters diismeyen haliyle dogrunun araci olarak akil insana hayatta kalmak i¢in kendini
savunmasi gerektigini sdyleyen akildir. Haliyle Hobbes’a gore doga yasalarinin ihlali de aptal
olmaya denk gelmektedir. Dogaya yasalar1 ayn1 zamanda kaosun ya da savagin bitip barigin
gelmesini ister. Akil doga ile uyumludur ve kil da baris durumunun kaostan 1yi olacagina kanaat
getirir. Hobbes’un burada doga yasalarini akil ile uyumlu kilmasi 6nemli bir detaydir. Hobbes
da o donemin ruhun uygun olarak doganin fethedilmesini diisiinen filozoflardan biridir. Bu
sebeple dogruyu bulmanin bir araci olarak aklin en 6nemli islevi doga yasalarini kesfetmek ve
doga yasalart ile uyumlu olmaktir. Bu calismanin amaci Hobbes’un akil kavramina nasil
yaklastigin1 anlamak, akla verilen gorevleri ifsa etmek ve akil kavraminin nasil evrildigini takip
etmektir.

Anahtar Kelimeler: Akil, Doga, Hobbes, Makine.
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THE CONCEPT OF REASON AS CALCULATION IN HOBBES’S PHILOSOPHY

ABSTRACT

Thomas Hobbes (1588-1679) was a thinker who played a major role in the emergence of
Enlightenment thought. Although Hobbes is generally brought to the forefront in the field of
political philosophy, his stance on reason had a unique influence on the Enlightenment period.
Hobbes’ definition of reason was an important step in the transformation of the concept of
reason. For Hobbes, reason, unlike in the Scholastic or ancient periods, is imagined neither as
the source of truth nor as a faculty that provides principles. According to Hobbes, reason is,
first and foremost, a tool for calculation — simply the adding and subtracting of parts, that is,
the mind’s performance of computation. This means that reason merely processes the material
given to it. This “machine” is an “organ” that investigates the causes of effects or the effects of
causes and draws conclusions accordingly. Since this organ does not have the capacity to invent
anything on its own, it merely recalls, combines, and separates data.Hobbes’ definition of
reason as a calculating machine has certain implications. First, reason is not an innate faculty
that can serve as a source of knowledge. Nor is it a principle that can provide the foundation
for moral principles. Reason is not the source of a priori knowledge. However, Hobbes does
not confine himself solely to this definition of reason; he also considers reason as an instrument
of truth. Reason as an instrument of truth is used in the sense of reasoning — deriving new
principles from certain premises. This act of reasoning, according to Hobbes, is not in conflict
with nature. In its harmony with nature, reason as an instrument of truth tells human beings that
they must defend themselves in order to survive. Consequently, for Hobbes, violating the laws
of nature is equivalent to being foolish. The laws of nature, at the same time, desire the end of
chaos or war and the arrival of peace. Reason is in harmony with nature, and it concludes that
a state of peace is better than chaos. Hobbes’ alignment of the laws of nature with reason is an
important detail here. Hobbes was also one of the philosophers of his time who envisioned the
conquest of nature. For this reason, the most important function of reason as an instrument of
truth is to discover the laws of nature and to be in harmony with them. The aim of this study is
to understand how Hobbes approached the concept of reason, to reveal the tasks assigned to

reason, and to trace the evolution of the concept of reason.

Key Words: Reason, Nature, Hobbes, Machine
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OZET

Toplumsal yasamin baslangicindan beri, resmi ve gayri resmi olarak, egitim oncelikle toplumun
ihtiyaglarin1 o toplumu daha medeni bir duruma getirmek icin sekillendirmistir. Gilinlimiiziin
hizla gelisen diinyasinda, bir yandan egitimin hayati 6nemi derinden hissedilirken, diger yandan
daha iyi bireyler yetistirmek ve onlar1 egitmek de dnemini korumaktadir. Toplum iiyelerinin
dogumdan itibaren egitilmesi ve ilgili kiiltiirde belli gorevlerle istihdam edilmesi, resmi ve
yapilandirilmis bir ortamda degerler egitimi yoluyla gerceklestirilebilir. Bu nedenle, bu
caligma, orgiin egitim ortamlarinda son egitim alan1 olarak konumlandirilan ytliksekdgretimde
bile 6grencilere bazi belirli degerlerin nasil 6gretilebilecegini ortaya koymay1 amaglamaktadir.
Ayrica, edebi metinler ve durumsal ikilemler gibi bazi belirli 6gretim yontemlerinin degerlerin
uygulanmasii nasil tesvik edebilecegini incelemektedir. Ayrica, Ogrencilerin belirli
baglamlarda hedef degerleri 6ziimserken yasadiklar1 zorluklara da dikkat ¢ekmektedir. Sonug
olarak, ¢ok gec bir donem olarak goriilmesine ragmen, yiiksekogretimde belirli gruplara
degerlerin 6gretilmesinin, sistematik bir sekilde organize edildigi ve yapilandirildig: siirece
etkili oldugu aciktir. Bu c¢alisma ayrica, toplumu bir sonraki seviyeye tasimak ve sosyal
sorumluluk sahibi vatandaslar yetistirmek i¢in resmi egitim ortamlarinin ¢ok énemli oldugu
sonucuna varmistir.

Anahtar kelimeler: Yiiksek 6gretim, degerler egitimi, ikilemler

TEACHING VALUES IN FORMAL SETTINGS: HIGHER EDUCATION CASE

ABSTRACT

Since the beginning of communal life, formally and informally, education has primarily shaped
society's needs to bring society to a better, civilized state. In today's fast-growing world, the
crucial importance of education can be felt profoundly on one hand, while creating better

individuals and educating them holds ground on the other. Educating the members of society
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since birth and employing them in duties in the relevant culture can be actualized through values
education in a formal, structured environment. Therefore, this study aims to reveal how some
specific values can be taught to students even at higher education, which is positioned as the
final educational domain in formal educational settings. It also examines how some specific
teaching methods, such as literary texts and situational dilemmas, can foster the implementation
of values. It also points out the students' difficulties while absorbing the target values in given
contexts. As a result, it is obvious that despite being seen as a very late period, teaching values
to some specific groups at higher education is also effective as long as it is organized and
structured systematically. This study also concludes that formal educational environments are
crucial for fostering socially responsible citizens to boost society to the next level.

Keywords: Higher education, values education, dilemmas

1.INTRODUCTION

After globalization influenced the educational world, higher education institutions began setting
a better school model. In the last decades, this popularity and recognition have grown more,
given that freedom of speech and some cognitive abilities, such as critical and analytical
thinking, are believed to shape the personalities and characters of the students before they leave
to do the duties allocated to them. Hence, university education is believed to sustain an
extensive influx of knowledge as the final destination. In that sense, values education as a
society builder, as seen by Bandura (1991), could be a constructive element for individuals
before they start their adult life. Despite the previous formal education attempts, which
emphasize values and moral teaching at a lower level when the cognitive growth of individuals
starts, university-based values education is mainly seen as optional and left to the personal
interests of the instructors. Nevertheless, in the rapidly changing world of this time, when the
responsibilities and expectations from the university seem to increase gradually, it seems highly
advisable to implement value-based education into the curriculum in a systematic and organized
manner so that the real function of the university is fulfilled to serve the community in which it
resides. Additionally, it should be noted that social life, in which individuals are expected to
serve after graduation, encompasses unlimited dilemmas, fears, crimes, and responsibilities.
Therefore, to prepare individuals for such a life and help them make the best decision out of it
gives rise to the inevitable debut of the value-based pedagogy even at higher education, as
Paolitto (1977) underpins, where individuals are claimed to be at their best cognitive presence.
Moreover, the students' diversity in terms of culture, social life, and economic background may

serve as a real social-life simulation that individuals are expected to confront. Even the
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problems, situations, dilemmas, and rare occasions may assist an individual to do the best
rehearsals to get prepared for real life outside, given that as Kohlberg (1966) underscores,
reasoning and using critical thinking in a situation where dilemma exists, launch the skills to
enhance learners to deal with complex situation in which they need higher order skills. Despite
the enhancement that university education reflects, the issue of teaching values as a separate
subject or as embedded in another subject has been the subject of debate. Some scholars defend
that values should be taught in an integrated and unintentional way. Among them, Dewey
(1969) asserts that there is no single cut-out prototype to give value-based pedagogy. Another
issue is the problem of where the teachers are positioned in transmitting values. In this regard,
Romonawski (2005) highlighted the role of teachers in teaching values, claiming that they are
the navigational figures in the moral development journey of individuals. Besides, as
interactionists, teachers serve as the finest example of how to moderate the communication
between students in a specific context (Selman, 1971). Besides, when a need arises, teachers
should prefer explicit teaching elaborately (Cartledge & Milburn, 1978). By taking all these
mentioned above into account, the initial purpose of the current research is to investigate the
effectiveness of a value-based pedagogy on university students in a higher education context.
In order to fulfil this, the current study seeks to answer the following questions.

1. Does the value-based pedagogy help pre-service teachers to gain values?

2. What are the participants' reactions to value-based pedagogy?

2.MATERIAL AND METHODS

2.1. Research Design

This study is conducted through a mixed-methods research design, collecting quantitative and
qualitative data in a single study to investigate the research problem. The current study
encompasses participants from the pre-service English language teachers studying at the
English Language Department. Fifty-three students actively participated in the study. In the
first phase, a pre-test is divided into the experimental group, followed by eight weeks of
treatment. At the end of the interval period, the post-test is given to the same group to highlight
differences. Then, participants are taken into focus group interviews to reveal their reactions
towards values education in the university terrain.

2.2. Analysis technique

The SPSS program was used to calculate the results collected through the questionnaire, which
were presented as descriptive statistics. Thematic coding is used for qualitative data analysis,

and two raters encoded the participants' statements.
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3. RESULTS AND DISCUSSION

The study results show that, taking pre- and post-test results into account, there is a meaningful

difference between participants' pre- and post-test results. This outcome is illustrated in Table

1 below.
Table 1. Pre-test/post-test results
Participants Tests Mean Std. Deviation f t Sig
53 people Pre-test 2.3969 .34890 525 -1.324 475
53 people Post-test 2.382 2.6382 12.185 -1.284 .002

The qualitative data results indicate that the participants' responses to the definition and
reference of values are 41.6 % morals and ethics, 24.9 % universalism, 24.9% globalization,
24.9 % individual growth, and 8.6 % positive attitudes. Table 2 illustrates how this distribution
is presented below

Table 2. Participants' values education references

Theme Definitions/Explanations Frequency Percentage %
Values education e Morals and ethics 5 41.6
references e Universality and globalism 3 24.9

e Individual growth 3 24.9

e Positive attitudes 1 8.6
Total 12 100

The participants were asked about how to teach values at universities as the second interview
question. The results reveal that 83.2 % of them see values education as an integrated approach,

while 16.8% regard it as a separate occasion. Table 3 summarizes the participants' preferences

in detail.
Table 3. Participants' values education methodology preferences
Theme Definitions/Explanations Frequency Percentage %
Teaching of values e Should be taught as integrated 10 83.2
e Should be taught as separated 2 16.8
[ ]
Total 12 100

The participants were asked about how to teach values at universities as the second interview
question. The results reveal that 83.2 % values education as an integrated approach, while
16.8% regard it as a separate occasion. Table 4 summarizes the participants' preferences in

detail.
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Table 4. Participants' reaction towards real-life reflection

Theme Definitions/Explanations Frequency Percentage %
Teaching of values e  Should be taught as integrated 11 91.6
e  Should be taught as separated 1 8.4
[ ]
Total 12 100
4. CONCLUSION

This study investigated teaching values in higher education by using short stories as materials.
The study results indicate that teaching values, even in higher education environments, are
proven effective if well-planned and properly structured. It also states that teaching values at
the university level may boost individual self-awareness and empathy virtues, recommending
that educational methodologies are implemented appropriately. Unlike prioritizing to teach
values at early ages, adopting a multicultural point of view, and using real-life contexts,
positively contribute to the learning process. Therefore, the current study proves the
effectiveness of teaching values even at the university level, so value education helps create
global awareness toward the community's changing needs. On the other hand, the instructor's
role should not be overlooked, given that the way the values are implicitly presented to the
student needs to be addressed. One of the most influential outcomes of the study is that teaching
values in higher education may boost students’ problem-solving and critical thinking skills and
open doors for analytical thinking strategies. Last but not least, university students are expected
to foster moral reasoning through values education.
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OZET

Olgme ve degerlendirme, tiim egitim siirecinin nihai test asamas1 olmasiyla birlikte esasen
temel islev olarak girdi, ders materyalleri ve egitim Ogretim stratejilerinin ise yarayip
yaramadigini veya bu {i¢ temel unsurun birbirleriyle uyumlu olup olmadigini gérmek igin
gerekli olan en 6nemli ve kritik 6gretim adimlarindan biri olarak kabul edilmektedir. Ancak,
teknoloji egemenliginde tasarlanan ve siirekli degisen giliniimiiz diinyasinin ihtiyaglar1 goz
oniline alindiginda, geleneksel 6gretim yontemleri giderek ortadan kalkmaktadir; bu nedenle,
degerlendirmenin gerekliligi, alternatif ve siirekli olan, uzun vadeli bunu yani sira modern
teknikler araciliiyla pekistirilmelidir. Bu bakis acistyla degerlendirildiginde, bu calisma, dil
Ogretim stlirecine olan etkileri, uygulanabilirligi ve uzun vadeli etkinligi lizerinde odaklanmak
amacityla, dil 6lgme ve degerlendirme agamasinda kullanilan yenilik¢i ve alternatif yontemleri
incelemektedir. Bu ¢aligma, sinif gozlemleri, goriismeler ve 6grenci geri bildirimleri yoluyla,
hizmet &ncesi Ingilizce &gretmenlerinden veri toplamistir. Calismanin bulgulari, ELT
baglaminda alternatif degerlendirmelerin, 6grencilerin katilimimi ve 1ilgisini artirirken,
geleneksel sinavlardan kaynaklanan kaygi ve stresi azalttigini vurgulamaktadir. Uygun sekilde
planlanip 6nceden programlandig siirece, 6grencilerin, korku, endise ve kaygi yaratabilecek
geleneksel test yontemlerinin aksine, alternatif degerlendirme ortamlarinda kendilerini daha
rahat ve giivende hissetmeleri goriilmektedir. Calisma ayrica, hizmet 6ncesi 6gretmenlerin dil
egitimi alaninda daha iyi hizmet verebilmek ic¢in alternatif degerlendirme konusunda bilgi
sahibi olmalar1 ve ilgili egitimi almalar1 gerektigini onermektedir.

Anahtar kelimeler: Olgme ve degerlendirme, ELT (Ingiliz Dili Egitimi), Hizmet 6ncesi

Ingilizce 6gretmen adaylari
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PRE-SERVICE ENGLISH TEACHERS' ATTITUDES TOWARD ALTERNATIVE
ASSESSMENT: PERCEPTIONS, CHALLENGES, AND PEDAGOGICAL
IMPLICATIONS

ABSTRACT

Assessment and evaluation have been regarded as one of the most important and crucial
teaching steps, given that it is the ultimate output testing phase of the whole education process,
to see whether input, materials, and teaching strategies work or are aligned well with each other.
However, the conservative way of teaching seems to fade away considering the needs of today's
changing world; therefore, the necessity of assessment should be consolidated via some other
continuous, long-term, and modern techniques. From this perspective, this paper explores
innovative and alternative ways of language assessment with the motive of focusing on their
effectiveness, applicability, and impact on the language teaching process. This study collected
data from pre-service English teachers through classroom observations, interviews, and student
feedback. The study's findings highlight that alternative assessments in ELT contexts boost
students' involvement and participation while reducing anxiety and stress stemming from
unique exams. As long as they are appropriately planned and scheduled in advance, students
are expected to feel more at ease and secure, unlike the traditional testing methods, which may
create fear, worry, and concerns. The study also recommends that pre-service teachers should
have an understanding of alternative assessment in order to serve better in the field of language
education.

Keywords: Assessment and Evaluation, ELT (English Language Teaching), Pre-service
English teachers

1.INTRODUCTION

The whole process is confined to three major phases when considering education as an umbrella
term. The first is the input phase, which allows educators to bombard students with an influx of
information and field-dependent knowledge. However, this bombardment should be done
through tools, teaching, and learning methodologies as a second phase. In order to evaluate the
whole process of education in detail, as well as the input and methodology phases, educators
need to test before claiming the process is valid or invalid. This third phase is called assessment
and evaluation, as Bachman (1990) emphasizes. This phase allows the educators to heal, fix, or
even reflect on the input and learning process. If anything is missing or incomplete, the data is
gathered through the assessment and evaluation section. Therefore, assessment and evaluation
are crucial and occupy a significant place, given that not testing the process and outcomes

properly may yield unwanted consequences.
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As of the beginning of the century, there has been a tendency to move from traditional to
alternative types of assessment, with a need to make the best of it. From the 1990s until the
debut of the alternative types of assessment, scholars like Clark (1983) began to criticize the
ineffectiveness of traditional assessment, as it remains too mechanical. On the other hand,
alternative assessment may allow the test takers to be evaluated via several testing tools rather
than being tested at a fixed time. Alternative assessment, in essence, as Brown and
Abeywickrama (2010) highlight, is regarded as an integrative component of language teaching
as it weaves the nets between input and the learning process continuously. While doing this,
alternative assessment may launch more than one type of testing tool, such as portfolios, self-
evaluation, peer checking, presentations, and project homework. This allows learners to build
autonomy and promote a profound learning initiative.

For pre-service English teachers, teaching a foreign language requires focusing on using
English and skills, necessitating testing and evaluation over an extended period. This is also
consolidated through their educational background, which is shaped with positive
reinforcement and innovative tools. Therefore, positive exposure during their professional
education can reinforce the inclination to adapt it to their professional lives (Brookhart, 2013).
As future teachers today, pre-service English teachers' attitudes and tendencies towards
alternative assessment may be significant in building their assessment philosophies. However,
even though alternative types of assessment may bring advantages, it should not be forgotten
that there are some obstacles that they bring. To begin with, as alternative assessment requires
more time, designing and implementing it in a given period and providing feedback and
reflection as a reaction to it might be too much of a workload if the number of students is
relatively high. The teacher's objectivity might be damaged, and scoring differences might
occur between the assessors. (Brown & Hudson, 1998). Last but not least, the preparedness of
the assessors is another problem to consider, given that the lack of education in professional
training may yield some unexpected consequences. As Tsagari and Vogt (2017) put forward,
this, in the long term, may boost the objectivity of the assessor. In this regard, this study aims
to reveal pre-service English teachers' attitudes towards alternative assessments by shedding
light on their perceptions, challenges, and difficulties, and examining their educational program
to see the positive and negative sides of the situation. To fulfil this, this study seeks to answer
the questions below.

1.What are the perceptions of pre-service English teachers towards alternative assessment?

2.Are there any challenges and difficulties that alternative assessments may bring?
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2. MATERIAL AND METHODS

2.1. Research Design

This study uses a qualitative perspective to reveal the perception and cognition of the pre-
service English teachers about alternative assessment tools. To fulfil this, the study comprises
participants from the pre-service English language teachers studying at the English Language
Department. Twelve students actively took part in the relevant study. The data is collected
through four months in the spring term of 2024-2005. Participants are also taken into focus
group interviews to reveal their reactions towards alternative types of assessments

2.2. Analysis technique

The observations and focus group interview data are encrypted, and thematic coding is used for
data analysis. Two raters encoded the participants' statements.

3. RESULTS AND DISCUSSION

The study results reveal some themes that emerged from observations and interviews. These
themes are a long-term assessment process, a more secure environment of assessment, and

being free from anxieties and biases. Table 1 illustrates these themes in detail.

Table 1. The themes emerged from the data

Assessment Perceptions

Alternative assessments Long-term assessment process
Secure assessment environment
Free from anxieties and biases

3.1. Long-term assessment process

The study's results indicate that alternative assessment types bring more than a single type of
assessment, as in traditional evaluation. Most participants agree that extending assessment as a
continuous act greatly eases the assessment and evaluation process.

3.2. Secure assessment environment

According to the themes that emerged, a couple of factors, such as "feeling more secure in
assessment and evaluation," not focusing on assessment but concentrating on the learning and
teaching process, are considered sub-themes of more secure assessment environments.

3.3. Free from anxieties and biases

The participants also state that alternative assessments, such as class participation, portfolio,
quizzes, presentations, and even term-based homework, alleviate the fear and concern of

assessment, as in the traditional model.
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4. CONCLUSION

The current study aimed to reveal the perception of pre-service English teachers' attitude thanks
to several reasons, highlighting that alternative types of assessment allow them to have more
freedom and space and feel more student-centered in the assessment period, unlike the
traditional one, which is confined to a specific time set. Three main themes are extracted from
the study: the long-term nature of the assessment process, creating a secure assessment
environment, and reducing anxiety and bias. As in today's much globalized world, for
educational issues, assessment is regarded as the output phase of the whole teaching process;
therefore, allowing students to be tested by several tools, as in the case of alternative
assessment, will help them be free from exam concerns, worries, and biases. The participant
also welcomes the alternative assessment process, given that continuous monitoring and
observation may yield the best results and performances on assessment and evaluation. In doing
so, a more secure, valid, and reliable assessment and evaluation environment can be sustained
to get the real performances. This will also motivate students and allow them to have the
opportunity to make up for when they fail in one type of assessment. To recapitulate, the result
of the study recommends that education policy makers, curriculum designers, and the
stakeholders who have the power of legislation must consider the issue of alternative
assessment rather than leave it to the teachers' decision. Additionally, educating today's teachers
with the perception of alternative assessment and evaluation ideology will help them ease the
process of teaching and evaluating at the end of specific terms.
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ABSTRACT

Perlite The presented work was the first attempt to increase the accuracy of dating natural
archeological monuments, namely, the Boyukdash in Gobustan of Azerbaijan Republic, by
employing the Thermoluminescence (TL) dating method. Luminescence measurements were
performed to find out the equivalent dose (ED). Registration of TL signal was carried out using
the HarshowTLD 3500 Manual Reader. The irradiation was performed at an ambient
temperature from a ®°Co source at different dose levels, and a dose rate of the ®**Co source was
determined by EPR spectrometric method using an individually wrapped Alanine Dosimeter.
Soil samples were collected close to the pottery sample to determine the natural dose rate.
Uranium, Thorium, and Potassium concentrations in soil. Environmental dose rate was
18.044+0.2 Gy/ka. The sample's age was calculated by online dose rate and age calculator as
5655+233 years which is in line with the age of this area estimated by historians. The presented
work was the first attempt aimed to increase the accuracy of dating real archeological
monuments, namely, the fragments of the ancient pottery sample from Gobustan archeological
site in Azerbaijan by employing the TL method. However, this typological dating method can
only determine the age if there were any writing records. This research study seeks to establish
a standard procedure for dating the bricks from medieval structures in Azerbaijan. We have
collected samples from the castle in Boyukdash, Gobustan, Azerbaijan, where architectural
experts have already assigned the period as early neolitic. This method is based on the effect of
the accumulation of nonequilibrium charge carriers on defects in dielectrics, which is generated
by ionizing radiation from natural radionuclides contained in dating objects or their
environment. The thermoluminescence (TL) method is a well-established method for
determining the age of archaeological ceramics.

Keywords: dating, radiochemical methodology, quartz, TL

1. INTRODUCTION

This study represents the first systematic effort to enhance the accuracy of dating archaeological
artifacts, specifically focusing on ancient pottery fragments from the Gobustan archaeological
site in Azerbaijan, using thermoluminescence (TL) dating. While typological dating methods

are limited by their reliance on written records, this research aims to establish a standardized
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protocol for dating medieval bricks from historical structures in Azerbaijan. Samples were
collected from the Boyukdash Castle in Gobustan, an archaeological site where architectural
experts have previously assigned an early Neolithic period based on stylistic and contextual
evidence.

The TL dating method is grounded in the principle of nonequilibrium charge carrier
accumulation at defect sites within dielectric materials, resulting from exposure to ionizing
radiation emitted by naturally occurring radionuclides in the sample or its surrounding
environment. As a well-established technique in archaeological chronometry,
thermoluminescence provides a reliable means of determining the age of ceramic artifacts by
measuring their accumulated radiation dose over time. This study seeks to validate and refine
TL dating procedures, contributing to more precise chronological assessments of Azerbaijan’s
cultural heritage.

2. MATERIAL AND METHODS

Quartz inclusion method is employed for the Thermoluminescent dating. The technique to
prepare the sample is described below.

To eliminate the impact of B-emission on the dose absorbed in the past, 2mm thick outer layer
of the sample is extracted with special tools. Acquired fragments are first crumbled, and then
gently crushed in an agate mortar. Non-magnetic part of fragments was separated through
magnets. Too large crystal grains (> 200 pm) are separated using laboratory sieves(Mammadov,
Sahib G., Ahadova, 2024). Crystals with diameters 90-150 ums are used for thermoluminescent
dating. To purify crystals from other minerals, first, they are soaked in 10 % Hydrochloric Acid
solution for a day and then kept in 30 % Hydrogen Peroxide for 2 hours. To separate quartz
grains from other crystals heavy liquids(Mammadov et al., 2023)(Mammadov & Ahadova,
2023), like sodium polytungstate (2,5 - 3 g/sm3) are used. To eliminate the effect of alpha
particles radiated by Uranium and Thorium on dose absorbed by crystal grains, they are soaked
in (IN Hydrofluoric Acid) for 100 minutes. At this stage minerals such as Calcite and Feldspar
are discarded.Quartz grains were divided into six equal parts and each aliquot was placed inside
glass tubes (Suprasil) for laboratory irradiation(Barreto et al., 2022)(Schoene, 2013). The
samples were irradiated using a 60Co source. A dose rate of the 60Co source has been
determined by Magnettech MiniscopeMS400 EPR Spectrometer using individually wrapped,
barcode-labeled BioMax Alanine Dosimeter Films (developed by Eastman Kodak Company).
In nature, the objects were irradiated at a very low dose rate conditions to compare with the

laboratory irradiation. Dose mapping exercise has been conducted at three fixed location around
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60Co source and dose rates were 0.194Gy/s, 0.0194Gy/s and 0.0098Gy/s consequently.
Harshaw TLD 3500 Manual Reader is used for the measuring TL characteristics of samples. In
order to determine the natural dose rate soil samples were collected in close proximity to the
pottery sample. Uranium, Thorium and Potassium concentrations in soil were measured by
gamma spectrometry Canberra GR4520 which has a low-level gamma spectrometry system
with 15 cm lead shielding and high-resolution GeHP hyper-pure germanium detector, having
43.5% resolution efficiency for 661.6 keV.

Figure 1 illustrates the dose dependence of the TL glow curve. Samples were irradiated with
60Co gamma source then TL glow-curves measured after two days(Pagonis et al., 2018).

Soil sample collected from the proximity of the pottery sample was air-dried and kept in a
closed environment for one month. The concentration of U, Th, and K are illustrated in Table
1. In order to estimate the natural dose rate soil samples were collected from the site and U, Th,
and K content analysis by gamma spectrometry Canberra GR4520 which has a low-level
gamma spectrometry system with 15 cm lead shielding and high-resolution GeHP hyper pure
germanium detector, having 43.5% resolution efficiency for 661.6 keV.ROSY software was

used for calculating the sample’s age. Table 1 illustrates the breakdown of the calculated dose

rates.
Table 1. Breakdown of dose rates (microGy/year)
Elements in | Concentration | Alpha Beta Gamma Cosmic
sediment
Uranium, ppm | 3.5 0.35 68.58 354.71 -
Thorium, ppm | 6.77 0.36 23.28 289.02 -
Potassium,% 1.99 - 204.06 433.70 -
Total 0.71 295.91 1077.42 163.53

Plotting the TL glow-curve intensity at 375°C against the dose adsorbed and backward

extrapolation enables the estimation of historical dose equal to 18.044+0.2 Gy (Fig.1).
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Figure 1. The dependency of TL intensity at 375°C peak from the additional laboratory dose. Linear
fitting was performed with OriginPro v.9.1.

3. RESULTS AND DISCUSSION

Quartz, a mineral commonly found in raw ceramic paste, undergoes a significant transformation
when exposed to heat treatment (600-700°C). This transformation eradicates all previously
accumulated charge carriers within the quartz, which have been accumulating since the
mineral's formation. Despite being in its initial phase and utilizing a limited number of samples,
this study has effectively demonstrated the potential of using the thermoluminescence (TL)
technique on quartz inclusions to determine the luminescence ages of samples. The application
of TL dating has yielded valuable insights into the age determination of archaeological
ceramics, specifically in the context of the Boyukdash castle in Gobustan, Azerbaijan Republic.
In the case of ceramics, the determined age corresponds to the time interval from the moment
of the firing of the ceramics to the moment of its removal from the burial . Dose rate and age
calculation results are as follows: Environmental dose rate: 18.044+0.2 Gy/ka and; Age of the
sample: 5655+233 years which are in line with the stratigraphically estimated age of this area.
Ongoing advancements in TL dating techniques will further enrich our knowledge of ancient
civilizations and assist in unraveling past mysteries.

CONCLUSION

This study demonstrates the effectiveness of thermoluminescence (TL) dating in determining
the age of archaeological ceramics from Gobustan, Azerbaijan, with results (5655 + 233 years)

consistent with stratigraphic estimates. Despite its preliminary nature, the research highlights
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the potential of TL techniques for chronological analysis, paving the way for further
advancements in understanding ancient civilizations through precise dating methods.
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OZET

Bu ¢alisma, biirokrasiyi yalnizca bir yonetim aygit1 ya da rasyonel-idari bir mekanizma olarak
degil, bunun da Gtesine tasan bir kiiltiirel performans bigimi olarak ele almaktadir. Calismada
Max Weber’in ideal tip biirokrasi taniminin digina ¢ikilarak biirokrasinin tarihsel ve kurumsal
cergevesi cizilirken, bu yapmin toplumsal hayatta nasil teatrallestigi ve simgesel anlamlar
kazandig1 incelenmistir. Calismada performans teorilerinden, 6zellikle Clifford Geertz, Akhil
Gupta ve Fransiz yapisalcilarin kuramsal yaklasimlarindan yararlanilmis; biirokratik
davraniglarin ritiiellesmesi, mekan kullanimi, dilin standardizasyonu ve hiyerarsinin
sahnelenmesi gibi unsurlar analiz edilmistir. Biirokratik pratiklerin sadece islevsel degil, ayn
zamanda mesruiyet Uretici, kimlik sekillendirici ve aidiyet kurucu yonleri oldugu
vurgulanmigtir. Cesitli lilkeler 6rnek alinarak yapilan gézlem ve belge analizleriyle, kamu
kurumlarindaki biirokratik ritiiellerin giindelik hayattaki yansimalari ortaya konmus, vatandas-
devlet iligkilerinde performatif unsurlarin nasil rol oynadigi gosterilmistir. Sonug olarak,
biirokrasinin kiiltiirel boyutu dikkate alinmadan yapilan analizlerin eksik kaldigi; biirokrasinin
yalnizca karar alic1 bir sistem degil, ayn1 zamanda anlam {iretici bir “sahne” oldugu fikri ileri
stiriilmiistiir. Bu bakis acis1, biirokrasiyi toplumsal iliskilerle i¢ ice, sembollerle oriilii ve stirekli
yeniden lretilen bir pratik olarak diisiinmeyi miimkiin kilmaktadir. Bu yaklasim, biirokrasiyi
cozlimlemek i¢in yalnizca siyaset bilimi ya da kamu yonetimi perspektifine degil, ayn1 zamanda
kiiltiirel antropoloji, sosyoloji ve performans teorisine de basvurulmasi gerektigini ortaya
koymaktadir. Buna gore devlet, yalnizca bir {ist yap1 kurumu degil, giindelik hayatta viicut
bulan bir pratikler biitiinii, biirokrasi ise vatandasin devleti deneyimledigi en somut yiizeylerden
biri, devlete dair bir tahayyiiliin insa edildigi ritiieller biitiiniidiir. Boylece biirokrasi, modern
toplumlarda yonetim kadar temsilin, kontrol kadar aidiyetin ve rasyonalite kadar duygunun da
mekani haline gelmistir.

Anahtar Kelimeler: Biirokrasi, kiiltiirel performans, ritiiel, simgesel etkilesim, devlet-

vatandas iliskisi
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THE CONCEPT OF BUREAUCRACY AS A FORM OF CULTURAL
PERFORMANCE
ABSTRACT

This study examines bureaucracy not merely as a management apparatus or a rational-
administrative mechanism, but as a form of cultural performance that goes beyond this. The
study goes beyond Max Weber’s definition of ideal bureaucracy, as it is examined how this
structure becomes theatrical and acquires symbolic meanings in social life. The study utilizes
performance theories, especially the theoretical approaches of Clifford Geertz, Akhil Gupta and
French structuralists; elements such as the ritualization of bureaucratic behaviors, use of space,
standardization of language and staging of hierarchy are analyzed. It is emphasized that
bureaucratic practices are not only functional, but also legitimacy-producing, identity-forming
and belonging-building aspects. With observations and document analyses conducted by taking
various countries as examples, the reflections of bureaucratic rituals in public institutions in
daily life are revealed and the role of performative elements in citizen-state relations is shown.
As a result, it is suggested that analyses conducted without considering the cultural dimension
of bureaucracy are incomplete; that bureaucracy is not only a decision-making system, but also
a meaning-producing “stage”. This perspective makes it possible to think of bureaucracy as a
practice that is intertwined with social relations, woven with symbols and constantly
reproduced. This approach demonstrates that analyzing bureaucracy requires not only a political
science or public administration perspective, but also cultural anthropology, sociology, and
performance theory. Accordingly, the state is not merely a superstructure institution but a set
of practices embodied in daily life. Bureaucracy, in turn, is one of the most concrete surfaces
through which citizens experience the state, a set of rituals through which an imagination of the
state is constructed. Thus, in modern societies, bureaucracy has become a site of representation
as much as governance, of belonging as much as control, and of emotion as much as rationality.

Keywords: Bureaucracy, cultural performance, ritual, symbolic interaction, state-citizen
relations
1. GIRIS
Biirokrasiyi bir kiiltiirel performans olarak ele almak, biirokrasinin tarafsiz, rasyonel ve
verimlilige yonelik bir yonetim mekanizmasi oldugu seklindeki klasik Weberci anlayisin disina
cikarak, onu tamamen antropolojik bir gozle incelemeyi gerektirmektedir. Boyle bir inceleme,

biirokratik uygulamalarin sembolik ve performatif boyutlarini 6n plana ¢ikaran, daha kapsamli

ve ¢ok katmanli bir bakis agisina ulagmay1 hedeflemektedir. Buna gore, formlar1 doldurmak,
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kuyruklarda beklemek veya resmi damgalar almak gibi siradan biirokratik eylemler, yalnizca
aracsal veya idari prosediirler degildir; bu eylemler ayni zamanda devlet otoritesini ve
mesruiyetini  yeniden ftreten ve kiiltiirel olarak kodlanmis ritiiellerin de merkezine
gomiiliidiirler. Bu uygulamalar, devletin vatandaglarin giinliik yagsamlarinda maddi ve sembolik
olarak kristallesmesine hizmet etmekte ve devlet mekanizmasinin varligint hem goriiniir hem
de elle tutulur hale getirmektedirler.

Biirokratik isler boyle bir bakis acisiyla incelendiginde, iktidarin yiirlirliige kondugu,
kimliklerin olusturuldugu ve normatif beklentilerin gii¢lendirildigi ritiiellestirilmis
performanslar olarak okunmaktadir (Bertram, 1967, s. 69). Biirokratik ortam bu haliyle, devlet-
vatandas iligkilerinin dramatize edildigi bir sahne haline gelmistir: Yetkililerin davranislari,
bicimsellestirilmis dilin kullanimi, ulusal sembollerin sergilenmesi ve prosediirellikte 1srar, vb.,
tiim bunlar, tarafgirlikten azade ancak “herkes iizerinde yetkili” bir diizenin yansitilmasina
katkida bulunmaktadir. Bu performans yalnizca devletin diizenleyici kapasitesini iletmekle
kalmaz, ayn1 zamanda devletin mantigina tabi olan bireylerin duygusal ve ahlaki egilimlerini
de sekillendirir. Dolayistyla, biirokrasi yalnizca bir yonetim yapist degildir; o ayni1 zamanda
hiyerarsik iligkileri yeniden teyit eden, otoriteyi mesrulastiran ve siyasi aidiyeti ifade eden,
kiiltiirel olarak anlamli bir uygulamadir (Bourdieu, 2006, s. 97).

Biirokrasinin kiiltiirel bir performans bi¢imi olarak kavramsallastirilmasi, rutin idari eylemleri
devlet iktidarinin yiiriirliige kondugu ve mesrulastirildigi sembolik uygulamalar olarak yeniden
konumlandirmaktadir (Bourdieu, 2006, s. 106). Biirokratik prosediirleri tamamen islevsel veya
teknokratik isler olarak gormek yerine, bu bakis acisi onlarin ritiielistik boyutlarina dikkat
cekmektedir: Anlam ve otorite ile donatilmis, tekrarlayan, kodlanmis davranislardir bu
prosediirler. Boylece belgeleri damgalamak, izin vermek veya memurlarla resmi diyaloga
girmek gibi eylemler, diizen ve kuralin yalnizca uygulanmadigi, bir yandan da bunlarin halk
icin goriiniir ve mantikli hale getirildigi daha genis bir devlet performanslari repertuarinin bir
parcast olmaktadir.

Bu biirokratik ritiieller, devletin hiyerarsik yapisini ileten ve memurlar ile vatandaslar
arasindaki rolleri belirleyen daha genis bir kiiltiirel dilbilgisi i¢inde islemektedir. Devlet
ofislerinin mekansal tasarimlari, biirokratlarin resmi kiyafetleri, resmi etkilesimlerin
belirlenmis dili ve ulusal sembollerin (bayraklar veya siyasi liderlerin portreleri gibi) varligi,
devlet otoritesinin sahnelenmesine katkida bulunur. Bu anlamda biirokrasi, mesruiyetin
yalnizca yasa yoluyla degil, ayn1 zamanda somutlastirilmis ve kurumsallastirilmig rutinler

yoluyla da gerceklestirildigi bir “iktidar tiyatrosu” islevi géormektedir. Bu tiir performanslar,
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pratik etkinligi tutarsiz veya tartismali olsa bile, devletin kalic1 ve tutarli bir varlik olarak
algilanmasini saglamaktadir.

Dahasi, bu performanslar mevcut toplumsal ve politik hiyerarsileri normallestirmeye ve
dogallagtirmaya da hizmet etmektedir: Biirokratik ritiieller, bireyleri prosediirel beklentilere ve
kurumsal nezaket kurallarina uymaya zorlayarak, 6zneleri disiplin altina alir ve belirli medeni
davranis bigimlerini gelistirir. Bdylece, siraya girme, resmi protokollere uyma veya belirsiz
idari  gerekliliklerde 1srarcilik gibi eylemler, devlet yapilarini ve hiyerarsileri
toplumsallagsmanin bir pargas1 haline getirmektedir. Bu silire¢ boyunca, vatandaslar devlet
otoritesinin mesruiyetini ve bu otorite karsisindaki konumlarini igsellestirirler ve bdylece
biirokrasinin siirdirmek i¢in tasarlandig iktidar iligkilerini kendiliginden yeniden iiretirler.
Dolayisiyla, biirokrasinin performatif boyutu, onun politik islevine yardimci bir yan unsur
degildir; tam tersine, merkezi bir 6neme sahiptir (Russell, 1990, ss. 215-216).

Bu performans, biirokratik uygulamalarin yalnizca idari rutinler olmadigini, ayn1 zamanda
sembolik anlamlarla da dolu oldugunu vurgulamaktadir. Belge dogrulama, sirada bekleme ve
resmi dil kullanimi gibi eylemler, sadece yonetimi kolaylastirmaya yaramazlar; bir yandan da
devlet iktidarmin ve kurumsal diizenin performatif ifadeleri olarak hizmet ederler. Bu
etkilesimler, devlet otoritesinin tekrarlanan, kodlanmis uygulamalar araciligiyla yiiriirliige
kondugu ve somutlastirildigi daha genis bir sembolik ¢erceve icinde anlam kazanir. Bu
anlamda, biirokrasi yalnizca bir teknik yonetim mekanizmasi olarak degil, ayn1 zamanda
vatandaglar karsisinda devletin temsilinin sahnelendigi bir perde olarak da islev gérmektedir.
Biirokrasinin bu teatral boyutu, vatandaslar ve yetkililer arasindaki karsilasmalar1 yapilandirma
bi¢imlerinde belirgindir. Standartlastirilmis prosediirler, liniformalar, mekansal organizasyon
ve resmi s0ylem yoluyla, biirokrasiler devlet ve tebaasi arasindaki gii¢ asimetrisini dramatize
etmektedir. Bu performanslar rolleri, beklentileri ve izin verilen davraniglari tasvir ederek
vatandaslarin devletle iligkilerini nasil deneyimlediklerini ve yorumladiklarini belirlemektedir.
Biirokratik ortamlarla iligkili resmi jestler, senaryolar ve ritlieller, biirokratik etkilesimin
sonuclar1 verimsiz, keyfi veya c¢eligkili olsa bile devletin otoritesini okunakli ve yetkili
kilmaktadir. Bu nedenle, vatandaslar ve yetkililer arasindaki biirokratik etkilesim, siyasi
mesruiyetin iiretildigi ve tartisildigr 6nemli bir yer haline gelmistir (Goodin & Klingemann,
1998, s. 616).

Ote yandan, bu sembolik diizenlemeler politik &znelliklerin olusumuna da katkida
bulunmaktadir. Zira bireyler biirokratik yapilarla etkilesime girdiklerinde, yalnizca idari

stireclere katilmakla kalmazlar; ayni zamanda haklarini, yiikiimliiliklerini ve toplumsal
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degerlerini tanimlayan normatif bir diizen i¢inde de konumlandirilirlar. Biirokratik ritiieller, hak
eden ve hak etmeyen vatandaslar, yasal ve yasadisi kisiler veya itaatkar ve sapkin 6zneler
arasindaki ayrimlar1 kaydetmektedir. Bunu yaparken de, daha genis politik hiyerarsileri ve
toplumsal boliinmeleri yeniden iiretmekte ve dogallastirmaktadir (Goodin & Klingemann,
1998, s. 632). Dolayistyla, biirokrasinin sembolik ve teatral boyutlari, devlet-toplum iligkilerini
sekillendirme ve kurumsal otoriteyi performatif araclarla siirdiirme hususunda merkezi bir rol
oynamaktadir.

2. KOKENLER VE KURAMSAL ARKA PLAN

Biirokrasinin bir kiiltiirel performans olarak okunmasi, 6nemli 6l¢iide Clifford Geertz’in siyasal
antropolojiye yonelik hermendtik yaklasimindan, 6zellikle de siyasetin ve iktidarin yalnizca
maddi veya kurumsal olgular olmadigi, bunlarin bir yandan da “anlam algoritmalarina”
derinlemesine gdmiilii oldugu tezinden devsirilmistir. Geertz, siyasi eylemlerin, ritiieller veya
dini uygulamalar gibi, otorite, mesruiyet ve diizen hakkindaki kolektif anlayislari sembolik
olarak iletmek ve giliclendirmek tizere islev gordiigiinii ileri siirmiistiir (Lea, 2008, s. 200).
Antropolog, Bali veya Fas gibi yerlerdeki siyasi yapilar iizerine gergeklestirdigi analizinde,
siyasi kurumlarin biiyiik oranda devlet iktidarini1 ve yonetimin ahlaki temellerini halka ileten
performatif ve torensel unsurlar araciligryla igledigini vurgulamistir (Geertz, 2021, s. 99).

Bu mantig1 biirokrasiye aktaran Geertz’den etkilenen akademisyenler, idari prosediirlerin ve
resmi rutinlerin yalnizca aragsal eylemler olarak degil, sembolik degerlerle yogunlastirilmig
performanslar olarak anlagilmasi gerektigini savunmaktadirlar. Buna gore, unvanlarin ve
tiiniformalarin resmi kullanimindan, devlet dairelerinin mekansal diizenlemesine kadar uzanan
biirokratik deneyimler, devletin giiciinli ve rasyonalitesini dramatize eden teatral gosteriler
olarak okunabilmektedir. Bu sembolik bi¢imler yalnizca devlet otoritesini yansitmamakta, onu
vatandaslarin goéziinde aktif olarak da olusturmaktadirlar. Biirokratik performanslar, soyut
devlet fikrini elle tutulur ve gozlemlenebilir kilarak, kurumsal hiyerarsileri dogallastirmaya ve
itaat, disiplin ve mesruiyet beklentilerini kodlamaya hizmet etmektedir. Bu perspektiften
bakildiginda, biirokrasi yalnizca bir yonetim aract degil, aynm1 zamanda iktidarin anlaminin
stirekli ve yeniden iiretildigi kiiltiirel bir alan haline gelmistir (Abolafia vd., 2014, ss. 346-347).
Iktidar kavraminin igerigi iizerine farkli bir bakis agis1 sunan Michel Foucault ise iktidarin
daginik ve giindelik dogasina dikkat ¢ekmistir. Foucault, iktidarin yalnizca egemen aktorler
tarafindan sahip olunan ve kullanilan bir sey oldugu seklindeki klasik kavramlara meydan
okumus, bunun yerine iktidarin giinliik pratiklere, kurumlara ve bilgi bi¢cimlerine yerlestirilmis

daginik aglar aracilifiyla isledigini vurgulamistir (Foucault, 2008, ss. 38-39). Bu ¢ergevede,
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biirokrasi yalnizca tarafsiz bir yonetim aygit1 degil, iktidarin mikro diizeyde icsellestirildigi,
normallestirildigi ve yeniden tiretildigi bir mekanizmadir. Biirokratik rutinler (rapor dosyalama,
prosediirleri uygulama, kurallar1 uygulama) boylece bedenleri disiplin altina alan, davranislari
sekillendiren ve uyumlu siyasi 0zneler insa eden bir yonetim teknigi haline gelir ve biyo-
iktidarin kurulmasini saglar (Foucault, 2008, ss. 248-249).

Foucault’nun “yonetsellik” (governmentality) kavrami da (niifuslarin yonetildigi rasyonel
sistem ve uygulamalar) biirokrasiyi bir performans olarak analiz etmek i¢in son derece
kullanigli bir aragtir: Biirokratik prosediirler sadece devletin islevlerini kolaylagtirmakla
kalmaz; performatif olarak hakikat, yasallik ve normallik rejimlerini de yiiriirliige koyarlar
(Foucault, 2008, ss. 52-53). Kisisel verilerin toplanmasi1 veya belirli prosediirel kodlara uyma
zorunlulugu gibi “siradan” eylemler, bireyleri kategorilere ayirmakta, gozetim ve kontrol
sistemlerine kaydetmektedir. Dolayisiyla biirokratik eylemler, kurumsal iktidarin zorlama
yoluyla degil, uyumun ve idari mantigin i¢sellestirilmesi yoluyla yiirtirliige kondugu rutin ve
siradan birer davranis haline gelmistir. Bu anlamiyla biirokrasi, iktidart resmi politikanin
Otesine, vatandaglarin giinlilk yasamlarina kadar genisleten, yalnizca toplumsal diizeni degil,
ayn1 zamanda modern devlet i¢indeki gozlemlenebilirlik ve tabi olma kosullarini da iireten bir
disiplin aygiti iglevi gormektedir.

David Graeber ve Akhil Gupta ise biirokratik sistemlerin kabul gérmiis dogasini elestirel bir
sekilde sorgulayarak kavramin igerigine antropolojik agidan onemli katki sunmuslardir. Bu
diistiniirler, biirokrasiyi rasyonel yonetimin tarafsiz bir araci olarak gormek yerine, siyasi
oznellikler ve “ahlaki ekonomiler” iireten bir makine olarak gérmektedirler. Ornegin Graeber,
biirokratik sistemlerin derin bir ideolojik altyapiya olduklarini, yiizeyde kisisellikten uzak ve
nesnel goriiniirlerken, arka planda iktidar iligkilerini mistiklestirmeye hizmet ettiklerini
savunmaktadir. Etnografik ve teorik ¢alismalarinda, biirokrasilerin sikiciliginin ve prosediirel
katiliginin tesadiifi olmadigini, bunun otoritenin mesrulastirilip yeniden iiretilmesi i¢in merkezi
bir strateji oldugunu gostermistir. Ona gore biirokrasi, hayatlarin1 yoneten kararlardan bireyleri
uzaklastiran ve ayn1 zamanda onlar1 gorev, uyum ve kurumsal mesruiyetin ahlaki ¢ercevesine
yerlestiren bir tlir “soyutlama siddeti” iiretir (Graeber, 2007, ss. 133-134).

Akhil Gupta’nin ¢alismasi da, bu fikirleri 6zellikle somiirge sonras1 Hindistan baglaminda
ayrintili etnografik arastirmalara dayandirarak Graeber’i tamamlamistir. Gupta, refah
biirokrasileri lizerine yaptig1 ¢alismalarda, bilhassa kirsal kdkenli vatandaglarin deneyimledigi
biirokratik verimsizliklerin, gecikmelerin ve prosediirel karmasikliklarin yalnizca islev

bozuklugunun belirtileri degil, yapisal giicilin ifadeleri oldugunu 6ne stirmiistiir (Gupta, 2012,
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s. 198). Bu idari siirecler, devletin hem hayirsever bir bakict hem de kayitsiz ve genellikle
baskict bir gii¢ olarak goriiniir hale geldigi performatif eylemler haline gelmistir. Gupta’nin
analizi, evrak teslim etmek veya bir hak elde etmek i¢in sonsuza dek beklemek gibi en siradan
biirokratik deneyimlerin bile politik ve duygusal 6nemlerle dolu oldugunu ortaya koymaktadir.
Bu deneyimler, umut, hayal kirikligi, asagilanma veya ihanet gibi duygular1 uyandirarak
vatandaglarin ahlaki beklentilerini ve devletin mesruiyet algisini sekillendirmektedirler (Gupta,
2012, s. 215).

Her iki biliminsan1 da biirokrasinin yalnizca prosediirel bir alan olmaktan ziyade sembolik ve
duygusal bir alan oldugu yoniindeki daha genis bir antropolojik anlayisa katkida bulunmaktadir.
Caligmalari, idari siireglerin apolitik veya tamamen teknik oldugu fikrine meydan okuyarak,
bunun yerine devlet iktidarinin yiiriirliige kondugu, itiraz edildigi ve igsellestirildigi dnemli
eylemler oldugunu gostermektedir. Graeber ve Gupta’ya gore biirokrasiler yalnizca siyasi
otoriteyi yansitmaz; ritiiellestirilmis performanslar araciligiyla kurumlar ve bireyler arasindaki
iliskileri kurgulamaya yardimci olurlar. Bu anlayis, biirokrasiyle kurulan giinliik iligkileri,
yonetimin yalnizca uygulandigi degil ayn1 zamanda duygusal olarak deneyimlendigi ve ahlaki
olarak yorumlandigi anlar olarak gérmektedir.

Kiiltiirel performans olarak biirokrasi anlayisi, iktidar, bilgi ve giinliikk pratik arasindaki
etkilesimi elestirel bir sekilde inceleyen James C. Scott ve Pierre Bourdieu’niin ¢aligmalari
iizerinden de okunabilir. Her iki teorisyen de biirokrasiyi teatral anlamda agik¢a “performans”
olarak nitelendirmese de, yaklasimlar1 biirokratik otoritenin toplumsal alanlarda nasil insa
edildigine, yiiriirliige konduguna ve saglamlastirildigina dair derin bir anlayis saglamaktadir.
Her ikisi de biirokrasinin yalnizca tarafsiz bir idari aygit olmadigini, toplumsal iliskileri ve gii¢
dinamiklerini sekillendiren ve bu gii¢c dinamikleri tarafindan belirlenen derin bir politik ve
sembolik kurum oldugunu vurgulamaktadir.

James Scott bagyapitt olan “Seeing Like a State” adli eserinde, biirokratik sistemlerin
rasyonalize edici hirslarina yonelik elestirel bir bakis agis1 sunmustur. Yazar, biirokrasilerin
karmasik toplumsal gergeklikleri standartlastirilmis kategoriler, Olgiitler ve prosediirler
aracilifiyla nasil okunabilir kilmaya ¢alistigin1 gostermektedir. Bu okunabilirlik siireci, devlet
yetkililerinin ¢esitli yasanmis deneyimlere soyut ve sematik emirler dayattig1 performatif bir
basitlestirme ve kontrol eylemi olarak islev gormektedir. Scott’a gore, biirokrasinin giicii
yalnizca yonetme kapasitesinde degil, ayn1 zamanda yerel bilgiyi ve pratik niianslar1 siklikla
goz ard1 eden belirli bir diizen vizyonunu yiiriirliige koyma becerisinde yatmaktadir (Scott,

2020, s. 115). Karmasik bir “bolge” lizerinde tek tip bir “harita” dayatilmasi, biirokrasiyi hem

123



SCEANS
s S

P ISARC

Siz=rat INTERNATIONAL SCIENCE AND ART RESEARCH CENTER

7 &

Z, =
LN AN

uyum hem de direnis bigimleri iireten bir devlet otoritesi uygulamasi olarak
konumlandirmaktadir.

Pierre Bourdieu ise biirokratik giiciin toplumsal etkilesimler icinde nasil somutlastirilip yeniden
iretildigini aciklayan ‘“habitus” ve “alan” kavramlariyla bu bakis agisim1 tamamlamistir.
Bourdieu, biirokrasilerin belirli kurallar, sermayeler ve iktidar iligkileriyle karakterize edilen
ayr1 toplumsal alanlar olarak isledigini ileri stirmiistiir (Bourdieu, 2006, s. 101). Biirokratik
aktorler ve vatandaslar, bu alanlarda davraniglarin1 ve beklentilerini yoneten belirli egilimlere
(habitus) gore sosyallestirilirler. Biirokrasilerde yaygin olan ritliellestirilmis formaliteler,
uzmanlagmis dil ve hiyerarsik etkilesimler, otoriteyi mesrulastiran ve kurumsal egemenligi
giiclendiren birer “sembolik sermaye” islevi géormektedir (Bourdieu, 2006, ss. 108, 116-117).
Bu anlamda biirokrasi, toplumsal diizeni yeniden iireten somut uygulamalar ve ritiieller
araciligtyla gerceklestirildigi olgiide kiiltiirel bir performanstir.

Hem Scott hem de Bourdieu, biirokratik giiciin mutlak olmadigini, ancak giinliik eylemlerde
tartisildigini ve miizakere edildigini kabul etmistir. Scott’in ayak siiriime, yanlis bilgilendirme
veya “gizli yikicilik” gibi giinliik direnis bicimlerine yonelik etnografik ¢alismasi, biirokratik
performansin buna tabi olanlar tarafindan bozulabilecegini veya yeniden yorumlanabilecegini
ortaya koymaktadir (Scott, 2020, s. 345). Benzer sekilde, Bourdieu’niin iktidar analizi,
sembolik egemenligin siirekli bir su¢ ortakligi gerektirdigini ve zorluklara karst her zaman
savunmasiz oldugunu vurgulamaktadir (Bourdieu, 2006, s. 121). Buna gore biirokrasinin
performatif boyutu, otoritenin siirekli olarak yiiriirliige kondugu, kabul edildigi, sorgulandigi
veya direnildigi dinamik bir etkilesim alanidir.

Daha da onemlisi, Bourdieu’niin sembolik siddete odaklanmasi, biirokrasinin esitsizlikleri
dogallastirma ve devlet iktidarin1 mesrulastirma yollarinin siklikla gériinmez kalmasina dikkat
cekmektedir. Zira biirokratik ritiieller yalnizca idari gorevleri koordine etmekle kalmamakta,
bir yandan da hiyerarsik toplumsal iliskiler etrafinda bir normallik ve kaginilmazlik duygusu da
asilamaktadir (Bourdieu, 2006, s. 112). Bu sembolik siddet, bireylerin toplumsal diizeni
icsellestirdigi ve yeniden lirettigi, biirokratik otoriteyi mesru ve kendi tabiiyetlerini dogal olarak
algiladig1 performatif bir mekanizmadir. Sonucta, kiiltiirel performans olarak biirokrasi, hem
kurumsal prosediirler araciligiyla disaridan, hem de egilimler ve inanglar araciligiyla iceriden
isleyen iktidarin yiriirliige konmasini hedeflemektedir.

Ozetle, James Scott ve Pierre Bourdieu’niin yaklagimlari, biirokratik giiciin sembolik,
somutlastirilmis ve tartismali dogasini 6n plana ¢ikararak, kiiltlirel performans olarak biirokrasi

fikrine katki saglamaktadir. Scott, performatif diizenlemenin bir big¢imi olarak devletin
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okunabilirlik ve kontrol projesini vurgularken, Bourdieu biirokratik otoritenin toplumsal
ritiieller ve sembolik sermaye araciligiyla nasil somutlastirildigini ve mesrulagtirildigini 6n
plana ¢ikarmistir. Bir arada diisiiniildiigiinde, bu diistiniirlerin bakis agilar1 biirokrasiyi tarafsiz
veya mekanik bir sistem olarak degil, iktidarin siirekli olarak icra edildigi, miizakere edildigi
ve bazen altiist edildigi karmasik bir kiiltiirel ve politik arena olarak tanimlamaktadir.

3. KAVRAMIN TEMEL UNSURLARI

3.1. Ritiiel ve Sembolizm

Biirokratik eylemlerin ritiielleri taklit ettigi fikri, idari prosediirlerin bi¢imsellestirilmis,
tekrarlayici ve sembolik olarak yiiklii dogasina dikkat ¢cekmektedir. Dini veya kiiltiirel ritiieller
gibi, biirokratik uygulamalar da otoriteyi ileten ve kurumsal hiyerarsileri giiclendiren kodlanmis
davranis dizilerini takip etmektedir. Belgeleri damgalamak, resm1 alanlarda siraya girmek veya
kat1 prosediirel dile uymak gibi ritlieller yalnizca islevsel amaclara hizmet etmez; bunlar ayni
zamanda devletin varligin1 ve mesruiyetini kristalize eden performatif eylemlerdir. Hem
yetkililer hem de vatandaslar bu yapilandirilmis rutinlere katilarak, kurumsal diizeni ve
biirokratik yonetimin ahlaki otoritesini onaylayan ortak bir senaryoyu sahnelemektedirler.
Antropoloji gozliiglinden bakildiginda, biirokrasinin ritiielistik niteligi devlet iktidarini
dogallastirmaya ve igsellestirmeye yarayan bir fenomendir. Resmi prosediirlerin tekrari, onlara
kacinilmazlik ve nesnellik duygusu asilayarak politik ve ihtiyari boyutlarini gizler. Béylece bu
ritiieller, sonuclar keyfi veya adaletsiz olsa bile tarafsizlhik ve tutarlilik yanilsamasi
yaratmaktadir. Dahasi, biirokratik alanlara yerlestirilen sembolik unsurlar (resmi miihiirler,
ulusal amblemler veya yasal jargon kullanimi gibi) rutin etkilesimleri medeni 6neme sahip birer
eylem mertebesine ylikseltmektedir (Bourdieu, 2006, s. 114). Bu semboller, kurumsal iktidarin
dramatize edilmesine katkida bulunan kodlanmis prosediirler, zamansal disiplin ve mekansal
organizasyon agisindan kurgulanmigtir. Ayrica tiim biirokratik eylemler, yalnizca kurumsal
hiyerarsileri degil, ayn1 zamanda makbul vatandas davranisi ve tabiiyete dair normatif
beklentileri halka iletmeleri bakimindan da derin bir sekilde semboliktir. Ornegin, bir devlet
dairesinde siraya girme eylemi esitlik, disiplin ve sabir kavramlarini yansitir ve yeniden
tiretirken, resmi niganlarla dolu bir damga, devletin onaymin gorsel ve maddi bir teyidi islevi
gormektedir. Benzer sekilde, memurlarin yazili dili, idari karar almanin politik dogasini
maskeleyen bir tarafsizlik ve nesnellik sdylemi olarak kullanilmaktadir. Biirokratik kurumlar,
bu tiir ritiieller araciligiyla, hayal kirikligi, saygi veya giliven gibi, devlet otoritesinin
icsellestirilmesine katkida bulunan duygusal tepkileri tek tarafli olarak bi¢imlendirmektedir

(Gupta, 2012, s. 199). Bu ritiielistik boyut, siradan idari gorevleri siyasi otoritenin etkili
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gosterilerine dontistiiriir.

Bu tiir performanslar, toplumsal ve politik hiyerarsileri belirlemede énemli bir iletisimsel islev
tagimaktadir. Bu ritiiellerin tekrarlayan ve kodlanmis dogasi, bireylere etkilesimde bulunduklar1
kurumsal giice gore konumlarmin hatirlatildigi bir g¢erceve yaratmaktadir. Bu anlamda,
biirokratik ritiieller sembolik bir toplumsal kontrol bi¢imi olarak islev goriir, kimin otoriteye
sahip oldugunu ve kimin buna tabi oldugunu isaret ederek toplumsal rolleri yeniden {iretir.
Yiiriirliige konan bu iktidar senaryolari, giinlilk deneyimlere ve etkilesimlere yerlestirerek
siyasal hiyerarsileri dogallastirmaya yardimci olmaktadir (Bertram, 1967, ss. 291-292). Bu
siire¢ hem devleti mesrulastirir hem de vatandaslar bu performatif biirokratik deneyimler
araciligiyla tanimlanan siyasi katilimlariin ve toplumsal aidiyetlerinin sinirlarini taniyip kabul
ettikce devletin siirekli yeniden {iiretilmesini saglar.

3.2. Mesrulastirici Gii¢

Biirokratik performansin iiniformalar, miihiirler ve resmi unvanlar gibi semboller araciligiyla
sahnelenmesi, devlet giiclinlii mesrulastirmak i¢in kritik bir mekanizma islevi gérmektedir. Bu
somut isaretler yalnizca dekoratif amaglarla kullanilmamaktadir; onlar ayn1 zamanda otorite ve
kurumsal siirekliligin giiclii gorsel ve maddi gostergeleridir. Bu sembollerin giinliik biirokratik
etkilesimlere dahil edilmesi, devletin varligini hemen taninabilir ve kiiltiirel olarak yanki
uyandiran sekillerde gosterilebilir hdle getirmektedir; boylece bu semboller halk nezdinde
organize, rasyonel ve mesru bir yonetime sahip olduklar1 algisim1 giliglendirmektedir (Abolafia
vd., 2014, s. 348). Bu sembollerin ritiiellestirilmis gdsterimi, bireysel aktorleri asan, devletin
otoritesini kalic1 ve kisisel olmayan bir varlik olarak yansitan egemen bir imajin insasina
katkida bulunur.

Biirokrasinin performatif karmagsikligi, kamu kurumlarina olan giiveni gliglendiren bir
profesyonellik ve tarafsizlik havasi yaratmaktadir: Uniformalar, gorevlileri uzmanlasmis ve
hiyerarsik olarak orgiitlenmis bir aygitin temsilcileri olarak yansitirken, resmi miihiirler ve
unvanlar idari eylemlere o6zgiinliikk ve yasal gecerlilik kazandirir. Bu sembolik altyapi,
biirokratik ritiiellerin uyum talep eden diizenlerini ve yasal geleneklerini ¢agristirmasiyla,
devlet giiciiniin dogal ve sorgulanamaz goriindiigii bir anlayis1 per¢inlemektedir. Evrak islerinin
islenmesi, resmi toplantilar veya kamu beyanlar1 gibi standartlastirilmis ritiiellerin titizlikle
yuriirliige konulmasi, diizenli, rasyonel ve tarafsiz bir sistem imaj1 olusturmaktadir (Monteiro
& Adler, 2021, ss. 447-448). Bu performatif yon, devleti yalnizca idari bir varlik olarak degil,
itaat ve giliveni hak eden ahlaki ve yasal bir otorite olarak insa ettigi i¢in hayati 6nem tasir.

Resmi yapilar, protokoller ve prosediirler, yonetilenlerin goziinde devlet iktidarinin

126



SCEANS
s S

-~ ISARC

Siz=rat INTERNATIONAL SCIENCE AND ART RESEARCH CENTER

7 &

Z, =
LN AN

mesruiyetini siirdiirmesi i¢in gerekli olan Ongoriilebilirlik ve adalet duygusunu iletmek
konusunda son derece kullanishdir.

Ancak bu goriintirdeki tarafsizlik ve nesnellik, biirokratik karar almanin dogasinda bulunan
keyfilik veya adaletsizligi de siklikla maskelemektedir. Biirokrasiler, kurallar1 karmasik ve
genellikle belirsiz baglamlarda yorumlayan ve uygulayan, tutarsizliklara ve takdir yetkisine
dayali yargilara yol agan memurlardan olusmaktadir. Dahasi, kurallarin kendisi de belirli
gruplar1 digerlerinden daha ayricalikli kilan yerlesik iktidar iligkilerini veya kurumsal
Onyargilar1 yansitabilmektedir. Bununla birlikte, biirokrasinin ritiiellestirilmis performansi -
resmiyet, doklimantasyon ve prosediire vurgu yapmasi yoluyla - kararlarin kosullu ¢ikarlar veya
esitsizlikler yerine evrensel ilkelere dayandigi yoniinde giiglii bir yanilsama yaratir. Bu
tarafsizlik yanilsamasi, yonetisimin politik ve sosyal boyutlarini gizlemeye hizmet etmekte ve
boylece biirokratik otoriteye yonelik meydan okumalar1 azaltmaktadir (Nugroho vd., 2019, s.
409).

Sonug olarak kiiltiirel performans olarak biirokrasi, vatandaslarin mesruiyet ve adalet algilarini
sekillendirerek devlet iktidarini istikrara kavusturmada ve yeniden iiretmede kritik bir rol
oynamaktadir. Biirokratik ritiieller, diizen, rasyonalite ve adalet ideallerini somutlastirdig icin,
sonuclar adaletsiz veya keyfi olsa bile halkin itaatini ve bu sonuglar1 kabullenmesini tesvik
etmektedir. Dolayisiyla biirokratik prosediirlerin  sembolik giicli, toplumsal diizenin
stirdiiriilmesi i¢in elzem olan hukukun istiinliigiine ve kurumsal giivenilirlige yonelik kolektif
inanc1 saglamlastirmaktadir. Bu sekliyle biirokrasi, yalnizca bir yonetim mekanizmasi degil,
ayn1 zamanda tarafsizlik ve nesnellik yanilsamasinin yaratilmasi ve siirdiiriilmesi yoluyla siyasi
otoriteyi mesrulastiran performatif bir teknolojidir.

3.3. Vatandas - Devlet Etkilesimi

Biirokratik alanlarda vatandaslar ve devlet arasindaki etkilesim tarafsiz veya tamamen islemsel
bir stire¢ degildir; bunun yerine bu etkilesim, bireylerin belirli davranis normlarini 6grendigi ve
uyguladig1 kiiltiirel olarak kodlanmis bir performans olusturur. Biirokratik ortamlar,
konusmay1, tavri ve goriinlimii diizenleyen ortiik ve ac¢ik kodlarla yapilandirilmistir ve bunlarin
hepsi kurumsal otoriteyle uygun etkilesim bicimlerini belirlemeye yarar. Bu normlar
sosyallesme stiregleri araciligiyla iletilir ve idari sistemlerin karmasik alanlarinda gezinmek i¢in
olmazsa olmazdir. Vatandaslar bu tiir davranis beklentilerini i¢sellestirerek, biirokratik diizenin
yeniden {iretimine etkin bir sekilde katilmakta ve devlet iktidarinin mesruiyetini
onaylamaktadirlar (Bourdieu, 2006, s. 118).

Bu ortamlarda, dil, durus ve kiyafetle ortaya ¢ikan saygi gosterisi, hiyerarsik iktidar yapisi
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icinde bir alt muhatap olan vatandas rolii i¢in ayrilmaz bir parcadir. Resmi dil ve saygili
konugma kaliplari, memurun otoritesinin taninmasina isaret ederken, kiyafet kurallarina veya
diger nezaket gostergelerine uymak, saygmligin ve uyumun gorsel onaylar1 olarak islev
gormektedir. Bu somutlastirilmis uygulamalar yalnizca yiizeysel degildir, ayn1 zamanda devlet
ile tebaasi arasindaki asimetrik iliskiyi giiclendirdikleri i¢in dogrudan siyasi 6neme de sahiptir.
Bu tiir performatif eylemler araciligiyla vatandaslar, biirokratik sistem icindeki yerlerini
miizakere eder ve davraniglarinm1 hizmetlere erisimi giivence altina almak veya c¢atismay1
onlemek amaciyla kurumsal beklentilerle uyumlu hale getirmek {lizere ayarlarlar (Nugroho vd.,
2019, s.411).

Ote yandan, bu dinamigin siyasi 6znelliklerin olusturulmasi ve devlet iktidarmin siirdiiriilmesi
acisindan daha genis etkileri de bulunmaktadir. Biirokratik baglamda 6ngoriilen davranislarin
tekrar tekrar yiirtirliige konulmasi, bireyleri belirli kimliklere biiriindiiriir; devletin toplumsal
yasami diizenleme ayricaligini tantyan itaatkar, kanuna uyan “makbul vatandas” kimligidir bu.
Bu siire¢, yalnizca vatandaslarin devleti nasil deneyimlediklerini degil, ayn1 zamanda siyasi
diizen i¢indeki haklarin1 ve sorumluluklarini nasil anladiklarini da belirlemektedir. Sonug
olarak, vatandasin biirokratik alanlardaki performansi iktidarin hem uygulandigi hem de
mesrulastirildigi kritik bir mekanizma haline gelir ve devlet otoritesini bireylerin giinliik
pratikleri ve 6z-kimlikleri i¢ine yerlestirir.

“Makbul vatandas” olmanin ne anlama geldigini tanimlayan i¢sellestirilmis normatif ¢erceveler
icindeki etkilesimler, devletin goziinde hak etme ve mesruiyetin gostergeleri haline gelen sabur,
otoriteye saygi ve resmi prosediirlere uyma gibi Ortiik davranis kurallar1 tarafindan yonetilir.
Vatandaslar da bu davranis beklentilerine uyum saglayarak, siyasi kimliklerini devletin ahlaki
ve yasal diizenine ait olduklarin1 dogrulayan sekillerde gergeklestirirler. Bu sayede biirokratik
etkilesimler, “hak eden” ve ‘“hak etmeyen” Ozneler olarak kategorize edilen vatandaglar
arasindaki sinirlar1 belirleyebilmektedir (Mises, 2000, ss. 109-111). Prosediirel normlara uyum
ve biirokratik sistemlerle etkili bir sekilde etkilesim kurma yetenegi, genellikle devlet
kaynaklarina erigimin ve taninmanin verildigi veya reddedildigi dl¢iitler olarak hizmet eder. Bu
kosulluluk, disiplin, nezaket ve biirokratik dile asinalik gibi vatandashigin idealize edilmis
ozelliklerini somutlastiranlar1 ayricalikli kilarken, bu rolleri yeterince yerine getir(e)meyenleri
marjinallestirerek sosyal hiyerarsileri ve iktidar iligkilerini yeniden {iretir. Biirokratik
performansa yerlesmis bu dahil etme ve diglama siiregleri, devletin mesruiyeti ve siyasi
Oznelliklerin olusumu i¢in 6nemli ¢ikarimlara sahiptir: Devlet, vatandashigi davranis ve hak

etme agisindan tanimlayarak, yalnizca yasalar ve politikalar araciligiyla degil, ayn1 zamanda
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bireylerin kimlik ve aidiyet duygusunu sekillendiren giinliik etkilesimler araciligiyla da etkili
bir sekilde yonetir (Russell, 1990, ss. 195-196).

3.4. Kusur ve Sacmahk

Birbiriyle ¢atisan diizenlemeler, yanlis kaydedilmis dokiimantasyon veya uzun gecikmelerle
ortaya c¢ikan birokratik kusurlar sadece idari bir sorun veya verimsizlik olarak
anlagilmamalidir. Aksine, bu tiir kusurlar dahi kiiltiirel performans olarak biirokrasi
cercevesinde onemli sembolik ve politik anlamlar tagimaktadir. Bu islev bozukluklari
biirokratik rasyonalitenin idealize edilmis imaj1 ile yonetimin yaganmis gergeklikleri arasindaki
boslugu aciga c¢ikarir ve devlet giiclinlin rastlantisal, miizakere edilmis ve siklikla geligkili
dogasin1 ortaya koyar. Bu kusurlar tesadiif olmaktan ¢ok uzaktir ve devlet kapasitesinin
sinirlarin1 ve merkezi otorite altinda cesitli niifuslar1 yonetmenin karmasikliklarin1 halka
“sezdiren” performatif eylemler olarak hizmet edebilmektedir (Crozier, 1964, s. 177).

Dahasi, biirokratik kusur deneyimleri, vatandaslarin devlet ve kendi siyasi 6znelliklerine iliskin
algilarin1 sekillendiren bir dizi duygusal tepki de liretmektedir: Hayal kirikligi, yabancilasma,
kafa karisikligi, vb. Gecikmeler ve celiskili talepler bireylerin zihninde siklikla, kendilerini
dogrudan ¢oziim iiretmeyen seffaf bir sistemin i¢inde sikismis bulduklari bir sinira hapsolma
veya askiya alinma hissi yaratir. Bu belirsizlik, bireyler biirokratik siire¢lerin
ongoriilemezligine katlanmay1 veya bu sinirda gezinmeyi 6grendikce, tiikenme, vazgegme veya
istifa tehdidi iizerinden uyumu tesvik eden bir sosyal kontrol bicimi olarak islev
gorebilmektedir. Bu anlamda kusur, basitce yonetimin bozulmasindan ziyade, etkilesim ve
erisim i¢in olasilik kosullarini yapilandirarak devletin kullandig: bir iktidar teknigi haline gelir
(Merton, 1940, s. 562).

Biirokratik “sagmaliklar”, evrensel ve tarafsiz yonetim vaadi ile esitsiz ve genellikle keyfi
uygulama gercekligi arasindaki performatif gerilimi vurgulamaktadir. Biirokrasinin
ritliellestirilmis prosediirleri ve resmi sdylemleri bir yandan seffaflik ve adalet ideallerini
cagristirmaktayken, tekrarlanan kusurlar bu ideallerin gecici ve tartismali dogalarim
hatirlatmaktadir. Bu uyumsuzluk, idari sistemlere gomiilii politik bahisler iizerine elestirel
diistinmeyi tesvik eder ve biirokratik rasyonalitenin giinliik pratik yoluyla hem nasil insa
edildigini hem de nasil istikrarsizlagtirildigini gosterir. Dolayistyla, biirokrasi i¢indeki kusur,
basarisizlik ve “sagmaliklar” ¢evresel anomaliler degil, devletin kendi otoritesini yiiriirliige
koydugu, miizakere ettii ve zaman zaman baltaladig1 bir kiiltiirel performansin ayrilmaz

bilesenleridir.
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Bu biirokratik ¢okiis anlari, vatandaglar arasinda hayal kirikligi, caresizlik ve boyun egme gibi
karmagik duygusal tepkiler dogurur. Prosediirel seffaflik ve Ongoriilemezligin tekrarlayan
deneyimi, bireylerin siyasi sistem iginde dislanmis ve sonuglari etkileme konusunda gii¢siiz
hissettigi bir yabancilagma hissi yaratabilmektedir. Bu duygusal boyut, biirokrasinin devlet-
toplum iliskisini nasil sekillendirdigini anlamak agisindan ¢ok onemlidir; caresizlik ve istifa
istenci sosyal yapinin bir pargasi haline gelir ve bireylerin sik sik hayal kirikligina ugramalarina
ragmen devlet otoritesine uyma istegini sartlandirir (Berberoglu, 1990, ss. 16-18). Bu sekilde,
biirokratik kusurlar paradoksal olarak, bir dayaniklilik ve boyun egme egilimi asilayarak devlet
iktidarinin stirdiiriilmesine katkida bulunur ve duygusal dolayimlar aracilifiyla hiyerarsik
iligkileri istikrara kavusturur.

Kisacasi, biirokratik siireglerin dogasinda bulunan kusurlar devlet giiciiniin belirsizligini ve
“gizemini” giiclendiren sembolik bir performans unsurlaridir. Biirokratik kusurlardan pay alma
deneyimi, resmi kurallar ile bunlarin uygulanmasi arasindaki kopuklugu agiga ¢ikardigi ve
devletin savundugunu iddia ettigi seffafligi ve hesap verebilirligi baltaladigi halde, bu
kopuklugun kacinilmazlik duygusunu beslemesi ve itiraz1 caydirmasi sayesinde bir sosyal
kontrol mekanizmasi olarak islev gorebilmektedir.

4. ORNEK DURUM INCELEMELERI

Akhil Gupta’nin Hindistan’in kirsal eyaletlerindeki refah biirokrasileri {izerine yaptigi
etnografik arastirma, kiiltiirel performans olarak biirokrasinin ikna edici bir Grnegini
sunmaktadir; burada idari karmagiklik ve prosediirel gecikmeler yalnizca teknik eksiklikler
degil, ayn1 zamanda devlet giicliniin “kasitli” uygulamalaridir (Gupta, 2012, ss. 126-127).
Devletin maddi varliginin smirli oldugu baglamlarda, refah yardimlarina erisimle iliskili
labirent gibi prosediirler ve uzun bekleme siireleri, devletin otoritesinin ve erigiminin somut
gostergeleri olarak hizmet etmektedir. Bu biirokratik engeller, devletin niifusu diizenleme ve
disiplin altina alma kapasitesini sembolik olarak sergileyen bir islev goriir ve gilinliilk yasamdan
uzak olsa bile devletin her yerde bulunan bir gii¢ olmaya devam ettiginin sinyalini verir.
Dolayistyla, biirokrasi ikili bir rol oynamaktadir: Hem vatandaslarin kaynaklara erigimini
saglar, hem de ritiiellestirilmis yOnetim uygulamalar1 aracilifiyla devlet egemenliginin
mesruiyetini yeniden yaratir.

Dahasi, Gupta’nin analizi bu tiir “biirokrasi deneyiminin” vatandaslarin siyasi 6znelliklerini ve
devletle iliskilerini nasil sekillendirdigini vurgulamaktadir. Prosediirel opaklik ve idari
gecikmeler, umut ve beklentiden hayal kirikligina ve yabancilasmaya kadar uzanan belirsiz

duygusal tepkiler dogurmaktadir. Bu duygusal tepkiler, biirokrasinin belirli devlet-toplum
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etkilesimi bi¢cimlerini iretmedeki performatif giiciinii vurgular. Vatandaglar devleti ayni anda
hem uzak hem de yetkili, iyiliksever ama kayitsiz olarak tanimaya baglar. Bu sekilde, biirokratik
performans sadece devletin kapasitesini veya basarisizligini yansitmaz, ayni zamanda
yOnetimin yagsanmis ger¢ekligini aktif olarak inga eder ve siyasi giicli yonetilenlerin giinliik
uygulamalar1 ve beklentileri i¢ine yerlestirir (Gupta, 2012, s. 198).

Benzer bir sekilde, post-Sovyet devletler baglaminda da biirokrasi, devletin vatandaglarin
giinliik yasamlarindaki varligini ve otoritesini gosterdigi kiiltiirel bir performans olarak belirgin
bir rol iistlenmektedir. Kapsamli evrak isleri, kat1 prosediirel formaliteler ve hiyerarsik kontrol
ile karakterize edilen merkezi Sovyet yOnetiminin mirasi, bir¢ok halef devletin biirokratik
sistemlerinde varligini siirdiirmektedir (Inkeles, 1967, s. 198). Vatandaslarin biirokratik
kurumlarla etkilesim kurma deneyimleri (hacimli formlar1 doldurmak, uzun kuyruklarda
beklemek ve tutarsiz veya celiskili yonetmelikleri miizakere etmek gibi) idari birer
zorunluluktan ¢ok daha fazlasini olusturmaktadir. Bunlar, devletin sembolik olarak yiiriirliige
kondugu ve yorumlandigi somut uygulamalar haline gelmislerdir. Bu tiirden giinliik
etkilesimler, yonetimin ve giiclin soyut kavramlarini somutlagtiran performatif ritiieller olarak
hizmet etmekte ve bireylerin devleti elle tutulur ve deneyimsel bir gergeklik olarak kavramasina
olanak tanimaktadir.

Post-Sovyet devletler agisindan biirokratik karmasikligin ve verimsizligin yaygin varligi,
devletin kapasiteleri ve mesruiyeti hakkinda ¢ok sayida ve genellikle belirsiz bir mesaj
iletmektedir: Biirokratik prosediirlerin talepkar dogasi, bir yandan devlet kurumlarmin
otoritesini gii¢lendirir ve devletin sosyal ve ekonomik yasami sekillendiren giiclii bir
diizenleyici aygit oldugunu vurgularken, diger bir yandan da biirokratik diizenlemelerin i¢ine
yerlesmis belirgin ¢eliskiler ve keyfilik iizerinden post-Sovyet yonetim yapilarinin
kirilganligini ve tutarsizligini ortaya koymaktadir. Vatandaglar, ayn1 anda her yerde bulunan ve
belirsiz, buyurgan ancak tutarsiz bir devletle kars1 karsiyadir. Bu ikilik, devlet giicline iligkin
popiiler algilar1 karmagsiklastirir ve uyum, siiphecilik ve stratejik katilimi1 harmanlayan niiansl
bir anlayis yaratir (Gabrielian & Holzer, 1999, s. 8).

Dahasi, post-Sovyet devletlerde “biirokraside gezinme” deneyimi, siyasi Oznellikleri ve
vatandaslik bicimlerini sekillendirmede de kritik bir rol oynamaktadir. Tekrarlayan ve ¢ogu
zaman sinir bozucu bir dogaya sahip olan biirokratik islemler, bireyleri devlet-toplum
iligkilerine dair belirli beklentilere agisindan sosyallestirir. Bu etkilesimler sayesinde,
vatandaglar gecikmeleri ongdrmeyi, prosediirel belirsizlige tahammiil etmeyi ve gayriresmi

kanallar1 miizakere etmeyi 6grenmektedir; insanlar boylece davraniglarini biirokratik yonetimin
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olasiliklarina gore uyarlayabilmektedir. Bu tlir uygulamalar yalnizca sistemik islev
bozukluguna kars1 pragmatik tepkileri yansitmakla kalmaz, ayn1 zamanda vatandaslarin siyasi
diizen i¢indeki aidiyetlerini pekistirdikleri kiiltiirel bir repertuar da olusturur (Gabrielian &
Holzer, 1999, s. 8). Bu biirokratik performanslarin dayanikliligi, vatandaslarin resmi giiciin
sinirlarini astig1 ve bunlara karsi ¢iktigi, hem tabi kilinma hem de temsil ile karakterize edilen
bir devlet-toplum yapisini yeniden iiretmektedir.

Tiirk biirokrasisi baglaminda ise devlet daireleri i¢indeki giinliikk operasyonlar, kurumsal
otoritenin resmi dil, sembolik imajlar ve hiyerarsik sosyal etkilesimler araciligiyla yiiriirliige
kondugu bir kiiltiirel performans sahnesine miikkemmel bir 6rnek teskil etmektedir. Memurlar
tarafindan dilin son derece resmilestirilmis ve ritiiellestirilmis bir sekilde kullanimi, yalnizca
bir iletisim araci olarak degil, ayn1 zamanda devlet otoritesini temsil eden performatif bir ara¢
olarak da dilin roliinii yeniden vurgulamaya hizmet etmektedir. Bu resmi sdylem genellikle
yasal terminoloji, standart ifadeler ve saygili bir ton kullanmaktadir; boylece memurlar ve
vatandaglar arasina net sinirlar ¢izilebilmektedir. Bu tiir dilsel uygulamalar, evrensel olarak,
biirokrasinin kisisel olmayan ve rasyonalize edilmis dogasini vurgularken, onu ayni1 zamanda
belirli bir sayg1 ve sosyal diizen “koruyucusu’ haline getirmektedir (Tosi, 2001, s. 96).
Memurlarin sergiledigi hiyerarsik davranig, Tiirk biirokratik kurumlarinda bulunan iktidar
dinamiklerini daha da giiglendirmektedir. Protokole siki sikiya bagli kalma, otoriter beden dili
ve kontrollii duygusal ifade ile belirlenen tavirlar, memurlarin kurumsal statiilerini ve idari
stirecler tizerindeki kontrollerini ileten somut bir performans bi¢imi olusturur. Bu gorevlilerle
etkilesim kuran vatandaslar, boylece uyum ve sayginin beklenen davranislar oldugu, acik¢a
tanimlanmisg bir sosyal hiyerarsi icinde konumlandirilirlar. Bu somut hiyerarsi yalnizca orgiitsel
yapilar1 yansitmakla kalmamakta, ayn1 zamanda devlet ile tebaasi arasindaki asimetrik iligkileri
dogallastirmaya ve mesrulastirmaya da hizmet etmekte ve biirokrasi alanini “disiplin ve diizen
alan1” olarak cercevelemektedir (Goktiirk, 2020, ss. 108-109).

Bu dilsel ve davranigsal performanslari tamamlayan unsur, devlet dairelerindeki her yerde
bulunan gérsel sembolizmdir. Ozellikle Mustafa Kemal Atatiirk’iin her yerde bulunan portreleri
ve Tiirk bayragi gibi ulusal amblemler, Tiirk devletinin tarihsel mesruiyetini ve ideolojik
temellerini somutlastiran gii¢lii birer gorsel capa islevi gérmektedir. Atatiirk’lin gérsellerinin
sergilenmesi, Cumhuriyet’in kurulus ilkelerini, laik milliyet¢iligi ve devlet egemenligini
cagristirmakta ve boylece biirokratik uygulamalari ulus insas1 ve siyasi kimligin daha genis bir
anlatis1 icine yerlestirmektedir (Ozyiirek, 2004, ss. 376-377). Bu dil, davranis ve sembolizm

liclemesi araciligtyla Tiirk biirokrasisi, vatandaslarin yonetim deneyimlerini ve siyasi aidiyet
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duygusunu sekillendiren ve kiiltiirel olarak yankilanan bir devlet iktidar1 uygulamasi haline
donlismiistir.

SONUC

Biirokrasiyi kiiltiirel performans olarak anlamak hayati onem tasimaktadir zira kavram, devletin
mesruiyetinin sadece yonetme konusundaki maddi kapasitesiyle degil ayn1 zamanda otoritenin
sembolik ve ritiiellestirilmis icraatiyla nasil siirdiiriildiiglinii de ortaya koymaktadir. Belgeler
yayinlamak, resmi goriismeler yapmak veya diizenlemeleri yiiriirliige koymak gibi biirokratik
prosediirler, devletin varligin1 somutlastiran ve ileten senaryolu performanslar olarak islev
gormektedir. Biirokratik kurumlarin verimsiz, yozlagsmis oldugu veya hizmetleri etkili bir
sekilde sunamadigr durumlarda bile, bu ritliellestirilmis etkilesimler, vatandaslarin devlet
otoritesini tanimaya devam etmelerini saglayan somut bir iktidar deneyimi yaratmaktadir. Bu
resmi uygulamalarin tekrari, devlete bir kalicilik ve diizen duygusu asilar ve boylece islevsel
eksikliklere ragmen devletin mesruiyetine dair kolektif bir inang gelistirir.

Ote yandan, kiiltiirel performans olarak biirokrasi vatandaslarin devletle duygusal ve bilissel
etkilesimini de sekillendirmektedir. Ritiiellestirilmis biirokratik uygulamalar, bireylerin siyasi
otoriteyle iliskilerini nasil yorumladiklarini belirleyen saygi, umut, hayal kiriklig1 veya istifa
gibi duygusal tepkiler iiretir. Bu uygulamalar, vatandaslara devlet iktidarinin beklentilerini
yonlendirmeyi ve igsellestirmeyi Ogreterek, siyasi Oznellikleri genellikle “uyum ve itaat”
yoniinde sekillendirir. Devleti rutin performanslar araciligiyla kristallestirerek, biirokrasiyi
egemenlik ve yasallik gibi soyut kavramlarin somutlastirildigi, deneyimlendigi ve yeniden
dretildigi bir alan haline getirir. Bu somutlastirilmis mesruiyet, insanlarin verimsizlik veya
thmal ile kars1 karsiya kaldiklarinda bile devlet kurumlarina giivenmeye veya itaat etmeye
neden devam ettiklerini agiklamaya yardimci olmaktadir.

Buna gore, devlet mesruiyetini yalnizca etkili hizmet sunumuna veya zorlayici kapasiteye
esitleyen indirgemeci goriisler eksiktir. Zira biirokrasi, kiiltiirel olarak anlasilabilir iktidar
uygulama big¢imleri araciligiyla toplumsal hiyerarsiyi ve siyasi otoriteyi yeniden iiretmektedir.
Bu bakis acisi, akademisyenlerin kriz veya islev bozuklugu baglamlarinda devletlerin
dayanikliligin1 daha iyi analiz etmelerine ve iktidarin siradan etkilesimler {lizerinden isledigi
karmasik yollar1 anlamalarina da olanak tanimaktadir.

Devlet iktidar1 yalnizca resmi yasalar, politikalar veya kurumsal cerceveler aracilifiyla
kullanilmamakta, ayni1 zamanda giinlik pratiklerde ve sembolik diizenlemelerde de
derinlemesine yer almaktadir. Formlar1 doldurmak, resmi toplantilara katilmak veya prosediirel

formalitelere uymak gibi biirokratik rutinler, devletin varligini ve otoritesini sergiledigi
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tekrarlayan, ritiiellestirilmis eylemleri olusturmaktadir. Memurlarin kendilerini yOnetme
bigimleri, bi¢imsel dilin kullanimi, resmi amblemlerin sergilenmesi ve biirokratik ofislerin
mekansal organizasyonu, devlet otoritesinin teatral bir sekilde sahnelenmesine katkida
bulunmaktadir. Bu sembolik imajlar, vatandaslarin devlete ve siyasi diizen i¢indeki yerlerine
iligkin algilarin1 sekillendiren saygi, hiirmet, hayal kiriklig1 veya yabancilagsma gibi duygusal
tepkileri iretmektedir. Dolayistyla, biirokrasi yalnizca bir idari aygit olarak degil, ayni zamanda
giinliik duygusal deneyimler araciligiyla da siyasi Oznellikleri sekillendiren ve toplumsal
iligkileri yoneten bir kiiltiirel kurum olarak islemektedir.

Sonu¢ olarak, bu bakis acisi, iktidar, kiiltiir ve gilindelik yasam arasindaki etkilesimi
vurgulayarak siyasi antropoloji ve ilgili disiplinlerin analitik mercegini genisletmektedir.
Biirokrasiyi kiiltiirel bir performans olarak tanimak, devletlerin verimsizlikler, ¢eligkiler veya
tartismali mesruiyet alanlar1 arasinda bile otoritelerini nasil silirdiirdiiklerine dair daha detayl
bir anlayis saglamaktadir. Iktidarin normallestirildigi, dogallastirildig1 ve rutin uygulamalara
yerlestirildigi stirecler boylece aydinlanmakta ve resmi devlet iktidari ile halk arasindaki basite
indirgenmis celigkilerin 6ziindeki karmasiklik agiga c¢ikmaktadir. Biirokrasinin performatif
boyutlarin1 dikkate almak, siyasi giiclin resmi kurumlarin 6tesinde yasandigi, deneyimlendigi
ve stirdiiriildiigii incelikli, genellikle gozden kagan kanallar1 ortaya koymakta ve devlet-toplum
dinamiklerine iligkin anlayisimiz1 zenginlestirmektedir.
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OZET

Bu calisma, dis ticaret, teknoloji transferi ve ekonomik biiylime arasindaki dinamik iligkileri
cok boyutlu bir perspektifle incelemeyi amaglamaktadir. Kiiresel ekonomide teknolojik
gelisimin ve uluslararasi ticaretin artan nemi goz Oniine alindiginda, bu iliskinin derinlemesine
anlagilmasi kritik bir aragtirma boslugunu doldurmaktadir. Arastirma, aciklayict ve analitik bir
yaklagimla, sistematik literatiir taramasi ve se¢ilmis geligsmis ve gelismekte olan iilkeler (ABD,
Almanya, Birlesik Krallik; Tiirkiye, Giiney Afrika, Rusya, Brezilya) arasinda karsilastirmali
durum analizi olmak iizere karma bir yontem benimsemistir. Veri toplama siirecinde, sermaye
mal1 ithalatinin GSYIH'ye orani, yiiksek teknoloji iiriin ithalat orani, Ar-Ge harcamalarinin
GSYIH icindeki payi, yillik patent basvuru sayis1 ve ihracatin GSYIH igindeki pay:1 gibi
ekonomik gostergeler, 2023-2024 yillarina ait giincel verilerle WIPO, OECD, UNCTAD,
Diinya Bankasi gibi uluslararasi kuruluslar ile TUIK ve USPTO gibi ulusal istatistik
kurumlarindan temin edilmistir. Verilerin analizi, tematik ve igerik analizi ile karsilagtirmali
betimsel analizi igermektedir. Bu ¢alisma, dis ticaretin teknoloji transferi kanallar1 iizerinden
ekonomik biiylimeye olan katkisin1 mevcut teorik ve ampirik literatiir baglaminda saglam bir
bilimsel temel {izerinde ele alarak, politika yapicilar ve aragtirmacilar igin giincel ve kapsamli
bir bakis a¢is1 sunmay1 hedeflemektedir.

Anahtar Kelimeler: Dis Ticaret, Teknoloji Transferi, Ekonomik Biiylime, Sistematik Literatiir

Taramasi, Karsilastirmali Analiz.
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THE RELATIONSHIP BETWEEN FOREIGN TRADE, TECHNOLOGY TRANSFER,
AND ECONOMIC GROWTH: A THEORETICAL AND COMPARATIVE
LITERATURE REVIEW ON DEVELOPED AND DEVELOPING COUNTRIES

ABSTRACT

This study aims to examine the dynamic relationships between foreign trade, technology
transfer, and economic growth from a multidimensional perspective. Given the increasing
importance of technological advancement and international trade in the global economy, a
deeper understanding of these interconnections addresses a significant research gap. Adopting
a mixed-method approach that combines explanatory and analytical frameworks, the research
utilizes a systematic literature review and a comparative case analysis between selected
developed and developing countries (the United States, Germany, the United Kingdom; Turkey,
South Africa, Russia, and Brazil). During the data collection process, economic indicators such
as the ratio of capital goods imports to GDP, the share of high-tech product imports in total
imports, R&D expenditure as a percentage of GDP, the number of annual patent applications,
and the export-to-GDP ratio were compiled using the most recent data from 2023-2024. These
data were obtained from international institutions such as WIPO, OECD, UNCTAD, and the
World Bank, as well as national statistical agencies such as TURKSTAT and USPTO. The
analysis incorporates thematic and content analysis along with comparative descriptive
evaluation. This study aims to provide a contemporary and comprehensive perspective for
policymakers and researchers by addressing the contribution of foreign trade to economic
growth through technology transfer channels, grounded on a robust theoretical and empirical
foundation.

Keywords: Foreign Trade, Technology Transfer, Economic Growth, Systematic Literature

Review, Comparative Analysis.
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OZET

Insanlarda yasm ilerlemesi ile birlikte kolajen iiretimi azalmakta ve bagli eklem rahatsizliklart
gozlenebilmektedir. Bu nedenle yasi ilerleyen bireylere ilave kolajen alimi tavsiye
edilmektedir. Kolajenin yapisinda on sekiz farkli amino asit bulunmakla birlikte dokuz zorunlu
amino asitin sekiz tanesini de (histidin, izol6sin, 19sin, lizin, metiyonin (sistein), fenilalanin,
treonin, tirozin ve valin) igeriginde bulundurmaktadir. Ozellikle eklem rahatsizligi olan
bireylerin kolajen iceren gidalar1 tiikketmesi bu eksikligin giderilmesi agisindan 6nem
tagimaktadir. Kolajen hidrolizati kullanilarak yeni fonksiyonel gida formiilasyonlarinin
gelistirilmesi ve regete optimizasyonu gida sanayi agisindan 6nemlidir. Bu ¢alismada, 6zellikle
yasi ilerlemis bireylerin gerek giinliik protein ihtiyacinin énemli bir kismini, gerekse kolajen
ihtiyacin1 kargilamaya yonelik fonksiyonel bir yogurt iiretilmesi hedeflenmistir. Bu amacla,
yaygin olarak kullanilan deney tasarimi ve optimizasyon tekniklerinden biri olan Yanit Yiizey
Yontemi kullanilarak deney tasarimi, modelleme ve optimizasyon gerceklestirilmistir.
Matematiksel modellerde girdi degiskeni (faktor) olarak Kolajen ve Yag kullanilmigtir. Ciktt
degiskeni olarak ise (yanit): iiretimden sonraki Kolajen ve Yag yaninda 0. ve 28. Giinlerdeki
pH, Titrasyon Asitligi, Ozgiil Agirlik (%LA), Viskozite (cP), Brix ve Su Tutma Kapasitesi
Olglilmiigtiir. Bunun yaninda matematiksel modellemede kullanilmayan ancak genel
degerlendirme ve yorumlama i¢in organoleptik analizler (tat, koku, yapr/kivam) dl¢tilmiistiir.
Matematiksel modeller igin R? degerleri %100’e yakindir. Bu da Kolajen ve Yag faktorlerinin
yanit degiskenini aciklamak i¢in yeterli oldugunu gostermektedir. %95 giiven diizeyinde
yapilan varyans analizi (ANOVA) sonuglarma gore p-degeri <0,05 bulunmustur. Bu da
modellerin istatistiksel olarak anlamli oldugunu gdstermektedir. Son olarak Minitab Response
Optimizer Modiilii kullanilarak yapilan optimizasyon sonucu optimum karisim orani %1,73
kolajen ve %3,8 yag olarak bulunmustur. 5 kisilik egitimli panel ile yapilan degerlendirmede,
ozellikle orta seviyedeki kolajen katkil1 (%1,9) ve %1,52 yagh formiilasyonlar tat, koku ve yap1

bakimindan en yliksek puanlar1 almistir.
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Asirt kolajen kullanimi ise bazi 6rneklerde yogunluk hissini artirarak tat/koku dengesini hafif
olumsuz etkilemistir.

Anahtar Kelimeler: Kolajen, fonksiyonel yogurt, recete optimizasyonu, Yanit Yiizey Yontemi

DEVELOPMENT AND RECIPE OPTIMIZATION OF COLLAGEN-ENRICHED
YOGURT
ABSTRACT

With aging in humans, collagen production decreases, and related joint disorders may be
observed. Therefore, additional collagen intake is recommended for elderly individuals.
Collagen contains eighteen different amino acids, including eight of the nine essential amino
acids (histidine, isoleucine, leucine, lysine, methionine (cysteine), phenylalanine, threonine,
tyrosine, and valine). Particularly for individuals with joint disorders, the consumption of
collagen-containing foods is important in compensating for this deficiency. The development
of new functional food formulations using collagen hydrolysate and recipe optimization is
significant for the food industry. In this study, the aim was to produce a functional yogurt
designed to meet both a substantial portion of the daily protein requirement and the collagen
needs of elderly individuals. For this purpose, the Response Surface Methodology (RSM), one
of the commonly used experimental design and optimization techniques, was employed for
experimental design, modeling, and optimization. In the mathematical models, collagen and fat
were used as input variables (factors). Output variables (responses) included: post-production
collagen and fat content, as well as pH, titratable acidity, specific gravity (%LA), viscosity (cP),
Brix, and water-holding capacity measured on days 0 and 28. In addition, organoleptic analyses
(taste, odor, texture/consistency) were conducted for general evaluation and interpretation,
though these were not included in the mathematical modeling. The R? values for the
mathematical models were close to 100%, indicating that collagen and fat factors were
sufficient to explain the response variables. Furthermore, according to the results of the variance
analysis (ANOVA) conducted at a 95% confidence level, since the p-value < 0.05 (5%), the
models were statistically significant. Finally, optimization using the Minitab Response
Optimizer Module determined the optimum mixture ratio as 1.73% collagen and 3.8% fat. In
evaluations conducted by a trained panel of five members, formulations containing medium
levels of collagen (1.9%) and 1.52% fat received the highest scores in terms of taste, odor, and
texture. However, excessive collagen use in some samples increased the perception of density,
slightly affecting the taste/odor balance negatively.

Keywords: Collagen, functional yogurt, recipe optimization, Response Surface Methodology
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OZET

Bu caligsmada, 1s1l islem uygulanmig igme siitii, B12 ve D3 vitaminlerince zenginlestirilerek
yeni bir fonksiyonel gida iiriini gelistirilmistir. Zenginlestirme islemi sonunda, insanlarin
giinliik B12 ve D3 vitamin ihtiyaglarini karsilayabilecegi iiriin gelistirilmesi amag¢lanmaktadir.
Uriin regetesi gelistirilmesi asamasinda, yaygin olarak kullanilan deney tasarimi ve
optimizasyon tekniklerinden biri olan Yanit Yiizey Yontemi kullanilarak deney tasarlanmuistir.
Bu amagla farkli B12 ve D3 karigim oranlari i¢in pH, titrasyon asitligi, 6zgiil agirlik, vizkozite,
brix, 6l¢limlerinin yaninda organoleptik analizler gerceklestirilmistir. Bu deneyler ile elde
edilen veri seti kullanilarak Minitab Istatistiksel Analiz Programi yardimiyla regresyon
denklemleri elde edilmistir. Elde edilen regresyon denklemlerinin R? degerlerinin yiiksek
oldugu (R? degerleri 0.99 un iizerinde) ve bunun yaninda %95 giiven diizeyinde yapilan varyans
analizi (ANOVA) sonugclarina gore P-degeri<0.05 (%5) oldugundan modellerin anlamli oldugu
goriilmiistiir. Son olarak Minitab Response Optimizer Modiilii kullanilarak yapilan
optimizasyon sonunda optimum karisim oran1 Vitamin D3=0,67 mg ve Vitamin B12=0,69 mg
olarak bulunmustur. UHT siit numunelerinde yapilan HPLC analizleri, vitamin seviyelerinin
iiretim sonrasi hedeflenen diizeylerde oldugunu goéstermistir. 5. ay sonunda da bu degerlerin
yiiksek oranda korunmasi, {irliniin raf dmrii boyunca vitamin stabilitesini siirdiirebildigini
kanitlamaktadir. Kolekalsiferol (D3) ve siyanokobalamin (B12), biyoyararlanim, termal
stabilite ve mevzuat uyumlulugu acisindan uygun formlar olarak degerlendirilmis ve iiriin
formiilasyonuna aseptik inline dozaj yontemiyle ilave edilmistir. Bu yaklasim, vitaminlerin
1stya bagli bozulmasini minimize ederek son {iriin kalitesini artirmistir. pH, viskozite, Brix,
titrasyon asitligi ve 6zgiil agirlik gibi parametrelerde 0. giin ve 5. ay dl¢timleri arasinda anlaml
bir bozulma goézlemlenmemistir. Vitamin ilavesi lirlin stabilitesini olumsuz etkilememistir. Tat,
koku ve yapr/kivam gibi duyusal 6zellikler; hem iiretim aninda hem de raf 6mrii sonunda

panelistler tarafindan yiiksek puanlarla degerlendirilmistir (ortalama skorlar 4,0—4,6). Bu da
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iriintin tiiketici kabulii agisindan basarili oldugunu ortaya koymaktadir. Bu calisma ile
gelistirilen vitamin takviyeli siit; besin igerigi, duyusal kalite, fiziksel stabilite ve tiretilebilirlik
acisindan basarili sonuglar vermistir.

Anahtar Kelimeler: B12 ve D3 vitaminleri, fonksiyonel siit, recete optimizasyonu, Yanit
Yiizey Yontemi

DEVELOPMENT AND RECIPE OPTIMIZATION OF MILK ENRICHED WITH
VITAMIN D3 AND B12
ABSTRACT

In this study, a new functional food product was developed by enriching heat-treated drinking
milk with vitamins B12 and D3. The aim of the enrichment process was to produce a product
capable of meeting the daily vitamin B12 and D3 requirements of individuals. During the
formulation stage, the experiment was designed using the Response Surface Methodology, one
of the most commonly applied experimental design and optimization techniques. For this
purpose, organoleptic analyses were performed in addition to pH, titratable acidity, specific
gravity, viscosity, and Brix measurements for different B12 and D3 mixture ratios. Using the
dataset obtained from these experiments, regression equations were generated with the aid of
the Minitab Statistical Analysis Program. The R? values of the obtained regression equations
were found to be high (above 0.99), and according to the variance analysis (ANOVA)
performed at a 95% confidence level, the P-value was <0.05 (5%), indicating that the models
were statistically significant. Finally, optimization carried out using the Minitab Response
Optimizer Module determined the optimum mixture ratio to be Vitamin D3 = 0.67 mg and
Vitamin B12 = 0.69 mg. HPLC analyses of UHT milk samples showed that the vitamin levels
were at the targeted values after production. The fact that these values were largely maintained
at the end of the 5th month demonstrated that the product could sustain vitamin stability
throughout its shelf life. Cholecalciferol (D3) and cyanocobalamin (B12) were evaluated as
suitable forms in terms of bioavailability, thermal stability, and regulatory compliance, and
were incorporated into the product formulation via an aseptic inline dosing method. Aseptic
inline dosing minimized heat-induced degradation of the vitamins and improved final product
quality. No significant deterioration was observed between day 0 and month 5 measurements
for parameters such as pH, viscosity, Brix, titratable acidity, and specific gravity. This indicates
that vitamin addition had no adverse effect on product stability. Sensory attributes such as taste,
odor, and texture/consistency were rated highly by panelists both at the time of production and

at the end of shelf life (average scores 4.0—4.6), demonstrating strong consumer acceptance.
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The vitamin-fortified milk developed in this study achieved successful results in terms of
nutritional content, sensory quality, physical stability, and manufacturability.

Keywords: B12 and D3, functional milk, recipe optimization, Response Surface Methodology
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BOYUN AGRILARINDA OSTEOPATI UYGULAMALARININ ETKIiSININ
DEGERLENDIRILMESI

Enes MANAV

FizEm Health Physiotherapy Center, Atatiirk Dist. Cumhuriyet Ave. No:43/3, Ortaca,
Mugla, Tiirkiye

ORCID ID: 0009-0008-3983-9379

Ozden BASKAN

Istanbul Rumeli University, Faculty of Health Sciences, Department of Physiotherapy and
Rehabilitation

ORCID ID: 0000-0002-1549-4838

OZET

Spesifik olmayan boyun agrisi, giinlimiizde yasam kalitesini olumsuz etkileyen ve is giicii
kaybina neden olan yaygin bir kas-iskelet sistemi problemidir. Bu ¢alismanin amaci, boyun
agrist olan bireylerde osteopatik tedavi yaklagimlarinin etkinligini degerlendirmektir.
Calismaya, yas ve cinsiyet agisindan benzer nitelikte 40 birey dahil edilmistir. Katilimeilarin
demografik verilerinde yas, boy ve VKI verilerinde anlaml1 bir farklilik goriilmemistir.(P>0,05)
Sadece viicut agirliginda anlaml farklilik goriilmiistiir. (P<0,05) Katilimeilar randomize olarak
iki gruba ayrilmistir: birinci gruba myofasyal gevsetme, tetik nokta tedavisi, kraniosakral
osteopati, visseral osteopati, osteopatik manipiilasyon ve harmonik hareket terapisi gibi
osteopatik teknikler uygulanirken; ikinci gruba TENS, infraruj ve egzersiz programi i¢eren
klasik fizik tedavi protokolii uygulanmigtir. Tiim katilimcilara haftada bir seans olmak tizere
toplam dort seanslik uygulama yapilmistir. Tedavi 6ncesi ve sonrasi degerlendirmelerde Vistiel
Agn Skalas1 (VAS), Boyun Oziirliiliik indeksi (NDI), SF-36 Yasam Kalitesi Olgegi, kas
kuvveti testleri ve eklem hareket acikligi olgtimleri kullanilmistir. Elde edilen veriler SPSS
programi ile analiz edilmis ve osteopatik tedavi grubunda, agri diizeyi (P<0,001),
fonksiyonellik (P<0,001), yasam kalitesi (P<0,005), kas kuvveti (P<0,005) ve hareket agiklig1
(P<0,005) agisindan istatistiksel olarak anlamli diizeyde iyilesmeler tespit edilmistir. Bulgular,
osteopatik yaklasimlarin spesifik olmayan boyun agrisinin biitiinciil yonetiminde etkili bir
tedavi segenegi olabilecegini ortaya koymaktadir. Bu dogrultuda, osteopatik uygulamalarin
klinik pratikte daha yaygin ve sistematik sekilde kullanilmasinin, boyun agris1 tedavisinde
olumlu katkilar saglayabilecegi diisiiniiyoruz.

Anahtar Kelimeler: Boyun, Servikal, Agri, Osteopati, Manuel terapi
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EVALUATION OF THE EFFECT OF OSTEOPATHY APPLICATIONS ON NECK
PAIN

ABSTRACT

Non-specific neck pain is a common musculoskeletal problem that negatively affects quality of
life and causes loss of workforce today. The aim of this study is to evaluate the effectiveness of
osteopathic treatment approaches in individuals with neck pain. A total of 40 individuals with
similar characteristics in terms of age and gender were included in the study. No significant
difference was observed in the demographic data of the participants regarding age, height, and
BMI (P>0.05). Only body weight showed a significant difference (P<0.05). The participants
were randomly divided into two groups: the first group received osteopathic techniques such as
myofascial release, trigger point therapy, craniosacral osteopathy, visceral osteopathy,
osteopathic manipulation, and harmonic movement therapy; while the second group received a
classical physiotherapy protocol including TENS, infrared, and an exercise program. All
participants received a total of four sessions, one session per week. In the pre- and post-
treatment evaluations, Visual Analog Scale (VAS), Neck Disability Index (NDI), SF-36 Quality
of Life Scale, muscle strength tests, and range of motion measurements were used. The data
obtained were analyzed with the SPSS program, and statistically significant improvements were
detected in the osteopathic treatment group in terms of pain level (P<0.001), functionality
(P<0.001), quality of life (P<0.005), muscle strength (P<0.005), and range of motion (P<0.005).
The findings reveal that osteopathic approaches may be an effective treatment option in the
holistic management of non-specific neck pain. In this direction, we think that the more
widespread and systematic use of osteopathic applications in clinical practice may provide
positive contributions to the treatment of neck pain.

Keywords: Neck, Cervical, Pain, Osteopathy, Manual therapy
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DUCHENNE MUSKULER DiSTROFi: GUNCEL LITERATUR ISIGINDA
BUTUNCUL BiR DEGERLENDIRME

Assoc. Prof. Dilek KONUK SENER

Duzce University, Faculty of of Health Science, Department of Child Health and Diseases Nursing,
Konuralp Campus, Duzce

ORCID ID: 0000-0002-7813-2789

OZET

Duchenne muskiiler distrofi (DMD), X kromozomuna bagli resesif gecis gosteren ve distrofin
genindeki mutasyonlar sonucu ortaya ¢ikan ndromuskiiler bir hastaliktir. Bu mutasyonlar, hiicre
membran proteini olan distrofinin tamamen ya da kismi eksikligine yol agarak hastaligin
olusumunda belirleyici rol oynamaktadir. DMD, ¢ocukluk ¢aginda en sik goriilen néromuskiiler
hastalik olup, insidansinin erkek ¢ocuklarinda yaklasik 1/3500-5000 oldugu bildirilmektedir.
Hastalik erkek cocuklarda semptomatik olarak ortaya ¢ikarken, kiz ¢ocuklar genellikle
asemptomatik tasiyict olarak tanimlanmaktadir. Klinik bulgular 2-5 yaslar1 arasinda
belirginlesmektedir. Hastaligin erken doneminde, ekstremite proksimalinde kas zayifligi, geg
yilirime (ortalama 18. ay), tekrarlayan diismeler, sakarlik, baldir kaslarinda psddohipertrofi,
Gower’s belirtisi ve kaba motor fonksiyon kayiplar1 goriilmektedir. Hastalik ilerledikge,
skolyoz, eklem kontraktiirleri, kardiyomiyopati ve solunum yetmezligi gibi komplikasyonlar
gelismektedir. Ambulasyon yetenegi genellikle 10-12 yas civarinda kaybolmaktadir. Tani;
klinik bulgular, serum kreatin kinaz yiiksekligi, kas biyopsisi ve genetik analiz ile
dogrulanmaktadir. Gilinlimiizde hastaligin kesin tedavisi bulunmamakla birlikte, mevcut
yaklagimlar hastaligin ilerlemesini yavaslatmayi, komplikasyonlar1 azaltmayir ve yasam
kalitesini artirmayi amaclamaktadir. Bu dogrultuda, glukokortikoid tedavisi, fizyoterapi,
ortopedik miidahaleler, solunum destegi ve kardiyak izlem gibi multidisipliner yaklasimlar
uygulanmaktadir. Ayrica, son yillarda genetik temelli tedavi yaklagimlarina yonelik ¢aligmalar
yogun bir sekilde devam etmektedir. Bu bildiride, diinya ¢apinda onemli bir saglik sorunu
olarak karsimiza ¢ikan DMD hastalig1 hakkinda bilgi verilerek, tani, tedavi ve rehabilitasyon
yaklagimlari agiklanacak ve konu ile ilgili yapilan arastirmalarin sonuglar1 degerlendirilecektir.
Anahtar Kelimeler: Cocuk, duchenne muskiiler distrofi, multidisipliner yaklagim,

noromuskiiler hastaliklar
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DUCHENNE MUSCULAR DYSTROPHY: A HOLISTIC ASSESSMENT IN THE
LIGHT OF CURRENT LITERATURE

ABSTRACT

Duchenne muscular dystrophy (DMD) is a neuromuscular disease that is inherited in an X-
linked recessive manner and occurs as a result of mutations in the dystrophin gene. These
mutations play a decisive role in the development of the disease by causing complete or partial
deficiency of the cell membrane protein dystrophin. DMD is the most common neuromuscular
disease in childhood, with an incidence of approximately 1/3500-5000 male births. While the
disease occurs symptomatically male children, female children are usually asymptomatic
carriers. Clinical findings become apparent between the ages of 2 and 5. Early symptoms of the
disease include muscle weakness in the proximal extremities, delayed walking (average 18
months), recurrent falls, clumsiness, pseudohypertrophy of the calf muscles, Gower's sign, and
loss of gross motor function. As the disease progresses, complications arise such as scoliosis,
joint contractures, cardiomyopathy, and respiratory failure. Most patients lose the ability to
ambulate between ages 10 and 12 years. Diagnosis is confirmed by clinical findings, elevation
of serum creatine kinase levels, muscle biopsy, and genetic analysis. Currently, there is no
definitive cure for the disease; however, existing approaches aim to slow the progression of the
disease, reduce complications, and improve quality of life. In this context, multidisciplinary
approaches are implemented such as glucocorticoid therapy, physical therapy, orthopedic
interventions, respiratory support, and cardiac monitoring. In addition, research on genetically
based treatment approaches has been intensively ongoing in recent years. In this paper will
provide information about DMD disease, which is an important health problem worldwide,
diagnosis, treatment and rehabilitation approaches will be explained and the results of the
researches will be evaluated on the subject.

Keywords: Child, duchenne muscular dystrophy, multidisciplinary approach, neuromuscular
disorders

1. GIRIS

Duchenne muskiiler distrofi (DMD), Xp21 genindeki mutasyonlar nedeniyle distrofin proteinin
tiretilememesi sonucu ortaya ¢ikan ve progresif kas giigsiizliigii ile karakterize néromuskiiler
bir hastaliktir (Akbulut ve Askintas, 2023; Arslantatar ve Topguoglu, 2021; Gencer ve ark.,
2022). Hastaligin ayirt edici 6zelligi, hiicre membran proteini olan distrofinin tamamen ya da
kismi (%3'ten daha az) eksikligidir. X kromozomuna bagli resesif gecis gosterdigi i¢in erkek

cocuklarda hastalik goriiliirken, kiz ¢ocuklar genellikle tasiyict olarak yasamlarimi
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stirdirmektedirler (Assefa ve ark., 2024; Ekici ve Koseoglu, 2022). Ancak nadir olarak Turner

Sendromu (X0), X kromozomunun yapisal anormalligi veya X otozomal translokasyonu
bulunan kiz c¢ocuklarinda da klinik tablo ortaya c¢ikabilmektedir (Assefa ve ark., 2024;
Venugopal ve Pavlakis., 2023). DMD, en yaygin goriilen kalitsal noromuskiiler hastaliktir ve
herhangi bir irk veya etnik kokene bagli olarak farklilik gostermemektedir (Assefa ve ark.,
2024). Hastaligin goriilme sikliginin erkek ¢ocuklarinda 1/3500-5.000, kiz ¢ocuklarinda ise
1/50.000.000 oldugu bildirilmektedir (Assefa ve ark., 2024; Hammer ve ark., 2021; Patterson
ve ark., 2023).

Hastaligin semptomlar1 ekstremite proksimalinde bilateral kas zayiflig1 ile baglamakta, geg
ylriime (ortalama 18. ay), tekrarlayan diismeler, Gower’s belirtisi, baldir kaslarinda anormal
biliylime (psddohipertrofi) ve kaba motor fonksiyon kayiplar1 goriilmektedir (Akbulut ve
Askintas, 2023; Akkurt ve ark., 2022). ilerleyen donemlerde ise kaslarda siddetli atrofi,
ambulasyon kaybi, osteoporoz, skolyoz, lordoz, solunum fonksiyonlarinda disiis,
kardiyomiyopati, ince motor fonksiyon kaybi ile progresyon gostermektedir (Akbulut ve
Askintas, 2023; Assefa ve ark., 2024). Bu fiziksel etkilenimlerin yani sira, otizm spektrum
bozuklugu (OSB), orta derecede zeka geriligi ve 6grenme gligliigii gibi gelisimsel bozukluklar
da goriilebilmektedir (Arslantatar ve Topguoglu, 2021; Yilmaz, 2021).

DMD hastaliginin tanisi, kapsamli bir klinik degerlendirme, ayrintili hasta dykiisii, kan testi,
kas biyopsisi, elektromiyografi (EMG) ve molekiiler genetik testlerin incelenmesi ile
konulmaktadir (Assefa ve ark., 2024; Kim ve ark., 2017). DMD ydniinde siiphelenilmesi
durumunda yapilacak ilk adim serum kreatin kinaz (CK) seviyesinin incelenmesidir. Bu
hastalarda dogumdan itibaren serum CK seviyeleri yiikselmeye baslamakta ve ¢ogu vakada iki
yasina kadar normal {ist sinirin 10-100 katina kadar ulasabilmektedir (Kim ve ark., 2017). Kas
biyopsisinde dejenerasyon, rejenerasyon, kas lifleri arasinda cap farki, yag ve bag dokusunda
artis goriilmektedir (Yilmaz, 2021). EMG bulgularinda, motor ve duyusal sinir iletim hizlari
normal iken, miyopatik degisiklikler gozlenebilmektedir (Venugopal ve Pavlakis., 2023;
Yilmaz, 2021). DMD’ye neden olan DNA’daki degisimin (genetik mutasyon) arastirildigi
genetik testler ile tani1 kesinlestirilmektedir (Assefa ve ark., 2024; Venugopal ve Pavlakis.,
2023).

Giliniimilizde terapotik alandaki biiylik ilerlemelere ragmen, hastali§i tamamen tedavi eden
herhangi bir yontem heniiz bildirilmemektedir (Patterson ve ark., 2023; Yener ve ark., 2022).
Bu nedenle hastaligin yonetimi semptomatik ve destekleyici tedavi temeline dayanmaktadir

(Yener ve ark., 2022). Hastaligin tedavi siireci kortikosteroid kullanimi, kontraktiirlerin
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onlenmesi, fiziksel rehabilitasyon, kardiyomiyopati ve solunum yetmezliginin diizenlenmesine
odaklanmaktadir (Heydemann ve Siemionow, 2023; Patterson ve ark., 2023). Hastalarda
fonksiyonel ve motor etkilenmeye bagli olarak klinik seyir degisebilecegi i¢in, tedavi
yaklagimlar1 hastanin bireysel ihtiyaglarina ve tercihlerine gore diizenlenmelidir (Assefa ve
ark., 2024). Dolayisiyla, tedavi ve rehabilitasyon siirecinde multidisipliner ve hasta merkezli
bir yaklasim sergilenmesi gerekmektedir. Bu ekip icinde doktor, hemsire, fizyoterapist,
psikolog, ortotist, diyetisyen, sosyal hizmet uzmanlari, is-ugras1 ve konusma terapistlerine
onemli sorumluluklar diismektedir (Assefa ve ark., 2024; Venugopal ve Pavlakis., 2023). Bu
dogrultuda bildiride, cocuklarda 6nemli bir saglik sorunu olarak karsimiza ¢ikan DMD
hastaliginin incelenmesi amaglanmaktadir. Amaca yonelik olarak, hastalik hakkinda bilgi
verilerek, tani, tedavi ve rehabilitasyon yaklagimlari aciklanacak ve konu ile ilgili yapilan
arastirmalarin sonuglar1 degerlendirilecektir.

2. DUCHENNE MUSKULER DISTROFININ ETIYOLOJi VE EPIDEMIYOLOJISI
DMD, X kromozomunda bulunan distrofin genindeki mutasyonlar sonucu ortaya ¢ikan genetik
bir hastaliktir (Heydemann ve Siemionow, 2023; Patterson ve ark., 2023). DMD'li hastalarda
mutasyonlarin yaklasik %60-70'ini delesyon, %5-15'ini duplikasyon ve %Z20'sini nokta
mutasyonu, kiigiik delesyon veya insersiyonlar olusturmaktadir (Kourakis ve ark., 2021). Bu
mutasyonlar, hiicre membran proteini olan distrofinin tamamen ya da kismi eksikligi ile
sonuclanmaktadir (Wilson ve ark., 2022).

Distrofin, iskelet ve kalp kasi hiicrelerinde bulunan ve kas hiicre membraninin stabilitesi igin
cok 6nemli olan bir proteindir (Wilson ve ark., 2022; Yener ve ark., 2022). Distrofin proteini,
sarkolemma zarinin yapisal biitiinliiglinti koruyarak kas liflerinin saglam bir sekilde bir arada
tutulmasini saglamaktadir (Kourakis ve ark., 2021; Wilson ve ark., 2022). Distrofin proteinin
yoklugunda kas hiicresinin yapis1 bozularak, kas kirilganlig1 artmakta ve kas lifleri dejenere
olmaktadir (Wilson ve ark., 2022; Yener ve ark., 2022). Bu durum ilerleyici kas dokusu
yikimina ve fonksiyon kaybina yol agmaktadir (Akbulut ve Askintas, 2023).

DMD, diinya ¢apinda en yaygin goriilen kalitsal ndromuskiiler hastaliktir ve ilk olarak 1861
yilinda Fransiz norolog Guillaume-Benjamin Duchenne tarafindan tanimlanmistir (Assefa ve
ark., 2024). Hastaligin goriilme sikliginin her 3500/5000 canli erkek dogumda bir oldugu
tahmin edilmektedir (Hammer ve ark., 2021; Heydemann ve Siemionow, 2023; Patterson ve
ark., 2023). Her yil diinya ¢apinda 20.000 yeni tan1 konuldugu bildirilmektedir (Ekici ve
Koseoglu, 2022). Tiirkiye’de farkli kas hastaliklar1 gruplarindan olmak tizere yaklasik 100.000

néromuskiiler hastanin var oldugu, bu say1 igerisinde yaklasik 10.000 DMD hastasinin
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bulundugu, bu saymin yaklasik 5.000'inin ¢ocuk hastalardan olustugu tahmin edilmektedir
(Arslantatar ve Topguoglu, 2021).

DMD, diinyanin her yerinde goriilebilmekte ve tim irklarn etkilemektedir (Assefa ve ark.,
2024). Kiz ¢ocuklar1 genellikle tasiyic1 olmakla birlikte hastalik belirtisi gostermemektedirler
(Ekici ve Kdseoglu, 2022). Ancak bazi tasiyict kiz ¢ocuklarinda nadir durumlarda hafif kas
zay1flig1 veya kalp sorunlari ortaya c¢ikabilmektedir (Assefa ve ark., 2024). Bununla birlikte,
Turner Sendromu (X0), X kromozomunun yapisal anormalligi veya X otozomal translokasyonu
gibi genetik durumlardan birinin varliginda, kiz ¢ocuklarinda da DMD gelisebilmektedir.
Ancak bu durum ¢ok nadir olup, kiz ¢ocuklarinda goriilme sikliginin 1/50.000.000 oldugu
bildirilmektedir (Assefa ve ark., 2024; Venugopal ve Pavlakis., 2023).

3.DUCHENNE MUSKULER DiSTROFININ KLINIK OZELLIiKLERI

DMD hastaliginin klinik bulgulari, erken ¢ocukluk déneminde kas zayiflig1 ve atrofisi ile
ortaya ¢ikmaktadir (Akkurt ve ark., 2022; Venugopal ve Pavlakis., 2023). Kas zayiflig1, distal
kaslardan ¢ok proksimal kaslarda ve iist ekstremitelere gore alt ekstremitelerde daha belirgin
goriilmektedir (Patterson ve ark., 2023). Hastaligin erken belirtileri arasinda, yiirlimede
gecikme (ortalama 18. ay), tekrarlayan diismeler, sakarlik, parmak ucunda yiiriime, kogsmada
ve merdiven ¢ikmada zorluk bulunmaktadir (Akbulut ve Askintas, 2023; Mercuri ve ark.,
2023).

DMD’nin karakteristik bulgularindan birisi Gower’s belirtisidir (Budzynska ve ark., 2024). Bu
bulgu, pelvik veya alt ekstremite proksimal kaslarindaki zayifliga bagli olarak ortaya
cikmaktadir (Mercuri ve ark., 2023). Gower’s belirtisi, cocugun yerden ayaga kalkmasi
sirasinda kalca ve uyluk kaslarindaki giigsiizliigii telafi etmek i¢in, viicudunu elleri ve kollariyla
yukartya dogru itmesi olarak tanimlanmaktadir (Mercuri ve ark., 2023; Patterson ve ark., 2023).
Buna ek olarak, baldirlarda kas lifleri arasinda yag ve bag dokusunun artis1 ile karakterize
psodohipertrofi de sik¢a gozlenmektedir (Budzynska ve ark., 2024).

Hastaligin ilerlemesi ile birlikte, kaslarda siddetli atrofi, kontraktiir, skolyoz, lordoz, uyluk ve
gogiis kaslarinin zayiflamasi gibi ek bulgular gelisebilmektedir (Budzynska ve ark., 2024;
Patterson ve ark., 2023). DMD’li ¢cocuklar 10-12 yas civarinda ilerleyen kas zayiflig1 ile birlikte
ylriime yetenegini tamamen kaybetmekte ve tekerlekli sandalye kullanimina baslamaktadirlar
(Assefa ve ark., 2024). Distrofin geninin kas disinda sinir hiicrelerinde de sentezlenmesi
nedeniyle bu semptomlara ek olarak; kalp etkilenimi ile kardiyomiyopatiler, beyindeki
etkilenim ile kognitif ve konusma problemleri, diiz kaslarin etkilenimi ile gastrointestinal

problemler gibi organ tutulumlar1 da klinik tabloya eslik edebilmektedir (Akbulut ve Askintas,
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2023). Mevcut ¢alismalar, DMD hastalarinin yaklasik %32'sinde dikkat eksikligi/hiperaktivite

bozuklugu (DEHB), %27'sinde anksiyete, %26'sinda 6grenme gii¢liigii, %17-27'sinde zihinsel
yetersizlik ve %15'inde otizm spektrum bozuklugu (OSB) goriildiiglinii bildirmektedir
(Banihani ve ark., 2015; Saito ve ark., 2022; Xu ve ark., 2023). Hastaligin ilerleyici seyrinden
dolayr DMD hastalar1 20 ile 40 yaslar arasinda kardiyak ve/veya solunum problemlerinden
dolay1 hayatin1 kaybetmektedir (Assefa ve ark., 2024; Mercuri ve ark., 2023).

4.DUCHENNE MUSKULER DiSTROFIDE TANI YONTEMLERI

DMD tanisi, klinik bulgularin kapsamli incelenmesi ve genetik testlerle desteklenen ileri
tetkiklerin biitiinciil bir sekilde degerlendirilmesiyle konulmaktadir (Assefa ve ark., 2024; Kim
ve ark., 2017). Hastaligin tanisinda ilk olarak proksimal kas gii¢siizliigii, yiirimede gecikme,
sik diisme, Gower’s belirtisi, baldir kaslarinda psddohipertrofi gibi klinik bulgular dikkatli
degerlendirilmelidir (Mercuri ve ark., 2023). Bu klinik bulgular dogrultusunda, taniyi
kesinlestirmek amaciyla gesitli laboratuvar, patolojik ve genetik incelemelere dayanan ileri
tetkikler yapilmalidir (Mercuri ve ark., 2023; Thomas ve ark., 2022).

DMD hastalarinda laboratuvar bulgulari, iskelet kast yikimini yansitan belirgin biyokimyasal
degisiklikleri icermektedir (Kim ve ark., 2017; Thomas ve ark., 2022). Tanida en 6nemli
parametrelerden biri olan CK diizeyleri, hastaligin erken donemlerinden itibaren belirgin
sekilde artmakta ve ¢ogu vakada normal referans araliginin 10-100 katina kadar
ulagabilmektedir (Kim ve ark., 2017). Hastalarda CK yiiksekligine ek olarak, aspartat
aminotransferaz (AST) ve alanin aminotransferaz (ALT) diizeyleri de artabilmektedir. Ancak
bu enzimler karaciger kaynakli da ytikselebildiginden, kas yikimiyla iligkili olduklarinin ayirici
tanist dikkatli yapilmalidir (Rohlenova ve ark., 2025).

EMG, kaslarin ve onlar1 kontrol eden sinirlerin elektriksel aktivitelerini degerlendirmek
amaciyla kullanilan norofizyolojik bir tan1 yontemidir (Islamiyah ve Putri, 2023). DMD
hastalarinda EMG’de motor ve duyusal sinir iletim hizlar1 normal iken, miyopatik degisiklikler
gozlenebilmektedir (Venugopal ve Pavlakis., 2023; Yilmaz, 2021). Ancak EMG kesin tani
yontemi olmayip, 6zgiil bulgu vermemektedir (Venugopal ve Pavlakis., 2023). Bu nedenle,
EMG giiniimiizde DMD’nin tanilama siirecinde nadiren kullanilmaktadir (Islamiyah ve Putri,
2023).

Kas biyopsisi, genetik testlerin yetersiz kaldigr durumlarda tamamlayict bir degerlendirme
yontemi olarak kullanilmaktadir (Barthelemy ve ark., 2020; Cardone ve ark., 2023). Kas
biyopsisinde genellikle vastus lateralis gibi etkilenmis bir kas dokusundan kiiciik bir 6rnek

alinmaktadir (Barthelemy ve ark., 2020). Histopatolojik incelemede, kas liflerinde nekroz,
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dejenerasyon, rejenerasyon, kas lifleri arasinda cap farki, yag ve bag dokusunda artig
gozlenmektedir (Barthelemy ve ark., 2020; Cardone ve ark., 2023; Patterson ve ark., 2023).
Giliniimiizde genetik testlerin yaygin kullanimi kas biyopsisine olan gereksinimi azaltmis olsa
da, 6zellikle stipheli vakalarda 6nemli bir tanisal yontem olarak kullanilmaktadir (Barthelemy
ve ark., 2020; Cardone ve ark., 2023).

Molekiiler genetik testler, DNA dizisinde yer alan mutasyonlar1 veya varyasyonlar1 belirlemek
amaciyla uygulanmaktadir (Assefa ve ark., 2024; Zhong ve ark., 2021). DMD hastalarinin
yaklasik %75'inde delesyon ve duplikasyon tipi mutasyonlar saptanmaktadir (Kourakis ve ark.,
2021). Bu mutasyonlar, multipleks ligasyona bagimli prob amplifikasyonu (MLPA) ile tespit
edilebilmektedir. (Venugopal ve Pavlakis., 2023; Zhong ve ark., 2021). Kiiglik delesyonlar ve
nokta mutasyonlar ise yeni nesil dizileme ile belirlenebilmektedir. Ayrica, anneye yonelik
genetik analiz yapilarak tastyicilik durumu degerlendirilmeli ve riskli durumlarda prenatal tani
ve genetik danigmanlik onerilmelidir (Zhong ve ark., 2021).

5.DUCHENNE MUSKULER DISTROFiLi COCUKLARDA TEDAVI VE
REHABILITASYON YAKLASIMLARI

Son yillarda terapétik alandaki biiytik ilerlemelere ragmen, DMD hastaliginin kesin tedavisi
heniiz bulunmamaktadir (Venugopal ve Pavlakis, 2023; Yener ve ark., 2022). Bu nedenle DMD
tedavisinde amag, hastaligin ilerlemesinin yavaslatilmasi, komplikasyonlarin Onlenmesi,
semptom yonetimi ve yagam kalitesinin artiritlmasina odaklanmaktadir (Assefa ve ark., 2024;
Venugopal ve Pavlakis, 2023). Giincel literatiir 15181nda hastaligin yonetimi; glukokortikoid
tedavisi, genetik temelli tedaviler, fizyoterapi, solunum destegi ve kardiyak izlem gibi
multidisipliner yaklasimlar1 i¢cermektedir (Patterson ve ark., 2023; Venugopal ve Pavlakis,
2023; Yener ve ark., 2022). Bu kapsamda, hastalarin bulgularinin 6nlenmesinde ve
yonetiminde doktor, hemsire, fizyoterapist, psikolog, ortotist, diyetisyen, sosyal hizmet
uzmanlari, is-ugras1 ve konusma terapistleri kilit rol oynamaktadir (Assefa ve ark., 2024;
Venugopal ve Pavlakis, 2023).

Glukokortikoidler, DMD’li bireylerde kas zay1flig1, kardiyomiyopati ve skolyozun ilerlemesini
yavaglatmakta, solunum fonksiyonunu gelistirmekte ve fonksiyonel yetersizligi
geciktirmektedir (Yener ve ark., 2022). Cocuklarda glukokortikoid tedavisi, prednizon ve
deflazacort olmak tizere iki ana ila¢ {izerinden planlanmaktadir. Prednizon dozu 0,75 mg
kg/glin, deflazacort ise 0,9 mg/kg/gilin olarak tavsiye edilmektedir (Venugopal ve Pavlakis,
2023). Glukokortikoidlerin émiir boyu kullanimi Avrupa Noromiiskiiler Merkezi tarafindan

onerilmektedir (Yi1lmaz, 2021). Ancak uzun siireli glukokortikoid kullanimi ciddi yan etkilere
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(bliytime geriligi, osteoporoz, hipertansiyon, obezite vb.) neden olabilecegi i¢in diizenli takip
ve doz ayarlanmasi gerekmektedir (Ekici ve Koseoglu, 2022; Heydemann ve Siemionow,
2023).

Ataluren (PTC124), “nonsense mutasyon’ olarak adlandirilan belirli bir mutasyon veya genetik
koddaki degisikligi hedefleyen bir tedavi ajanidir (Glimiis, 2022; Patterson ve ark., 2023).
Ataluren, nonsense mutasyonlar sonucu eksik ya da hatali iiretilen distrofin proteininin
sentezini kismen miimkiin kilarak, distrofin iiretimini artirmay1 amacglamaktadir. Boylece, kas
hiicrelerinde distrofin diizeyini artirarak, hastaligin ilerleyisini yavaslatmay1 hedeflemektedir
(Patterson ve ark., 2023). Ulkemizde ataluren, distrofin geninde nonsense mutasyonlar oldugu
genetik test (DNA analizi) ile ortaya konulan bes yas ve iizeri hastalarda, norologlar tarafindan
yapilan degerlendirmeler sonucunda uygun goriildiigii takdirde recetelenebilmektedir (Gilimiis,
2022).

Genetik temelli yaklagimlar, hastalifin kdkeninde yer alan distrofin genindeki mutasyonlari
hedef alarak kalict ¢oziimler sunmayi amaglayan yenilik¢i yontemlerdir (Heydemann ve
Siemionow, 2023). Bu yaklagimlar gen terapisi ve ekson atlama tedavisi olmak tizere iki baglik
altinda incelenmektedir (Gilimiis, 2022). Gen terapisinde distrofin proteininin yeniden liretimini
saglamak icin, saglikli ve islevsel bir distrofin geninin kas hiicrelerine tasinmasi
amaglanmaktadir (Patterson ve ark., 2023). Bu yontemde viriislerin tasiyicilik 6zelliginden
yararlanilarak, islevsel distrofin proteini iiretimi icin gerekli olan genetik kod dogrudan
hiicrenin ¢ekirdegine yerlestirilmektedir (Gilimiis, 2022). Ekson atlama yonteminde ise,
DMD’ye neden olan distrofin genindeki mutasyonlar atlanarak, hiicrelerin kismen islevsel bir
distrofin proteini liretmesini saglamak amaglanmaktadir (Patterson ve ark., 2023). Ancak ekson
atlama tedavileri DMD’yi ortadan kaldirmamakta, daha hafif seyirli olan Becker Muskiiler
Distrofi fenotipine doniistliriilmesini hedeflemektedir (Heydemann ve Siemionow, 2023;
Patterson ve ark., 2023). Giincel ¢aligsmalarda etkinliklerinin sinirli oldugu anlasilmaktadir ve
klinik ¢alismalar halen devam etmektedir (Giimiis, 2022).

Fizyoterapi ve rehabilitasyon yaklagimlari, zayiflayan kas giiciinii korumak ve gelistirmek,
fonksiyonunu siirdiirmek, kontraktiir ve deformite olusumunu 6nlemek veya en aza indirmeyi
amaclamaktadir (Yener ve ark., 2022; Yilmaz, 2021). DMD tanili ¢ocuklarin fizyoterapi ve
rehabilitasyon stiregleri, teshis konulmasinin ardindan hemen baglatilmali ve hastaligin
ilerlemesiyle birlikte ihtiyaglar1 dogrultusunda devam edilmelidir (Yener ve ark., 2022). Kas
kontraktiirleri ve deformite olusumunu engellemek i¢in diizenli hafif egzersizler, germe

egzersizleri ve pozisyonlama uygulanmalidir (Glimiis, 2022; Hammer ve ark., 2021). Asir1
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zorlayici egzersizlerden kaginilmali, kas yorgunlugunu artiracak aktiviteler sinirlandirilmalidir.
(Hammer ve ark., 2021). Submaksimal gii¢le yapilan, ¢ok tekrarli aerobik egzersizler
uygulanmalidir (Yilmaz, 2021). Tedavide yiizmenin ¢ok Onemli bir yeri bulunmaktadir
(Glimiis, 2022). Ayrica, yiirime fonksiyonunun desteklenmesi amaciyla ortez kullanimi
onerilmektedir (Hammer ve ark., 2021).

Kalp ve solunum fonksiyonlarinin desteklenmesinin, DMD hastalarinin yasam kalitesinin
artirilmasinda ve komplikasyonlarin 6nlenmesinde kritik 6nemi bulunmaktadir (Patterson ve
ark., 2023). Tan1 konuldugu andan itibaren fizik muayene, elektrokardiyografi, ekokardiyografi
ve solunum fonksiyon testleri ile hastalar diizenli olarak degerlendirilmelidir (Venugopal ve
Pavlakis., 2023). Kardiyomiyopati varliginda beta blokerler ve anjiyotensin konverting enzim
inhibitorleri kullanilmasi 6nerilmektedir (Yilmaz, 2021). En 6nemli noktalardan biri ise
solunum yolu enfeksiyonlarinin dnlenmesidir. Bu amagcla, asilarin diizenli olarak yapilmasi
gerekmektedir (Giimiis, 2022).

6.SONUC

DMD, erken ¢ocukluk doneminde baslayan, ilerleyici kas giigsiizliigii ve fonksiyon kaybi ile
seyreden, genetik gecisli noromuskiiler bir hastaliktir. Hastaligin semptomlar1 ekstremite
proksimalinde bilateral kas zayiflig1 ile baslamakta, daha sonra ekstremite distali de
etkilenmektedir. ilk bulgular arasinda yardim almadan oturma, ayakta durma ve yiiriime gibi
gelisimsel ilerlemelerde gecikmeler gozlenmektedir. Hastaligin tipik bulgulari arasinda, baldir
kaslarinda psodohipertrofi, stk diisme, parmak ucunda yiiriime ve Gowers belirtisi yer
almaktadir. Ilerleyen donemlerde kardiyomiyopati ve solunum yetmezligi gibi yasam siiresini
kisaltan komplikasyonlar ortaya ¢ikmaktadir.

Hastaligin tanis1 genellikle ¢ocukluk ¢aginda gerceklesmekte ve kan testleri, kas biyopsisi ve
genetik testlerle dogrulanmaktadir. Glinlimiizde hastaligin tamamen iyilestirilmesine yonelik
kesin bir tedavi bulunmamaktadir. Ancak, farmakolojik ajanlar ve destekleyici yaklagimlar ile
hastaligin ilerleyisi yavaslatilabilmektedir. DMD yo6netiminde multidisipliner yaklasim son
derece 6nemli olup, erken tani ile diizenli takip, hem yasam stiresini hem de kalitesini anlaml1
sekilde artirmaktadir. Bu kapsamda, ulusal diizeyde farkindalik ¢aligmalarinin desteklenmesi,
gen tedavisi ve yeni farmakolojik ajanlar konusunda yiiriitiilen klinik ¢alismalarin yakindan
takip edilmesi Onerilmektedir. Saglik profesyonellerinin yetkinliklerini artirmak amaciyla,
egitim modiilleri ve mesleki gelisim programlar1 uygulanmalidir. Ayrica, hastaligin getirdigi
duygusal ve sosyal zorluklarin azaltilmasina yardimci olmak icin, hasta ve ailelerine yonelik

psikososyal destek mekanizmalari giiclendirilmelidir.
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OZET

Spinal muskiiler atrofi (SMA), otozomal resesif ge¢is gosteren ve omuriligin 6n boynuzundaki
motor noronlarin dejenerasyonu sonucu ortaya ¢ikan néromuskiiler bir hastaliktir. Hastalarda
ilerleyici kas gii¢siizliigii, hipotoni, tremor, kontraktiir, skolyoz, dilde fasikiilasyon, disfaji ve
solunum yetmezligi gibi klinik bulgular goriilmektedir. SMA, baslangi¢ yasi, motor geriligin
siddeti ve beklenen yasam siiresine gore bes tip (0-4) olarak siniflandirilmaktadir. SMA Tip 0
(prenatal baslangi¢li) ve SMA Tip 1 (infantil baslangicli), hastaligin en siddetli formlar1 olarak
tanimlanmaktadir. SMA Tip 2 ve SMA Tip 3 daha gec baslangicli olup, daha hafif klinik seyir
gostermektedir. SMA Tip 4 ise eriskin donemde baslamakta ve en hafif form olarak kabul
edilmektedir. Hastaligin kesin tanis1 SMN1 molekiiler genetik analizinde patojenik varyantin
tespiti ile konulmaktadir. Hastalik ile miicadele ve erken tanida en etkili yontemler, tasiyict ve
yenidogan tarama programlart ile prenatal ve preimplantasyon tani ydntemleri olarak
siralanmaktadir. Gliniimiizde hastaligin tedavisi i¢in nusinersen, onasemnogene abeparvovec-
xioi ve risdiplam gibi farkli etken maddelere sahip ilaglar kullanilmaktadir. Ayrica, hastalarin
solunum ve beslenme destegine, palyatif bakima, fizik tedavi ve rehabilitasyon yaklasimlarina
ithtiyaci bulunmaktadir. Bu c¢alismada, kiiresel olgekte dnemli bir saglik sorunu olarak kabul
edilen SMA hastaliginin ¢ok boyutlu ve biitiinciil bir bicimde incelenmesi amaclanmaktadir.
Calisma kapsaminda hastaligin epidemiyolojisi, siniflandirmasi, tani, tedavi ve rehabilitasyon
yaklagimlar1 ele alinacak, ayrica konuya iliskin yapilan aragtirmalarin sonuglari
degerlendirilecektir.

Anahtar Kelimeler: Cocuk, multidisipliner yaklagim, ndromuskiiler hastaliklar, spinal

muskiiler atrofi

SPINAL MUSCULAR ATROPHY: A COMPREHENSIVE AND CURRENT
OVERVIEW

ABSTRACT
Spinal muscular atrophy (SMA) is an autosomal recessive neuromuscular disorder which is
characterized by degeneration of the motor neurons in the anterior horn of the spinal cord.

Patients have clinical findings such as progressive muscle weakness, hypotonia, tremor,
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contracture, scoliosis, tongue fasciculation, dysphagia and respiratory failure. SMA is classified
into five types (0-4) according to age of onset, severity of motor retardation and life expectancy.
SMA Type 0 (prenatal onset) and SMA Type 1 (infantile onset) are the most severe types. SMA
Type 2 and SMA Type 3 have a later onset and milder clinical course. SMA Type 4 has an adult
onset and is considered the mildest form. The definitive diagnosis of the disease is made with
the detection of the pathogenic variant in SMN1 molecular genetic analysis. The most effective
methods for combating the disease and early diagnosis are carrier and neonatal screening
programs and prenatal and preimplantation diagnosis methods. Currently, drugs with different
active ingredients such as nusinersen, onasemnogene abeparvovec-xioi, and risdiplam are being
used for the treatment of the disease. In addition, patients need respiratory and nutritional
support, palliative care, physical therapy, and rehabilitation approaches. This study aims to
examine SMA disease, which is considered a major health problem on a global scale, in a
multidimensional and holistic manner. Within the scope of the study, the epidemiology,
classification, diagnosis, treatment, and rehabilitation approaches of the disease will be
addressed, and the results of the research will be evaluated on the subject.

Keywords: Child, multidisciplinary approach, neuromuscular disorders, spinal muscular

atrophy

1. GIRiS

Spinal muskiiler atrofi (SMA), omuriligin 6n boynuzundaki alfa motor ndronlarin
dejenerasyonu sonucu ortaya c¢ikan, hipotoni, ilerleyici kas gii¢siizliigii ve atrofisi ile
karakterize noromuskiiler bir hastaliktir (Burr ve Reddivari, 2023; Yilmaz ve ark., 2022).
Genetik gecisli olan bu hastaligin kalitim seklinin %98 oraninda otozomal resesif, % 2 oraninda
ise X e bagli resesif veya otozomal dominant oldugu goriilmektedir (Kostak ve Cetintas, 2022).
SMA, kistik fibrozisden sonra bebeklik ve cocukluk déneminin en yaygin goriilen ikinci ciddi
otozomal resesif hastalifidir (Burr ve Reddivari, 2023; Kostak ve Cetintag, 2022). Diinya
capinda SMA goriilme sikliginin 1/10.000, tasiyicilik oraninin ise yaklasik 1/40-60 oldugu
tahmin edilmektedir (Angilletta ve ark., 2023).

Hastaligin tani kriterleri arasinda konjenital hipotoni, iist ve alt ekstremitelerde simetrik kas
giicsiizliigli, tremor, kontraktiir, skolyoz ve dil kaslarinda fasikiilasyon yer almaktadir (T.C.
Saglik Bakanligi, 2022). Kesin tani, kromozom 5ql3 iizerinde bulunan SMN (survival motor
ndronu) geninin molekiiler genetik incelenmesi ile konulmaktadir (Kostak ve Cetintas, 2022).
SMA baslangi¢ yasi, motor gerilemenin siddeti ve beklenen yasam siiresine gore bes farkli tip

olarak tanilanmakta ve degerlendirilmektedir (Nishio ve ark., 2023; Saracaloglu ve
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Demirytirek, 2021). SMA Tip 0 prenatal baslangiclt olup, yaygin motor ve duyu néron kaybi

ile birlikte perinatal 6liim gergeklesmektedir (Saracaloglu ve Demiryiirek, 2021). SMA Tip 1
infantil baslangi¢cli olup, hayatin ilk alt1 ay1 i¢inde hipotoni, desteksiz oturamama ve solunum
sikintis1 ile bulgu vermektedir. Hastalar giderek ilerleyen solunum yetmezligi nedeniyle ilk iki
yilda kaybedilmektedir (Kogoglu ve ark., 2021; Saracaloglu ve Demiryiirek, 2021). SMA Tip
2, dogum sonrasi 6-18. aylar arasinda baglamakta ve Tip 1’deki kadar hizl1 bir klinik kotiilesme
gostermemektedir. Bu tip hastalar desteksiz oturabilmekte ancak desteksiz ayakta duramamakta
veya yirilyememektedirler (Kogoglu ve ark., 2021; Yilmaz ve ark., 2021). SMA Tip 3 yasamin
18. ayindan sonra siklikla yiirtime gii¢liigii ile ortaya ¢ikmaktadir ve bu tipte yasam siiresinde
kisalma genellikle goriilmemektedir (Kogoglu ve ark., 2021). SMA Tip 4 genellikle 30-40
yaslar1 arasinda ortaya c¢ikmakta, hafif klinik seyir gostermekte ve yasam siiresi
etkilenmemektedir (Saracaloglu ve Demirytirek, 2021; Yiicel ve Yiiksel, 2023).

Son yillara kadar SMA hastalifinin tedavisi, semptomlar1 yonetmeye yonelik solunum
fonksiyonlarini diizenleme, beslenme sorunlarinin dnlenmesi ve fiziksel rehabilitasyon gibi
destekleyici tedavi yontemlerinden olusmustur. Fakat gilinlimiizde teknolojik gelismelerle
birlikte gen replasman tedavisinde biiyiik basarilar elde edilmis ve bu sayede hastaligin seyri
onemli Olglide degismistir (Burr ve Reddivari, 2023; Nishio ve ark., 2023; Saracaloglu ve
Demiryiirek, 2021; Yiicel ve Yiiksel, 2023). SMA ile ilgili mevcut calismalar, tedavi
basarisinda en Onemli unsurun klinik bulgular ortaya ¢ikmadan ve motor ndron hasari
ilerlemeden Once tedaviye baslanmasi oldugunu gdstermektedir. Bu nedenle, erken tani ve
genetik tarama 6nem arz etmektedir (Keinath ve ark., 2021; Yeo ve ark., 2024; Yiicel ve Yiiksel,
2023). SMA hastaligimmin fizyopatolojisi, smiflandirmast ve gelismekte olan tanilama
yontemlerini anlamak, hastalar1 etkili bir sekilde tedavi etmenin anahtar noktasini
olusturmaktadir. Bu bildiride diinya ¢apinda 6nemli bir saglik sorunu olarak karsimiza ¢ikan
SMA hastaliginin incelenmesi amaclanmaktadir. Bu dogrultuda, hastalik hakkinda bilgi
verilerek, tani, tedavi ve rehabilitasyon yaklagimlar1 aciklanacak ve konu ile ilgili yapilan
aragtirmalarin sonuglar1 degerlendirilecektir.

2. SPINAL MUSKULER ATROFININ TANIMI VE EPIDEMiYOLOJISi

SMA, survival motor néron (SMN) genindeki delesyonlar veya mutasyonlarin neden oldugu,
ilerleyici kas gii¢siizliigii ve tonus azalmasi ile karakterize genetik bir hastaliktir (Saracaloglu
ve Demiryiirek, 2021; Mercuri ve ark., 2022). SMA’nin ortaya ¢ikmasinda rol oynayan SMN
geni, 5. Kromozomun fizerinde ve 5ql1.2-13.3 lokasyonunda, iki adet kopya halinde

bulunmaktadir (SMN1 ve SMN2). Bu geni iceren homozigot delesyon veya mutasyon
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durumunda SMN proteinleri tiretilememekte, bu durum omuriligin ventral boynuzunda bulunan
alfa motor noéronlarinin dejenerasyonuna, ilerleyici ve simetrik kas giigsiizliigii ve felce yol
acmaktadir (Mercuri ve ark., 2022; Yilmaz ve ark., 2022). SMA, %98 oraninda otozomal
resesif, geriye kalan %2 oraninda ise otozomal dominant veya X'e bagli resesif kalitim ile gecis
gostermektedir (Kostak ve Cetintas, 2022).

Avusturyali nérolog Guido Werdnig 1891 yilinda SMA’y1 ilk defa tanimlamis ve hastaliktan
etkilenen iki ¢ocugun otopsisinin sonuglarin1 yaymlamistir. Bu ilk raporu, 1891 ve 1892
yillarinda Johan Hoffmann tarafindan tespit edilen vakalarin raporlar1 takip etmistir
(Saracaloglu ve Demiryiirek, 2021). SMA hastaliginin semptomlar1 incelendiginde, en belirgin
olarak hipotoni, kas giigsiizliigii ve kas atrofisi oldugu goriilmektedir. Semptomlar simetrik,
progresif ve daha cok proksimal kas gruplarinin gii¢siizliigii ile karakterizedir (Kogoglu ve ark.,
2021). Bu hastalarda derin tendon refleksleri alinamamakta veya belirgin olarak azalma
goriilmektedir. Hastalarin biligsel fonksiyonlari etkilenmemektedir (T.C Saglik Bakanligi,
2022). Erken-bebeklik doneminde hipotoni, gii¢siizliik, solunum ve beslenme problemleri 6n
planda iken, geg¢-bebeklik ve ¢ocukluk doneminde kaba-motor gelisimde gerilik, sik diisme,
bagimsiz yiirlimede gecikme, merdiven ¢ikmada ve inmede zorluk goériilmektedir. Ergenlik ve
ileri yas grubunda ilerleyici kas kuvvetsizligi, kas atrofisi ve denervasyon bulgulari, spinal
deformiteler, skolyoz, kontraktiirler dikkat cekmektedir (Burr ve Reddivari, 2023; Mercuri ve
ark., 2022).

SMA, ¢ocukluk ¢ag1 néromuskiiler hastaliklar arasinda duchenne muskiiler distrofiden sonra
ikinci siklikta goriilmekte, genetik hastaliklar arasinda ise fatalite agisindan kistik fibrozisten
sonra ikinci sirada yer almaktadir (Kostak ve Cetintas, 2022). Bebek dliimlerinin 6nde gelen
genetik nedenlerinden biri olan SMA ’nin, goriilme sikliginin tiim diinyada 1/10.000, tastyicilik
oraninin ise yaklagik 1/40-60 oldugu tahmin edilmektedir (Angilletta ve ark., 2023; Muslu,
2021). Tirkiye’de SMA hastaliginin goriilme sikli§i ve tasiyicilik oranlari net olarak
bilinmemekle birlikte, yillik yeni vaka sayisinin 130-180 (ortalama: 150) arasinda oldugu
tahmin edilmektedir. Ulkemizde SMA’dan etkilenen yaklasik 3.000 kisinin bulundugu
bildirilmektedir (T.C Saglik Bakanligi, 2022).

3. SPINAL MUSKULER ATROFI SINIFLANDIRMASI

SMA hastalig1, gecmiste yasa gore kategorize edilmis ve Tip 1-2-3 olmak iizere ii¢ farkl: tipte
siniflandirilmistir (Nishio ve ark., 2023). SMA'nin ¢ok ¢esitli klinik belirtilere sahip monojenik
bir hastalik oldugu kabul edildikten sonra, en siddetli fetal baslangicli form (Tip 0) ve en hafif
yetiskin baglangi¢li form (Tip 4) da siniflandirmaya dahil edilmistir (Nishio ve ark., 2023;

159



SCEANS
s S

P ISARC

Siz=rat INTERNATIONAL SCIENCE AND ART RESEARCH CENTER

7 &

Z, =
LN AN

Yilmaz ve ark., 2022). SMA giiniimiizde bes farkli tipte tanilanmakta ve degerlendirilmektedir
(Nishio ve ark., 2023; Saracaloglu ve Demiryiirek, 2021, Trabacca ve ark., 2024; Yilmaz ve
ark., 2022).

SMA Tip 0, dogum o6ncesi baglangi¢h olup, gebeligin son donemlerinde fetal hareketliligin
azalmasi ile karakterize edilmektedir (Mercuri ve ark., 2022; Nishio ve ark., 2023; Trabacca ve
ark., 2024). SMA’nin en nadir goriilen ve en siddetli formudur (Burr ve Reddivari, 2023). Bu
bebeklerde dogumda, arefleksi, fasyal diplejisi ve konjenital kalp defektleri ile birlikte siddetli
kas giicsiizlligii ve hipotoni goriilmektedir (T.C Saglik Bakanligi, 2022). Bazi hastalarda dogum
sonrasinda hipoksik iskemik ensefalopati sonucunda ndbetler oldugu bildirilmektedir (Y1lmaz
ve ark., 2022). Hastalar genellikle dogumda veya yasamlarinin ilk ayinda ciddi solunum
problemlerinin gelismesi nedeniyle kaybedilmektedir (Din¢ ve ark., 2024; Nishio ve ark.,
2023).

SMA Tip 1, infantil SMA veya Werdnig-Hoffmann hastalig1 olarak da adlandirilmaktadir
(Nishio ve ark., 2023; Trabacca ve ark., 2024). Bu tipte SMN2 geninin 1-2 adet kopyasi
bulunmaktadir. SMA’nin en yaygin tipi olan Tip 1 semptomlar1 genellikle dogumdan sonraki
6 ay icerisinde ortaya ¢ikmaktadir (Yilmaz ve ark., 2022). Kas tonusunda azalma, bag-boyun
kontrolii saglayamama, refleks kaybi baslica semptomlar olup bu hastalar desteksiz
oturamamaktadirlar (Burr ve Reddivari, 2023; Ding ve ark., 2024). SMA Tip 1 hastalarinda tist
kraniyal sinirler gogunlukla korundugu i¢in, genellikle canli bir yiiz ifadesi, ¢atik kas ve normal
g0z hareketleri bulunmaktadir. Bununla birlikte, bulbar kaslarin zayifligi, zayif bir aglamaya,
zay1f emme ve yutma reflekslerine, salya birikmesine, dil fasikiilasyonlarina, aspirasyon ve
gelisme geriligi riskinde artisa neden olmaktadir (T.C Saglik Bakanligi, 2022). Ayrica,
interkostal kaslarin zayiflig1 ve gogiis kafesi deformiteleri nedeniyle normal bir solunum
dongiisii gelistirememektedirler (Nishio ve ark., 2023). Hastalar ilerleyen solunum yetmezligi
nedeniyle genellikle ilk iki y1l i¢inde kaybedilmektedir (Kocoglu ve ark., 2021).

SMA Tip 2, ara form veya Dubowitz hastalig1 olarak da adlandirilmaktadir (Nishio ve ark.,
2023; Trabacca ve ark., 2024). Bu tipte genellikle SMN2 geninin 2-3 adet kopyasi
bulunmaktadir (Yilmaz ve ark., 2022). Semptomlar 6-18 ay arasinda ortaya ¢ikmakta ve Tip
1’deki kadar hizli bir klinik kotiilesme gostermemektedir (Kogoglu ve ark., 2021). Bacaklar
kollardan daha fazla etkileyen ilerleyici kas giigsiizliigli goriilmektedir (Ding ve ark., 2024). Bu
siniftaki hastalar desteksiz oturabilmekte, ancak ayakta duramamakta ve yliriiyememektedirler

(Mercuri ve ark., 2022; Muslu, 2021; Nishio ve ark., 2023). Skolyoz, mandibula ankilozu, kalca

160



SCEANS
s S

P ISARC

Siz=rat INTERNATIONAL SCIENCE AND ART RESEARCH CENTER

7 &

Z, =
LN AN

I
ve dizlerde kontraktiir gelisebilmektedir (Nishio ve ark., 2023). Hastalarin yaklasik olarak

%701 25 yasina kadar yasamaktadir (Burr ve Reddivari, 2023; Ding ve ark., 2024).

SMA Tip 3, juvenil form veya Kugelberg-Welander hastalig1 olarak da adlandirilmaktadir
(Nishio ve ark., 2023; Trabacca ve ark., 2024). Bu tipte SMN2 geninin 3-4 adet kopyasi
bulunmaktadir (Yilmaz ve ark., 2022). Semptomlar yasamin 18. ayindan sonra ortaya ¢ikmakla
beraber degisiklik gostermekte ve farkli siniflandirilmaktadir (Nishio ve ark., 2023; Tankisi ve
Unalp, 2023) Hastaligin semptomlar1 ve etkileri 18 ay ile 3 yas arasinda basladig1 zaman SMA
Tip 3a, 3 yasindan sonra ortaya ¢iktig1 zaman SMA Tip 3b olarak adlandirilmaktadir (Tankisi
ve Unalp, 2023). Ikisi arasindaki fark yiiriime yeteneginin korunma  siiresinden
kaynaklanmaktadir. Tip 3a olan hastalarin yaklasik yaris1 yetiskinlige ulasmadan once yiiriime
yeteneklerini kaybedebilirken, Tip 3b olan hastalar ise 40 yasindan sonra bile yiirlime
yeteneklerini koruyabilmektedirler (Nishio ve ark., 2023; Tankisi ve Unalp, 2023). SMA Tip 3
hastalarinin yagam siiresi ise etkilenmemektedir (Burr ve Reddivari, 2023).

SMA Tip 4, eriskin tip olarak da adlandirilmaktadir (Nishio ve ark., 2023; Trabacca ve ark.,
2024). Bu tipte SMN2 geninin 4-8 adet kopyasi bulunmaktadir (Yilmaz ve ark., 2022).
Genellikle 35 yasindan sonra bulgu vermektedir. Hastaligin en hafif tipidir ve hastalar ayakta
tedavi gormektedirler (Ding ve ark., 2024; Nishio ve ark., 2023; Saracaloglu ve Demiryiirek,
2021). Hafif kas gii¢siizliigii, segirme ve titreme gibi belirtiler goriilmekte, yutma ve solunum
kaslar1 nadiren etkilenmektedir. SMA Tip 4 hastalarinda normal bir yasam siiresi
beklenmektedir (Burr ve Reddivari, 2023; Saracaloglu ve Demirytirek, 2021).

4.SPINAL MUSKULER ATROFIDE TANI VE TEDAVI YAKLASIMLARI

SMA 06n tanist; 6yki, semptomlar ve fiziksel degerlendirme bulgularina dayanmaktadir (Ding
ve ark., 2024; Nishio ve ark., 2023). Ancak benzer semptomlar baska kas ve sinir sistemini
tutan bozukluklarda da goriildiigii icin ayirici tanida dikkatli olunmasi gerekmektedir (Asadova
ve ark., 2025). Kesin tant SMN1 molekiiler genetik analizinde patojenik varyantin tespiti ile
konulmaktadir (Ding¢ ve ark., 2024). Fenotip 0zellik tespiti i¢in ise SMN2 kopya sayisina
bakilmaktadir. Ayrica kas hasar1 gostergesi olan serum kreatin kinaz (CK) diizeyi, sinir ve
kaslarin elektriksel yontemle incelenmesini saglayan elektromiyografi (EMG) ve kas biyopsisi
tanida destekleyici yontemler olarak kullanilmaktadir (Burr ve Reddivari, 2023). En 1yi1 tedavi
yaniti, klinik bulgular ortaya ¢ikmadan ve motor ndron kaybi baglamadan once tedavi
uygulanan hastalarda goriilmektedir. Bu yilizden erken tan1 ve genetik tarama Onem arz

etmektedir (Keinath ve ark., 2021; Yeo ve ark., 2024; Yiicel ve Yiiksel, 2023).
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Hastalik ile miicadele ve erken tanida en etkili yontemler tasiyict veya yenidogan genetik
tarama testleri ile prenatal ve preimplantasyon tan1 yontemleridir (Ding ve ark., 2024). Tas1yict
tarama testi olarak Real-Time PCR yontemi kullanilmaktadir. Her iki es adayinin da SMA
tagiyicist oldugunun belirlenmesi durumunda, ailelere hastalik hakkinda ayrintili bilgi ve
genetik danmigmanlik verilmekte, preimplantasyon ve prenatal tani testi segenekleri
sunulmaktadir (Yilmaz ve ark., 2022; Yiicel ve Yiiksel, 2023). Preimplantasyon, embriyolarin
kalitsal ve genetik acgidan incelendikleri bir tiir tam1 yontemidir. Bu yontemde, invitro
fertilizasyon (IVF) sirasinda embriyodan hiicre 6rnegi alinarak gerekli olan genetik tarama
yapilmakta ve saglikli embriyonun tespit edilmesi saglanmaktadir (Ding ve ark., 2024; Nishio
ve ark., 2023). Boylece saglikli embriyolarin anneye transferi yapilarak sonraki nesillerde hem
tastyicilik hem de hastalik oranlarinin azaltilmasi amaglanmaktadir (Mercuri ve ark., 2022;
Yiicel ve Yiiksel, 2023). Prenatal tan1 testi; gebeligin 10. haftasindan itibaren koriyon villiis
orneklemesi (CVS), 15. haftasindan itibaren de amniyosentez drnegi iizerinde yapilan testlerle
gerceklestirilmektedir (Burr ve Reddivari, 2023). Yenidogan taramasi sayesinde de, hastaligin
heniiz semptomlar baglamadan erken donemde tespit edilmesi saglanmakta ve boylece tedaviye
zamaninda baslanabilmektedir (Mercuri ve ark., 2022). Ulkemizde yiiriitiilmekte olan Ulusal
Yenidogan Tarama Programi ile taranan hastaliklara 09 Mayis 2022 tarihi itibariyle SMA da
eklenmistir (Ding ve ark., 2024).

Tiim bu testler sonucunda bebege SMA tanis1 konuldugunda, hasta ve ailesi siire¢ ve giincel
tedavi segenekleri konusunda bilgilendirilmelidir (Ding ve ark., 2024). Hastaligin tedavi
stirecinde yakin bir tarihe kadar, fiziksel rehabilitasyon, solunum fonksiyonlarini iyilestirme ve
beslenme sorunlarinin 6nlenmesi gibi destekleyici terapiler agirhik kazanmistir (Burr ve
Reddivari, 2023; Nishio ve ark., 2023; Yiicel ve Yiiksel, 2023). Ancak son yillarda SMA
hastaliginin tedavisinde biiyiik gelismeler yasanmis ve bircok terapétik ajan gelistirilmistir
(Yiicel ve Yiiksel, 2023). Amerika Birlesik Devletleri Gida ve Ila¢ Dairesi (Food and Drug
Administration-FDA) tarafindan, 2016 yilindan itibaren {i¢ yeni ilag onaylanmistir. Bu ilaglar,
nusinersen (oligoniikleotit), onasemnogene abeparvovec-xioi (gen replasmani) ve risdiplam
(SMN2 gen modiilatorii) olarak siralanmaktadir (Saracaloglu ve Demiryiirek, 2021; Yeo ve
ark., 2024).

Nusinersen (Spinraza®), SMA hastalarinin tedavisi i¢in gelistirilmis ve onaylanmis ilk ilag
olma 6zelligine sahiptir (Mercuri ve ark., 2022). Nusinersen bir antisens oligoniikleotit (ASO)
olup, SMN2 genindeki pre-mRNA’ya baglanarak bozuk protein liretimini baskilamakta ve
SMN protein yapimini artirmaktadir (Burr ve Reddivari, 2023; Nishio ve ark., 2023; Yiicel ve
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Yiiksel, 2023). SMA Tip 1, 2 ve 3 hastalarinda intratekal enjeksiyon seklinde 12 mg (5 ml)

olarak uygulanmaktadir (Saracaloglu ve Demiryiirek, 2021). Tedaviye 0. 14. 28. ve 63.
giinlerde dort adet yiikleme dozu ile baslanmakta, daha sonra her dort ayda bir idame doz ile
devam edilmektedir (Saracaloglu ve Demiryiirek, 2021; T.C Saghk Bakanligi, 2022).
Nusinersenin yillik maliyeti, ilacin baslandig: ilk yil i¢in yaklagik 708 bin USD, sonraki yillar
icin ise yillik 354 bin USD’dir. Tedavinin yagam boyu siirmesi gerekmektedir (Ding ve ark.,
2024). Ulkemizde, 2018 yilindan itibaren geri ddeme kapsaminda kullanilmaktadir ve yaklasik
1.600 hasta nusinersen tedavisi almaktadir (T.C Saglik Bakanligi, 2022).

Onasemnogene abeparvovec-xioi (Zolgensma®), SMA hastalar1 i¢in gelistirilen ikinci ilag
olup, FDA tarafindan 24 May1s 2019 tarihinde onaylanmistir (Ding ve ark., 2024). Zolgensma
fonksiyonel SMN proteininin motor noronlar ve diger ¢esitli dokularda iiretilebilmesini
saglayan bir gen replasman tedavisidir (Ding ve ark., 2024; Tankisi ve Unalp, 2023). Bu tedavi
ile motor ndron hiicrelerine fonksiyonel SMN1 geninin taginmasi hedeflenmektedir (T.C Saglik
Bakanlig1, 2022). Ilag intravendz infiizyon yoluyla tek doz uygulanmaktadir (Saracaloglu ve
Demirytirek, 2021). Zolgensma, ABD’de 2 yasindan kii¢iik, Avrupa’da ise 21 kilodan diisiik
cocuklarda kullanilmaktadir (Arslan Ertiirk, 2024). lacin tek bir enjeksiyonu 2,125 milyon
USD’dir ve diinya lizerindeki en pahali ilaglardan birisi oldugu bildirilmektedir (Burr ve
Reddivari, 2023). T.C. Saglik Bakanligit SMA Bilim Kurulu, zolgensma tedavisinin etkinligi ve
giivenilirligine yonelik yeterli kanit bulunmadig i¢in ilaca onay vermemektedir. Bu sebeple
ilag, Tiirkiye’de Sosyal Giivenlik Kurumu (SGK) tarafindan Genel Saglik Sigortasi kapsaminda
karsilanmamaktadir (Arslan Ertiirk, 2024).

Risdiplam (Evrysdi®), SMA hastalart i¢in tiretilen ii¢ilincii ilag olup, 7 Agustos 2020 tarthinde
FDA tarafindan onaylanmistir (Ding ve ark., 2024). Risdiplam, SMN2 geni mRNA’smin ug
birlestirme sathasin1 modifiye ederek fonksiyonel SMN proteini {iretimini artirmaktadir (Ding
ve ark., 2024; Saracaloglu ve Demiryiirek, 2021). Ilag giinde bir kez, yemekten sonra, her giin
yaklasik olarak ayni saatte ve agizdan alinmaktadir. Ilacin dozu yasa ve viicut agirligina gore
belirlenmektedir. Iki ay ile 2 yas arasindaki ¢ocuklar i¢in 0,2 mg/ kg/giin, >2 yasindaki ve <20
kg hastalar i¢in 0,25 mg/kg/giin, >2 yas ve >20 kg agirligindaki hastalar i¢in 5 mg/giin
onerilmektedir (T.C Saglik Bakanlhigi, 2022). Iki ay ile iki yas arasindaki hastalar i¢in ilacin
ortalama yillik maliyeti 93.456 USD iken, iki yasindan biiyiik ve 20 kilodan agir hastalar i¢in
354.000 USD’dir (Ding¢ ve ark., 2024). Risdiplam, lilkemizde 26 Nisan 2025 tarihli Resmi
Gazete’de yayimlanan diizenlemeyle SGK tarafindan geri 6deme kapsamina alinmistir (T.C.

Resmi Gazete, 2025).
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En yiiksek maliyetli tedavilerden birisi olmasina ragmen SMA’nin halen kiiratif bir tedavisi
bulunmamaktadir (Ding ve ark., 2024). Nusinersen, onasemnogene abeparvovec-xioi ve
risdiplam tedavilerinin yani sira birgok preklinik ve klinik ¢alismalar halen devam etmektedir
(Yiicel ve Yiiksel, 2023). Quinazolines enzimleri, aminoglikozid sinifi antibiyotikler
(tobramisin, amikasin) ve kok hiicre tedavisi gibi yontemlerin etkinligi iizerinde ¢alisilmaktadir
(Kostak ve Cetintas, 2022). Ayrica, sinerjistik etki ile klinik yararlanimi artirmaya yonelik
kombine tedavi stratejileri de denenmektedir (Yiicel ve Yiiksel, 2023). SMA hastalarinin
noromuskiiler fonksiyonunu iyilestiren ve yasam boyu genel sagligini koruyan tedaviler 6nemli
bir klinik ihtiyag¢ olarak goriilmektedir (Saracaloglu ve Demiryiirek, 2021).

5.SPINAL MUSKULER ATROFILi COCUKLARDA FiZiK TEDAVI VE
REHABILITASYON

SMA ilerleyici karakterdedir ve ¢esitli derecelerde fonksiyonel problemler, solunum sistemi
komplikasyonlari, motor bozukluklar, skolyoz, hareket kisitliligi, yutma gii¢liigii, osteopeni,
agr1, yorgunluk, konugsma ve iletisim sorunlarina neden olmaktadir (Burr ve Reddivari, 2023;
Catulay ve ark., 2023). SMA’y1 tamamen ortadan kaldiran tibbi ve cerrahi tedavi bulunmadigi
icin, hastalarin palyatif bakima, solunum ve beslenme destegine, fizik tedavi ve rehabilitasyon
yaklagimlarina ihtiyaci bulunmaktadir (Catulay ve ark., 2023; Nicolau ve ark., 2021; Nishio ve
ark., 2023). Hastalara uygulanacak olan fizik tedavi ve rehabilitasyon girisimleri en 6nemli
destek tedavilerden birisi olarak goriilmektedir (Burr ve Reddivari, 2023; Nicolau ve ark.,
2021).

SMA’l1 hastalarda fizik tedavi ve rehabilitasyonun amaci, hastanin kaslarinin korunmasi ve
fonksiyonlariin artirilmasi, eklem kontraktiirleri ve skolyoz gibi ciddi deformitelerin
onlenmesi, hareket kabiliyetlerinin gelistirilmesi, solunum fonksiyonlarinin gii¢lendirilmesi,
giinliik yasam aktivitelerinin gergeklestirilmesi ve yasam kalitesinin artirilmasi olarak
siralanmaktadir (Mercuri ve ark., 2022; Nicolau ve ark., 2021). Fizik tedavi ve rehabilitasyon
stirecinde multidisipliner ekip yaklagimi sergilenmesi gerekmektedir (Catulay ve ark., 2023;
Ferreira ve Lucato, 2021). Bu ekip i¢inde doktor, hemsire, fizyoterapist, is-ugrasi terapisti,
psikolog, ortotist, diyetisyen ve sosyal hizmet uzmanlarina 6nemli sorumluluklar diismektedir
(T.C Saglik Bakanligi, 2022). SMA’l1 hastalarda fonksiyonel ve motor etkilenmeye bagli olarak
klinik seyir degisebilecegi icin, rehabilitasyon yaklasimlar: bireysel farkliliklar gostermektedir
(Ferreira ve Lucato, 2021). En sik kullanilan yontemler arasinda pozisyonlama, egzersiz,
solunum terapisi ve destekleyici cihazlarin kullanimi yer almaktadir (Burr ve Reddivari, 2023;

Cammarano ve ark., 2025; Ferreira ve Lucato, 2021).
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Pozisyonlama, hareketliligi ve transferleri desteklemek, olusabilecek kontraktiirleri
onleyebilmek, basi yaralarinin agilmasini 6nlemek ve enerji tilketimini en aza indirebilmek i¢in
giin i¢inde ¢ocuga 06zel pozisyonlarin verilmesi girisimidir (T.C Saglhik Bakanligi, 2022).
Pozisyon ayarlama i¢in rulolar, yastiklar, minderler ve takozlar gibi ¢esitli destekler
kullanilmaktadir (Mercuri ve ark., 2022; Yi ve ark., 2020). Ayrica oturma destekleri, 6zel
tasarlanmis koltuklar, yatirma veya egilebilme segeneklerine sahip bebek arabalar1 veya
tekerlekli sandalyeler kullanilmas1 onerilmektedir (Y1 ve ark., 2020).

Germe egzersizlerinin fizik tedavi programinda 6nemli bir yeri bulunmaktadir (Yi ve ark.,
2020). Cocuklarda uzun siireli germe i¢in kullanilan yontemler arasinda ortez ve atellerin
kullanimi, aktif-yardimli ve pasif germe teknikleri, yliziistii yatma, ayakta durma sehpalar1 ve
seri al¢ilama yer almaktadir (T.C Saglik Bakanligi, 2022). Germe egzersizlerinden maksimum
fayda saglamak icin rehabilitasyonun amacina ve bireysel hasta gereksinimlerine dikkat
edilmelidir (Mercuri ve ark., 2022; Yi ve ark., 2020). Ozellikle yiiriiyemeyen bireylerde haftada
minimum 3-5 seans, optimum 5-7 seans germe egzersizi siklig1 6nerilmektedir. Benzer sekilde,
yiirliyen bireylerde de haftada minimum 2-3 seans, optimum siklikta ise haftada 3-5 seans
germe egzersizi tavsiye edilmektedir (Y1 ve ark., 2020).

Solunum terapisi, hava yolu temizligini desteklemek ve ventilasyonu iyilestirmek igin
uygulanmaktadir (T.C Saghk Bakanligi, 2022). Sekresyonlarin atilmasi i¢in pozisyonlama,
postural drenaj ve gesitli aspirasyon yontemleri kullanilmaktadir (Mercuri ve ark., 2022; Yi ve
ark., 2020). SMA Tip 1’li ¢ocuklarda giinde iki kez, SMA Tip 2’de gerektiginde, SMA Tip 3’li
cocuklarda ise ciddi hastaliklar sirasinda ve perioperatif donemlerde hava yolu temizligi
onerilmektedir (Y1 ve ark., 2020).

Destekleyici cihazlar, SMA hastalarinin motor fonksiyonlarini desteklemek ve yasam
kalitelerini artirmak igin tercih edilmektedir (Burr ve Reddivari, 2023; Yi ve ark., 2020).
Hastalarin hareketsiz kalmalarini 6nlemek ve konfor diizeylerini artirmak i¢in ortezler, walker
(yiiriiteg), diz immobilizerleri, kaldirma ekipmanlari, 6zel koltuklar, bebek arabalar1 ve
elektrikli tekerlekli sandalyeler kullanilmaktadir (Burr ve Reddivari, 2023). Kontraktiirleri
onlemek ve eklemlerin dogru pozisyonda korunmasi icin ayak bilegi ortezlerinin kullanilmasi
onerilmektedir (Yi ve ark., 2020). Iletisimi saglamak/gelistirmek igin farkli iletisim yontemleri
ve g0z takip cihazlar kullanilmaktadir (T.C Saglik Bakanligi, 2022).

6.SONUC

SMA, kranial sinir motor ¢ekirdekleri ve omurilikte yer alan 6n boynuz motor néronlarin geri

doniistimsiiz kaybinin yol actig1 ilerleyici kas gii¢siizliigili ve atrofisi ile karakterize genetik bir
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hastaliktir. Kalitim sekillerinden en sik goriileni otozomal resesif formudur ve SMN geninin
iizerindeki delesyonlara bagl olarak ortaya ¢ikmaktadir. Ulkemizde akraba evliliklerinin
yaygin olmasi nedeni ile SMA hastaliginin goriilme siklig1 ve tasiyicilik orami yiiksektir. Bu
hastaligin diinyada goriilme siklig1 10 binde bir iken, Tiirkiye’de goriilme siklig1 6 binde birdir.
Ulkemizde yilda ortalama 1 milyon 200 bin dogum gerceklestigi dikkate alindiginda SMA ile
diinyaya gelen bebek sayisinin 130-180 (ortalama 150) arasinda oldugu tahmin edilmektedir.
Hastaligin en iyi tedavi yaniti, klinik bulgular ortaya c¢ikmadan ve motor ndéron kaybi
baslamadan 6nce tedavi uygulanan hastalarda goriilmektedir. Bu nedenle, erken tan1 ve genetik
tarama Oonem arz etmektedir. Son yillarda hastaligin dogal akisini tamamen degistirebilen tedavi
secenekleri ortaya ¢ikmistir. Glinlimiizde FDA onay1 alan hastalik modifiye edici nusinersen,
onasemnogene abeparvovecxioi ve risdiplam tedavileri uygulanmaktadir. Bu tedavilerin yani
sira bir¢ok preklinik ve klinik ¢aligmalar halen devam etmektedir.

Sonug olarak, SMA sadece bireyin degil, tiim ailenin yasamini etkileyen karmasik ve ¢ok
boyutlu bir hastaliktir. Erken tani, etkili tedavi yontemleri ve siirekli rehabilitasyon destegi
hastalarin yasam kalitesini artirmada biiylik dnem tagimaktadir. Bu nedenle SMA hastaliginin
yonetimi biitiinciil bakim anlayisi ile sekillendirilmeli ve multidisipliner ekip yaklasimi
uygulanmalidir. Bu kapsamda saglik profesyonellerinin bilgi ve farkindalik diizeylerinin
artirlmas1 i¢in gerekli egitimlerin planlanmasi Onerilmektedir. Ayni zamanda hasta ve
ailelerine yonelik psikososyal destek hizmetleri saglanmalidir. Ayrica, toplumsal farkindalig:
artirict ¢alismalar yapilmali ve ¢ocuk sahibi olmak isteyen ciftlere genetik danigmanlik
verilmelidir.

KAYNAKLAR

Angilletta, 1., Ferrante, R., Giansante, R., Lombardi, L., Babore, A., Dell’Elice, A., ... & Rossi, C.
(2023). Spinal muscular atrophy: an evolving scenario through new perspectives in diagnosis and
advances in therapies. International Journal of Molecular Sciences, 24(19), 14873.

Arslan Ertiirk, A. (2024). Turkiye’de SMA’l1 cocuklarin tedavisi ve yabanct tilke drnekleri. Marmara
Universitesi Hukuk Fakiiltesi Hukuk Arastirmalari Dergisi, 30(2):813-838.

Asadova, S., Dogan, Y. E., & Canpolat, M. (2025). Spinal muskiiler atrofi ayirici tan1. Turkiye
Klinikleri Pediatric Neurology-Special Topics, 6(1), 6-13.

Burr, P., & Reddivari, A. K. R. (2023). Spinal Muscle Atrophy. Treasure Island (FL): StatPearls
Publishing.

Cammarano, S., Chirico, V. A., Giardulli, B., Mazzuoccolo, G., Ruosi, C., & Corrado, B. (2025).
Physical and respiratory rehabilitation in spinal muscular atrophy: a critical narrative review. Applied
Sciences, 15(8), 4398. d0i:10.3390/app 15084398

Catulay, D., Siiner, Z., & Giire, M. D. P. (2023). Spinal Miiskiiler Atrofi (SMA) hastalariyla ve
aileleriyle sosyal hizmet uygulamalari. Sosyal Calisma Dergisi, 7(2), 112-127.

Ding, G., Akin, M. G., & Erat, Z. (2024). SMA tarama, tan1 ve tedavisinde karsilasilan etik sorunlar,

166



SCEANS
5 Jy,,

: ISARC
sare INTERNATIONAL SCIENCE AND ART RESEARCH CENTER

saglik politikalarinda yiikselen popiilizm ve medyanin etkisi: Sistematik derleme. Turkiye Klinikleri
Journal of Medical Ethics-Law & History, 32(1):64-75. doi: 10.5336/mdethic.2023-99285

Ferreira, R. D. D., & Lucato, J. J. J. (2021). Physiotherapy performance in motor and respiratory
repercussions of patients with spinal muscular atrophy type 1. Residéncia Pediatrica, doi:
10.25060/residpediatr-2021.v11n3-220

Keinath, M. C., Prior, D. E., & Prior, T. W. (2021). Spinal muscular atrophy: mutations, testing, and
clinical relevance. The Application of Clinical Genetics, 14, 11-25.

Kocoglu, E. A., Topeu, L, Keles, G. T., Oztiirk, T., Yentur, E. A., & Yercan, H. S. (2021). Tip 3 spinal
muskuler atrofili olguya anestezik acidan yaklasim. Celal Bayar Universitesi Saglik Bilimleri
Enstitiisii Dergisi, 8(1), 191-193.

Kostak, M. A., & Cetintas, I. (2022). Spinal miiskiiler atrofisi olan ¢ocuk ve ailesinin hemsirelik
bakimi. Dokuz Eyliil Universitesi Hemsirelik Fakiiltesi Elektronik Dergisi, 15(1), 99-107. doi:
10.46483/deuhfed.982436

Mercuri, E., Sumner, C. J., Muntoni, F., Darras, B. T., & Finkel, R. S. (2022). Spinal muscular
atrophy. Nature Reviews Disease Primers, 8(1), 52. doi: 10.1038/s41572-022-00380-8

Muslu, M. (2021). Spinal muskiiler atrofi (SMA) ve tibbi beslenme tedavisi. Saglik Bilimlerinde Ileri
Arastirmalar Dergisi, 4(3), 131-140. doi: 10.26650/JARHS2021-820357

Nicolau, S., Waldrop, M. A., Connolly, A. M., & Mendell, J. R. (2021, April). Spinal muscular
atrophy. Seminars in Pediatric Neurology, 37, 100878. doi: 10.1016/j.spen.2021.100878

Nishio, H., Niba, E. T. E., Saito, T., Okamoto, K., Takeshima, Y., & Awano, H. (2023). Spinal
muscular atrophy: the past, present, and future of diagnosis and treatment. International Journal of
Molecular Sciences, 24(15), 11939. doi: 10.3390/ijms241511939

Saracaloglu, A., & Demiryiirek, A. T. (2021). Spinal muskiiler atrofi (SMA) tedavisinde yeni
yaklagimlar ve onayli ilaglar. J Curr Pediatr, 19:248-258. d0i:10.4274/jcp.2021.0031

Tankisi, H., & Unalp, A. (2023). Spinal muscular atrophy types, innovations in diagnosis and
treatment. Journal of Dr. Behcet Uz Children’s Hospital, 13(3), 146-151. doi:
10.4274/jbuch.galenos.2023.91568

Trabacca, A., Ferrante, C., Oliva, M. C., Fanizza, 1., Gallo, 1., & De Rinaldis, M. (2024). Update on
inherited pediatric motor neuron diseases: Clinical features and outcome. Genes, 15(10), 1346. doi:
10.3390/genes15101346

T.C. Resmi Gazete (2025). Sosyal Giivenlik Kurumu Saglik Uygulama Tebliginde Degisiklik
Yapilmasina Dair Teblig. 26.05.2025. Say1: 32882, Bagbakanlik Basimevi, Ankara. Erigim tarihi
02.05.2025, https://www.resmigazete.gov.tr/eskiler/2025/04/ 20250426-4.pdf

T.C. Saglik Bakanlig1 Saglik Hizmetleri Genel Miidiirliigii. (2022). Spinal Muskiiler Atrofi (SMA)
Klinik Protokolii (Yayin No:1243). Ankara; Available from: https://dosyamerkez.saglik.gov.tr/Eklenti/
43881/0/smakp190822pdf.pdf

Yeo, C. J., Tizzano, E. F., & Darras, B. T. (2024). Challenges and opportunities in spinal muscular
atrophy therapeutics. The Lancet Neurology, 23(2), 205-218.

Yilmaz, S., Karaaslan, B. T., & Akoglu, G. (2022). Gelisimsel bakis acisiyla Spinal Muskiler
Atrofi’de ¢ocugun saglik hakki ve yasam kalitesi. Izmir Katip Celebi Universitesi Saghk Bilimleri
Fakiiltesi Dergisi, 7(3), 629-635.

Y1, Y. G., Shin, H. 1., & Jang, D. H. (2020). Rehabilitation of spinal muscular atrophy: current
consensus and future direction. Journal of Genetic Medicine, 17(2), 55-61. doi:
10.5734/JGM.2020.17.2.55

Yiicel, Z., & Yiiksel, E. B. (2023). Spinal muskiiler atrofi: Tani, tarama ve tedavide giincel gelismeler.
Genel Saghk Bilimleri Dergisi, 5(2), 275-287. doi: 10.51123/jgehes.2023.92

167


https://doi/
https://dosyamerkez.saglik.gov.tr/Eklenti/%2043881/0/smakp190822pdf.pdf
https://dosyamerkez.saglik.gov.tr/Eklenti/%2043881/0/smakp190822pdf.pdf

SCEANS
5 Jy,,

. ISARC
Cisare INTERNATIONAL SCIENCE AND ART RESEARCH CENTER

MUSIQI DORSLORINDO EVRISTIiK TOLIMDON ISTIFADO

HIiDOYBTOVAVA Firongiz Sahmurad qiz1
Pedaqogika tizro falsofa doktoru, dosent
Azarbaycan Dévlot Pedaqoji Universiteti
“Incosonat vo fiziki torbiyo” fakiiltasi
“Musiqi vo onun todrisi texnologiyasi” kafedrasi
Azorbaycan, Baki sohari, Uzeyir Hacibayli kiigasi, 68
ORCID ID: 0000-0002-2005-6090
XULASO

Mogqalo musiqi dorslorinds evristik tolimin istifadosi mosalalorine hasr edilmisdir. Burada qeyd
olunur ki, miasir dovrdo tohsilin mozmunu yeni prosessual bacariqlarla, qabiliyyatlorin
inkisafi, informasiyanin emali, problemlorin yaradict hoalli vo s. ilo zonginlosir.
Soxsiyyatyoniimlii yeni pedaqoji texnologiyalara evristik tolim do aiddir. Evristik texnologiya
“ixtira, tapint1” vasitasilo biliklorin monimsaonilmasini, hoqigotin miivafiq kdmokgi suallar
vasitosi ilo askar edilmasini nozords tutan todqiqat vo tolim tisullaridir. Evristik tolim sagirdlorin
yaradici soxsiyyot kimi inkisafi, bacariq vo vardislorin formalagdirilmast masalslorinin halling
imkan yaradir, onlarda dyronmok bacariginin asaslarini, tolimo motivasiyalarini1 formalasdirir,
Oziiniiinkisaf vo Oziiniitoskil etmok iicilin sorait yaradir. Evristik tolimdo osllidon yuxari metod
totbiq olunur ki, bunlara: evristik miisahids, faktlar, miiqayisslor, forziyyslor, prognozlar,
refleksiya vo s. daxildir. Maqalodo musiqi dorslorinds evristik texnoligiyaya daxil olan bazi

forma vo metodlarinin istifadasi toklif edilir:
Acar sozlar: soxsiyyotyoniimlii tolim, evristik texnologiya, tolim forma vo metodlar

USING HEURISTIC TRAINING IN MUSIC LESSONS
ABSTRACT

The article is devoted to the issues of using heuristic training in music lessons. It is noted that
in modern times, the content of education is enriched with new procedural skills, the
development of abilities, information processing, creative problem solving and etc. Heuristic
learning also belongs to the new personality-oriented pedagogical technologies. Heuristic
technology is a research and teaching method that involves the acquisition of knowledge
through "invention, discovery" and the discovery of truth through appropriate auxiliary
questions. Heuristic learning allows solving the problems of students' development as creative
personalities, forming skills and habits, forms the foundations of their learning abilities,
motivation for learning, creates conditions for self-development and self-organization. More
than fifty methods are used in heuristic learning, including: heuristic observation, facts,

comparisons, hypotheses, predictions, reflection, etc. The article proposes the use of some
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forms and methods included in heuristic technology in music lessons.

Key words: personality-oriented training, heuristic technology, training forms and methods
GIRIS

Bu giin bir sira inkisafedici pedaqoji tolim texnologiyalari islonib hazirlanmisdir ki, bunlar
miixtolif mogsed, mozmun vo metodika xiisusiyyatlori ilo forglonir. Inkisafedici pedaqoji
texnologiya dedikdo kdhno izahedici-illiistrativ tolim tipinin avozino golon yeni tipli aktiv-
foaliyyotli tolim novii basa disiiliir. Tohsilin mozmunu yeni prosessual bacariqlarla,
gabiliyyatlorin inkisafi, informasiyanin emali, problemlorin yaradici halli va s. ilo zonginlosir.
Pedaqoji prosesin vacib amili kimi soxsiyyotyoniimlii miisllim-sagird miinasibatlori ¢ix1s edir.
Ictimai bilik seviyyasine uygun pedaqoji texnologiyalarmn yaradilmasinda elmin rolu artmaga
baslayir. Bu giin biitlin tolim texnologiyalarinin genis spektrini 6yronmadon pedaqoji cohotdon

savadli miitoxassis olmaq miimkiin deyil.

Miisllimlor inkisafedici texnologiyalardan istifado etmoklo dorslori daha maraqli edon,
sagirdlori saglam miihakimalor irali siirmay9, sonradan real hoyata totbiq edocoklori mozmunu
basa diismoyos yardim edon miihiim vasitoloro ¢eviro bilorlor. Demoli, bunlar tohsilin
mozmununun daha yaxsi monimsanilmasi vo miistoqil cavab vermak magsadilo sagirdlorin

tolab olunan tofokkiir prosesini inkisaf etdirilmasi ti¢iin ¢ox faydalidir.

Inkisafedici pedaqoji texnologiyalara miixtolif tolimlor aiddir ki, bunlarin sirasinda evristik
tolim on somorali olanlardan biridir. Bu texnologiya vasitasilo Oyrononlords azadliq,
mistoqillik, mogsodyonliik, qgeyrot, sorof, tosobbiiskarliq, yaradiciliq, orijinalliq, iradso,

zohmatkeslik, nizam-intizam, foalliq, ustaliq, mosuliyyat kimi keyfiyystlor torbiys olunur.

ARASDIRMA

Evristik tolim sagir {i¢iin daima yeniliklorin axtarisi, tapilmasidir. Evristik texnologiya “ixtira,
tapint1” vasitasilo biliklorin monimsanilmasini, haqiqgstin miivafiq kdmokei suallar vasitasi ilo
askar edilmasini nazords tutan todqiqat vo tolim tisullaridir. Pedaqogikada evristik miisahiba

miitoraqqi tolim formasi kimi ozboargilik vo dogmatizm ilo miibarizodo meydana golmisdir.

Cox vaxt evristk tolim dedikds miixtolif seylor nozords tutulur: a) tolimin formasi, mosslon
evristik sohbat; 6) tolim metodu, masolon beyin homlasi metodu; B) sagirdlorin yaradici
inkisafinin texnologiyasi va s. Evristik tolimin an diizgiin va dolgun torifini Rusiya akademiki
A.V.Xutorskoy vermisdir. Onun fikrinco, evristik tolim — elo tolimdir ki, “burada magsod —
sagirdin 0zii torafindon tohsilin mena, magsad vo mazmununu, homginin onun togkili prosesi,

diagnostikas1 vo dork edilmasinin qurasdirmasidir”. (6; soh. 14.)
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Evristik tolimin ilkin menbayi Sokrat metodudur, hansi ki, miisahibi il s6hbat zaman1 xiisusi
suallar, mithakimo vo miilahizalor vasitesilo yeni biliyin “dogulmasina”, yaranmasina nail

olurdu.

Sonralar evristik texnologiyanin elementlorini J.J.Russo vo L.N. Tolstoyun pedaqoji asarlorindo
gora bilirik. XX asrda evristik texnologiyanin asasint gérkomli ABS filosof va pedaqoqu Con
Dyui qoymusdur. C.Dyuinin fikrinca, tohsildo tolim, omok vo oyun faaliyyetlorinin vohdoti
realizo olunmalidir. Hom bilik, hom tocriiba, hom miirokkab suallara cavablarin tapilmasi, hom
do miixtolif maddi obyektlorin hazirlanmasi sagirdlor torofindon tolim miihiti ilo qarsiligl

olagonin gedisatinda monimsanilir.

Qabagqci1l miisllim va alimlar torafindon C.Dyuinin konsepsiyasi asasinda bu giin allidon yuxari
evristik metod islonib-hazirlanmisdir. Bu metodlar belo adi o sababdon almislar ki, onlarin
totbiqi naticosindo ortaya hor zaman sagirdlor torsfindon yaradilan tohsil mohsulu ¢ixarilir:
ideya, forziyys, ganunauygunluq, eksperiment, kicik do olsa bir matn asori vo ya rosm, ol isi,
layiho vo s. Bu metodlar ¢oxdur, vo har bir yaradict miiallim 6zii do bu tipli metodlar yarada

bilar.

Sozsii ki, evristik tolim metodlarinin hor bir fonn, o ciimlodon do musiqi fonni iigiin, 6z
xuisusiyyatlori var, bundan basqa evristik tolimin miixtslif formalari da mévcuddur. Musiqi

dorslorinds evristik tolimin miixtslif formalari, metod vo priyomlart mévcuddur:

Evristik daxil olma belo formadir ki, burada bir neca giin orzinds tolim dominantasi qorunub-
saxlanilir vo bu da sagirdlor torofindon tohsil obyektinin idrakini evristik metodlar vasitasilo
hoyata ke¢irilmasini tomin edir. Belo daxil olmada miisyyan bir dovr va ya hadiso, 6lko vo ya
bir bastokarin yaradiciligi, musiqi nozoriyyasi vo ya anlayisi ehtiva olunur. Evristik daxil olma

bir sira tohsil voziyyatlorindan ibarat ola biler.

Evristik olimpiada. Onun mogsadini sagirdlors, onlarin fordi xiisusiyyatlorini nazors alaraq,

maksimal 6zliniiifado imkaniin yaradilmasi toskil edir. Bu forma sagirdloro kigik hocmli
yaradict mohsulu qisa zaman arzinds yaratmaga imkan verir. Olimpiadanin tapsiriqlar: miixtalif
nominasiyalarda ola bilor: “Ideyalar”, “Obrazlar”, “Qanunauygunluglar”, “Isarolor”,
“Simvollar”, “Tacriiba”, “Quruluslar” va s. Evristik olimpiadada miirokkob mosalolorin diizgiin
halli deyil, sagirdlorin yaratdigi mohsullarin no deracods kreativ, yaradici olmasi qiymatlon-

dirilir. Masalon, bels bir tapsiriq verils bilor “Biitiin insanlar ti¢lin timumi olan dili tesvir et”.

Evristik suallar. Musiqi dorslorindo bozon qisa bir zaman orzinds miiollim danigsmagi,

gdstormayi, oxumagi, izah etmayi vo s. ¢atdira bilmolidir. Bunun iiciin sagirdlori diistinmoyi
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vadar edon “suallar” formas1 da faydalidir. Burada diizgiin suallarin axtarib-tapilmast miihiim
rol oynayir. Miisllim {igiin noyi vo neco sorusmaq mosalasi vacibdir, ¢iinki sualda gizli sokildo
goyulmus masalonin mogzi olmalidir. ©Onanavi suallar hor zaman doqiq birmonali cavabi vo ya
horakati tolob edir vo bu suallarin usaqglarin inkisafinda he¢ bir monasi yoxdur. Ciinki bunlar
sagirdlordo V.Davidovun soziiylo desok “empirik-tosnifati” tofokkiir tipi formalasdirir ki,
bunun materialin yaradic1 doyisdirilmosi ilo he¢ bir olagesi yoxdur. Ciinki belo todrisdo

inkisafedici-tolimedici monada masolonin qoyulusu yoxdur!

Sualin pedaqoji vo badii doyari bundadir ki, o ¢oxsaxali olsun vo onun asasini yaradiciliq togkil
etsin, yoni ona miixtalif diizgiin cavablar tapilsin, suallarin hallinin tapilmasi miisllim vo

sagirdlor arasinda qisa interaktiv moslohotlosma formasini alsin.

Bir hadiso vo ya obyekt barasindo molumati axtarib-tapmaq iigiin yeddi asas sual verilmalidir:
Kim? No? No {i¢iin? Harada? No ilo? Neco? No zaman? Suallar ciitloyorok yeni sual da
yaratmaq muimkiindiir, mosalon, Neco-No zaman? Todqiq olunan obyekt barasinds biitiin bu
suallara vo onlarin miixtolif variantlarla clitlonmasino cavab axtariglar1 geyri-adi ideyalar vo

hallor dogurur.

Sinektika metodu masalalarin hallinds analogiyalarin (banzotmo) istifadesini nazards tutur. Bu
iisiil beyin homlosi metodunun tam oksi olub, miixtolif ndv analogiyalara, inversiya,
assosiasiyalara va s. asaslanir. 9vval problemin {imumi cohatlori miizakira olunur, ilk hallor
irali stiriiliir vo donlonir, analogiyalar yaradilir vo inkisaf ertdirilir, alternativler segilir, yeni
analogiyalar axtarilir, prolemo yenidon qayidilir. Sinektika miirokkob idraki-tolim masalslorin
halli i¢ilin totbiq olunur, homginin do 6zii-6zliiyiinds yaradici axtaris prosesi vardislorinin oldo

edilmosi ti¢iin faydalidir.

Musiqi darslorinin mahn1 oxuma morholosindo mahninin Gyronilmesi vo ifas1 priyomlar

simvolik analogiyalarin istifadssi ilo aparilir. Usaqlar 6zlori mahninin s6zlerine assosiasiyalari

yaradir vo motni asanliqla yadda saxlayirlar. Eloca do musiqini dinlomakdon avval usaqlara
musiqi asarind ad uydurmagq tapsirigt verilir. Darslorde hamginin “Yaxsi-pis”, “No kimi?”,
oyunlarini kegirmok yaxs1 olar. Masalon, usaqlar diisiiniirlor payiz — yaxsidir yoxsa pis. Pisdirso

—niya? Yaxsidirsa — niya? Musiqi yilingiildiir — no kimi? Son, parlaq — no kimi? Vas.

Usaqlarda alotlordo ¢almaq hovasi o gador boyiik olur ki, onlar ¢ox vaxt boyiik hocmli tolim
isini he¢ hiss etmirlor. Burada bir sira priyomlardan istifads etmak olar ki, bunlarin vasitasilo
usaqlarda musiqili-yaradic1 vardislorini inkisaf etdirmok olar: bizimls birgo elo; bu soslor

monim haqqimdadir — elementar improvizasiya; monim badonimin musiqisi (psalmofoniya) —
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sosli jestlorlo ifadolor (plastik intonasiya), miistovido ¢alma; soslorlo oyunlar — sos-kiiydon

yaranan musiqi — kiiylii alotlor vasitosilo usaglarda obrazli-assosiasiyali tofokkiir vo into-
nasiyanin asaslar1 inkisaf etdirilir; qrafik yazi1 (psalmografiya) — soslorin ayri-ayr1 xossalorinin
simvolik tosviri (dinamika, yiiksoklik, uzunluq, tembr), on sado musiqinin yazilis1 vo qrafik

simvollar vasitasilo onun saslondirilmasi; obraz uydur;

“Bostokarlar” oyunu; “Sairlor” oyunu; “Rossamlar” oyunu; assosiasiyali oyunlar: boyalarin

palitrasi, hisslorin palitrasi; bastolomo (melodiya, nagil, hekayo, seir).

Bayramlar vo musiqi konsertlori iigiin ssenarilorin yazilis1 zamani usaqglar1 individual hallori
tapmaga vadar etmok lazimdir. Hor kos 6z fikrini sdylomalidir vo bunun naticesinds eyni bir
masalonin bir-ne¢a halli tapila bilor. Belo foaliyyotds usaqlar 6z yiiksok yaradici potensialini

niimayis etdirir.

Miiasir musiqi darslorindo, osason do yuxari siniflordo ugurla totbiq oluna bilon vo evristik
texnologiyaya daxil olan todqigat metodudur ki, o, usaqlarin tobiotdon golon otraf diinyan1
Oyronmok, todqiq etmok tolobatina osaslanir. Todqiqat osnasinda lahiya formasimni istifado
etmok olar. Ik dofo bunu C.Dyui toklif etmisdir. Lahiyo miioyyan bir todrisi-idrak1 priyomlarm
comini nazards tutur ki, bunlarin vasitosilo sagirdin miistoqil faaliyyasti noticosinds bu va ya
digor problemin halli miimkiin olur. Lahiys faaliyyastin togkili musiqi dorslorinin somaraliliyini
artirmaga imkan yaradir. Bu giin lahiyo metodikasina malik olmayan miisllim yiiksok ixtisas¢i

kimi qabul oluna bilmoz.

NOTICO

Biitiin yuxarida deyilonlordon bela natico ¢ixarmaq olar ki, evristik tolim sagirdlorin yaradict
soxsiyyat kimi inkisafi, bacariq vo vordislorin formalagdirilmasi masalolorinin hallino imkan
yaradir, onlarda Oyronmok bacarigmin osaslarini, tolime motivasiyalarin1 formalagdirr,
oziiniiinkigaf vo Oziiniitogkil etmak ti¢ilin sorait yaradir. Evristik tolimin mahiyyatini sagirdlor
torafindon dyranilon fonlora dair “tohsil mshsulunun” yaradilmasi va hor bir sahads fordi tohsil
trayektoriyasinin quragdirilmasi togkil edir. Tohsil mohsulu dedikds, biz birincisi, sagirdin
foaliyyati noticosindo alinan maddi mohsulu (miihakimo, motnlor, rosmlor, ol islori vo s.),
ikincisi — tolim prosesindo sagirdin soxsiyyast keyfiyyslarinin doyigsmasini nozards tuturuq. Bu
ikili torof — maddi vo soxsiyyati, sagirdin fordi tohsil prosesinin quragdirilmasi gedisatinda eyni

zamanda yaradilir.

Beloaliklo, evristik tolim darslori daha maraqli edir, bu talim sagirdlords yaradici qabiliyyatlori

inkisaf etdirir, tohsilin mozmununu daha yaxsit monimsaonilmosi vo sagirdlorin miistaqil
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diisiincoya, todqigat aparmaga qadir olmasi mogsadi ils tolob olunan tofokkiir prosesini inkisaf

etdirir.
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OZET

Bu aragtirma, kadin girisimciler tarafindan iiretilen gastronomik {irlinlere yonelik tiiketici
algilarin1 serbest cagrisim teknigi araciligiyla incelemektir. Nitel aragtirma yontemi
benimsenmis ve veri toplama araci olarak serbest kelime cagrisimi teknigi kullanilmstir.
Katilimcilardan “kadin girisimcilerce liretilen gastronomik iiriinler” ifadesine iliskin ilk akla
gelen kelimeleri yazmalari istenmistir. Elde edilen veriler icerik analizi ve ¢oklu uyum analizi
ile degerlendirilmistir. Bulgular, tiiketicilerin bu trtinleri lezzetli, hijyenik, dogal ve giivenilir
olarak algiladigini, ayn1 zamanda “el emegi”, “basar1” ve “OGzgiiven” gibi degerlerin 6ne
ciktigin gostermektedir. Kadin girisimcilige yonelik sosyal destek algisi da tiiketici zihninde
onemli bir yer tutmaktadir. Ayrica cinsiyet bazli farkliliklar tespit edilmistir, kadinlar sosyal
fayda ve dayanmigma kavramlarina odaklanirken, erkekler yenilik¢ilik ve dijital erisim
boyutlarint vurgulamistir. Arastirma sonuglari, kadin girisimciler tarafindan iiretilen
gastronomik tirlinlerin yalnizca birer gida iiriinii degil, ayn1 zamanda kiiltiirel ve toplumsal
anlamlar tasiyan degerler biitiinii olarak algilandigini ortaya koymaktadir.

Anahtar Kelimeler: Kadin Girisimciligi, Gastronomik Uriinler, Tiiketici Algisi, Serbest
Kelime Cagrisimi

ABSTRACT

This research aims to examine consumer perceptions of gastronomic products produced by
women entrepreneurs through the free word association technique. A qualitative research
method was adopted, and the free word association technique was used as the data collection
tool. Participants were asked to write down the first words that came to mind regarding the
expression “gastronomic products produced by women entrepreneurs.” The data obtained were
evaluated using content analysis and multiple correspondence analysis. The findings reveal that
consumers perceive these products as tasty, hygienic, natural, and trustworthy, while values

29 ¢¢

such as “handcraft,” “success,” and “self-confidence” also stand out. The perception of social
support for women’s entrepreneurship also holds an important place in the minds of consumers.

Moreover, gender-based differences were identified: women focused on concepts such as social
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benefit and solidarity, whereas men emphasized dimensions of innovation and digital
accessibility. The results of the study demonstrate that gastronomic products produced by
women entrepreneurs are perceived not only as food items but also as a set of values carrying
cultural and social meanings.

Keywords: Women’s Entrepreneurship, Gastronomic Products, Consumer Perception, Free
Word Association

1.GIRIS

Girisimcilik basarili bir sekilde yonetilen kaynaklardan yararlanarak bireylerin ve uluslarin
ekonomik biiylimesine katki sunan ve igsizligi azaltarak toplumun tim kesimleri i¢in deger
yaratan stratejik bir kalkinma aracidir (Dogan vd., 2024; Giil ve Giil, 2018; Msosa, 2022).
Kadinlarin is hayatindaki daha ¢ok yer almasi girisimciligin toplumsal ve ekonomik
kalkinmadaki roliinii giin gegtikge artirmaktadir. Ozellikle kadinlarm 1970’lerden itibaren
toplumun gelisiminde rol oynayan alanda aktif rol oynamasi girisimcilik faaliyetlerini
artirmistir (Akkil vd., 2024; Serinikli, 2019; Sahin, 2009). Bunun bir sonucu olarak “kadin
girisimciligi” kavrami ortaya ¢ikmaistir.

Kadin girisimciligi, kadinlarin ekonomik bagimsizliklarint kazanmalarina, hane halki
gelirlerini artirmalarma ve toplumsal statiilerini giiclendirmelerine imkan tanimaktadir.
Kadinlar, kendilerine 6zgii bakis agilar1 ve yaklasimlariyla herhangi bir alanda yenilikgi fikirler
ve ¢ozlimler sunarak hem ekonomik hem sosyal alanlarda 6nemli katkilar saglamaktadir
(Bharti, 2021; Dogan vd., 2024; Giil ve Giil, 2018). Bu katkilarin artmasi, siirdiiriilebilir bir
sekilde devam etmesi ve desteklenmesi i¢in kadinlarin kolektif bir yapi igerisinde orgiitlenmesi
gerekmektedir. Kadin girisimciligi ve birlikteliginin bir sonucu olarak kadinlara sosyal ve
ekonomik gii¢ kazandiran ve toplumda dayanismay1 tesvik eden “kadin kooperatifleri” kavrami
on plana ¢ikmustir (KEIG, 2018). Kadin kooperatifleri kadinlar tarafindan kurulan ve isletilen
iretim ve pazarlama odakli yapilar olarak tanimlanabilir. Tiirkiye’de 200’den fazla kadin
kooperatifi bulunmaktadir ve her gegen giin sayis1 artmaktadir (Adar vd., 2023).

Bu kooperatif yapilanmalarinin en 6nemli faaliyet alanlarindan biri yoresel iiriinlere dayali
geleneksel gastronomi tirlinlerinin tiretimidir. Cilinkii kadin kooperatiflerinde geleneksel iiretim
tekniklerini canlandiran, koruyan ve siirdiiren kadin girisimciler yer almaktadir (Cihangir vd.,
2023). Ayrica yoresel mutfak kiiltiiriinlin gelecek nesillere aktarilmasinda 6nemli bir rolii
oldugu diisiiniilmektedir. Bundan dolay1 kadin kooperatifleri, somut olmayan kiiltiirel mirasin
korunmasi agisindan stratejik bir oneme sahip oldugu sdylenebilir. Ciinkii geleneksel

gastronomik tirtinler toplumun kiiltiirel kimligini her agidan yansitan bir degerdir (Altili, 2010;
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Fernandes vd., 2024). Son olarak kadin kooperatifleri tarafindan iiretilen gastronomik {irtinler,
endiistriyel iiretimin homojenlestirici etkisine karsi yerel degerleri ve biyogesitliligi korudugu
sOylenebilir (Akmese vd., 2024; Anthopouloua vd., 2010). Kadin girisimciler tarafindan yoresel
malzemeler ve tekniklerle iiretilen regel, tursu, peynir, ekmek vb. iirlinler modern pazarlama
yontemleriyle hem ekonomik siirdiiriilebilirligi saglamakta hem kiiltiirel mirasin korunmasina
destek olmaktadir. Bu iiretim faaliyetleri kirsal alanlarda kadin istihdamin1 artirmakta ve kadin
girisimcilerin sosyal statiilerini giiglendirmektedir (Bharti, 2021).

Gastronomik iirlinlerin pazarlanmasinda tiiketici algi ve tercihlerini anlamak oldukga
onemlidir. Ciinkii satin alma kararinin ilk agamasini bu algilar ve iiriin deneyimi etkilemektedir.
Alanyazin incelendiginde alt1 farkli Avrupa iilkesinde (Belgika, Fransa, italya, Norveg, Polonya
ve Ispanya) geleneksel gida iiriinlerinin aliskanlik-dogallik, koken-yerellik, isleme-hazirlama
ve duyusal 6zellikler olmak {izere dort ana boyutta algilandig: tespit edilmistir (Guerrero vd.,
2009). Buna ek olarak, serbest kelime ¢agristmi ve merdiven teknigini kullanarak
gerceklestirdikleri arastirmada Roininen vd. (2005) tliketicilerin yoresel tiriinleri otantiklik ve
yerellik kavramlariyla iliskilendirdiklerini belirtmislerdir.

Alanyazin incelendiginde kadin kooperatifleri ve gastronomik iiriinlerin iiretimi odakli
aragtirmalar olmasina karsin (Adar vd., 2023; Anthopoulou, 2010; Bharti, 2021; Cihangir vd.,
2023) kadin girisimciler tarafindan {iretilen gastronomik {irlinlere yonelik tliketici algisini
dogrudan inceleyen c¢alismalarin sinirli oldugu sdylenebilir. Bu arastirmanin amaci kadin
girisimciler tarafindan iiretilen gastronomik iiriinlere iliskin tiiketicilerin zihinlerinde olusan
cagrisimlari, algilari ve degerlendirmeleri serbest kelime ¢agrisimi teknigiyle ortaya koymaktir.
Ciinkii serbest kelime ¢agrisimi teknigi, tiiketicilerin dogrudan ifade etmekte zorlandiklar1 derin
biligsel ve duygusal tepkilerini kesfetmede ve gida tercihlerine etki eden sosyo-Kkiiltiirel
faktorleri belirlemede etkili bir yontem olarak bilinmektedir (Ares ve Deliza, 2010; Rozin vd.,
2002). Ayrica arastirma bu {iriinlere iliskin tiiketicilerin beklentilerini ve tutumlarini anlamay1
hedeflemektedir.
2.YONTEM

Bu aragtirmanin evrenini kadin girisimciler tarafindan {iiretilen gastronomik {irlinleri en az
bir kez satin almig, 18 yasindan biiylik, kendi biitcelerini yonetme ve satin alma kararlarini
bagimsiz olarak verme yetkisine sahip yetiskinlerden olusturmaktadir. Tiirkiye Kurumu (TUIK,
2024) verilerine gore Tiirkiye niifusunun (85 milyon 664 bin 944) %74,53’1 18 yasindan
biiyiiktiir. Bu veriler 15181inda %95 giiven diizeyi ve %5 hata pay1 ile minimum 6rneklem

biiyiikliigii 384 olarak hesaplanmistir (Yamane, 1967).
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Arastirma kapsaminda veri toplamak amaciyla ¢evrimici anket formu kullanilmistir. Anket
formu alanyazin taramasiyla olusturulmustur (Colangelo vd., 2003; Guerrero vd., 2009;
Roininen vd., 2005; Rozin vd., 2002). Anket formu serbest kelime cagrisimi, tiiketim
aligkanliklar1 ve tercihleri ve demografik bilgiler olmak iizere {i¢ ana béliimden olusmaktadir.
Ik boliim serbest kelime ¢agrisimina yénelik katitlimcilardan “kadin girisimciler tarafindan
tiretilen gastronomik iiriinler” kavramina iliskin ii¢ kelime yazmalar1 ve bu kelimelere iliskin
algilarmi (olumlu/olumsuz) belirlemeleri istenmistir. ikinci béliim tiiketim aliskanliklarina ve
tercihlerine yonelik satin alma sikliklari, nereden aldiklar1 vb. sorular icermektedir.

Arastirmada amagli ve kartopu 6rnekleme yontemi kapsaminda veriler 10-30 Nisan 2025
tarihleri arasinda toplanmustir. Ik olarak amagl 6rnekleme kapsaminda kadm girisimcilerin
iiriinlerini satin alarak cevrimici platformlarda yorum yazan kisilere génderilmistir. ikinci
olarak aragtirmaya katilanlardan ¢evrelerinde kriterlere uygun kisilerle paylagmalar1 istenmistir.
Bu yaklagimla aragtirmanin genellebilirligini artirmak hedeflenmistir. Veri toplama siirecinde
245 anket formuna ulasilmistir.

Arastirma kapsaminda elde edilen verilerin analizi {ic asamada gerceklestirilmistir. Ilk
asamada serbest kelimeler icerik analizi yontemiyle incelenmis ve temalar olusturulmustur
(Braun ve Clarke, 2006). Bu siire¢ giivenirligini artirmak amaciyla ii¢ farkli aragtirmaci
tarafindan gergeklestirilmistir. Temalar ve bu temalarin altinda yer serbest kelimeler
kesinlesinceye kadar odak grup gdriismeleri yapilmustir. Ikinci asamada serbest kelimelerin
gorsel analizleri R programi ve “ggplot2” paketi kullanilarak ger¢eklestirilmistir.
3.BULGULAR

3.1.Tanimlayic1 Bilgiler

Aragtirmaya katilanlarin demografik ozellikleri incelendiginde, O6rneklemin ¢esitli yas
gruplarindan olustugunu goriilmektedir. Katilimcilarin yas dagilimi incelendiginde, 18-25 yas
araliginda bulunanlar %30,6 ile en yiiksek orani olustururken, 26-33 yas grubu %13,1, 34-41
yas grubu %14,3, 42-49 yas grubu %18 ve 50 yas ve iizeri katilimcilar %24,1 oraninda temsil
edilmektedir. Arastirmaya katilanlarin cinsiyet dagilimi incelendiginde, kadin katilimcilar
%72,2 orantyla Orneklemin biiylik c¢ogunlugunu olustururken, erkek katilimcilar %27,8
oraninda yer almaktadir. Bu dagilim, kadin girisimcilerin iiriinlerine yonelik tiiketici algilarinin
arastirilmasi agisindan anlamli bir 6rneklem yapis1 sunmaktadir. Egitim diizeyi incelendiginde,
katilimcilarin %47,8'1 lisans diizeyinde egitime sahipken, %23,3"i lise, %22 oraninda master
derecesine sahip katilimcilar bulunmaktadir. Ik ve ortadgretim seviyesindeki katilimcilar

toplamda %6,9 oraninda temsil edilmektedir. Arastirmaya katilanlarin kadin girisimciler
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tarafindan tretilen gastronomik iiriinleri satin alma siklig1 incelendiginde, %37,1 oraninda
katilimcinin ayda 1-2 kez satin alma davranisi sergiledigi goriilmektedir. %21,2’lik kesimin ise
haftada 1-2 kez satin aldig1 goriilmektedir. Buna karsin, liriinler el emegi degilse hicbir sekilde
satin almadigim1 belirtenlerin oran1 %13,9’dur. Kadin girisimciler tarafindan iiretilen
gastronomik trlinleri satin almama nedenleri sorgulandiginda, %38,4 oraninda katilimci
saglikli ve katkisiz olmamasi durumunu temel neden olarak belirtmektedir. Kadin {ireticilere

destek olma motivasyonu %24,5, geleneksel lezzetlere ulasma istegi %9,8 oraninda etkili

olmaktadir.
Tablo 1. Tanimlayici bilgiler
Ozellikler n %
18-25 75 30,6
26-33 32 13,1
Yas 34-41 35 14,3
42-49 44 18
50 ve iizeri 59 24,1
Cinsiyet Kadin 177 72,2
Erkek 68 27,8
Ik ve ortadgretim 17 6,9
Egitim durumu L%se >7 23,3
Lisans 117 47,8
Master 54 22
Kadin girisimciler tarafindan iiretilen Yilda birkag kez 89 36,3
gastronomik {irlinleri ne siklikla satin Ayda 1-2 kez 21 37,1
Haftada 1-2 kez 52 21,2
alirsiniz?
Haftada 2 defadan fazla 13 5,3
El emegi olmasi 34 13,9
Kadin girigimciler tarafindan tiretilen Saglikl ve katkisiz olmast 94 38,4
gastronomik {iriinleri satin almanizda Kadin iireticilere destek olmak 60 24,5
en temel neden nedir? Geleneksel lezzetlere ulagsmak 24 9,8
Yerel liretimi desteklemek 33 13,5
Kadin girisimciler tarafindan iiretilen Koy pazarlan P 100 40,8
gastronomik {irlinleri en ¢ok nereden Ka@m kooperatifleri 66 26,9
satin alirsiniz? Online satis platformlari 40 16,3
Fuar/etkinlikler 39 15,9

3.2.Serbest Kelime Cagrisimi Tematik Analizi

Arastirmaya katilanlar “kadin girisimciler tarafindan {iretilen gastronomik {irtinler”
kavramina yonelik belirttikleri 735 kelime ¢agrisimi, tematik analiz yontemiyle incelenmistir.
Braun ve Clarke (2006) tarafindan Onerilen tematik analiz yaklasimi temel alinarak
gergeklestirilen analiz sonucunda, kalite ve iiriin 6zellikleri, emek ve iiretim siireci, gida
iirlinleri ve yoresel lezzetler, sosyal destek ve kadin gliclenmesi, duygusal ¢cagrisimlar, aile ve

geleneksel degerler ile olumsuz ¢agrisimlar olmak iizere yedi tema belirlenmistir.
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3.1.1.Kalite ve Uriin Ozellikleri

Kalite ve iirlin 6zelliklerine odaklanan kelime sayis1 192 (%26,1) olarak tespit edilmistir. Bu
tema altinda lezzetli (65 kez), hijyenik (25 kez), saglikl1 (23 kez), temiz (20 kez), giivenilirlik
(17 kez), dogallik (12 kez) ve organik (8 kez) kelimeleri tekrarlanmistir. Bu tema altinda yer
alan kelimeler kadin girisimcilerin iirettigi gastronomik {iirtinlerin fiziksel 6zelliklerini, kalite
standartlarin1 ve aragtirmaya katilanlarin giivenligini vurgulamaktadir.

3.1.2.Emek ve Uretim Siireci

Emek ve tiretim siireci kategorisi 99 farkli kelimeden (%13,5) olugsmakta ve {iretim siirecinin
el emegi odakli dogasini ile girisimcilik siirecini vurgulamaktadir. Bu temada “el emegi” (63
kez), basar1 (19 kez), siirdiiriilebilirlik (4 kez), yaraticilik (3 kez) ve caba (3 kez) gibi kelimeler
tekrarlanmaktadir. Kadin girisimcilerin {irettigi gastronomik iirlinlerle iliskilendirdikleri bu
kelimeler arastirmaya katilanlarin kadin girisimcilerin tirlinlerini endiistriyel {iretimden
farklilagtiran temel 6zellik olarak el emegini gordiiklerini isaret etmektedir. Buna ek olarak
kadin girigsimcilerin is diinyasindaki basarilarinin arastirmaya katilanlar tarafindan takdir
edildigini gostermekte ve modern iiretim degerleri olan ¢evresel sorumluluk ile yenilikg¢ilik
anlayisinin bu iiriinlerle iliskilendirildigini ortaya koymaktadir.

3.1.3.Guda Uriinleri ve Yoresel Lezzetler

Bu tema arastirmaya katilanlarin zihinlerinde kadin girisimcilerin trettigi spesifik gida
iirlinlerini ve yoresel lezzetleri canlandiran 91 kelimeden (%12,4) olugsmaktadir. Eriste (21 kez),
tarhana (17 kez), manti (11 kez), gézleme (8 kez), borek (7 kez) ve hamur isi (6 kez) gibi serbest
cagrisim kelimeleri bu temayr desteklemektedir. Sonu¢ olarak arastirmaya katilanlarin
geleneksel Tiirk mutfaginin temel hamur islerini kadin girisimcilerin iiriinleriyle giiclii bir
sekilde Ozdeslestirdigini ortaya koymaktadir. Ayni zamanda arastirmaya katilanlarin bu
driinleri kirsal alan tretimi ve yerel kiiltiirle iliskilendirdigini gostermekte, geleneksel
degerlerin modern girisimcilik anlayisiyla bulustugunu isaret etmektedir.

3.1.4.Sosyal Destek ve Kadin Gii¢clenmesi

Sosyal destek ve kadin giiclenmesi temasi1 kadin girisimcilere yonelik sosyal destegin ve
toplumsal cinsiyet esitligi perspektifinin arastirmaya katilanlarin algilarinda 6nemli bir rol
oynadigin1 gostermektedir. Bu temada destek (12 kez), giiclii olmak (8 kez), cesaret (7 kez) ve
ozgiiven (5 kez) cagrisimlar1 6n plana ¢ikmaktadir. Bu bulgular, arastirmaya katilanlarin kadin
girisimcilerin iriinlerini satin alma motivasyonlarinda sosyal sorumluluk bilincinin etkili

oldugunu isaret etmektedir. Ayrica kadin girisimcilerin toplumsal rollerine yonelik olumlu
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algilar1 yansitmakta ve aragtirmaya katilanlarin satin alma davraniglarinda sosyal etki ile

toplumsal fayda motivasyonlarinin belirleyici rol oynadigini ortaya koymaktadir.

3.1.5.Duygusal Cagrisimlar

Duyusal cagrisimlar, kadin girisimcilerin {iriinlerinin arastirmaya katilanlarda yarattigi
pozitif duygusal tepkileri gostermektedir. Bu tema mutluluk (14 kez), sevgi (10 kez), gurur (4
kez), samimiyet (4 kez) ve huzur (3 kez) cagrisimlar1 olmak tizere 39 kelimeden (%5,3)
olusmaktadir. Bu bulgular, arastirmaya katilanlarin bu iiriinleri sadece fonksiyonel bir gida
maddesi olarak degil, aynm1 zamanda duygusal tatmin saglayan birer deneyim olarak
algiladiklarin1 gostermektedir.

3.1.6.Aile ve Geleneksel Degerler

Aragtirmaya katilanlar kadin girisimcilerin iiriinlerinin geleneksel aile yapisi ve kiiltiirel
degerlerle iliskilendirildigi tespit edilmistir. Bu tema, Anne ve anne eli (6 kez) kelimeleri,
annelik rolii ve ev i¢i liretim geleneginin bu tirlinlerle 6zdeslestirildigini ortaya koymaktadir.
Aile (4 kez) ¢agrisimi, irlinlerin aile degerleri ve ev ortami ile iliskilendirildigini gosterirken,

geleneksel (2 kez) ve kiiltiir (2 kez) kelimeleri kiiltiirel siireklilik algisin1 yansitmaktadir.

Kalite ve Uriin Ozellikleri 40.3%
Emek ve Uretim Sireci

Gida Urlinleri ve Yéresel Lezzetler
Duygusal Cagrisimlar

Sosyal Destek ve Kadin Glglenmesi

Aile ve Geleneksel Degerler

0 5 10 15 20 _ 25 30 35 20
Toplam Gagrisimlar icindeki Oran (%)
Sekil 1. Serbest Kelime Cagrisimi Temalarina Gore Dagilim (% Oranlar)
3.2.Serbest Cagrisim Kelime Bulutu
Arastirma kapsaminda elde edilen serbest kelime cagrisimlari, gorsel bir analizle kelime
bulutu olusturulmustur (Sekil 2). Arastirmaya katilanlar "kadin girisimciler tarafindan iiretilen

gastronomik Uriinler" ifadesine iligkin verdikleri kelimeler incelendiginde, en sik tekrar eden
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kelimelerin “lezzetli”, “el emegi”, “hijyenik”, “saglikli”, “eriste”, “temiz”, “basar1” ve
“giivenilirlik” oldugu tespit edilmistir. Bu kelimeler arastirmaya katilanlar i¢in hem fiziksel

iirlin 6zelliklerinin (6r. hijyen, dogallik) hem de iiretim siirecine iliskin deger yargilarinin (6r.

29 <¢ 29 ¢

el emegi, basari, giiven) 6nemli oldugunu gostermektedir. Ayrica “tarhana”, “mant1”, “eriste”

gibi yoresel iiriin isimlerinin sik¢a tekrarlanmasi, arastirmaya katilanlarin zihninde kadin

girigsimcilerin iirinlerini geleneksel ve yerel lezzetlerle 6zdeslestirdigini ortaya koymaktadir.
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Sekil 2. Kadin Girisimci Uriinlerine Yonelik Serbest Kelime Cagrisimi Kelime Bulutu

3.3.Serbest Kelime Cagrisimlarinin Tiiketici Algilarinin Duygu Temelli Dagilim

Arastirmaya katilanlarin kadin girisimciler tarafindan iiretilen gastronomik tiriinlere iligkin
serbest kelime ¢agrisimlarinin pozitif ve negatif duygu durumlaria gore frekans dagilimlari
Sekil 3’te sunulmustur. “Lezzetli”, “el emegi”, “hijyenik”, “basar1”, “mutluluk” ve
“glivenilirlik” gibi pozitif yiiklii kelimelerin 6n planda oldugu goriilmektedir. Ayrica genellikle
“yiiksek fiyat” ve “zor liretim siireci” gibi ekonomik veya erisim temelli olumsuzluklara isaret
eden olumsuz duygu yiiklii kelimeler dikkat cekmektedir. Sonug olarak kelime ¢agrisimlarinin

biiyiik cogunlugunun pozitif duygu yiiklii oldugu goriilmektedir.
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Sekil 3. Aragtirmaya Katilanlarin Serbest Cagrisimlarinda Pozitif ve Negatif Duygu Yo6nelimi

3.4.Coklu Uyum Analizi Sonuclari

Kadin girisimciler tarafindan iiretilen gastronomik firiinlere yonelik tiiketici algisinin
demografik ve davranigsal degiskenler lizerinden c¢oklu uyum analizi (MCA) Sekil 4’te
sunulmustur. Eksenler incelendiginde arastirmaya katilanlarin kategorik ozelliklerine gore
boyutlandirilmis ve ilk iki boyut varyansin %24’linli acikladig1 sdylenebilir. Harita, analizde
kullanilan cinsiyet, egitim diizeyi, satin alma yeri ve satin alma nedenine ait kategorilerin ilk
iki boyuttaki dagilimini gostermektedir. Ayrica yakin konumda olan degiskenler arastirmaya
katilanlarin kadin girisimciler tarafindan tiretilen gastronomik tirtinlere iligkin algilarinin benzer
egilimde oldugunu gostermektedir. Ornegin, “kadin”, “kadin iireticilere destek olmak”, “kadin
kooperatifleri” ve “saglikli ve katkisiz olmas1” kategorileri birbirine yakin konumdadir. Sonug
olarak arastirmaya katilan kadinlarin dayanisma motivasyonuna sahip olduklar1 ve kadin
girisimciler tarafindan iretilen {riinlerin saglikli oldugu algisiyla ettiklerini ortaya
koymaktadir. Arastirmaya katilan erkekler ise “Ozgiin/farkli tatlar sunmasi”, “online satis
platformlar1”, “fuarlar/etkinlikler” ve “yerel iiretimi desteklemek” gibi kategorilerle daha ¢ok
iliskilendirilmistir. Erkeklerin kadinlardan farkli olarak farklilagmis tat beklentilerine ve
dijital/alternatif satin alma kanallarina yoneldiklerini gostermektedir. “Geleneksel lezzetlere
ulagsmak” ve “el emegi olmas1” gibi nedenlerin “kdy pazarlar1” ile birlikte konumlanmasi ise bu

iriinlerin nostaljik, el yapimi ve Kkiiltiirel deger tasiyan nitelikleriyle algilandigini isaret

etmektedir.
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Sekil 4. Kadin Girisimci Uriinlerine Yénelik Tiiketici Algisinda Kategorik Degiskenlerin MCA
Haritas1

4.SONUC VE TARTISMA

Bu arastirma kapsaminda, kadin girisimciler tarafindan {iretilen gastronomik iirlinlere
yonelik tiiketici algilar1 serbest kelime c¢agrisimi teknigiyle analiz edilmistir. Elde edilen
bulgular, katilimcilarin bu tirlinlere biiyiik oranda olumlu yaklastigin1 ve kadin girisimcilere
yonelik yiiksek diizeyde destek bilinci tasidiklarini géstermektedir. Katilimcilar, bu tiir tirtinleri
oncelikle lezzet, hijyen, dogallik ve giivenilirlik gibi fiziksel niteliklerle iliskilendirmistir.
“Lezzetli”, “saglikl’” ve “temiz” gibi kelimelerin siklikla tekrar edilmesi, iirlinlerin islevsel
fayda yoniinden olumlu algilandigini ortaya koymaktadir. Bu bulgu, geleneksel gida
diriinlerinin dogallik, yerellik ve duyusal 6zellikler temelinde algilandigini belirten Guerrero vd.
(2009) galigsmasiyla ortiismektedir.

Bununla birlikte, el emegi, basar1 ve yaraticilik gibi iiretim stireci ile iligkili kelimeler, kadin
girisimcilerin emek temelli {iretim siireclerinin tiiketici algisinda 6nemli bir yer tuttu§unu
gostermektedir. Katilimcilar bu iiriinlerin endiistriyel gidalardan ayiran temel 6zellik olarak el
emegine vurgu yapmaktadirlar. Bu bulgu, literatiirde kadin girisimcili§in 6zgiin iiretim
yapilariyla desteklenmesi gerektigini vurgulayan ¢alismalarla paralellik gostermektedir (Bharti,
2021; Cihangir vd., 2023). Ayrica katilimcilarin bu {irtinleri, toplumsal fayda ve cinsiyet esitligi
baglaminda da degerlendirdikleri goriilmektedir. “Destek”, “cesaret”, “Ozgliven” gibi
kelimelerin varligy, tiiketicilerin satin alma davranislarinda sosyal sorumluluk bilincinin 6nemli
Olciide etkili oldugunu gostermektedir. Bu durum, kadin girisimciliginin ekonomik oldugu

kadar sosyal doniisiim agisindan da 5nemini ortaya koymaktadir (KEIG, 2018; Akkil vd., 2024).
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Duygusal ¢agrisimlar analiz edildiginde, “mutluluk”, “samimiyet” ve “gurur” gibi pozitif
duygular dikkat ¢cekmektedir. Katilimeilar bu tiriinleri yalnizca fonksiyonel degil, ayn1 zamanda

duygusal tatmin saglayan deneyimler olarak algilamaktadir. Bu baglamda {iriinler, ailevi

2 13

degerler ve gegmise yonelik nostaljik unsurlarla da biitiinlesmistir. “Anne eli”, “aile” ve
“geleneksel” gibi ifadeler, kiiltlirel siireklilik ve aile yapisinin bu algida temel belirleyici
oldugunu gostermektedir (Altili, 2010; Fernandes vd., 2024).

Coklu uyum analizi sonuglari, demografik ve davranigsal degiskenlerin algi1 farkliliklarini
ortaya koymaktadir. Kadinlar genellikle triinleri kadin kooperatifleri ve saglikli {iretimle
iligkilendirirken, erkeklerin “farkli tatlar”, “online satig” ve “fuarlar” gibi kategorilerle daha ¢cok
Ozdeslestigi goriilmektedir. Bu durum, pazarlama stratejilerinde toplumsal cinsiyete dayali
farklilagtirmalarin dikkate alinmas1 gerektiginin 6nemini vurgulamaktadir.

Sonug olarak, kadin girisimciler tarafindan {iretilen gastronomik {irtinler, tiiketicilerin
zihninde yerel, kiiltiirel, el emegine dayali ve toplumsal fayda saglayan {iriinler olarak yer
edinmistir. Bu iirlinlerin yalnizca gida olarak degil, ayn1 zamanda birer kiiltiirel miras unsuru
ve sosyal deger tasiyicis1 olarak algilandigi goriilmektedir. Bu baglamda, kadin
kooperatiflerinin ve kadin girisimcilerin desteklenmesi, yalnizca ekonomik gelisme degil,

kiiltiirel stirdiiriilebilirlik agisindan da 6nem arz etmektedir.
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OZET

Kent yasaminin onemli bir parcasi olan agik yesil alanlarin hem toprak hem de insan sagligi
iizerine bircok etkileri vardir. Toprak sagligi acisindan faydalari; toprak yiizeyini kapladigi igin
ylizey akisini azaltmasi ve bu sayede erozyonu oOnlemeye katki saglamasi olarak
orneklendirilebilir. Insan saghig: acisindan ise cevresel giiriiltiiyii azaltma, toz haraketliligini
azaltma, hissedilen ortam sicakligin1 4-8°C azaltmasi, oksijen iiretimi, karbon tutumu,
rekreasyon etkisi, fiziksel aktiviteyi artirma firsati sunmasi ve stresi azaltmasi gibi etkenler
sayilabilir. Bu baglamda yesil alanlarin bakim faaliyetleri 6nem kazanmaktadir. Bakim
politikalar1 gelistirilirken dncelikle yesil alanlar1 olusturan bitkilerin 6zelliklerinin ve biiyiime
donemlerinin iyi bilinmesi gerekmektedir. Ciinkii yazlik ve kislik ¢im tiirleri farkli zamanlarda
biiytimekte ve dinlenmektedir. Dinlenme sezonunda yesil rengi sartya donmekte ancak bitkinin
fizyolojik gelisiminin bir pargast olan bu durum bilinmedigi zaman bitkilerin 6ldiigii
zannedilmektedir. Oysaki kislik cesitler kisin, yazlik cesitler de yazin yesil kalmakta ve diger
zamanlarda dinlenme periyodunda olmaktadirlar. Bu periyotlar arasinda yesil dokunun
devamliligini saglamak i¢in ¢im tiirler1 karisik ekilmekte ve her daim yesil renk elde
edilmektedir. Bakim faaliyetleri arasinda sulama, giibreleme, bitki koruma vb. gibi faaliyetler
bulunmaktadir. Bitkilerin saglikli gelisebilmeleri icin topraktan kaldirdiklar1 besin elementi
miktarlarinin giibreleme ile tekrar verilmesi gerekmektedir. Aksi takdirde ¢im bitkileri zamanla
zayiflamakta ve gorsel kalitesini yitirmektedir. Siirekli bigilerek fiziksel kayba sebep
olundugundan bitki tekrar yapraklanmak zorunda kalmakta bu sebeple giibre ve su istegi
artmaktadir. Giibreleme bu a¢idan 6nem kazanmakta ve aksatilmamasi gereken bir uygulama
olarak karsimiza ¢ikmaktadir. Bu calismamizda yaygin olarak kullanilan ¢im tiirleri, giibreleme
zamani ve miktart ile ilgili literatiir incelenmesi sonucu ¢imin tiirii ve bitki besleme géz 6niinde
bulundurularak gilibreleme programlari hakkinda bilgi verilecektir.

Anahtar Kelimeler: Yesil alan, ¢im, giibreleme, bitki besleme
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GRASS TYPES COMMONLY USED IN GREEN SPACE FACILITIES AND
FERTILIZER DOSES THAT SHOULD BE APPLIED FOR OPTIMAL YIELD

ABSTRACT

Open green spaces, a vital part of urban life, have numerous impacts on both soil and human
health. Its benefits in terms of soil health can be exemplified by reducing surface runoff as it
covers the soil surface and thus contributing to the prevention of erosion. For human health,
they include reducing environmental noise, reducing dust movement, reducing perceived
ambient temperature by 4-8°C, producing oxygen, sequestering carbon, providing a recreational
effect, providing opportunities for increased physical activity, and reducing stress. In this
context, maintenance activities for green spaces are gaining importance. When developing
maintenance policies, it is crucial to thoroughly understand the characteristics and growth
stages of the plants that comprise green spaces. Summer and winter grass species grow and rest
at different times. During the dormant season, the green color turns yellow, but if this is not
known, which is part of the plant's physiological development, the plants are assumed to be
dead. However, winter varieties remain green in winter, while summer varieties remain green
in summer and are in rest at other times. Between these periods, a mix of grass species is planted
to maintain the green texture, resulting in an evergreen color. Maintenance activities include
irrigation, fertilization, and plant protection. For healthy growth, plants must replenish the
nutrients they remove from the soil through fertilization. Otherwise, grass plants weaken over
time and lose their visual quality. Since physical loss is caused by constant mowing, the plant
has to re-leaf, and therefore the need for fertilizer and water increases. In this respect,
fertilization becomes important and is a practice that should not be neglected. In this study,
information will be given about fertilization programs considering the type of grass and plant
nutrition as a result of literature review on commonly used grass types, fertilization time and
amount.

Keywords: Green space, grass, fertilization, plant nutrition
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AZORBAYCAN NiTQ MODONIYYOTINO QODIiM TURK RITORIKASININ
TOSIRI

' IBRAHIMOVA Nabat
Azarbaycan Respublikasi Prezidenti yaninda Dovlat Idaragilik Akademiyasinin bag miisllimi, dosenti

Xiilaso

Mogalodo godim tiirk yazili abidolorinin, xiisusilo Orxon-Yenisey abidolorinin tiirk
ritorikasinin formalagmasindaki rolu va bu ritorikanin Azarbaycan nitq madeniyyating tosiri
aragdirilir. Bu abidaler yalniz tarixi sanad deyil, hom da ictimai-siyasi ideologiyanin, dovlstgilik
diisiincosinin vo estetik nitq ononosinin dasiyicist kimi ¢ixis edir. Tiirk ritorikasinda baslica
motivler — gohromanliq, dovlatin birliyi, xalqin oyadilmasi vo diismons garst miibarizo —
Azorbaycan epik anonasine 0z tosirini gostormisdi. Abidoslordoki qisa, tosirli ifadslor, tokrarlar
va ritorik fiqurlar sifahi anononin yazili adebiyyata ugurlu keg¢idini niimayis etdirir. Belsliklo,
gadim tiirk ritorikas1 Azorbaycan nitq madoniyyastinin tarixi koklorindon biri kimi miihiim yer
tutur.
Acar sozlar: Azorbaycan dili, nitq madoniyyati, tiirk ritorikasi, Qadim tiirk abidalori
Abstract

The article examines the role of ancient Turkic written monuments, particularly the Orkhon-
Yenisei inscriptions, in the formation of the Turkic rhetorical tradition and analyzes their impact
on the speech culture of the Azerbaijani people from historical and linguistic perspectives.
These monuments function not only as historical documents but also as important carriers of
socio-political ideology, statehood concepts, and the tradition of aesthetic rhetoric within the
broader framework of Turkic intellectual and cultural heritage. The principal themes of Turkic
rhetoric—such as heroism, the consolidation of statehood, the awakening of national
consciousness, and the struggle against external adversaries—have exerted a profound
influence on the development of the Azerbaijani epic tradition. The concise and impactful
expressions, repetitions, and rhetorical devices present in the inscriptions illustrate the
successful transition of oral traditions into written literature. Thus, ancient Turkic rhetoric
occupies a significant position as one of the historical foundations of Azerbaijani speech
culture.
Keywords: Azerbaijanian, rhetoric, turkish rhetoric, Ancient Turkish monuments
Giris

Nitq madaniyysti comiyyatin miioyyan bir tarixi marhalods nitq foaliyyatini tadqiq edir vo
dilin insanlar arasinda kommunikasiya vasitosi kimi istifado qaydalarini elmi prinsiplor

osasinda sistemlosdirir.
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Nitq modoniyyoti hom noazori, hom do praktiki bir intizamdir. O, odobi dil tarixinin,
grammatikanin, stilistikanin nailiyyatlorini vo naticalorini timumilosdirarak dil praktikasina
tosir gostormayi hadofloyir. Onun digor bir xarakterik xiisusiyyati onun ictimai shomiyyati vo
sosial proseslora davamli gsokildo daxil olmasidir. [ 2,soh. 4]

Tiirk ritorikasina nozar salsaq onun formalagsmasinda asas va ilkin merhals qadim tiirk yazili
abidalari ilo baglidir. Bu abidalor yalniz dil vo yazi tariximiz ii¢lin deyil, eyni zamanda tiirk
xalgqinin ritorik diisiinco torzinin, ictimai-siyasi diinyagoriisiiniin vo ideoloji ifado torzinin
formalasmasinda miihiim rol oynamisdir. Tarixon bu yazili moanbolor Qoadim Tiirk (Goytiirk)
olifbast ilo yazilmis vo osason VIII asro aid edilon Orxon-Yenisey abidoloridir. Onlar hom
mozmun vd forma, hom do iislub baximindan tiirk ritorikasiin ilk klassik niimunalari hesab
edils bilor.

Arasdirma vd tadqgiqat

Qodim tliirk  abidolori tlirk odobiyyati tarixindo ilk tarixi-badii niimunoslor kimi
saciyyealondirilmaklo yanasi, eyni zamanda erkon dovr tiirk gohromanliq epikasi ii¢iin saciyyovi
olan xiisusiyyatlori do 6ziinds ehtiva edir. [ 3; soh.51]

Qodim tiirk yazili abidolori tiirk xalglarinin, o ciimlodon Azorbaycan tiirklorinin nitq
sonatinin, madani inkisafinin va diinyagdriisiiniin formalagsmasinda asas tarixi monbo kimi ¢ixis
edir. Bu abidolords ifado olunan ideyalar, dil vo ritorik xiisusiyyetlor Azorbaycan dilinds vo
odobiyyatinda 6z oksini tapmis, noticods milli madeniyyetimizin zonginlogmosine xidmat
etmisdir.

Ovvalca geyd etmok lazimdir ki, godim tiirk abidslorinin leksikasi, ifado torzi vo estetik
xiisusiyyaotlori Azorbaycan dilina bir sira sozlor, deyimlor va ritorik tisullar soklindo kegmisdir.
Bu, dilimizin zonginlogmasi vo nitq bacariqlarinin inkisafinda 6nomli rol oynamigdir. Masalan,
Orxon abidslorindoki epik vo gohromanliq motivlari, xalqin birlik va vatonparvarlik ruhunu
ifads edon ¢oxsayl frazeoloji vahidlor vo metaforalar bizim dilimizin liigat xozinasindo halo do
yasamagqdadir.

Daha sonra, bu qodim tasirlar orta asrlordo mohkamlonorak klassik odobi janrlar, xiisuson do
dastanlarin osas motivlorina ¢evrilmisdir. Xalqimizin on moshur dastanlarindan olan "Dado
Qorqud", "Koroglu" vo digor epik osorlordo godim tiirk abidolorinin ruhu vo ideyalar1 aydin
goriiniir. Bu dastanlarda hom gohromanliq ideallar1, hom do kollektiv siiur, sosial adalot, azadliq
arzusu kimi doyorlor qodim tiirk diisiinco torzindon gaynaqlanir. Masalon, Dads Qorqud
dastanlarinda kaganliq, dovlatcilik vo xalqin birliyi mévzular els bir ritorik glico malikdir ki,

bu da qadim abidslorindoki ¢agirislarin va ideyalarin davami sayila biler.
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Qodim tiirk abidolori tlirk odabiyyati tarixinde ilk tarixi-badii nlimunoalor kimi
saciyyalondirilmakls yanasi, eyni zamanda erkon dovr tiirk gohromanliq epikasi ii¢iin saciyyovi
olan xiisusiyyatlori do 6ziindo ehtiva edir. [ 3; soh.51] Sii siilonon bulungdaki bodunig kop
alimmis, kop baz kalmis, bash@ig yiikiirtlirmiis, mizligig sokiirmis (KTs 2) “Hiicum edib
otrafdaki xalqi tabe etdirmis, baslarin1 sacds etdirmis, dizini ¢okdiirmiis”[1,soh.560]. Burada
biz tiirklorin diinyagoriisiindo hakimiyystin giic, irado vo gohromanliq tizorinds qurulmasinin
sahidi oluruq. Burada gohroman obrazi diismono qalib golon, otraf xalglar1 itasto gotiron, onlarin
rohbarlaring bag aydiron vo ruhon maglub edon bir fiqur kimi togdim olunur. Bu, hom epik, hom
mifoloji, ham do siyasi-ideoloji motivlarle zangin bir ifadadir.

Umumilikda, qodim tiirk abidalorinin Azorbaycan madaniyyati vo nitq sonatina tasirinin osas
cohati onlarin milli sliurun vo adobiyyatin formalagmasinda ovazsiz rol oynamasidir. Bu tosir,
dilin zonginlogmosi, gohromanliq motivlorinin tocassliimii, homg¢inin madoni vo ideoloji
dayarlarin nasildon-nasls otiiriilmasi soklinde 6ziinii gostarir. Belaliklo, godim tiirk ritorikasi
Azorbaycan odobiyyatinin va nitq madoniyyatinin tarixi koklorini togkil edir vo miiasir dilimiza,
madaniyyatimizs zongin ideya va estetik gatqilar vermoys davam edir.

Mozmun vo ideoloji doyeorlora nozor salsaq, bu abidslor eyni zamanda, ictimai-siyasi
ideologiyanin vo dovloatgilik tofokkiiriiniin ritorik ifadssidir. Burada asas vurgu dovlatin birliyi,
xalqin itaati, kaganin adalsti vo dliismons garsi miibarizo kimi motivlors verilir. Bu, ritorikanin
sadaco estetik deyil, hom do siyasi vo didaktik funksiyalar dasidigini gdstorir. Abidslorde xalqin
sohlonkarligina qars1 xobardarliq, diismona qarst ayiqliq vo tarixden dors ¢ixarma ¢agiriglart
aparict motivlordondir: Anta kisra tengri yarlikazu, kutirn bar iigiin, tiliigim bar tigiin oltagi
bodumg tirigrii igitim (KTs 29) // "Ondan sonra tanrinin buyrugu ilo boxtim oldugu igiin,
qismatim oldugu iiciin 6lasi xalqr diriliye dogru ytiksaltdim".

Orxon-Yenisey abidolori vo onlarin ritorik ohamiyyatine nozar salsaq, Bilge Kagan, Kiil
Tigin vo Tonyukuk yazil1 abidaleri tiirk ritorikasinin an qadim vo shomiyyatli 6rnaklori sayilir.
Bu abidslordoki ritorik ifadsler yalniz sado informativ motnlor deyil, hom do comiyyato yonalon
ictimai ¢agiris, nasihat, tarixi yaddas va siyasi-modani fikrin formalasdirilmasi moagsadi giidiir:
«Bu xaqanindan, bu boylarinden, yerindon, suyundan ayrilmasan, tlirk xalqi, 6ziin yaxsiliq
gorosison, evina girasison, dordsiz olasisan» (KTsm13-14) [1, soh. 570] Moatndoki ifads torzi,
struktur va nitq texnikasi, godim tiirk comiyyatinin ritorik qabiliyyatlorini aciq sokilds niimayis
etdirir. Bu yazili matnlorin hor biri biitiin tiirk xalglar: {i¢iin olduqca dayarli tarixi monbaler,
ovazolunmaz sanot asorlaridir. Kitaboalorde homin sarkardoslorin dilindan tiirklors dyiid-nasihat

verilir.
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Abidalorin dil vo kompozisiya baximindan xiisusiyyatlori do onlarin ritorik giiciinii artirir.
Qisa, kosorli ciimlolor, paralel konstruksiyalar, tokrarlar vo sual-cavab formasinda qurulan
hissaler ritorik tosiri giiclondirir. Uze tengri basmasa, asra yanrak telinmese, Tiirk bodun eliy
tortin kim artat1? (KTs22) «Yuxaridan gdylor basmasa, asagida yer dagilmasa, tiirk xalqu, elini,
qanununu kim dagida bilordi?» kimi ifadslor hom kosmoloji diisiinco ilo baglidir, hom do ritorik
baximdan dinloyicini dorhal yiiksok monavi vo folsofi miistoviya ¢okir. Tiirk dovlotinin vo
xalginin sarsilmaz giiclinii vo miiqoddasliyini ifade edon on 6nomli fikirlorden biridir.

Olavo olaraq, bu abidolords istifads edilon ritorik fiqurlar — antitez (qarsilasdirma), anafora
(tokrarlarla vurgulama), metafora vo paralelizm — qodim tiirk ritorikasinin yiiksok soviyyado
sifahi ononoya asaslandigini gostorir. Bu iso tiirk xalqinin agiz odobiyyatina olan bagliligini vo
nitq modaniyyatinin godim ddvrlordan etibaron formalasdigini tosdiqloyir.

Naticd

Beloliklo, gqodim tiirk abidolori ictimai-siyasi ideologiyanin vo dovlstgilik tofokkiiriiniin
ritorik ifadosidir. Burada osas vurgu dovlstin birliyi, xalqin itasti, kaganin adaloti vo diismono
qars1t miibarizo kimi motivlors verilir. Bu, ritorikanin sadacs estetik deyil, hom do siyasi vo
didaktik funksiyalar dasidigin1 gostorir. Abidslordo xalqin sohlonkarligina qarst xobordarliq,
diismono garst ayiqliq vo tarixdon dors ¢ixarma cagiriglart aparicit motivlordondir. Bu yazili
abidolor tiirk ritorikasinin formalagsmasinda baslangic morholoni toskil etmoklo borabar,
Azarbaycan nitq modaniyyatinin osas tarixi dayaqlarindan biri kimi ¢ixis edir.

Bu tasir yalniz forma soviyyasinda deyil, hom do mozmun baximindan 6ziinii gostormisdir:
dovlatin birliyi, xalqin dir¢alisi, gohromanliq, adalot vo diismona garst miibarizo kimi ideyalar
hom gadim tiirk abidslorinin, ham do Azarbaycan nitq madaniyyatinin morkazi motivlari kimi
cixis edir. Abidolords istifado olunan qisa vo kasorli ifadslor, tokrarlar, ritorik suallar, metaforik
vo paralel konstruksiyalar Azorbaycan xalq adobiyyatinda va xiisusile epik dastanlarda — “Dado
Qorqud”, “Koroglu” va digor gohromanliq niimunslorinde 6z oksini tapmis, nitq texnikasi
baximindan eyni ritorik onononin davami kimi inkisaf etmisdir.

Natico etibarilo, qadim tiirk yazili abidslori Tiirk ritorikasinin biindvrasini togkil edir. Onlar
yalniz tarixi sonad deyil, hom do ritorik ustaligin, nitq strategiyasinin vo ideoloji yonliililyilin
tocossiimiidiir. Bu abidoslor vasitasils tiirk xalqinin sifahi vo yazili nitq madeniyyastinin asrlor
boyunca neco inkisaf etdiyini miisahido etmok miimkiindiir. Orxon-Yenisey abidolori, sadoco
tarixi miras deyil, eyni zamanda tiirk ritorikasinin baglangic ndqtesi vo miihiim qaynagi olaraq

bu sahodos calisan tadqgiqateilar i¢iin do avozsiz monbadir.
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Abstract

Chronic inflammatory diseases, such as rheumatoid arthritis, inflammatory bowel disease
(IBD), cardiovascular disease, type 2 diabetes, and neurodegenerative disorders, are major
contributors to global morbidity and mortality. A growing body of evidence highlights the role
of chronic low-grade inflammation in the pathogenesis and progression of these conditions.
While pharmacological treatments are essential, long-term drug use is often associated with
adverse effects and limited efficacy in halting disease progression. This has spurred interest in
nutraceuticals—bioactive compounds derived from food sources with potential therapeutic
benefits.

Nutraceuticals such as omega-3 fatty acids, curcumin, resveratrol, probiotics, vitamin D, and
polyphenols have demonstrated anti-inflammatory, antioxidant, and immunomodulatory
properties in both preclinical and clinical studies. These compounds act by modulating key
inflammatory pathways, including the NF-kB signaling cascade, cytokine production, and
oxidative stress markers. Additionally, they may improve gut microbiota composition,
contributing to systemic immune balance.

Despite promising outcomes, the therapeutic use of nutraceuticals faces challenges such as
variability in bioavailability, standardization, dosage optimization, and regulatory approval.
Integrating nutraceuticals into conventional treatment regimens could offer a complementary
and preventive approach, reducing disease burden and enhancing patient quality of life. Future
research should focus on large-scale clinical trials, mechanistic studies, and formulation
innovations to establish nutraceuticals as evidence-based components in chronic inflammatory
disease management.

Keywords: Nutraceuticals, Chronic Inflammation, Omega-3 Fatty Acids, Curcumin,
Resveratrol, Probiotics, Polyphenols, NF-kB Pathway, Cytokines, Antioxidants, Inflammatory
Bowel Disease, Rheumatoid Arthritis, Immunomodulation, Complementary Therapy,
Functional Foods
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INTRODUCTION

Chronic inflammatory diseases (CIDs), including rheumatoid arthritis, inflammatory bowel
disease (IBD), cardiovascular disorders, type 2 diabetes mellitus, obesity-related metabolic
syndrome, and neurodegenerative conditions such as Alzheimer’s and Parkinson’s disease,
constitute a significant and growing global health concern. These conditions are characterized
by persistent low-grade inflammation, an abnormal immune response, and the generation of
excess reactive oxygen species (ROS) that collectively drive tissue damage, organ dysfunction,
and progressive decline in quality of life.

The pathophysiology of CIDs is multifactorial, involving complex interactions between genetic
susceptibility, environmental triggers, dietary habits, gut microbiota, and lifestyle factors.
Central to their progression is a state of immune dysregulation, where pro-inflammatory
cytokines (e.g., TNF-a, IL-6, IL-1f) and signaling pathways such as NF-xB and JAK/STAT
remain chronically activated. This creates a vicious cycle of inflammation and oxidative stress,
impairing cellular homeostasis and accelerating disease complications.

Although pharmacological interventions—including nonsteroidal anti-inflammatory drugs
(NSAIDs), corticosteroids, disease-modifying antirheumatic drugs (DMARDs), biologics, and
targeted small molecules—form the cornerstone of CID management, their limitations are
evident. These therapies often provide symptomatic relief rather than curative benefits, and
long-term use is associated with serious side effects such as gastrointestinal toxicity,
hepatotoxicity, immunosuppression, increased infection risk, and cardiovascular
complications. Moreover, interindividual variability in drug response and accessibility issues
further complicate treatment outcomes.

This therapeutic gap has stimulated growing interest in nutraceuticals, a class of food-derived
bioactive compounds that exert pharmacological effects beyond basic nutrition. Nutraceuticals
include polyphenols (curcumin, resveratrol, quercetin), omega-3 fatty acids, vitamins, minerals,
probiotics, prebiotics, and plant-derived alkaloids, many of which demonstrate anti-
inflammatory, antioxidant, immunomodulatory, and gut microbiota-modulating properties.
Unlike conventional drugs, nutraceuticals may offer a multitargeted approach, acting
simultaneously on inflammatory pathways, oxidative stress mechanisms, and metabolic
regulation, thereby providing holistic benefits in disease prevention and management.

With the rising global burden of CIDs and the limitations of current pharmacotherapies,
nutraceuticals are increasingly being recognized as promising adjuncts or alternatives in

integrative medicine. However, despite their potential, challenges such as variable
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bioavailability, lack of standardized formulations, limited large-scale clinical trials, and
regulatory ambiguities remain hurdles to their widespread adoption in evidence-based clinical
practice.
Therefore, an in-depth understanding of the mechanistic role, clinical efficacy, and translational
potential of nutraceuticals in managing chronic inflammatory diseases is essential. This review
seeks to explore the therapeutic applications of nutraceuticals, highlighting their biological
mechanisms, clinical evidence, limitations, and future perspectives in bridging the gap between
nutrition and therapeutics in chronic inflammation.
Mechanisms of Chronic Inflammation
Inflammation is a fundamental defense mechanism of the immune system, designed to
eliminate pathogens, repair tissue damage, and restore homeostasis. Under normal conditions,
it is a self-limiting process that resolves once the trigger is removed. However, when
inflammation becomes persistent, dysregulated, or unresolved, it transforms into a pathological
process that underlies the progression of chronic inflammatory diseases (CIDs). Several
interlinked molecular and cellular mechanisms sustain this chronic state:
1.NF-kB Signaling Pathway
The nuclear factor kappa-light-chain-enhancer of activated B cells (NF-kB) is a master
transcriptional regulator of immune and inflammatory responses. In chronic
inflammation, NF-«B is abnormally activated, leading to the sustained expression of pro-
inflammatory cytokines (TNF-a, IL-6, IL-1B), chemokines, adhesion molecules, and
enzymes such as COX-2 and iNOS. This persistent activation drives leukocyte
recruitment, amplifies inflammatory cascades, and contributes to tissue damage and
fibrosis.
2.Cytokine Storm and Immune Imbalance
Chronic inflammatory states are characterized by a disproportionate release of pro-
inflammatory cytokines, often termed a “cytokine storm.” Elevated levels of TNF-a, IL-
6, IL-1p, and interferon-y create a feed-forward loop that sustains immune activation and
prevents resolution. Simultaneously, the imbalance between pro-inflammatory (Thl,
Th17) and anti-inflammatory (Treg, Th2) immune responses perpetuates tissue
destruction, autoimmunity, and systemic complications, as observed in conditions like

rheumatoid arthritis and IBD.
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3.Oxidative Stress and Redox Imbalance
Reactive oxygen species (ROS), produced during mitochondrial dysfunction, immune
cell activation, and environmental stressors, play a dual role in physiology and pathology.
While low to moderate ROS levels are essential for host defense and signaling, their
chronic overproduction leads to oxidative stress, which damages lipids, proteins, and
DNA. This oxidative burden not only exacerbates inflammation but also activates NF-kB
and MAPK pathways, thereby creating a vicious cycle of inflammation and oxidative
injury.
4.Gut Microbiota Dysbiosis
The gut microbiome exerts profound influence on systemic immune regulation.
Dysbiosis—an imbalance in microbial composition—has been strongly associated with
IBD, obesity, diabetes, and neuroinflammatory disorders. A disrupted microbiota impairs
intestinal barrier integrity, allowing microbial products such as lipopolysaccharides (LPS)
to translocate into circulation, where they activate toll-like receptors (TLRs) and trigger
systemic inflammation. Moreover, reduced levels of beneficial short-chain fatty acids
(SCFAs), such as butyrate, weaken anti-inflammatory signaling, further sustaining
chronic disease pathology.
5.Failure of Resolution Pathways
Normally, inflammation is actively resolved by pro-resolving lipid mediators such as
resolvins, protectins, and lipoxins. In chronic inflammation, impaired resolution
pathways prevent the clearance of apoptotic cells (efferocytosis) and the restoration of
tissue homeostasis, thus promoting fibrosis and long-term organ damage.
Collectively, these interconnected mechanisms create a self-perpetuating inflammatory loop
that underlies diverse chronic diseases. Importantly, many nutraceuticals have shown promise
in targeting these pathways—curcumin and resveratrol modulate NF-kB signaling, omega-3
fatty acids promote pro-resolving mediators, probiotics restore gut microbiota balance, and
antioxidants like quercetin neutralize ROS—making them valuable candidates for
complementary therapeutic strategies.
Key Nutraceuticals in Chronic Inflammatory Diseases
A growing body of research highlights the role of specific nutraceuticals in modulating
inflammatory pathways, oxidative stress, and immune dysregulation. The following
compounds have shown the most consistent therapeutic benefits in chronic inflammatory

diseases (CIDs):
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1. OMEGA-3 FATTY ACIDS

® Sources: Predominantly derived from fish oils (eicosapentaenoic acid [EPA],
docosahexaenoic acid [DHA]) and plant-based sources such as flaxseed and chia seeds
(a-linolenic acid [ALA]).

® Mechanisms of Action:

o Compete with arachidonic acid for cyclooxygenase (COX) and lipoxygenase
(LOX) enzymes, leading to the production of less inflammatory eicosanoids
(prostaglandins, leukotrienes).

o Generate specialized pro-resolving mediators (SPMs) including resolvins,
protectins, and maresins, which actively terminate inflammation and promote
tissue repair.

o Downregulate pro-inflammatory cytokines (TNF-a, IL-6, IL-1) and inhibit NF-
kB signaling.

o Improve endothelial function by reducing oxidative stress and increasing nitric

oxide bioavailability.

e C(linical Evidence:
o In rheumatoid arthritis, omega-3 supplementation reduces joint tenderness,
morning stiffness, and reliance on NSAIDs.
o In cardiovascular disease, omega-3s lower triglycerides, stabilize atherosclerotic
plaques, and improve vascular reactivity.
o Challenges: Bioavailability varies depending on formulation (ethyl esters vs
triglycerides), and high doses are often required for therapeutic effects.
2. CURCUMIN
e Source: Principal bioactive polyphenol from the rhizome of Curcuma longa (turmeric).
e Mechanisms of Action:

o Potent inhibitor of NF-xB, MAPK, and JAK/STAT pathways, reducing
transcription of pro-inflammatory cytokines.

o Acts as a ROS scavenger and enhances the activity of antioxidant enzymes
(superoxide dismutase, catalase).

o Modulates Nrf2 signaling, thereby promoting cytoprotective gene expression.

o Inhibits COX-2 and iNOS, lowering prostaglandin and nitric oxide synthesis.
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Clinical Evidence:
o In IBD, curcumin supplementation has been associated with decreased relapse
rates and mucosal healing when combined with standard therapies.
o In osteoarthritis and rheumatoid arthritis, curcumin reduces pain, stiffness, and
inflammatory biomarkers (CRP, ESR).
o In metabolic syndrome, curcumin improves insulin sensitivity, lipid profiles,
and reduces systemic inflammation.
Limitations: Poor water solubility and rapid metabolism limit its systemic
bioavailability. Novel delivery systems—nanoparticles, liposomes, phospholipid
complexes, and co-administration with piperine—enhance absorption and clinical

efficacy.
RESVERATROL

Source: A stilbene polyphenol abundant in grapes, red wine, peanuts, and berries.
Mechanisms of Action:
o Activates SIRT1 (sirtuin-1), a longevity-associated deacetylase, which
suppresses NF-kB signaling and promotes mitochondrial biogenesis.
o Exerts antioxidant effects by upregulating Nrf2-dependent antioxidant enzymes.
o Inhibits inflammatory gene expression and suppresses COX-2 activity.
o Modulates AMPK signaling, thereby improving metabolic homeostasis.
Clinical Evidence:
o In neurodegenerative diseases (Alzheimer’s, Parkinson’s), resveratrol reduces
neuronal inflammation, oxidative stress, and amyloid plaque burden.
o In metabolic syndrome and diabetes, supplementation improves insulin
sensitivity, lipid metabolism, and endothelial function.
Limitations: Low oral bioavailability due to rapid hepatic metabolism; micronized or

nanoparticle-based formulations show improved pharmacokinetics.

.PROBIOTICS

Sources: Live microorganisms, particularly strains of Lactobacillus and

Bifidobacterium, delivered via supplements or fermented foods.
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o Mechanisms of Action:

o

Restore gut microbial balance, enhancing short-chain fatty acid (SCFA)
production (butyrate, acetate, propionate), which possess anti-inflammatory and
epigenetic regulatory properties.

Strengthen intestinal barrier integrity by upregulating tight junction proteins.
Reduce endotoxin (LPS) translocation, thereby lowering systemic
inflammation.

Modulate immune responses by promoting Treg differentiation and suppressing

Th17-mediated inflammation.

o C(linical Evidence:

o

In IBD, probiotics reduce relapse risk and maintain remission, particularly in
ulcerative colitis.

In IBS, they improve abdominal pain, bloating, and stool consistency.

In obesity and metabolic inflammation, probiotics improve insulin sensitivity

and reduce inflammatory cytokines.

e Limitations: Strain-specific effects and interindividual variability complicate clinical

standardization.

5. VITAMIN D

e Sources: Sunlight exposure (cutaneous synthesis), fortified foods, and supplements.

e Mechanisms of Action:

o

Regulates innate and adaptive immunity by binding to vitamin D receptors
(VDRs) expressed on dendritic cells, macrophages, and lymphocytes.

Promotes immune tolerance by enhancing regulatory T-cell (Treg) function
while suppressing pro-inflammatory Th1 and Th17 responses.

Inhibits NF-xB activity and downregulates pro-inflammatory cytokine

production.

o C(linical Evidence:

O

Vitamin D deficiency is strongly linked to autoimmune diseases (multiple
sclerosis, type 1 diabetes, rheumatoid arthritis), metabolic syndrome, and
cardiovascular risk.

Supplementation reduces inflammatory markers and improves glycemic control

in diabetes and cardiovascular outcomes.
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e Limitations: Optimal dosage and long-term safety in supplementation remain areas of

ongoing debate.

6. POLYPHENOLS (Green Tea Catechins, Quercetin, etc.)

e Sources: Widely distributed in fruits, vegetables, tea, and medicinal plants. Key
representatives include epigallocatechin gallate (EGCG) from green tea and quercetin
from onions, apples, and berries.

® Mechanisms of Action:

o Exhibit potent free radical scavenging and metal-chelating properties, reducing
oxidative damage.

o Inhibit NF-kB, AP-1, and STAT3 transcription factors, thereby suppressing pro-
inflammatory gene expression.

o Reduce circulating C-reactive protein (CRP) and other systemic inflammatory
biomarkers.

o Influence gut microbiota composition, promoting beneficial commensals.

e (linical Evidence:
o Green tea catechins (EGCG): Shown to improve lipid metabolism, reduce
obesity-induced inflammation, and protect against atherosclerosis.
o Quercetin: Demonstrates anti-inflammatory and antiviral effects, reduces
airway inflammation in asthma, and enhances endothelial health.
o Polyphenol-rich diets (e.g., Mediterranean diet): Associated with reduced
incidence of cardiovascular disease, obesity, and cognitive decline.
e Limitations: Limited stability and bioavailability; encapsulation and conjugation

technologies are being developed to improve clinical outcomes.

Collectively, these nutraceuticals exert pleiotropic effects on chronic inflammatory pathways,
targeting NF-kB activation, oxidative stress, cytokine dysregulation, and gut microbiota
imbalance. While accumulating evidence supports their efficacy, challenges related to
formulation, standardization, dosage optimization, and clinical validation must be addressed
before their integration into mainstream therapeutic regimens.

Challenges in Nutraceutical Therapy

Although nutraceuticals hold great promise as adjunctive or alternative strategies in the

management of chronic inflammatory diseases, several limitations hinder their translation from
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bench to bedside. These challenges arise from pharmacological, biological, clinical, and

regulatory dimensions:

[y

Bioavailability and Pharmacokinetics

Many nutraceuticals, including curcumin, resveratrol, and quercetin, suffer from poor
oral bioavailability due to low water solubility, instability in the gastrointestinal tract,
extensive first-pass metabolism, and rapid systemic clearance.
For example:
o Curcumin undergoes rapid glucuronidation and sulfation, resulting in
negligible plasma concentrations after oral administration.
o Resveratrol is rapidly metabolized in the liver and intestines into glucuronide
and sulfate conjugates, limiting its systemic bioactivity.
These pharmacokinetic limitations necessitate the development of novel delivery
strategies such as nanoparticles, liposomes, micelles, phospholipid complexes, and bio-
enhancers (e.g., piperine with curcumin). However, such formulations are not yet
widely available in clinical practice, and their long-term safety remains under

evaluation.

. Lack of Standardization in Formulations and Dosages

Unlike pharmaceutical drugs, nutraceuticals are often marketed as dietary supplements
with variable composition, purity, and potency.

Factors such as plant source, cultivation practices, extraction methods, and storage
conditions significantly influence the concentration of active constituents. For example,
the curcuminoid content in turmeric-based supplements can range from 2% to over 90%,
leading to inconsistent therapeutic outcomes.

The absence of standardized dosing guidelines further complicates clinical application.
Current recommendations are often based on small pilot studies or traditional usage
rather than rigorous dose-finding trials.

Without reliable standardization, inter-study comparisons and reproducibility of results

remain limited.
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3. Inter-individual Variability

e The efficacy and safety of nutraceuticals vary considerably among individuals,

influenced by multiple factors:

O

Genetic polymorphisms in metabolizing enzymes (e.g., CYP450 variants
affecting flavonoid metabolism).

Gut microbiota composition, which determines the bioactivation of
compounds like polyphenols and phytoestrogens.

Lifestyle and dietary habits, including background nutrient intake,
comorbidities, and concurrent drug use, which can alter absorption and

metabolism.

e For instance, the conversion of soy isoflavones into the active metabolite equol occurs

only in individuals harboring specific gut microbial populations, explaining variable

clinical responses in different populations.

e Such heterogeneity underscores the need for personalized nutraceutical interventions

guided by nutrigenomics and microbiome profiling.

4. Regulatory Ambiguities

e Nutraceuticals occupy a regulatory gray zone between foods and drugs.

o

In many jurisdictions, they are classified as dietary supplements, which are not
subject to the rigorous safety, efficacy, and quality control standards required
for pharmaceuticals.

This lack of oversight has led to market variability, misleading health claims,

contamination, and adulteration in some commercial preparations.

e Regulatory frameworks differ globally:

o

In the United States, the FDA regulates nutraceuticals under the Dietary
Supplement Health and Education Act (DSHEA), which does not mandate pre-
market approval.

In the European Union, stricter health claim regulations exist, but

Inconsistencies remain across member states.

e The absence of harmonized global regulations undermines both consumer trust and

clinical integration.
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5. Limited High-Quality Clinical Evidence

e Although preclinical studies demonstrate robust anti-inflammatory, antioxidant, and
immunomodulatory effects of nutraceuticals, translation into clinical practice is
constrained by a paucity of large-scale, randomized controlled trials (RCTs).

e Existing clinical studies often suffer from:

o Small sample sizes.

o Short intervention durations.

o Lack of standardized outcome measures.

o Heterogeneity in formulations and dosages used.

e As aresult, meta-analyses frequently yield conflicting or inconclusive results, limiting
the ability to establish evidence-based guidelines.

o Well-designed, multicenter RCTs are essential to confirm efficacy, determine optimal

dosages, and assess long-term safety in diverse patient populations.

=)

. Safety Concerns and Interactions

e While generally considered safe, nutraceuticals are not free from adverse effects or
drug—nutrient interactions:

o High doses of omega-3 fatty acids may increase bleeding risk, especially in
patients on anticoagulants.

o Excessive green tea catechin (EGCG) intake has been linked to hepatotoxicity
in rare cases.

o Polyphenols such as quercetin may interfere with drug metabolism via CYP450
enzyme modulation.

e Lack of systematic pharmacovigilance for nutraceuticals exacerbates these concerns.

Nutraceuticals face significant challenges—bioavailability limitations, lack of standardization,
inter-individual variability, regulatory ambiguities, insufficient clinical evidence, and safety
concerns—that currently prevent their full integration into mainstream medical practice.
Overcoming these hurdles will require advances in formulation science, personalized nutrition
approaches, harmonized regulatory frameworks, and robust clinical research, ultimately paving
the way for nutraceuticals to serve as reliable therapeutic adjuncts in chronic inflammatory

diseases.
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Future Perspectives

The growing evidence supporting the anti-inflammatory, antioxidant, and immunomodulatory
properties of nutraceuticals underscores their potential as adjunctive therapies for chronic
inflammatory diseases (CIDs). However, their successful integration into mainstream
healthcare systems requires overcoming existing barriers and harnessing scientific
advancements across multiple domains. The following future directions provide a roadmap

toward their clinical translation:

[y

. Formulation Innovations and Delivery Systems

e Nanotechnology-based delivery systems (nanoparticles, nanomicelles, solid lipid
nanoparticles, nanoemulsions) are emerging as powerful strategies to improve
solubility, stability, and bioavailability of poorly absorbed nutraceuticals such as
curcumin, resveratrol, and quercetin.

e Bioenhancers, such as piperine with curcumin, can inhibit drug-metabolizing enzymes
and efflux pumps, thereby increasing systemic exposure and therapeutic efficacy.

e Controlled-release formulations (hydrogels, encapsulated probiotics, polymer-based
carriers) may enable targeted delivery to inflamed tissues (e.g., intestinal mucosa in
IBD) while reducing systemic side effects.

e Future research should focus on optimizing scalable, cost-effective, and safe delivery

systems to make advanced formulations clinically viable.

2. Large-Scale, Standardized Clinical Trials

e To transition nutraceuticals from experimental adjuncts to evidence-based therapeutics,
there is a pressing need for well-designed, multicenter, randomized controlled trials
(RCTs).

e Future clinical studies must:

o Use standardized formulations and dosages to ensure reproducibility.

o Employ robust biomarkers of inflammation and oxidative stress (e.g., CRP, IL-
6, NF-«xB activation, gut microbiome profiles).

o Include long-term follow-up to assess sustained efficacy and safety.

o Enroll diverse patient populations to account for genetic, dietary, and lifestyle

variability.
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e The generation of high-quality clinical evidence will be pivotal in establishing clinical
guidelines, meta-analyses, and systematic reviews that support nutraceutical integration

into therapeutic regimens.

3. Personalized Nutrition and Precision Medicine

o The inter-individual variability in nutraceutical responses highlights the need for
personalized approaches guided by:

o Nutrigenomics: Understanding how genetic polymorphisms (e.g., in CYP450
enzymes, VDR gene, Nrf2 pathway) influence absorption, metabolism, and
efficacy of nutraceuticals.

o Microbiome profiling: Characterizing gut microbial composition to predict
response to probiotics, polyphenols, and fiber-derived metabolites such as short-
chain fatty acids (SCFAs).

o Metabolomics and transcriptomics: Using high-throughput omics
technologies to identify predictive biomarkers of nutraceutical efficacy.

e By integrating nutrigenomics and microbiome data, precision nutrition strategies can
tailor interventions to maximize therapeutic benefits and minimize variability in

outcomes.

4. Policy Development and Regulatory Harmonization

e Regulatory ambiguities currently hinder the global acceptance of nutraceuticals.
Moving forward:
o Clear policy frameworks are needed to define nutraceuticals as either dietary
supplements, functional foods, or therapeutic agents.
o Harmonization of regulations across countries can ensure consistent quality,
safety, labeling, and marketing claims.
o Pre-market approval processes should require standardized composition, clinical
efficacy evidence, and pharmacovigilance systems to monitor long-term safety.
e Regulatory clarity will enhance consumer trust, healthcare provider confidence, and

industry accountability, thereby facilitating nutraceutical adoption in routine care.
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5. Combination Therapies and Integrative Approaches

e Given their multitargeted mechanisms, nutraceuticals hold promise as synergistic agents

when used alongside conventional pharmacological therapies.

e Examples include:

o

Omega-3 fatty acids with DMARDs in rheumatoid arthritis to reduce joint
inflammation and medication side effects.

Curcumin with mesalamine in IBD to improve mucosal healing and reduce
relapse rates.

Probiotics with antibiotics or biologics to mitigate gut dysbiosis and improve

treatment efficacy.

e Such integrative approaches can allow for lower drug dosages, reduced toxicity, and

improved patient compliance, aligning with the principles of holistic, patient-centered

healthcare.

6. Bridging Traditional Medicine and Modern Science

e Many nutraceuticals originate from Ayurveda, Traditional Chinese Medicine, and

indigenous dietary practices.

e Future efforts should focus on:

o

Conclusion

Scientific  validation of traditional formulations through modern
pharmacological and clinical research.

Bioprospecting unexplored botanicals for novel bioactive compounds with anti-
inflammatory potential.

Developing standardized, evidence-based guidelines for integrating

traditional nutraceuticals into modern therapeutic frameworks.

Nutraceuticals represent a promising frontier in the management and prevention of chronic

inflammatory diseases, not merely as dietary supplements but as bioactive agents capable of

modulating disease pathophysiology at the molecular, cellular, and systemic levels. Their

therapeutic potential lies in their multifaceted mechanisms of action: attenuation of pro-

inflammatory signaling cascades such as NF-kB, MAPK, and JAK-STAT pathways; reduction

of oxidative stress through upregulation of Nrf2-mediated antioxidant responses; and

modulation of metabolic regulators including AMPK and PPAR-y, which are central to
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inflammation—metabolism crosstalk. Furthermore, nutraceuticals exert profound effects on the
gut microbiota—immune axis, influencing short-chain fatty acid (SCFA) production, intestinal
barrier integrity, and systemic immune homeostasis. This multi-targeted activity positions them
as uniquely suited for conditions characterized by complex, overlapping pathological networks,
such as rheumatoid arthritis, inflammatory bowel disease, cardiovascular disease, and
metabolic syndrome.

Despite this potential, their translation into clinical practice is hampered by persistent
challenges. Pharmacokinetic limitations, such as the poor solubility and rapid metabolism of
compounds like curcumin, resveratrol, and quercetin, undermine therapeutic efficacy,
necessitating the development of novel delivery platforms (e.g., nanoemulsions, liposomes,
solid lipid nanoparticles, and phytosomes) and bioenhancer co-administration strategies. The
absence of standardized formulations and dosage guidelines further complicates reproducibility
across preclinical and clinical studies, leading to inconsistent outcomes and skepticism within
the medical community. Compounding these issues is the inter-individual variability in
response to nutraceutical interventions, driven by genetic polymorphisms, gut microbiome
composition, epigenetic factors, and environmental influences. These variables underscore the
pressing need for a precision nutrition paradigm, where nutraceutical prescriptions are tailored
to individual metabolic, genetic, and microbiome profiles.

At a broader level, regulatory ambiguity poses a formidable barrier. Nutraceuticals straddle the
divide between food and pharmaceutical categories, resulting in inconsistent policies regarding
their approval, labeling, and health claims across jurisdictions. This lack of harmonization not
only hinders global market expansion but also erodes consumer trust and limits physician
adoption. Robust regulatory frameworks, akin to drug-level evaluation in terms of safety,
quality, and efficacy, are essential to elevate nutraceuticals from “wellness adjuncts” to
recognized therapeutic modalities.

Looking forward, the integration of nutraceuticals into mainstream clinical care will likely be

driven by three key developments:

1. Advances in translational research, particularly large-scale, multi-ethnic, randomized
controlled trials (RCTs) with standardized protocols, capable of providing high-level
evidence on safety, efficacy, and dose-response relationships.

2. Technological innovation, including the application of artificial intelligence, multi-

omics (genomics, proteomics, metabolomics, microbiomics), and systems biology
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approaches, to identify optimal nutraceutical candidates, predict individual responses,
and develop synergistic formulations.

3. Clinical synergy with pharmacological therapies, where nutraceuticals serve as
adjuvants that enhance drug efficacy, mitigate adverse effects, and promote holistic

patient outcomes in chronic inflammatory conditions.

Nutraceuticals embody a unique intersection of traditional dietary wisdom and modern
biomedical innovation. If challenges related to bioavailability, standardization, and regulatory
clarity can be systematically addressed, nutraceuticals are poised to transcend their current
status as “complementary” interventions and become integral components of personalized,
evidence-based strategies for chronic inflammatory disease management and prevention. Their
future role in healthcare is not limited to symptom alleviation but extends toward disease
modification, resilience building, and long-term quality-of-life enhancement—a transformative

vision that demands continued scientific rigor, policy evolution, and clinical acceptance.
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THE CLINICAL SIGNIFICANCE OF NORMAL PHYSIOLOGICAL BLOOD
PARAMETERS IN HEALTH ASSESSMENT

TASKEEN Fatima
Adnan SARWAR
Hajvery University

ABSTRACT

Blood parameters are vital indicators of physiological and pathological processes in the human
body. Normal physiological values serve as reference ranges that guide clinical interpretation
of laboratory results, aiding in the diagnosis, monitoring, and management of various diseases.
These parameters, including hemoglobin concentration, white blood cell count, platelet count,
glucose levels, electrolytes, renal and liver function markers, provide crucial insights into the
functional status of different organ systems. This study aims to highlight the importance of
maintaining and understanding normal ranges of key blood parameters in clinical practice. It
also explores how deviations from these normal values can signal early signs of systemic
diseases such as infections, anemia, metabolic disorders, organ dysfunction, and hematological
abnormalities. The research emphasizes the variability of normal ranges based on age, sex,
physiological state, and geographical or ethnic differences, underscoring the need for context-
specific interpretation. Accurate interpretation of blood test results depends not only on
identifying abnormalities but also on understanding what constitutes “normal.”
Misinterpretation of these values can lead to misdiagnosis, delayed treatment, or unnecessary
interventions. Therefore, this paper advocates for increased awareness among healthcare
professionals and students regarding the physiological significance of these reference values.
In conclusion, normal blood parameter values are foundational to evidence-based medicine.
Recognizing their role enhances diagnostic accuracy, supports early detection of diseases, and

promotes better clinical outcomes.

Key Words: Blood parameters, Health assessment, clinical Outcomes, Laboratory results
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PREVALENCE AND DETERMINANTS OF MEDICATION ADHERENCE IN
MOROCCAN PATIENTS WITH TYPE 2 DIABETES: A MULTICENTER CROSS-
SECTIONAL STUDY

ARRAJI Maryem
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Hassan First University of Settat, Higher institute of Health Sciences, Laboratory of Health sciences
and Technologies. Settat, 26000

ABSTRACT

Objectives: This study aimed to evaluate medication adherence prevalence and its determinants
among Moroccan patients with type 2 diabetes mellitus.

Methods: A multicenter cross-sectional survey was conducted from February to June, 2024,
included 584 patients from the Casablanca-Settat and Rabat-Salé-Kénitra regions in Morocco.
The General Medication Adherence Scale (GMAS) was used to assess medication adherence,
while chi-square tests and multivariate logistic regression were used to analyze the associations
between independent variables and adherence.

Results: Medication adherence was observed in 96.2% of participants. In multivariate analysis,
lower medication adherence was significantly associated with the use of two or more oral
antidiabetics (aOR = 0.026, 95% CI: 0.001-0.642, p = 0.026), a diabetes duration of 11-15
years (aOR = 0.037, 95% CI: 0.001-0.956, p = 0.047).

Conclusion: Despite a high adherence rate, patients on dual or polytherapy and those with a
longer diabetes duration exhibited lower adherence in multivariate analysis. These findings
highlight the need for targeted interventions to improve adherence in these high-risk groups.

Keywords: Medication adherence; Determinants; GMAS; Type 2 diabetes mellitus; Morocco.
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BUILDING ETHICAL COMPETENCE: THE CASE FOR STRUCTURED
RESEARCH ETHICS TRAINING IN NURSING EDUCATION

PhD. Khaoula EL. BARBI

PhD Student Maryem ARRAJI

Professeur of Higher Education Abdellah GANTARE

Laboratory of Health Sciences and Technologies Laboratory, Higher institute of health sciences

Context

In Morocco, the increasing importance of research ethics has revealed a gap in how nursing
students understand and apply ethical principles. Despite the relevance of ethics in guiding
nursing practice and protecting human subjects, little is known about students' perceptions and
training experiences regarding research ethics in nursing education.

Aim

This study aimed to assess the perceptions of nursing students regarding research ethics, their
understanding of ethical principles, and their views on the necessity and effectiveness of
structured ethics training in improving research quality.

Materials and Methods

A descriptive pilot study with a mixed-methods approach (quantitative and qualitative) was
conducted between October and December 2023 at the Higher Institute of Health Sciences in
Settat, Morocco. A total of 44 nursing students responded to a structured questionnaire
developed based on prior research. Data were analyzed using SPSS and narrative content
analysis, following STROBE guidelines. The survey explored students’ understanding of
ethics, ethical dilemmas encountered, and their suggestions for ethics education.

Results

Findings revealed that while 81.8% of students had received some ethics instruction, most
considered it insufficient. A majority (95.5%) viewed ethics education as essential, advocating
for its integration into all nursing courses. Students demonstrated confusion between ethics and
deontology, and only a minority felt well-prepared to handle ethical dilemmas. However, 84%
strongly endorsed simulation and case-based learning as effective teaching methods. Most
participants emphasized that structured ethics training would enhance research rigor, ensure
participant protection, and reinforce the credibility of nursing research.

Conclusion

The study highlights a pressing need to implement structured, practice-oriented ethics education
in Moroccan nursing programs. Enhancing students' ethical competence through simulation and

research-based learning could improve both the quality and the ethical rigor of future nursing
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research. These findings advocate for national policies that integrate ethics education as a

foundational element of nursing curricula.
Keywords: Nursing Students - Ethics - Research - Perception - Training
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CULTURAL HERITAGE BETWEEN NORTHERN ARABIA AND SOUTHERN
JORDAN DURING THE PRE AND POST-ISLAMIC PERIODS

Mohammed WAHEEB
Professor in Archaeology; Department of Sustainable Tourism, Queen Rania Faculty of Archaeology
Heritage, & Tourism (QRFTH), The Hashemite University.

ABSTRACT

The territory of present-day Jordan witnessed the crossing of several prominent poets from the
Jahili (pre-Islamic) and early Islamic periods, especially during the Umayyad era and beyond.
This occurred as part of their journeys between the Hijaz and Greater Syria, or due to their
connections with political and cultural centers at the time particularly the court of the Ghassanid
Kingdom, which was based in southern Bilad al-Sham and encompassed parts of southern
Jordan. These poets traveled through historical villages and towns along ancient routes
connecting the Arabian Peninsula with the south Levant.

Findings from studies documenting the Elaf Qurashi Route, which originated in Mecca and
Medina and extended to Dumat al-Jandal, as well as the coastal route reaching Ayla (modern-
day Aqgaba) and from there to the Jordan Valley on the eastern shore of the Dead Sea, confirm
the presence of three main trade routes. These routes converged into the markets and trading
centers of Jordan and neighboring regions, such as Gaza in Palestine and Bosra in Syria.
Additionally, reference is made to the Via Traiana, a Roman road that crossed Jordan from the
north through Madaba, then via al-Hasa, Karak, Tafila, and Ma'an toward Aqaba on the Red
Sea.

Among the earliest poets believed to have traversed Jordanian lands is Imru' al-Qays, who is
said to have traveled the King's Highway from central Arabia to the Levant, likely passing
through Ma'an, Petra, and Karak on his famed journey that ended in Constantinople. Another
significant figure is al-Nabigha al-Dhubyani, who had strong ties to the Ghassanid court,
particularly King al-Nu'man ibn al-Harith, and is thought to have stayed in areas such as
Madaba and Wadi al-Mujib, Tafeileh. Similarly, Hassan ibn Thabit, who later became the poet
of the Prophet Muhammad %, is known to have visited Ghassanid territories in his youth and
may have crossed southern Jordan via its valleys and ancient roads.

Al-Asha, another major Jahili poet, frequently traveled between the Hijaz and the south Levant
as part of his literary and commercial activities. During the early Islamic period, Ka‘b ibn
Zuhayr is believed to have passed through southern Jordanian regions, including Ma'an, Tafila,
Karak, Moab, and al-Balqa, as he joined the Islamic military campaigns heading north toward

Syria.
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In the Umayyad era, poets had even closer ties to Bilad al-Sham, including Jordan. The poet al-
Akhtal al-Taghlibi was closely associated with the Umayyad court in Damascus and traveled
through southern Jordan, especially al-Balga and the eastern desert regions, praising caliphs
and Umayyad nobles. Many other poets also crossed through Jordan from the south, and some
even settled in the region. Among the most notable locations was al-Muwaqqar, which gained
fame and high status during the reign of Caliph Yazid ibn Abd al-Malik and his descendants.
Al-Muwaqqar was frequently mentioned in Umayyad poetry, appearing fourteen times in
thirteen poems or fragments, with over 300 verses attributed to seven poets, including four
major Umayyad poets: Jarir ibn Atiyah, al-Farazdaq ibn Ghalib, al-Ahwas al-Ansari, and
Kuthayyir ‘Azza.

Southern Jordan particularly Ma'an, Tafila, and Karak, which collectively fall under the
historical region known as Moab played a vital role in this cultural exchange. These cities lie
along one of the most ancient trade and travel routes in the region, known as the Frankincense
Route and Ilaf Route, which connected northern Arabia to the Levant via southern Jordan's
mountainous terrain, including Ma'an, Shoubak, Tafila, Karak, Madaba, and al-Balqa. This
route was essential not only for transporting goods but also for the movement of pilgrims, poets,
travelers, and explorers from the Nabataean and Jahili periods through the early Islamic era and
beyond.

In addition to their location along the King's Highway, the regions of Moab and Tafila were
historically connected to the southern Jordan Valley through a network of secondary trade
paths, notably Wadi Fifa and Wadi al-Hasa. These natural corridors were used by caravans to
transport salt from the Dead Sea to the highlands or to bring agricultural goods from the valley
to Karak and Tafila. Other historical trails such as "Darb al-Milh" (Salt Road) and "Tariq al-
Ghawr" (Valley Road) linked Buseira and Dana in Tafila to Ghawr al-Safi and Ghawr Fifa in
the west—some of which still have visible remnants in the region’s rugged terrain.

These areas also appeared in the literature of the Jahili and early Islamic periods, often referred
to under the name Moab. Poetic references from that era highlight the region's significance as
part of the caravan routes, even if its current names like "Tafila" were not explicitly mentioned.
In later periods, especially in folk and Nabataea poetry, both Karak and Tafila were explicitly
referenced in poems of pride, honor, and local folklore. The regions became symbolically
associated with their mountainous nature, vineyards, and mystic valleys such as Wadi al-Jinn
and Buseira, where legends and supernatural tales flourished ,particularly those tied to the

contrast between highland and lowland zones.
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All these geographical and literary indicators suggest that Karak and Tafila were essential
crossroads in the cultural and commercial movement between the Arabian Peninsula and the
Levant. They maintained deep ties with the poetic and oral traditions of the Arab world, whether
implicitly through mentions in classical poetry or explicitly in the vibrant folk heritage of later
centuries.

This confirms that, although Jordan was not known as a distinct political entity during those
periods, its lands played a crucial geographical and cultural role in the journeys of Arab poets,
through the roads they traveled, the towns they encountered, and the tribes they interacted with
many of which were memorialized in their verse.

Keywords: Heritage, literature, Routes, Archaeology, south Levant.
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INFLUENCE OF TRICHODERMA-BASED SEED TREATMENT ON EARLY
GROWTH OF ARGAN (A4rgania Spinosa) SEEDLINGS
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Laboratory of Plant, Animal and Agro-Industry Productions, Department of Biology, Faculty of
Sciences, Ibn Tofail University, Kenitra, Morocco

MOUDEN Najoua

Laboratory of Molecular Chemistry and Environmental Molecules, Multidisciplinary Faculty of
Nador, Mohammed 1st Oujda University, Morocco

SELLAL Zineb

SELMAOUI Karima

OUAZZANI TOUHAMI Amina

DOUIRA Allal

Laboratory of Plant, Animal and Agro-Industry Productions, Department of Biology, Faculty of
Sciences, Ibn Tofail University, Kenitra, Morocco

Abstract

Trichoderma spp. are beneficial endophytic fungi widely recognized for promoting plant
growth and enhancing tolerance to abiotic stresses. While their effects have been extensively
studied in various crops, limited research exists on their application to endemic species such as
Argania spinosa. In this study, a bioformulation based on Trichoderma spp. was applied as a
seed treatment, and its impact on the early development of argan seedlings was evaluated over
12 months under greenhouse conditions. Results revealed a significant enhancement in growth
parameters, including shoot and root length, biomass accumulation, and branching. Treated
seedlings exhibited higher fresh biomass (14 g for shoots and 12 g for roots) compared to the
control group (3 g and 2 g, respectively). Shoot and root lengths in treated plants reached 74
cm and 44 cm, while control plants measured 25 cm and 35 cm, respectively. Moreover, crown
diameter and number of branches increased (1 cm and 4 branches vs. 0.5 cm and 1 branch in
controls). Root colonization by Trichoderma spp. was high, reaching 90%, indicating effective
and persistent symbiosis. These findings underscore the potential of Trichoderma spp. as a
sustainable biotechnological approach to improve argan seedling growth.

Keywords : Argania spinosa, Trichoderma spp., seed bio-priming, plant growth promotion,

greenhouse experiment, root colonization.
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FIRST REPORT OF CLONOSTACHYS ROSEA ASSOCIATED WITH DISEASE
SYMPTOMS IN ARGANIA SPINOSA SEEDLINGS IN MOROCCO

Mohamed EL. RHOCH *
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Kenitra, Morocco
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2Laboratory of Molecular Chemistry and Environmental Molecules, Multidisciplinary Faculty of
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Amar RABHI

Allal DOUIRA
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Kenitra, Morocco

ABSTRACT

The presence of the fungus Clonostachys rosea is reported for the first time on young seedlings
of the endemic Moroccan species Argania spinosa. Affected plants exhibited characteristic
symptoms, including severely stunted growth and generalized leaf yellowing, which
significantly compromise seedling vigor and survival under field conditions. Although C. rosea
is commonly known as a saprophytic fungus with beneficial potential as a biocontrol agent, this
study reveals its opportunistic pathogenic behavior under specific nursery conditions.

The identification of the pathogen was achieved through a combination of morphological
characterization on PSA medium and molecular analysis targeting the ITS region of fungal
DNA isolated from symptomatic tissues. Sequencing results confirmed the identity of the
fungus as Clonostachys rosea.

Pathogenicity tests were conducted by inoculating healthy seedlings with the isolated strain,
leading to the reproduction of identical symptoms. These findings confirm the ability of C.
rosea to act as an opportunistic pathogen in argan nurseries. The study underscores the necessity
of developing effective phytosanitary strategies to mitigate its impact on the early growth of
Argania spinosa.

Keywords: Clonostachys rosea, argania spinosa, opportunistic pathogen, seedling symptoms,

molecular identification, argan nurseries
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ABSTRACT

Trichoderma spp. are endophytic fungi recognized for their symbiotic association with plants,
providing multiple agronomic benefits. These fungi are increasingly employed in seed
treatments due to their capacity to alleviate abiotic stress and promote plant growth. Despite
their widespread use in conventional crops, limited research has examined their effects on
endemic species such as Argania spinosa. This study investigated the impact of a Trichoderma-
based seed treatment on the growth performance of argan seedlings over 12 months under
greenhouse conditions. Treated seedlings showed significant improvements in several growth
parameters, including increased shoot and root length, dry biomass, and number of branches.
Fresh shoot and root weights reached 14 g and 12 g, respectively, compared to 3 g and 2 g in
control plants. Shoot and root lengths were 74 cm and 44 cm in treated plants, versus 25 cm
and 35 cm in the controls. Furthermore, treated seedlings exhibited greater crown diameters (1
cm vs. 0.5 cm) and higher branch numbers (4 vs. 1). Notably, Trichoderma spp. achieved a high
root colonization rate of up to 95%, indicating a successful and persistent symbiotic interaction.
These results highlight the potential of Trichoderma spp. as a sustainable biotechnological tool
to enhance argan seedling growth.

Keywords : Argania spinosa, trichoderma spp., seed bio-priming, greenhouse cultivation, plant

growth promotion, endophytic fungi
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ABSTRACT

The expansion of argan cultivation is increasingly hindered by fungal diseases caused by
diverse pathogenic agents. Fusarium solani, a widely distributed species within the Fusarium
genus, is known to infect numerous plant hosts, including Argania spinosa. In 2023, this
pathogen was isolated from argan seedlings exhibiting wilting and collapse symptoms in a
nursery located in southwestern Morocco. Pathogenicity was confirmed through the application
of Koch’s postulates using artificial inoculation. Within 8 to 10 weeks post-inoculation, all
treated plants exhibited characteristic symptoms, including stem necrosis, root rot, and loss of
aerial parts, whereas the control plants remained healthy. F. solani was successfully re-isolated
from both the roots and shoots of symptomatic plants, with a re-isolation frequency of
approximately 80%. The root system particularly the radicles was identified as the primary site
of infection. As a result, the pathogen significantly impaired water and nutrient uptake, leading
to plant dieback and desiccation. This study highlights the role of Fusarium solani as a
pathogenic agent affecting the health and survival of argan seedlings under nursery conditions.
Keywords : Fusarium solani, argania spinosa, dieback disease, root rot, Koch’s postulates,

nursery seedlings.
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Laboratory of eco- development of spaces, University of Sidi Bel Abbes, 22000, Algeria.

ABSTRACT

This study aimed to identify the microalgae and assess their seasonal distribution in Oglat
Eddaira lake (south western Algeria), integrating ecological evaluation through diatom and
phytoplankton-based indices (EPI-D and Q Index). Sampling was carried out monthly from
October 2023 to August 2024 using a plankton net for microalgae, with three fixed points for
seasonal assessments. A total of 32 microalgal species were recorded, belonging to six classes:
Bacillariophyceae, Chlorophyceae, Cryptophyceae, Conjugatophyceae, Cyanophyceae, and
Euglenophyceae. Seasonal heatmaps revealed clear clustering patterns, with nutrient-related
parameters (NOs~, PO+*", NH4") exerting the strongest influence on microalgal assemblages,
followed by physical factors (temperature, turbidity) and mineralization parameters
(conductivity, salinity). The Q Index proved particularly sensitive to detecting bloom-forming
species and early eutrophication signals, while the EPI-D index provided a more integrative
perspective on long-term diatom community shifts. Notably, cyanobacteria exhibited higher
abundances during warmer periods, indicating their role as early indicators of ecosystem
imbalance. Additionally, we successfully developed a new ecological mapping of Oglat
Eddaira, providing a visual representation of its environmental gradients and biological
patterns, which constitutes a valuable tool for wetland management and monitoring.
Keywords: Microalgae, Cyanobacteria, Oglat Eddaira lake, EPI-D, Q Index, Ecological
Mapping
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Department of Building, Federal University of Technology, Minna, Nigeria

ABSTRACT

The construction industry is the backbone of global development, providing essential
infrastructure and shaping the urban landscape. However, amidst this progress, the living
conditions of construction workers have become a pressing concern. This study presents a
systematic literature review and bibliometric analysis to shed light on the current living
conditions faced by construction workers globally. The research adopts a systematic approach
to identify relevant studies published in peer-reviewed journals and conference proceedings
using the SCOPUS database. A robust search strategy, "living AND condition AND of AND
workers AND in AND the AND construction AND industry," is employed to collect a wide range
of publications related to the living conditions of construction workers. The bibliometric
analysis complements the systematic review, quantitatively assessing keywords, article sources,
and citation patterns. The review encompasses a diverse array of factors impacting the living
conditions of construction workers, including housing conditions, wages, working hours,
occupational safety, healthcare access, and social support systems. The study uncovers several
critical issues affecting construction workers' living conditions. Inadequate housing facilities
emerge as a prevalent concern, with substandard accommodations often leading to health
hazards and reduced productivity. Low wages and irregular payment systems perpetuate
financial instability, adversely affecting workers' overall quality of life. Unsafe working
conditions and insufficient access to healthcare services contribute to increased accident rates
and occupational health risks. Cultural and societal norms also play a significant role in shaping
the treatment of construction workers, with some societies lacking the necessary legal
protections and social support mechanisms. The findings of this study highlight the urgent need
for comprehensive policy reforms, industry-wide initiatives, and collaborative efforts from
stakeholders to improve the living conditions of construction workers. Enhanced regulations,
provision of affordable and safe housing, fair wage structures, and improved access to
healthcare are among the suggested measures to address the identified challenges.

Keywords: Construction industry, Healthcare access, Living conditions, Workers, Wages
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1.0.INTRODUCTION

1.1.Background to the Study

The construction industry is a fundamental pillar of modern society, providing essential
infrastructure and contributing significantly to economic growth and development. However,
behind the towering skyscrapers and bustling cityscapes lies an often-overlooked aspect: the
living conditions of construction workers. These labourers form the backbone of the industry,
working tirelessly to shape the urban landscape. However, they frequently face challenging
circumstances that affect their well-being and quality of life. The living conditions of
construction workers have long been a concern for policymakers, labour rights advocates, and
researchers (Celik & Budayan, 2016; Mathew et al., 2016). As construction activities continue
to expand worldwide, the significance of this issue becomes even more pronounced. Several
studies have explored aspects of the living conditions of construction workers in various
contexts. Existing research has investigated housing conditions, wages, working hours, access
to healthcare, and social support systems (Adsul et al., 2011; Kumar, 2013; Mathew et al.,
2016). However, the vast body of literature on this topic lacks coherence, potentially leading to
gaps in understanding the situation.

Workers' performance in the construction industry is intricately linked to their living conditions,
as these conditions significantly influence their physical and mental well-being (Ge et al.,
2022), job satisfaction, and overall productivity. Firstly, inadequate housing conditions Pérez-
Hernéndez et al. (2018) can lead to physical discomfort, lack of restful sleep, and increased
stress among construction workers. Overcrowded or substandard living spaces may exacerbate
health issues, impacting their ability to perform physically demanding tasks (Varshney et al.,
2022). Additionally, long commuting hours from distant and affordable housing options can
result in fatigue and reduced energy levels, ultimately hampering their on-site efficiency and
focus (HBR, 2021). The financial strain caused by low wages and irregular payment systems
can negatively affect workers' morale and motivation HBR, 2021. Financial instability may lead
to stress and anxiety about meeting daily living expenses, further diverting their attention from
work-related tasks (Ryu & Fan, 2023).

Consequently, construction workers may feel demotivated and less committed to their jobs,
leading to decreased job satisfaction and a decline in overall performance. Moreso, occupational
safety is a critical aspect impacted by the living conditions of construction workers (Mathew et
al., 2016). When housing facilities lack proper sanitation and hygiene, the risk of illness and

infections increases, potentially affecting workers' ability to work regularly (WHO, 2018).
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Unhealthy living conditions can weaken their immune system, making them more susceptible
to workplace accidents and injuries (Techera et al., 2016). Furthermore, living near construction
sites or hazardous areas without adequate protective measures can lead to occupational health
hazards and exposure to harmful substances, compromising worker safety and performance.
Access to healthcare services is another vital factor influencing the performance of construction
workers (WHO, 2010). Limited access to medical facilities and healthcare resources can delay
the diagnosis and treatment of health issues, leading to prolonged absences from work. Workers
who cannot access timely medical care may be less productive on-site due to illness or untreated
health conditions (Zhang et al., 2015).

Moreover, living conditions that lack basic sanitation and hygiene facilities can increase the
risk of infectious diseases spreading among workers, resulting in absenteeism and reduced
overall workforce efficiency. Social support systems foster a positive work environment and
enhance worker performance. Inadequate living conditions isolating construction workers from
their families and communities can contribute to loneliness and disconnection (Celik &
Budayan, 2016). Lack of social support can lead to increased stress and mental health issues,
ultimately affecting concentration and focus on the job. Conversely, when workers have access
to supportive living environments that foster community and camaraderie, they are more likely
to experience higher job satisfaction and perform better on construction projects. This study on
the living conditions of workers in the construction industry aims to contribute to the existing
body of knowledge, highlighting the importance of worker well-being in the construction
sector. The primary objectives of this study are as follows:

i. Conduct a systematic literature review to gather and synthesise existing research on the
living conditions of workers in the construction industry.

ii. Examine the critical factors affecting the living conditions of construction workers.

iii. Identify keywords and citations patterns using a bibliometric technique

iv. Propose policy recommendations and industry-wide initiatives aimed at improving the living

conditions of construction workers

This research endeavours to provide valuable insights for policymakers, industry stakeholders,
and researchers by conducting a systematic literature review and bibliometric analysis.
Ultimately, the findings and policy recommendations seek to foster a construction industry that
prioritises the welfare and dignity of its workforce, paving the way for sustainable and equitable

development.
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2.0.METHODOLOGY

This study adopts a mixed-methods approach, combining a systematic literature review and a
bibliometric analysis to comprehensively examine the living conditions of workers in the
construction industry. The systematic literature review allows for an in-depth synthesis of
existing research. At the same time, the bibliometric analysis offers a quantitative assessment
of publication trends and their impact on the academic discourse. The systematic literature
review follows the guidelines proposed by Tranfield et al. (2003) and PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses) (Moher et al., 2009). The
bibliometric analysis was conducted using the software VOSviewer (Van Eck & Waltman,
2010). This analysis identifies keywords trends, article sources, and countries' contributions to

the living conditions of construction workers. The article selection process in shown in Figure
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Figure 1: Article selection process
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3.0.ANALYSIS

3.1.Bibliometric Analysis

The bibliometric analysis of all keywords provides insights into the distribution and link
strength of various keywords in the study. The minimum number of keywords occurrence was
set at 2, with 24 keywords meeting the threshold out of the 172 keywords result. Among the
most frequently occurring keywords, "construction industry" appears seven times, while
"human" appears six times. Both keywords have a high link strength, with "human" having 50
and '"construction industry" having 26, indicating their significant influence and
interconnectedness in the research. "Adult," "India," and "male" occur five times each, with
link strengths of 43, suggesting their relevance in the study. Keywords related to construction
workers are also prominent, with "construction workers" appearing four times and having a link

nn

strength of 16. Other relevant keywords include "construction worker," "cross-sectional study,"

"female," "humans," "questionnaire," "building industry," "occupational disease,"

nn nn

"occupational health," "prevalence," "quality of life," "statistics and numerical data," and "trade

unions," each appearing two times with varying link strengths. Some keywords, such as

"construction," "employment," "human experiment," "living conditions," "migrant construction
workers," and "article," occur two times but have relatively lower link strengths. The keyword
"migrant construction workers" has the lowest link strength of 1, indicating limited connections
in the research.

The bibliometric analysis highlights the key themes and concepts in the study, with
"construction industry" and "human" being the most prevalent and influential keywords,
reflecting the central focus of the research on the construction industry and its impact on human

workers.
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Figure 2: Keywords

3.2.Citations Source by Countries

The bibliometric citation by country result shows the study's distribution of documents and
citations across different countries. A minimum number of documents of a country (1), the
minimum number of citations of a country (1), and among the seven countries, only 5 meets
the threshold. India has the highest number of documents (7) and citations (28), indicating a
substantial contribution to the research in this field. The United States and the United Kingdom
also have notable contributions, with 2 and 1 document(s) and relatively high citation counts
(19 and 9, respectively). Portugal follows with two documents and six citations. China has 1
document with two citations. Since the total link strength is 0 for all countries, it indicates no
direct connections or citations between the documents from different countries. This means that
the publications from different countries in this bibliometric analysis have not cited each other
or established direct collaborative links. The lack of link strength suggests that this field's
research is currently less interconnected or that the publications from different countries have

not yet established strong citation relationships.
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Table 1: Ranking of countries based on citation

ID  Country Documents Citations Total link strength
1 India 7 28 0
2 United States 2 19 0
3 United Kingdom 1 9 0
4 Portugal 2 6 0
5 China 1 2 0

china
portugal
united states
united kingdom
india

A Y
5?1:\ VOSviewer et

Figure 3: Countries' citation

3.3.Citation by article source

The bibliometric citation by source result provides an overview of the study's distribution of
documents and citations across various academic sources. Out of the 15 sources, 11 meets the
threshold with a minimum number of document and citation set at 1. Each source is represented
by one document, and they have received citations ranging from 2 to 10. Notably, "Geoforum"
and "Journal of Construction Engineering and Management" are the most cited sources, with
ten citations each, suggesting their significant influence in this research area. "BMC Public
Health" follows closely with nine citations. Several other sources, such as the "Indian Journal
of Occupational and Environmental Medicine," "Mobilities," and "Gender and Development,"
have received 6 or 5 citations, indicating their relevance in the field. The remaining sources
have received four or fewer citations. Despite the variation in the number of citations, all
sources have a total link strength of 0, which implies that there are no direct connections or
citations between the documents from different sources. Further analysis of the individual

documents and their citation patterns may shed light on the specific contributions and
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collaborations among the sources in this field.

Table 2: Citation by source

ID Source Documents Citations Total link strength
1 Geoforum | 10 0
2 Journal of construction engineering and management 1 10 0
3 BMC public health 1 9 0
4 Indian journal of occupational and environmental medicine 1 6 0
5 Mobilities | 6 0
6 Gender and development 1 5 0
7 Journal of clinical and diagnostic research 1 4 0
8 Work (reading, mass.) 1 4 0
9 Journal of environmental and public health 1 2 0
10 Management and labour studies 1 2 0
11 Social change 1 2 0

geofgrum
bmc puBlic health journal of construction engine
work (reading, mass.) journal of envirenmental and p
social change
gender and{development mobilities
journal of clini¢al and diagno indian journal of occupational
management labour studies
6‘%5 VOSviewer ¢ -

Figure 4: Citation by source
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4.0.Discussion of Literature

4.1.Living Conditions of Workers in the Construction Industry

Singh (2016) examines the living conditions of construction workers in Gandhinagar City,
revealing a slight improvement in their economic situation. However, their demographic, social,
and living conditions remain distressing and vulnerable. Migrant workers play a significant
role, managed through a contract system. The industry is predominantly male, with female
workers occupying unskilled roles. The Harris-Todaro model partially applies to the rural-to-
urban migration process. Unlike government employees, construction workers lack social
security and other benefits. Achieving decent work for migrant workers remains a significant
challenge in the industry. Another study by Marques et al. (2021) examines the political
economy of posting in the European Union, focusing on Portuguese construction workers'
working and living conditions posted to other EU Member States. The study uncovers abusive
and exploitative practices involved in posting, contributing to the (de)regulation of labour in
the construction sector. Despite the goal of a free labour movement, posted workers face limited
social rights in the host country. The research, conducted as part of the 'EU Post Lab' project,
utilises document analysis and interviews to shed light on the challenges posted workers face
and aims to promote cooperation and awareness in the posting field.

The study of Menzil (2016) aims to understand the health status and habits of 200 male
construction workers in Bangalore. Most workers (90.5%) are migrants, and 26.5% engage in
smoking and alcohol consumption, potentially increasing their vulnerability to accidents and
health issues. Respiratory infections (16%) and musculoskeletal problems (9%) were prevalent.
Improving safety measures at construction sites and providing better housing away from the
sites are recommended to address these issues. A cross-sectional study was conducted among
404 male construction workers to assess their QOL and probable psychological distress
(Mathew et al., 2016). The study used the World Health Organization (WHO) QOL-BREF and
the 12-Item General Health Questionnaire (GHQ-12). The results revealed poor QOL scores in
the environmental domain, highlighting the need for better living conditions, healthcare access,
and recreational facilities for these workers. Additionally, a significant prevalence of probable
psychological distress was observed, warranting attention to the mental well-being of
construction workers.

Dhar (2014) focuses on low-income construction workers from a small construction company
in eastern India, particularly from Jharkhand. Ethnography, photo elicitation, and in-depth

interviews were used to collect qualitative data from twelve families residing at the construction
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site. The research identified four themes: Daily Rituals, Living Conditions, Quality of Food,
and Health and Hygiene. The findings revealed pitiful living conditions attributed to acute
poverty among the workers. The study emphasises the need for policymakers and
philanthropists to use research findings to improve low-income construction workers' status and
quality of life. Similarly, Rahaman & Rahman (2021) focus on the quality of work-life (QWL)
of construction workers in Bangladesh, given the inhumane working conditions and living
standards they endure while contributing significantly to the country's economic development.
Employing a mixed-method approach, the researchers conducted one-to-one interviews, focus
group discussions, and structured questionnaires. The findings indicate high dissatisfaction
among construction workers regarding their working conditions, pay, accommodation, food,
education, health, and safety. The study emphasises the need for policies to improve workers'
well-being. It highlights its significance in enhancing academic literature related to the current
condition of construction workers in Bangladesh's construction industry. This study is noted as
the first of its kind in Emerald Insight publishers, shedding light on the overall inhuman work-
life of construction workers in Bangladesh.

Nivedita et al. (2019) conducted research with women construction workers in Ahmedabad,
Gujarat, one of the world's fastest-growing cities, representing India's exclusionary economic
growth. The study involves collaboration with a migrant construction workers' union to shed
light on the experiences of female migrants in the city. The women members of the union utilise
a method to bring visibility to their struggles as migrants, facing challenges with men, local
authorities, and employers. They aim to draw attention to the additional burdens they endure
due to a neglectful state and industry, advocate for improved working and living conditions,
and raise awareness of gender inequalities that should be incorporated into the demands of the
workers' union. Berseneva et al. (2019) focus on the methods used to select personnel for work
shifts in extreme conditions of the Far North at a construction enterprise. The study suggests
ways to provide psychological support to candidates during the selection process. The paper
proposes methods and means of psychological support for the adaptation period of shift workers
based on the analysis of changes in efficiency and the psycho-functional state of staff in the
severe northern region. Recommendations are given to improve the adaptation process to
extraordinary living conditions at different stages of a shift work period. The research
investigates the correlation between personnel efficiencies and various factors, such as
adaptation time to shift work, temperament, physical qualities, psycho-emotional state, and age

of candidates. Additionally, the paper proposes teaching personnel self-control skills and

231



SCEANS
5 Jy,,

. ISARC
Cisare INTERNATIONAL SCIENCE AND ART RESEARCH CENTER

highlights the main components of psychological support for staff adaptation. In conclusion,
the paper identifies the main risk groups when selecting candidates for senior positions of
personnel working shifts in the conditions of the Far North.

Dhal (2020) explores the labour process of these unique informal construction workers'
assemblies, comprising around 15,000 labourers daily. It investigates their employment
conditions, labour relations, and the role of trade unions and the government in regulating this
employment relationship. The study is based on a field study involving observation, interactions
with 84 migrant construction workers, and 118 photographs. The findings reveal the
precariousness experienced by these labourers due to irregular work, food shortages, significant
family burdens, living in slums, and harassment from goons and contractors, with minimal
support from trade unions and the government. Employers often neglect their legal obligations.
Ge et al. (2022) study focuses on the impact of a knowledge-based employee incentive
mechanism (EIM) on innovation performance in Shihezi, Xinjiang Uygur Autonomous Region.
Through a questionnaire survey of knowledge-based workers (KBWs) in typical enterprises,
the research explores the relationship between psychological capital (PsyCap), EIM, and
employee innovation performance (EIP). Results reveal a high overall score of KBWs on
PsyCap, EIM, and EIP scales. Knowledge-based EIM significantly influences EIP and PsyCap,
with PsyCap positively impacting EIP. The study highlights the importance of innovative
management practices for KBWs in Shihezi enterprises. It provides valuable insights for
enhancing collaborative innovation performance in the region.

Fei (2020) investigates the compound labour regime (CLR) in Chinese construction projects in
Africa, focusing on the spatial dynamics of management and workers' agency. It examines the
unique form of "living at work" experienced by Chinese workers in African mining compounds
and dorms, shaped by transnational, national, and local factors. A case study of a Chinese
infrastructure project in Ethiopia reveals internal fragmentation within the seemingly integrated
CLR due to subcontracting, outsourced labour, and the employment of expatriate and local
workers. This fragmentation leads to negotiated despotism for expatriate workers and cautious
precarity for local recruits, highlighting the complexity and contradictions of Chinese
investment in Africa. Betancourt et al. (2013) investigate the challenges faced by India's
estimated 40 million migrant workers and their children in the construction industry. Despite
the country's economic growth, child protection issues persist for this vulnerable population.
Using a rights-based model of child protection called the SAFE model. The research combines

case study methods and interviews with stakeholders, experts, and focus group discussions with
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workers and their children. The findings reveal complex stressors, including limited access to
healthcare, education, and unsafe living conditions, impacting the health and well-being of
migrant families. The study emphasises the need for enhanced corporate and government
accountability and child-focused policies to safeguard the rights and protection of this invisible
and highly mobile population. Mohankumar et al. (2018) investigated morbidity among 312
urban construction workers in Kancheepuram District, India. Around 80.1% had health-related
issues, with musculoskeletal problems being the most common (71.5%), followed by skin, eye,
abdominal, respiratory problems, and external injuries. Significant associations were found
with smoking, alcohol consumption, other tobacco use, work type, marital status, and diet. The
study underscores the need for awareness about health and safety issues in construction work,
health insurance coverage, and health screening services to enhance worker well-being and
productivity. Akram's (2014) cross-sectional study from western Uttar Pradesh examines the
occupational diseases, treatment patterns, and public health concerns of MCWs in urban areas.
Data is collected through semi-structured interviews and ethnographic observation using multi-
stage cluster sampling. The findings show that 35% of MCWs reported injuries, and 70%
reported diseases in the last year. Public health facilities are lacking on most construction sites,
exacerbating the burden of occupational diseases on migrant workers. Policy interventions are
needed to improve the conditions of MCWs and reduce disparities in economic and social
development among regions and states, thereby regulating unproductive migration.

Construction workers face numerous critical issues that significantly impact their living
conditions. Poor working conditions expose them to hazardous and challenging environments,
leading to occupational hazards and health problems. Lack of access to proper health facilities
exacerbates their vulnerability to occupational diseases and injuries. At the same time,
inadequate living spaces, especially for migrant workers, resulting in overcrowding and
unsanitary conditions. The absence of basic facilities like clean water and sanitation on many
construction sites compounds these challenges. Additionally, the disparities in economic and
social development between regions and states contribute to unproductive migration, further
affecting the health and well-being of workers. Low wages are another pressing concern, as
many construction workers earn meagre incomes despite arduous labour. These issues
collectively highlight the urgent need for improved safety measures, better access to healthcare
and public health facilities, fair wages, and policies that address the living conditions and

overall welfare of construction workers in the industry.
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5.0.CONCLUSION

This study delves into the living conditions and challenges construction workers face in the
construction industry, specifically focusing on their well-being and overall quality of life. The
research findings have shed light on the critical issues impacting these workers, highlighting
the urgent need for policy interventions and improved working conditions. The study revealed
that construction workers are confronted with numerous health hazards and occupational risks
due to their work and the often-poor living conditions they experience. The prevalence of self-
reported injuries and diseases among workers underscores the urgent need for enhanced safety
measures and access to proper healthcare facilities at construction sites. Furthermore, the lack
of public health facilities in many sites exacerbates the burden of occupational diseases on
migrant workers, who often face additional challenges due to their migratory status. The
presence of disparities in economic and social development among regions and states further
compounds the challenges construction workers face, leading to unproductive migration and
contributing to the overall vulnerability of these workers. The issue of low wages also emerged
as a significant concern, as many construction workers are earning meagre incomes despite
their hard work and contributions to the industry. Addressing these disparities and improving
wage structures are essential to creating a fair and equitable working environment for all
workers. The study also found that the living conditions of construction workers, especially
migrant workers, are inadequate. The narrow and unhygienic living spaces contribute to the
prevalence of health issues among workers and their families. There is a pressing need to create
awareness among workers about their health and safety at the workplace and to provide
improved living conditions and access to basic facilities. One of the crucial findings of the
research is the lack of linkages and collaboration between documents and sources, as indicated
by the total link strength of 0. This suggests room for improvement in research collaboration
and knowledge-sharing among researchers and institutions. Encouraging more collaboration
and exchange of ideas could lead to enhanced research outcomes and a more robust
understanding of the challenges faced by construction workers. This study serves as a vital
contribution to understanding the living conditions and well-being of construction workers in
the construction industry. The research findings underscore the urgent need for policy
corrections and measures to improve the conditions of these workers. Creating awareness about
health and safety, providing access to proper healthcare facilities, and addressing the issue of
low wages are essential steps in enhancing the quality of life and overall well-being of

construction workers. Moreover, promoting research collaboration and knowledge-sharing
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among institutions can lead to more comprehensive and effective interventions to address the

critical issues facing construction workers.

5.1.Policy Recommendations and Industry-Wide Initiatives

i. Raise Awareness and Sensitisation: Conduct awareness campaigns and sensitisation
programs to educate employers, workers, and the public about the rights and well-being of
construction workers. Building a culture of empathy and understanding can lead to positive
changes in the industry.

ii. Improving the living conditions of construction workers requires a multifaceted approach
involving policy interventions, industry-wide initiatives, and collaborative efforts between the
government, employers, and relevant stakeholders. Below are some key policy
recommendations and industry-wide initiatives that can significantly impact.

iii. Enforce and Strengthen Labour Laws: Governments should enforce existing labour laws and
introduce stricter regulations to ensure fair wages, safe working conditions, and reasonable
working hours for construction workers. Penalties for violations should be stringent to deter
non-compliance.

iv. Provide Access to Healthcare Facilities: Establishing and maintaining healthcare centres at
construction sites will ensure prompt medical attention to injured or sick workers. Regular
health check-ups and vaccination programs should also be implemented to prevent the spread
of diseases.

v. Affordable Housing Schemes: Governments and private construction companies can
collaborate to provide affordable housing options for construction workers near their worksites.
Access to proper housing with basic amenities will significantly improve their living conditions
and reduce the burden of long commutes.

vi. Safe and Hygienic Living Spaces: Employers should ensure that the temporary living spaces
for migrant construction workers meet minimum safety and hygiene standards. Adequate
sanitation facilities, proper ventilation, and clean drinking water should be provided.

vii.  Skill Development and Training: Invest in skill development and training programs to
enhance the skills and capabilities of construction workers. This will improve their
employability and contribute to their overall well-being.

viii. Social Security Measures: Implement social security schemes, including health insurance,
disability benefits, and pension plans, to provide financial support and stability to construction

workers and their families.
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ix. Promote Mental Health Support: Address construction workers' mental health challenges by
offering counselling services and support networks. Occupational stress and the transient nature
of their work can take a toll on their mental well-being, necessitating proactive measures.

x. Encourage Industry Collaboration: Foster collaboration among construction companies,
trade unions, and non-governmental organisations to collectively address the living conditions
of construction workers. Joint initiatives can pool resources and expertise for a more significant
impact.

xi. Promote Worker Participation: Encourage participation in decision-making through workers'
committees or councils. Their involvement can provide valuable insights and adequately

address their needs and concerns.

5.2.Future Studies Focus

i. Investigate the long-term impact of policy and industry-wide initiatives on the living
conditions of construction workers. Analyse how implementing various measures has
influenced their well-being, safety, and job satisfaction over time.

ii. Conduct comparative studies across different countries and regions to understand the
variations in living conditions and challenges construction workers face. Identify successful
practices and learn from best practices implemented in other contexts.

iii. Explore the potential of technology in enhancing the living conditions of construction
workers. Investigate the adoption of digital solutions, smart construction sites, and automation
in promoting safer and more efficient working environments.

iv. Impact of COVID-19: Analyse the impact of the COVID-19 pandemic on construction
workers' living conditions and work arrangements. Study the measures taken to ensure their
safety during the pandemic and identify strategies for building resilience in the post-pandemic
era.

v. Study the link between social and economic empowerment of construction workers and their
living conditions. Explore how access to education, skill development, and financial inclusion
can uplift their standard of living.

vi. Study the role of worker voice and participation in decision-making processes. Analyse how
involving construction workers in decision-making can lead to improved policies and better

outcomes for their living conditions.
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ABSTRACT

Pakistan is a country situated in south Asia that got its independence in 1947 from Britain. It is
predominantly Muslim society, according to its last official censuses it has more than more of
fifty percent of women population. However it remains a patriarchal society since centuries,
although now there are few visible changes in the polity of the country as girls can be seen
driving motorcycles and studying in considerable number at university along with boys. this
study by taking interviews of the females in the age bracket of 18-30 will attempt to analyse the
ongoing wave of women empowerment through the pages of history. statistical tools will be
used to conclude the study. It will conclude that the present changes in the Pakistani polity
related to women rights are not result off short term struggle instead these are the result of

struggle done by women since long.
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ABSTRACT

The demand for and users of cosmetics in Indonesia is getting higher, which has spurred growth
in the number of cosmetic industry players. With this condition, the cosmetic association hopes
that Indonesian cosmetics can step up to foreign countries and even become the world's center
for halal cosmetics. Overall, from 2020-2022 the cosmetic industry has developed quite rapidly
even though it was hit by a pandemic. Now, in the middle of 2023, there are already 1,080
cosmetics industry companies, with a composition of 90 percent of local MSMEs. The purpose
of'this research is to find out the ambitions of cosmetic entrepreneurs to make Indonesia a center
for halal cosmetics. This research method uses a literature review approach. The results of the
literature review found that one day Indonesia must be able to become the world's center for
Halal cosmetics. Halal is not only a matter of religion, because the halal product ensures that
the product is healthy and certainly good for the body, and does not contain harmful ingredients.
The Indonesian Cosmetics Association has started educating the public that halal is healthy. So
to be accepted abroad anything for non-Muslim consumers who emphasize halal is healthy.
Meanwhile in Indonesia, where the population is predominantly Muslim, the goal of halal
cosmetics 1s not only to protect consumers but also to spiritualize, the point is that halal is a
good thing. The Indonesian Cosmetics Association hopes to make Indonesia the world's center

for halal cosmetics.

Keywords: Cosmetics Entrepreneur, Indonesia, and Halal Cosmetics.
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ABSTRACT

Jerdon's Courser (Rhinoptilus bitorquatus) is an endangered bird species endemic to the
Eastern Ghats of India. Despite its critical status, there is a dearth of scientific literature on
innovative approaches for conserving and studying this species. This paper aims to address this
gap by presenting groundbreaking strategies and highlighting crucial research priorities that can
contribute to the preservation of Jerdon's Courser. The initial section of this abstract
underscores the pressing need for pioneering conservation approaches tailored to this species.
Given Jerdon's Courser's unique ecological requirements and limited range, targeted
conservation efforts are essential. Implementing innovative methods, such as habitat
restoration, protected area establishment, and landscape-level conservation planning, can help
combat threats like habitat loss, fragmentation, and human disturbance. The subsequent section
focuses on unexplored research directions that demand immediate attention. Cutting-edge
research techniques, including bioacoustics, camera trapping, and satellite telemetry, can
provide invaluable insights into the species' behavior, population dynamics, and habitat
utilization. Furthermore, genetic analyses and molecular studies can unravel the species'
evolutionary history, genetic diversity, and connectivity. Engaging citizen scientists and local
communities in monitoring programs, capacity building, and awareness campaigns can foster a
deeper understanding of the species and promote its long-term survival. The final section
emphasizes the significance of stakeholder engagement in conservation and research endeavors.
Collaborative partnerships among researchers, local communities, government agencies, and
non-governmental organizations are pivotal for the effective implementation of innovative
strategies. Involving local communities in monitoring activities, empowering them through
education and training, and raising awareness can instill a sense of ownership and encourage
sustainable conservation practices. In conclusion, this abstract highlights the paramount
importance of pioneering approaches for the conservation and research of Jerdon's Courser. By
embracing innovative strategies and addressing research gaps, we can enhance our knowledge

of the species and develop effective conservation measures. Prioritizing stakeholder
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engagement and community participation will ensure the long-term success of these
groundbreaking initiatives. Adequate resources and support must be allocated to safeguard the
critically endangered Jerdon's Courser and its unique ecosystem for future generations.

Keywords: Jerdon's Courser, Endangered Species, Innovative Conservation Strategies,

Research Priorities, Stakeholder Engagement
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ABSTRACT

Purpose: This paper aims to explain the ethics of consumption in terms of Islamic economic
philosophy. The formulation of the problem in this paper includes: first, what is the
philosophical view regarding consuming food that is not yet clear on the law?, second, how is
the manners or ethics when eating according to Islamic teachings? And the third is what is the
philosophical view of excessive consumption?

Design/methodology/approach: This paper uses a qualitative descriptive method, with a data
source (library research), namely a literature review that originates from several related
literature, both from articles and books. Inductive data analysis by constructing a theory based
on the data obtained.

Findings: First, Islam is a religion that really maintains balance. What we get is also what we
have to give to nature so that the ecosystem is maintained. Second, Islam is a religion that
prioritizes cleanliness, when the level of public consumption increases, the level of
environmental pollution also increases, including the waste generated from these consumption
activities. Third, Islam is a religion that pays attention to health and safety, therefore it must be
able to ensure that something consumed is one that has guaranteed health and cleanliness.
Fourth, Islam is a religion that respects each other and is socially sensitive. If freedom in
consumption is not accompanied by ethics, then humans will be greedy and not think of anyone
other than their own satisfaction. Then the last one, namely Islam does not like extravagant and

excessive behavior, Islam teaches to live simply and in moderation.
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Originality/value: This paper discusses some ethics in consuming, whether it meets the criteria
of halal and toyib, and whether it is in accordance with Islamic ethics.

Keywords: Philosophy, Consumption Ethics, Halal, Islamic Economic Philosophy
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ABSTRACT

This study assesses farmers’ adaptation strategies to flood related losses in zone one area of
Ekiti State, Nigeria. A multistage sampling technique was adopted in the selection of 147 crop
farmers. Data obtained were analyzed by the use of descriptive statistics and inferential statistics
tool used was the Poisson regression model. The results indicated that crop farmers in the study
area have the average age of 43years, dominated by males and were married. Majority about
79.7% of the crop farmers were educated in formal institutions and have a mean household size
of 5 people. Also the respondents had the mean of 18years of farming experience and 59.9%
owned their land with the mean of 1.4 hectares of land. The study revealed that respondents
strongly perceived flood effects of loss in farm produce, loss in quality of yield, loss of farm
infrastructure, causes soil degradation, pest challenges. The study findings show that common
adaptation strategies adopted by the crop farmers include change in planting date, crop rotation,
mixed cropping, planting of cover crops and mulching. Furthermore, the Poisson regression
result of the determinants of adaptation strategies to flood showed that age, level of education,
farming experience, extension visit, credit, compatibility and cost of practice were statistically
significant in making decisions. However, the major severe constraints perceived by the
respondents include: poor access to adaptation strategies information, high cost of improved
crop varieties, lack of access to weather forecast technology by crop farmers and government
irresponsiveness to risk management. Therefore, it was recommended that Extension agencies
should provide adequate information on various adaptation strategies to farmers, which was
one of the major constraints they face, relevant stakeholders and concerned organization should
provide farmers with weather forecast technology, financial institutions should make access to
credit facilities to farmers to enable them adopt adaptation strategies.

Key words: Adaptation, Strategies, Flood, Crop Rotation, and Perceived

245



SCEANS
5 Jy,,

. ISARC
Cisare INTERNATIONAL SCIENCE AND ART RESEARCH CENTER

INTODUCTION

Agriculture has contributed immensely to the economies of most Africans countries including
Nigeria where it constitutes about 40% of the countries' Gross Domestic Product (GDP) and
about 70% of the population depends on it as a source of their livelihood (Food and Agricultural
Organization of the United Nations (FAO) 2015). Flood threatens agricultural production,
which adversely affects crop yield and soil fertility on farms thereby putting countries' food
security in jeopardy. Floods are the most common natural disasters, which caused loss of life
and economic damage in various parts across the globe. The effect of flood on crop farmers is
likely to be increasing through time because of climate change. In agricultural economies where
rain is relying upon, erratic rainfall causing unexpected floods can create a laying waste on crop
farmers and their livelihoods. They result in loss of property, destruction of the environment
and many times lead to loss of life (Ramakrishna et al., 2015). Flood is a global problem and
it's strong influence especially in the agricultural sector is made visible where it has strongly
affected production in most developing countries (Elum et al., 2017), Which has resulted to
highly food insecurity to the citizens of most of these countries. Flood is the most common type
of disaster causing serious economic losses in various part of the world (Ramakrishna et al.,
2015).

Flood is expected to disproportionately affect smallholder crop farmers by further worsening
the risks that farmers face. Flood has negatively affected crop farmers’ well-being through its
adverse effects. Crop farmers have been experiencing low agricultural productivity, crop
failure, shortage of agricultural based food items at a household level and food insecurities.
Those effects have caused a huge threat to food security and farmers livelihoods around the
world compromising the well-being of crop farmers, because majorly crop farmers depend on
natural climatic sensitive resources such as agriculture for their livelihood (Ubisi et al., 2017).
Adaptation to flood measures, farmers must first notice that the climate has changed, and then
to establish useful adaptations and put them into practice (Fatuase and Ajibefun 2015).
Common adaptation methods include the use of new crop varieties, increased use of soil and
water conversation techniques, changed use of capital and labour (Obayelu et al., 2015). It is
important for small-scale farmers to be aware of and have access to information on seasonal
weather forecasts in order to cope and adapt to changing weather patterns. The goal of
adaptation is neither the prevention of all negative impacts from variable and changing flooding,
nor merely clean up after each flood disaster. Rather the goal of adaption is long-term resilience,

to create the conditions in which society and managed ecosystems are largely able to absorb the
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impacts from flood variability and change such that any residual impacts beyond their coping
capacity remains within acceptable limits of risks.

It is displeasing to note that, urban areas in Nigeria are particularly vulnerable to flooding due
to inadequate drainage system, replacement of natural and absorptive soil cover with concrete
and deforestation of hillsides, which has the effect of increasing the quantity and rate of runoff
and the silting of drainage channels. In Ekiti State, cases of flood was experienced severally in
some areas especially where the flood plains have been abused due to illegal erection of
buildings and other structures as well as unhealthy habit of dumping refuse and solid wastes in
open channel drainage system are particularly prone to flood disasters. In view of the above,
the study seeks to assess the farmers’ adaptation strategies to flood related losses in zone one
area of Ekiti State, Nigeria. To achieve this, the study seeks to achieve the following objectives:
describe the socioeconomic economic characteristics of farmers in the study area, examine the
perceived effects of flood on crop production in the study area, examine the adaptation
strategies used to flood related losses by farmers in the study area, analyze the determinants of
the adaptation strategies to flood related losses in the area and examine the constraints
associated with the adaptation strategies to flood in the study area.

METHODOLOGY

This Study was conducted in Ado, Irepodun/Ifelodun, and Ekiti west local government area of
Ekiti State, Nigeria. It is in Southwest region of Nigeria, Ekiti was declared a state on 1st
October 1996. It is located between longitude 4°45' and 5°50' East of the Greenwich meridian
and latitude 7°25' and 8°05' north of the equator. Ekiti State border Kwara and Kogi States to
the north, Osun State to the west and Edo State to the East and Ondo State to the South; with a
total land area of 5887.890 square kilometers. Ekiti state has 16 Local Government Areas
(LGAs). The 2006 Population Census by the National Population Commission put the
population of Ekiti State has 2,398,957 people. But, going by the annual population growth rate
of 3.5 percent in Nigeria, the population of Ekiti State was projected to be 3,270,800 people
(NPCN, 2016) in the year 2016. The apex of the administrative areas is the capital, Ado Ekiti.
The State enjoys tropical climate with two distinct seasons. These are the Rainy season (April
- October) and the Dry season (November - March). Temperature ranges between 21° and 28°C
with high humidity. The Southwesterly winds and the Northeast Trade winds blow in the
raining and dry (Harmattan) seasons respectively. Tropical forests exist in the south, while
Savannah occupies the northern peripheries. The mean annual total rainfall in the south is about

1800mm while that of the northern part is hardly over 1600mm.
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In order to obtain a sample size for this study, multistage sampling technique was adopted for
this study area. In the first stage, one out of the three operational agricultural zones in Ekiti
State was selected purposively due to the extent of flood. The second stage involves a random
selection of (3) Local Governments from the zone (Ado, Irepodun/Ifelodun, Ekiti West). The
third stage involves the selection of 3 villages from each LGAs. Thus, a total of 147 registered
crop farmers were randomly selected as respondents for this study based on Yamanne equation
for appropriate sample size determination as used by Abdullahi ef al, (2018). Data were
collected using a structured questionnaire complimented with interview schedule and analyzed
using frequency distribution, percentages, mean and Poisson regression analysis.

Poisson regression was used to analyze the determinants of the adaptation strategies to flood
related losses farmers which was specified below:

The model is expressed in implicit form as:

Y =f(Xi, X2, X3, X4, Xs, Xe, X7, X3, Xo, X10, X11, X12, X13, X14) .eeevnivniinninnn (1)

The functional form is expressed in the explicit form as:

Y=bo + b1 X1+ baXo+ b3X3 + baXs + bsXs + beXe + b7X7 + bsXs+ boXo+ b1oX10+ b11 X114 b12Xi2+
bisXi3tbuaXuut Ui (2)

Where:

Y = Adopted strategies (count variable)

b1 — bis= Regression coefficient

X1— Xi14= Independent variable

Xi=Age (in years), X>=Gender (male=1, female=0), X3=Level of education (in years), X4=Land
ownership (owned=1, otherwise=0), Xs=Farm size (in hectares), X¢=Farming experience (in
years), X7=Household size (number of people), Xs=Extension visit (in number), Xo=Farm
income (in naira), Xi0=Credit (amount received ¥), Xi1=Loss due to flooding (expressed in
naira value of output lost during the last flooding event in the farming season),
Xi12=Compatibility (Yes/No), Xi3=Relative advantage (Yes/No), X14=Cost of practice (¥), bo=
Constant, U = error term.

RESULTS AND DISCUSSION

Socio-economic Characteristics of the respondents

Age of the respondents: The results shows that majority (59.8%) of the respondents was
middle age (31-50 years) with an average age of 43years and this indicate a potential for active
labour participation in crop production. Ages of farmers has direct bearing on the availability

of able-bodied manpower for farming and also ease the adoption of flood adaptation strategies.
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The older the farmer, the more experienced he/she is in farming and more experience he/she
had to the past and present flood losses over long period of time. This finding is similar to the
results obtained by Arimi (2017) who reported that the majority of agricultural labour force in
Nigeria falls between 35-50years.

Gender: Gender plays a critical role in farming decision making which is an important variable
affecting adoption decision of farm level. Most (74.8%) of the respondents were male while.
This signifies that male gender dominated farming sector in the study area. It was belief that a
woman should not own a farm of her own when she still has a living husband, she is expected
to work with her husband on his farmland. The low participation of women could be attributed
to core cultural value, which place more household responsibilities on women than men.
Examples of such responsibilities include housekeeping and child upbringing. There was
indication that woman were somewhat involved in agricultural production in order to support
their family needs. This is in line with the study of Adeagbo et al. (2021).

Marital status: The result further reveals that (72.8%) were married. Majority being married
could also be explained by African tradition which frowns at singlehood immediately a man or
woman attains a particular age. The family demands on married respondents may not only
arouse their curiosity about flood losses and the consequent impacts, but also cause them to
seek measures to address these negative impacts, which will influence positively their income
generating capacity than others (single, divorced, widowed) because they share their ideas on
how to mitigate flood related losses and increase their efficient adaptation measures to flood.
This finding is similar to the results obtained by Arimi (2017).

Household size: Majority of the respondents fell within (48.3%) having a household size of 5
people and below. The mean household size of the respondents was 5 persons. This implies that
large household size might have positive impact in the improvement of crop production
especially if members fully participate in farming activities and those households are more
likely to adopt to flood adaptation strategies. This is in line with the study of Ezeh ef al. (2015).
Education level: Education is one of the factors influencing adoption decisions. The education
level of farmers may be helpful in sourcing information from various sources on flood
adaptation strategies and disseminating it is an important policy measure for stimulating local
participation in various developments as (79.7%) of the respondents had formal education
ranging from primary to tertiary level. Arimi (2017) posited that vulnerability and adaptation

of a nation to flood impact depends on level of education of its citizens.
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Farming experience: About (37.4%) of the respondents showed that they have a farm

experience of more than 10 years. This indicated that the respondents are more experienced in
farming, and assumed to have a better knowledge and information on flood related losses. This
finding is in line with the study of Onyeneke (2018).

Land ownership: This shows that (59.9%) of the respondent owned their land. The farm size
indicated that majority (75.5%) of the respondents cultivate from 1.5 ha and below each
cropping season. This implies that the farmers are small-scale of operation since. However,
putting more land into cultivation may not really translate into increased productivity,
especially when farmers have to face climate change outcomes. This finding agrees with the
study of Akintode et al. (2016).

Table 1: Socioeconomic characteristics of the farmers

Variables Frequency Percentage (%) Mean
Age(years)
20-30years 29 19.7 43years
31-40years 49 333
41-50years 39 26.5
Above 50years 30 20.4
Gender
Male 110 74.8
Female 37 25.2
Marital status
Married 107 72.8
Single 21 14.3
Divorce 10 6.8
Widow 9 6.1
Household size
5 people and below 71 48.3 5 persons
6 — 10 people 60 40.8
Above 10 people 16 10.9
Formal education
Non-formal 30 20.4
Primary 21 14.3
Secondary 37 25.2
Tertiary 30 20.4
Adult education 29 19.8
Farming experience
10years and below 55 37.4 18years
11-20years 49 333
Above 20years 43 29.3
Land ownership
Owned 88 59.9
Otherwise 59 40.1
Farm size
1.5ha and below 111 75.5 1.4ha.
1.6-3.0ha 34 23.1
Above 3.0ha 2 1.4

Source: field survey, 2021.
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Perceived effects of flood on crop production

Flooding has effects on production activities of farmers. Based on the mean score from table 2
it shows that loss in farm produce (X = 4.57), loss in quality of yield (X = 4.41), loss of farm
infrastructure (X = 4.37) has the highest perceived effects. All this lead to reduction of farmers’
productivity hence reducing the revenue of the farmers specifically and the nation as a whole.
This implies that farmers must find ways of adapting to flood strategies in the zone to sustain
their production and socio-economic status. This finding is in agreement with the work of
Musah et al. (2016). Similarly, the respondents reported that flood eroded their farm produce,
which in turn resulted in low quality, and low harvest, which could further pose a negative
impact on the income of the household. This is in line with Ibrahim et al. (2018) who reported
that flood disasters had impacts on agriculture by destroying crops and all other produce.

Table 2: perceived effects of flood on crop production

Perceived effects SA A U D SD Mean Rank
Loss in farm produce 93(63.3) 49(33.3) 1(0.7) 4(2.7) 0(0) 4.57 s
Loss in quality of yield 71(48.3) 70(47.6) 2(1.47) 4(2.7) 0(0) 4.41 2nd
Loss of farm infrastructure 65(44.2) 75(51.0) 4(2.7) 2(1.4) 1(0.7) 4.37 3rd
Increased weed growth 60(40.8) 59(40.1) 17(11.6) 7(4.8) 4(2.7) 4.12 5th
Soil erosion 39(26.5) 75(51.0) 25(17.0) 7(4.8) 1(0.7) 3.98 6™
Loss of soil nutrients 33(22.4) 82(55.8) 25(17.0) 6(4.7) 1(0.7) 3.95 7h
Low farm income 50(34.0) 62(42.2) 14(9.5) 16(10.9) 5(3.4) 3.93 gh

Source: Field Survey, 2021.

Farmers lost their infrastructure as a result of flood; this implies that flood destroyed properties
whenever it occurred in the area. This agrees with Aluko et al. (2019) who identified flood as
a threat to lives and property. In line with this finding one of the respondents reported that
““flood has rendered him homeless and sources of livelihood has been completely destroyed
and collapsed without hope of surviving”. Floodwater flow was massive which caused soil
erosion as water took the nutrients portion along through leaching.

Adaptation strategies to flood related losses

The result in table 3; shows that the farmers adopted the practice of change in planting date,
crop rotation and mixed cropping as the major flood adaptation strategies with the mean (X =
3.22), (X = 3.03) and (X = 3.01) respectively. This implies that the various strategies adopted
are not expensive to practice and farmers have various crops at their disposal to plant, which
may be the reason for greater adoption of these strategies. While the use of drainage system
(X = 2.49) and change in use of chemicals (X = 2.55) was the least practice the farmers adopted
because it is expensive to practice. This finding is in line with Oselebe et al. (2016) in the study

of strategies employed by rice farmers in southeastern Nigeria in adapting to climate change
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and Onyeneke (2018) in the study of challenges of adaptation to climate change by farmers
Anambra State, Nigeria.

As could be observed from the result the farmers used different flood adaptation strategies to
mitigate different effects of flood on crop production in the area, the strategies used include
change in planting date, crop rotation, mixed cropping, planting of cover crops, mulching. This
implies that farmers combined different flood adaptation strategies to guide against its effect on
crop production. The variation in the type of strategies used may be due to differences in the
access to capital, information on the use of different flood adaptation strategies and type of crop
grown by the individual farmers. This is in line with the study of Akintonde et al. (2016).

Table 3: Level of the adaptation strategies to flood related losses

Adaptation strategies NA AW | E T A Mean  Rank
Change in planting date 21(14.3) 11(7.5) 24(16.3) 15(10.2) 11(7.5) 65(44.2) 3.22 1
Crop rotation 7(4.8) 30(20.4) 22(15.0) 16(10.9) 36(24.5) 36(24.5) 3.03 2nd
Mixed cropping 11(7.5) 31(21.1) 26(17.7) 11(7.5) 14(9.5) 54(36.7) 3.01 3t
Planting of cover crops 12(8.2) 37(25.2) 18(12.2) 8(5.4) 18(12.2) 36(24.5) 2.99 4t
Mulching 17(11.6) 39(26.5) 10(6.8) 11(7.5) 15(10.2) 55(37.4) 2.90 5t
Use of farm yard manure 14(9.5) 50(34.0) 11(7.5) 3(2.0) 6(4.1) 63(42.9) 2.86 6
Planting of trees 24(16.3) 44(29.9) 7(4.8) 0(0) 3(2.0) 69(46.9) 2.82 7h
Zero tillage 13(8.8) 36(24.5) 22(15.0) 12(8.2) 28(19.0) 36(24.5) 2.78 gt
Soil conservation 20(13.6) 41(27.9) 19(12.9) 9(6.1) 21(14.3) 37(25.2) 2.55 gt
Use of drainage system 10(6.8) 53(36.1) 24(16.3) 7(4.8) 21(14.3) 32(21.8) 2.49 10t
Change use of chemicals 25(17.0) 50(34.0) 16(10.9) 8(5.4) 15(10.2) 33(22.4) 2.25 11t

Source: Field survey, 2021

Determinants of adaptation strategies to flood related losses

The results of the Poisson regression model are discussed in table 4; It shows that R of (0.9601),
implying that about (96%) of variation that occur in adoption were explained by the independent
variables included in the model. While the remaining (4%) was due to an error in measurement
of some variables. The prob>chi’ was significant at 1% level of probability thus indicating the
goodness of fit of the overall model. The result discussion focuses on the significant variables,
which are age, level of education, farm experience, extension visit, credit, compatibility and
cost of practice.

The result shows that the age of respondent had negative and significant effect on crop farmers’
probability to adopt flood strategies. This implies that younger farmers are likely to adopt
strategies than the older farmers indicating that younger farmers have a longer planning ability
to cope with flood strategies. The probability of adoption of flood related strategies decrease
by 6% increase in the age of crop farmers in the study area. This result is in contrast with the
study of Adeagbo et al. (2021). As shown in table 4 level of education of the crop farmers was

significant and positive influenced the adoption of flood related strategies. In other words the
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level of education of crop farmers increased the probability of adopting strategies related to
flood by 0.0214, this implies that the level of education has exposed farmers to different
adaptation measures and has allowed them to have a significant understanding of what flood
losses is and the likely things they can do to cushion its effects. This is in line with the study of
Fatuase and Ajibefun (2015).

Table 4 also indicated that the farming experience of respondents in the study area had a positive
and significant effect on crop farmers’ probability to adopt to flood adaptation strategies. This
probability of adoption of flood related strategies increases by 7%, this implies that the
respondents had useful information and experiences of flood with coping strategies as it affects
their farming practices. They must have witnessed and exposed to significant variations in flood
over the years. This is in line with the work of Onyeneke (2018). Extension visit, credit and
compatibility were all shown to have positive influenced on the crop farmers’ adaptation
strategies of flood. The number of extension visit, credit and compatibility increased the
probability of adopting strategies related to flood by 0.028, 1% and 0.2% respectively. This
implies that the more number of contact farmers have with extension personnel and services
the more access to adaptation strategies and information and level of their adaptation strategies
to flood improves farmers’ awareness as well as the better implementation of the strategies. The
positivity of credit implies that farmers with access to credit are more likely to use different
flood adaptation strategies and allocate the credit for purchasing it.

Also the compatibility implies that the crop farmers’ existence practices are compatible with
the adaptation strategies which made the probability of adopting it positive. This is in line with
the study of Fatuase and Ajibefun (2015). Table 4.4 also indicated that the cost of practice of
the strategies by the respondents had a negative and significant effect on crop farmers’
probability to adopt flood related strategies. This probability of adoption decreases by 0.099,
this implies if the practice is costly, and there is low probability of adopting it. This finding is
in line with the study Arimi (2017).
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Table 4: Poisson regression analysis on determinants of adaptation strategies to flood related losses

Explanatory variables Coef. Std. Err. Z value p>lzl
Age -.0066992 .0020003 -3.35%** 0.001
Gender .0389414 .0377567 1.03 0.302
Land ownership .0972777 1139436 0.85 0.393
Level of education .021417 .010472 2.05%%* 0.041
Farm size .0129469 .0103532 1.25 0.211
Farm experience .0073353 .0023398 3.14%** 0.002
Household size -.0073947 .0290937 -0.25 0.799
Extension visit .028249 .0129293 2.18%* 0.029
Farm income -1.19¢-07 9.15e-08 -1.31 0.192
Credit 1.01e-06 2.00e-07 5.04%** 0.000
Loss due to flood -3.97e-08 2.80e-07 -0.14 0.887
Compatibility 2204492 0565947 3.90%** 0.000
Relative advantage .0733252 .0484915 1.51 0.131
cost of practice -.099682 .0335543 -2.97%** 0.003
Cons 2.982538 1120157 26.63%** 0.000
Log likelihood 622.99005

LR chi2(14) 132.27

Prob> chi2 0.0000%**

Pseudo R2 0.9601

Number of obs 147

Source: field survey, 2021. *** and ** significant at 1%, 5% respectively

Constraints associated with the adaptation strategies to flood

The analysis of the study table 5; indicates that the major severe constraints perceived by the
respondents based on the mean score include: poor access to adaptation strategies information
(X =2.52), high cost of improved crop varieties (X = 2.51), lack of access weather forecast
technology by crop farmers (X = 2.46) and government irresponsiveness to risk management
(X = 2.43). Other constraints in the study area include poor agricultural extension services (X =
2.39), lack of access to supporting institutional facilities (X = 2.33), poor information on early
warning system (X = 2.33). This result agrees with the findings of the study of Ozor et al.
(2016) also in line with the findings of the study of Amusa (2018).

Among the crop farmers in the zone, constraints include poor access to adaptation information,
poor information on early warning system. In the present information age, problem could pose
serious challenges to farmers’ adaptation strategies, as they may not be aware of recent
development regarding flood adaptation and the necessary adjustments needed. The lack of
adaptation due to constraints on the lack of access to weather forecast creates serious gaps
between the farmers and useful information that help them in their farm. Weather forecasts are
supposed to guide farmers on flood losses so that they can make informed decisions and useful
farm plans. However, the absence of this facility will undoubtedly make the farmers became
ignorant of the weather situations and hence become vulnerable to effects of flood and weather.

Ozor et al. (2016) noted that poor change information and farmers lack of access to weather

254



SCEANS
5 Jy,,

. ISARC
Cisare INTERNATIONAL SCIENCE AND ART RESEARCH CENTER

forecast technologies as major barriers to climate change adaptation among farming households
in Southern Nigeria.

CONCLUSION AND RECOMMENDATIONS

The study concluded that flooding has effects on production of crop farmers in the study area,
which lead to losses in their output hence reducing their income specifically and the nation as
a whole. Farmers must find ways of adapting to flood strategies in the zone to reduce their
losses in other to sustain their production and socio economic statuses. Also farmers’ socio
economic characteristics were found to significantly influence the determinants of adopting
strategies to flood related losses. There were various constraints associated with the adaptation
strategies to  flood, which poor access to adaptation strategies, high cost of improved crop
varieties, lack of access to weather forecast technology by crop farmers and government
irresponsiveness to risk management were the major severe constraints. Therefore, it was
recommended that Extension agencies should provide adequate information on various
adaptation strategies to farmers, which was one of the major constraints they face, relevant
stakeholders and concerned organization should provide farmers with weather forecast
technology, financial institutions should make access to credit facilities to farmers to enable
them adopt adaptation strategies.
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ABSTRACT

Groundwater aquifers play a vital role in ensuring sustainable management of freshwater,
especially in arid regions where water is scarce. Recharging these aquifers is therefore of utmost
importance. In this context, the use of machine learning algorithms (MLAs) can be particularly
useful in understanding the different aspects of groundwater recharge. One such MLA that has
shown promising results is the Extreme Gradient Boosting algorithm.

The XGBoosting algorithm was used to generate maps of groundwater recharge potential
(GRPM) by utilizing a water inventory database. This database was divided into two parts, with
75% used for training and 25% for validation testing. The map was generated based on various
factors that are relevant to groundwater recharge, such as elevation, slope angle, topographic
wetness index, fault density, valley floor planarity, curvature, precipitation, lithology, drainage
density, distance to rivers, vegetation index, and water index.

The generated map of groundwater recharge potential was validated using the ROC-AUC
(Receiver Operating Characteristic-Area Under Curve) method. The results showed that the
XGBoosting algorithm achieved excellent accuracy, with an AUC score higher than 0.93. This
high accuracy is reflected in the ROC curve threshold. Finally, a verification method was used
to determine the feasibility of the map, which was based on the flow rate of wells and sources
in the study area. The results were highly satisfactory and the model was found to be very
accurate, making it a valuable tool for professionals and society in general.

In conclusion, recharging groundwater aquifers is crucial for the sustainable management of
freshwater, particularly in arid regions. The use of MLAs such as XGBoosting has proven to
be a useful tool in generating maps of groundwater recharge potential, and the results have
shown that this algorithm can provide excellent accuracy and feasibility. This makes it an
important resource for professionals and society as a whole in managing and conserving
freshwater resources.

Keywords: Chichaoua, Groundwater, Machine Learning, Algorithm, Extreme Gradient

Boosting
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ABSTRACT

This paper aims to explain the meaning, objectives and functions of monetary policy questions:
First, what is the meaning of monetary policy? Second, the purpose of monetary policy? Third,
the function of monetary policy? Fourth, what is the influence of the parameters in determining
the success of monetary policy?. This paper uses a qualitative approach, because data sources
and research results in library research, inductive data analysis, grounded theory (towards the
direction of theory building based on data). Findings First, Monetary policy is a policy issued
by the central bank in the form of regulating the money supply to achieve certain goals. The
party that can provide monetary policy is the government of a country or the monetary authority.
In its implementation, monetary operations are carried out with various monetary operations
which aim to influence monetary targets through the money market to influence economic
liquidity and are transmitted through several channels called monetary transmission channels
such as credit interest rates, asset prices, expectations, and so on. Second, the aim of monetary
policy is to support the achievement of macroeconomic targets, namely high economic growth,
price stability, equitable development and balanced balance of payments. Third, the function of
monetary policy is to maintain the investment climate in a country, increase economic stability
and growth, overcome the unemployment rate and open up a number of job opportunities, help
to improve the balance of payments, maintain the stability of the currency exchange rate.
Finally, the influence of parameters to determine the success of monetary policy is influenced
by 3 indicators: (1) Money supply, (2) Control of exchange rate movements, (3) Inflation target.

Keywords: Monetary Policy, Credit Interest, Parameters, Inflation Target
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ANTIHYPERLIPIDEMIC ACTIVITY OF DIFFERENT EXTRACTS OF PUNICA
GRANATUM’S LEAVES IN RATS

Lecturer in Pharmacology & Therapeutics, Fahad ASIM
Faculty of Pharmacy, Hajvery University, Lahore, Pakistan

ABSTRACT

Background and Aim: Punica granatum’s leaves extracts have been evaluated for the
management of diabetes mellitus in hyperglycemic animals, demonstrating prominent and
sufficient regulating effects on lipid profile. Nonetheless, insufficient evidence exists on its
exclusive antihyperlipidemic activity. Therefore, the present study intended to explore its lipid
lowering effects exclusively in hyperlipidemic rat model.

Materials and Methods: Hyperlipidemia was induced by cholesterol powder feeding (CPF) at
250mg/kg for the period of four weeks. Aqueous (AEPG), diethyl ether (DEPG) and ethanolic
(EEPG) extracts, each at the doses of 250mg/kg, 500mg/kg, 750mg/kg and 1000mg/kg were
administered individually. Serum lipid profile parameters such as total cholesterol (TC),
triglycerides (TG) and high-density lipoprotein cholesterol (HDL-C) were analyzed by using
kit method while low-density lipoprotein cholesterol (LDL-C), very low-density lipoprotein
cholesterol (VLDL-C), total lipids and atherogenic index were calculated by their respective
equations. Results were compiled using one-way and two-way ANOVA with Bonferroni’s
post-test.

Results: Marked decline (p < 0.001) in elevated serum TC, TG, VLDL-C, LDL-C, total lipids
and atherogenic index were observed with significant increase (p <0.001) in HDL-C. However,
the most profound effects on lipid profile were seen with EEPG, followed by AEPG and DEPG,
although they were less than the reference standard atorvastatin.

Conclusion: Punica granatum’s leaves extracts possess significant antihyperlipidemic effects
in non-diabetic hyperlipidemic rats. Higher doses showed more potent effects designating dose
related effects. Effects on serum triglycerides and VLDL were more pronounced. Hence, it can
be concluded that treatment of hyperlipidemia with these extracts can prove to be fruitful.
Key Words: Punica granatum, Leaves Extract, Hyperlipidemia, Triglycerides,

Antihyperlipidemic Activit
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ABSTRACT

Nickel electroplating is a process in which a thin layer of nickel metal is applied to the surface
of another material. This process is used to improve the part’s resistance to corrosion and wear
while also adding an attractive metallic finish to the part. It is widely used in industries such as
automotive, aerospace, and electronics. The present work aims to study the preparation and
evaluation of nickel plating on copper electrode. Different processes for nickel coating
elaboration such as cyclic voltammetry, chronopotentiometry and chronoamperometry has been
done. The working electrode was made by pure copper (99.95%). Electroplating nickel on
copper has been done using NiSOs, NiCly, H3BO3 which is known as watts bath. Optimal
conditions for electroplating nickel on copper at temperature, pH and time are 55°C, 3.5 £0.5
and 10 minutes, respectively. The electrochemical behavior and the corrosion properties of the
deposits in 3.5 % NaCl were investigated by means of d.c polarization measurements, open
circuit potential and electrochemical impedance spectroscopy (EIS). The surface morphology
of nickel deposits were analyzed by optical microscopy and whit light interferometry (WLI).
The obtained results shows that nickel coatings elaborated by CA and CP are thicker than the
ones obtained by cyclic voltammetry. Also nickel coating elaborated by CA an CP have the
highest corrosion resistance than the obtained by CV.

Keywords: Nickel coatings — Temperature — d.c polarization — EIS — Watts bath — cyclic

voltammetry.
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Abstract

Skin Care Routine is a process of taking care of the skin. This process is an important task to
ensure the skinning good condition and healthy. There are different routines that need to be
considered based on skin types. The skin type determination requires knowledge about the skin
condition and symptoms. Thus, this can cause difficulty for common people to analyze their
skin type if they have limited of skin knowledge. The skin type can be determined based on
several factors such as gender, age, sleeping time and skin conditions. Skin type can be
categories into four type such as dry, oily, normal and combination. An observational cross
sectional study was performed on 210 patients who have taken different skin treatments and the
positive and negative effects were observed. The data was collected physically through one on
one session as well as mixed. Chi-square test was applied and the results showed that these is
much trend of skin whitening treatments due to which there is increase in side effects has also
been observed. The aim of this study was to show that some of the skin whitening creams, often
sold illegally without a prescription may contain dangerous ingredients that could put people
health at risk.

Keywords: Skin whitening, dermatologist, melanin, side effects.
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ABSTRACT

The study aimed at assessing gender analysis of resource-use efficiency of sesame production
in Niger State, Nigeria. A purposive and multi-stage sampling procedure was used to select 76
male and 75 female sesame farmers and data collected through structured questionnaire were
analyzed using descriptive statistics (frequency distribution, means, percentages) and
inferential statistics (Cobb-Douglass production function and resource-use efficiency model).
Results obtained shows that farmers in the study area were mostly in their productive age (40/39
years, averagely), married (56.6/54.7%) with formal education (85.5/86.7%) and household
size of (6 persons, averagely). The efficient utilization of production inputs were influenced by
fertilizers, seed and land with MVP to MPC ratios less than unity for land (0.15), labour (0.46)
and Agrochemicals (0.63), equal to unity for seed (1) and greater than unity for fertilizer
application (1.15). However, the cost and returns shows that sesame production in the study
area is a profitable enterprise, which shows that for every ¥1.00 invested ¥4.41/4.32, was
earned along gender line. More so, sesame farmers were restricted by; Weed pressure in sesame
farms, inadequate capital start-up, difficulty in managing pest and diseases, difficulty in
accessing loans and high cost of farm inputs. which ranked among the top five (5) prominent
constraint in the study area. The production resources in the study area were found not to be
efficiently utilized since most of the production inputs were either over or under-utilized.
Hence, not to optimum economic advantage it is therefore recommended that for optimal use
of resources in sesame production, quantities of fertilizer application should be increased while
land, labour and Agrochemicals should be reduced.

Key words: Gender, Resource-use efficiency, Production, Utilization and Sesame
INTRODUCTION

Agriculture with its positive impact on the Nigerian populace is faced with myriad of problems,
which is utilization of production resources by farmers. Agriculture is very important to the
nations of the world. In Nigeria, over 70% of the population earns their living through

agriculture (Nwalem et al, 2016). Agriculture is a dominant activity in the rural areas of
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Nigeria. Sesame (Sesamum indicum) is one of the world’s oldest spice and oil seed crops grown
mainly for its seeds that contain approximately 50% oil and 25% protein. The presence of some
antioxidants (Sesamun, Sesamolin and Sesamol) makes the oil one of the most stable vegetable
oils in the world. The world production is estimated at 3.66million tones with Asia and Africa
producing 2.55 and 0.95 million tones, respectively (Umar et al., 2015). In Nigeria, sesame is
cultivated on over 80,000 ha across most of the Northern States for food and oil. Benue and
Nasarawa States are the highest sesame producers in Nigeria with an annual output of not less
than an average of 40,000MT each per annum (Umar et al., 2015). The oil is used for cooking
and as raw material for the production of some industrial materials including paints, margarine
and varnishes, its protein content has a high desirable amino-acid profile and is nutritionally as
good as soy bean protein (Ashaolu et al., 2016). The oil is a rich source of lecithin and essential
fatty acid. Nigeria has a great potential for production of beniseed for both domestic and export
markets (Ashaolu et al., 2016).

The cultivation of Sesame falls within the guinea savanna agro-ecological zone of Nigeria
where the annual rainfall is usually below 1000 mm. Over the years, sesame production had
extended to areas with annual rainfall above 1000 mm and the climatic factors are mainly
temperature, rainfall and day length, soil types, and management practices such as plant
densities, spacing, time of sowing, irrigation, fertilizers and herbicides influence sesame
productivity (Agele, 2015). In particular, sowing dates, population density and plant spacing
play significant roles as determinants of seed yield. Sesame (Sesamum indicum L.) otherwise
known as benniseed or seamum, a member of the family Padalaiaceae, is one of the most
ancient oil seed known to mankind which is now grown in a wide range of environment,
extending from semi-arid tropics and sub tropics to temperate regions (Umar and Ibrahim,
2015).

Gender refers to socially assigned roles and behaviors attributable to men and women (Ayodele
et al., 2016) in most society’s men and women have distinct roles within the farming system.
Gender differences in rural farming households vary widely across cultures but certain features
are common. Women tend to concentrate their agricultural activities around the homestead,
primarily because of their domestic reproductive roles. They play a critical role in food
production, post-harvest activities or livestock care, (Ayodele et al., 2016). Household
members have separate income and expenditure while in another area division of labor and
specialization of tasks are less rigid and not skewed (Ayodele et al., 2016). Gender has proven

to be an essential variable for analyzing the roles, responsibilities, constants, opportunities,
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incentive, cost and benefit in agriculture gender gap is manifest in various factors of life. In
agriculture, this includes among others access to and control of resources, as well as division
of labor at the household level and among farming activities. Utilization of production resources
by sesame farmers is an obstacle to agricultural growth in Niger State.

METHODOLOGY

The study was conducted in Niger State, Nigeria. The area is located within the middle belt
region of Nigeria between Latitude 8°20"and 11°20"North and Longitude 3° 40”and 7°40"East.
The total land area of the state is 76,363 square kilometres representing approximately 8% of
the total arable land area of 62,992.30 square kilometres in Nigeria. The State is bounded on
the West by the Republic of Benin, North by Zamfara State, North-West by Kebbi, South by
Kogi State, South-West by Kwara, North -East by Kaduna and South-East by the Federal
Capital Territory (FCT) Abuja (NBS, 2018). In this study Purposive, sampling technique was
used to select 76 male and 75 female respondents from the study area. Data were collected using
semi-structured questionnaire and analysis was conducted using descriptive statistics (mean,
frequency distribution, and percentage) and inferential statistics (Farm budgeting, Cobb-
Dauglass production function and Resource-use efficiency ratio) which were specified as
follows:

Farm Budgeting Model

The farm budgeting model was used to analyzed the costs and returns of sesame production
along gender line, the tools was widely use in farm management and production economics
studies.it is an operation leading to the determination of costs and revenue for a given
production period. The farm budgeting tool was employed for each farmer to determine the
overall average net farm income per hectare derived from the enterprise in the area
(profitability). Profit is made when returns are greater than the costs, while loss occurs when
reverse is the case.

Gross margin is defined as:

M=GI-TVC ...ceoovvirrne. 2)

Net farm income is defined as:
NFI=GI-TVC -TFC ...ccecvvverrrennen 3)
Where:

NFI = Net farm income (3¥)
GI = Gross income (N)
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TVC =total variable cost (I¥) (obtained by multiplying the quantity of each variable input by its
unit price and summing up for all the inputs included in the model).

TFC =total fixed cost (}¥) (refers to those costs of production that are fixed at least in the short
run. They are usually written off over the years by depreciating them. They are cost which are
incurred whether or not production take place.)

Gross ratio: This profitability ratio measures the overall financial success of the farm. It is
defined as:

GR=TC/GI ..ccervereeeerene. 4)

Where GR = Gross ratio, TC = total cost and GI = Gross income.

Operating ratio: the operating ratio is directly related to the farm variable input usage. The lower
the ratio, the higher the profitability of the farm business.it is defined as:

[0): X5 WV(CHEE) N 5)

Where OR = operating ratio, TVC = Total variable cost and GI = Gross income.

Return on capital investment: this is defined as NFI divided by total cost.

RI = Return on capital invested, NFI = Net farm income, TC = Total cost.

Cobb-Douglas regression model

Factors influencing sesame production was analyzed using production function model (Cobb-

Douglas). The implicit and explicit forms of the production function for sesame production are

as follows:
Y = (X1, X2, X3, Xy X5,1€) tevereeeiiiieeiiiieeireeeiteeeiteeesre e et e sareesereeesnae e (6)
InYi=Inbo+ b1 In X; +b2In Xo+ b3 In X3+ bs In X4+ bs In Xs+e........ (7)

Ln=Natural log

bo = Constant

b1 — bs = regression coefficient
Yi = Sesame output (kg)

X1 = Quantity of seed used (kg)
Xo= Farm size (hectares)

X3 = Labour (Man-days)

X4 = Quantity of fertilizers (kg)
X5 = Agrochemicals (litres)

€ = error term

Resource-use efficiency ratio

Objective IV resource-use efficiency was analyzed using efficiency ratio (r)
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T = IMVP/MEC Lottt (8)
MVP = Marginal value product

MFC = Marginal factor cost

r = Efficiency ratio

The MVP was estimated as follows

MVP = MPPHEPY .ottt e 9)
Where:

MPP = Marginal Physical Product

Py= Price of Output

The MPP was estimated as follows

Where;

b = Regression coefficient,

¥ = Mean of output

x = Mean of input

Decision rule for the resources-use efficiency ratio represents the following:
Ifr=1...resource is optimally utilized

If r>1...resource is under-utilized

If r <I...resource is over-utilized.

RESULTS AND DISCUSSION

Socio-economic Characteristics of the respondents

Age of respondents: The results in Table 1 reveals that majority (64.4%) of the male
respondents were between the ages of 31-50 years with an average age of 40 years while
majority (61.4%) of the female respondent were between the age of 30-50 years with a mean
age of 39 years. This implies that both the farmers are young and still in their productive age,
thereby constituting readily available labour force for sesame production. This agrees with the
findings of Ashaolu et al., (2016) which state that the average mean age of the respondent were
45 years and they are in their active stage of production.

Marital status of respondents: Table 1 shows that more than half of the male (56.6%) and female
(54.7) respondent were married and this comes along with responsibilities to the family.
Therefore, additional responsibilities attached to marriage especially provision of nutrition may

have been the motivation for venturing into sesame farming. This is in line with the findings of
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Ikwuakam (2016) who observed that (89.3%) were married. Which is peculiar to the northern
populace that are known to marry early.

Educational level: The literacy level of the farmers was also appreciably high as about 85.5%
male, 86.7% female respondents had formal education, and only few 14.5% and 13.3% of the
respondent had non-formal education with an average mean of 10 and 11 years respectively.
This implies that most of the respondents had secondary education level and the farmers is
likely to increase the resource-use efficiency in sesame production. This result is in contrast
with the work of Olowe et al. (2019) which show that majority (43.1%) of the respondent in
the study are area had no formal education.

Farming experience: The result of Table 4.1 shows the farming experience of the respondents
with a mean of 16 years. The outcome shows that (77.6%) of male and (77.3%) female
respondents have farming experience of 10-20 years. This implies that the farmers are quite
experienced in sesame production. This substantiate with the findings of Umar and Ibrahim,
(2015) which show that the average years of experience of the farmers in beniseed production
was 20 years.

Table 1. Socio-economic characteristics of respondents

MALE FEMALE
Variable Frequency Percentage Mean Frequency Percentage Mean
Age
30 years and below 13 17.1 40 8 10.7 39
31-40years 28 36.8 38 50.7
41-50years 21 27.6 15 20
Above 50years 14 18.4 14 18.7
Marital status
Married 43 56.6 41 54.7
Divorced 3 3.9 3 4.0
Widow 8 10.5 6 8.0
Single 22 28.9 25 333
Formal education
No 11 14.5 10 13.3
Yes 65 85.5 65 86.7
Years spent in school
6 years and below 24 31.6 10 19 25.3 11
7-12 years 26 342 21 28.0
Above 12 years 26 342 35 46.7
Farming experience
10 years and below 21 27.6 16 21 28 16
11-20 years 38 50.0 37 493
Above 20 years 17 22.4 17 22.7

Source: field survey, 2021.

Cobb-Douglass function for estimating the coefficients of production inputs
The Cobb-Douglass production function was employed to empirically analyze the cross-
sectional data sampled from the sesame farmers. The Cobb-Douglass production function

estimates the elasticity of the various inputs used in sesame production. The elasticities indicate

267




SCEANS
X S

: ISARC
sare INTERNATIONAL SCIENCE AND ART RESEARCH CENTER

the scale of production of the various inputs. If the elasticity is greater than one, it indicates an
increasing return to scale, if less than one, it indicates a decreasing return to scale. However, if
it is equal to one the function is said to exhibit a constant return to scale. To this end, an
increasing return to scale implies that when all other variables are held constant, a unit increase
in one of them results in more than proportionate increase in output. On the other hand, a
decreasing return to scale implies that a unit increase in one variable with the others held
constant results in a less than proportionate increase in output. For a constant return to scale,
with all other inputs held constant a unit increase in one will result in a proportionate increase
in output.

Thus, the result from table 4.3 shows that R? of (0.6356 and 0.6545), implying that about (64%
and 65%) of variations that occur in output were explained by the independent variables
included in the models. while the remaining (36% and 35%) were due to an error in
measurement of some variables among the male and female sesame farmers respectively. The
Prob> F was significant at 1% level of probability thus, indicating the goodness of fit of the
overall models. However, three (3) variables out of 6 were established to be influencing the
output of sesame produced by the famers. In the study area; seed (0.532), fertilizers (0.049),
and land (0.026) among the male sesame farmers while seed (0.166), fertilizer (0.056) and land
(0.035) among the female sesame farmers were found to be positively significant in influencing
the output of sesame in both genders. This implies that a unit increase in seed, fertilizer and
land holding other variable inputs constant, will lead to (53.2%), (4.9%) and (2.6%) increase in
the output of sesame male farmers respectively. While a unit increase in seed, fertilizer and land
holding other variable inputs constant, will lead to (16.6%), (5.6%) and (3.5%) increase in the
output of sesame female farmers respectively. This is in line with the result of Onyibo (2015)
which shows the seed is positively significant 5% probability level implying that a unit increase
in the quantity of seed used lead to (26%) increase in the output of sesame produced.

Table 3. Cobb-Douglass function for the factors influencing sesame production

Male Female
Variables coefficient Z-value Coefficient Z-value
Seed 0.532 7.06%** 0.166 6.28%**
Labour 0.032 1.60 0.477 1.39
Fertilizer 0.049 4.93%%* 0.056 4.24%**
Agrochemicals -0.013 -0.99 -0.427 -0.03
Farm size -0.097 -1.65 -0.270 -0.41
Land 0.026 2.52%%* 0.035 2.57%**
Constant 4.074 3.99%** -0.123 -6.12%**
Prob>F 0.0000%*** 0.0000***
R-square 0.6356 0.6545
Adjusted R-square 0.6039 0.6240

Source: Field survey: 2021.
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FEMALE Production MVP MFC Ratio (r) Remark
Variable elasticity
Land 0.035 2658369.75 17368015.7 0.153061 Over Utilization
Labour 0.478 363.9015 315.3813 1.20 Under Utilization
Agro chemical 0.427 32082.75 513324 0.625 Over Utilization
Seed 0.166 124643250 1246433250 1 Optimal Utilization
fertilizer 0.056 4208436.75 3647311.85 1.15 Under Utilization
MALE
Variable Production MVP MFC Ratio (r) Remark

elasticity
Land 0.026 19.41075 126.8169 0.15306 Over Utilization
Labour 0.032 24.10275 51.4192 0.469 over Utilization
Agro chemical 0.013 9.9465 15.9144 0.63 Over Utilization
Seed 0.532 703.5195 703.5195 1 Optimal Utilization
fertilizer 0.049 363.9015 315.3813 1.154 Under Utilization

Estimated of return to scale=1.814
Table 4; Resource use efficiency of efficient utilization of sesame production inputs
Source: Field Survey, 2021.

Resources-use efficiency ratio in sesame production

The estimated coefficients of the relevant independent variables were used to compute the
marginal value products (MVP) and their corresponding marginal factor costs (MFC). The ratio
of the MVP to MFC was used to determine the resources efficiency. The result in table 4;
reveals that comparison of ratio of MVP to MFC shows resulting ratios to be less than unity for
land (0.15), labour (0.47) and Agrochemicals (0.63) among the male sesame farmers. While
less than unity for land (0.15) and agrochemicals (0.62) among the female sesame farmers. This
implies that a unit increase in each input would reduce the value of output, indicating that the
inputs were over utilized. Furthermore, the result reveals that comparison of ratio of MVP to
MFC shows resulting ratios to be equal to unity for seed utilized (1) in both gender. This implies
that a unit increase in seed used would lead to an equal and proportionate increase in the value
of output, indicating that the input was optimally utilized and fertilizer (1.15) greater than (1)
among male sesame farmers, while fertilizer (1.15) and labour (1.20) greater (1) among female
sesame farmers is under-utilized. Indicating that that a unit increase in each input would
increase the value of output, as the inputs were under-utilized. This finding is in line with
Ashaolu et al. (2016) who revealed that for beniseed farming, land, hired labour and

Agrochemicals were under-utilized.

269



Sismre INTERNATIONAL SCIENCE AND ART RESEARCH CENTER

2

@& D
PN A

Cost and Return Analysis of Sesame Production

Cost and returns analysis is an attempt to show how profitable the sesame production was in
the study area. In the production system, costs are usually incurred on input just as returns and
income are generated from the sales of output produced. Production cost consists of fixed cost
and variable cost. Table 5 shows the costs and returns to sesame production along gender line.
The result shows that, the variable costs constituted the highest share of costs of production
(}1,382,700.00) and fixed cost is (}¥733,242.00) for male respondent while variable cost
(}1,525,650.00) and fixed cost (N¥675,567.50) for female respondent. Where cost of fertilizer
accounted for the highest share (43.18%) male and (46.93%) female, of variable cost in sesame
production, this is followed by the cost of hired labour (17.18%) male and (16.81%) female.
The gross margin and net farm income were (10,060,800 and 9,327,558) and (310,183,350
and ¥9,507,782.5) for male and female respondents respectively. This implies that sesame
production is highly profitable in the study area. While the return per naira invested, was ¥4.41
and N4.32 for male and female sesame farmers. This implies that for every ¥1.00 cost incurred
on sesame production, 3¥3.41/3.32 was earned. This result substantiates with the finding of
Nwalem et al., (2016) which show that sesame production is a profitable enterprise among the
respondents in Benue State, Nigeria.

Table 5. Cost and return of sesame farming
Variables Male Female

Variable cost Amount (N) Percentage Amount (N) Percentage (%)
(%)
Labour 237550 17.18 256400 16.81
Transportation 105450 7.63 94150 6.17
Seed 221800 16.04 193150 12.66
Herbicides 39000 2.82 43850 2.87
Insecticides 22900 1.66 24100 1.58
Fertilizer 597000 43.18 716000 46.93
Cost of hiring machinery 159000 11.49 198000 12.98
Sub total N1,382,700 100 N1,525,650 100
Fixed cost
Land 198900 27.13 134900 19.97
Storage facility 9000 12.27 66000 9.77
Cost of hoe 14800 20.18 162750 24.09
Cost of cutlass 90450 12.34 95250 14.10
Cost of rake 30550 4.17 29900 4.43
Cost of van 79700 10.87 98650 14.60
Depreciation 63750 8.69 58745 8.70
Interest (loan) 31880 4.35 29372.5 4.34
Sub total N733,242 100 N675,567.5 100
Total cost N2,115,942 N2,201,217.5
Returns
Sales of sesame seed 11277000 98.5 11459000 97.9
Sales of grass 166500 1.50 250000 2.10
Sub total N11,443,500 100 N11,709,000 100
Gross margin 10,060,800 ¥10,183,350
Net farm income N9,327,558 N9,507,782.5
Return per variable cost 6.75 6.23
Return per naira invested 4.41 4.32

Source: Field survey, 2021.
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Constraint associated with sesame production along gender line

The result in Table 5. Show that weed pressure in sesame farm (X =2.96), inadequate capital
starts up (X =2.89) and difficulty in managing pest and diseases (X =2.87) were the major
constraint faced by female respondents in the study area while inadequate capital starts up (X
=2.96), weed pressure in sesame farms (X =2.91) and difficulty in accessing loan (X =2.87)
were also the major constraint faced by male respondents in sesame production. This because
weed pressure is a very serious problem in the farms and tends to compete with nutrient uptake
with sesame seed which also hinder the growth of the seed thereby reducing it productivity. It
most intensive constraint in female respondents because it labour intensive to control weeds
pressure which is not in male respondents because they are in their active productive state and
were able to control it. While inadequate capital starts up were more significant problem in
sesame production among male respondents. This as a result of vigorous nature of sesame
farming system which required more capital for land preparation, herbicides, insecticides and
fertilizer application including the post-harvest management practices which required much
more capital than any other cereal crop hinder it production in the study areas by the male
respondents. This result disagrees with the research of Ikwuakam et a/ (2016) which reveals
that inadequate extension agent was the major constraint faced by sesame farmers in the study
area. Umar et al. (2015) also reported that high cost of inorganic fertilizer, poor extension
services and poor road network to be the major constraint associated with sesame production in
the study area.

Table 4.6.0 Constraint associated with sesame production

Constraint SC NSC NC WM Rank
Female

Weed pressures in sesame farms 73(97.3) 1(1.3) 1(1.3) 2.96* I
Inadequate capital starts up 68(89.3) 8(10.7) 0(0) 2.89* 2nd
Difficulty in managing pest and diseases 65(86.7) 10(13.3) 0(0) 2.87* 3rd
Difficulty in accessing loans 65(86.7) 9(12.0) 1(1.3) 2.85% 4th
High cost of farm inputs 66(88.0) 9(12.0) 0(0) 2.76* 5th
Inadequate extension contacts 63(84.0) 3(4.0) 9(12.0) 2.72% 6t
Problem of land tenure system 62(82.7) 5(6.7) 8(10.7) 2.72% 6t
High cost/diversion of fertilizer to other crop 57(76.0) 13(17.3) 5(6.7) 2.69* gth
Inadequate credit facility 54(72.0) 13(17.3) 8(10.7) 2.61* gth
Constraint SC NSC NC WM Rank
Male

Inadequate capital starts up 73(96.1) 3(3.9) 0(0) 2.96 I
Weed pressures in sesame farms 70(92.1) 5(6.6) 1(1.3) 291 2nd
Difficulty in accessing loans 67(88.2) 8(10.5) 1(1.3) 2.87 3
Difficulty in managing pest and diseases 61(80.3) 15(19.7) 0(0) 2.80 4th
Inadequate credit facility 62(81.6) 11(14.5) 3(3.9) 2.78 5th
High cost of farm inputs 65(85.5) 5(6.6) 6(7.9) 2.78 5t
Inadequate extension contacts 61(80.3) 11(14.5) 4(5.3) 2.75 7th
Problem of land tenure system 57(75.0) 10(13.2) 9(11.8) 2.63 gth
High cost/diversion of fertilizer to other crop 53(69.7) 17(22.4) 6(7.9) 2.62 gth
Lack of storage facility 46(60.5) 24(31.6) 6(7.9) 2.53 10t

Source: Field survey, 2021. SC= severe constraint, NSC= not severe constraint and NC= not a constraint
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CONCLUSION AND RECOMMENDATIONS

Based on the above findings, the study concludes that significant economic inefficiency exists
in sesame production in the study area. These are related to the inadequate access of the farmers
to appropriate physical and human capital like fertilizer, credits, extension contact, as well as
appropriate marketing channel and associated technologies for harvest, storage and preservation
as to enable them to sell their products at reasonably high prices. It is recommended that Sesame
farmers should be properly informed on the market price through media and this will be
achieved by setting a price control. Access to credit affected the resources-use efficiency of
sesame producers positively. Hence, policy makers should devote a great effort to create more
access to credit services for farmers in the study area. In addition, investment on physical
infrastructure (road network, warehouse) should be done in remote areas in other to increase
their profitability and reduce the cost of production.
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NEW METHODS OF NOISE CONTROL AND DIAGNOSTICS OF THE
TECHNICAL CONDITION OF AN ELECTRONIC COMPONENT

Alexandrov V.S., postgraduate student
Kazan National Research Technical University named after A.N. Tupolev, REIMT department

ABSTRACT

Today we cannot imagine our life without various measuring devices and equipment. The
ability to assess its technical condition at each stage of operation in real time and, if necessary,
correct errors is a priority task in the field of operation of electronic equipment. Today, in
addition to monitoring the functional parameters of the system, it is possible to provide
monitoring and analysis by monitoring the output signals from sensors, including analysis of
the noise spectrum of the signal. At the same time, it is undoubtedly important to be able to
distinguish the noise of the measuring device from external leads.

The proposed approach to assessing fluctuations allows us to apply it to various spheres of
human activity, including industry, biology and medicine. The analysis of the key parameters
of the system, which remain invariant with reproducibility of measurement results, shows high
accuracy and reliability of the results obtained and goes beyond the analysis of electronic noise,
which in the future may open the door to the analysis of natural (biological) noise.

The difficulty in determining the reference sample imposes some limitations in the applicability
of the method, but can be overcome by interacting with the supplier of the appropriate
equipment, since he will be able to accurately determine the parameters of the standard. In
addition, it makes sense to test devices in critical operating modes (temperature, humidity, etc.),
which gives a broad perspective for further research.

Key words: noise analysis method, signal to noise ratio, sensor, technical condition.
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ANALYSIS OF HIGHE SPEED LOW POWER LEVEL SHIFTER

SAHANA S.
POOJA P.
VISHALI C.
THANA LEKSHIMI J. L.
R.M.K. Engineering College

ABSTRACT
Level shifter is an interfacing circuit which can interface low core voltage to high input-
output voltage. It allows communication between different modules without adding up any
extra supply pin. It is a key circuit component in multi-voltage circuits. The main objective of
the work is to minimize power dissipation in shifter circuit, which is due to different supply
voltages in the circuit. The proposed method uses MTCMOS technique, which is one of the low
power design technique to achieve power minimization. The model presents a new low power
level shifter (LS) for logic voltage shifting from sub threshold to above-threshold domain. The
new circuit uses the multi-threshold CMOS technique to provide a wide voltage conversion .
These techniques will provide functionality near the threshold region. The simulated results
were compared with a reference architecture. The resulted level shifters will be integrated in an
already tested I/O structure. The results were analyzed in terms of electrical performance and
silicon area. Level shifter is an interfacing circuit which can interface low core voltage to high
input-output voltage. It allows communication between different modules without adding up
any extra supply pin. It is a key circuit component in multi-voltage circuits. The main objective
of the work is to minimize power dissipation in shifter circuit, which is due to different supply
voltages in the circuit. The proposed method uses MTCMOS technique, which is one of the low
power design technique to achieve power minimization. The model presents a new low power
level shifter (LS) for logic voltage shifting from sub threshold to above-threshold domain. The
new circuit uses the multi-threshold CMOS technique to provide a wide voltage conversion.
The proposed design is implemented in CADENCE Virtuoso 180-nm CMOS technology
process which converts 230- mv input signals into 3-V output signals. The new LS reaches a
propagation delay value of 17 ns, a static power dissipation of only 115.3 pW, for a 1-MHz

input pulse.

Keywrods: Level Shifter, Sub-threshold, low power, low voltage, Cadence.
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MULTIMODAL AND CONTEXTUAL EXPANSION IN MODERN FUNCTIONAL
GRAMMAR

Maharramova Ramina Mekhmanovna
Baku

SUMMARY

Modern linguistic knowledge is entering an era of profound transformation, where previous
binary oppositions such as "form - function", "language - thinking", "grammar - usage" are
gradually losing their explanatory power. The central idea of the presented text is that functional
grammar, which developed as a socially oriented theory, is acquiring new research horizons
due to the integration of cognitive principles, primarily conceptual structures, mental
representations and attention processes.

An important place in the text is given to the phenomena of grammaticalization and semantic
bleaching, previously mainly studied within the framework of diachronic linguistics. However,
by attracting a cognitive perspective, the author suggests considering these processes as a result
of the consolidation of mental patterns, analogies and the processing of experience. This
interpretation makes it possible to describe grammar as a dynamic system that is sensitive to
frequency, context, and pragmatic load.

Considerable attention is paid to the explanatory power of cognitive semantics, in particular,
the theory of conceptual metaphor. This theory, developed by Lakoff and Johnson, explains
how abstract structures of thought are expressed through concrete metaphorical models and
demonstrates that linguistic forms are representations of cognitive experience, often in a
figurative, bodily-mediated form. Linking this with the functional interpretation of language as
an instrument of socio-cultural interaction, the author reaches the level of interdisciplinary
analysis, where grammar is considered as a bridge between thinking and discourse.

Along with this, the text contains important methodological prerequisites for the
development of a cognitive-functional model of discourse analysis. Grammar in this model
ceases to be a descriptive inventory of forms and turns into a tool for identifying ways of
meaning generation. This is especially evident in the section devoted to empirical studies of
political, pedagogical and digital discourses, where grammatical choices are analyzed taking
into account the cognitive state of the addressee, rhetorical strategies and context of use. Thus,
grammatical structures are described as instruments of intersubjective management - they not
only encode content, but also regulate relationships, evoke empathy, activate certain
interpretative routes. Another important area touched upon in the work is related to the use of

the cognitive-functional approach in the development of artificial intelligence systems and
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computer language processing. The author rightly emphasizes that syntactic algorithms that do
not take into account pragmatic, contextual and cognitive parameters are insufficient when
modeling living language. Modern tasks of machine translation, text generation, sentiment
analysis require the integration of cognitive-functional models that allow the creation of more
flexible, context-sensitive, semantically rich systems. The proposal of a visual model, the
Cognitive-Functional Mapping Matrix (CFMM), is innovative. It allows us to reflect the
interaction of metafunctions with cognitive processes: attention, perception, mental integration.
This matrix is a tool of both analytical and pedagogical value, since it allows us to clearly
demonstrate to students how meaning is formed in a text and why certain grammatical structures
are used in a particular context. Moreover, its universality is manifested in its applicability to
various genres and registers, which makes it promising for further research.

Key words: multimodal grammar, systemic functional linguistics, contextuality,

multimodality, semiotic resources

«MYJIbTUMOIJAJBHOE U KOHTEKCTHOE PACHIMPEHUE B
COBPEMEHHOMN ® YHKIIMOHAJIbBHOI TPAMMATHUKE»

PE3IOME

CoBpeMeHHOE JTMHIBUCTUYECKOE 3HAHUE BCTYIAET B 3M10XY INIyOOKOH TpaHC(hopMaLuy, rie
IpeXxHue OWHApHBIE OMNMO3UIUH, TaKHe Kak «(popMma — (QYHKLUHUA», «I3bIK — MBILIUICHHEY,
«TrpaMMaTHKa — HCHOJIb30BAHUEY, MOCTENEHHO YTPAUUBAIOT CBOIO OOBSICHUTEIBHYIO CHILY.
lenTpanpHas uzaes MPEACTABIEHHOTO TEKCTa 3aKJIIOYAeTcsl B TOM, 4TO (yHKUIHMOHAJIbHAsS
rpaMMaTHKa, pa3BUBABILAsACS KaK COL[MAIbHO OPUEHTHPOBAHHAs TeOpusl, IPUOOPETaeT HOBbIE
HCCIIeI0BAaTEIbCKUE TOPU30HTHI Oarofapsi HHTErpallid KOTHUTUBHBIX HPUHIMIIOB, MPEX/e
BCEro — KOHUENTYaIbHBIX CTPYKTYP, MEHTAIbHBIX PEIPE3EHTALNN U IPOIIECCOB BHUMAaHUS.

BaxxHoe MecTo B TeKcTe OTBEAEHO (PEHOMEHaM IrpaMMaTHKaIHU3alMM U CEMaHTUYECKOTO
o0eclBeUMBaHMs, paHee IPEUMYIIECTBEHHO H3Y4YaBIIUMCS B paMKax JIHAXpPOHHUYECKOU
TUHrBUCTUKHM. OpjHako Oyarogapsi NpPUBJICUEHHIO KOTHUTHBHOM IEPCIIEKTUBBI  aBTOP
mpeajaraeT paccMaTpuUBaTh ATH TMPOILECCHl Kak pe3yJbTaT 3aKperuieHUus MEHTaJIbHBIX
11a0JI0HOB, aHAJIOTUH U epepaboTKH onbITa. Takas TpaKTOBKa JielaeT BOZMOXKHBIM OIMCAaHUE
IrpaMMaTUKH KaK JUHAMHUYECKON CHCTEMBI, UyTKO pearupyrollel Ha 4aCTOTHOCTh, KOHTEKCT U
[IparMaTU4ECKyI0 Harpy3Ky.

Cy1iecTBeHHOE BHUMaHHUE YIENsIeTcs OObSCHUTEIbHON CHjle KOTHUTUBHOM CEMAaHTUKH, B
YaCTHOCTH — TE€OPHUU KOHIENTyaJdbHOU MeTadophl. DTa Teopus, pa3BuBaemas Jlakodpdom u

JI>KOHCOHOM, OOBSCHSIET, KaK aOCTpakTHbIE CTPYKTYPhl MBIIUIEHUS BBIPAXKAIOTCA uepe3
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KOHKpETHBIE MeTa(hOpUIeCKUe MOAETH, U JIEMOHCTPUPYET, YTO SI3BIKOBBIE (DOPMBI SBISIOTCS
penpe3eHTalrsMid KOTHUTUBHOTO OIBITA, 4YacTo B OOpa3HOHM, TEleCHO-0MOCPET0BAaHHON
¢opme. CBszbiBas 3TO ¢ (PYHKUMOHAIbHOM TPAaKTOBKOW s3blKa Kak MHCTPyMEHTa
COLMOKYJIBTYPHOIO B3aMMOJEHCTBHSI, aBTOP BBIXOJAUT Ha YPOBEHb MEXAMCLUUIUIMHAPHOTO
aHaJln3a, I71e TpaMMaTHKa pacCMaTpUBAETCs KaK MOCT MEX]y MBIIIIIEHUEM U TUCKYPCOM.

Hapsiny ¢ 3TuM, TEKCT COIAEpKUT Ba)KHbIE METOAOJIOIMYECKUE NPEANOCHUIKU IS
pa3pabOTKKU KOTHUTHBHO-(QYHKLIMOHAIBHON MOJAENIM aHanu3a JUcKypca. I'paMMaTika B 3TOM
MOJIEJIN TIepecTaeT ObITh OINUCATEeIbHONM WHBEHTapu3auuei (opM M mpeBpaiiaercs B
WHCTPYMEHT BBISIBJICHHS CITOCOOOB CMBICIIOTIOPOXKIEHHUS. DTO 0COOEHHO SPKO MPOCIECKUBACTCS
B pazjielne, MOCBAIIEHHOM SMIUPUUECKUM UCCIIET0BAHUSAM MTOJIUTUYECKOTO, IEJArOrMYECKOT0
U IUPPOBOrO AUCKYPCOB, IJleé TpaMMAaTHYECKUE BbIOOPHI AHATU3UPYIOTCS C y4eTOM
KOTHUTHBHOI'O COCTOSIHMS aJpecaTa, pUTOPUUYECKHX CTPAaTErui W KOHTEKCTa yHnoTpeOsieHus.
Takum o0pazoMm, TIpaMMaTH4YeCKHE CTPYKTYypbl ONMCHIBAIOTCA KaK HHCTPYMEHTHI
MHTEPCYOBbEKTUBHOTO YIPABICHUS — OHHM HE TOJBKO KOJUPYIOT COJAEp)KaHHe, HO H
pEeryJupyroT  OTHOLICHHUS,  BBI3BIBAIOT  COYYBCTBHME, AaKTHUBUPYIOT  OIpEACICHHbIE
MHTEpIpETallMOHHbIE MAaPLIPYTHI.

Eme onHO BakHOE HalpaBlIEHUE, 3aTPOHYTOE B paboTe, CBSA3aHO C IPHUMEHEHUEM
KOTHUTUBHO-(YHKIIMOHAJIBLHOTO MOJIX0Ja B pa3pabOTKe CUCTEM MCKYCCTBEHHOTO MHTEIJIEKTa
U KOMIIIOTEpHON 00pabOTKH s13bIKa. ABTOpP CIPABEAJIMBO MOAYEPKHUBAET, YTO CHHTAKCUYECKHE
QITOPUTMBI, HE YUYUTBHIBAIOIIME IPAarMaTU4YeCKUE, KOHTEKCTyalbHblE W KOTHUTHBHBIE
MapaMeTpbl, OKAa3bIBaIOTCS HEJOCTAaTOUYHBIMH IPU MOJEJIHMPOBAHUU KMBOTO  S3BIKA.
CoBpeMeHHbIE 3aJlayd MAIIMHHOTO IE€peBOJia, I'€HEepaluu TEeKCTa, aHajlu3a HacTPOeHUi
TpeOyIOT MHTErpaliiil KOTHUTUBHO-(YHKIIMOHAIBHBIX MOJIENEH, TO3BOJIIONINX CO3/1aTh OoJiee
ru0Kre, KOHTEKCTHO-YYBCTBUTENIbHBIE, CEMAHTUYECKH HACBIIIEHHBIE CUCTEMBI.

HoBaTtopckuM siBisieTcss mpeuioKeHHe BU3YaJIbHOM Mojenn — Marpuisl KOTHUTHBHO-
¢ynkuuonansHoro orodpaxkenuss (CFMM), koropasi mMo3BOJISIET OTPa3UTh B3aUMOJICHCTBUE
MeTapyHKIUI ¢ KOTHUTHBHBIMH IPOLECCAMHU: BHMMAHUEM, BOCIPHITHEM, MEHTAJIbHOU
MHTErpanueil. OTa MaTpuila MpeicTaBiseT cOOOM MHCTPYMEHT KaK aHAIMTUYECKOH, Tak U
MeJarornyecko  IEHHOCTH, TIOCKOJIbKY TIO3BOJSIET HArjsAHO IPOJEMOHCTPUPOBATh
ydamumcsi, Kak (GopMHUpPYeTCs CMBICT B TEKCTE, M MOYEMY OIpe/AeTeHHbIE IPAMMAaTUYECKUE
CTPYKTYpbI MCIIOJIB3YIOTCSI B TOM WJIM MHOM KOHTEKCTE. boiee Toro, €€ yHMBEpCalIbHOCTh
MPOSABIIAETCS B MNPUMEHMMOCTH K pa3JMUHBIM JKaHpPaM M PETUCTpaM, YTO [IENaeT €€

MEPCIIEKTUBHOM JUISl JAIIBHENIINX UCCIIENOBAHUM.
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KioueBble cjioBa: MyJlIbTUMOJAIbHAS TpaMMaTHKA, CUCTEMHas (YHKIHMOHAJIbHAS

JIMHI'BUCTHUKA, KOHTCKCTYAJIbHOCTb, MYJIbTUMOJAJIbHOCTh, CCMUOTUUCCKHEC PCCYPChI

MYJbTAMOJAJBHOE U KOHTEKCTHOE PACIIMPEHUE B COBPEMEHHOM
®YHKIIMOHAJIBHOM TPAMMATHUKE

N3yyenne QpyHKIMOHAIBHOM rpaMMAaTHKH, HCTOPUYECKH 3aKpeIUIeHHOe B paboTax Maiikia
Anekcannpa KupkByna Xoimuaes ¥ JPyrux B TPaIUIUA CHUCTEMHOW (yHKIIMOHATBHOMN
nuureuctukn (SFL), mocrnenoBarenbHO MOMYEPKUBANIO, KAK S3BIK CIYXHUT COLIMAIIbBHON
CEMHOTHYECKOM CHCTEMOM — CHCTEMOM, KOTOpas KOHCTPYHUPYET 3HAYEHHUE MOCPEICTBOM
B3aMMOJICHCTBUS HCAIIMOHATBHBIX, MEKIUYHOCTHBIX M TEKCTOBBIX (yHKIM. OmHako B
MOCJIEIHUE JECATUIIETHS] KOMMYHHMKAaTUBHAs cpeaa pe3ko u3MeHwiach. C pacnpocTpaHeHHEM
IUGPOBBIX  TEXHOJIOTHH, WHTCHCHU(HUKAIHMEW T100aJbHOTO  JIUCKypca U POCTOM
MyJIbTUMOJAJBHBIX ~ KOMMYHUKAIlMOHHBIX  IUIaTOpM  BO3HUKJIA  HEOOXOAMMOCTh
[I€PEOCMBICIUTh MapaMETPhbl CaMOM IpaMMaTUKU. Tenepp yx e HeI0CTaTOUYHO aHAJIU3UPOBATh
rpaMMaTUKy UCKITIOUUTEIHHO KaK BEpOAIbHYIO MIIM CHHTAKCUYECKYI0 cucteMy. Bmecto aToro
rpaMMaTUKy CJEIyeT paccMaTpuBaTh KaK MYJbTUMOJAIbHOE, KOHTEKCTHO-3aBUCHUMOE
CO3BE3[IUE PECYpPCOB, KOTOPbIE OTPAXKAIOT CJIOKHOCTb CO3JIaHUSI CMbICIa B COBPEMEHHBIX
YCIIOBHSIX.

MoTuBamyst 3TOro paclUIMpeHHsl 3aKioyaeTcs B HaOIr0JaeMbIX TpaHcopMarusx B
YeJIOBEYECKOM  OOIIEHHH. WHuTerpanuss ~ BU3YyaJbHBIX, CIIYyXOBBIX,  KECTOBBIX,
MIPOCTPAHCTBEHHBIX U MHTEPAKTUBHBIX MOJAJIBHOCTEH B MOBCEAHEBHOM IUCKypce OpocaeT
BBI30B JIABHUM TIPETOI0KEHUSIM O IpaHULIax s3bIka. Hampumep, mpocToi TBUT Wiu ¢ poBas
peKiiaMa MOTYyT Iiepe/iaBaTh CMBICI HE TOJIBKO Yepe3 CII0Ba, HO M Yepe3 MakeT, BbIOop mpudra,
UKOHOTpaguIo, IBUKEHUE U BCTPOCHHbIE TUIepcchUIKK. Kaxaplii U3 HUX BHOCUT CBOM BKJIaJl B
o0 KOMMYHUKATUBHBIN >QdekT. TpaauiroHHble MOAENN IpaMMaTHUKH, OCOOEHHO Te,
KOTOpbIE OCHOBaHbl Ha CHHTAaKCHUCE WM MOP(OJOTHMH HA YpOBHE MPEUIOKEHHUI, HE MOTYyT
MOJTHOCTBIO OOBSCHHUTH, KaK CMBICI BO3HMKAET B TakUX TekcTax. Jlaxe (yHKUMOHaNbHas
rpaMMaTHKa C ee aKLIEHTOM Ha KOHTEKCTYaJIbHOW BapUaTUBHOCTH TETEph JIOJKHA pearupoBarth
Ha 3TU CEMUOTUYECKNE NHHOBAIIUH.

C TeopeTnuecKkoi TOUYKHU 3PEHHS 9TO MYJbTUMOJAIBHOE U KOHTEKCTYyaJIbHOE pacIIipPEHHE
OMHpPAETCs KaK Ha CUCTEMHYIO (PYHKIIMOHAIBHYIO TUHTBUCTUKY, TaK U HA MYJIbTHMOJAIbHBII
nuckypcuBHbIN ananmu3 (MDA). SFL yTBepkaer, 9to 361k paboTaeT Ha HECKOJIBKUX YPOBHAX
— CEMaHTHKe JHUCKypca, JeKCUKOrpaMMaTHKe U (POHOIOTUH/Tpadoraorul — U 4YTO CMBICI

peayinzyercsi MOCpeACTBOM IIA0JIOHHBIX BBIOOPOB B cHCTEME. DTH BHIOOPHI ONOCPEIOBAHbI
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MEPEMEHHBIMH PETHCTpPA: TOJEM, TEHOPOM U MOAONH. MyJIbTUMOAIbHbIE TIOJXO0/Ibl, BIIEPBBIC
npennoxeHHsle Kpeccom u Ban JleyBeHOM, CTPOSITCSI HA TOW OCHOBE, YTBEP:K/1asl, YTO MOy ChI
3a IpeJesiaMy sI3blka — TaKue Kak n300pakeHue, 1IBET, KECT, PACHOJI0KEHUE U ABHKEHHE —
TaKXe MMEIT CBOM COOCTBEHHbBIE I'PaMMAaTUKH. DTH MOJIYCHl B3aUMOJAEHUCTBYIOT C SI3IKOM
chUCcTeMaTHYeckKuM o0pa3oMm, o0pasyss To, 4yTo Kpecc Ha3bpIBaeT MyJIbTUMOJAIBHBIMA
aHcaMOJIsIMU. Ba)kHO, YTO NPUHIUIMBI, YIPABISAIOMIAE ATHUMU aHCAMOJIIMU, HE SBIISIOTCS
IIPOU3BOJILHBIMU; OHHU COLMAJIEHO CPOPMHUPOBAHBI U KYJIbTYPHO MOAIEPKUBAOTCS, BO MHOTOM
KaK A3bIKOBbI€ KOHBEHIUH.

Torma Bo3HUKAET B3I HA TPaMMaTHKY HE KaK Ha CTAaTUYECKYH0, aBTOHOMHYIO CUCTEMY, a
KaK Ha JMHAMUYECKUH, paclpeleleHHbII polecc. 3HaU€HUE HE XPAaHUTCS B U30JIMPOBAHHBIX
ClIOBaX MJM CTPYKTypaX, a BO3HUKaeT W3 CKOOPAMHUPOBAHHOIO HCIOJIb30BaHUs
MHOKECTBEHHBIX CEMHOTHYECKHX pecypcoB. llpeanoxkeHue, TpaaULMOHHO SBIISAIOLIEECS
0a30Boi1 eauHUIECH rpammarnyeckoro anainm3a B SFL, Tenepps H0KHO OBITH IEPECMOTPEHO.
XOTsI OHO HPOJOJKAET CIYXKUTh OCHOBHBIM MECTOM Ui pead3alliM HJICallMOHAIBHBIX U
MEXJIMYHOCTHBIX 3HaUEeHUH, ero (hopma U pyHKIUs O0IbIIE HE MOTYT OIPaHUYUBATHCS TOIBKO
A3BIKOM. B MyJIbTHMOZANbHBIX TEKCTaX OJHO MPEAJIOKEHHE, IOXO0XKee Ha 3HauYCHHE, MOKET
OBITh PpAacHpeAesiCeHO 110 YCTHOMY IIOBECTBOBAaHHUIO, COIPOBOXKIAEMOMY BH3YaJIbHBIMU
spdexTamu, XKeCTaMH M TPOCTPAHCTBEHHBIMH TMOJCKa3kaMu. PaccMOTpUM BHIIEOYpPOK, B
KOTOpPOM TpernojiaBaTenab ToBopUT: «Haxmure 31ech, 4ToObl HayaTh», OJHOBPEMEHHO
nepemeras Kypcop, BbIIENSAs KHONKY W MCIONb3ysl B3IV JUIsl HalpaBIE€HUS BHUMAaHUS.
KoMMyHMKaTHBHOE HAMEPEHNE — MHULIMUPOBAHUE AEUCTBUS — PEATU3yeTCs HE TOIBKO Yepe3
BepOabHOE MPEIOKEHNE, HO U Yepe3 aHcamMOJib. KaxkIplii 2JIeMEHT BHOCUT CBOM BKJIaJl, U HU
OJIMH M3 HUX HE MOXET ObITh MpomyIleH O0e3 M3MeHeHHs cooOueHus. Takum oOpazom,
IPE/UIOKEHUE  CTAHOBUTCS  MYJIBTUMOJANBHBIM  y3JOM: €AWHHUIEH  (YHKIMOHAIBHO
MHTETPUPOBAHHOTO CEMUOTHYECKOTO ACHCTBHUSL.

KonTeker Takke Tpedyet nepeocmbicienus. B tpanuumnonnom SFL koHTEKCT hopMupyercs
yepe3 MepeMeHHbIEe PErucTpa, KOTopble GOpMUPYIOT XKaHp U TUCKypc. OHAKO COBpEeMEHHas
KOMMYHHUKAIMSI MMOKAa3bIBAET, YTO KOHTEKCT MHOTOCIOWHBIA, TUHAMUYHBIA M TOCTOSIHHO
pa3BuBaeTca. JTO He MPOcTO (OH, HA KOTOPOM padOTaeT SI3bIK; OH SIBJISETCS aKTUBHBIM
YYaCTHUKOM B CO3/1aHUU cMbIciia. KOHTEKCT BKIIIO4aeT B ce0st MaTepuaibHble TOTOBOPEHHOCTH
(Bo3MoxkHOCTH HMHTep(eiica cmapTdoHa), COIUAIbHBIE OTHOLICHUS (IMHAMHUKa BIACTU
u(ppoOBON BCTpEUH), HCTOPUYECKYIO HHTEPTEKCTYaJbHOCTh (CCBUIKM Ha MpPEIbLAYIINN

,Z[I/ICKpr) U HCMOCPCACTBCHHBIC CCHCOPHLIC CUTHAJIBI (I_IBCT, OCBCIIICHHC, TCMH). Bce at10
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BIIMSAET Ha TO, KaK I'PaMMAaTHKa PeajInu3yeTcss U HHTepIpEeTUpyeTcs. boiiee TOro, 3T KOHTEKCTHI
paboTaloT B HECKOJBKUX MAacHITadax — MHUKPO (B3aUMOJEHCTBUE OT MOMEHTa K MOMEHTY),
Me30 (MHCTUTYLIMOHAJIbHbBIE OKUAAHUSA) U MAKpO (KyJIbTYpHbIE HOPMBI), — KOTOpPbIE BMECTE
CO3J1al0T OOraTy!o, BIIOKEHHYIO Cpeay Ul cMblcia. TakuM oOpa3oM, TOHUMaHUE IpaMMaTUKH
TpeOyeT TOHUMaHUS TOrO, KaK CEMHOTHYECKHE PpEeCypchl pearupylT Ha ITU
MEPEKPBIBAIONINECS U B3aMMO/ICHCTBYIONINE KOHTEKCTHBIE TpeOoBaHMs. TeXHOIOTUSI UTpaeTt
KJIIOYEBYIO pOJIb B 3TOH TpaHcopmanuu. [lu3aiiH untepdeiica, HaBUrallMOHHbIE CTPYKTYPBI U
1U(POBbIE BOZMOXKHOCTU OOJIbIlIE HE SBISAIOTCS HEHTpaJbHBIMU HOCHUTENIAMU HH(pOpPMAIUH;
OHU SIBIISIIOTCSI CEMHUOTHYECKMMHU areHTaMH, KOTOpble (OPMHUPYIOT TO, Kak COOOLICHHS
KOHCTPYUPYIOTCSI M TpPUHUMAIOTCA. Hanmuume KHOMOK, MOJIOC TPOKPYTKH, (QyHKIHUIA
CMaxUBaHMs, aylAMOOOpaTHOM CBA3M M aJalTUBHBIX BHU3YalbHbIX MAaKEeTOB — BCE 3TO
y4acTBYeT B TI'PAMMATHYECKON peaJM3alMi CMBbICIA. 3HA4OK YBEJOMJICHHUS, KOTOPBII
CTaHOBHUTCS KpacHbIM W BHOpPUpPYET, HWMEET KOMMYHHMKATUBHYIO (YHKLIHMIO, HE MEHee
3HAYMMYI0, Ye€M MOJAJbHBI BCIOMOTATENBHBIA TJIATOJN. OJTH LU(QPOBBIE CTPYKTYPHI
CIOCOOCTBYIOT MOJAJIBHOCTH, TEMAaTHUYECKOMY aKLEHTY M MEXJIMYHOCTHBIM II€PETOBOPAM,
napauiesibHo paboTe TpaAMLIMOHHOM TIpaMMaTHKHM, HO Jejas 3TO JPYT'MMHU CIIOCOOaMH.
WrnopupoBaTh MX O3Hadaio OBl yIyCKaThb W3 BHIY BaKHEHWIIUE acleKThl COBPEMEHHOM
KOMMYHHKAIUU.

OnHoii n3 Haubosee CI0XKHBIX U MEPCIIEKTUBHBIX 00JacTel nccie0BaHus ABISIETCS TO, KaK
3TH pa3in4Hble PEKUMBl OOBENUHSIOTCS Ul (OPMUPOBAHMS CBS3HBIX, I'PaMMaTHYECKU
CTPYKTYpPHUPOBAHHBIX TEKCTOB. MylbTUMOJANIbHASA TPaMMAaTHKa — 3TO HE IPOCTO BOIPOC
MIEPEYUCIICHNUS KOMIIOHEHTOB; 3TO UCCIIEJOBAaHUE UX MHTErpalii. OTH KOMOUHALIUU CIEAYIOT
COIJIAIIEHUSIM,  KOTOpble  SBISAIOTCS  cHeUM(UYECKMMM Ul JKaHpa,  KYyJbTYpHO
00YyCJIOBJICHHBIMH M IparMaTH4ecku MOTHBHpPOBAaHHbIMU. Hampumep, B akageMHyeckoMm
CIIAMI-II0Y CUHXPOHHOCTh MEXy YCTHBIM IIOBECTBOBAHUEM, IIEPEXOTAMHU MEKIY Claiaamu,
aHUMalllel MapKUpPOBaHHBIX CIIMCKOB M jKecTaMu (POPMHUPYET CBI3HYI0 KOMMYHHMKAaTHUBHYIO
CTpaTeruio. OTHU 3JIEMEHTHl BPEMEHHO M TEMaTHYECKH COIJIAaCOBaHBI, 00pa3ys aHCcaMOllb,
o0masi (QyHKUIMS KOTOPOrO HE MOXKET OBITh CBEJEHA K KaKOMY-JIMOO OJHOMY PEXHUMY.
[Tonnmanue 5TOil TpaMMaTUKH aHCaAMOJIEH HEOOXOIUMO Jisi TIOJTHOTO OMHCAHUS TOTO, Kak
rpaMMaTuka pabortaeT cerofHs. Takue ujaeu UMEIoT MpsMble OCIEACTBUS AJIsi 00pa30BaHuUs,
B YaCTHOCTH, ISl I3bIKOBOM Megaroruku. TpaguinoHHOe 00yueHre rpaMMaTrKe, OCHOBAHHOE
Ha MPEANUCHIBAIOIIUX IIPABUIAX U YIPaKHEHUAX HA YPOBHE IIPEUIOKEHUM, 4acTO HE B

COCTOSIHHMU BOBJICYDb CTYACHTOB B PCAJIbHBIC KOMMYHUKATHBHBIC ITPAKTUKU. MYJ'IBTI/IMO,Z[aJ'IBHO-
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(YHKIIMOHATBHBIA TOIX0J] K TPAMMATHKE MEPEOPUCHTUPYET OOydeHUE SI3bIKYy Ha CO3/IaHUE
cmbicia. OH MOJYEepPKUBACT, KaK TpaMMaTHKa pabOTaeT B KOHTEKCTE, KaK OHA KOOPIUHUPYETCS
C JAPYTMMH PEKMMaMH U KaK €€ MOXXHO HCIIOJb30BaTh CTPATETHYECKU ISl JOCTHIKECHUS
KOMMYHHUKATUBHBIX 1enedd. Ilegaroram pekoMeHayeTcs HCIONIb30BaTh ayTCHTHYHBIC
MYJIbTUMO/IATIbHBIE TEKCThI — OJIOTH, BUI€0, HH(pOTrpaduKy, KOHTEHT COLUATBHBIX CeTEH — U
HaIpaBJISATh YYAIIUXCS B AaHAJIU3€E TOTO, KAK CMBICI CTPOUTCS B PA3HBIX CUCTEMAX. DTOT MOIAXO/]
CrocoOCTByeT OoJjiee TIIyOOKOMY METAIMHTBUCTHYECKOMY IIOHHUMAHHUIO UM BOOPYXKAeT
y4Yammxcs, YT00bI OHU MOTJIA 3(HPEKTUBHO 00IIATHCS B Pa3JIMUHBIX CpeAax.

[TocrmenacTBust Takke pPacHpOCTPAHSIOTCS HAa MCKYCCTBEHHBINM HHTEIUIEKT M 00paboTKy
€CTECTBEHHOTO s3bIKa. TEeKyIre MOACIIN YacTO PACCMATPUBAIOT SA3BIK KaK JIMHEHHYIO CTPOKY
TOKEHOB, YIyCKas MYyJIbTHUMOJAIbHbIE W KOHTEKCTHBIE H3MEPEHUS PEabHOTO UCKYypCa.
Opnako, mockonbKy cucrembl MU Bce yale ucnonb3yroTess B 00pa3oBaHUH, 00CTY>KUBAHUU
KIIMEHTOB W CO3JaHUM KOHTEHTA, WX CIOCOOHOCTh aHAJIM3UPOBaTh M  CO3/1aBaTh
MYJIbTUMOJANIBHYI0O TpPaMMAaTHKy CTaHOBHUTCS CYIIECTBEHHOM. ['pammaTrmka, KoTopas
HUHTETPUPYET KOHTEKCT, JKECThI, BU3YaIbHYI0 KOMIIOHOBKY U MOJIEJIM B3aUMOJICHCTBHS, MOXKET
MPUBECTH K OOJIee YeI0BeUECKOMY, KOHTEKCTHO-3aBUCHMOMY MAaIllMHHOMY OOIIEHHI0. JTO, B
CBOIO OYepellb, OTKPHIBAET BO3MOXKHOCTH JUIsi Oojiee Oorartbix wuHTEpdeiicoB, Oomee
aJanTUBHBIX cHUCTeM U Oosiee TIIyOOKOTO TIOHMMaHHUsSl S3bIKa. OJTa TeopeTUYecKas
MIEPEOPUEHTALIMS TAKKE MpeJIaraeT HaM NePeCMOTPETh OCHOBOIIOJIATAIOIINE MPEAIOJIOKEHUS
caMOil rpaMMaTUKd. ABTOHOMMS CHHTAaKCHUCa, OTHAEJIEHUE s3blKa OT KOHTEKCTa H
MPUBWJIETUPOBAHHOCTh MHUCHhMEHHOTO TEKCTa — BCE 3TO OCMAPUBACTCS COBPEMEHHBIMHU
TaHHBIMU. BMmecTo 3TOro rpammaTruka J0jKHA OBITh TEOPETHYECKH OOOCHOBaHA Kak HaOOp
COLIMAIBHO BCTPOEHHBIX, KOTHUTUBHO JOCTYIHBIX W TEXHOJOTUYECKH ONOCPEIOBAHHBIX
npakTuK. OHa JOKHA YYUTHIBATh KaK OOIIENPHUHSTHIE (JOPMBI SI3bIKA, TAK M BO3HUKAIOIIUE
CTPYKTYpPBI, BO3HUKAIOIINE U3 MYJIbTUMOJAIBHBIX WHHOBAIMH. Pe3yapTupyromias cTpykTypa
BBIXOJIMT 33 paMKH  JUCHUIUIMHAPHBIX  TpaHUIl, ONHUPasChb Ha  JIMHTBUCTHKY,
KOMMYHHKAIMOHHBIE HCCIEIOBAaHUSI, CEMHOTHKY, oOpazoBaHue W nu3aiiH. IlomBoast uror,
MOKHO CKa3aTh, YTO COBPEMEHHBIH KOMMYHUKATUBHBIN TaHAmapT TpeOyeT HOBOTO BUICHUS
rpaMMaTHKHA — TaKOTO, KOTOPOE MPU3HAET MYJIbTUMOIAILHYIO U KOHTEKCTYAJbHYIO IPUPOTY
CO3/IaHUS CMbICIA. DTO BUACHHME HE OTOpAChIBAET HAEH TPATUIMOHHON (HYHKIHMOHAIBHOU
rpaMMaTHKH, & CTPOUTCS Ha HUX, PACHIUPSSI UX 0XBAT HA HOBBIE 00JIaCTH U HOBBIE Meaua. OHO
OpocaeT HaM BBI30B paccMaTpUBaTh IPaMMATUKy HE Kak (PUKCHPOBAHHYIO CHCTEMY, a Kak

pa3BUBalOIIMCA HAOOp pecypcoB JJsl MOCTPOEHUSI CMbICIA BO Bce 0oJiee CIOXKHOM MHpE.
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VIMeHHO B 3TOM AyXe pacIIMpeHMs, CUHTE3a M MHHOBALM M pa3BUBaeTCs JaHHas padora,
CTPEMSCh MPENJIOKUTh TI'PaMMaTHKy, KOTOpasl IEHCTBUTENBHO OTPAXKaeT CEMUOTHUUYECKOE
00raTCcTBO COBPEMEHHOT'0 YEJIOBEYECKOI'O OOIIEHUS.

Hwmwxe mnpumepsl aHaiu3a, KOTOpble WUIIOCTPUPYIOT —KIIFOYEBBIE IOJIOXKEHHUS O
MYJIbTUMO/IAJIbHOCTH, KOHTEKCTYaIbHOCTH U PacIMPEHUH IPaMMaTHYECKUX I'PaHUL] B paMKax
(GYHKIMOHATLHO-KOTHUTUBHOM MapaaurmMel. Bee mpuMeps! onuparoTcst Ha pparMeHTHI U3 I1aB
U IEMOHCTPHUPYIOT, KaK TEOPETUUYECKHE IT0JIOKEHUS PEATU3YIOTCS B peajIbHOW KOMMYHHUKALIUH.

1. [Ipumep MyabTUMOAANBHOTO aHcaMoOas. DparmMeHT u3 Tekcra. «Paccmompum
8UOEO0YPOK, 68 KOMOpoM npenooasamens 2ogopum: ,,Haxcmume 30ecb, umobvl Hayamoy ",
0OHOBPEMEHHO nepemewds Kypcop, 6blOess KHONKY U UCHONb3YS 632140 08 HANPAGIeHUs.
BHUMAHUSL. »

AHamm3. 37ecb Mbl HaOmOAaeM MyJIbTUMOJANbHBIA  aHcamOnlb, TA€ S3BIKOBOE
BbICKa3biBaHue («Haxmure 31€ch...») HHTErpupyercss C BHU3yaJbHOM MOJAIbHOCTHIO
(IBUKEHUE KypCcopa, BbIJEIEHUE KHOIIKH ), )KECTOM (HalpaBJI€HUE B3IJIsA/1a) U MHTEPAKTUBHBIM

untepdeiicom (kHomka kak 3nmeMeHT Ul). DTo AeMOHCTpHUpYET, YTO:

o UoeayuonanvHas Gyukyus peanusyeTcs depe3 peueBoe JIeHCTBHE: WHUIIMMPOBAHUE

nporiecca.

o nmepnepconanvnas ¢yHKyus — 4UYEpe3 MOJAIBHOCTh W AJPECHOCTH (IIpsIMOE
oOpareHue).

o Texcmosas ynxkyus — dYepe3 KOOPIWHAIMIO BCEX MOJAIBHOCTEH IS CO3MaHUS

KOTCPCHTHOI'0 CUTHAJIA.

BoiBoja. Takas KOMMYHHUKAaTHBHAsI CTPYKTYpa HE MOKET OBITh OOBSCHEHA TOJBKO Ha YPOBHE
s3pIka — OHa TpeOyeT yueTa MyJIbTUMOJAIBHOIO TPAMMATHYEeCKOTO aHaiu3a, TJe BCE
3JIEMEHTHI ICHCTBYIOT KaK (YHKIIMOHAIBHBIC PECYPCHI.
2. [IpuMep KOHTEKCTHOI 1eTEPMUHUPOBAHHOCTH IPaMMaTH4YeCKUX Gopm
@®parmeHnT u3 Tekcra:«Kowmekcm e6xnmouaem 6 cebsi MamepuaibHvle 002080PEHHOCMU
(603modicHOCMU uHmepghelica cmapmgoua), coyuarvhvie OMHOUleHUs (OUHAMUKA 81acmu
yugposou  ecmpeuu), UCMOPUYECKYIO  UHMEPMEKCMYAIbHOCMb U HENOCPeOCMEEHHbLE
CEHCOPHbBLE CUSHATBL. »
Anamau3. [JlonmyctuM, B Zoom-BCTpede MpernojaaBatelib roBoput: «Ceiyac s OTKIIOYY Bam
MUKpO(hOH, XopoIno?» B nanHo# cutyanuu:

e @opma nogerumenbHo2o HarkloHeHuss (KOTKIOYY») COYeTaeT B cede eeaciusocme

(6onpocumenvbHas MOOAILHOCMYb) U AGMOPUMEMHYIO pOlb TIPETIOAaBaTEes.
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e Dra TrpamMmarThyecKkas KOHCTPYKIHMS MOTHUBHUPOBAHA KOHMEKCMOM YUPPOBO2O
83aumMooelcmeusi, UHCIMUMYYUOHAIbHOU uepapxuel W He8epOaIbHbIMU CUSHALAMU
(BO3MOYKHO, MOJIb30BATENb IIYMHT, U MPENO/IaBaTelb BU3yaIbHO 3TO 3aMEUaeT).

BoiBoa. ['pamMaTtudeckuii BbIOOp (HE «BBIKIIOUUTEY, @ «5 OTKIIIOYY Bam») OTpa)kaeT HE MPOCTO
CHHTAaKCUYECKYIO CTPYKTYPY, & KOHMEKCMYAIbHYI0 COHACMPOUKY MEXIY y4aCTHUKAMH, YTO
TUIHYHO JJI1 KOHTEKCTHO-aIJalTUBHON IPaMMaTHKH.

3. llpuMmep rpammaTuku HUPPoBOro uHTepdeiica KAk CEeMUOTHYIECKOT0 pecypca.
@parMeHT u3 TeKcTa: « 3HAYOK Y8eOOMIIeHUs], KOMOPbIL CMAHOBUMCS KPACHBIM U UOpUpyem,
umeem  KOMMYHUKAMUBHYIO — (QVHKYulo, He MeHee 3HAUUMYIO, 4YeM  MOOAIbHblU
8CNOMO2AMENbHbIU 21A20N. »

Anamm3. B meccenmkepe WhatsApp kpacHas mKOHKa «1» Ha MPUIIOKEHUN COOOIIAET O HOBOM
Oeticmauu. ITa UKOHKA:

e 3amMemiaer riaaroipHOE YKa3aHHe Bpoje: «Y Bac €CTh HOBOE COOOIICHHE.

e Brmonaser temarnueckoe BeieneHue (textual metafunction) — (okyc Ha HOBOU
nHpopMaIuu.

e SIBHseTcs MOATBLHO HATPYKEHHBIM CUTHAIIOM (interpersonal metafunction): BbI3bIBaeT
y TIOJIB30BAaTEIISl OLTYIICHUE CPOYHOCTH.

BeiBoa. Takoii aieMeHT — He MpocTo rpaduka, a rpaMMaTHYeCKUii 3HaK B MyJIbTUMOJIaIbHON
cUCTeME, KOTOpbIM BBIMONHAET (QYHKIUH, TPAJAULUOHHO MPUMUCHIBAEMBIE S3BIKOBBIM
CpeAcTBaM.

4. Illpumep ancam0Ji1s1 B 00pa3oBaTeJbHON NMpe3eHTANNH

@parmeHnT u3 Tekcra: «Cnatio-uioy, 20e CUHXPOHHOCIb MeXCOy YCMHbIM NO8ECMBO8AHUEM,
nepexooamu  Mexcoy — clauoamu, aHumMayuel  CHAUCKO8 U  Jcecmamu  ghopmupyem
KOMMYHUKAMUBHYIO CIPAMe2uro. »

Cuenapuwii. [IperonaBatens roBopuT: «CIIEAYIONIMM IIATOM SIBJISIETCS] KOHIENTYJIN3aIUs),
— B 9TOT MOMEHT Ha 3KpaHe NosiBisieTcs 3aroyioBok «Step 2: Conceptualizationy,

— BMECTE C JHCecmom pyKu 6npaso M 8bloeleHUeM Clo8a Ha caaiioe.

Ananu3s:

e Peun, TeKkcT, MBMKEHUE, BU3YAIIbHOE BhIJIEIEHUE pAa00TAIOT KaK €IHHOE MPEI0KEHHE,
pacupenenéHHoe M0 MOTATBHOCTSIM.

e Hoeayuonanvras ungpopmayus MpescTaBieHa B TpeX KoAax (A3bIK, TEKCT, BU3ya).

o TemnopanvHas cmpykmypa (4TO 3a 4eM clieyeT) 3a1aéT JIOTHYECKYI0 KOTePEHTHOCTb.

BoiBoa. I’ paMMaTUiCCKas «CAMHUIAa» 3ICCh — HC YCTHOC MMPCAJIOKCHHUC, a My.)'[BTPIMOI[&UIBHBIﬁ
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aHcaMOJ1b, 1 03 BCEX KOMIIOHEHTOB CMBICII HAPYILIUTCS.

5. IlpuMep KOHTEKCTYAJbHOM aJanTallu¥ IPAMMATHYECKHUX CPE/ACTB B COLICETAX

[Toct B Instagram: ®oto yamku kode. [loamuce: «YTpo HaumHAETCS HE ¢ OyIUIIbHUKA, a C
apoMara.»

AHaJm3:

e [I'pammarnyeckas CTPyKTypa MHUHUMAJIMCTUYHA, OJHAKO BBICOKO CEMAaHTHUYECKU
HACBILIEHA 32 CUET KOHMEeKCMA U300padiCeHusi, dCMemuKu U HCaAHPOBLIX ONCUOAHUL
(MOTHBAITMOHHBIH TOCT).

e YmnorpeOnsieTcs HHBEPCHUS pagl pUTMUYECKON U BU3yaJIbHOM BBIPA3UTEIILHOCTH (HE «C
apoMaTOM HAa4MHAETCS yTPO»).

e CMBICT TOAACPKUBACTCS BU3YAIbHBIM MOJYCOM, a JTUHTBHUCTUYECKUU (HOKYyC — Ha
IMOYUOHATLHOU 80BTIEYEHHOCU.

BeiBoa. Jlaxe Takue KOPOTKHME TEKCTBI B COLICETAX JEMOHCTPUPYIOT —CIIOKHYIO
MYJIbTUMOJIAJIBHYIO CTPYKTYpYy, I/I€ TpaMMaTHYeCKUi BBIOOp 3aBUCUT OT BHU3YalbHOTIO,
KAHPOBOT'O U KYJIbTYPHOI'O KOHTEKCTA.

O0o0menne

OTu npUMepsl NOATBEPKIAIOT TPU KIIIOUEBBIX MOJIO0KEHUS Balllel IIaBbl:

1. MyabTHMOJAJBHOCTH — I'PAaMMaTHKa HE OTPAaHUYMBAETCS CIIOBAMU: OHA OXBAThIBAET
BU3YyaJIbHBIE, KECTOBBIE, IIPOCTPAHCTBEHHBIC U LU(PPOBBIEC FIEMEHTHI, JACHCTBYIOLINE
KaK I'paMMaTHYECKUE 3HAKHU.

2. KoHTeKcTyaJbHOCTh — IPaMMAaTHYECKUE CTPYKTYpPbl (POPMHUPYIOTCS B 3aBUCUMOCTH
OT COLIMATILHOT0, TEXHOJIOIMYECKOT0 ¥ MPAarMaTuyecKoro KOHTEKCTaA.

AHCaM0JIeBOCTb — CMBICII CO3/1aETCsl HE OT/AEIbHBIMH JIEMEHTAMH, a UX (PYHKIIMOHAIBbHON

COTJIACOBAHHOCTBIO: 'paMMaTUvCCKasl CAMHUIA = aHcamOIIb.
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