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Fluorene-9-Bisphenol ve Canlilar Uzerindeki Etkileri

Fatma Nur Akinc1*” ", Aysel Caglan Giinal?

OZET

Fluorene-9-Bisphenol (BHPF), endokrin bozucu maddelerden biri olan
Bisphenol A (BPA)' nin ikamesidir. BPA, giinliik hayatta siirekli olarak
karsilasabilecegimiz zararli bir kimyasal maddedir. Hem ¢evreye hem de
canli hayatina zararl etkilerinden dolay1 kullanimi kisitlandirilmastir.
Bundan dolay1 plastik malzemelerin iiretilmesinde yap1 maddesi olarak
alternatiflere yonelim gdsterilmistir. Alternatif olarak kullanilan BHPF;
gida saklama kaplarinda, oyuncak malzemelerinde, bebeklerin
kullandig1 biberonlarda ve daha bir¢cok alanda karsimiza g¢ikmaktadir.
Endokrin bozucu olma potansiyeline sahip bu kimyasal bilesige maruz
kalinmasi sonucunda ortaya cikabilecek etkilerinin arastirilmasi, daha
yeni glindeme gelmistir. Yapilan arastirmalarda kullanilan canlilar,
insan organizmasina en yakin Ozelligi gosteren ve sucul hayatinda
etkilerini arastirilabilir kilan tiirdendir. Bu derleme hazirlanirken BHPF'
nin Danio rerio, Porcine (Domuz), Chlorella vulgaris ve CD-1 fare
model organizmalar iizerindeki norolojik, kardiyolojik, histolojik ve
endokrinolojik olarak etkilerinin neler oldugunu ortaya cikaran
arastirmalar incelenmistir.

Fluorene-9-Bisphenol and Its Effects on Living Beings

ABSTRACT

Fluorene-9-Bisphenol (BHPF) is a substitute for Bisphenol A (BPA),
one of the endocrine disruptors. BPA, on the other hand, is a harmful
chemical substance that we can constantly encounter in our daily life. Its
use is restricted due to its harmful effects on both the environment and
living life. Therefore, in the production of plastic materials, alternatives
have been shown as a building material. BHPF; which is used as a
substitute, appears in food storage containers, toy materials, baby bottles
and many other areas. Investigation of the effects that may occur as a
result of exposure to this chemical compound, which has the potential to
be endocrine disruptor, has only recently come to the fore. The creatures
used in the researches are of the type that show the closest feature to the
human organism and make their effects in aquatic life researchable.
While preparing this review, studies revealing the neurological,
cardiological, histological and endocrinological effects of BHPF on
Danio rerio, Porcine (Pig), Chlorella vulgaris and CD-1 mouse model
organisms were examined.
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1. GIRIS

Sanayi devriminden bu yana niifus artisiyla birlikte ¢evreye salinan kimyasallar ile iligkili olarak saglik
sorunlarinda ciddi artiglar gézlemlenmistir. Bu tlir kimyasallardan biri olan endokrin bozucular (EDC),
cevresel sistemin her alaninda bulunabilme 6zelligine sahiptir. Giinliik hayatta kullanilan malzemeler
aracili1 ile maruz kalinan endokrin bozucu kimyasallar; hayvanlarin gelisimi, endokrin sistemlerinin
normal isleyisi, tiremesi hatta ¢evredeki davranislari tizerinde olumsuz etkiler yaratir [1-4].

Bisphenol A (BPA), endokrin bozucu olma potansiyeline sahip bir kimyasaldir. Bir¢ok tiiketicinin giinliik
hayatta kullandig1 {riinlerde bulunan polikarbonat plastiklerin ve epoksi reginelerin iiretiminde
kullanilmaktadir. Yapilan ¢aligmalarin sonucunda BPA' nin ¢evre ve canlilar iizerindeki toksik etkileri
ac1ga cikarilmistir. Ureme ve gelisimsel bozukluklar, metabolik hastaliklar ve kanser gibi saglik sorunlar
gozler oniine serilmistir. BPA' nin diretimi ile ilgili getirilen kisitlamalar sonucunda BPA' nin yerine
alternatifi olan Fluorene-9-Bisphenol (BHPF) kullanilmaya baglanmustir [1, 5-7].

BHPF' nin yapisinda bulunan hidrojen baglari, makromolekiil zincirler igeren aromatik yapilar1 ve amid
baglantis1 sayesinde yiiksek diizeyli molekiiller aras1 paketleme ile mikro alanlar olusturarak mekanik ve
termal diren¢ ozelligi gosterir. Bu kimyasal yapisi nedeniyle organik ¢oziiciilerde kismen ¢oziiniir ve
yiiksek bozunma sicakligi gosterir [8].

BHPF son yillarda elektronik ve yaliim malzemelerinde, polyester polimerlerin sentezlenmesinde,
yapisal bazi yapistiricilarda, oyuncaklarda, otomobil ve havacilik gibi bir¢ok sektdrde cesitli iirlinler
olusturmak {iizere kullanilmaktadir. Giinliik hayatimizda kullanilan saklama kaplar1 ve biberonlar gibi
gida ile temas edilebilecek esyalarda da kullanimi goriilmektedir (Sekil 1). Bisphenol A' nin ikamesi
olarak islevini yerine getiren BHPF, birgok plastik malzemelerden yiyecek ve igeceklere karigabilme
potansiyeline sahip ¢evresel bir toksindir [9-11].

Kiiresel kirleticilerin; ¢evresel stres etkilerine maruz kalabilme 6zelligi olan sucul ve karasal canlilarda
davranigsal, hormonal, biiylime ve gelisme, yasam siiresi ve morfoloji ilizerinde yan etkiler gdzlenmistir.
Yapilan arastirmalar, BHPF' nin kullanimindaki artig ile birlikte canli sagligi tizerindeki etkilerinin ¢okta
masum olmadigini gostermistir [12,13].

e Oyuncaklar, biberonlar ve
emzikler ise diger O&nemli
kaynaklardir.

o | o~

T -
k..._a._ — - j

Sekil 1. BHPF maruziyet kaynaklar1 [9,10].
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2. CANLILAR UZERINDE YAPILAN CALISMALAR

Insan niifusunun hizla artis gdstermesi yasam alani, enerji kaynaklar1 ve gida giivenligi konusunda talep
artisina sebep olmustur. Insan faaliyetleri sonucu ortaya ¢ikan maddeler, canli organizmalar ile ¢evre
tizerinde olumsuz etkilere sebebiyet vermistir. Bu maddelerden biri olan BHPF, diinyada iiretimi yaygin
olarak gergeklestirilen bir bilesiktir. Bu ¢alismada BHPF' nin canlilar tizerinde gosterdigi olumsuz etkiler
alt bagliklar halinde incelenmistir [14].

2.1.Zebra Bahg (Danio rerio) ile yapilan ¢calismalar

Zebra baliginin deneysel arastirmalarda kullanilan bir model organizma olmasinin sebepleri; embriyonik
gelisim donemindeki genetik kontroliiniin kolay yapilmasi, hizli gelisim gostermesi, verimli dol
verebilmesi, seffaf embriyolara sahip olmasi, insan genlerine benzerlik gostermesi ve kolay
tiretilebilmesidir. Danio rerio model organizmasi ile yapilan arastirmalar gosteriyor ki BHPF' nin etkileri
cesitlilik gostermektedir [15-18].

BHPF maruziyetinin, zebra balig1 embriyo ve larvalar i¢in akut toksisitesi arastirma konusudur. Yapilan
incelemeler sonucunda BHPF' nin zebra baligt embriyo ve larvalarindaki mortalite, metabolik
bozukluklar ve kardiyotoksisite lizerindeki etkileri rapor edilmistir.

BHPF' nin, zebra baliginin embriyonik gelisimi {izerinde oldukga toksik etki yarattig1 bildirilmistir. Zebra
baligi embriyolarmin gelisimi, BHPF konsantrasyon diizeyine bagli olarak gecikme gostermis ve
embriyolar hatali1 bigimlenerek anormal bir fenotip ortaya ¢ikmistir. Zebra baligi embriyosunda fenotipik
kusurlar incelendiginde azalan viicut uzunlugu, perikardiyal 6dem, yolk kesesi malformasyonu, yiizme
kesesinin yoklugu, bas ve goz bolgesin de kii¢iilme, kiigiik gozler, kuyruk malformasyonu ve ¢ift kafa
rapor edilmistir [19-21].

BHPF' ye maruz kalan embriyonik gruplarda epibol siireci (gastrulasyon sirasindaki hiicre hareketi) ve
gelisimsel asamalar (kuyruklar, gozler vb.) gecikirken 6lii embriyolar da belirgin bir sekilde artmistir.
BHPF maruziyetinin apoptoza da yol agtigi bildirilmistir. Zebra baliklarinda apoptoz beyin, perikard
(kalbi cevreleyen, kalbin ig¢inde bulundugu bir kese) ve kuyruk ucunda meydana gelmistir. BHPF
dozunun artmasi ile birlikte perikard ve kuyruk ucundaki apoptoz artis gostermistir [3,22].

Zebra baligi, metabolik bozukluklar1 arastirabilmek i¢in uygun fonksiyonlara (lipid depolama, istah ve
insiilin diizenleme gibi) sahiptir. Zebra baliginin karaciger dokusunda, belirgin olarak artis gosteren lipid
birikmesi goriilmiistiir. BHPF' ye maruz kalinmasi sonucunda viicuttaki lipid dengesi bozulmustur. Diyete
bagli olan alkolden bagimsiz yagh karaciger hastaliginin (NAFLD) seyri ise kotliye gitmistir [19-21].

BHPF maruziyetinin etkileri bu kadarla kalmayip zebra balifi embriyo ve larvalarindaki kardiyak
gelisimini de geciktirmis ve anormal kardiyak morfoloji ile sonuglanmistir. Sonuglar ise soyledir:

e Perikart alaninin analiz edilmesiyle perikart alaninin arttig1,
e Perikart-6dem oraninin arttigi,
e Larva kalbinin malformasyonu sonucu anormal kardiyak morfoloji,

e Sinusvenosus- bulbusarteriosus (SV-BA) mesafesinin artisi,
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e Ventrikiil ve atriyumun lineerizasyonun bozuldugu,
e BHPF' ye maruziyet oraninin artmasiyla kalp ritminin bozularak kalp hizinin azaldig1 ve

e BHPF' ye maruz kalan zebra baliginin kalbinin ise hatali bir sekilde bi¢cimlendigi rapor edilmistir
[3,22].

Farkli dozlarda BHPF' ye maruz birakilan zebra baliginda gerceklesmis olan norotoksisite iizerindeki
etkiler rapor edilmistir. Ilk olarak hipotalamik-hipofizer-tiroid (HPT) ekseninin hormetik yanit ile
arasindaki iligki incelenmistir. BHPF' ye maruz birakilan zebra baliklarinda, tiroid bezinin iirettigi T3 ve
T4 hormon seviyelerinin belirgin sekilde arttig1 gézlemlenmistir. Ikinci olarak ise BHPF' nin doz orani
arttikca merkezi sinir sistemindeki (CNS) ndron farklilasmasi inhibe olmustur. Ayrica zebra baligi
larvasinda, merkezi sinir sisteminde MBP ekspresyonu artarken gen ekspresyonunun ise azaldigi
gbzlemlenmistir. Zebra balig1 embriyolarinda, gelisimsel donemdeki gen ekspresyonunu incelemek icin
GFP (Yesil Floresan Protein) parametresine bakilir. Beyin ve omurilikte, GFP ekspresyonunda azalma
meydana gelmistir. Bu sonuclar dogrultusunda BHPF' nin, HPT ekseninin isleyisine miidahale etmesiyle

TH seviyelerini ve gen ekspresyonunu etkileyerek norotoksik oOzellikler sergiledigi rapor edilmistir
[20,23].

Noroendokrin sistem iizerinde etki gosterebilen BHPF ile temas ettirilen larvalar iizerinde davranigsal
incelemeler de yapilmistir. Genel hareket kontrolii esnasinda diisiik dozda uygulanan BHPF' nin zebra
balig1 larvasi lizerinde 6nemli bir etkisinin olmadig1 gézlenmistir. Yiiksek dozda uygulanan BHPF, zebra
balig1 larvalarinin toplam hareket mesafelerinde dnemli 6l¢iide bir azalmaya sebep olmustur. Ayrica her
iki doz gruplarinda ortalama hareket hiz1 da belirgin sekilde azalma gdstermistir.

Zebra baliklarinda birikim gdsteren BHPF' nin, uykusuzluk benzeri davranis degisikliklerine sebebiyet
verdigi gézlenmistir. BHPF' ye maruz kalinmasi sonucunda yetiskin zebra baliginda kur yapma ve iireme
davranigi lizerinde etkileri gdzlemlenmistir. Bu etkileri agsagidaki gibi siralayabiliriz:

e BHPF’ ye maruz kalan kadin ve erkek arasindaki kur yapma endeksi azalmistir.
e BHPF’ ye maruz kalan disilerin erkege yonelimi olduk¢a azalmistir.

e BHPF, anksiyete ve depresyon benzeri davraniga sebep olmustur [4,20,24].

2.2 Domuz (Porcine) ile yapilan cahismalar

Domuzlar, bisfenollerin sebep oldugu iireme bozukluklarinin aragtirilabilmesi i¢in uygun bir model
organizmadir. Clinkii domuzlarin fizyolojik ve biyokimyasal yapilarinin insanlar ile benzerlik gostermesi,
laboratuvar sartlarinda kolayca yetistirilebilir olmas1 ve deney hayvani olarak diger canlilardan daha az
duygusal problem olusturmasi gibi 6zellikleri bulunmaktadir [14,25].

BHPF' nin, domuz oositlerinin olgunlagmas1 iizerindeki toksik etkilerinin neler olduguna bakilmistir.
Calisma sonucunda domuz oositlerinde:

e Anormal yapida ig ipliklerinin olugmasi,

e ATP seviyesinin azalmasi,
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ROS (Reaktif Oksijen Tiirleri) seviyesinin artigina bagl olarak oksidatif stresin artig gostermesi,
e Kortikal graniillerin (CG'ler) dagiliminin bozulmastyla oosit kalitesinin diigmesi,

e Kiimiiliis hiicrelerinin geniglemesinin engellenmesi,

e Polar govde ekstriizyonunda (PBE) azalmaya yol agmis olmasi ve

e Erken oosit apoptozuna sebep olmasi gibi toksik etkilerinin oldugu saptanmistir [26].

2.3. Yesil alg (Chlorella vulgaris) ile yapilan ¢alismalar

Birincil {treticiler olarak karsimiza ¢ikan algler, su kirliliginin diizeyini anlayabilmek icin hassas
gostergelerdir. Chlorophyta subesindeki tek hiicreli alg tiirii olan ve dogada bol miktarda bulunan
Chlorella vulgaris, ¢evresel bozulmalara verdigi esnek metabolik yanitlar1 sayesinde model organizma
olarak tercih edilmektedir. BHPF' nin ekolojik riskinin degerlendirilebilmesi i¢in de kullanilan bir model
organizmadir. BHPF' nin su ortamina diisiik konsantrasyonlarda siirekli desarj olabilmesi, suda yasayan
canlilar i¢in toksik 6zelliktedir. BHPF' nin dogal sulardaki potansiyel toksik zararlar1 zamana ve maruz
kalinan konsantrasyona bagli olarak degisiklik gosterebilmektedir [27-29].

Yapilan ¢alismalarda, BHPF' nin Chlorella vulgaris tizerindeki toksisitesini arastirabilmek igin sivi
kromatografi-kiitle spektrometresi teknigi kullanilmistir. Parametre olarak da besin haricindeki
maddelerin toksisitesini degerlendirmek amagli alglerin biliylime hizi dikkate alinmistir. BHPF
konsantrasyonuna bagli olarak C. vulgaris' in biiyiime hizi, 6nemli 6l¢iide azalma gostermistir. BHPF' nin
konsanstrasyonunun artmasi ile birlikte C. vulgaris' de biyoakiimiilasyon da giderek artmistir. Toksik
maddelerin ortamdan uzaklagtirilmasini ve atik aritimini saglayan C. vulgaris' in etkisini gosterebilmesi
icin sayica fazla olmasi gerekir. Alg hiicrelerinde kolayca birikim gosterebilen BHPF, C. vulgaris'
in bilyime hizin1 yavaglatarak sayica azalmasina ve normal fonksiyonlarmi yerine getiremez hale
gelmesine sebep olmustur [29].

Antioksidanlar, hiicrede serbest radikalleri temizleyerek hiicre hasarini oOnler. Antioksidan savunma
sistemi enzimatik yapiya sahip olabilir. Siiperoksit dismutaz (SOD) ve katalaz (CAT) enzimleri, hiicrede
serbest radikallere karsi savunma hattin1 meydana getiren antioksidan enzimlerdir. Serbest radikallerin
hiicrede birikim gostermesi sonucunda oksidatif stres acgiga cikar. Alglerde birikim gdsteren serbest
oksijen tiirlerini (ROS) ortadan kaldirmak i¢in SOD ve CAT antioksidan enzimlerinden yararlanilir.
BHPF' ye maruz birakilan C. vulgaris' in, SOD enzim miktarinda azalma gozlenirken CAT enzim
miktarinda bir degisiklik gozlenmemistir. Bu durum antioksidan enzimlerinin gorevini yerine
getirememesine ve ROS birikmesine sebebiyet vermistir [29,30].

2.4. Fare (CD-1 mice) ile yapilan ¢cahismalar

Memeli hayvan grubunda model organizma olarak kullanimi en yaygin olan canlilardan birisi de
farelerdir. Farelerin favori model organizma olmasinin sebeplerinden en dnemlisi insanlara olan genetik
benzerlikleridir [31].
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Yapilan arastirmalar dahilinde endokrin sistem ile ilgili hastaliklar ¢evresel kirletici bilesiklere maruziyet
sonucunda artmaya baslamistir. Cevresel kirleticiler, anti-Ostrojenik 6zellikleri ve diger olumsuz etkileri
ile olduk¢a popiilerdir. BHPF' nin anti-Ostrojenik o6zelliklerini ve iireme {izerindeki toksisitesini
belirlemek i¢in farelere dozlamalar yapilmistir. Dozlama sonucunda yapilan histopatolojik incelemeler
sonucunda farelerde rahim i¢ zar1 incelmesi ve implantasyon bdlgesinin agirligininda azaldig
gozlenmistir. BHPF' ye maruz birakilan farelerin her birinde endometriyal stromal hiicreler ve kolumnar
epitel hiicrelerinin atrofik oldugu goézlenmistir. Bdylelikle desidualizasyon ve embriyonik gelisim
engellenmis olur. Ayrica BHPF' nin, farelerde folikiiler gelisimi geciktirdigi ve corpuslutea sayisini
azalttigl rapor edilmistir. Yiiksek konsantrasyonda BHPF maruziyeti sonucunda fare oositlerinde
sitoplazmik biiziilme ve graniilasyon gozlenmistir. Oosit olgunlagmasi {izerinde olumsuz etki olusturan
BHPF, oosit polar cisimlerinin oraninin da azalmasina sebep olmustur. Fare oositlerinde ig ipliklerinin
diizenegini stabilize eden p-MAPK proteini, BHPF maruziyeti sonucunda onemli o6l¢iide azalma
gostermistir.  Bu azalma sonucunda oositlerde, ig ipliklerinin morfolojisinde ve kromozom
hizalanmasinda anormal yapilasma oldugu belirlenmistir. Yapilan bu calismalar sonucunda BHPF
maruziyetinin fare oosit olgunlagsmasini bozabilecegi ve oosit kalitesini azaltabilecegi rapor edilmistir.

Yapilan ¢alismalara gére BHPF' nin fareler tizerinde:

e Uterus agirhiginin azalmasina,

e Yavru agirliginin azalmasina,

e Bazi durumlarda hamileliklerin olumsuz sonu¢lanmasina,

e Gebelikle iliskili kilo artisinin 6nemli 6l¢lide azalmasina ve

e Erkeklerde de semen kalitesinin azalmasina sebebiyet verdigine deginilmistir [11,32,33].

BHPF, iireme organlar1 diginda viicutta onemi yiiksek diger organlart da etkilemektedir. Karaciger
viicutta kritik dneme sahip olan bir detoksifikasyon organi olup ¢ok sayida eksojen kirleticinin depo
edilmesinden ve biyotransformasyonundan sorumludur. Oral yol ile maruz kalinan kirleticilerin ¢ogu
mide ve bagirsaktan damar yoluyla emilerek direk olarak karaciger dokularma taginir. Karaciger birden
fazla fizyolojik siireci igerisinde barindirir. Bunlar igerisinde metabolizma kontrolii, kan hacmi
regililasyonu, viicut savunmasi, ila¢ gibi bilesiklerin par¢alanmasi ve atilimi, biiyiime sinyal yollarinin
hormonal kontrolii, kolesterol ve lipid dengesi bulunmaktadir. Ayrica karaciger, rejeneratif mekanizmalar
kullanan tek organdir [34-37].

Yapilan aragtirmalarda fareler oral yolla 10 giin boyunca BHPF' ye maruz birakilmistir. 10 giin sonunda
farelerin viicut agirliginda pek bir fark goriilmezken karaciger organinda onemli Olciide bir fark
goriilmiistiir. Bu durum BHPF' nin hedef organi olarak karacigeri se¢mis olabilecegini gosterir. AST
(Aspartat Aminotransferaz) ve ALT (alanin aminotransferaz) enzim degerleri, karaciger fonksiyonunun
degerlendirilmesinde ve karacigerde herhangi bir hasar olup olmadiginin arastirilmasinda en yaygin
kullanilan parametredir. Karacigerde herhangi bir hastalik ve zararin olup olmadig1 kanda bu enzimlerin
miktarlarina bakilarak yorumlanabilir. Serum biyokimyasal analizleri i¢in gerceklestirilen kisa siireli
testte hicbir grupta 6lim goézlenmemistir. BHPF ile maruz birakilan tiim gruplarin farelerinde ise
serum AST ve ALT aktivitelerinin arttig1 gozlenmistir. Ayrica giderek artan doz oraniyla BHPF' ye
maruz kalan farelerin karacigerlerinde;

e Siniizoid yapisinin daralmasi,
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e Merkezi damar yapisinin genislemesi,
e Lokosit infiltrasyonu (sizma) ve
e Sitoplazmik vakuolasyan gibi degisiklikler gozlemlenmistir (Sekil 2).

Sonuglar, BHPF' nin hepatotoksik olabilecegini ve farelerde karaciger hasarina neden olabilecegini
gostermistir [9].

Fluorene-9-bisphenol (BHPF)

oral yol ile BHPF
maruziyeti

histolojik
analizler

biyokimyasal
analizler

Sekil 2. BHPF' nin karaciger organinda ki etkileri [9].

Yapilan bir baska calismada ise BHPF' nin sinirsel davranislar iizerindeki etkileri arastirilmistir. Bu
calisma i¢in klasik davranigsal test fareleri izlekleri kullanilmistir. Farelerin farkli gelisim evrelerinde ve
farkli cinsiyetlerde olmasi ¢alismanin 6nemli parametreleri olmustur. BHPF' ye maruz kalmanin farelerin
depresyon ve anksiyete benzeri sinirsel davraniglari {izerindeki etkileri ile ilgili ¢ikarimlar sunlardir:
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e Yetiskin erkek fareler BHPF' ye maruz birakilirsa erkek farelerde 6dnemli dl¢lide depresyon benzeri
davranissal duruma rastlanmaistir.

e Hamilelik sirasinda BHPF' ye maruz kalma sonucunda ise disi farelerde depresyon ve anksiyete
benzeri bir kaygi durumu gézlenmemistir [38].

3. SONUCLAR

Cevresel kirleticilerden olan BPA' nin canli sagligi iizerine olan olumsuz etkileri biliniyor olsa da
alternatifi olarak kullanilmaya baslanmis BHPF' nin etkileri hakkinda ¢ok az bilgi bulunmaktadir. Diinya
genelinde plastik ve tiirevlerinin kullanimi oldukc¢a yaygindir. Plastiklerin yapisinda bulunan BPA,
endokrin bozucu olma potansiyeli tastyan kimyasal bilesiktir. BPA' nin kullanimi1 en aza indirilmeye
calisilmakta olup yerine tiirevi olan BHPF gecmistir. Yapilan caligmalar sonucunda BHPF' nin, alternatif
olarak kullanilmasina ragmen BPA' dan daha yiiksek toksisite gosterdigi rapor edilmistir. BHPF' nin de
endokrin bozucu olma potansiyeline sahip oldugu gosterilmistir. Farkli yollardan cevreye salinimi
gerceklesebildigi icin canli yasami ile siirekli i¢ igedir. Gilinliikk hayatta kullanilan bir¢ok esyalarda
bulunan BHPF ile ilgili yapilan ¢aligma sayis1 her gegen giin artis gostermektedir.

Derlememizde incelenen ¢alismalar sonucunda BHPF bilesigine farkli konsantrasyonlarda ve siirelerde
maruz kalan model organizmalar; norolojik, hormonal, kardiyolojik, histolojik, davranigsal ve morfolojik
olarak tepkiler ortaya koymuslardir. Canlilarin doku ve organlarinda gézlenmis olan bu yanitlar, aslinda
ekosistemin de olumsuz etkilendiginin bir gdstergesidir. BHPF' nin kurtulus yolu olarak goriilmesine
ragmen ortaya ¢ikan etkilerinden dolay1 endiseler artmistir.

Finansman

Yazarlar bu ¢alismanin arastirilmasi, yazarligi veya yayinlanmasi i¢in herhangi bir maddi destek almamugtir.
Cikar Catismasi/Ortak Cikar Beyani

Yazarlar tarafindan herhangi bir ¢ikar ¢atigmasi veya ortak ¢ikar beyan edilmemistir.

Yazarlarin Katkisi

Literatiir inceleme; FNA: % 70, ACG: % 30, Raporlama; ; FNA: % 70, ACG: % 30

Etik Kurul Onay:

Bu caligma etik kurul izni veya herhangi bir 6zel izin gerektirmez.

Arastirma ve Yayin Etigi Bildirgesi

Yazarlar, makalenin tiim siire¢lerinde Environmental Toxicology and Ecology Dergisinin bilimsel, etik ve alinti
kurallarina uyduklarini ve toplanan veriler iizerinde herhangi bir tahrifat yapmadiklarini beyan ederler. Ayrica
karsilasilabilecek etik ihlallerden Environmental Toxicology and Ecology ve yayin kurulunun hi¢bir sorumlulugu

olmadigini ve bu ¢alismanin Environmental Toxicology and Ecology disinda herhangi bir akademik yayin
ortaminda degerlendirilmedigini beyan ederler.
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Kene Kaynakl Enfeksiyonlar ile Tlgili Yapilmuis Calismalarin
Bibliyometrik Incelemesi

Isil Deniz ALIRAVCI
OZET

Kene kaynakli hastaliklar iilkemiz ve diinyada en yaygin goriilen vektor
kaynakli hastaliklar arasindadir. Kenelerle insanlara bulasan baslica
hastaliklar arasinda Kirim Kongo Kanamali Atesi (KKKA), Lyme
hastaligi, Tularemi, Q atesi, Kene kaynakli ensefalit, Akdeniz benekli
atesi, Monositik erlihyoz, Graniilositik erlihyoz ve Babezyoz bulunur.
Bu c¢alismada, kene kaynakli enfeksiyonlarla ilgili yayinlarin
bibliyografik incelemesi, artan vaka sayilarmin bilimsel literatiire
katkisinin irdelenmesi ve bu konuda calisma yapacaklara bakis agisi
kazandirmak amaglandi. Calisma icin Scopus ve PubMed veri
tabanlarinda 2012-2022 yillar1 arasinda indekslenen bilimsel yayinlarin
nicel bir analizi yapildi. Arama kelimesi olarak baglik kismina “tick-
borne infection’” anahtar kelimesi yazilarak Ingilizce kaynaklarda arama
gercgeklestirildi. Scopus’ta 727 adet medikal temelli arastirma makalesi
ve olgu sunumu yer alirken PubMed’de 6620 adet orjinal arastirma
makalesi bulundu. Caligmalarin %52.2’sinin tip alaninda oldugu, 2018
yilinda en fazla sayida makalenin yayimlandigy, iilkeler arasi siralamada
Amerika’nin 226 yaynla ilk sirada, Tiirkiye’nin ise 19 yayiminin oldugu
goriildii. Ticks and Tick-borne Diseases dergisi 225 say1 ile en fazla
makalenin yayinlandig1 dergi iken, konuyla ilgili en fazla yaymi olan
yazarlar sirastyla Sprong H, Raoult D, Labruna M.B olmustur.
Ulkemizde Kirim Kongo Kanamali Atesi en fazla sayida makale
¢ikarilan kene kaynakli enfeksiyonlarin baginda gelmektedir. Sonuglarin
keneyle bulasan enfeksiyonlarin 6neminin anlasilarak farkindaliginin
arttirllmasi ve dzellikle ¢ok sayida vakanin goriilmesine ragmen global
Olgek siralamasinda az sayida yayimin tiretildigi ilkemizde konuyla ilgili
aragtirmalarin bilylimesine katkida bulunacagi umulmaktadir.

Analysis of Publications on Tick-Borne Infections by
Bibliometric Analysis Method

ABSTRACT

Tick-borne diseases are among the most common vector-borne diseases
in our country and in the world. The main diseases transmitted to
humans by ticks include Crimean-Congo Hemorrhagic Fever (CCHF),
Lyme disease, Tularemia, Q fever, Tick-borne encephalitis,
Mediterranean spotted fever, Monocytic erythrocyte, Granulocytic
erythema, and Babesiosis. In this study, it was aimed to do
bibliographically examination of the publications related to tick-borne
infections, to examine the contribution of the increasing number of cases
to the scientific literature and to give a perspective to scientists who will
work on this issue. A quantitative analysis of scientific publications
indexed between 2012-2022 in the Scopus and PubMed databases was
performed for the study. The keyword "tick-borne infection" was written
as search word in the title section and search was preffered to carried
out in English sources. While Scopus has 727 medical-based research

Kene Kaynakli Enfeksiyonlar ile Ilgili Yapilmis Calismalarin Bibliyometrik Incelemesi 87


https://www.sciencedirect.com/journal/ticks-and-tick-borne-diseases
https://www.sciencedirect.com/journal/ticks-and-tick-borne-diseases
https://www.sciencedirect.com/journal/ticks-and-tick-borne-diseases
https://www.sciencedirect.com/journal/ticks-and-tick-borne-diseases
https://www.sciencedirect.com/journal/ticks-and-tick-borne-diseases
https://orcid.org/0000-0002-4740-1579

© Environmental Toxicology and Ecology

2022, Vol. 2 (2) }/'ETOXEC Research Article

ISSN: 2757-9719

articles and case reports, PubMed has 6620 original research articles. It was seen that 52.2% of the studies were in
the field of medicine, the highest number of articles were published in 2018, the USA ranked first with 226
publications and Turkey had 19 publications. While Ticks and Tick-borne Diseases was the journal in which the
most articles were published with 225 issues, the top three authors with the highest number of publications on the
subject were Sprong H, Raoult D, Labruna M.B, respectively. In our country, Crimean-Congo Hemorrhagic Fever
is one of the tick-borne infections with the highest number of articles published. It is hoped that the results will
increase awareness by understanding the importance of tick-borne infections and contribute to the growth of
research on the subject, especially in our country, where few publications are produced in the global scale despite
the large number of cases.

1. GIRIS

Keneler, bircok zoonotik patojenin énemli vektorlerinden biri olup hali hazirda diinyada yaklasik 900
kene tiiriiniin oldugu kabul edilmistir. Kenelerin ve kene kaynakli patojenlerin cografi dagilimlari, kiiresel
ve yerel cevresel (iklim dahil) degisiklikler nedeniyle degismektedir [1]. Kene kaynakli hastaliklarin
insidans1 Kuzey Amerika, Avrupa ve Asyanin iliman boélgelerinde son 50 yilda giderek daha fazla
artmigtir. Keneleri ve bulastirdiklar1 hastaliklar1 kontrol altina almak son derece zor olup gelisi giizel
tedavilerin kullanilmas1 yeni sorunlar ortaya cikarmaktadir (direngli kene tiirlerinin ortaya ¢ikmasi,
kirlilik, maliyet vb.) [2]. Kene kaynakli hastaliklarin insidans yiikselisi iklim, habitat ve konaktaki
degisikliklere, arazi kullanimina, ana konaklarin bolluguna ve insanlarin enfekte kenelere maruz kalma
olasiliginin artmis olmasina baglanmstir [3,4].

Borrelia burgdorferi, Anaplasma phagocytophilum, Babesia microti ve Powassan viriisii, Ixodes tiirii kene
kaynakli zoonoz ajanlaridir [5]. Keneler gelismelerini tamamlamak i¢in omurgalilarin kan destegine
ithtiyac duyar ve insan dahil olmak iizere birgok farkli konaker tiirii vardir. Ayrica riketsiya, spiroketler ve
virlisler gibi bir dizi patojenik organizmaya konaklik eden en etkili enfeksiyoz vektorlerin baginda
gelmektedir. Felg ve toksikoz, tahris ve alerji gibi ciddi bir¢ok saglik sorununa neden olabilir [6].

Insanlar, enfekte keneler tarafindan 1sirilarak veya enfekte hayvanlarm kan, doku veya viicut sivilarryla
etkilesime girerek viriisii kapabilirler. Keneler ¢ogu zaman birden fazla patojen etkeni barindirabilir.
Hemorajik sendromun baslangicindan 6nce, durum genellikle spesifik olmayan belirti ve semptomlarla
karakterize edilir. Genel olarak %S5 ila %30 arasinda bir 6liim orani bildirilmektedir. Kenelerle bulasan
baslica bakteriyel, viral ve protozoon kaynakli enfeksiyonlar arasinda tularemi, Lyme hastaligi, Q atesi,
kene kaynakli niiks eden ates, Akdeniz benekli atesi, diger benekli ates grubu riketsiyalarin neden oldugu
enfeksiyonlar, erlisyoz, anaplazmoz, Kirim-Kongo kanamali atesi, kene kaynakli ensefalit, Colorado kene
atesi ve kene iliskili giiney dokiintli hastalifi, Babezyoz yer almaktadir [7].

2. GEREC ve YONTEM

Bu makalenin amaci, bibliyometriyi bilimsel aktiviteyi 6l¢mek i¢in bir analiz araci olarak kullanarak,
kene ve kontrolii ile ilgili bilimsel {iretimin analizini sunmaktir. Bu ¢aligmada Scopus ve PubMed veri
tabanlarinda 2012-2022 yillar1 arasindaki ‘tick-borne infection bashigi’ taranarak c¢ikan sonuclarin
bibliyometrik analizi yapilmistir. Bu alandaki yayinlarin bibliyometrik analizi yapilarak keneyle bulasan
enfeksiyon hastaliklar1 ile ilgili bilimsel verilerin olusturuldugu bilgi havuzuna ulasilarak diinyadaki
egilimler ve oncelikler hakkinda gercek ve somut verilerin saglanmas1 amaglanmastir.
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Arastirmanin amaci bibliyometrik tekniklerden yararlanarak kene kaynakli enfeksiyonlar hakkinda
literatiirde bulunan verileri 6lgmektir. Yaymlarin ¢ogunlugunun Ingilizce yayinlanmasi gerekgesiyle,
arama dili Ingilizce yapilan arastirmada yaym Kkalitesini degerlendirmek, arastirma iiretkenligindeki
kiiresel egilimleri haritalamak ve disiplinler arasi ittifaklar1 degerlendirmek amaglanmustir.

Calismada, igerik analizi ve betimsel analiz (frekans analizi) yontemleri beraber kullanildi. Arastirmada
elde edilen verilerin analizinde ve grafiklerin olusturulmasinda SPSS versiyon 25 programi [Statistical
Packages for the Social Sciences (SPSS) version 25 commercial software (IBM Corp.; Armonk, NY,
USA)] kullanildi. Kategorik gruplarin genel 6zellikleri say1 ve ylizde olarak 6zetlendi. Gorsellestirmeler
icin Windows 10 programinin sundugu grafiklerden ve Scopus veritabanina ait grafiklerden yararlanildi.

3. BULGULAR

“Tick-borne infection’ baglig1 tarandiginda Scopus’ta 727 adet medikal temelli arastirma makalesi ve
olgu sunumu yer alirken PubMed’de 6620 adet orijinal arastirma makalesi bulunmustur. Bunlarin
alanlarina gore dagilimi asagida yer almaktadir. Tip alaninin %52.2 ile en iretken bilim dali oldugu
goriilmistiir (Sekil 1). Diger arastirmalarin yayinlar1 (derlemeler, editére mektuplar vb.) analiz disi
brrakilmistir.

Diger (%0,8)
Saglik Personelleri (%0,4) -

Sosyal Bilimler (%0,8)

Norobilimler (%0,8)
Farmakoloi Toksikoloji ve
Eczaalik (%1,3)

Cevre Bilimi (%1,9)

Veterinerlik (%2,3)
Biyokimya, genetik ve
molekiler biyoloji ( %2,5)

Tip (%52,2)

Tanm ve biyolojik bilim
(%9,7)

immunoloji ve Viroloji (%27,6)

Sekil 1. 2012-2022 aras1 kene kaynakli enfeksiyonlarla ilgili yapilan ¢alismalarin alan Scopus’taki dagilimi.

Calismalarin yillara gore kiimelenmesine bakildiginda 2018 yilinda en fazla sayida makalenin
yayinlanmis oldugu dikkat ¢ekmektedir. Asagida yer alan grafikte 2012-2022 yillar1 arasinda Scopus’ta
taranan 727 arastirma makalesi ve olgu sunumlarinin yillara gére dagilimi yer almaktadir (Sekil 2).
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Sekil 2. Scopus’ta belirlenen kene kaynakli enfeksiyonlarla ilgili yapilan 2012-2022 yillar1 arasindaki
aragtirmalarin yillara gore dagilimi.

Ayni yaymnlar llkeler arasi siraladigimizda Amerika yaklagik 226 yayinla ilk sirada yer alirken
Tiirkiye’den 19 yaymnmn oldugu goriilmiistiir. ilk ii¢ sirada Amerika’nin 226 yaym sayisiyla birinci,
Almanya’nin ikinci, Fransa’nin {igiincii sirada yer aldigi izlenmistir (Sekil 3).

United States | 226
Germany G 57
France G G
china N 44
United Kingdom | 44
naly N 42
Jjapan I 34
Netherlands NI 32
Sweden NN 32
Turkey N 19
0 25 50 75 100 125 150 175 200 225 250

Sekil 3. Scopus analizlerinde 2012-2022 yillar1 arasinda keneye bagl enfeksiyonlarla ilgili arastirma makalelerinin
yaymlandig iilkeler.
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Yapilan caligmalar, iilkeler arasinda goriilen farkli vakalarin ekseninde gerceklesmistir. Yukaridaki
haritada boyanmayan {iilkeler vaka bildirimi olmayan iilkelerdir. Mor boyanan tilkeler vaka bildirimi olan
iilkeler olup aragtirma makalesi yaymlamamis {ilkelerdir. Bu nedenle sifir 6lgeginde yer almislardir.
Ornegin Amerika ve Asya’da kene kaynakli farkli enfeksiyon cesitleri goriildiigiinden yapilan
arastirmalar da bu dogrultuda farklilasmistir (Sekil 4). Giinlimiizde farklilasan iklim kosullari, gocler ve
globallesme sonucu ortak soruna yol agan enfeksiyonlarin arastirilmasinda ise bir yogunluk
goriilmektedir.

Sekil 4. Kene Kaynakli Enfeksiyon Hastaliklarla ilgili yapilan aragtirma makalelerinin iilkelere gore dagilima.

En fazla yayim olan ilk {i¢ yazar sirasiyla Sprong H, Raoult D, Labruna M.B (Sekil 5) iken Tiirkiye’den
Seving F. ise 3 makale ile ilk siradadir.

Sprong, H.
Raout, 0. - | 13
Labruna, M. [ 14
Parola, P. |
Dobler, G.
Socolovschi, C. |GG O
Pleffer, M. |
Silaghi, C. I
Xuan, X. I
Cisak, €. |
0 2 4 6 8 10 12 14 16 18 20

19

Sekil 5. Scopus verilerine gore 2012-2022 yillar1 arasinda yayin yapan yazarlara gore dagilim.
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Aragtirma makalelerinin yayinlandig1 dergilere bakildiginda Ticks and Tick-borne Diseases 225 makale
sayistyla ilk sirada yer almaktadir (Sekil 6).
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Sekil 6. Scopus verilerine gore 2012-2022 yillar1 arasinda yayinlanan arastirma makalelerinin
yaymlandig1 dergiler.

Ulkemizde Scopus’ta taranmis ‘tick borne infection’ bashigi altinda Kene Kaynakli Enfeksiyon
hastaliklarini igeren 19 adet orijinal makale bulunmus ve grafigi asagida verilmistir (derlemeler, editore
mektuplar disarida birakilmig). Bu makaleler Tip dergilerinde yer alan aragtirma makaleleridir (Sekil 7).

6

0 | I I I I I I

Prevealans Veterinerlik  Babesia Rickettsia Kinm kongo  Borellia Bati Nil

w

o]

[y

Sekil 7. Scopusta yer alan 2012-2022 kene kaynakli enfeksiyon analizinde Tiirkiye tabanli arastirma
makaleleri ve olgu raporlarinda yer alan hastalik ve yayn sayilari.

TrDizin’de kene kaynakli enfeksiyon tarama basligi altinda 2012-2022 aras1 16 adet olgu sunumu ve
arastirma makalesi bulunmustur. Bunlarin hastaliklara gore grafigi ektedir. Kirim Kongo Kanamali Atesi
en fazla makale ¢ikarilan kene kaynakli enfeksiyonlarin basinda gelmektedir (Sekil 8).
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Sekil 8. Kene kaynakli enfeksiyonlarin hastaliklara gore grafigi.

Caligmamizda ayrica VOSViewer bilgisayar programi kullanilarak arastirilan anahtar kelimelerin
yogunluk diyagrami olusturulmustur. Tick-Borne ile en ¢ok arastirilan anahtar kelimelerin basinda
"animal" gelmektedir. Bu anahtar kelimeyi; kene, hayvan hastaligi, istila, disi, parazitoloji kelimeleri
izlemekte olup kirmizi renkte gosterilmislerdir. Akarisit, akarisitler, amitraz, biyolojik kontrol,
ivermektin, amblyomma americanum, boophilus microplus, kene kaynakli hastaliklar ve kontrol gibi
anahtar kelimelerini i¢eren aragtirmalarin yiizdesi daha diisiik oldugu i¢in yesil renkte gruplandirilmistir
(Sekil 9).
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Sekil 9. Calismaya dahil - yayinlardaki anahtar kelimelerin yogunluk diagramu.
3. TARTISMA

Vektor kaynakli hastaliklardan olan keneyle bulasan enfeksiyonlar hem insan hem de hayvan saglig1 i¢in
biiyiilk 6nem tagimaktadir. Hastalik etkenlerinin; bakteriyel, viral, protozoal ve riketsiyal olacak sekilde
cesitli oldugu izlenmistir.

Bibliyometrik analizler bir bilim dalindaki yaynlari, tezleri, bilimsel tiretkenligi degerlendirmeye imkéan
saglayan, veri analizi ¢alismalar1 olup, son yillarda tip literatiiriinde de yer almaya baglamistir. Bu yontem
ile bilimsel literatiir, veri tabanlar1 kullanilarak ve gorsellestirmeler yapilarak analiz edilmekte ve ilgili
konunun caligmacilarina fikir saglama imkani sunulmaktadir. Bir¢cok calismada Web of Science Core
Collection (WoSCC), Scopus, PubMed, Medline gibi veri tabanlari kullanilarak analizler yapildigi
gorilmustir [9-12].

Bu makalede, keneyle bulasan enfeksiyonlarla ilgili bilimsel yayinlarin nicel bir bibliyometrik analizi
yapilmistir.

Literatiirde konu ile ilgili Oklahoma c¢ikislh vektor kaynakli hastalik arastirmalarit egilimleri ve bilgi
eksikliklerini [14] ve Kirim-Kongo Kanamali Atesi ile ilgili bilimsel arastirmalarin nicelik analizini
belirlemek amagli yapilmis olan iki adet bibliyometrik analiz disinda [15] ¢alismamiza benzer bir ¢alisma
bulunamamustir.

Bu calismada, 2012-2022 tarih araliginda Scopus ve PubMed tabanlarinda indekslenen dokiimanlar
bibliyometrik analize dahil edilmistir. Yayin sayist agirlikli olarak 2014-2016 yillar1 arasinda artan yayin
sayist ile biiyiik bir gelisme gostermistir [8]. Calismalar Hollanda, Amerika Birlesik Devletleri,
Avustralya ve Birlesik Krallik'ta yogunlasan aragtirmacilardan alinmistir. Calisma sonucu, konuyla ilgili
en fazla yayin1 bulunan iilkenin nerdeyse tiim diger bibliyometrik analizlerde oldugu gibi [9-12] ABD
oldugu saptandi. Bu durum ABD’deki arastirmaci sayisinin fazlaligina ve Lyme Hastalig1 basta olmak
tizere pek ¢ok kene kaynakli enfeksiyonun (B. mayonii, B. miyamotoi, insan graniilositik anaplazmozu,
Babesiosis, Powassan ensefaliti vs.) ABD’de endemik olmasina baglanabilir [13].

Yayinlarin yapildiklar1 bilim dallar1 incelendiginde, ¢alismalarin %52,2’sinin tip alaninda yogunlastigi
goriilmekle beraber farkli bilim dallarindan da literatiire katki oldugu saptandi (Grafik 1). Arastirma
makalelerinin yaymlandigi dergilere bakildiginda ilk ii¢ dergi siralamasinda Ticks and Tick-borne
Diseases, Parasites and Vectors ve Vector-Borne and Zoonotic Diseases dergilerinin yer aldigi goriildi
(Grafik 6).

Kene kaynakli enfeksiyonlar bagligi altinda Tiirkiye tabanli arastirma makaleleri incelendiginde Scopus
veri tabaninda Tiirkiye’den Sevin¢ F.’nin en iiretken yazar oldugu ve TrDizin’deve Scopusta, Kirim
Kongo Kanamali Atesi (KKKA) ile ilgili ¢alismalarin say1 olarak 6n plana gectigi goriilmiistiir. Bunun
nedeni olarak KKKA hastaliginin iilkemizde diger kene kaynakli enfeksiyonlardan daha sik goriilmesine
baglanmistir. Calismalarda hastalik etkeni RNA virlisiiniin, Hyalomma marginatum, H. anatolicum,
Haemaphysalis punctata, Amblyomma variegatum, H. truncatum, Rhipicephalus bursa tiirii keneler
tarafindan tasindigi bildirilmis olmakla birlikte [17] hastalik i¢in esas vektor’iin H. marginatum oldugu
gosterilmistir [16]. Ulkemizde insanlarda kene tutunma vakalarmin dnemli bir problem oldugu kene
1siriginm konu edildigi calismalarda gosterilmistir [18-21]. ik KKKA vakasi 2002 yilinda Tokat ilinde
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goriilmiistiir. Leblebicioglu ve arkadaslarinin ¢alismasinda 2015 yili Aralik ayina kadar toplam 9787 vaka
goriildigi, 469unun (%4,79) 6liimle sonuglandig1 rapor edilmistir [22].

Ulkemizde kene ile insanlara bulasan hastaliklar konusunda KKKA ile ilgili calismalara agirlik
verildiginden otlirii kene ile bulasan diger hastalik etkenlerinin ger¢ek durumu bilinmemektedir. Bu
nedenle iilke genelinde bu hastaliklarin epidemiyolojileri, vektorleri ve klinikleri ile ilgili detayl
caligmalarin yapilmasi onerilmektedir.

Bu makalede sunulan sonuglarin, keneyle bulagan enfeksiyonlarin 6neminin anlasilmasi ve farkindaligina
katkida bulunacagi ve 6zellikle dergilerde az sayida yaymin bulundugu ancak ¢ok sayida vakanin oldugu
tilkemizde konuyla ilgili arastirmalarin biiylimesine katki saglayacagi umulmaktadir.

Cahsmamn kisithhiklari: Calismada iki veri tabanindaki son on yilin taramasi yapilarak farkli datalar
kullanilmistir.  Bu nedenle kene kaynakli enfeksiyonlar konusundaki tiim bilimsel literatiirii
yansitmayabilir.

Finansman

Yazarlar bu ¢alismanin arastirilmasi, yazarligi veya yayinlanmasi i¢in herhangi bir maddi destek almamustir.
Cikar Catismasy/Ortak Cikar Beyani

Yazar tarafindan herhangi bir ¢ikar ¢atismasi veya ortak ¢ikar beyan edilmemistir.

Etik Kurul Onay:

Bu c¢alisma etik kurul izni veya herhangi bir 6zel izin gerektirmez.

Aragtirma ve Yayin Etigi Bildirgesi

Yazarlar, makalenin tiim siire¢lerinde Environmental Toxicology and Ecology Dergisinin bilimsel, etik ve alint1
kurallarina uyduklarini ve toplanan veriler iizerinde herhangi bir tahrifat yapmadiklarini beyan ederler. Ayrica
karsilasilabilecek etik ihlallerden Environmental Toxicology and Ecology ve yayin kurulunun higbir sorumlulugu

olmadigini ve bu calismanin Environmental Toxicology and Ecology disinda herhangi bir akademik yayin
ortaminda degerlendirilmedigini beyan ederler.
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Cansu AKBULUT
OZET

Bir bisfenol ¢esidi olan triklosan, antibakteriyel sabun, deodorant, dis
macunu, el kremi gibi kigisel bakim iiriinlerinin yani sira kumaslarda,
oyuncak, dis fircas1 sapi, mutfakta kullanilan plastikler gibi pek c¢ok
iiriiniin yapisinda koruyucu, antiseptik, antimikrobiyal ve dezenfektan
olarak kullanilmaktadir. Onemli biyositlerden ve gevresel kirleticilerden
biri olan triklosan, yer alt1 sular1 araciligi ile ekosisteme karigmakta ve
sucul canlilarin yagaminmi tehdit etmektedir. Bu c¢aligma kapsaminda
triklosanin zebra balig1 ince bagirsak dokularinda yarattigi histopatolojik
etkilerin incelenmesi amaglanmistir. Baliklara, 5 giin boyunca 34, 85 and
170 pg/L’lik triklosan uygulamast yapilmistir. 5 giinlilk maruziyet
stiresinin sonunda ince bagirsak dokular1 disekte edilmistir. Dokular
Bouin fiksatifi ile 24 saat boyunca fikse edilmis, ardindan rutin histolojik
teknikler uygulanmistir. Dokulardan mikrotom yardimi ile 5 pm
kalinhiginda kesitler alindiktan sonra Hematoksilen&Eozin boyamasi
yapilmistir. Boyanan kesitler 151k mikroskobu altinda degerlendirilerek
histopatolojik degisimler gozlenmistir. Kontrol grubunda normal ince
bagirsak dokusu gozlenirken deney gruplarinda villus yapisinda
dejenerasyon, villuslarda birlesme, inflamasyona bagli olarak enterosit ve
lenfosit sayisinda artig, Goblet hiicrelerinde hiperplazi ve muskularis
externada kalinlagma tespit edilmistir.

Histopathological Effects of Triclosan on Zebrafish (Danio
rerio) Intestine

ABSTRACT

Triclosan, a type of bisphenol, is used as a preservative, antiseptic,
antimicrobial and disinfectant in the structure of many products such as
antibacterial soap, deodorant, toothpaste, hand cream, as well as personal
care products such as fabrics, toys, toothbrush handles, and plastics used
in the kitchen. Triclosan, which is one of the important biocides and
environmental pollutants, mixes with the ecosystem through groundwater
and threatens the life of aquatic organisms. In this study, it was aimed to
examine the histopathological effects of triclosan on zebrafish intetinal
tissues. Fish were treated with 34, 85 and 170 pg/L triclosan for 5 days.
At the end of the 5-days of exposure period, the intestinal tissues were
dissected. Tissues were fixed with Bouin's fixative for 24 hours, followed
by routine histological techniques. Hematoxylin & Eosin staining was
performed after 5 um thick sections were taken from the tissues with a
microtome. Stained sections were evaluated under a light microscope and
histopathological changes were observed. While normal intestinal tissue
was observed in the control group, degeneration in the villus structure,
fusion of the villi, an increase in the number of enterocytes and
lymphocytes due to inflammation, hyperplasia in the goblet cells and
thickening of the muscularis externa were detected in the experimental
groups.
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1. GIRIS

1960’11 yillarin basinda genis spektrumlu antibiyotik olarak iretilen triklosan (TCS; 2,4,4'-trikloro-2'-
hidroksidifenil eter), kisisel bakim {irlinleri, mutfak esyalari, oyuncaklar, kumaslar ve plastik trtinler gibi
pek c¢ok iirlinde koruyucu ve antimikrobiyal olarak kullanilan bir kimyasaldir [1,2]. Bir¢ok bakteri ve
mantar tiiriine kars1 etkili olan TCS, bakterilerin hiicre duvarina niifuz ettikten sonra, RNA sentezi ve
makromolekiil iiretimi dahil olmak iizere bir¢ok sitoplazmik ve membran bdlgesini hedefleyerek bakterinin
Oliimiine yol acar [3].

TCS, fenol, difenil eter ve poliklorlu bifenil fonksiyonel gruplar1 igeren halojenli aromatik hidrokarbon
olarak smiflandirilabilir [4]. Halojenli bir bifenil eter olan TCS'nin kimyasal yapis1 iki aromatik halkali
molekiil icermesi sebebiyle poliklorlu bifeniller (PCB'ler), polibromlu difenil eterler (PBDE'ler), bispenol
A, dioksinler ve tiroid hormonlarina benzer [2,5-7].

Yiiksek kullanim oranina bagl olarak TCS, yer alt1 sularina karigsarak sucul ekosisteme ulagmaktadir [2].
Bu kimyasalin sucul canlilar i¢in oldukga toksik oldugu diistiniilmektedir. Bu nedenle triklosanin ¢evreye
yiiksek diizeyde desarj edilmesi durumunda ekosistemin dengesini tahrip edecegi beklenmektedir [8].
TCS’in ekosisteme desarj1 sonucu biyolojik ve fotolitik bozunma, metiltriklosan ve diger klorlu fenoller
gibi yan iirlinlerin olugmasina yol acar. Bu yan {iriinler, bozunmaya kars1 daha direncli ve ana bilesige gore
daha yiiksek toksisiteye sahip olabilir. Suda yasayan organizmalarin siirekli olarak TCS'ye maruz kalmasi,
biyolojik birikim potansiyeline yol agmaktadir. TCS ylizey sularinda, sedimentlerde, topraklarda, su
tirlerinde ve insanlarda tespit edilmistir [2, 9-11].

Onemli biyositlerden biri olmas1 nedeniyle triklosanin toksisitesi pek ¢ok sucul organizmada arastirilmistir.
Zebra baligi (Danio rerio), Lepomis macrochirus, gokkusagi alabaligi (Oncorhynchus mykiss), Japon piring
baligi (medaka) (Oryzias latipes) ve Pimephales promelas gibi bircok balikta medyan oldiiriicii
konsantrasyonunun (LCsg) 270-602 pg/L arasinda oldugu bulunmustur [8, 12-15]. Zebra baliklarinda 96
saatlik LCso degeri 0.34 mg/L olarak tespit edilmistir [16].

Zebra baligi, biyolojik ve genetik gelisim asamalarindan insan hastaliklarina kadar bir¢ok alanda yaygin
olarak kullanilan bir omurgali hayvan modelidir. Laboratuvarda bakiminin kolay olmasi, yasam
dongiistiniin kisa olmasi ve degisken ¢evre kosullarina dayanikli olmasi nedeniyle 6zellikle ¢evresel
toksikoloji calismalarinda tercih edilmektedir. Toksikoloji ¢alismalarinin 6n saflarinda yer alan zebra
balig1, endokrin bozucu kimyasallar, agir metaller ve bu kirleticilerin neden oldugu hastaliklar gibi ¢evresel
kontaminantlarin mekanizmalarini arastirmak i¢in su 6rneklerinde kontaminantlarin kalitatif veya kantitatif
taranmasinda bir ara¢ olarak yaygin olarak kullanilmaktadir [17-19]. Bu calismada triklosanin subletal
konsantrasyonlarinin, zebra balig1 ince bagirsak dokularinda yarattigi histopatolojik degisimlerin
incelenmesi amag¢lanmustir.

2. MATERYAL VE METOD
2.1. Test Kimyasah

Calisma kapsaminda kullanilan triklosan (CAS No: 3380-34-5) Sigma Aldrich (Almanya)’den temin
edilmistir.
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Calisma kapsaminda bir kontrol ve 3 deney grubu olmak tizere 4 grup olusturulmustur. Her grupta 10 adet
eriskin zebra balig1 kullanilmistir. Baliklar 30 L kapasiteli akvaryumlarda, 12 saat aydinlik:12 saat karanlik
fotoperiyodunda ve 28+1°C su sicakliginda tutulmustur. Deney gruplarina 96 saatlik LCS50
konsantrasyonlar1 goz Oniinde bulundurularak sirasiyla 34, 85 ve 170 pg/L’lik TCS uygulanmustir.
Triklosan, uygulanmadan O6nce asetonda ¢oziilerek stok soliisyon olusturulmustur. 250 pl/L’lik aseton
konsantrasyonu ile en yiiksek aseton konsantrasyonu kontrol grubunda yer almistir.

2.3. Histolojik Islemler

5 giinliik maruziyet siiresinin ardindan ince bagirsak dokular1 disekte edilerek ¢ikarilmistir. Dokular Bouin
fiksatifi ile 24 saat boyunca fikse edilmistir. Fiksasyon siiresinin ardindan, dokular yiikselen etil alkol
serilerinden gegirilip ksilol ile seffaflastirilmistir. Parafine gomiilmiis olan ince bagirsak dokularindan
mikrotom ile kesitler alinmis ve H&E boyamasi yapildiktan sonra dokular 1sik mikroskobu ile
degerlendirilmistir.

3. BULGULAR

3.1. Kontrol Grubu

Kontrol grubuna ait érnekler incelendiginde normal ince bagirsak histolojisi gézlenmistir. Ince bagirsak
dokusundan alinan enine kesitler incelendiginde villus yapilar1 ve katmanlar1 net bir sekilde gézlenmistir.
Seroza, muskularis eksterna ve mukoza tabakalar1 151k mikroskobu altinda ayirt edilmistir. Mukozanin
liimene bakan kisminda yer alan yer alan silindirik epitel hiicreleri, bu hiicrelerin arasinda tek tek yer alan
Goblet hiicreleri ve epitel tabakasinin hemen altinda yer alan lamina propria goriintiilenmistir (Sekil 1a,

1b).

-

'n‘

Sekil 1. Kontrol grubu ince bagirsak histolojisi, S: seroza, ME: muskularis eksterna, M: mukoza, G: Goblet hiicresi,
V: villus, LP: lamina propria.
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3.2. 34 pg/L TCS Uygulamasi Yapilmis Grup

Kontrol grubu ile kiyaslandiginda, 34 pg/LL TCS uygulamasi yapilmis grupta lamina propriada
parcalanmalar ve dejenerasyonlar tespit edilmistir (Sekil 2a, 2b). Goblet hiicrelerinde hiperplazi izlenmistir
(Sekil 2¢). Bunun yani sira villus yapisinda genisleme ile enterosit ve lenfosit sayisinda artis gézlenmistir
(Sekil 2c¢).

Sekil 2. 34 pg/l. TCS uygulamasi yapilmig gruptaki ince bagirsak histolojisi, kirmizi ok: lamina propriada
dejenerasyon, siyah ok: Goblet hiicrelerinde hiperplazi, kirmizi kare: lamina propriada parcalanma, siyah dortgen:
enterosit ve lenfosit sayisinda artis, ¢ift tarafli ok: villus yapisinda genisleme.

3.3. 85 pg/L TCS Uygulamasi Yapilmis Grup

85 pg/L TCS uygulamasi yapilmis grupta, 34 pg/L’lik gruba benzer olarak lamina propriada parcalanma ve
dejenerasyonlar gdzlenmistir (Sekil 3a, 3c). Villuslarda birlesme ve Goblet hiicrelerinde hiperplazi dikkat ¢ekmistir
(Sekil 3a). Bazi villuslarda 6dem goriilmiistiir (Sekil 3b). Muskularis eksternada kalinlagma goriintiilenmistir (Sekil
3¢).
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Sekil 3. 85 pug/L TCS uygulamasi yapilmig gruptaki ince bagirsak histolojisi, kare: lamina propriada dejenerasyon
ve par¢alanma, siyah ok: Goblet hiicrelerinde hiperplazi, asteriks: villuslarda 6dem, ¢izgi: muskularis eksternada
genisleme, ¢ift tarafli ok: villuslarda birlesme.

3.4.170 pg/L TCS Uygulamasi Yapilmis Grup

170 pg/L TCS uygulamast yapilan grupta histopatolojik etkilerin daha siddetli oldugu gézlenmistir. Bu gruptaki ince
bagirsak villus epitelleri incelendiginde firga kenar yapisinda bozulma izlenmistir (Sekil 4a). inflamasyona bagh
olarak enterosit ve lenfositlerde hiperplazi tespit edilmistir (Sekil 4a). Villuslarda belirgin vakuolizasyon goriilmiistiir
(Sekil 4b, 4c). Bazi villuslarda birlesme gozlenmistir (Sekil 4c).
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Sekil 4. pg/L TCS uygulamasi yapilmis gruptaki ince bagirsak histolojisi, ok: firca kenar yapisinda bozulma,
yildiz: enterosit ve lenfositlerde hiperplazi, asteriks: 6dem.

3. TARTISMA

Gilintimiizde kisisel bakim friinlerinin ve plastiklerin kullanimi olduk¢a yaygindir. Bu iiriinler, ¢esitli
yollarla sucul organizmalar etkileme potansiyeline sahip kimyasallar icermektedir. Siiphesiz ki triklosan
da bunlardan biridir. Triklosanin zebra baligi solungag, karaciger, testis ve ovaryum dokularinda
histopatolojik etkilere yol actigi1 tespit edilmistir [19, 20]. Cesitli ¢aligsmalar, triklosanin canlilarda endokrin
bozucu potansiyelinin de oldugunu gostermektedir [20-25]. Endokrin bozucu potansiyeli olan pestisitlerden
biri olan imidaklopridin [26] zebra balig1 ince bagirsak dokusunda villus yapisinda ve fir¢a kenar yapisinda
dejenerasyon, enterosit sayisinda artis ve lamina propriada parcalanma gibi etkiler gézlenmistir [27].
Benzer etkiler bu ¢alismada da mevcuttur. inflamasyona bagl olarak enterosit ve lenfosit sayisinda artis
gozlenmistir. Triklosanin farelerde inflamasyonla karakterize kolite sebep oldugu gosterilmistir [28].

Endokrin bozucu kimyasallar, farkli baliklarin ince bagirsak dokularinda da benzer histopatolojik etkilere
sebep olmaktadirlar. Onemli endokrin bozuculardan nonilfenoliin alabalik (Salmo trutta caspius) ince
bagirsak dokusunda histopatolojik etkilerinin incelendigi bir calismada villus boyutunda kisalma,
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villuslarda birlesme, Goblet hiicrelerinde hipertrofi ve hiperplazi goézlenmistir [29]. Bu ¢alismada farkli
olarak, Goblet hiicrelerinde hipertrofi ve villuslarda kisalmaya rastlanmamistir. Tarimda siklikla kullanilan
pestisitlerden biri olan thiodanin (endosiilfan) sivrisinek baligi (Gambusia affinis) ince bagirsak dokusunda
lamina propriada lenfosit birikimi, 6dem, dejenerasyon, villus par¢alanmasi, piknotik ¢ekirdek ve nekroz
tespit edilmistir [30]. Lamina propriada lenfosit artis1 ve villus dejenerasyonu bulgular1 benzer olarak bu
calismada da izlenmistir. Lindanin ot sazani (Ctenopharyngodon idella) ince bagirsak dokusunda, villus
yapisinda dejenerasyon, ve vakuolizasyon gozlenmistir. Buna ek olarak epitel hiicrelerinde tahribat ve
deformasyon tespit edilmistir [31].

Sonug olarak, endokrin bozucu 6zelligi olan ¢esitli kimyasallarin ve pestisitlerin baliklarin ince bagirsak
dokularinda inflamasyona ve dejenerasyona neden oldugu agiktir. Gelecekteki caligsmalar, ozellikle
endokrin bozucu potansiyeli olan ¢evresel kirleticilerin sucul canlilardaki akut ve kronik etkilerinin daha
detayli arastirilmasi iizerine odaklanmalidir. Bu kimyasallarin ve de bu kimyasallar1 igeren iirtinlerin
dikkatli bir sekilde kullanilmas1 ve geri doniistiiriilmesi, ¢evreyi korumak ve suda yasayan organizmalarin
yasamlarini stirdlirmesi i¢in ¢ok 6nemlidir.
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Finansman

Yazar bu ¢alismanin aragtirilmasi, yazarligi veya yaymlanmasi i¢in herhangi bir maddi destek almamustir.
Cikar Catismasi/Ortak Cikar Beyani

Yazar tarafindan herhangi bir ¢ikar catismasi veya ortak ¢ikar beyan edilmemistir.

Arastirma ve Yayin Etigi Bildirgesi

Yazarlar, makalenin tiim siire¢lerinde Environmental Toxicology and Ecology Dergisinin bilimsel, etik ve alinti
kurallarina uyduklarin1 ve toplanan veriler lizerinde herhangi bir tahrifat yapmadiklarini beyan ederler. Ayrica
karsilagilabilecek etik ihlallerden Environmental Toxicology and Ecology ve yaymn kurulunun hic¢bir sorumlulugu
olmadigini ve bu ¢alismanin Environmental Toxicology and Ecology disinda herhangi bir akademik yayin ortaminda
degerlendirilmedigini beyan ederler.
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Antimicrobial Activity of Various Extracts of Centaurea
balsamita Lam. And Centaurea coronopifolia Lam.

Nuray YILDIRIMY ©' Mehtap AKIN?

Hatice TANER SARACOGLU?
ABSTRACT

Members of Centaurea have been widely used to treat various diseases in
Turkish folk medicine. The antimicrobial activities of ethanol, acetone,
ethyl acetate and chloroform extracts from Centaurea balsamita Lam. and
Centaurea coronopifolia Lam. species were evaluated against some
bacteria (Bacillus cereus, Bacillus subtilis, Escherichia coli,
Staphylococcus aureus, Salmonella typhimurium, Streptococcus
salivarius) by broth microdilutation method. All the extracts exhibited
antimicrobial activity of different range against the tested bacteria. The
chloroform extract of C. balsamita was the most effective against B.
cereus strain (0,039 ug/mL). Also, all the extracts tested against the
microorganisms had strong antimicrobial activity against S. aureus strains
(20 pg/mL), except the ethanol extracts which had lower activity.

Centaurea balsamita Lam. ve Centaurea coronopifolia Lam.
Tiirlerine Ait Farkhh Ekstraktlarin Antimikrobiyal Aktivitesi

OZET

Centaurea tiirleri Tirk geleneksel tibbinda cesitli hastaliklarin
tedavisinde yaygin olarak kullanilmaktadir. Bu arastirma kapsaminda,
Centaurea balsamita Lam. and Centaurea coronopifolia Lam. tiirlerinin
etanol, aseton, etil asetat ve kloroform ile hazirlanan ekstraktlarinin bazi
bakterilere karsi (Bacillus cereus, Bacillus subtilis, Escherichia coli,
Staphylococcus aureus, , Salmonella typhimurium, Streptococcus
salivarius) antimikrobiyal aktiviteleri broth mikrodiliisyon yontemi ile
arastirilmugtir. Bitki ekstraktlari test edilen mikrooganizmalara karsi farkli
araliklarda antimikrobiyal etki gostermistir. Tiim ekstraktlar iginde C.
balsamita’nin kloroform ekstresi B. cereus’a karsi en yiiksek
antimikrobiyal aktiviteyi gostermistir (0,039 pg/mL). Ayrica, etanol
ekstraktt disinda tiim ekstraktlar S. aureus suslarina karsi yiiksek
antimikrobiyal aktivite gostermistir (20 ug/mL).

1. INTRODUCTION

Plant-based medicine has been used from the ancient times, which
remains today [1]. Use of plant-based medicine is increasing
overtime, accordingly studies on the therapeutic effects of these
plants gain more importance [2, 3]. Previous studies have shown
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that many medicinal plant extracts contain robust antimicrobial agents against a wide variety of pathological
microorganisms [4, 5].

Centaurea is a medicinal herb from the Asteraceae family, which is particularly important as they are used
to obtain bioactive compounds [6, 7]. The genus Centaurea has 500-600 species worldwide; widespread
especially throughout the Mediterranean and western Asia. The genus is represented by 179 species, 111
of which are endemic, in flora of Turkey [8, 9]. Different species of Centaurea are named as peygamber
cicegi, timur dikeni, and zerdali dikeni in Anatolia [10]. Many Centaurea species have been used
conventionally to treat diverse diseases such as abscess, common cold, hemorrhoids, peptic ulcers, malaria
and herpes infections [11-13]. Many antimicrobial activity studies have been conducted on the genus and
they have yielded promising results [14, 15]. Considering the results obtained from the studies in the
literature, we can conclude that further research on Centaurea species is required. These studies are
important in terms of contributing to the discovery of new drugs [16].

The widespread and indiscriminate usage of antibiotics has caused to arise of antibiotic resistance and
rendered many existing drugs ineffective. Antibiotic resistance has become a prominent problem to public
health and is considered by the World Health Organisation (WHO) as one of the most pressing problems
medical science facing. This outcome has led the researchers to explore for new antimicrobial agents. As
the antimicrobial effects of many herbs are still not discovered, researches on the discovery of natural
antimicrobial agents are increasing [17-19].

In the light of the information given above, this study was conducted to investigate the antimicrobial activity
of chloroform, ethyl acetate, acetone and ethanol extracts of C. balsamita Lam. and C. coronopifolia Lam.
against different microorganisms by using broth microdilution assay. These species were choosed because
Centaurea species are videly used for divers medicinal purposes, including as antimicrobials and their
antimicrobial properties against selected bacteria have not yet been determined.

2. MATERYAL VE METOD

2.1. Plant Materials

Samples of Centaurea balsamita Lam. were gathered from Konya, Turkey and Centaurea coronopifolia
Lam. were collected from Cankiri, Turkey in May and June. The plant samples were identified by Dr.
Osman Tugay and Dr. Tuna Uysal from the Division of Botany, Department of Biology, Faculty of Science,
Selguk University. Voucher specimens were deposited with the collector numbers of C. balsamita NY-
1201 and C. coronopifolia OT-2712-TU in the KNYA Herbarium at the Department of Biology, Selguk
University.

2.2. Preparation of The Plant Extracts

Tha aerial parts of the air-dried plant samples were finely ground in the aseptic conditions with the help of
a laboratory mill. 20 g of ground samples were extracted with 200 mL of the solvent (chloroform, ethyl
acetate, acetone and ethanol) for 8 h with a Soxhlet equipment. The extracts were filtered through a
Whatman filter paper (No:1) and the solvent was evaporated under 40 °C by using a Rotary evaporator
(Heidolph 4000). The residues were dissolved in DMSO and stored in a refrigerator at 4 °C until further
analysis.
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2.3. Microorganisms

Antimicrobial activity of the samples was studied against eight bacteria strains. Bacillus cereus ATCC
14579, Bacillus subtilis ATCC 6633, Escherichia coli ATCC 29988, Escherichia coli 0157 ATCC 35190,
Staphylococcus aureus ATCC 25923, Staphylococcus aureus ATCC 6538, Salmonella typhimurium ATCC
14028, Streptococcus salivarius RSHE 606.

2.4.  Antimicrobial Activity

The antimicrobial activity of the plant extracts was investigated by broth microdilution method according
to principles and procedures of the Clinical Laboratory Standards Institute (CLSI) [20]. Briefly, 100 uL of
Mueller Hinton Broth was added to the 96-well microplate. Two-fold dilutions of the plant extracts were
dispensed into the wells. Inoculum suspensions of the bacteria strains were set to 0,5 McFarland turbidity.
100 uL of the inoculum was added to all wells, except the negative control. After the addition of the
inoculum, each well contained 5x10° CFU/mL bacterial concentration at the final. Then, the plates were
left for incubation for 16-20 h at 37 °C. The lowest concentration of the extract that inhibited bacterial
growth was evaluated as minimum inhibitory concentration (MIC).

3. RESULTS AND DISCUSSION

In determining the antimicrobial properties of a plant extract, the available screening methods can be
grouped as diffusion and dilution methods. Diffusion methods are considered qualitative assays, while
dilution methods are quantitative since they determine the minimal inhibitory concentration [5, 21].
Medicinal plant extracts may not diffuse properly due to the non-polar substances in their content.
Therefore, diffusion methods are not suitable, as they may give false results [22]. Accordingly, the
antimicrobial activity of the plant extracts was investigated using the broth microdilution method according
to the CLSI procedures [20]. Lowest concentration of the plant extract that inhibited the visible growth of
bacteria was evaluated as MIC value.

The antimicrobial activity of the extracts was screened in the concentration range of 160-0,3125 pg/mL.
Gentamicin and the extracts which were effective were tested at lower concentrations in the range of 160-
0,0003 pg/mL. Average data from the three replicated experiments of the C. balsamita extracts are
presented in Table 1 and C. coronopifolia extracts in Table 2.

Table 1. Antimicrobial activity of Centaurea balsamita extracts (ug/mL)

Chloroform Ethyl Acetone Ethanol Gentamicin
acetate
B. cereus ATCC 14579 0,039 40 80 80 0,313
B. subtilis ATCC 6633 160 160 160 160 0,002
E. coli ATCC 29988 160 160 160 160 0,625
E. coli 0157 ATCC 35190 160 160 160 160 0,313
S. aureus ATCC 25923 20 20 20 160 0,005
S. aureus ATCC 6538 20 20 20 160 0,039
S. typhimurium ATCC 14028 80 160 160 160 0,625
S. salivarius RSHE 606 80 160 160 160 1,25
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Table 2. Antimicrobial activity of Centaurea coronopifolia extracts (pug/mL)

Chloroform - Acetone Ethanol Gentamicin
acetate
B. cereus ATCC 14579 40 80 40 40 0,313
B. subtilis ATCC 6633 160 160 160 160 0,002
E. coli ATCC 29988 160 160 160 160 0,625
E.a coli 0157 ATCC 35190 160 160 160 160 0,313
S.s aureus ATCC 25923 20 20 20 >160 0,005
S. aureus ATCC 6538 20 20 20 >160 0,039
Sa.a typhimurium ATCC 14028 160 160 160 160 0,625
S. salivarius RSHE 606 160 160 160 160 1,25

Although different extracts of the two Centaurea species used in our study mostly showed similar
antimicrobial activity, some extracts were significantly effective against the test microorganisms.
Chloroform extract of C. balsamita was found to be the most effective extract against the tested bacteria
between the concentrations of 160-0,039 pg/mL. The extract showed its strongest activity against B. cereus
(0,039 pg/mL) which was more effective than positive control gentamicin (0,313 pg/mL).

Chloroform, ethyl acetate and acetone extracts of both plants had strong antimicrobial activity against S.
aureus strains (20 ug/mL), while ethanol extract was not effective in the concentration range tested. Tekeli
et al. [5] investigated the antibacterial activities of Centaurea species and C. solstitialis subsp. solstitialis
had the highest activity against S. aureus (0,5 mg/mL). Giiven et al. [11], found significant antimicrobial
activity of ethyl acetate extract of C. amonicola against S. aureus (62,5 pg/mL).

All extracts of C. balsamita and C. coronopifolia demonstrated moderate activity against B. subtilis, E.
Coli, S. typhimurium and S. salivarius (160 ug/mL), except chloroform extract of C. balsamita which was
more effective against S. typhimurium and S. salivarius (80 pg/mL). Cansaran et al. [23] studied the
antimicrobial activities of C. cankiriense extracts and they found that E. coli was the most resistant strain
to the plant extracts. The strongest effect was against B. Cereus with 7,8 ug/m MIC value.

This study provides evidence that C. balsamita and C. coronopifolia have antimicrobial effects on the tested
bacteria. Many authors consider the extracts that have lower MIC value than 0,1 mg/mL have a potential
as new antibiotics [24]. Both plants showed strong antimicrobial affect against B. cereus and S. aureus
strains; especially chloroform extract of C. balsamita had the strongest antimicrobial effect against B.
cereus, which was more effective than the positive control gentamicin. B. cereus is best known to cause
food born diseases, in addition to that it is increasingly reported as an opportunistic pathogen in certain
high-risk groups [25, 26]. Results show that the chloroform extract of C. balsamita has a potential to be
used as an antibiotic agent against B. cereus. S. aureus is a leading opportunistic human pathogen and
causes a wide variety of clinical diseases, which can be life-threatening [27]. Infections caused by S. aureus
can be acquired in both hospital and community. Treatment of these infections is also challenging because
of the strains that develop multidrug resistance, such as Methicillin-Resistant Staphylococcus aureus
(MRSA) [28]. Considering the antibiotic drug resistance, S. aureus is perhaps the greatest concern because
it causes diverse life-threatening illnesses and it can adopt to different environmental conditions [29]. In
this aspect, this study shows promising results.
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Previous studies report that sesquiterpene lactones, flavonoids and phenolic compounds have been isolated
from the Centaurea species [30]. These investigations demonstrated that their high content of sesquiterpen
lactones is mainly responsible for their antimicrobial activities [7]. The best extraction of sesquiterpen
lactones can be achieved with chloroform extraction [31] which may be the reason for higher activity of
the extract [19, 32].

3. CONCLUSION

In summary, plant-derived drugs have been used over the years to prevent and cure serious diseases [33].
Researching of medicinal plants as antimicrobial agents is gaining more importance due to increasing
resistance to present antimicrobial drugs. Our study showed that both C. balsamita and C. coronopifolia
have significant antimicrobial activity, especially against B. cereus and S. aureus. Results indicate that they
have a potential to be used as antimicrobial agents. However, more research should be carried out to
determine the compounds responsible for the antimicrobial activity, mechanisms of action, or
pharmacokinetics of the extracts.
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ABSTRACT

Boron (B) is a valuable and very important element found in many
mineral forms in nature and used in many fields in the industry. B is also
preferred in the field of health, especially with recent studies. It is used
for the treatment of many diseases such as osteoporosis, allergic diseases,
arthritis, and brain cancers. It is also possible to reach B as a nutritional
supplement. There are cases where element B, which has many health
benefits, is toxic. In this study, a review was made by mentioning the
physical and chemical properties of B, the way it is found in nature, its
usage areas, its importance for health, and its toxicity.

Bor’un Kullanim Alanlar1 ve Bor Toksisitesi
OZET

Bor (B) dogada birgok mineral formunda bulunan ve sanayide birgok
alanda kullanilan degerli ve ¢ok onemli bir elementtir. B, 6zellikle son
calismalarla saglik alaninda da tercih edilmektedir. Osteoporoz, alerjik
hastalilar, artrit, beyin kanserleri gibi birgok hastaligin tedavisi igin
kullanilmaktadir. B’a besin takviyesi olarak da ulagsmak miimkiindiir.
Saglik ac¢isindan birgok faydasi bulunan B elementinin toksik oldugu
durumlar da vardir. Bu calisma ile B’un fiziksel ve kimyasal
ozelliklerinden, dogada bulunus sekillerinden, kullanim alanlarindan,
saglik i¢in 6neminden ve toksisitesinden bahsederek bir derleme yapildi.

1. INTRODUCTION

The boron (B) element is included in the I11A group in the periodic
table. Oxidation status is +3. Unlike other members of the group, it
has semiconductor properties between metal and non-metal.
Atomic number 5 is the atomic weight of 10,81 and is indicated by
the symbol "B" [1, 2, 3]. Compound B is yellow and brown
amorphous powders or solid black crystals at room temperature.
Except where it interacts with strong oxidizing agents, B is a
chemically inactive metal to some extent [2]. The pKa value of
boric acid, which is a weak acid, is 9,2. Boric acid, such as borate
salts, is insoluble in aqueous solutions (H3BO3) at physiological pH.
Therefore, the toxicity related to these compounds is expected to be
similar according to their equivalence to B. Boroxide has similar
effects to boric acid because this compound is anhydrous and reacts
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exothermically with water in the body, depending on its form. Boric acid can be complex with
carbohydrates and proteins in the organism [3]. B reacts with cis-hydroxyl group bearing organic
compounds, sugars, polysaccharides, adenosine 5 phosphate, pyridoxine, riboflavin, dehydroascorbic acid,
pyridine nucleotides, phosphoinositides, glycoproteins and glycolipids [4, 5].

1.1. Presence and Sources of Boron in Nature

B is found in low concentrations in nature, but the element B, which is in the form of borate, is widely
found in the earth's, atmosphere, sea, soil, underground, above water, and sediments [6, 7]. B taken from
foods is generally of plant origin. These include green vegetables, fruits, legumes, fish, and mushrooms
rich in boron, while meat and dairy products and boron are less common. The B element, which is spread
over a wide area on earth, does not change and break down in nature but can turn into some specific forms
depending on environmental conditions such as humidity level, pH, etc. The concentration of B in the soil
varies geographically. It has been reported that the average ratio of B concentrations in seawater is 4,6 ppm,
and boron concentrations in freshwater are between 0,01-1,5 ppm [2, 5]. Exposure to B may also occur
professionally or with consumed products. In addition, underground and surface waters, wastes, mines, and
factories in basins rich in B deposits can also be exposed to B [5, 7, 8].

1.2. Usage Areas of Boron

Boron is used in many fields in the industry. B and its derivatives are evaluated in many different industrial
branches such as ceramic industry, sports materials, glass, cosmetics, chemistry, machinery industry,
military, and armored vehicles, automotive industry, agricultural sector, textile sector, photography and
vision systems, electronics and computer industry, space and aviation industry, construction sector, paper
industry, pharmaceutical industry, communication tools, energy sector, rubber and plastic industry,
protective, metallurgy, nuclear industry, missile fuel. Due to the antiseptic properties of B, it is preferred
both as a cleaning agent and in the health sector. In waste cleaning facilities, sodium borohydrate is used
to remove heavy metals such as mercury, lead, and silver from wastewater. Recently, studies on cell fuel
that generates energy from sodium borohydrate have gained momentum. Boron compounds are used as
armor and rocket fuel in military armored equipment. In addition, B has widespread use in many areas such
as the detergent industry, cosmetics industry, use as fertilizer in agriculture (as a micronutrient), and
ceramic industry. Osteoporosis treatments are used in many health fields such as allergies, psychiatry,
arthritis, and brain cancers [5, 9, 10].

1.3. Boron Requirement

No definitive information on the level that may be sufficient for daily intake of B in humans has been found,
but studies in animals suggest that the level that may be needed for humans may vary between 0,5-1,0 mg.
On the other hand, although the amount of daily B taken with diet varies according to country and gender,
there is also literature indicating that the average amount is 1,5-3,0 mg B /day [4, 10, 11, 12]. B uptake also
varies according to human metabolism and age. B intake of infants is 0,75 + 0,14 mg/ day, 1,34+0,02
mg/day for males between the ages of 51-70, and 1,39 + 0,16 mg/day for nursing mothers. In animals, the
B content of basal rations has been reported to vary between 0,16-0,45 mg/kg (feed) [13]. Humans meet
their B needs by eating the richest foods in terms of B, such as vegetables and fruits, nuts, legumes,
avocados, and mushrooms. The B content of meat, fish, dairy products, and most grains is low [7, 11].
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1.4. Boron Toxicity
1.4.1. Boron Toxicity in Humans

Boron exposure in humans is possible by dermal oral or inhalation. According to the data obtained from
studies conducted with humans and animals, the toxicity of natural forms of B is very weak. Normal levels
of B in humans are in the range of 241 pg B/L on average in the blood, 1130 pug B/L in the urine, and
different concentrations in tissues are in the range of 0,06 to 1,2 mg B/kg [14].

In oral exposure, B can be easily absorbed through the gastrointestinal tract and excreted in the urine.
However, destruction occurs in tissues and organs at high rates of exposure [14]. Sugar-containing
compounds such as calcium fructoborate are non-toxic and quickly eliminate body surplus. Acute signs of
toxicity in humans have been reported as nausea, vomiting, diarrhea, dermatitis, and dizziness, and chronic
signs of toxicity have been reported as decreased appetite, nausea, weight loss, decrease in sexual activity,
and decrease in low seminal volume sperm motility [14, 15]. The lowest tolerable dose of boric acid for
humans is 640 mg/kg by mouth, 8600 mg/kg by skin, and 29 mg/kg by injection. B consumption acceptable
to the World Health Organization has been accepted as 1-13 mg/day [16]. B uptake varies greatly between
individuals and according to gender-age group [17].

The B-containing cream applied for 1 week for the rash problem seen on the skin in 4-month-old twin
babies was washed with a solution containing boric acid in the problematic skin content in the second week
and at the end of the second week, it was taken to the hospital with the symptoms of loose stool, sore throat,
and respiratory difficulties. 1 infant death with boron has been recorded. In the analysis, the blood level of
boric acid was 22 mg/L (3,9 mg B/L). 50 mg boric acid/L (8,8 mg B/L) in cerebrospinal fluid, 36,8 mg
B/kg in kidney tissue, 17,5 mg B/Kkg in liver tissue, 2,1 mg B/kg in brain tissue and 1,9 mg B/kg in muscle
tissue [18].

It has been stated that B compounds are genotoxic in the in vitro study [19]. It has been reported that B has
negative effects on the reproductive system. It has been reported that seminiferous tubules cause atrophy,
germ cell loss, impaired sperm motility, changes in follicle-stimulating hormone and testosterone, and
decreased ovulation processes [20]. During the treatment of sprays containing compounds B and B and
agricultural fertilizers, workers may be exposed to B by inhalation. Wastes with B are reported to be an
element that should be taken into consideration in terms of occupational health and safety, although they
do not pose a major ecological hazard [21].

1.4.2. Boron Toxicity in Animals

The toxicity of borate compounds has been extensively studied in both laboratory animals and other
animals. Boric acid and borax are the most commonly tested forms of B in animals for B toxicity. Boric
acid and borax showed toxicologically similar results in the animals to which they were administered [22].
Symptoms of poisoning, when taken in excess, are weakness, headache, abdominal pain, diarrhea, nausea,
vomiting, muscle contraction, digestive and central nervous system disorders, impaired gland functions,
and skin lesions [23, 24, 25]. The acute oral dose required for the formation of LDso by the boron in rats is
4,50 g/kg, and the LDso value of the boric acid administered by gavage is 3,45 g/kg. After overdose, ataxia,
depression, convulsions, and death were observed in rats [26].

It has been demonstrated that high levels of B accumulation may occur in bone, muscle, adrenal tissue,
brain, hypothalamus, liver, spleen, kidney lymph nodes, testis, seminal vesicles, prostate, large intestine,
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and blood with excessive B intake in various animals. Inhibition of dehydrogenase enzymes in B toxicity
in animals and riboflavin insufficiency decreased concentrations of metabolites such as glucose, glycogen,
lactate, and ATP in the muscles can be counted [2, 27, 28]. In a study conducted on pregnant rats, it was
reported that the levels that did not show a negative effect according to blood B levels were 10 mg B/kg/day
and the low levels at which toxicity symptoms may develop were 13 mg B/kg/day [29]. Boric acid 125 mg
/kg (c.a.) administered to rabbits has been shown to not affect growth. To investigate the dermal effects of
B, a single dose of 2 g/kg borax was glued to the skins of rabbits, and the material was left in place for 2
hours. Symptoms such as anorexia, diarrhea, decreased activity, soft defecation, and nasal discharge were
observed in rabbits after administration [30]. In another study, a 0,1 g dose of borax was dropped into the
eyes of rabbits; severe iris irritation, corneal opacity, conjunctival redness, and discharge were observed in
animals after administration [31].

It is reported that administration of a single oral dose of 1,54-6,51 g/kg borax capsule or 1,0-3,98 g/kg boric
acid capsule to dogs does not cause death in animals [26]. In a study conducted on rats, it was reported that
oral administration of 1g/kg of borax and boric acid caused a decrease in body weight, inhibition in DNA
synthesis, and clinical toxicity symptoms in rats after the 3rd week [32].

2. CONCLUSION

B is a very common element in nature. This element, which is widely used especially in industry, has been
promisingly studied for many diseases in the field of health. Today, scientific studies on B and B
compounds are still ongoing. Although it is difficult to form toxicity from B taken with nutrients, it has
been reported that B can cause toxicity in various tissues, damage DNA, and cause infertility. For this
reason, the possible harmful effects should be investigated while benefiting from this element. More studies
are needed on the boundaries of humans and other livings. Research in this field will contribute to health
studies. In addition, it will contribute to the occupational health and safety of employees working in the
industry.
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Kasaphk Hayvan Et ve Et Uriinlerinin Donmus Muhafazasi
icin Enerji Tasarrufu Saglayabilen Faz Degisim
Malzemelerinin Gozden Geg¢irilmesi

Tugba GUNGOR ERTUGRAL
OZET

Cig et, igerdigi besin maddeleri ve pH degerinin uygunlugundan dolay:
mikrobiyal ve Ozellikle de mezofilik bakteri gelisimine ideal ortami
olusturan ve bu sebeple raf 6mrii kisa olan gida maddelerinden biridir.
Mikroorganizma kaynakli bozulmalarin 6niine gegmek amaciyla sogutma
ve dondurarak saklama en yaygin muhafaza seklidir ancak bu amacla
gelistirilen soguk hava depolar elektrik ve petrol tiirevi yakitlarla sogutan
sistemlerdir. Son yillarda gizli 1s1 depolama sistemleri yani faz degisim
materyali (FDM) iceren sistemlere olan ilgi artmistir ve belirli bir siire
ortam 1sisin1 depolayip,sicaklik degisimlerinde bu enerjiyi ortama geri
vererek depo muhafaza sicakligini koruyabilmektedir. Ayrica farkl
sistemlerle (giines enerjisi, riizgar enerjisi vb.) desteklenen FDM igeren
bir soguk hava sistemi, elektrik ve petrol yakiti kullanmaksizin %100
yesil enerji ile enerji verimliligi saglayarak ¢evreye verilebilecek zarari
en aza indirebilir. Bu ¢alisma, -12 ile -30 °C arasindaki sicakliklarda
saklanan et ve et trlinlerinin soguk ve dondurarak muhafazasinda, gida
ambalajlar1 veya depo materyallerine uygulanabilir, gevre dostu; organik
tuz ¢ozeltileri, ticarilestirilmis FDM’ler ve organik FDM’leri inceleyen
derleme niteliginde bir arastirmadir.

Review of Energy Saving Phase Change Materials for Frozen
Storage of Butchery Animal Meat and Meat Products

ABSTRACT

Raw meat is one of the foodstuffs that creates an ideal environment for
growth of microbial and especially mesophilic bacteria due to nutrients
and pH value it contains, and therefore has a short shelf life. Cooling and
freezing are most common forms of storage in order to prevent
microorganism-induced deterioration, but cold storage systems
developed for this purpose are systems that cool with electricity and
petroleum-derived fuels. In recent years, systems containing latent heat
storage systems, namely phase change material (PCM), can maintain
enclosure temperature by storing ambient heat for a certain period of time
and returning this energy to environment in case of temperature changes.
In addition, a cold storage system with PCM supported by different
systems (solar energy, wind energy, etc.) can minimize the damage to
environment by providing energy efficiency with a 100% green energy
system without using electricity and petroleum fuel. This study can be
applied in cold and freezing preservation of meat and meat products
stored at temperatures between -12 and -30 °C, in food packaging or
storage materials, environmentally friendly; this is a review study
examining organic salt solutions, commercialized PCMs, and organic
PCMs.

122


https://orcid.org/0000-0002-1306-3399

© Environmental Toxicology and Ecology

2022, Vol. 2 (2) } /'ETOXEC Reviev Article

ISSN: 2757-9719

1. GIRIS

Hizla artan diinya niifusu ve buna paralel olarak dogacak gida ihtiyaci dikkate alindiginda, ekonomik
verimliligi artiran materyaller olduk¢a dnemlidir. Sogutma sistemleri ise gida endiistrisinde 6zellikle de
soguk zincirin yonetiminde gerekli olan siki kontrollerin vazge¢ilmez unsurudur. Sicaklik kontrolii, siirekli
biiyliyen bir niifus i¢in gida giivenliginin saglanmasina yardimei olur. Ancak bu tiir gida koruma
sistemlerinde kullanilan sogutucu akiskanlarin tiirii, hava kirliligi (ozon tabakasini incelten sogutucu
akigkanlar ve kiiresel 1sitnma potansiyeli olan giiclii sera gazlar1 gibi) seklinde ¢evresel etkiler yaratir ve
iklim degisikligine sebep olur [1]. Soguk zincir ise 6zellikle gida endiistrisinde, israfi en aza indirmek,
tirlinlerin giivenligini ve kalitesini saglamak i¢in esastir. Soguk zincir, gidanin giivenliginin ve kalitesinin
tiretimden tiiketime korunmasini garanti eden, sicakligi gerekli aralikta tutan bir dizi islemden olusur [2].

Sogutucu bir sistemde sicaklik tedarik zincirinde iiretimden son iiretime kadar biitiin hassas liretim
zincirinde kontrol edilir. Sogutma sistemleri ve soguk zincir stratejileri, bozulabilir ve islenmis gida
endistrisinin glivenligi amaciyla siirekli olarak gelismektedir. Soguk zincirde farkli iklimlerde veya farkli
zamanlarda gida giivenligini ve kalitesini garanti eden ii¢ kritik kosul kontrol edilir ki bunlar; yil, sicaklik,
bagil nem ve ¢iy noktasidir [3]. Uriin kontaminasyonunu en aza indirmek ve iiriindeki bozulma ve patojen
organizmalarin biiyiimesini geciktirmek veya engellemek, taze et raf dmriiniin iyilestirilmesi ve tiiketici
giivenliginin artirtlmasi i¢in 6nemlidir, genel temizlik ve uygun sanitasyon ¢ok etkili olmakla birlikte, et
tiriinlerinde mikrobiyal biiyiimeyi kontrol etmenin baska yollar1 da yararli olabilir [4].

Gizli 1s1 depolama sistemlerinde radyasyon yoluyla 1s1 korunabilir ve gerektiginde serbest birakilabilir [5,
6, 7, 8]. Yiiksek depolama yogunlugu nedeniyle, bu depolama sistemlerinin kullanilmas: giines enerjisi
alaninda da enerji tasarrufu i¢in oldukea etkilidir [9-12] . FDM'ler gizli 1s1 depolama materyalleridir ve dar
bir sicaklik araliginda yiiksek enerji depolama yogunlugunu kullanan bir dizi fonksiyonel malzemedir [13].
Faz gecis modeline gore, FDM'ler genellikle dort tipe ayrilir: Kati-gaz, kati-sivi, kati-kat1 ve sivi-gaz [14].
Bunlarin arasinda, kati-gaz FDM'ler ve sivi-gaz FDM'ler, faz doniistimii sirasinda 6nemli hacim
degisiklikleri igerir, daha yliksek muhafaza gereksinimleri ve azaltilmis pratik uygulamalar saglar. Faz
dontisiimii stirecinde kati-katt FDM'lerin hacim degisimi kiiciik olmasina ragmen, faz degisiminin gizli 1s1s1
kiigiiktiir ve asir1 sogutma ve enerji depolama verimleri pratik kullanimda yiiksek degildir. Kati-sivi
FDM'ler 1s1 enerjisi depolayabilir ve serbest birakabilir malzemenin erimesi ve katilasmasi siirecinde
endotermik ve ekzotermik olaylar1 kullanarak. Kati-sivi faz degisimi siirecinde, malzeme faz degisiminin
entalpisi biiytiiktiir, ancak hacim degisimi kiigiiktiir [15]. Ayn1 zamanda, faz gegis siireci hafiftir ve kontrolii
kolaydir. Kati-sivi FDM'ler avantajlidir [16].

Taze et, saghgin korunmasi ve hastaliklarin (6rnegin deri dokiintiisii, kardiyovaskiiler hastalik,
gastrointestinal hastalik) Onlenmesi i¢in insan viicudunun ihtiya¢c duydugu yiiksek protein ve eser
elementler (6rnegin demir, ¢inko, selenyum, iyot) bakimindan zengindir [17]. Et, etin bozulmasina ve gida
kaynakli hastaliklarin ana nedeni olan mikroorganizmalarin biiyiimesine faydali olan bir¢ok besin maddesi
igerir. Etteki mikroorganizmalarin biiylime hizi, biiyiik 6l¢iide ¢evresel sicaklik ve nemdeki degisikliklere
baghdir. Kararsiz, uygun olmayan sicaklik ve nem, mikroorganizmalarin biyolojik aktivitesini arttirarak
bliylimelerini hizlandirir, bu da etin bozulmasina neden olur. Bu durum 6nemli ekonomik kayip ve gida
israft yaninda halk sagligini da riske atar, yenilebilirlik sorunlar1 dogurur ve gida kaynakli hastaliklar riskini
artirir [18]. Ornegin pseudomonas, taze domuz etinin bozulmasini hizlandiran ve raf émriinii 5nemli dl¢iide
azaltan dinamik c¢evre kosullar1 altinda 6nemli 6l¢iide gelisebilir ve depolama sicakligi 4 °C'den 7-15 °C'ye
yiikseldikge, raf dmrii sirasiyla yaklasik %3,0 ve %14,9 azalir. Hastalik kontrol ve 6nleme merkezleri, gida
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kaynakli patojenlerin Amerika Birlesik Devletleri'nde her yil yaklasik 48 milyon enfeksiyona, 128.000
hastaneye yatisa ve 3000 6liime neden oldugunu ve bunun da tahmini 78 milyar dolarlik ek saglik hizmeti
maliyetine yol agtigini bildirmektedir [19-21].

Gidalarin ambalajlanmasinda ve depolanmasinda kullanilacak termal akilli ambalaj materyalleri sogutma
sirasinda ciddi oranda enerji tasarrufu saglayabilir. Izolasyon malzemeleri ile birlikte kullanildiginda ise
uzun siireli dis enerji kaynaklaria bagli olmadan soguk zincir korunabilir. Bu ¢alisma gida kalitesini ve
muhafazasinmi iyilestirmeye yonelik yenilikler olusturulabilmesi amaciyla et ve et {riinlerinin soguk
muhafazasinda kullanilabilecek, termal, akilli ambalaj materyali olan FDM’lerin gbézden geg¢irildigi
derleme niteliginde bir arastirmadir.

Kasaphk hayvanlarin bashca et ve et iiriinlerinin dondurarak muhafazasi ve onemli sicakhik
degerleri

Ette enzimatik, oksidatif ve mikrobiyal bozulmalar ana sorunlardir. Ozellikle mikrobiyal bozulma hayvanimn
yasl, yetistirilmesi, nakliyesi, i¢ organlarin ¢ikarilmasi, islenmesi, dagitimi, muhafazasi ve paketleme
yontemine baglidir [22]. Bu mikrobiyal bozulmalar et ve et iiriinlerinde bilesenlerin bozulmasi, kétii koku
ve goriiniis ile pH degisikligi meydana getirmektedir [23]. Et muhafazasinin siiflandirilmast ve
bozulmanin yavaslatilmasinda sicaklik, su aktivitesi, kimyasal veya biyolojik koruyucular énemli rol oynar
[24, 25].

Omegin taze dana etinde bakteri olarak Pseudomonas, Achromobacter, Micrococcus, Leuconostoc,
Streptococcus, Lactobacillus, Bacillus, Salmonella, Escherichia ve Clostridium cinsi bakteriler, kzif olarak
Clodosporium, Thamnidium, Mucor, Penicillium ve Monilla gelisebilmektedir [26]. Kanatli eti yani beyaz
etde Enterobacteriaceae familyasina ait koliform bakteriler, laktik asit bakterileri, kiif ve mayalar [27, 28]
ve yine Pseudomonas, Alteromonas, Acinetobacter-Moraxella ve Flavobacteriuma rastlanabilir [29].
Ozellikle kuzu eti Brochothrix thermosphacta ve Enterobacteriaceae gelisimine aciktir [30]. Hayvan
kesimi sirasinda ise ¢ig et {i¢ tiirde incelenebilir;

(1) Taze et; doku yumusak ve daha az elastik iken, etin sicakligi rigor fazdan once kalir. Ayrica et,
nakliye sirasinda kirlenmeye kars1 ¢ok hassastir.

(i) Sogutulmus et; etin sicakligt 0—4 °C'de siki bir sekilde kontrol edilir ve bagil nem
%90'dir. Depolamada et, insan sindirimine ve et aromasinin olusumuna yardimci olan
enzimlerin birlesik etkisi altinda yumusar ve sulu hale gelir.

(ili)  Dondurulmus et: kesimden sonra et -28 °C'de depolanir ve ¢ekirdek sicakligi -15 °C'ye ve son
olarak -18 °C'ye diisiirmek i¢in sogutulur ve donmus halde satilir. Bu islemde mikrobiyal
bliylime engellense de besinler kaybolur ve lezzet bozulabilir [31].

Tiiketiciye hangi yolla satilirsa satilsin maksimum faydayi elde etmek i¢in depolama siirecinde et soguk
muhafazas1 yapilmalidir. Bu nedenle et isleme sirasinda muhafaza siirecine daha fazla dikkat
edilmelidir. Cig etin bozulmasina, bazi dis faktdrlerin yani sira dogal metabolik degisiklikler neden
olabilir. Etlerde oksidasyon ve bozunmanin neden oldugu bozulma, esas olarak etteki proteinin
oksidasyonundan kaynaklanmaktadir. Ana mekanizmalar, metal katalizli oksidasyon, miyoglobin kaynakli
oksidasyon ve lipid oksidasyon kaynakli oksidasyonu kapsar. Otolizin tarafindan katalize edilen proteinin
otolizi, ¢ig etin bozulmasina neden olan pepton, aminoasit veya polipeptit iiretimine yol agar. Ugiinciisii,
lipit ransiditesi nedeniyle bozulma meydana gelebilir. Lipid acilagsmasi temel olarak oksidatif acilagsma ve
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hidrolitik acilasma olarak ikiye ayrilir [32]. Proteinin otolizi, bozunmasi ve denatiirasyonu, oksidasyona ek
olarak ¢ig etin bozulmasma yol acan nedenlerden biridir [33]. Bu mekanizma, mikrobiyal bozulma
mekanizmasindan farklidir, ancak her ikisi de etin bozulmasina neden olur [34, 35].

Et, et iriinleri ve sakatatlarin donmus saklama kosullar1 -18 °C ile et tipine gore 12 aya kadar
uzayabilmektedir (Tablo 1). Dondurularak yine -18 °C, -25 °C ve -30 °C da saklanmasi gereken etler yine
et tipi dikkate alinmak sart1 ile 24 aya kadar saklanabilir (Tablo 2). Cesitli etlerin donmus depolamada
kabul edilebilir kaliteyi korudugu yaklasik depolama ve siire (ay olarak) -17.8 °C, -12.2 °C, -6.7 °C olarak
belirlenmistir (Tablo 3). Yine ayni1 sekilde -12 °C,-24 °C,-30 °C (Tablo 4) sicakliklarda da etin saklanmasi
miimkiindiir. Baz1 hayvansal gidalarin yaklagik donma noktalari; -1 °C ile -3 °C arasinda degismektedir
(Tablo 5). Tiim kimyasal ve mikrobiyal bozulmalarin yaninda sogutulmus etlerde depo soguk hava kontrolii
saglanamadigi taktirde ya da sicaklik dalgalanmalarinda agirlik kayiplart meydana gelebilir. Zaman araligi
ise 12 saatten itibaren 14 giine kadar siirebilmektedir (Tablo 6). Dondurarak muhafaza sicakliklar1 etin
tiiriine gore degisir.

Tablo 1. Et, et tirlinleri ve sakatatlarin donmus saklama kosullar1 [36].

Et tipi Min. Sicakhik Bagil nem Max. Depolama zamam
<) (%) (ay)

Sigir 1. Kalite -18 95-98 9-12

Sigir 2. Kalite -18 95-98 7-8

Domuz -18 95-98 6-9

Av hayvanlari -18 90 9

Kanatl eti -18 93-95 9-10

Dil, karaciger, bobrek -18 95-98 6

Yumusak sosis -18 85-90 8

Dayanikli sosis -18 85-90 12

Tablo 2. Et ve et iiriinlerinin donmus saklama siireleri [37].

Depolama sicakliklan (ay)

Et Tipi
-18 °C -25°C -30 °C

Sigir karkas 12 18 24
Rozbif, Biftek (paketlenmis) 12 18 24
Kiyma (paketlenmis) 10 >12 >12
Dana lesi 9 12 24
Dana rosto, pirzola 9 10-12 12
Kuzu lesi 9 12 24
Kuzu Kizartma, Pirzola 10 12 24
Domuz les 6 12 15
Domuz rosto, pirzola 6 12 15
Ogiitiilmiis sosis 6 10

Domuz yagi 9 12 12
Tavuk, hindi (yogun ve paketlenmis) 12 24 24
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Tablo 3. Cesitli etlerin donmus depolamada kabul edilebilir kaliteyi korudugu yaklasik depolama siiresi (ay) [38].

Et Tipi -17.8 °C -12.2 °C -6.7 °C
Sigir 13-14 5 <2
Domuz 10 <4 <15

Tablo 4. Cesitli et ve lirinlerin farkli sicakliklardaki optimum depolama siireleri (ay olarak) [39].

Sicakhiga bagilh max. depolama siiresi (ay)

Et tipi

-12 °C -18 °C -24 °C -30 °C
Sigirlar 4 6 12 12
Kuzu 3 6 12 12
Buzagi 3 4 8 10
Domuz 2 4 6 8
Domuz eti (tedavi edilmis) 0.5 15 2 2
Karaciger, kalp, dil 2 3 4 4
Kanath 2 4 8 10
Kiyma 3 6 8 10
Mevsimsel sosis 0.5 2 3 4

Tablo 5. Cesitli hayvansal gidalarin yaklasik donma noktalart [38].

Et tipi Sicaklik (°C)
Sigir,domuz -1.6ile-2.2
Kiimes hayvani(tavuk) -2.8

Tablo 6. +1 °C'de, %80-90 bagil nemde ve 0,2 m/sn hava sirkiilasyonunda depolanan sogutulmus etlerde yiizde
kilo kayb1 [40].

Kesimden sonra gegen siire (saat) Sigir eti Dana eti Koyun eti Domuz eti
12 saat 2.0 2.0 2.0 1.0
24 saat 2.5 25 25 2.0
36 saat 3.0 3.0 3.0 2.5
2 giin 35 35 35 3.0
8 giin 4.0 4.0 4.0 4.0
14 giin 4.5 6.0 5.5 5.0

Et ve et iiriinlerinin dondurarak muhafazasina yonelik baz1 FDM’ler

Et ve et tirlinlerinin akilli termal ambalaj ve depolama materyalleri ile soguk muhafazasi enerji tasarrufu saglayabilir,
petrol yakitlar1 ve elektrigin ¢evreye verdigi zarar1 en aza indirebilir. Bu amagla kullanilabilecek FDM materyallerin
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baslicalar1 inorganik tuzlar (Tablo 7), ticari FDM’ler (Tablo 8), organik FDM’lerdir (Tablo 9). Ayrica FDM’ler
otektik karisimlar halinde istenilen depo sicakliklarina ayarlanabilir.

Tablo 7. Tipik inorganik tuz ¢ozeltisi ve 6tektik FDM'ler [41].

Materyal (sulu ¢ozelti) Faz degisim sicakhig: (°C) Gizli 1s1 (J/9) Referanslar
Al(NOs)3 (30.5%) -30.6 207.63 [42]
Mg(NOz3)2 (34.6%) -29 186.93 [42]
Zn(NO3): (39.4%) -29 169.88 [42]
NH4F (32.3%) -28.1 187.83 [42]
NaBr (40.3%) 28 175.69 [42]
NaCl (27.9 %) 23 26.10 [43]
KF (21.5%) -21.6 227.13 [42]
Sodyum kloriir 6tektik bilesik (23.3%) -21.1 246.6 [44]
MgCl: (25%) -19.4 223.10 [42]
(NH4)2S04 (39.7%) -18.5 187.75 [42]
NaNOs (36.9%) -17.7 187.79 [42]
NH4NOs (41.2%) —-17.35 186.29 [42]
Ca(NOs3)2 (35%) -16 199.35 [42]
NH.4CI (19.5%) -16 248.44 [42]
K2HPO, (36.8%) -13.5 197.79 [42]
NazS,03 (30%) -11 219.86 [42]
KCI (19.5%) -10.7 253.18 [42]
MnSO; (32.2%) -10.5 213.07 [42]
NaH,PO4 (23.4%) -9.9 214.25 [42]
BaCl, (22.5%) 7.8 246.44 [42]
ZnS0s (27.2%) —6.5 235.75 [42]

Tablo 8. Tipik ticarilestirilmis FDM'ler [41].

Faz degisim Gizli 151 Ticari firma adi ve

e sicakhig (°C) (J/9) malzeme kodu e
Parafin -30 140-150 Microtek Lab. MPCM (—30) [47]
Inorganik tuz ¢ozeltsi —29 233 Cristopia SN 29 [46]
Tuz hidrat —23 230 TEAP TH 23 [45]
Tuz hidrat —21 222 TEAP TH 21 [45]
Inorganik tuz ¢dzeltsi —21 240 Cristopia SN21 [46]
Inorganik tuz ¢ozeltisi -21 240 Mitsubishi Chem. STL21 [48]
Inorganik tuz ¢dzeltsi -18 306 Climator Clim Sel C-18 [49]
Inorganik tuz ¢ozeltsi -18 268 Cristopia SN 18 [46]
Inorganik tuz ¢dzeltsi —-16 289 Mitsubishi Chem. STL 16 [48]
Tuz hidrat -16 289 TEAP TH 16 [45]
Inorganik tuz ¢ozeltsi -15 311 Cristopia AN 15 [46]
Inorganik tuz ¢dzeltsi -12 306 Cristopia AN 12 [47]
Inorganik tuz ¢dzeltsi -11 - Mitsubishi Chem. STL N10 271 [48]
Inorganik tuz ¢ozeltsi -10 310 Cristopia AN 10 [46]
Inorganik tuz ¢ozeltsi -10 283 TEAP TH 10 [45]
Parafin -9.5 150-170 Microtek Lab. MPCM (—10) [47]
Inorganik tuz ¢ozeltsi —6 284 Mitsubishi Chem. STL-6 [48]
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Tablo 9. Tipik organik FDM’ler [41].

Materyal Faz degisim sicakhig1 (°C) Gizli 1s1 (J/g) Referanslar
Metanol -97.15 99,25 [50]
n-Hegzan —95.15 151,78 [50]
Siklopentan -93.95 8,56 [50]
Metilamin -93.15 197,38 [50]
n-Heptan -90.55 140,12 [50]
Etan —88.15 489,47 [50]
Metil etil keton —86.65 177,05 [50]
Asetilen —84.15 144,39 [50]
n-Oktan —56.85 181,57 [50]
2-Hegzanon —55.45 148,7 [50]
3-Hegzanon —55.65 134,5 [50]
n-Nonan —53.65 117,773 [50]
3-Heptanon -37.1 153,5 822 [50]
2-Heptanon -35.0 172,6851 [50]
Dekan -29.7 194,2 [51]
n-Dodekan —12.0 216 [52]

Tablo 4’de gosterildigi lizere gesitli et ve iiriinlerin farkli sicakliklardaki optimum depolama siireleri -12 °C ile -30
°C arasinda degismektedir. Et, et lirlinleri ve sakatatlarin donmus saklama sicakligi belirli bagil neme bagl olarak -
18°C’dir (Tablo 1) ve et irilinleri depolama sirasinda zamana gore su kaybeder (Tablo 6) [53]. Gida ambalaj
materyallerine uygulanabilen mikro-nano biiytikliiklerde olmalar1 nanoteknolojik malzeme 6zelligindeki FDM’ler
frigorifik lojistik araglarin soguk hava depolar1 bagta olmak {izere sabit depo materyallerine ¢esitli tekniklerle
(mikrokapsiilleme, modifiye etme vb.) yapilan uygulamalarda ekonomik yonden 6nemli katki saglayabilir.

3. SONUC ve ONERILER

Kasaplik hayvan et ve et iiriinleri kesimden hemen sonra kalitesinin korunmasi amaciyla giivence altina
alinmalidir. Dondurarak muhafaza ise uygulanabilecek en etkili ve yaygin yontemdir. Ancak dondurarak
muhafazada kullanilan petrol tiirevi yakitlar ve elektrik enerjisi gida maliyetini artirmakla birlikte ¢cevreye
de 6nemli Olclide zarar vermektedir. Et ve et {iriinleri depolamada sicaklik dalgalanmalarinin yol agtigi
mikrobiyal, kimyasal ve fiziksel bozulmalarin yani sira tiriinde kiitle kayb1 sektordeki ciddi sorunlardir.
FDM igeren ambalaj materyalleri ve depo malzemeleri dis enerji kaynagini sinirl stirede kullanarak ortam
1s1sin1 muhafaza edebilir ve ayn1 zamanda sicaklik dalgalanmalarina karsi {iriinii koruyarak et agirlik
kaybin1 onleyebilir. Petrol yakitlar1 ve elektrik enerjisi kullanilarak gergeklestirilen sogutma sistemleri
cevreye ciddi zarar vermektedir. FDM iceren malzemelerin gilines enerjisi ya da riizgar enerjisi ile
desteklenmesi durumunda tamamen ¢evre dostu %100 yesil enerji sistemi olusturulabilir. Gida lojistiginde
de kullanilabilecek C salinimini azaltan bu materyaller yine lojistik agidan nano boyutlarda olmalari ile de
az yer kaplama ve hafif olma avantaji saglarlar. Gida maliyetini diisliren bu unsurlar dikkate alindiginda
tiikketicinin besin degeri yliksek gidalar1 diisiik maliyetli tiikketimi ve ¢evreci materyallerin gelistirilmesi
glinlimiiz ve 6zellikle de gelecek nesiller i¢in oldukg¢a dnemlidir.
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Finansman

Yazar bu calismanin arastirilmasi, yazarlig1 veya yayimlanmasi i¢in herhangi bir maddi destek almamastir.
Cikar Catismasy/Ortak Cikar Beyani

Yazar tarafindan herhangi bir ¢ikar catismasi veya ortak ¢ikar beyan edilmemistir.

Etik Kurul Onay

Bu calisma etik kurul izni veya herhangi bir 6zel izin gerektirmez.

Aragtirma ve Yayin Etigi Bildirgesi

Yazar, makalenin tim siireglerinde Environmental Toxicology and Ecology Dergisinin bilimsel, etik ve alinti
kurallarina uyduklarim1 ve toplanan veriler lizerinde herhangi bir tahrifat yapmadiklarini beyan ederler. Ayrica
karsilagilabilecek etik ihlallerden Environmental Toxicology and Ecology ve yaymn kurulunun hi¢bir sorumlulugu
olmadigini ve bu ¢alismanin Environmental Toxicology and Ecology disinda herhangi bir akademik yayin ortaminda
degerlendirilmedigini beyan eder.
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Relationship Between Sports and Organic Agriculture

Hiilya SAYGI
ABSTRACT

Agriculture is an indispensable economic activity in terms of ensuring the
continuation of human life. Sports, on the other hand, is an activity carried
out in order to ensure that human life is good physical and mental quality.
The main purpose of both is to protect and improve human existence and
health. Agriculture and sports are both done in the natural environment
and affect the natural balance. The aim of this study is to reveal the
relationship between organic agriculture which suggests an environment
and human friendly production system and sports activities that serve to
protect human health. In this context, the relationship between agriculture
and sports is tried to be explained by using secondary data sources such
as academic publications, explanations of authorized institutions and
organizations. Our study findings show that agriculture and sports
activities are closely related in many ways. Accordingly, it was concluded
that both sports and agriculture should be done by considering the natural
balance, since they are both done in the natural environment and aim to
protect, develop and maintain human health.

Spor ve Organik Tarim Arasindaki iliski

OZET

Tarim, insan yasaminin devaminin saglanmasi agisindan vazgecilmez bir
ekonomik faaliyettir. Spor ise insan yasaminin fiziksel ve zihinsel olarak
iyi kalitede olmasini saglamak i¢in yapilan bir aktivitedir. Her ikisinin de
temel amaci, insan varligini ve sagligini korumak ve gelistirmektir. Tarim
ve spor her ikisi de dogal ortamda yapilmakta ve dogal dengeyi
etkilemektedir. Bu calismanin amaci, ¢evre ve insan dostu bir iiretim
sistemi Oneren organik tarim ile insan sagligini1 korumaya hizmet eden
spor faaliyetleri arasindaki iliskiyi ortaya koymaktir. Bu baglamda
akademik yayinlar, yetkili kurum ve kuruluslarin agiklamalari gibi ikincil
veri kaynaklar1 kullanilarak tarim ve spor arasindaki iliski agiklanmaya
calisilmistir. Calisma bulgularimiz, tarim ve spor faaliyetlerinin birgok
yonden yakindan iligkili oldugunu gostermektedir. Buna gore, spor ve
tarim her ikisinin dogal ortamda yapilmasi, insan sagligin1 korumayi,
gelistirmeyi ve slirdiirmeyi amaglamasi nedenlerinden dolayi her ikisinin
de dogal denge gozetilerek yapilmasi gerektigi sonucuna varilmistir.

1. INTRODUCTION

Today, living by increasing the quality of life has become as
important as living a long life. A natural environment, nutrition and
physical activity are the main factors in a healthy aging and to
minimize the health risks that may occur due to age with various
methods. In accordance with the purpose of the research, the
concepts of physical activity, exercise and sports, which have
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different meanings from each other, are used in the same sense to mean all activities that affect or are
affected by nature, amateur or professional.

In order to create our civilization today, we had two options that were compatible and not compatible with
the natural environment, and it is a bitter fact that we chose the option that was not compatible with the
natural environment [1]. The use of production techniques that are not compatible with the natural balance
in agricultural production, which is the driving force of today's industrialization infrastructure, has caused
great damage to the environment [2]. It is a fact proven by scientific studies that food products produced
with this technique pose great threats to humans. The most concrete example of environmental disasters
caused by agricultural activities is the Aral Lake. During the Soviet Union period, the water needs of the
cotton fields were met by cutting the waters of the Amu Derya and Siri Derya rivers that fed the Aral Sea.
As a result, the Aral Lake, which has been in existence for hundreds of years, has an area of 60 thousand
square kilometers and a depth of 40 meters, has dried up in a process of 40 years and turned into a desert
[3, 4]. Besides the devastating social, economic and psychological effects, environmental problems that
threaten human life have occurred in the region. Although this effect caused by agricultural activities is not
at the same level, it is felt all over the world.

Thanks to the developments in science and technology, many jobs that were previously done with human
power are made by machines, and leisure activities, which are generally done outdoors, in parallel with the
same developments, in a virtual environment instead of outdoors, people are becoming increasingly
inactive. According to the 2017 report of the World Health Organization (WHO), inactive life causes 3.2
million deaths per year worldwide [5]. Today, technology has drastically reduced people's habits of moving.
Cars are machines that have minimized our need to walk and do heavy work for people. Devices such as
television and computer cause to be inactive for a long time for people [6]. However, the human body was
"designed” to move, and for thousands of years, humans lived a lively life by hunting, breeding, and
changing places for commercial activities [7]. It can be said that the development and widespread of
technology to the present extent occurred in a small period of time in human history [8]. However, human
beings get used to comfort quickly. Most people today find it annoying to move more than "necessary™. In
addition, it has been determined that health problems due to inactivity significantly increase health
expenditures. Studies show that regular physical exercise can provide economic benefits, such as reduced
healthcare costs and increased productivity [9]. People who are worn out in the face of the difficulties and
stress brought by life today; An inactive lifestyle affects work efficiency, health and psycho-social levels.

It has been understood that the situations stated at the point reached are not sustainable. In this case, it is
necessary to create an ideal sports activity and a healthy environment for a quality life. There is also a need
to ensure a safe food production and supply chain. The purpose of this study is to determine this important
relationship and to be a reference for future studies on this subject.

2. SPORT CONCEPT AND ITS IMPORTANCE

The concept of sport has been given different definitions in the literature. Sport is defined in Article 2 of
the Council of Europe, European Sports Charter as “means all forms of physical activity which, through
casual or organised participation, aim at expressing or improving physical fitness and mental well-being,
forming social relationships or obtaining results in competition at all levels. [10]” SportAccord defines
“sport in a way that includes the clauses that the proposed sport must have an element of competition, sport
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must not harm living things in any way, must not rely on equipment provided by a single supplier and any
element of chance designed specifically for the sport” [11]. Sports can be defined as all of the physical
activities and exercises that require the participation of amateur or professional and individual or team, and
which are done to compete, to reach a determined goal, by using their mental and physical abilities within
the framework of predetermined rules. Sports is a group of movements and an important mass education
tool that aims to positively affect the physical and mental health of people and to provide social and moral
gains [12]. Sport is a new science that not only develops the physical aspect of the human body, but also
determines the human character, ego, behavioral quality and psychological structure through games,
movements, competitions [13]. The constitution of sports; It is a school of human community based on
health, unity and solidarity, brotherhood and friendship. The importance of sports in the development of
people is a well-known fact. In addition to the physical development of children who were consciously
directed to sports from a young age, their ability to make quick, correct and courageous decisions and their
intelligence levels were observed [13]. The ability of a person to live in accordance with the rules of society,
to establish good relationships, to behave healthy and honestly depends on the physical and spiritual
development [13] as well as the development of thought. Today it is accepted that health has a high
relationship with our lifestyle. Depending on WHO [14], health is not only protection from diseases and
microbes, but also physical, spiritual and social well-being as a whole. According to the age, health; It can
be explained as emotional, spiritual, mental (intellectual), social, professional and physical health [15].

2.1. The Relationship of Sports and Nutrition with Health

Health is in a very close relationship with our environment, which we affect with our lifestyle and behaviour
[16]. This is why, over time, changes in our behaviors and lives have led to new dimensions in health.

Centuries ago, primitive people did not have health problems similar to those of today. Depending on the
development of technology, it is possible to see the positive and negative aspects of industrialization and
mechanization in societies. Especially in the 20th century, developments (television, nuclear energy
sources, petroleum products, etc.) changed the pace of life and due to these technological advances, physical
activities decreased and mental studies increased [17, 18].

The increasingly crowded population [19], intense traffic, the habit of using transportation vehicles in our
world, the monotonous and less mobile working environment brought by technology and mechanization,
factors that accustom people to inactivity in social life, increasing unemployment and retirement,
coffeehouse and local habits, time spent in front of television, in parallel with these the habit of eating
constantly, increased use of alcohol and tobacco products, the stagnation caused by distress and
psychological breakdown due to various reasons inevitably pushes human beings to "laziness or little
movement", which is described as the biggest disease of age. Long-term inactivity primarily reduces the
mobility and ability of the human body [20] and causes an increase in organic debris. As a result, some
health problems occur in the body.

Due to all these changes, microbial diseases such as measles, malaria, etc., which were once the biggest
health problems of humanity, have been replaced by other health problems. According to the findings of
many studies on the subject; those who do not exercise are 5 - 7 times more likely to get cardiovascular
diseases than those who do exercise. Evidence suggests that the risk for a sedentary person is about 50 times
higher than the risk for someone who exercises about 5 times a week [21]. In addition, other risk factors
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are obesity problem and high blood pressure, excessive smoking and alcohol consumption, unbalanced
nutrition increase the possibility of getting these risks.

It is the main goal for everyone who does sports to protect their health and happiness and to maximize their
performance. It is important how athletes eat and how this diet affects their performance. Although the
energy and nutritional requirements of athletes differ in terms of age, gender and sports branches, basic
nutrition rules are similar for all athletes [22]. Nutrition; the energy needed by the athlete should include
nutrients and adequate fluid intake. There is no miracle diet or food recommended for athletes. In general,
it is recommended that athletes eat a diet rich in carbohydrates, while it is recommended that they consume
sufficient protein, vitamins and minerals, and that the energy provided from fat should be slightly lower
than those who do not do sports [23]. An appropriate training program and a well-organized nutrition
program prepared in cooperation with athletes' dieticians and trainers are the most basic factors in
increasing performance [24]. It is accepted that adequate and balanced nutrition does not guarantee the
success of an athlete, but inadequate and unbalanced nutrition causes some health problems and low
performance. It is known that a well-nourished athlete has some advantages compared to a bad-fed athlete.

2.1. Advantages of a Healthy Athlete

Aljaloud [25], stated that the nutritional intake of Olympic athletes can directly affect their performance.
Aoi et al. [26] and Williams and Rollo [27], stated that the healthy diet of the athletes is the basic rule for
effective performance improvement, increased conduction, overcoming fatigue quickly after intense
physical activities, and preventing injuries. Advantages of a dietary for an athlete [26];

e High performance,

e The efficiency of the training is at the maximum level,

e Has a high level of concentration and attention,

e The rate of illness and injury is low, in these cases the recovery period is short,
e Its growth and development is at the expected level.

e Body weight and body fat are within or close to the recommended limits.

The most important goals in sports nutrition; to protect the general health of the athlete and to increase their
performance [28]. Our body spends more energy during exercise than at rest, because during exercise, the
muscles contract more strongly, the heartbeat accelerates and the heart pumps blood to the body faster,
which causes the body to spend intense energy [29]. Recovering this energy loss to the body in a fast and
healthy way will only be possible by feeding with healthy and safe foods. Organic agriculture, which adopts
environmentally, human and other living creatures-friendly production methods as its basic principle, and
whose every process is monitored and documented by independent audit institutions, offers the best
alternative to reach healthy and safe food.

Relationship Between Sports and Organic Agriculture 136



© Environmental Toxicology and Ecology

2022, Vol. 2 (2) {,/'ETOXEC Reviev Article

ISSN: 2757-9719

3. ORGANIC FARMING CONCEPT AND ITS IMPORTANCE

Organic agriculture, by Gil et al. [30]; It is defined as "an agricultural production method that does not
disturb the natural balance, does not pollute the environment, does not cause harmful effects on humans
and other living things, and aims to produce clean products that are controlled and certified at every stage
from production to consumption”. Studies show that organic products have positive effects on health and
environment since they do not contain pollutants [31]. The damages of conventional agriculture have
increased the interest in organic agriculture and organic products and made them valuable in the eyes of the
consumer [32]. Consumers increasingly prefer organic products because they believe that organic products
are healthier and more environmentally friendly [33]. New rules and regulations on the environment and
the increase in the number of organic consumers in recent years are also considered as a natural result of
this situation [34]. It is stated that, due to the scandals in the food sector and the increase of environmental
and health concerns, consumers have started to turn to products that are guaranteed not to use chemicals
and additives such as genetically modified products and their derivatives, and this group is called green or
organic consumer mass [35].

At the point where agriculture has reached today, ecological, socio-economic, health and ethical concerns
have led humanity to new pursuits. Human beings have realized that they have destroyed their own living
space as a result of the existing agricultural activities they carry out, and the damage they cause to the living
and non-living environment in which they live. New agricultural approaches that are compatible with
nature, using resources correctly, aiming sustainable development, considering animal welfare, taking into
account the spiritual and sensory satisfaction of human beings in agricultural activities have started to
spread all over the world.

3.1. Reaching Safe Food

Organic foods are perceived as more nutritious by some consumers as well as being healthier, safer and
more environmentally friendly. Previous studies have shown that consumers perceive higher quality and
tastier organic foods as “certified safe products”, as well as are willing to pay higher prices for these foods
[36]. It has been shown that organic foods are beneficial due to their healthier and safer properties and some
of them satisfy hedonic feelings because they are more delicious [37, 38]. When we look at the factors
affecting the consumption of organic products, we generally encounter motivations such as health concerns,
environmental concerns, food safety, ethical concerns and value structure [39, 40]. The inclusion of organic
foodstuffs, which are claimed to be healthier and safer in the literature, in the nutrition regimes of the
athletes will enable them to perform better by creating healthy eating habits in the athletes. According to
the results of a survey conducted by Baranauskas et al. [41], reported that 97% of the athletes working in
the olympic disciplines who participated in the survey consumed organic food items. In addition, they
reported that 80% of the athletes surveyed believed that organic food had a positive effect on health. The
widespread use of chemical pesticides and fertilizers in crop production, unnatural production methods
such as additives used in animal feeds bring concerns about their negative effects on nature and human
health [42]. Especially in developed countries, most consumers consider organic foods to be safer and
healthier than traditionally produced foods. Therefore, it can be stated that organic agriculture arises from
the desire of the people to obtain safe and healthy food and to realize the long-term sustainability of food
production.
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3.2. A Healthy Environment

We have stated above that people have been involved in various activities that harmonize nature to create
their own civilization. These activities negatively disrupt the balance of nature by polluting the soil, air and
water resources and destroying biodiversity [43]. Sports aimed at protecting human health is one of these
activities. Many physical sports activities, especially in natural environments, damage nature [44]. It is
possible to see this effect more in large sports organizations [44]. Suitable environmental conditions should
be created in order to do sports based on many physical activities in nature (For example, mountaineering,
skiing, horse riding and golf). This can damage the natural balance. Another aspect of the issue is the
environmental pollution caused by the wastes left by those who attend and watch these events [45]. For an
ideal sports environment, it is necessary to create a quality environment, that is, sports facilities and
activities must be adapted to nature [45]. Agricultural production activities that produce foods that provide
with the energy people need for sports have also caused great damage to the environment with practices
that are not compatible with the natural balance. The modern world pays the effects of these damages by
exposure to a dirty environment that threatens our health and the consumption of poisonous foods and
exposure to unknown diseases [46]. Conservation of natural resources about this bad situation, especially
in developed countries, has brought the issues of human, animal and environmental health to the agenda
and increased public awareness [47]. Consumers' awareness of healthy and natural nutrition also contributes
to the importance of organic agriculture. Organic agriculture, a system that aims to produce food with the
least harm to ecosystems, animals and humans, is generally considered as a solution [48, 49]. As a result,
we can say that all sports and agricultural activities are interconnected and have vital importance in terms
of protecting and maintaining human health, which must be compatible with nature.

4. RELATION OF SPORT AND ORGANIC AGRICULTURE

The development and growth of a society is possible with the parallel development of all activities carried
out by the society. The healthier people in a society, the stronger than society is economically. Because the
health and efficiency of the individual are parallel. Long-term healthy living and working of individuals
increase the production and national income level in the country. They become more important because the
main purpose of sports and organic agriculture is to protect human health.

Sports ensure people's adaptation to the natural environment and the protection of their physical and
spiritual integrity through physical activities in nature. Various threats created by the modern age negatively
affect human health such as stress and inactivity. Thanks to sports, people are protected by responding to
these threats. For an ideal sport, food produced in healthy conditions and quality environments are needed.

Organic farming activities, on the other hand, are an agricultural production system that aims to produce
foods that must be produced in accordance with the natural balance. Thus, organic agriculture ensures both
the production of healthy foods and the provision of safe food supply and the protection of the natural
environment for a quality environment.

As a result, the continuation of human life depends on the ability to protect and sustain health. The
relationship between sports and organic agriculture has a great effect on increasing this ability. Considered
basically, we can say that these two activities serve the purpose of protecting and improving people’s health.
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Apart from this basic common denominator, we can list the relationship between the two activities under
three headings as follows.

First of all, the main purpose of sports and organic agriculture is to protect human health and ensure its
sustainability. For this purpose, while sports serve human health through physical activities, organic
agriculture serves by producing quality food for the continuation of these activities.

Secondly, while sports and physical activities allow people to adapt to the natural environment, organic
agriculture ensures the creation and sustainability of a quality environment by producing quality food in
harmony with the natural balance for the continuation of these activities.

Third, the vast majority of both sports and organic farming activities depend on the natural environment
and affect the natural environment in various ways. Sports are activities performed in nature to create
healthy people, except the types of sports performed indoors. Two basic factors are needed for an ideal
sports environment. A quality environment and food. Organic farming practices produce the solution to
meet this need. In this sense, the common purpose of sports and organic agriculture is to protect human
existence and to ensure its sustainability.

5. CONCLUSION

Agriculture and sports are two important activities in terms of protection, development and continuity of
human existence. This study was conducted to emphasize the relationship between these two activities and
the importance of these two activities in human life. Our study showed that agriculture and sports are two
special activities that complement each other, which can be done in the natural environment and can directly
affect the natural environment, but also can be directly affected by the natural environment. While
agriculture is the source of nutrients necessary for sports, faulty agricultural practices damage both these
nutrients and the natural environment necessary for sports. Sports damage agriculture through sports
facilities built on valuable agricultural lands and environmental damage during sports events. As a result,
the production of the desired benefit for people from agriculture and sports depends on doing it in harmony
with the natural balance.
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