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Yenilebilir Film ve Kapl amal arén Et

Abd¢l kadir Dil ber
Karamanojlu Mehmetbey | niversitesi, Teknik Bilimler

E-mail: akdilber@kmu.edu.tr

¥zeiGéda maddel er i icretimden t ¢keti me kadar 1
uj ramaktadér. Geda ma dcelreakl| i yreetd ér,ascdagal a-makx
etkenlerle bozul maktadér. Bu géda maddel erinin
et sréenl eri olukturmaktader. Et ve et creéenl eri
gruplarénén bakénda gel mbkyetdoji k Edejvericgryaokee
protein kaynaj énén yaneé sér a, vitaminleri, mi
asitleri ve yaj asitlerini yeterli mi ktarda vya
besl enmesi nde, yerini bitkisellik°kiem!|l géedga&dal ar é
maddesi dir Knsan besl enmesi a-ésendan bu kada
i Kl enmesi Ve depol anmasé sérasénda mi krobiyal
ujrayarak -abuk bozul makta ve raf °mr ¢ késa g¢geé
deji kimketdekl e yajlarén ve proteinlerin oksida
°me¢erl erini sénérl andérmaktadeéer . Lipit oksidas
aminoasitlerin kaybéna neden ol makt a, bununl a
tekst¢grde i s tieknl neeryienn od eujkinkaiskéln a neden ol makt a
oksidasyonu sonucu proteinlerin fonksiyonel ¢
tekst¢gregnde dejikimler olukmaktader. Bu deji ki
ve sindirilebilirli]iinideazkad yténpalkaraa vree doeens | celymack
Bu da kalitede d¢kmeye, et ve et isrénlerinin bo
a-maktadeér
Genegmegzde geédal ar én fiziksel, ki myasal vV e nm
engel l eyer ek, besl enme d e jmekr Bmebaladjlaamia v e r af ° my
y°ntemleriyle m¢gmkegn hale gel mi ktir. Bu nedenl
yenil ebilir film ve kapl amal ar géda ambalajl a
ger¢nmektedir.
Yenilebilir film ve kapl amal ar mekanik ve et oré¢nl
darbel ere kar ke koruyar ak, oksijen, karbondi o
yavakl at maktader. Ayr éca i -erisine l ezzet , ren
crénlerinin organoleptik °zelliklerinin iyilexkt
maddel er i-in ise takéyécée y¢zey olarak kull anel
1. Girick
Gedal arén ¢retiminden, t¢keticiye ulakana kad
betenl ¢ ¢ngé koruyan muhafaza i KI emi ne ambal aj
ambal aj materyalinin se-il mesi artlag, istgrendyary € dék a
oksidasyon reaksiyonl aréndan, bi yolojik bozunm

ve Yekil su, 2006 ; kahin ve Akpénar, 2008) .

Gedal ar én depol anmasé ve takénmasé séraseéenda

engellemek veya akat ma k vV e uzun raf °mr ¢ sajl amak i

kull anéel makt adér . Ambal ajl ar, géda creéenl erini

mi krobiyolojik etkilerden korumaktadér (Yousuf
13
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Gedal arentenkaygyb&ywlla ve g¢venld i bir Kekil de
end¢gstrisinin en °nemli ama-|l aréndan biridir.
-eki tli etkenl er nedeniyle bozul maktadeéer. Kal i
sajl anmaseé, teketicinion bil gilendiril mesi gi bi
(Topuz ve Boran., 2018).

Geda y¢zeyine i nce bir kat man halinde uygul
mal zemel er yenil ebilir Ifmdlm a,e kkoakpu saurza, otl aatrsaékz
gi bi duyusal °czell ikl eri b¢enyesinde baréndeéer ma
-%z¢nen madde ge-irgenlijine uyumlul uk, u-ucu
g°ster mekt edi20l5;H&sap wetark.2@18)a r k . ,

Yenilebilir film ve kaplamal ar, kapl anacaj e ¢
maddesinin y¢gzeyinde olukturulan ince film ve

(Robertson, 2013).

Son zamanl!l ar deat t¢erkeentliecriilneer i w2 nel i k ol ar ak t a
dejikimler ambal ajlama teknolojilerinin de dej
a-éséndan antimi krobiyal ve antioksidant ambal
ort akar méékt ér (Suppakul ve ar k., 2003) . Ayr éc .
y°nelim raf °mr ¢n¢ arttérma fonksiyonu ¢zerine
biri de yenilebilir -Joyalveark, €01R.apl amal ardéer (Agui

Et vendétrgimde, antimi krobiyel yenil ebilir biy
germektedir. Bu ¢rénlerde, °czellikle y¢zeyde |
mi Kkroorgani z ma yéekeéeng azalt maseé, ar oma kaybé
kontamhasyonl aréné sénérl andér masée, antimikrobiye
faydal ar araséndadér (Karag©®z ve Candojan, 2007
2. Yenilebilir Film ve Kaplamalarén |[retimind

Doj al yol Il ardan el dte; keedtiilleenb,i |geénd, a | gaérd aal abriér |diekk
i-in geda y¢zeylerine uygulandéejénda gaz, nem
ince ambal aj materyallerine yenilebilir film ve
Yenilebilir film ve kaplamalar, i ol oj i k kaynakl e poli mer yapél
protein ve I|lipitler olarak 3 ana gruba ayreleér
el de edilerek tek baklaréna veya karéexkeém halir
kul | &kn&aldrma ( Robertson, 2013).

2.1. Polisakkaritler

Polisakkaritl er, monosakkaritl erin gli kozidik
karbonhidratl ardeéer. Polisakkaritler ve tg¢grevl e
kol ay ol mhsé&tvembi Pmebl i klerinin -ok iyi ol mas:
alanda yenilebilir film ve kaplama materyal. ol
°neml i czel Il i7Ji oksijen ge-i«kKxini d Robegtsome s i Ve
2013).

Polisakkarit esasl e kaplamal arén b¢yek bir ke
dijer t¢grevlieri), sel¢loz (pamuk, odun ve dije
karragenan, pektikiernhlkitdagen dgichhievpe@lriimer | er
gaz ge-irgenlikleri d¢gkegkter (Ilkék ve ark, 201:¢

14
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2.2. Proteinler

Protein filmler, bitkisel kaynakl ardan el de e
) ve hayvansal kaynakl ardan el de edilen (ke
teini) proteinler ol mauovesEzkan, 2009; Robertsgnt ub a avy
) . Proteinlerin yéllardeér ambal aj | ama mal z
ol ukturul mal aréndan kaynakl|l anmaktadér (Sri
lebilir fil mmlvie °%zaell lainfjail ag &daleanr @ nmekani k d
t ge-ikKine karkeée iyi bir bariyer ol mal ar éd ¢
Robertseon, 2013) . Protein filmlarin hid]
tli mekani k ve ba

pl amal ar kull aneél aré gédanén besin de
vV e kapl amal ar én I i-Klzeerlit;i spnbheipnH nd el
astiklexktirici madde kullanél ép kull anél made
°ntemlerine ve film -°zeltisine kateéelan difjer

i er °czelli k kazandér ma

rry
dekl
°czel

2.3.Lipitler

Lipitler, hayvansa e bi t ki s el organi zmal ar taraféendan s
et il et er , petr ol eteri, kl orof or m, sécak al ko
organik maddel er de -%z¢nen doj al organi Kk ma d -
kull anélan | ipit kaynakl é& materyaller ise aset
asidiyle birlekxirse monogliserit ol ukur), doj i
kapl ama yajlardeér Yeni |l ebhatenmrydlillenr tee ki Ol opolsa
ol mal aré sebebiyle genellikle nem kaybéné °nl e
beyaz etl eri nem kaybéna kar Kk é kor umak amacé
sol unumunu azal tar adka, sPanirl¢anr¢élnar u z aMmeaysvéen éve seb
parl akl ejénée sajlamak ve meyvelerin k¢gfl enmesi
kull anel éerl ar. Seve fazdaki l'ipitlerin, gaz Ve
filmlerin mt &jn@ ml s e deayafa mekani k °zell ik g°st

2.4. Kompozitler

Kompozit; i ki veya daha fazla farklée ©°zellik
toplamak ya da ortaya yeni bir ° z silollarakk meydal
tanemlanabilir. Yenil ebilir film ¢retiminde i s
polisakkarit kombinasyonl aré kull anéel arak yeni
kombi nasyonl ar sayesindaibibliakeanrlacyrai ng eftairrkil |l ée bOi
y°nleri g¢-lendirilebil mektedir (Bourtoom, 200:¢

2. 5. ¢oz¢icel o er

Yeni |l ebilir film ve kapl ama ¢reti minde kul | ;
l'i kl e sel ¢l oz t¢r evlinealiinat, kartpgenan, ayumurtarve K a st a
proteinleri, s¢t proteinleri, pullulan v
rda suda -°zd¢r el mesiyl e hazéerl anmakt adé
l erde (<6dDr pHKi t8ggmének®z¢indegr mek 0 -1 n
k asitler kull anéel maktadér (vyeldéz ve Y
materyal. gl ut en, mésér veya soya (gibi zirai k
-0 z¢rcekuel | anél abil mektedir () stunol, 2009) .

[
k
| a
-%z¢cC¢
ni
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2. 6. Pl astiklexktiriciler

Pl asti klexktiriciler, mol ek¢l | er arasé kuvvetl
Ve pol i mer yapéséna wesnekl ik kazandér mak ama
bil exirkI(eArydan a, 2007) . Bu ama-1 a, gliserin, et
gli kol gibi -exitli maddel erden yararl anél makt &
Pl asti kl extiri maddel erin film -%zeltilerin
arteéer érdanagae&n! efé&égneéen azaltél masé ve pl astik ma |
sajl anmaktader. Genel likle d¢ K¢k mol ek ¢ | ajer
mol ek¢l er i araséna girerek, mol ek¢l lkeir ajasé m
kuvvetini azal tmaktadérl ar . Bunun sonucunda da
sécakl éje de¢gker ken, el astikiyetl eri artmaktadeéer
Pl astiklextirme etkinlifji, p lyaasptéi k(I perka tieiinc,i
gi bi) i -indeki konuml anma durumuna bajl éedeéer. F
-ok girerlerse yapéyé o kadar genikleterek, sel
zincirlerinin haaretkrea k tad chénré (vVéi &iarba IMe edrik., 20
Pl asti klexktirici se-iminde di kkat edil ecek e
ajeéerl éklaré ve polariteleridir. D¢keéek mol ekl

edilmektedir. Bu nedenle fing r et i mi nde daha -ok gliserol kul

Moraru, 2013).
2.7.Dijer Katké Maddel eri

Kat k é maddel er i, yenebilir film ve kapl amal
uygul anacak gédanén kalitesi ve egg¢vVveAylriéjcianif idrm
kaplamal ar -ok -exitli aktif maddelerin takeéeyeée
kapl amal ar a, eme¢l si fiye edicil er, |l ezzet vV e [

antioksidanlar, oleoresinler, probiyotik orgami@lar, gibi maddeler eklenmektedir (Martin
Belloso ve ark., 2009).

Kull aném ama-1laréna g°re yenebilir film ve Kk
antimi krobiyal yenebilir filmler, |l ezzet enkap
venebilir film ve kaplamal ar, vb. kKeklinde séneée
2009).

3Yenilebilir Film ve Kapl amal arén Gédal ara Uy
Yenilebilir film ve kapl amal ar gédal ara dal de
y°nteeml keklinde uygul anmaktadér (Dhanapal ve a
Dal dérma y°nteminde; geda maddesi dojrudan |
kapl ama materyald. geéda y¢zeyinden uzakl akt ér él
kal énlekta film tabakasé ol ukt ur maka0@dBur (| - ¢ n
y°ntemin en ©°nemli avantajée d¢gzgen ol mayan yg¢
sajl aneéer, fakat b¢e¢yek haci mli gedal arén kapl a

DursurOj ur, 2012) .

P¢e¢skertme (spray) ykesemng kaphlaemakn belhi yhe
ince bir tabaka el de etmek amacéyla gédal ara g

Bu y°ntem kaplama yapélmék ¢reé¢gn yeéegzeyinde i ki
¥zellikle meyve kvebaselmzdleerpdies kyechge ¢l er ve ha
16
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y°ntem i -in sékleéekla tercih edil mektedir. P¢ s k¢
mi ktarda kaplama materyalinin kullanél maséder (

Boyama y°ntemi  bigr kregsméb &lalpl anacaksa, ayreéeca
el de etmede uygul anmal edér . Bu metot da, akecxl
crén yeé¢zeyine séer¢lerek kapl ama i kIl emi ger - ekl e

D°kme y°nteminde¢gr kmpyamayi-feeilsisnilen kal én
crén yégzeyine yayél ép ve kurutul a@jakr ,fi 2 0nl D)l .ucKk
Bu y°ntem daha - ok péskert me vV e dal déer ma y °
kull anéel makt adé&r. uBwulantdémemda eej er kapl ama
crénegn gaz ge-irgenlifji -ok az olur ve ¢régnde
uygulanéeké film ve kaplama end¢gstrisinde gor ¢l

Ekstr¢zyon ylnrztl @miy;enniledstarbfilm ve kapl amal
y°ntemdir . Bu y°nt emde, polimerl ere pl astikl e
eklenmektedir (Dhanapal ve ark.,2012).

4Yenilebilir Film ve Kapl amal arén Fonksiyonl a

Yenil ebilir kapl amal ar , gédal aré Kkoruyarak r
yézeyli czerinde olukturul muk ince tabakal e, do
veya géda katmanl aré araséna uygukantdéepépda n
sajl ayabilen, gédayla birlikte yenilebilen amb:

pl amalée ¢reéegnlerin te¢egketi mi d¢no
ar da, geédal arret ikmdrkumabk yatli mil
enilebilir film ve kapl amal ar ¢

Keézarteéel mék ka
2013) . Son yeéll
ekl enerek yeni

I

5Yeni |l ebi

y
ir Film ve Kaplamalarén Et ve Su ¢r
Yeni |l ebili

r
°ozelliklerin
séral anabili

film ve kapl amal ar zamagdadkalilear € n r e
[ de iyilexktirmektedirler. Et vV e
r (Gennadi os, ve ark., 1997; i ste¢gnol

Taze vel/veya dondurul muk etl er, depol anmal ar é
tek st ¢r, ar oma vV e renkl erinde dej i ki klikler r
sateklareéenda probl emler -ékmaktadeéer . Bu nedenl
ozell ikl eri sayesinde, et vV e su srerinl erinin
°nl enmesinde °neml.i etkiye sahiptirler.

Pl astik tabaklarda satéka sunulan taze et Ve
tabak da toplanmakta ve t¢gketiciler a-eéseéndan
Yenilebilir film ve kaplamala bu suyun sézmaséné °nleyerek, ér
arttéerabilir.

Etl erde miyoglobin oksidasyonu sonucu ol ukan
i ]

olukan aceéel akma, oksijen ge-irgen i akd ¢ K ¢ k ol
°nl enebilir.

Yenilebilir film ve kapl amal ar sécak sol ¢syol
bozul maya sebep ol an proteolitik enzimler.i [

mi kroorganizma y¢kegneg de azaltér.

Yenilebilir flm ve kaplamalaet ve ¢r ¢nl erinde aroma kaybéneé
koku ge-i Kini engell emektedir.

17
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Yenilebilir film ve kaplamalar, antioksidan ve antimikrobiyal maddeler ile birlikte

kull anél ar ak, et ve ¢reéenlerinin eydbibrlierdati f ve mi
Et ve ¢régnlerine kullanélan film ve kapl amal
azaltmaktadeérl ar .

51.Kérmézé Et ve |Jre¢nleri
Yeni |l ebilir film ve kapl amal ar én bi yobozunu
ol mal arén&ni dahehdae ©bizi ksel strese karké gg¢- |
et créenlerinde kullanéel malaré son g¢nlerde -o0k
yenil ebilir film ve kapl amal ar én ermye etr ¢snl e
crénlerinde yaj oksidasyonunu azalttéjeéene, bu
ol ukumunu °nl edi i Ve patojen mi kroorgani zm
(Gennadios ve ark., 1997).

Quattara vV e ark., (200R) toskdnentmagl éet fi¢lrmpnier
kull anméexkl ar , bu filmlerin l aktik asit bakt
Enterobacteriaceae ¢yelerinin gelikimini geci ki
hamburger k°ofteler ikmipl &kmé&kolsaarn Ve | mdlep ol ama p
mi kroorgani z ma yéekeéende azal ma belirl emiklerdi
yojunl ukl u polietilen filmlere ilave ederek t
enteritidis gelvekieainn kagmétedirjeinmgiinin korud
Ayréca kitosan bazlée kapl amal arén L. Monocyto
Beverlya ve ark., (2008) asetik asit wve laktik
kDa) vemol¢kisgelk aj érl ekl & (1106 kbDa) kitosan i -
hazér biftekl eri kapl amékl ar depol amanén 14. g
Monocytogenes sayésénda azal ma g°r ¢lm¢ilxkazlire Bu
filmler:i bifteklerde kull anméexl ar , bu fil mleri
yeterli ol madéj éne germ¢egkl erdir. Baranenko V €
kapl amal ar én, et ve ¢reéenl erimliar akafdehma ¢aégv eanlt
getirmek amacéeyl a kull anéel déjeneé bildirmikler
yeéereéeteéelen bir -al ékmada, Gel eneksel Té¢rk sucuj
il avesinin mikrobiyolojik eaeki ledusal, kahica&y i%
ilavesinin duyusal kaliteyi olumsuz y°nde et kil
Kahverengi deniz yosunl arénén al kal: il e reak
ve ar k., 2017) , et ve suan;ry,enielrdidlei ry afyiglém wee
(Erickson ve Hung 2012; K¢-¢k ve ar k., 2017) .
edi | mi Kk aljiinat il e kapl anan sejeéer et kar k
typhimurium, Escherichia coli O157:Hg el i ki mi nde azal ma ol dujunu
Chi danandai ah vV e ark., (2009) keftelere uygul e
gel i Ki mini durdurdujunu ve 1lipit oksidasyonunu
(2001) séj ér atagakttha eerliek iansdiet bazl é yenilebildi
filmlerin, nem kaybéné °nledijini, ancak i
bildirmiklerdir.

Lim ve ark., (2010) pektin bazl e ifni I°nzleelrlii ksl oes
jelatin/sodyum aljinat karma filmlerine gore
proteinlerinden elde edilen polilisin i-eren
sayéné azaltméek ve | akt irknmuastiutr bl azk tneorvii agleolui, K ivnel
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Buzdol abénda depol anan sosislerde, Kat ekinl e
corneum) vyenilebilir filmler:i kull anméexl ar , bu
ge-irgenlijiniirlgeniikiterr,dihbu net lbiey i katexkin il a
O0157: H7 ve L. monocytogenes tg¢rleri il e akeéel an:
buzdol abénda depol anmeécx, sonu-ta bu filmle k a
monocytog nes t ¢rl er a-éséndan kontrol grupl aréna
Ayr éca, katekinl e zenginlexktiril mik film ve I
oksidasyona ujradéjéenée belirl emikljeeldatri n( Kbua zvl e
filmler ile kaplanan sojuk depolanmék etlerin
deji ki kIlifji gi bi kalite kriterlerinin korudujur
Modi wve ark. (2009), d¢kegk yajl e lawe8ywap ksek |
unu il e %0. 5, 1.0 ve 1.5 oranénda karragenan
karragenan il avesinin y¢ksek nem tut maseé, pi K
bul unmuktur.
Zi vanovic ve ark., ( 2 020 50 r akrelka rké nud-au)c uy ¢ykal] edy e(r%
kitosan filmleri ile salam °rneklerini kapl ay a
mi krobiyolojik etkisini araktérméexlar ve 5 Co
col i Ol57: H7] aagébiéeéhéinr mzal dedi r .
52Kanatl é& Etleri ve |r¢nleri
Kanatl e etl eri biyolojik dejeri yéksek protei
ol an miner al maddel er i, vitaminleri, yaj asi tl
bulundurmaktd €ér ( Mar angoni ve ark., 2015). Kanatl & e
bi yoki myasal ve mi krobiyal deji ki klikler neden
géda ¢reéenleridir. Yenilebilir film Nkeeki kapl amal
bilekenlerle zenginlexktirilerek kanat |l é et v
araktérma bulunmaktadér (Il mar, 2021).
FernS8Phadnezve ark., (2014) karanf il esansi yel y a
serum protelienbi Ibazlféi |yndreir i tavuk g°jJ¢s etler
antimi krobiyal et kinlikIleri araktérméxl ar, °©ze
analiz edilen mikroorganizma grubuna dgfre deji
esansi yel yajé i-eren filmlerle kaplanan ¢r¢é¢nl
uzun ol dujunu belirlemiklerdir.
Higueras ve ark., (2013) efila-dodekanodL ar j i na't il e zenginlexktir
yenilebilir filmlerin tavuk etlerinin Song ve ar k., (2013) da, gr e
zenginlexktiril mik ay-i-efji tohum proteini/ ker.
mi krobiyolojik stabilitesini arttéermada kul |l an
tavulksk®fvte tavuk kebabeé gibi kanatl é& et orénl
film ve kaplamal arén -ok etkili oldujunu belir]
Soel ve ark., (2009) ovotransferrin, EDTA (Et
a-karrajenan filmh e r i E. col i, S. Typhi mur i um, S. aur |
tavuk g°7J s ¢ izerine uygul amexl!l ar vV e depol ama
mi kroorganizmal ar ve toplam aerobi k bakter:i ¢ Z
Owtransferrin i-eren filmler mikroorganizmal ar
Ovotransferrinin, EDTA ile birlikte kullanél ma
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czerine antimi krobiyel etkisgidadaetmenml| i toOpi gade
ger ¢l megkt ¢gr .

El ma ve domates bazl é yenebilir film solusyon
sinamal dehit ilave edil erek, bu fil lerin anti
et kil eri au axma&-rled mgikhtie+ | e B, bu fi
de 30 daki ka férénl améxklarder . F
anal i z ne go°re féerénl anmeéek pi
artter tespit edi |l mi ktir. Sonu-
yenebi film sol ¢syonlarénén kull

(0]

M

| er i
dej é
| r

- o

Kéezartéel mék tavuk g°jJ¢s entall ariémdet kémilli @ binlii
macéyl a, tavuk g°j¢s et eri deji ki k konsantr
-%zeltisine daldérélarak kaplanmék ve 190 ACo6d:«
ranénda metil seml¢elrolze iklaep | manzaer |éarnéannl efriiln f i |
ontrol gruplaréndan daha y¢ksek bulunmuk, bun.t
e viskozitesi il e alakalé olduju kanéséna var

r¢nl e@raihm iaze kézartma kaybée g°sterdijini tespi

Q

o< X O

Martelldi vV e ar k. , (2008) kassava ni kastaseée
kapl amal ar é tavuk nagétl arénda vyaj emi | i mini
kal maséneée s amékl arder .

[N

n
a

Ni sin il e z
(Dawson vV e a
monocytogenes

enginlextirilmik zein (Jones, vV e
r k., 200 2; Theivendr an vV e ar k. ,
0i gel i ki mi nliacitmlbialce | Eusi jsiarkiei b
cretilen sakac A bakteriyosininin dojrudan v
uygul andeéej énda monocytogenesdin gelikKimini
2010) . Ni sin il é&mlezreinng,i nk &@axadatlre | mt kedfiinde L.
mezofilik aerobik bakter:i ve Salmonella geli«k

etkisine bajlaméxklarder (G°J¢k, ve ark., 2004).

rs >

53.5u | re¢nl eri

Besl enmede hayvansal K &laggzmm&d &ndpar odei pt gnil ar ik .
tutar . Su ¢reéenl erii i -erisinde de en °nemli k &si
ve ar k., 2000) . Bal éket i, besl eyici dej er i Y ¢
hassasdeér . Botzaid enrad a ,g éEldak wg emd a, ger¢é¢negkeénde \
deji ki klikler ol ar ak tanéemlanabilir. Bal ék k
bi yoki myasal dej i kimler sonucunda | ipidler, pr
i Ki k1l i jvee ubjarzeémalk-turacu Dbi |l exki kl er ol ukarak ka
: 1996; Emir ¢oban ve ark., 2018) . Son yeél
-ok farklée y°ntem uygulanmakta ve bu y°nte
fi 1l m/ambal aj teknolojisidir (Emir ¢oban ve ark.

Can ve Pater, (2012) kitosan ile kaplanan g°k
sérasénda meydana gelen dejikimlerdi incel emi k|
g°kkukagjee afl ialbeattol arénén muhafaza s¢resini uzat
Jeon ve ark., (2002) kitosan bazlé film ve k
kaybéne azalttéejéne tespit etmikler vea bunu da
var mékl arder . Sat hivel, (2005) somon bal é&jéene
ve damlama kaybéné azaltéjéené tespit etmiklerdi
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Al ak ve ark., (2010) kitosan bazle filmlerin
raf °mrtgmagdauXal | anél abil ecejini ve bu et Kkiyi

ger ekl i olan besin maddel eri ni absorbe et mesi
et kil eki mi sonucu membran ge-irgenliPihen artm
bir -alékmada, baléek yajée i-eP@AC&deo3aaykdepaltl
bal ek filetolarénén TBARS dejerlerini °neml i

azaltéejene, sojukta ve donduvwomemd deapolasmal &€&
mi ktaréné arttéerdéjeé ve dondurarak muhafaza ed
g°re damlama kayéplaréné azaltteéejé tespit edil
ol ar ak, kitosan baazleexapiamhkal arenpgtle&kmablaarélna

kalite ve raf ©°mr¢gng artteéerdéje dejikik arakt é
ark., 2013; Sipahiojl u, 2013)

Emir ¢oban ve ar k., (2018) G° k k ubkaam 1d92)A1 abal é]
filetol aréneén muhafazasé sérasénda ki myasal v
maddel erl e zenginlexktirilmik kitosan yenilebil
mer sini Ve kKurt cz¢é¢me il avellive duyusabrstelikderi k ap | a ma
czerine olumlu etkisi olsa da 8A C de muhaf a:
kanéséna varél méexter. 8 AC de muhafazada al ab:
ol duju tespit edil mibkatninte.r sAynrié ceak skirtaokstaen v+e Ol t\
ekstraktée ile kaplanan g°kkukajé fileNolareéné
(Toplam u-ucu bazik nitrojen miktaré) dejeri Ve
Dumanl anmék somon bal ekl ar @éndanatLumdman okcoynttorgo
amacéyla nisin, istiridye |lizozi mi ve tavuk yu
ve kapl amal arén kull anémé ¢(zerine yapeélan - al
l'izozim i-eren kal si y u mocytmdenes wea Salmdnellp larmtoma | ar € n
gel i Ki mini azalteéeje, ni sinin, istiridye I|izoz
kapl amal ara il ave edilmesinin antimi krobiyal a
yumurtasé beyazoénolciyz mmyiemiersi nveL.Sammonell a anat
gesterdijini bildirilmiktir (Datta ve ark., 2 0(
Gennadios ve ark., (1997) 8 AC sécakl ékta muhafaza boyunca p
al jinat kapl & ringa bal éldnmhayané&oiolerdenpivaz daba i | en t
fazla nem i-erijine ve daha az | ipid oksidasyo
belirtmiklerdir.

OQuattara vV e ark., (2001) kekik yaj é vV e sinai
kapl amal ar én, ekawiedesdelridiei mbakytavakl|l atteéej éne

uygulanmasé durumunda raf ©°mr¢gneg 11 gen kadar
(2010) peyniralté suyu proteinlerinden ¢retile
iyzelPli k g°stermelerine rajmen, mi krobiyal gel i
birlikte kullanél mal arénén gerektiJini bil diril
Dursun Ojur, (2012) dumanl anmék al abal ekl ar é
mikrobiyolojik, duy u s a | ki myasal ve fiziksel analiz soni
filmlerin ¢stegn °zelliklere sahip oldujunu, sé
uzattéje ve kalitesini ye¢kselttijini belirl emi:
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Sonu-

Yenilebilir imve kapl amal ar , géhegmegzde yeni ambal aj |
kapl ama materyald] ol arak -ok eski yéllarda k¢t
yenil ebilir film ve kapl amal ar én kull anél mas
Te¢ketn cylbksek kalitede vV e uzun raf °mer |l o¢ géc
yenilebilir film ve kaplamal ara ol an il gi artté
Yenil ebilir film ve kapl amal ar én et Ve s u

araktéreéel makta fvd nbivre -kalp | yaemmail lagb iblui rend¢stri de
et ve ¢reé¢nlerinde kullanélan yenilebilir film

kaybénée d¢ker mesi, k°t¢ renk olukumunu °nl emes
ol mgaeél an araktérmalarda ortaya konmuktur. An
tam manaséyla yapamadéjé g°r¢é¢l mgk olup beyle f
zenginlektirme maddel er i il ave gdimixneghk .bu kor
Sonu-ta wuygulanan film ve kaplamal ar Lréen -
°zelliklerine, fil min uygul anma Kekline vV e b
deji kmektedir. Bu al anda vyapélfimve daplamalarée r mal ar
farkl e maddel er ile zenginlexktirilerek bu zayeé
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Abstract:

Plantago lanceolata and’lantago Majorare species of flowering plant in the

plantain family Plantaginaceae. Many species of the Plantago genus have been used

as medicinal plants in many countries for centuries and these uses have been

documented. P. major is a species widely used in traditiomedicine for the

treatment of abscesses, wounds, diabetes, acne, and cancer. To date, the presence of

polysaccharides, iridoid glycosides, phenolic acids, flavonoids, phenylethanoid

glycosides, terpenoids in Plantago species has been reported. loide@phat the

leaves of P. lanceolate and P. major are extensively used for external treatment of

wound, acne, and abscess and internal treatment of constipation, cancer, diabetes,

and urinary infections in TurkeyOne of the hypotheses put forward tine

occurrence of Alzheimer's disease is the cholinergic hypothesis. In the cholinergic

hypothesis, inhibition of cholinesterase enzymes to prevent decreased acetylcholine

in the brain is the treatment strategy for AD. Among these enzymes, AChE is found

in lung, spleen, erythrocyte, plasma, brain and muscle, and is a merdboand

enzyme that hydrolyzes the neurotransmitter acetylcholimghe light of this

information, it is important to design and define alternative ACE inhibitors.

AChE activity wasdetermined by spectroscopic method using acetylthiocholine

iodide as substratt(Re act i on mi xt ur es cdithiotbia(Znitre-d t he 50 el ¢
benzoic)acid compoun diHCIBolutwB(l MgH 8.0),atd0 ¢ | of Tris
20 ¢l AChE s olumetof lomL. Thenmixture tvas thenvincubated and

mi xed for 15 min at 30 ACcC. Next, the reaction
acetylthiocholine iodide, and carried out for 5
the change in absorbance at 0 and 5 minutas wecorded at 412 nm.

In this work, in vitro effects of Plantago Major (leaf), Plantago lanceolate (leaf and

seeds) plant extracts on acetylcholinesterase (AChE) were screened. The results

indicated that Plantago Major (leaf), Plantago lanceolate (ledfnPago lanceolate

(seeds) plant extracts showed remarkably potent inhibitory effects on AChE with

ICso0f2, 86 ,B, 83060 0, 050ahnl 3r €8p &c 0i, 2el y.

Keywords Plantago lanceolate, Plantago Major, Enzyme inhibition, AChE
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Summary: To expect the desired performance from the roads, it is necessary to
analyze the engineering properties of the road pavement well. In the transportation
sector, the highway is preferred as the most common mode of transportation. Most
flexible road pavemestare used in terms of ease of maintenance and repair on
highways. Considering that heavy vehicle traffic is used extensively in
transportation, one of the flexible road coating types applied to meet thedang
service life of the road is stone mastisphalt coatings (SMA), which are widely
used on heavy vehicles traffic roads. In recent years, numerical analyses performed
with the finite element method have been widely used to determine structures'
performance properties. It provides support to theeeixpental studies in terms of
determining different engineering properties.

In recent years, numerical analyses performed with the finite element method have
been widely used to determine structures' performance properties. It provides
support to the expinental studies in terms of determining different engineering
properties. As a result, it has been seen that increasing the thickness of the road
pavement significantly contributes to the service life of the roads with heavy vehicle
traffic.

Keywords:SMA, Finite element, numerical analysis, flexible pavements

1. Introduction

Highways constitute the largest share in freight and passenger transportation among the
transportation types. Flexible road pavements on highways are the most preferred type of
pawement because of their easy maintenance and repair. The road pavement is exposed to
continuous traffic loads throughout its service life. Road pavements deteriorate due to heavy
traffic loads and changes in climatic conditions. Additives are used to préetgriorations
such as fatigue, moisture damage, d@mperature cracks seen on the roads. It is used in
polymer and fiber materials on roads as a modifier additive. Additives such as Styrene
Butadiene Styrene polymer (SBS) and cellulosic fiber are peeféo improve the performance
properties of road pavements.

Karakas A.S. and Ortes F. (2016) investigated the stiems relationships between the
coating base and stilase layers of the road pavement under traffic and climatic conditions.
They statedhat the use of modifiers provides a significant contribution to road pavements.
Likewise, Karakas A.S. and Ortes F. (2021) investigated the stireds relationships of the
road pavement resting on different soil layers for pure and SBS modified tgzpbeinent and
they have seen that the use of modifiers in different periods ensures a significant contribution to
the strength of the coating. Manuel et al. (2005) conducted a study to estimate the asphalt
pavement temperature with the thwieensional iite element method and illustrated the
pavement temperature with good accuracy at different bituminous layer levels with the proposed

A

simul ation model . I'n Amer i et al . 6s -down0 11)
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cracks was investigated usid@ finite element analysis under traffic load. When one of the
wheels is very close to the crack plane, the magnitude of the stress T is remarkable compared to
the stress intensity factors. Fwa ed¢basedl . (200
approach by developing a rutting prediction model based on the cohesion and shear strength
a n gl &) mpdelj respectively. The authors also outlined a proposed procedure for applying
the rutting depth estimation model for estimating rutting depths in pastem€hun et al.

(2015) focused on evaluating the effect of different interlayer bonding conditions on the change
in critical responses for coatings regarding performance and service life, using results from
finite element analysis (FEA) and field testasBd on the comparative observations between

the analytical and experimental results, it is seen that the interlayer bonding state plays an
important role in the structural response characteristics of the layered flexible pavement system
and thus on the pament service life. In Chen et al. (2019), a finite element model was
developed based on a typical flexible pavement structure. The effects of the lateral distribution
of autonomous trucks in the lane according to rutting depth and fatigue damage inetedst

by finite element analysis under certain environmental conditions. Based on the simulation
results, it is concluded that autonomous trucks, if properly controlled, can be quite beneficial for
use in asphalt pavements over a larger pavement areattierntrucks. Assogba et al. (2020)
created a fulscale threalimensional viscoelastic finite element model in their work. The effect

of the dump truck moving wheel loads and the respective contact stresses on the pavement
structure were applied in thenplicit dynamic analysis. The calculated pavement dynamic
response at different depths under truck double tires and a different lateral position at the middle
depth of the asphalt concrete core layer are analyzed. Both tensile and compressiwaythree
dynamic strain and stress coexist in the pavement structure. Liu et al. (2017) using the analysis
program, the effect of heavy traffic loads was analyzed in terms of stress and strain distribution,
surface deflection, and fatigue life. The results show thiatiasphalt pavement is more subject

to heavy traffic loads, the thickness and stiffness of the pavement structural layers must be
increased sufficiently to support the deflection of the surface. Jiang et al. (2017) performed a 3D
FEM analysis of the fldble base asphalt pavement structure underumsiorm tire contact
pressure. The results show that, compared to a uniform distribution, the convarifioom
distribution produces greater deflection at the pavement surface and maximum tensile strain at
the base of the asphalt concrete surface layer, while the concave one produces greater shear
strain in the pavement structure. Cao et al. (2019) conducted some tests on two asphalt
pavements, one based on flexible and the other on arggdhbasis. Theesults demonstrated

that the responses from the visglastic analyzes are significantly larger than the elastic
analyses, except for the vertical deformation at high speeds in the asphalt applied base layer.
Shan and Shakiba (2021) conducted a paransdtrity to investigate the structural responses of
pavements to varying asphalt concrete and base thickness, base and subbase permeability, and
vehicle speeds at different saturation levels. The results illustrated how saturation scenarios can
increase thedngitudinal stress at the base of asphalt concrete and thus cause rutting. Esfahani
and Mirian (2021) depicted that high tensile strength glass fiber and Ethylene Vinyl Acetate
(EVA) polymer can significantly change the performance of Stone Matrix As{Ela) due

to its good performance. In the study, the performances of these two additives and their
combinations were evaluated on SMA. The results indicated that the rated performance of
modified bitumen with an optimum 4% EVA value has been improvedorgrades, leading to

a significant improvement in SMA performance. Lee et al. (2003) evaluated the laboratory
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performance of SB#odified SMA mixtures instead of conventional asphalt binders.-SBS
modified SMA indicated better laboratory performance thamventional SMA. Wan et al.

(2014) investigated the effects of SMA of different fibersoad performance. The results infer

that SMA13 blends using mineral fibers exhibit optimum high temperature and low
temperature stability. In this study, the strasain performance of SBS polymer and cellulosic

fiber reinforced stone mastic asphalt pavement of different thicknesses subjected to the same
equivalent axle load was investigated. Numerical analyzes were carried out for the Von Mises
stress and deformatiorelations in the layers forming the road superstructure, and the finite
element method (FEM) was applied. It has been observed that the increase in coating thickness
has effects on the performance of asphalt.

2. Material and Methodology

Within the scope of the study, aggregates as raw materials were obtained from Istanbul
Cebeci Region. The bitumen and modifiers used were obtained from the Izmit TUPRAS
refinery. Aggregates forming the structure of hot mix asphalt (HMA) in the coating layer were
chosen as a sandstoitygpe aggregate material. Granular limestone and limestone materials were
used in the design study in the base andbmge layers, respectively. The first coating layer
thickness used in the design scenario was determined as 4 cm, dpals¢hand subase
thicknesses were determined as 20 cm each. The equivalent axle load was chosen as 17.8 tons.
To be used in the comparison, the coating layers were chosen as 4 cm, 5 cm, and 7 cm, and their
thicknesses were increased, provided that thebage and base layers remained constant.
ANSYS 16.2 program was used in the analysis study. The pavement was defined as an elastic
material, and for the sensitivity of the analysis results, the number of mesh and nodal points of
the pavement layer was peered more than the other layers. In the study, the sitemis
relations under the equivalent axle load of the road pavement scenario is different pavement
thicknesses prepared with SMA coating, which was obtained from laboratory tests and
determined @ comply with the specification limits, were determined by numerical analysis
method by applying the finite element method. The flow chart of the study is shown in Figure 1
and the road superstructure geometry is shown in Figure 2.

Figure 1. Flow chartof Study
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Coating (4cm,7cm, 9cm)
Base (20cm)
Sub base (20cm)

k e k iRbad Superstructure Geometry

3. Laboratory Studies

In this study, the experimental (empirical) laboratory results were provided by Istanbul
Asphal't Factories I ndustry and Trade | nc.
Incorpaated Company. Aggregates used in the experimental study were obtained from the
Istanbul Cebeci quarry, bitumen and SBS polymer were obtained from Izmit TUPRAS refinery.
Sandstone material was used as the aggregate material in SMA content. Aggregdta gsadat
presented in Figure 3. All materials used in the SMA mixture ensured the specification criteria
in terms of usability.

100
90
80
10
60
50

Passing (%)

100

Sieve Size (mm)

—u— Mixture Granulometry —s—Lower limit —s— Upper limit
Figure 3. Aggregate Gradation

As can be seen in Figure 3, TYPE 1 aggregate gradation ensured the specification limits.

The biumen used in the study is at the B(50/70) penetration grade, and the polymer
modified bitumen (PMB70/16) is at the penetration grade. 0.35% by weight of pure bitumen
was used as cellulosic fiber and 4.5% as SBS polymer. The optimum ratio of modifiedhbitume
was determined as 6.5%.

4. Numerical Analysis Application
All materials used in the road pavement design scenario are determined as linear elastic
isotropic in the finite element model. 40mm, 50mm and 70 mm mesh solid element models
were selected for ghroad pavement. As in the study of Karakas (2022), the number of mesh
bars in SMA coating is defined as 79045, and the number of nodes as 558224 to perform the
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numerical analysis results are more sensitive. The SMA coating mesh assignment is shown in
Figure 4.

Figure 4. SMA Mesh Assignment

According to URL1 (2022), the heavy vehicle load acting on the SMA pavement was
considered in the scenario simulation study (Figure 5). As the vehicle, the average heavy vehicle
traffic equivalent axle load of 17#®ns under the effect of theaXle 1.22 type truckload was
selected and a numerical analysis simulation study was carried out.

one axle goup two axle group three axle group

= ~ 3 L

Figure 5. Different Axle Groups (URL1,2022)

5. Discussion
Numerical analyzes were performed using the finite element methbdhe data obtained
from the experimental parameters. The stetsmn behavior of SMA at different thicknesses at
the same equivalent axle load was analyzed. TheMieas stress and deformation behaviors
of the road superstructure are shown in Figuaad Figure 7, respectively.
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Figure 6. Road Von Mises Stress With 50 Mm Thickness Of SMA Coating

36
Proceedings Book



VII. INSAC International Congress on Naturdtagitieering Sciences (ICNEER) Iﬂ&@

o

5e+003 1e+004 (mm)
[ E— E—
2,5¢+003 7,5¢+003 Z X

Figure 7.Road Deformation With 50 Mm Thickness Of SMA Coating

The comparison of stress and strain at different coating thickness layers is presented i
Figure 8 and Figure 9, respectively.
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Figure 8. Von Mises stress with the different coating thickness
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Figure 9. Deformation (Y axle) with the different coating thickness

37
Proceedings Book



VII. INSAC International Congress on Naturdtagitieering Sciences (ICNEER) Iﬂ&@

As can be seen from tlamalysis results, there is an increase in the stresses of heavy vehicles
due to the low thickness SMA coating layer. As the layer thickness of coating increased, the
SMA pavement stresses increased but deformations decreased.
According to Figure 6 and Figure 7, Von Mises stress increased when the coating layer was
decreased but vertical deformations in this direction increased as the thickness of coating
increased due to material properties. It was determined th&0thm thick SBS modified SMA
coating has a maximum level with Von Mises stress of 15,72MP@ in 3axle vehicle traffic
and it has been depicted that the SBS modified SMA coating with 70mm thickneslm 3
vehicle traffic has a minimum level with a Vfises stress of 14,9xfMPa. As a result of the
numerical analysis, it was stated that the von Mises stress increased by 6.3% when the thickness
of the SMA coating was 40mm. Besides, it has been indicated that the deformation of the
thickness of SMA codatg (40mm, 50mm, and 70mm) are 1.287xh0m, 1,314 x18 mm, and
1,424 x1G mm, respectively when exposed to heavy vehicle traffic with 3 axles loading.

A decreasing deformation of the SMA coating was demonstrated with SMA thickness
increased. The relationship between both thickness and Von Mises stress, vertical deformation
was investigated by numerical analysis. A strong correlation was found between deformation
and Von Mises stress, depending on the different thicknesses of SMiAgcigure 10).

Table 1 indicated the equation of function and correlation coefficients.
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Figure 10.Correlation Of Von Mises Stress And Deformation

Table 1.Permanent Way StresSeformation Regression Model And Function Equation

Regression model | Function type | Mathematical functions| R
40mm thickness Lineer y =0,0029x + 0,01 1
50mm thickness Lineer y =0,002x + 0,0111 1
70mm thickness Lineer y=0,0012x + 0,0124 |1

6. Conclusion
Stone mastic asphalt coatings are preferred on roads with heavy vehicle traffic due to their
better engineering properties. The properties of SMAs are increased by the use of modifiers,
contributing to their service life. In this study, the stresain elations of different thickness
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SMA coating roads improved to SBS polymer and cellulose fiber modifiers were compared.

Depending on the material properties, the increase in the asphalt coating thickness leads to a

decrease in the stresses due to the elguitvaxle load, but there will inevitably be an increase

in the deformations with the increase in the compression ratio. Material selection and road
design depending on environmental properties have important contributions to the service life

and performace of road pavements. Otherwise, it is possible to see different types of
deterioration in the coatings. In addition, the limited amount of raw materials requires efficient
use of resources and therefore requires the use of recycling materials and sadditiveas

polymers and fibers. The use of additives will contribute to the prevention of rutting and fatigue

deterioration at different temperatures and traffic loads. The material is especially important in

the selection of road pavement thicknesses duhia projecting phase of road pavement design

studies. Therefore, environmental conditions such as traffic and climate of the region should be

taken into account in design studies.
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