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Oz

Amagc: Yagl tohumlar yag endiistrisi i¢in 6nemli oldugu kadar yan iirlinleri de farkli endiistriler i¢in 6nem arz
etmektedir. Artan niifus ve gida kaynaklarinin yetersiz kalmasi ile birlikte atik olan bu triinlerin
degerlendirilmesi gerekmektedir. Giintimiizde yagli tohum kiispeleri; unlu mamuller, icecekler, makarnalar, et
iirtiinleri ve enerji barlar1 gibi cesitli tiretim sektorlerinde kullanilmaktadir. Kullanildiklarinda iiriiniin protein,
lif ve antioksidan icerigini artirdig1 ve iirtinli saglik agisindan daha faydali hale getirdikleri tespit edilmistir.
Bu calismanin amaci gida endiistrisinde yagli tohum kiispelerinin muhtemel kullanim alanlarini
degerlendirmektir.

Sonug: Bu derlemede, yagl tohum kiispelerinin sagladigi yararlar, gida endiistrisinde kullanim olanaklar1 ve
zorluklarmna dair yapilmis galigmalar literatiir verileri kapsaminda degerlendirilmistir.

Anahtar kelimeler: yagli tohum kiispeleri; yagl tohum kekleri; yan iriinler; gida atiklari
Abstract

Objective: While oilseeds are important for the oil industry, their by-products can also be important for
different industries. With a growing population and a shortage of food resources, it is necessary to make use
of these waste products. Nowadays, oilseed meals are used in various production sectors such as baked goods,
beverages, pasta, meat products, and energy bars. Their use has been shown to increase the protein, fibre and
antioxidant contact of the product, making it more beneficial to health. The aim of this study was to evaluate
the potential for the uses of oilseed meals in the food industry.

Conclusion: In this review, studies on the benefits of oilseed meals, the utilization and challenges of their use
in the food industry were evaluated in the context of literature data.

Keywords: oilseed pomace, oilseed meals, oilseed cakes, by-products, food waste
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1. Giris

Yagli tohumlar, yag elde etmek icin kullanilan ve
beslenme acisindan 6nemli olan bitki tohumlarini
ifade eder. Yagh tohum denildiginde akla chia,
kenaf, soya fasulyesi, susam, yer fistigi, kabak
cekirdegi, kaju, kolza ve keten gibi tohumlar
gelmektedir (Usman vd., 2023; Zhang vd.,2023).

Yagh tohumlarin ¢ogu kabaca %15 oraninda yag
icermektedir ve bu yag cikarildiktan sonra yiiksek
miktardaki yagl tohum kiispeleri ise atilmaktadir.
Tohum kiispelerinin degerlendirilmesi genellikle
yetersiz kalmakta ve yan {irlin olarak kabul
edilmektedir. Atik olan yan iriinler mikrobiyal
bozulmaya yatkin olmalar1 ve ekonomik zorluklari
nedeniyle ¢evre ve saglik acisindan endise
vericidirler. Bu yan {irlinler diyet lifi, proteinler,
antioksidan ve fitokimyasal bilesikler gibi sagliga
faydali olan degerli bilesikler agisindan zengindir
(Nevara vd., 2022).

Yagli tohum kiispelerinin olas1 degerlendirme
yontemleri arasinda hayvanlar i¢in yem, kompost;
enzim, antibiyotik ve ylizey aktif madde
iretiminde substrat ve yeni gelistirilmis
fonksiyonel iiriinlerde bilesen olarak
degerlendirilme yer almaktadir (Petraru vd., 2021).

Gida sanayiinde her yil milyarlarca ton tarimsal
iriin arti@1 olustugu ve bunlarin ¢ok bulunan,
yenilebilir ve ucuz kaynaklar oldugu ifade
edilmistir (Oztiirk ve Ova, 2016). Bu yan iiriinlerin
kullanimi, dongiisel ekonomi kavraminin ve etkin
attk  kullanimmin  basarili  bir  sekilde
gergeklestirilmesine izin vermektedir (Petraru vd.,
2021).

Yagli tohumlarin gida sanayiinde islenmeleri
sirasinda  agiga  ¢ikan  yan  iriinlerinin
degerlendirilebilmesi i¢in yapilan arastirmalar ise
son zamanlarda hiz kazanmistir (Oztiirk ve Ova,
2016).

2. Yagh tohumlar

Yagli tohumlar ¢esitli makro besinler (yag, protein,
karbonhidrat ve lif) ve mikro besinler (mineraller,
vitaminler ve fitokimyasallar) agisindan zengindir.
Fitokimyasallarin varligi, antioksidan aktiviteyi
sagladiklar1  i¢in  bagisikligi  artirmaya ve
iltihaplanmay1  azaltmaya yardimct olurken,
minerallerin  varligi enzimatik ve metabolik
stireglere yardimci olabilmektedir (Usman vd.,
2023).

3. Yagh tohum kiispeleri

Ham tohumlar iglenerek yag elde edilir, bu presyon
ve ekstraksiyon sonrasinda elde edilen dnemli yan
triinler ise yagl tohum kiispeleridir (Sunil vd.,
2016; Singh vd., 2022).

Tohumlardan yag c¢ikarmak igin iki geleneksel
yontem bulunmaktadir. Bunlar solvent
ekstraksiyonu ve preslemedir. “Kiispe” terimi
organik ¢oziiciilerle yapilan yag uzaklastirma
islemi uygulandiginda kullanilirken, “kek” terimi
ise dogrudan ekspeller tarafindan elde edilmis olan
yan Uriinlerde kullanilmaktadir (Hadidi vd., 2024).

Yan iiriin olan kekler, yenilebilir ve yenilebilir
olmayan seklinde ikiye ayrilmaktadir. Yenilebilir
olanlar (yer fistig1, soya fasulyesi, aygicegi, kolza
tohumu, pamuk tohumu, keten tohumu, aspir ve
misir) yliksek besin degerlerine sahip oldugundan
islenmis  bilesenler  (protein  konsantresi,
hidrolizati, izolat1), bir substrat (yilizey aktif
maddelerin, biyoaktif bilesiklerin, antibiyotiklerin,
enzimlerin, vitaminlerin, aromalarin, pigmentlerin
ve aminoasitlerin iiretiminde) ve antioksidan
kaynag1 olarak kullanilabilmektedir (Ancuta ve
Sonia, 2020; Petraru vd., 2021; Nevara vd., 2022;
Zhang vd., 2023).

Bebek iirlinlerine, unlu mamullere ve ¢ok amaglh
takviyelere eklenerek yetersiz  beslenmenin
onlenmesinde, zengin besin igeriginden ve diigiikk
maliyetli olma avantajlarindan dolay1 saglikli
gidalarm hazirlanmasinda kullanilmaktadir (Sunil
vd., 2016; Ancuta ve Sonia, 2020; Singh vd.,
2022).

Yenilebilir olmayanlar ise (karanja, mauha, hint
tohumu) toksik bilesiklerin varligindan dolay1
giibre olarak kullanilabilmektedir (Ancuta ve
Sonia, 2020).

Baz1 yaglh tohum kekleri, antibesinsel bilesiklere
(pepsin ve tripsin inhibitorleri, fitatlar, tanenler
gibi) sahiptir ve bu bilesikler viicuttaki
biyoyararlanimi azaltabilmektedir. Antibesinsel
bilesiklerin konsantrasyonu ve aktivitesi az
oldugundan ve insan tiiketiminde lezzetli hale
getirmek i¢in 1s1l islemle inaktive
edilebilmektedirler (Sunil vd., 2016).

3.1. Soya fasulyesi kiispesi

Gidada ve diger sektorlerde farkli uygulamalarda
kullanilabilen protein, esansiyel aminoasitler, diyet

Yagli tohum kiispelerinin gida endiistrisinde kullanim olanaklari
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lifleri, fenolik bilesikler, yag, mineral, izoflavon ve
antioksidan aktiviteye sahip fitokimyasallar
acisindan yliksek derecede kaliteli bir yan {irlindiir
(Zamindar vd., 2017; Abedini vd., 2021). Treonin,
lizin ve triptofan gibi aminoasitler i¢in mitkemmel
bir kaynaktir ancak metiyonin bakimindan fakirdir
(Ramachandran vd., 2006).

Soya fasulyesi kekinde (SFK) kuru madde (KM),
ham protein (HM), karbonhidrat, ham lif (HL)
sirastyla %90,3, %51,8, %23,6 ve %17,8 olarak
rapor edilmistir (Singh ve Pandey, 2009; Abedini
vd., 2021). SFK diger yagh keklere gore daha iyi
enerji ve protein kaynagidir fakat lif igerigi
digerlerine gore daha disiiktiir (Singh ve Pandey,
2009; Singh vd., 2022).

SFK, sindirilebilirligin yiiksek olmasi ve lezzetli
olmalar1 nedeniyle gida ve yem ftriinleri i¢in en
yaygin kullanilan {riindiir. Balik ve et proteini
ikamelerinin yan1 sira iyi bir protein takviyesidir.
Unlu mamullerde, protein izolatlarinda ve
konsantrelerinde, soya proteininde, unlarda,
ekstriide atistirmaliklarda ve fermente {irtinlerde
bir bilesen olarak kullanilabilmektedir (Singh ve
Pandey, 2009; Singh vd., 2022).

Lujan-Rhenals vd. (2013) soya fasulyesi
kiispelerini  seyreltik asit ile muamele ederek
protein miktarlarini ve fermente edilebilir sekerleri
gelistirmiglerdir. Kispeyi cesitli
konsantrasyonlarda (%0,5-2,0) ve siirelerde (1-16
saat) siilfirik asit ile hidrolize etmislerdir.
Maksimum protein icerigini %1,2-1,7
konsantrasyonda, 1-2,6 saat arasinda hidrolize
olmasi sonucu elde etmislerdir. En yiiksek
fermente edilebilir sekeri ise %2 konsantrasyon ve
6 saat hidrolize ederek saglamislardir. Protein ve
sekerin ikili maksimum verimini ise %0,9-1,9
konsantrasyonlar1 ve 1-4 saat hidroliz sonucu elde
edilebilecegi sonucuna varmislardir.

Kim wvd. (2002) soya fasulyesi kiispesinin
oligosakkarit  kaynagi  olarak  kullanimim
arastirmiglardir. Cesitli kosullar altinda soya
fasulyesi kiispelerinden oligosakkaritleri ekstrakte
etmiglerdir. Ekstraksiyon i¢in optimum kosullarin;
65°C'de, 5:1 su/soya kiispesi oraninda olustugunu
bulmuslardir. Karistirma isleminin
oligosakkaritlerin ekstrakte edilebilirligini
artirabilecegi, tek basina su kullanmaktansa %10
etanol/su ¢ozeltisinin daha iyi bir ekstraksiyon
saglayacagi  vurgulanmistir.  Oligosakkaritleri
saflastirmak i¢in ultrafiltrasyon kullanilmigtir.
Hacim konsantrasyon oraninin %5 olmasi; %38,6

oraninda fruktoz, %51,4 sukroz, %4,2 rafinoz ve
%152,6 oraninda stakioz ile ekstraktlardan %90'dan
fazla proteinin uzaklastirilmasi igin en etkili kosul
oldugu belirtilmistir. Bu bulgular dogrultusunda,
farkl1 ekstraksiyon teknikleri kullanilarak soya
fasulye kiispelerinin protein ve oligosakkaritler
gibi faydali bilesiklerin ekstraksiyonu icin
hammadde olarak kullanilabilecegini ortaya
koymuslardir (Nevara vd., 2022).

3.2. Susam kiispesi

Susam tohumu keklerinde (STK) KM, HP, ham lif
degerleri sirastyla %93,20, %47,37, %12,28 olarak
rapor edilmistir. Kuru maddede aminoasit
seviyelerine bakilacak olursa, en yiiksek glutamik
asitin en dusik ise triptofanin bulundugu
goriilmektedir (Abedini vd., 2021). Doymamis yag
asitleri, vitamin E, protein, diyet lifleri, mineraller
ve fenolik bilesikler agisindan zengindir (Nouska
vd., 2024). Yiiksek miktarda icerdigi lignandan
(sesamol,  sesamin,  sesamolin,  sesaminol
diglukozid ve sesaminol triglukozid) dolay1 iyi bir
antioksidan kaynagidir ve lipid oksidasyonuna
kars1 koruyucudur (Sunil vd., 2014; Nouska vd.,
2024). Kolestrol seviyesini diistiriicii  etkisi
bulunmakla birlikte, obezite ve hiperglisemiyi de
onleyebilmektedir (Sarkis vd., 2014; Sunil vd.,
2016).

Mohdaly vd. (2011) susam keki ekstraktinin
aycicegi yagl ve soya fasulyesi yagini stabilize
etmedeki antioksidan aktivitelerini ve koruyucu
etkilerini test eden bir ¢alisma yapmislardir. Bu
ekstraktin hidrolitik stabiliteyi artirarak, ¢ift bag
konjugasyonunu inhibe edip yagm termal
bozulmasini engelledigi ve bu yaglart ¢ok iyi bir
sekilde stabilize edebildigi sonucuna varmislardir.

Nascimento vd. (2011) yari-yagh susam keki
(YYSK) (%0-20) ve musir irmigi karigimlarini
ekstriidere besleyerek, ekstriidatlarin 6zelliklerini
incelemiglerdir. YYSK ilavesi ekstriidatlarin
protein, kiil ve yag icerigini artirirken karbonhidrat
icerigini ise azaltmistir. Duyusal kabul edilebilirlik
ve besinsel acgidan, %20 YYSK ilavesinin
kullanilabilir oldugunu rapor etmislerdir.

Essa vd. (2015) STK’de protein ekstraksiyonu
gergeklestirilmesi iizerine ¢aligmalar yapmuglardir.
Bu proteinlerin insan beslenmesi ve gelecekteki
besin takviyeleri i¢in degerli bir kaynak oldugunu
kabul etmislerdir.

Yagli tohum kiispelerinin gida endiistrisinde kullanim olanaklari
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3.3. Pamuk kiispesi

Yagli tohum endistrisinde, dengeli aminoasit
profili ve %45-55 oraninda protein icerigine sahip
olan pamuk tohumu kiispesi de énemli yan {iriin
kaynaklarindan biridir. Fakat polifenolik bir bilesik
olan serbest ve/veya bagli gosipoliin varligi bu
kiispenin gida ve yem endiistrisinde kullanimini
sinirlandirmaktadir (Dabbour vd., 2023). Bagh
halde bulunan gosipol toksik degildir fakat
esansiyel aminoasit olan lizinin biyoyararlanimin
ve besinsel degerini azaltir. Serbest halde bulunan
hali ise zararlidir ve toksisiteye yol acabilmektedir
(Kiigiikyildirim, 2024). Gosipol icerigi azaltildig
takdirde pamuk tohumu unlar1 ve protein
konsantreleri unlu mamullerde, atistirmaliklarda ve
et driinlerinde fonksiyonel ve besleyici katki
maddeleri olarak kullanilabilmektedir (Ma vd.,
2017). Emiilsifikasyon ve jel olusturma
ozelliklerinin ~ olmas1  sebebiyle de gida
endiistrisinde kullanim yayginlagmistir
(Kiiciikyildirim, 2024).

3.4. Kanola kiispesi

Kanola kiispesi yiiksek proteinli gida bileseni olma
potansiyelinde olmakla birlikte protein igerigi
%36-39 oranindadir (Zhang vd., 2017). Yiksek
protein ig¢eriginden dolay1 gida endiistrisinde biyo-
polimer dolgu maddesi, emiilgatdr, jel olusumu ve
ayrica film tretimi i¢in kullanilabilir ve reolojik
ozelliklerde iyilesmeye yol agabilir (Abedini vd.,
2021). Iyi bir aminoasit profiline sahip olmasina
ragmen diger bitkisel protein kaynaklar1 gibi lizin
bakimindan sinirhdir ancak metiyonin ve sistin
acisindan dikkat cekici bir kaynaktir (Thacker ve
Kirkwood, 2017). Gida endiistrisinde kullanimini
smnirlayan  diger bir faktdor de antibesinsel
iceriginden dolay1 islendigi gidanin organoleptik
kalitesini olumsuz etkilemesidir. Bu faktor
kaldirildiginda ya da kabul edilebilir bir diizeye
indirildiginde insan tiikketimi i¢in uygun bir protein
kaynag1 olarak kullanilabilir (Alashi vd., 2013).
Selenyum ve fosfor igerigi yoniinden 6nemli bir
kiispedir (Thacker ve Kirkwood, 2017). Fenolik
bilesiklerin antioksidan aktivitelerine dayali olarak
saglik agisindan (Ornegin antikanser, yaslanma
karsit1 vb.) faydali oldugu yapilan arastirmalarla
kabul edilmistir (Obied vd., 2013).

Wanasundara vd. (2016), kanola keki proteininden
bitki proteini kaynagi olarak yapilan protein
ekstraksiyonuyla ilgili bir ¢alismada, bu proteinin
gidalardaki yiiksek emiilsifiye edici 6zelliklerinin
yani sira yenilenebilir biyopolimerler ve ambalajlar

gibi gida dis1 uygulamalarda da yiiksek potansiyele
sahip oldugunu gostermistir.

3.5. Musir kiispesi

Misir yan {riinleri ¢ogunlukla diisiik ekonomik
degere sahip olan  hayvan yeminde
kullanilmaktadir (Jiao vd., 2022). Misir kiispesi
onemli miktarda ham protein (yaklasik %20), yag
(%15- %20) ve lif igerdiginden Onemli bir
kaynaktir (Matveeva vd, 2019; Jiao vd., 2022).
Misir kiispesi unundaki proteinler ¢ogunlukla
albiimin ve globulinden olusur ve esansiyel amino
asitler bakimindan dengelidir (Siddiq vd., 2009).
Yaglanma ve obezite karsiti 6zellikleri bulunan
onemli bir antioksidan kaynagi olmakla birlikte
gida bileseni olarak kullanilma potansiyeline de
sahiptir (Jiao vd., 2022).

Siddiq vd. (2009) yag1 alinmis misir tohum ununun
gidalarda daha fazla kullanilmasina yardimci
olmak i¢in bugday unu ile karisimlarinin
fonksiyonel ve reolojik ozelliklerini
aragtirmiglardir. Yagi alinmig misir unu ilavesinin
fonksiyonel Ozellikleri iyilestirdigi, su ve yag
emilimi ile emilsiyon kapasitelerini arttirdig
goriilmustiir.

3.6. Yer fistig1 kiispesi

Yer fistig1 kekinde (YFK) KM, HP ve ham lif (HL)
sirastyla  %91,96, %25,61 ve %791 olarak
bildirilmistir (Abedini vd., 2021). Yiiksek protein
icerigi nedeniyle insanlar i¢in onemli bir protein
kaynagidir (Qinzhu vd., 2018). Arjinin agisindan
zengin fakat esansiyel aminoasit olan lizin
acisindan fakirdir (Singh vd., 2022). Aminoasit
bakimmdan en yiikksek oranda glutamik asit
bulunurken, en az oranda triptofan bulunmaktadir
(Abedini vd., 2021). Yag iceriginin yiiksek olmasi
nedeniyle acilagmay1 6nlemek i¢in YFK’nin uygun
bicimde islenmesi ve depolanmasima dikkat
edilmelidir (Nevara vd., 2022). YFK yiiksek
degerli besin bilesenlerine sahip oldugundan
makarna ve kurabiye gibi unlu mamul
kullaniminda &nemli yere sahiptir (Abedini vd.,
2021).

Marchetti vd. (2017), YFK’nin diisiik ge¢irgenlige
sahip vakumlu paketlerde bir yil boyunca
sicakliktan  bagimsiz  olarak  depolanmasinin
antioksidan kapasiteyi, kalitesini ve distik kiif-
maya sayisini  korudugunu gostermistir. Bu
ozelliklere dayanarak YFK’nin unlu mamul ve
tah1l barlann gibi {irlinlerde bilesen olarak
kullanilabilecegi gorilmiistiir.
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3.7. Aycicegi kiispesi

Aycigegi tohumu kekindeki (ATK) KM, HP ve HL
miktarlar1 sirasiyla %90,17, %32,84 ve %23,61
olarak bildirilmistir. Aminoasit acisindan kuru
maddede en ¢ok bulunan glutamin, en az bulunan
ise sisteindir  (Abedini, 2021). Esansiyel
aminoasitler (lisin, metiyonin, sistin, triptofan
gibi), mineraller, B grubu vitaminleri, E vitamini,
antioksidan ve protein agisindan zengindir (Sumon
vd., 2020; Petraru vd., 2021). ATK’de ana
antioksidan bilesikler olarak kabul gdren fenolik
bilesikler, lipit oksidasyonundan kaynaklanan kot
tat ve toksik bilesiklerin olusumunu onlediginden,
ATK yaglh gidalara eklenebilmektedir (Wanjari ve
Waghmare, 2015). Ayni zamanda
antihipertansiyon, antitimor ve antibakteriyel gibi
biyolojik o6zelliklere de sahiptirler (Vasudha ve
Sarla, 2021).

3.8. Chia kiispesi

Protein, diyet lifi ve omega-3 gibi faydal
bilesikleri nedeniyle fonksiyonel bilesen, takviye
edici lrlin gibi yeni gida maddelerini formiile
etmek icin kullanim potansiyeline sahiptir (Nevara
vd., 2022; Ferreira vd., 2023).

4. Yagh tohum Kkiispelerinin potansiyel gida
uygulamalari

Fonksiyonel gidalar, icecek, siit iriinleri, unlu
mamuller, sekerleme ve bebek mamasi pazarlari da
dahil olmak tizere birgok gida kategorileri igin
kullanilabilmektedir. Fonksiyonel bilesen olarak
daha az kullanilan yagli tohum kiispelerinin
kullanim1 giderek daha fazla ilgi ¢ekmektedir
(Nevara vd., 2022).

4.1. Unlu mamullerde kullanimi

Diger fonksiyonel gidalar arasinda glutensiz
segeneklerin en biiyligi bu tiretim alanindadir. Bu
ylizden protein ve lif bakimindan zengin olan yagl
tohum kiispeleri kek, biskiivi, ekmek ve kurabiye
gibi trtinlere eklenebilmektedir. Yetersiz beslenen
insanlarin diyetlerine, bebek mamalarina takviye
edici olarak dahil edilebilmektedir (Nevara vd.,
2022).

Ogunronbi vd. (2009) keten tohumu kekinin (%10
ve %15) esmer ekmege ilave edilmesinin besinsel
bilesimine, duyusal 06zelliklerine ve depolama
stabilitesine etkisini arastirmiglardir. Kek ilaveli
ekmegin duyusal olarak kabul edilebilir oldugu,
%10 kek ilave edilmis ekmegin biraz daha fazla
begenildigi sonucuna ulasgilmistir. Keten tohumu

kekinin igerdigi antioksidanlar sebebiyle de
depolama stabilitesinin arttig1 goriilmistiir.

Reyes-Jaquez  vd. (2012)  musir  unu
atistirmaliklarin1  gelistirmek amaciyla pamuk
tohumu kiispesi eklemislerdir. Kiispe eklenmesiyle
protein igerigi artmis, yag igerigi ve su ¢oziiniirlik
indeksi diismistiir. Ayrica atistirmaliklara 6zgii
citir yapt kazandirmistir.

Behera vd. (2013) yer fistig1 ve soya fasulyesi
keklerinin potansiyel kullanimlar {izerine ¢aligma
yapmuglardir. Biskiivilerde, bugday ununun %20
oraninda yer fistig1 ve soya fasulyesi keki ile yer
degistirilerek  kullanilmast  sonucunda, kalite
kriterlerinin kabul edilebilir diizeyde oldugu,
protein, diyet lifi ve polifenol igerigi ile protein
sindirilebilirliginin arttig1 belirlenmistir.

Bhise vd. (2014) SFK, ATK ve keten tohumunun,
kurabiye hamuru hazirlamak i¢in normal una iyi bir
takviye olabilecegini 6ne siirmiis ve bu konuda
arastirma yapmislardir. Kurabiye hamuruna soz
konusu materyallerden ayri ayr1 %10, %20, %30 ve
%40 oranlarinda eklenmis ve duyusal kabul
edilebilirlikle besinsel degerlerini
karsilastirmislardir. Ilave edilen miktar arttik¢a
protein ve lif miktarinda artis gormiislerdir.
Tekstiirel ozellikler agisindan %10 ilave edilmis
SFK, ATK ve keten tohumunun kendi iglerindeki
diger katki seviyelerine ve kontrole kiyasla daha iyi
sonug verdigi, sonraki seviyelerde ise genel kabul
edilebilirlikte diisiis oldugu goriilmiistiir. Hem
duyusal o6zellikleri hem de besinsel degerleri
acisindan ortak degerlendirme yapildiginda %10
ilavenin basarili sonu¢ verdigini bildirmislerdir.

Radocaj vd. (2014) tarafindan kenevir pres keki ve
kafeinsiz yesil ¢ay yapraklari ekleyerek glutensiz
krakerlerin besinsel ve antioksidan 6zelliklerinin
degerlendirilmesi i¢in ¢alisma yapilmistir. Kenevir
unu eklenmis oOrnekler eklenmemis kahverengi
piring unu krakerlerinden ¢ok daha yiiksek protein,
ham lif, mineral ve esansiyel yag asitleri igerigi
gostermistir. Karbonhidrat igerigi ise azalmistir.

Poji¢ vd. (2015), ekmegin kalitesini gelistirmek
icin farkli oranlarda (%5, %10 ve %20) kenevir
ununu, bugday unuyla karigtirmis ve ekmek
tizerindeki etkisini incelemiglerdir. %10‘a kadar
kenevir unu ilavesi hamurun reolojik 6zelliklerini
bozmazken %20 oranindaki ilave bozmustur.
Eklenen bilesen ekmegin besin degerini artirmis,
protein ile makro ve mikro elementlerin daha fazla
alinmasini saglamustir.
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Martins vd. (2017) unlu mamullere SFK’nin
eklenmesinin besinsel ve duyusal 6zellikler {izerine
etkisini aragtirmiglardir. SFK eklenmesi protein,
mineral, lif igerigini arttirirken, karbonhidrat
miktarinin azalmasia sebep olmustur. Ekmege
eklendiginde  duyusal ozellikleri  artirirken
biskiivilere eklenmesi duyusal kabul edilebilirligi
azaltmuastir.

Seth ve Kochhar (2017) YFK unu eklenmis unlu
mamullerin besinsel ve duyusal degerlendirmeleri
i¢cin ¢alisma yapmuslardir. Pizza tabani, ¢orek ve
ekmeklere %5, %10 ve %15 oraninda YFK unu
eklenmistir. Ilave miktar arttik¢a protein ve ham lif
iceriginin arttig1 gorilmistiir. Duyusal
degerlendirme i¢in kabul edilebilir ekleme
diizeylerinin pizza tabani ve g¢orekler icin %10,
ekmek i¢in ise %15 oldugunu rapor etmislerdir.

Silva vd. (2017) bugday unu ve soya kiispesi ile
hazirlanan farkli biskiivilerin besinsel, fonksiyonel
ve duyusal oOzellikleri lizerine  arastirma
yapmiglardir. Soya kiispesi ile hazirlanan
biskiivilerin diisiik karbonhidratli, yiiksek proteinli
ve yiiksek lifli oldugu, yiiksek antioksidan aktivite
ve izoflavon igerdigi ayrica iyi bir duyusal kabul
edilebilirlik gdsterdigi belirlenmistir.

El-Enzi vd. (2018) biskiivi yapimi i¢in bugday
ununa farkli ikame seviyelerinde (%20, %30 ve
%40) STK unu ilave ederek biskiivinin besinsel ve
yapisal oOzelliklerini arastirmislardir. %20 STK
ikamesinin, biskiivilerin  duyusal 6zellikleri
acisindan en iyisi oldugu sonucuna varmislardir.
Ayni zamanda, yapilan ilave ile protein, ham yag,
lif ve kiil icerigi artis gosterirken, karbonhidrat ve
nem  igeriginde ise azalma  oldugunu
bildirmislerdir.

Prakash vd. (2018) STK ilavesi ile bugday unuyla
yapilan biskiivilerin kalitesini arttirmaya yonelik
calisma yapmiglardir. Beyaz ve siyah susam kekini,
biskiivilere %50 oraninda eklemisler ve protein,
yag, ham lif, mineral oraninda artis karbonhidrat
oranlarinda ise diigiis oldugunu belirlemislerdir.
Mikrobiyal = kontaminasyonun  azaldigi  ve
biskiivilerin depolanabilirliginin artt1g1
gorilmistir. STK ilavesinin biskiivilerin besinsel
ve iglevsel Ozelliklerini gelistirdigini rapor
etmislerdir.

Grasso vd. (2019) bugday unu yerine agirlik¢a %18
ve %36 ATK unu ile zenginlestirilmis biskiivilerin
enstriimantal ve duyusal kalitesini degerlendirmek
icin ¢alisma yapmuglardir. ATK ununun {riine

dahil edilmesi, protein iceriginin yani sira, iiriiniin
fenolik igerigi ve antioksidan kapasitesini de
onemli Olgiide arttirmistir. Eklenen oran arttikca
biskiivilerin daha kahverengi goriinimde ve
sertlikte oldugu belirtilmistir.

Gilseren (2019) badem, ceviz, ay ¢ekirdegi, kabak
cekirdegi, findik ve kanola tohum kiispelerinin
(%0, %S5, %10, %15 ve %20 oranlarinda) kek
iiretiminde kullaniminin etkilerini aragtirmistir. Ay
cekirdegi ve kabak cekirdegi ilavesinde kiispenin
kabuk igeriginden dolayr kek firiiniiniin yapisal
ozelliklerini kotii etkiledigi goriilmiistiir. Kanola
ilavesi ise tat ve aroma agisindan en az
begenilmistir.

Guiotto vd. (2020), chia ununu (tam, yar1 yagi
almmis ve yagt alinmis, miisilajli veya miisilajsiz),
ekmekteki teknolojik kaliteye etkisini arastirmak
amaciyla %5 ile %10 oranlarinda eklemislerdir.
Karigimlarin su emme, hamur gelisme siiresi ve
stabilitesinin en yiiksek degeri %10 chia unu ve
misilaj varliginda gerceklestigi goriilmistiir. Chia
unu (%10) ilavesi ekmegin teknolojik kalitesinde
diisiise sebep olmustur. Chia unu (%5) ilavesi ve
misilaj varlig1 ise ekmegin teknolojik kalitesini
arttirmistir.

Grasso vd. (2020) bugday unu yerine %15 ile %30
oranlarinda ATK unu eklenmesinin, muffin {izerine
etkilerini arastirmislardir. Uriine bu unun ilave
edilmesi protein ve kil igerigini arttirmis,
karbonhidrat oranini azaltmistir. Pigsme kaybim
etkilememis, muffin yiiksekligini ve gozenek
yogunlugunu arttirmisg, esnekligini ise azaltmistir.
%15 ilave yapilmis tiriinlerin kontrol iiriinlere gore
daha yakin bir profil sergiledigi goriilmiistiir.

Mas vd. (2020) yagsiz chia kiispe unu kullanarak
kurabiyelerin antioksidan kalitesini artirmak igin
calisma yapmisglardir. Chia ununu %35, %10 ve %20
oranlarinda ekleyerek teknolojik ve duyusal
ozellikler incelenmistir. Un ilavesinin renk
haricinde teknolojik 6zellikleri etkilemedigi fakat
polifenol igerigini ve in vitro antioksidan
kapasitesini arttirdigin1 - gérmiislerdir. Duyusal
olarak %10 katkili kurabiyelerin daha uygun
oldugunu belirtmislerdir.

Martinez vd. (2021) kurabiyelerin besin degerini
arttirmak icin bugday unu ile yagsiz keten, chia,
susam ve hashas unlarini ikame etmislerdir. ikame
edilmis triinlerin teknolojik 6zelliklerini, besinsel
bilesimini  ve  tiiketici  tarafindan  kabul
edilebilirliklerini incelemislerdir. Tkame edilmis
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iiriinlerin kontrol kurabiyelerine gore daha elastik
davranis gosterdigi ve daha yiiksek protein, lif,
daha diisiik karbonhidrat igerigine sahip oldugu
sonucuna vartlmistir. Susam ve keten unu ilave
edilen kurabiyelerin tiiketici degerlendirmesi,
kontrol kurabiyesine yakin sonuglar vermistir.
Fakat chia ve hashas unu ilave edilen kurabiyeler
en az olumlu degerlendirme almstir.

Nassef vd. (2023) tost ekmeginin besinsel
degerlerini artirarak daha saglikli unlu mamul
sunmak {izere calisma yapmislardir. Bugday
ununun %5, %10, %15 ve %20 oranlarinda yagsiz
chia tohum keki unu ile ikame edilmesinin
etkilerini arastirmislardir. Chia ununun eklenmesi
tost ekmegi hamurunda su emilimini, hamur
gelisme  siiresini, hamur stabilitesini  ve
elastikiyetini artirmig fakat yumusama derecesini
azaltmistir. %20’ye kadar ilave yapilmasi ekmek
kalitesinde kiiciik bir diisiise sebep olsa da lif,
aminoasit ve mineral acisindan besinsel degeri
arttirmistir. Duyusal 6zelliklerin de kabul edilebilir
oldugu sonucuna varilmstir.

Suleman vd. (2023) farkl oranlarda (%3, %7, %10
ve %14) YFK unu eklenerek elde edilen
kurabiyelerin besinsel, mikrobiyolojik ve duyusal
Ozelliklerini arastirmak i¢in ¢alisma yapmusglardir.
Yer fistigl unu orani artik¢a nem orani azalirken
ham protein, yag, lif oranlari, antioksidan ve
mineral degerleri artmig, mikrobiyal yiik ise
azalmigtir. Beslenme degerleri ve mikrobiyolojik
acidan %14 YFK unu eklenmis kurabiye daha iyi
sonug verirken, panelistlerin duyusal
degerlendirmesine goére en iyi sonucun %3
oraninda ilave yapilmig kurabiyede oldugu
gOrilmistir.

Shchekoldina ve Aider (2014) normal una %10
oraninda ATK ilavesi sonucunda elde edilen pismis
ekmegin daha yiiksek su emme ve yumusama
etkisiyle birlikte iyi bir duyusal kaliteye sahip
oldugunu goézlemlemislerdir. Ancak hamur
gelisme siiresinin, stabilitesinin ve elastikiyetinin
azaldigini belirtmislerdir.

4.2. iceceklerde kullanim

Yagh tohum kiispelerinin, igerdikleri besinsel ve
fonksiyonel 6zelliklerinden dolayi, igecek triinleri
de dahil olmak tiizere, farkli gida iiriinlerinde ek
bilesen olarak katildiklar1 potansiyel
uygulamalarin biiyiik ilgi gérmesine neden oldugu
bildirilmistir (Nevara vd., 2022).

Keten tohumu kiispesi (%5, %10 ve %15
oranlarinda), yeni bir kefir benzeri fermente
icecegin liretimi i¢in bilesen olarak kullanilmigtir
(Lopusiewicz vd. 2019). Laktik asit bakterileri ve
mayanin herhangi bir takviye olmaksizin keten
tohumu kiispelerinde iyi gelistigi goriilmiistiir. Bu
ilavenin laktoz intoleransi olan ve vegan tiiketiciler
tarafindan fermente, siit Griini olmayan yeni bir
gida olarak kullanilabilecegi sonucuna varilmistir.

Pap vd. (2020) enzimatik hidroliz kullanilarak
kenevir tohum kiispesinin degerlendirilmesi i¢in
caligsma yapmislardir. Farkli 6zelliklere sahip tortu
ve sivi olarak iki fraksiyon elde edilmistir.
Sediment fraksiyonunun sivilara gére daha yiiksek
potansiyele sahip onemli besin maddeleri (yag,
protein, kiil, kannabinoidler, proantosiyanidinler)
icerdigi belirlenmistir. Fakat sediment fraksiyonda
olanlarm uygulanmasinin kati gidalar (kraker,
ekmek, gevrek ekmek) ile smirli oldugu, sivi
fraksiyonun ise ¢ozliniirliigii daha fazla oldugu i¢in
igecek tUriinlerinde kullanilabilir oldugu sonucuna
ulasilmistir.

4.3. Etiiriinlerinde kullanim

Kirmiz1 et bazli islenmis gidalar, pratik olmalar
nedeniyle yaygin olarak tliketilmektedir (Nevara
vd., 2022). Genel olarak bu iiriinler obezite ve bazi
kanser tiirleri riskini artiran yiiksek kolesterol ve
koroner kalp hastaligi ile yakindan iligkili olan
yiiksek doymus yag icerigi nedeniyle gliniimiizde
sagliksiz olarak kabul edilmektedir (Nevara vd.,
2022; Rabadan vd., 2021). Bu nedenle,
zenginlestirilmis et tiriinleri iiretmek icin etin bir
kismini yagli tohum proteini veya lif gibi bitki bazli
bilesenlerle degistirerek daha saglikli ve yararh
hale getirilmeye ¢alisilmaktadir (Nevara vd.,
2022).

Rhee vd. (2001) pamuk tohumu kiispesi eklenen
pismis etin antioksidatif ozelliklerini
incelemislerdir. Yaglh kiymaya %3 oraninda farkl
pamuk kiispeleri eklenmis ve {irline pisirme islemi
uygulanmistir. Sonuglar incelendiginde kiispe
eklenmesinin antioksidatif etki gosterdigi ve lipid
oksidasyonunu belli bir oranda engelledigi
gOriilmustiir.

Turhan vd. (2006) dana koftesine %2,5, %5.0,
%7,5 ve %10 oranlarinda soya keki eklemisler ve
bu dana koftelerinde, eklenen oranlarla birlikte
pisirme kaybmin azaldigim ve su tutma
kapasitelerinin arttigin belirlemiglerdir.

Yagli tohum kiispelerinin gida endiistrisinde kullanim olanaklari
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Souza vd. (2015) kismen yag1 alinmis chia ununun
ve soya proteinin hamburgerlere eklenmesinin, yag
asit bilesimi tlizerindeki etkilerini arastirmislardir.
Ekleme isleminin yag asidi, ham protein, kiil ve
besin bilesiminin 1iyilestirilmesine etki ettigini
gormiislerdir. Chia ilavesinin a-linolenik asit
icerigini arttirmak ve besin agisindan dengeli gida
elde etmek icin alternatif olabilecegi sonucuna
varmislardir.

Naumova vd. (2017) zenginlestirilmis kiyilmis yar1
mamul et {irlinleri gelistirmek i¢in kenevir ununun
(%5, %10 ve %15 oranlarinda) kullanimini
arastirmislardir. Et driinintin - %10’luk  kismu
kenevir unu ile ikame edildiginde, iirliniin rengini
degistirdigini ancak kabul edilebilir lezzet profilini
korudugunu bildirmislerdir. Ayrica lipit igerigini
%22 oraninda arttirmis ve magnezyum ve demir
igeriklerini de iyilestirmistir.

Izadkhasti vd. (2019) sosis iriiniinde, soya ve
susam  kiispesini %2, %4 ve %6
konsantrasyonlarda bugday unu yerine iriine
eklemis ve numunelerin fizikokimyasal, tekstiirel
ve renk Ozellikleri agisindan kontrol grubu ile
karsilastirmiglardir. Bu kiispelerin kullaniminin,
fizikokimyasal ve tekstiirel 6zellikleri iyilestirdigi
ve daha yiiksek besin degeri verdigi sonucuna
ulagmislardir.

Zahari vd. (2020) cift vidali es-doniisli ekstriider
kullanarak yliksek nemli et tiirevleri tiretmek igin
soya protein izolatinin farkli seviyelerde (agirlikga
%20, %40 ve %60) kenevir protein konsantresi ile
ikamesini incelemislerdir. %60°‘a kadar kenevir
protein konsantresi i¢eren bir karisimin ekstriide
edilmesinin  uygun oldugunu  gormiislerdir.
Kenevir protein konsantresi, soya protein izolatina
gore daha az su emmis, daha yiiksek denatiire etme
sicakligina ihtiya¢ duymustur.

Rabadan vd. (2021) kuzu eti, yag ve kivam arttiric
yerine ¢esitli yagli tohum kiispeleri ve kabuklu
yemislerden elde edilen yaglar ve unlar
kullanilarak geleneksel kuzu burgerlerin yeniden
formiile edildigi bir ¢alisma yapmislardir. Hashas
ve chia tohumu kiispeleri kullanildiginda, daha
yiiksek karbonhidrat igerigine sahip diisiik kalorili
burgerler iiretilmistir. ilave yapilarak elde edilen
burgerlerin geleneksel burgerlere kiyasla saglik
acisindan daha faydali fakat onlarla benzer fiziksel
ozelliklere ve tiiketici tercihlerine sahip oldugunu
gozlemlemislerdir.

4.4, Noodle ve makarnada kullanimi

Firmnceilik, et ve igecek iiriinlerinin yam sira, yagh
tohum kiispeleri ile desteklenmis makarna/noodle
triinleri de gelistirilebilmektedir (Nevara vd.,
2022).

Zawawi vd. (2013), sar1t bugday noodle
formiilasyonuna %25 ve %75 oraninda kenaf
tohumu kiispesi unu ekleyerek, fizikokimyasal ve
besinsel 6zelliklerine etkisini incelemislerdir. Ilave
edilmis iiriinlerin daha yiiksek lif ve kiil icerdigini,
%75 oraninda ilave edilmesinin ise kontrole
kiyasla en yiiksek toplam fenolik madde igerdigini
gormiislerdir. Zenginlestirilmis trlinlerin daha iyi
pisirme kalitesinin oldugu fakat daha diisiik renk ve
sertlik degerlerine sahip oldugu sonucuna
varilmistir.

Mridula vd. (2015), makarna tiretimi i¢in YFK,
havug¢ suyu ve bugday unu kombinasyonu iizerine
calisma yapmislardir. Caligmada 10 g, 15 gve 20 g
YFK; 14 ml, 22 ml ve 30 ml havug suyu ve 80 g,
85 g ve 90 g un kullanilmistir. YFK ve havug suyu
orani en fazlayken iiretilen makarnanin, en yiiksek
antioksidan aktiviteyle birlikte kabul edilebilir
duyusal oOzelliklere sahip oldugu goriilmistiir.
Bilesenlerin  eklenmesi makarnanin  rengini
iyilestirmis, antioksidan ve protein igerigini ise
arttirmaistir.

Mridula vd. (2016) protein ve antioksidan
aktiviteyi arttirarak makarnanin gelistirilmesi igin
YFK (10 g, 15 g ve 20 g), kirmizibiber suyu (14 ml,
22 ml ve 30 ml) ve rafine bugday unu (80 g, 85 g
ve 90 g) kullanmislardir. YFK ve kirmizibiber
suyunun arttirilmasi antioksidan aktivite ve protein
igeriginin artmasina ve duyusal niteliklerin de
geligmesine neden olmustur.

Teterycz vd. (2021) kenevir tohum kiispesi (%2,5-
%10) ve ununun (%5-%40) durum bugday1
makarnasinin tekstiir, duyusal nitelik, pisirme
kalitesi ve fizikokimyasal ozelliklerine etkisini
incelemislerdir. flave edilmis iiriinlerde diyet lifi,
yag, protein ve kiil miktarinin arttig1 gortilmistiir.
Un eklenmis tirlinlerin daha diisiik graniilasyon ve
daha yiiksek besin degeri gosterdigi sonucuna
varilmistir.

4.5. Diger iiriin tiirlerinde kullanimi

Norajit vd. (2011) pirin¢ unu ile kenevir tohumu
tozu ve cesitli seviyelerde (%0, %20, %30 ve %40)
kenevir tohumu kiispesi ilavesiyle ekstriide edilmis
karisimlardan  enerji  barlar1  hazirlamis, bu
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ilavelerin  fiziksel, kimyasal ve antioksidan
ozelliklere etkisini aragtirmiglardir. Kenevir tozu
miktarinin artirtlmasinin piring/kenevir
ekstriidatlarinin  yigin yogunluklarimi artirdigini,
fakat kenevir igermeyen piring ekstriidatlarina
(kontrol) kiyasla su emme indeksini azalttigini
gozlemlemiglerdir. Zenginlestirilmis iriinlerin
fenolik ve flavonoid igeriginin arttig1 goriilmiistiir.
%20 ilave edilen tirtinlerin renk, tat ve genel kabul
edilebilirlik agisindan daha uygun oldugu
sonucuna varmislardir.

Sobczak vd. (2020) keten, hindistan cevizi, kabak
ve ay ¢ekirdegi kiispelerinden fonksiyonel takviye
olarak kullanilabilecek tabletler olusturmuslardir.
Bu kiispeleri bal tozu ve nisasta ile kaplayip,
dayanikli bir {iriin elde etmislerdir. Uygun sekilde
islenmis yan iirlinlerin besin takviyesi olarak
kullanilabilecegini gdstermislerdir.

5. Fonksiyonel bilesen ve substrat olarak
kullanimi

Protein bileseni, enzim, mantar, antibiyotik ve
antimikrobiyal iiretiminde substrat olarak ve
antioksidan  olarak  yaghh  tohum  kekleri
kullanilmaktadir (Paul vd., 2018).

5.1. Protein konsantresi / izolat1 / hidrolizati
olarak kullanimi

2050 yilma kadar kiiresel niifusun 9,7 milyara
ulasacagi tahmin edilmektedir. Bu yiizden
besleyici, siirdiiriilebilir, uygun fiyatli ve protein
acisindan zengin gidalara ihtiyag duyulacagi
bilinmektedir (Hadidi vd., 2024). Hayvancilik
yillardir yiiksek kaliteli proteinler i¢in ana kaynak
olmustur fakat iklim degisikligi, arz talep
dengesinin bozulmasi, kaynaklarin korunmasi,
biyogesitlilik ~ kaybi, yliksek maliyet gibi
sebeplerden dolay1 alternatif olan bitki bazl
protein kaynaklarma ilgi giderek artmistir (Zhang
vd., 2023; Hadidi vd., 2024).

Bitki proteinleri, antibakteriyel, antiinflamatuvar,
antidiyabetik ve antioksidan ozellikler gibi birgok
saglik yaran ile iliskilendirilmistir. Yaygin bitki
protein kaynaklari baklagiller (soya fasulyesi,
bakla, bezelye, nohut vb.), tahillar (bugday, piring,
musir, arpa vb.) ve tohumlardir (chia, keten, kabak,
aycigegi, susam vb.). Yagli tohum proteinleri,
hayvansal proteinlere kiyasla daha diisiik kronik
hastalik riski tagimaktadir. Diisiik maliyetleri ve
saglik acisindan faydalar1 olmalar1 nedeniyle gida
endistrisinde unlu mamuller, et ve siit iriinleri
alternatifleri basta olmak tizere birgok gesit {iriin

icin protein kaynagi olabilmektedir (Zhang vd.,
2023).

Yagl tohum kiispeleri protein konsantreleri (%30-
%80 protein), protein izolatlar1 (>%90 protein) ve
protein hidrolizatlart (proteinin hidrolize iiriinii)
hazirlamak i¢in kullanilmaktadir. Protein izolatlari,
proteinin alkali ile ¢oziindiiriilmesi, ardindan asit
kullanilarak izoelektrik cokelti elde edilmesi ve
daha sonrasinda yikama ve kurutma islemleri ile
elde edilmektedir. Bu izolatlar enerji barlari,
protein igecekleri, dondurulmus tatlilar, eksi krema
ve soslari, et ve peynir tiirevleri, ekstriide tirlinler,
makarna, icecek  tozlart  gibi  iriinlerin
zenginlestirilmesinde fonksiyonel bilesen olarak
kullanilabilmektedir. Protein izolat hidrolizi
sonrasi protein hidrolizati ortaya ¢ikmaktadir. Eger
uygun bir hidroliz yapilirsa gida endiistrisinde
kullanilabilmektedir.  Izolatlarm  uygun ve
kontrollii  hidrolizi  yapildiginda,  biyolojik
aktiviteye sahip ve insan saglig1 acisindan yararh
olan biyoaktif peptitler olarak bilinen 6zel bir
protein pargast olusmaktadir. Biyoaktif peptitler
antioksidan, antitrombotik, hipokolesterolemik ve
immiinomodiilator aktivitelerinden dolay1 sagliga
yararhdir (Paul vd., 2018).

Ciftci (2018) yaptigr calismada findik ve susam
kiispelerinden elde ettigi protein konstantrelerini,
%S5, %10, %15 ve %20 (w/w) oranlarinda mayonez
ve kofteye eklemis ve fizikokimyasal ve duyusal
etkilerini incelemistir. Kopiik olusturma kapasitesi
en yiiksek susam proteininde bulunmustur. Protein
konsantresi  (%5) ilavesinin  mayonezdeki
emiilsiyon stabilitesini olumsuz etkilemedigi
goriilmlis  olup, yumurta yerine alternatif
olabilecegi  sonucuna  varilmistir.  Duyusal
degerlendirmelerde ise %5 protein konsantresi
ilave edilen triinlerin panelistler tarafindan daha
yiiksek skor aldig1 gézlenmistir.

Mohammed vd. (2018) aygicegi keki protein
izolatinin %0, %1, %3, %6 ve %9 oranlarinda
bugday ununa eklenerek yapilan bugday ekmegi
kalitesi ve besin degeri iizerindeki etkisini
arastirmiglardir. %9 oraninda yapilan ekleme,
bugday ekmeginin protein ve aminoasit igerigi
bakimindan besin degerini arttirmig, ekmek
kalitesinde ise sadece kiiglik bir azalmaya sebep
olmustur. %1 katkili ekmegin panelistler tarafindan
kabul edilebilir oldugu ve kontrol ekmegine gore
tat ve doku agisindan anlamh bir fark olmadigim
ortaya koymuslardir.
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Hammadde olarak yagli tohum proteinlerinin
kullanilmasinda cesitli sorunlarla
karsilasilmaktadir. Genellikle bir ya da daha fazla
esansiyel aminoasit bakimindan eksik olmalari,
hayvansal proteinlerle karsilastirildiklarinda; suda
¢Oziintirliik, stabilite, koplik olusturma kapasitesi
acisindan daha zayif 6zellik gdstermesi, tat, lezzet,
antibesin ve alerjen problemleri bu sorunlardan
bazilaridir. Bu sorunlarin ¢oziimii i¢in yagli tohum
proteinlerinin fonksiyonel 6zelliklerinin, lezzetinin
iyilestirilmesi, ¢esitli yollarla (6giitme, otoklav,
1slatma, mikrodalga, ¢imlendirme, enzimatik islem
ve fermantasyon) antibesin ve alerjenitenin
azaltilmasi  lizerine  calismalar  yapilmasi
gerekmektedir (Zhang vd., 2023).

5.2. Enzim olarak kullanimi

Endiistriyel uygulamalarda enzimlerin énemli bir
rolii bulunmaktadir. Substrat olarak yagli tohum
kekleri kullanilarak kati hal fermantasyonu ile
enzimler iretilebilirler. Clinkii yagh kekler besin,
karbon ve nitrojen agisindan zengin ve ucuz
malzemelerdir (Paul vd., 2018; Ancuta ve Sonia,
2020). Uretilebilen enzimler arasinda a-amilaz,
fitaz, proteaz, L-glutaminaz, iniilinaz, glukoamilaz,
mannoz ve tannaz onemlidir (Ancuta ve Sonia,
2020; Usman vd., 2023). Uretimleri, inkiibasyon
stiresine ve substratin pH'sma, nemine ve partikiil
boyutlarina baglidir (Ancuta ve Sonia, 2020).

Soya fasulyesi ve susam keki gibi farkli yagh
keklerde biiyiiyen bakteri ve mantar suslari
kullanilarak kati hal fermantasyonunda proteaz
enzimi uretilmistir (Usman vd., 2023).

5.3. Mantar iiretiminde substrat olarak
kullanimi

Endiistriyel yan iirlinlerin olast bir kullanim alani
da mantar yetistiriciligidir.  Yaghh  tohum
kiispelerinden kati1 hal fermentasyonu ile iyi bir
antioksidan ozellige sahip mantarlar
iiretilebilmektedir (Ancuta ve Sonia, 2020).

Yapilan calismalarda mantarlara yagli tohum
kiispesi eklendiginde verim artis1 gozlemlendigi
bildirilmistir. Uretilen mantarlar; koriler, corbalar
gibi iiriinlerin hazirlanmasinda
kullanilabilmektedir. Mantarlar iyi bir protein
kaynagi olmakla birlikte B ve C vitaminleri,
kalsiyum, selenyum ve antioksidan agisindan da
zengindir. Bu nedenle dogrudan ya da ¢esitli gida
preparatlarinda bilesen olarak kullanilabilmektedir
(Paul vd., 2018, Usman vd., 2023).

5.4. Antibiyotik ve antimikrobiyal olarak
kullanin

Yaglhh tohum kiispesi, g¢esitli antimikrobiyal
ajanlarin ve antibiyotiklerin iiretimi i¢in kullanilan
zengin bir substrattir. Ay¢igegi, soya fasulyesi ve
susam yagli tohum kekleri, klavulanik asit ve
sefamisin C {iretiminde kat1 hal fermentasyonu i¢in
substrat olarak kullanilmigtir (Paul vd., 2018,
Usman vd., 2023).

Farzana vd. (2021) tarafindan yapilan ¢aligmada,
yagl tohum kiispesini substrat olarak kullanilarak
Bacillus licheniformis ile fermente edilip
antibiyotik olan basitrasin sentezi
gerceklestirilmistir. Soya fasulyesi kiispesinde
maksimum performans elde edilmistir.

5.5. Antioksidan olarak kullanimi

Yaglh tohum kekleri, oksidatif stresi azaltarak
kanser tiirlerini 6nlemeye yardimer olan fenolik
asitlerin, lignanlarin ve flavonoidlerin serbest,
esterlestirilmis ve yogunlagtirilmis formlarin
icermektedir (Ancuta ve Sonia, 2020). Bu
antioksidanlar,  stiperkritik  sivi, mikrodalga
destekli, ultrason destekli, solvent ve yiiksek basing
isleme  destekli  ekstraksiyonlar ile elde
edilmektedir (Paul vd., 2018). Ekstrakte edilen
antioksidanlar, enerji barlarinda, unlu mamullerde,
igeceklerde ve ekstriide iiriinlerde fonksiyonel gida
bileseni olarak kullanilabilmektedir. Soya kekinde
antioksidatif aktiviteler izoflavonlar ve sinnamik
asitten, yer fistig1 kekinde ise fenolikler, klorojenik
ve kafeik asitlerden kaynaklanmaktadir. Fenolik
bilesikler (sinapin, benzoik, klorojenik, fenolik
asitlerin esterleri gibi) kolza tohumu, hindistan
cevizi, aygicegi, susam ve pamuk keklerindeki
baslica antioksidanlardir (Paul vd., 2018; Ancuta
ve Sonia, 2020).

6. Yagh Tohum Kiispelerinin Gida
Endiistrisinde Kullanim Zorluklar:

6.1. Taze Kiispelerin Bozulmasi

Yagli tohum kiispeleri yiiksek besin degeri ve nem
iceriginden dolay1 kolay bozulma egilimindedirler.
Dogal kurutma siiresi, hava kosullar1 ve gereken
siire nedeniyle etkisiz kalmakla birlikte tiriinlerin
islenemeden  ¢iirimesine neden  olmaktadir.
Dondurarak kurutma, vakumlu kurutma, firinda
kurutma, siirekli akiskan yatakta kurutma, sicak
hava kurutma ve tamburlu kurutma kullanilarak bu
sorun ¢oOzilebilmektedir (Colletti vd., 2020;
Nevara vd., 2022).

Yagli tohum kiispelerinin gida endiistrisinde kullanim olanaklari
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6.2. Antibesin I¢erigi

Gidalarda yagli tohum kiispeleri kullaniminin
sinirli olma nedenlerinden biri olan antibesinler,
mikro ve makro besinlerin sindirimini ve emilimini
etkileyen ve viicut organlarinin islevleri iizerinde
olumsuz etkileri olan maddelerdir. Bunlara 6rnek
olarak tanenler, fitik asit, o-amilaz, tripsin
inhibitorleri,  antivitaminler =~ ve  saponinler
verilebilir. Isil islem (kavurma, kaynatma,
mikrodalgada, otoklav kullanim1) ve fermentasyon
uygulamas:  antibesinlerin  giderilmesi  igin
kullanilabilecek basit tekniklerdir (Abedini vd.,
2021; Nevara vd., 2022; Razavizadeh vd., 2022)

Embaby (2010) yaptigi calisma ile kaynatma,
kavurma, mikrodalga pisirme ve otoklavlama gibi
cesitli 1sitma islemleriyle muamele edilen susam
tohumlar1 ve yer fistiginin bazi antibesin
maddelerinin (fitik asit, lektin, tanenler, tripsin
inhibitérli ve o-amilaz inhibitorii) ve in vitro
protein sindirilebilirliginin seviyelerini analiz
etmigtir. Isil islem uygulamasinin antibesinleri
azalttig1 ve yer fistig1 proteininin sindirilebilirligini
arttirdigini gérmustiir.

Colletti vd. (2020) soya fasulyesindeki tripsin
inhibitorlerini kavurma islemiyle kismen etkisiz
hale getirilebilecegini belirtmislerdir. Yagli tohum
kiispelerindeki antibesinleri uzaklagtirmak igin
kullanilan 1s1 uygulamasinin, proteinin yapisini ve
¢Oziiniirligiini olumsuz yonde etkileyecegini ve
boylece  sindirilebilirliklerini  degistirecegini
belirtmislerdir.

6.3. Potansiyel Alerjenite

Bitkisel proteinlerden kaynaklanan alerjenite, yagh
kiispe kullanimmi smirlayan faktdrlerden biridir
(Nevara vd., 2022). Gida proteinlerine karsi
olumsuz bir bagisiklik reaksiyonu olan alerji birgok
kisinin giivenligi ve sagligi icin tehlikelidir
(Abedini vd., 2021). Ornegin, yer fistig1 ve soya
fasulyesinden elde edilen proteinler, alerjik
reaksiyonlara neden olan ana proteinleri (glisin ve
B-konglisinin) igermektedir. Susam, aycicegi
tohumlar1 da alerjiye neden olmaktadir. Kenevir
tohumunun ise diger yenilebilir tohumlara gore
daha az alerjik oldugu diistiniilmektedir (Nevara
vd., 2022).

Cabanillas vd. (2012), alkalaz ve aromazim
hidrolizinin yer fistig1 proteini alerjenitesi
iizerindeki etkisini incelemiglerdir ve IgE
reaktivitesinde bir azalma bulmuslardir.

Cabanillas  vd. (2018) soya fasulyesindeki
alerjeniteyi azaltmak i¢in kullanilan 1s1l islemin ve
basincin  etkilerini  arastirmiglardir. Soya
fasulyesinin IgE reaktivitesinin 30 dakikaya kadar
kaynatmaya direngli ve 60 dakika boyunca
uygulandiginda ise daha yiiksek bir etkiye sahip
oldugu goriilmistiir. Is1 ve basincin birlikte
kullanilmasiyla ise IgE ‘nin azaldig1 goriilmiistiir.

Mamone vd. (2019) kenevir tohumu protein
izolatinin, dnemli thaumatin benzeri protein ve
lipid transfer proteini dahil olmak iizere bilinen
tim kenevir alerjenlerini ortadan kaldirabilecegi
sonucuna ulasmislardir. Gastrointestinal
sindirimden sonra higbir protein pargasina
rastlanilmamistir. Sonug¢ olarak, kenevir tohumu
protein izolatinin hipoalerjenik gidalar igin bir
bilesen olarak kullanilabilecegini bildirmislerdir.

Pi vd. (2021), sl islem, fermantasyon,
glikozilasyon, enzim katalizi, ¢cimlenme, 1sinlama
ve yiiksek hidrostatik basincin soya fasulyesi
alerjenleri tizerindeki etkilerini arastirmiglardir.
Enzimatik bozunma, 1s1l islem, fermentasyon
yontemlerinin alerjeniteyi azalttigr goriilmustiir.
Fakat yiiksek sicaklik gibi uygulamalarin, besin
degeri kaybina ve zararli maddelerin olusumuna
yol agabilecegini de belirtmislerdir.

6.4. Mikotoksin varhgi

Mikotoksinler, insan ve hayvan saglig: iizerindeki
olumsuz etkileri nedeniyle endise yaratmaktadir.
Kalite kontrol sorunlari, sicak ve nemli iklim,
uygunsuz depolama ve iiretim kosullari, yagh
tohumlarda mantar gelisimini destekleyerek
mikotoksin kontaminasyonuna yol acabilmektedir.
Bu durum, yag isleme sirasinda elde edilen yaga,
yagir alinmig kiispeye ve yemlere bulagmasina
neden olmaktadir (Ji vd., 2024). Isil islem,
ekstriizyon  pisirme, oglitme, demleme,
amonyasyon ve ozonlama islemleri uygulanarak
mikotoksin seviyeleri azaltilabilmektedir (Bhat ve
Reddy, 2017; Ji vd., 2024).

6.5. Tiiketici tarafindan kabul edilebilirligi

Yeni gida iriinlerinin (6zellikle yagli tohum
kiispelerinden elde edilen bilesenleri icerenlerin
geligtirilmesi) tiiketici tarafindan duyusal olarak
kabul edilmeleri olduk¢a  zordur. Besin
degerlerinin  iyilestirilmesine ragmen, c¢ogu
tiiketicinin yeni tirtinleri denemeye istekli olmadigi
unutulmamalidir. Bu sebeple duyusal
degerlendirme, yeniden formiile edilmis {iriinlerin
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basarist i¢in ¢ok onemli bir kriterdir (Nevara vd.,
2022).

7. Sonug

Gida endiistrisinde yag {iretimi sonucu olusan yan
iriin attk miktar1 son derece fazla olmakta ve
atiklar etkin bir sekilde degerlendirilememektedir.
Genellikle hayvanlar i¢in yem olarak kullanilan bu
yan iriinler, besin degerleri acisindan zengindir.
Cevre saglig1 ve atiklarin geri kazanimi i¢in bu
irtiinlerin  kullanim olanaklarinin  arastirilmasi
onem arz etmektedir. Gida endistrisinde; unlu
mamuller, igecekler, et fiirlinleri ve makarnalar
dahil olmak lizere cesitli alanlarda
kullanilabilmektedir.  Kullanildig1  trtinlerde
protein ve lif miktarinda artis saglarken, cogu
zaman karbonhidrat miktarinda ise azalma
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Abstract

Obijective: Olive consumption has been showing an increasing trend in recent years due to the increasing
interest in healthy and balanced nutrition. Olives are consumed in different ways such as table olives and olive
oil. Fermentation of table olives is very important to remove bitterness and to produce safe table olives with
appropriate sensory and biochemical properties and long shelf life. Table olive fermentation is carried out
under spontaneous or controlled conditions. There are many microorganisms in the natural microflora of
olives. When the studies are examined, it is generally seen that the dominant species are lactic acid bacteria
such as Lactobacillus pentosus, Lactobacillus plantarum, yeasts such as Candida, Saccharomyces, Pichia and
mould species such as Penicillium, Aspergillus. Therefore, table olive production is a very complex process
due to the rich microflora diversity.

Conclusion: In this review, general information about olive fruit and microorganisms involved in table olive
fermentation are given. The effects of microorganisms on the organoleptic properties and biochemical
properties of table olives during the fermentation period have been studied in detail. An important resource
has been presented to researchers and industry working on table olives with this study.

Keywords: Olive; spontaneous fermentation; starter culture; microflora

Oz

Amag: Son yillarda saglikli ve dengeli beslenmeye artan ilgiden dolay1 zeytin tliketimi artis egilimi
gostermektedir. Zeytin, sofralik zeytin ve zeytinyagi gibi farkli sekillerde tiiketilmektedir. Sofralik zeytin
fermantasyonu, aciligin giderilebilmesi, uygun duyusal ve biyokimyasal 6zelliklere sahip, raf dmrii uzun ve
giivenli sofralik zeytin iiretebilmek i¢in oldukca 6nemlidir. Sofralik zeytin fermantasyonu, spontan veya
kontrollii kosullarda gerceklestirilmektedir. Zeytinin dogal mikroflorasinda ¢ok sayida mikroorganizma
bulunmaktadir. Yapilan c¢alismalar incelendiginde genel olarak baskin tiirlerin Lactobacillus plantarum,
Lactobacillus pentosus gibi laktik asit bakterilerinden, Candida, Saccharomyces, Pichia gibi mayalardan ve

Penicillium, Aspergillus gibi kiif tiirlerinden olustugu goriilmektedir. Dolayisiyla, sofralik zeytin liretimi sahip
oldugu zengin mikroflora ¢esitliliginden dolay1 olduk¢a kompleks bir siirectir.

Sonug¢: Bu derleme calismasinda zeytin meyvesi ve sofralik zeytin fermantasyonunda rol oynayan
mikroorganizmalar hakkinda genel bilgiler verilmektedir. Fermantasyon siiresi boyunca mikroorganizmalarin,
sofralik zeytinlerin organoleptik 6zellikleri ve biyokimyasal 6zellikleri tizerindeki etkileri detayli bir sekilde
incelenmistir. Bu calisma ile birlikte sofralik zeytin lizerine ¢alisan arastirmacilara ve endiistriye énemli bir
kaynak sunulmustur.

Anahtar Kelimeler: Zeytin; spontan fermantasyon; starter kiiltiir; mikroflora
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1. Introduction

Olive, which is traditionally cultivated in
Mediterranean countries (Sozbilen and Baysal,
2016) and is a fruit of the Olea erupaea tree, is a
drupe and fleshyfruit with a high fat content, low
sugar concentration and bitter component
(oleuropein) (Arroyo-Lopez et al., 2012). 1t is
believed that the olive plant first grew in the region
encompassing Hatay, Mardin, Palestine, Syria, and
the island of Cyprus (Anonymous, 2019). The
spread of the olive to the world has been in the form
of Southeastern Anatolia, Western Anatolia,
Aegean Islands and Greece-ltaly-France-Spain
(Anonymous, 2016).

According to the data of the Food and Agriculture
Organization (FAO), olive decile areas increased
by 6.42% and olive production increased by
19.98% between 2012 and 2022 worldwide. In the
2021-22 season, olive production was realized on
10.95 million hectares of land worldwide and 21.45
million tons of crops were obtained. The countries
with the highest olive production in 2021-22 were
Spain, Greece, Tirkiye, Italy, Morocco, Egypt,
Portugal, Tunisia, Syria and Algeria, respectively.
According to the International Oliveoil Council
(10C) data, the per capita table olive consumption
by country in the 2019/20 production season is 5.6
kg in Syria, 6.2 kg in Algeria, 5.5 kg in Egypt, 3.9
kg in Tirkiye, 3.5 kg in Spain and 2.5 kg in Peru
(10C, 2023).

Olive is a food containing high levels of fat (12-
30%), low levels of sugar (2.6-6%), oleuropein,
which is a bitter component, water, protein,
anthocyanins, organic acids and mineral substances
(Tokusoglu, 2016; Rokni et al., 2017). In recent
years, olive consumption has increased due to the
increasing interest of people in issues such as
quality life, health and balanced nutrition (Ozdek
and Aybar, 2019). Olive consumption is considered
under two main categories: table olives and olive
oil.

Table olives are defined in the Turkish Food Codex
Communiqué on Table Olives numbered 29097
and dated 23 August 2014 as "olives obtained from
cultivated olive tree (Olea europaea L.) fruits by
removing the bitterness in accordance with the
technique, subjected to fermentation work or not
kept, adding starter cultureand/or other additives,
when necessary, with or without pasteurisation or
sterilisation process" (Anonymous, 2014). Table
olives are divided into 3 groups: green, different

colors and black olives according to the maturity
level of the fresh fruit (Rejano et al., 2010). In
addition, according to customer demands and the
way they are presented to the market, they are
classified as whole olives, pitted olives, filled
olives, half olives, quarter olives, divided olives,
sliced olives, broken olives, crushed olives,
scratched olives, saddle olives, etc. (Tokusoglu,
2016).

In this study, information about the importance of
fermentation in table olive production, production
problems related to the optimisation of
fermentation conditions and microbial flora that
play a role in fermentation are reviewed.

2. Natural flora of the olive fruit

Table olive fermentation usually occurs
spontaneously. The natural microflora of olives
plays an important role in spontaneous
fermentations (SF). The microflora of olives varies
depending on the type of olive, the geographical
region in which it is located and the type of
processing.

There are limited number of studies on the natural
flora of raw olive fruit. In one of these studies,
lactic acid Dbacteria (LAB), Bacillaceae,
Enterobacteriaceae, Micrococcaceae,
Pseudomonadaceae, mould and yeast species were
detected from the fruits of Hurma and Erkence
olive species grown in Karaburun district of Izmir,
Tiirkiye (Sozbilen and Baysal, 2016). Bella di
Cerignola olives harvested from Santo Stefano in
the Apulian Region of Italy were fermented
according to Spanish and natural fermentation
methods and LAB, mesophilic bacteria,
Pseudomonadaceae, Enterobacteriaceae,
Micrococcaceae, Staphylococcus spp., and yeasts
were detected. Bacillus species were dominant in
mesophilic microorganism population of raw
olives and Chryseobacterium spp., Enterobacter
amnigenus and Enterobacter cloacae were isolated
in the first phase of fermentation (Campaniello et
al., 2005). Enterobacteriaceae, Clostridium,
Pseudomonas, Staphylococcus spp., LAB and
some mold species were isolated from processed
olives and their brines (Erten et al., 2015). In the
early days of fermentation, LAB such as
Pediococcus  cerevisiae and  Leuconostoc
mesenteroides (Turantag, 2021) and Gram negative
bacteria (Enterobacter, Citrobacter, Aeromonas,
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Escherichia and Klebsiella) grow. The growth of
Gram negative bacteria continue until LAB grow
and reduce the pH of the environment to a certain
level. It has been reported that Saccharomyces,
Pichia, Candida genera are frequently encountered
in table olive fermentations. The most important
microorganism group in olive fermentations is
LAB. Especially, Lactobacillus spp. (Lactobacillus
plantarum) are the most dominant species (Erten et
al., 2015). In addition, Rhizopus nigricans,
Fusarium semiticum, Penicillium, Aspergillus
mould species were detected in the microbial flora
of olive fruits. Penicillium species are the most
dominant species among the moulds (Tokusoglu,
2016).

3. Table olive fermentation and importance of
fermentation

Olive is the only fruit that cannot be consumed
directly after harvesting., The bitterness of olives
must be removed in order to consume them.
Several processes can be apply for removing
bitterness in olive fruits. Bitterness in olives can be
eliminated by alcali application, brining, salting,
fermentation, acidification, enzyme treatment,
sonication, freezing-thawing and drying methods
(Kara and Ozbas, 2013; Yilmaz et al., 2022).
Fermentation of table olives occurs under
spontaneous or controlled conditions (with or
without starter culture). The microorganisms
involved in fermentation are yeasts and LAB
(Arroyo-Lopez, 2012; Bonatsou et al., 2017). It is
stated that oleuropein, which is a phenolic
compound and the cause of bitterness in olives, is
degraded by the enzyme B-glucosidase produced
by yeasts and LAB during fermentation and then
converted into hydroxytrisol and elenolic acid by
esterase enzyme (Kara and Ozbas, 2013; Boskou et
al.,, 2015). LAB are very important for olive
fermentation because they can survive in brine,
tolerate high pH and sodium chloride (NaCl)
values, produce high amounts of lactic acid, and
have specific enzymes (Abouloifa et al., 2020b).
LAB especially cause a decrease in pH with the
lactic acid produced in table olive fermentation.
When fermentation ends, the amount of salt used to
preserve the product decreases due to the increase
in the acidity of the environment (Ozdemir, 2011),
the microbial load of olives decreases and thus the
shelf life prolonged. The metabolites and volatile
components  (alcohol, ethyl acetate and
acetaldehyde) produced by yeasts involved in
fermentation produce the desired taste and aroma

in olives (Bonatsou et al., 2018). In addition, the
odor, color, taste and texture such as properties of
the final product are improved thanks to the lipase
and esterase activities of the yeasts (Bonatsou et al.,
2018; Perpetuini et al., 2020).

Table olive fermentation is very important for the
growth of desirable sensory and biochemical
properties in the end product (Kaltsa et al., 2014),
inhibition of undesirable microorganisms (lactic
acid, bacteriocin, etc.) (Hurtado et al., 2012),
reduction of high salt concentration which is
harmful for health and improves olive flavour
(Ozay et al., 1994; Ozdemir, 2011), reduction of
alcali use due to the natural removal of the
bitterness cause of oleuropein from olives (Boskou
et al., 2015) All these are very important in process
in terms of producing a quality product with a long
shelf life and food safety (Chranioti et al., 2018).

4. Production problems related to optimisation
of fermentation conditions

It has been reported that the optimum salt
concentration at which LAB can grow is maximum
9% (Erten et al., 2015). This ratio is in the range of
12-14% in olive fermentation produced by
traditional method (Ozay et al., 1994). Therefore,
the use of high salt is disadvantageous for the
growth  of  microorganisms involved in
fermentation. In addition, halophilic Archaea,
which can grow under high salt concentration and
low acidity conditions and are spoilage factors in
foods, can be observed (Abriouel et al., 2011).

Spontaneous fermentation takes place with the
natural microflora on the surface of the olive fruit.
Accordingly, spontaneous fermentation may lead
to the production of low-quality products with
variable sensory characteristics due to the long
period under uncontrolled conditions (Boskou et
al., 2015). In short, spontaneous fermentation has
more disadvantages compared to fermentations
using starter culture (Bonatsou et al., 2017).

During the alkaline treatment and washing stages
in the bitterness removal process, the sugar content
in olive fruits decreases. Therefore, the
fermentation process proceeds outside the desired.
Accordingly, acidity remains at low levels. As a
result, spoilage factors and  pathogenic
microorganisms may grow in the environment and
cause risky food production and product spoilage
in terms of food safety. In addition, alkaline
application causes a decrease in phenolic
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compounds that contribute to the texture, taste,
colour and antioxidant capacity of olives. The fact
that the amount of phenolic compounds in the
environment decreases over time also leads to the
inability to achieve the desired sensory properties
in the final product (Chranioti et al., 2018).

In the spontaneous table olive fermentation
performed in the tank, if the tank lid is left open or
if air remains in the upper part of the tank, oxidative
yeasts and moulds can accumulate on the brine
surface and cause olive spoilage (Kailis and
Kiritsakis, 2017). Mould growth in brine can cause
the formation of mycotoxins, which is an important
problem in terms of food safety. Aflatoxins,
ochratoxin and citrinin are mycotoxins that cause
problems in olives (Tokusoglu, 2016). In order to
prevent or reduce the formation of moulds and also
mycotoxins in table olives during the process from
harvest to consumption, preventions are important
such as applying good manufacturing procedures at
the harvest stage, keeping storage conditions
(temperature, packaging, salinity, etc.) under
control (Bavaro et al., 2017).

In recent years, interest in the use of starter cultures
in the industrial production of table olives has
increased. However, the use of starter cultures in
table olive production has not yet become
widespread. This is because the optimization of
microbial strains to be used as starter cultures in
table olive fermentation has not been carried out.
Therefore, microbiological controls of the
fermentation process cannot be performed
(Chranioti et al., 2018).

5. Spontaneous fermentation in table olive
production

Spontaneous fermentation is carried out by the
natural microflora present on the surface of the
olive fruit. Table olive species can generally be
processed through spontaneous fermentation (4-
10% NaCl) at 25°C under anaerobic conditions
(Kailis and Kiritsakis, 2017).

In a study bacterial identification of six different
naturally fermented table olive species (Nocellara
de Belice, Itrana nera, Itrana Bianca, Bella di
Cerignola Peranzana and Cellina Di Nardo)
supplied from three regions of Italy (Apulia, Sicily
and Lazio) were performed and, Lactobacillus
fermentum, Lactobacillus pentosus, Lactobacillus
plantarum, Lactobacillus helveticus, Lactobacillus
casei and Enterococcus durans species were

identified and it was observed that Lactobacillus
pentosus was the dominant species (Tofalo et al.,
2014).

Leuconostoc pseudomesenteroides, Pediococcus
parvulus and Lactobacillus pentosus, species were
identified in the study to determine the
characterisation of LAB (Lactobacillus,
Pediococcus and Leuconostoc) isolated from
Aloreiia green table olives naturally fermented
(fermentation in vats and large tanks at room
temperature) in four plants from Malaga, Spain.
Most of the isolates of Lactobacillus pentosus and
Leuconostoc pseudomesenteroides showed high
acidification capacity by lowering the pH up to 3.8
(Abriouel et al., 2012).

The yeast population and dynamics involved in the
spontaneous fermentation of Negrinha de Freixo
green table olive species performed at room
temperature in brine with an initial salt content of
7% and a pH set to 4 with the addition of lactic acid
were evaluated in both brine and olive fruit. The
yeast species Rhodotorula glutinis, Pichia
guilliermondii, Rhodotorula graminis, Candida
norvegica, Galactomyces reessii, Candida
boindini, Debaromyces hansenii, Saccharomyces
cerevisiae, Pichia membranifaciens and Candida
tropicalis were isolated from the fruit during
fermentation. The yeast species Pichia
manshurica, Galactomyces reessii, Candida
boindini, Debaryomyces hansenii, Saccharomyces
cerevisiae, Pichia membranifaciens and Candida
tropicalis were isolated from the brine during
fermentation. It was observed that the most
frequently  detected yeast species during
fermentation was Saccharomyces cerevisiae,
followed by Candida tropicalis, Pichia
membranifaciens and Candida boindini yeast
species. (Pereira et al., 2015).

Table olives were produced by natural
fermentation using Bella di Cerignola, Nocellara
del Belice, Itrana bianca, ltrana nera, Cellina di
Nardo and Peranzana olives grown by different
producers in the Puglia, Sicily and Lazio regions of
Italy. Studies have confirmed that the
microorganisms responsible for fermentation are
yeasts, and Saccharomyces cerevisiae has been
isolated from all olive varieties. It was determined
that the yeasts found in the environment were
Candida boidinii, Candida ishivadae,
Wicheramomyces anolamus, Candida ishivadae
and Pichia galeiformis species (Tofalo et al.,
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2013). In another study investigated the microbial
dynamics of Manzanilla olive species processed by
Spanish-style green olive fermentation without any
starter culture, acidified with lactic acid and HCI,
with a salt ratio of 10-11%, it was observed that the
dominant species was Lactobacillus pentosus.
Apart from Lactobacillus pentosus, a total of 15
LAB were isolated. Weissella
paramesenteroides/hellenica, Enterococcus
saccharolyticus, Sporolactobacillus inulis/terrae,
Pediococcus  parvulus and  Lactobacillus
rhamnosus identified in this study have not been
previously identified in Spanish-style table olive
fermentations. Sporolactobacillus inulinus/terrae
and Enterococcus saccharolyticus have not been
previously sampled in any olive preparation.
Enterococcus casseliflavus and Enterococcus
saccharolyticus were observed at the beginning of
fermentation. It has been observed that Candida
thaimueangensis and Saccharomyces cerevisiae
were predominate among the yeasts. Rhodotorula
mucilaginosa and Candida butyri/asseri species
have been identified from fermented olives
obtained according to Spanish traditional methods.
As a result of the studies carried out, Saturnispora
mendoncae was carried out in isolation (Lucena-
Padros et al., 2014).

It has been confirmed that alkaliphilic and
halophilic bacteria in the natural microflora are
involved in the fermentation of green olives
obtained according to Spanish traditional
production methods without the addition of any
starter culture. At the end of the study, 13 bacterial
species belonging to 11 genera including
Aerococcus sp., Alkalibacterium sp.,
Amphibacillus tropicus, Catenococcus thiocycli,
Enterococcus olivae, Halolactobacillus sp.,
Halomonas mongoliensis, Marinilactobacillus sp.,
Matronobacillus azotifigens, Streptohalobacillus
salinus, Vibrio sp. were identified. Among the
identified species, a high number of halophilic
(Alkalibacterium, Marinilactobacillus and
Halolactobacillus) and alkaliphilic LAB were
observed (Lucena-Padros and Ruiz-Barba, 2016).

Bleve et al. (2015), investigated the profiles of
microorganisms involved in small scale
fermentations of Kalamata and Conservolea table
olive species. Olives were subjected to a 180-day
fermentation at ambient temperature (8-30°C) at
8% salt concentration. As a result of the study,
"Generally Recognised as Safe" (GRASS) yeast

species; Pichia anomala and Debaryomyces
hansenii in Conservolea olives, Pichia anomala,
Pichia membranifaciens Saccharomyces
cerevisiae,  Debaryomyces  hansenii, and
Guehomyces pullulans (non-GRASS) in Kalamata
olives were identified. In addition, Lactobacillus
plantarum and Acetobacter tropicalis bacterial
species were detected in Conservolea olives, while
Leuconostoc mesenteroides and Lactobacillus
plantarum bacterial species were detected in
Kalamata olives.

In the study carried out to determine the LAB
strains found in the biofilms of Alorena,
Manzanilla and Gordal type table olives obtained
from Spanish style green olives and direct pickled
(natural) olive production enterprises, and which
may be used as starter culture in table olive
production, 79 different genotypes were obtained
from the isolates obtained. Among these
genotypes, 16 genotypes were observed to be
dominant. Of these genotypes, 13 of them were
identified as Lactobacillus pentosus and 3 of them
were identified as Lactobacillus plantarum strains.
It was observed that Lactobacillus pentosus Lpl3
was the most dominant genotype among all strains
except Alorena green natural olives, followed by
Lactobacillus pentosus Lp6. In addition, in this
study, it was observed that the biodiversity indices
of Manzanilla and Gordal olive cultivars produced
by the Spanish-style production method were
higher than those of olives produced according to
the direct brine olive processing method. It has
been observed that the dominant species found in
Spanish table olive biofilms was Lactobacillus
pentosus, but some genotypes of Lactobacillus
plantarum were also detected (Benitez-Cabello et
al., 2019).

In the study in which 72 yeast isolates identified
from the brines of Bosana table black olives grown
on the Italian island of Sardinia and produced by
spontaneous fermentation method were identified,
it was determined that the dominant yeast species
were Nakazawaea molendini-olei and
Wickerhamomyces anomalus. It was also observed
that Candida boidinii, Candida diddensiae,
Saccharomyces cerevisiae and Zygotorulaspora
mrakii species were present at lower rates (Porru et
al., 2018).

In a study, the predominant bacterial species in the
spontaneous  fermentation of Gordal and
Manzanilla table olives produced industrially with
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the Spanish-style production technique were
identified. Vibrio vulgaricus, Lactobacillus
parafarraginis and Lactobacillus plantarum spp.
were identified in  both olive varieties.
Halolactobacillus halophilus and Lactobacillus
sanfranciensis were identified only in Gordal olive
samples, while Staphylococcus sp. was detected
only in the initial stage of Manzanilla olive
fermentations. Also, the bacterial species in the
solid sea salts used in the preparation of the brine
were also identified and the presence of Bacillus,
Enterococcus and Staphylococcus species, which
were not detected during fermentation, were
detected (Benitez-Cabello et al., 2016).

In the study, Miijdeci et al. (2018), yeast isolation
was performed as a result of natural fermentation
of Gemlik type olives grown in Akhisar and lznik
regions of Tiirkiye and identified the yeast strains.
At the end of the study, Candida mycentangi,
Candida famata, Candida hellenica, Candida
pelliculosa, Candida membranifaciens,
Zygosaccharomyces mrakii and Saccharomyces
cerevisiae yeast species were identified. They also
reported that Candida famata and Candida
pelliculosa were the most common yeast species in
both regions.

The  probiotic  properties of  antifungal
Lactobacillus strains isolated from brine samples
obtained from an enterprise operating in Oujda,
Morocco and producing table green olives by
traditional fermentation method without alcali
treatment were characterised. Candida pelliculosa
isolated from previously fermented green olive
brine was selected as the target microorganism for
the identification of antifungal Lactobacillus
strains. 104 LAB isolates obtained, 14 strains were
observed to form high inhibition zones against
Candida pelliculosa and molecular identification,
it was determined that five of these strains
consisted of Lactobacillus brevis, two of them
Lactobacillus pentosus and seven of them
Lactobacillus plantarum (Abouloifa et al., 2020a).

The vyeast biota associated with table olives
produced by natural fermentation method from
Nocellara messinese olive variety obtained from
olive groves in Calabria and the growth of this
yeast biota in different brines were investigated
(Sidari et al., 2019). The fermentations were
designed in four different ways and carried out at
room temperature for 240 days. According to the
results of the study, it was observed that the most

isolated species was Pichia kudriavzevii and the
other isolated yeast species were Candida boidinii,
Candida tropicalis, Candida aaseri,
Wickerhamomyces anomalus, Candida diddensiae,
Saccharomyces cerevisiae, Zygoascus meyerae,
Zygoascus hellenicus and Pichia mexicana. It was
observed that increasing the salt concentration
from 5% to 8% promoted the presence of Pichia
kudriavzevii species continuously throughout the
fermentation. At the end of fermentation, the
presence of Wickerhamomyces anomalus species
was detected in all brine samples. Pichia mexicana
and Saccharomyces cerevisiae species were
detected in brines acidified with lactic acid.

In a study in which the antibacterial activities of
LAB isolated from fermented table olive samples
produced in the market and at home were
investigated, isolates showing antibacterial activity
were identified. It was observed that these isolates
showing antimicrobial activity belonged to
Lactobacillus plantarum, Enterococcus faecium
and Lactobacillus brevis species (Kivang and
Erikei, 2018).

The factors causing the formation of soft and
whitish areas on the olive surface during the olive
(Alorena de Malaga) fermentation period have
been investigated. The olives were fermented in
brine without any starter culture for 20 days using
traditional methods and then packaged by a
company in Guadalhorce Valley.The packages
contained olives, spices and brine. The packs were
kept at 23 +2 °C and sampled periodically. At the
end of the study, a total of 20 yeast and 65 LAB
isolations were obtained in the brine and fruits of
commercially packaged olives at different
sampling times. Enterobacteriaceae (Enterobacter
gergoviae) were only detected in very low
populations immediately after packaging (day 1).
The dominant flora during the shelf life has been
LAB and yeasts. Ten Lactobacillus bacteria were
isolated from visibly spoilt fruit. All these isolated
bacteria belonged to Lactobacillus pentosus
species. The microbial species detected in the
product after packaging were Lactobacillus
plantarum and Enterobacter gergoviae and among
bacteria, Candida parapsilosis, Lodderomyces
elongisporus and Candida tropicalis, among
yeasts. Lactobacillus pentosus was found to be the
dominant species in spoilt packages (Romero-Gil
et al., 2016).
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In another study aimed to determine the effects of
the use of KCI and CaCl; instead of NaCl as brine
during fermentation on the microbiological quality
criteria of table green olives of the genus
Macanilha algarvia. Fermentation processes were
carried out in 5 stages with different brine salt
concentrations in October and April for 162 days at
room temperature by direct brine olive production
method. It was observed that the
Enterobacteriaceae population decreased over
time in all fermentations. The rate of decrease was
found to be faster and greater in brines containing
calcium and sodium. PseudomonasListeria
monocytogenes, Escherichia coli, Staphylococcus
aureus and Salmonella were not detected in the
table olives produced. In addition, Saccharomyces
cerevisiae, Pichia membranifaciens, Priceomyces
carsonii, Candida boidinii, Wickerhamomyces
anomalus, Zygosaccharomyces mrakii and yeast-
like fungus Galactomyces geotrichum were
identified (Mateus et al., 2016).

Table olives of the Taggiasca genus were left to
spontaneous fermentation in a brine containing
10% NaCl without any pretreatment. During the
fermentation period, Wickerhamomyces anomalus,
Candida diddensiae, Aureobasidium pullulans,
Cyteromyces nyonsensis and Pichia
membranifaciens were isolated by traditional
culture-related methods and it was observed that
the flora responsible for fermentation consisted of
yeasts (Traina et al., 2024).

The Spanish-style olive  production and
spontaneous fermentation of Manzanilla olives
harvested at the mature-green stage from Seville,
Spain, have been studied comparatively. While
Pichia, Lactobacillus and Saccharomyces are the
dominant flora in the production of Spanish-style
olives, it has been understood that Saccharomyces,
Halomonas, Allidiomarina, Nakazawaea and
Pichia take an active part in fermentation in
spontaneous fermentation.  As a result of
fermentation, a higher acetic acid content was
found in Spanish-style olives, while it was
determined that olives obtained as a result of
spontaneous fermentation had a higher methyl
ketone content (Ruiz-Barba et al., 2023).

Biochemical, physicochemical and
microbiological characterization of table olives of
the genus Cobrangosa were carried out during
spoantan fermentation. During the fermentation
period, all organic acids showed an inverse

parabolic development. Although yeasts were the
dominant flora at the beginning of the
fermentation, an increase occurred due to the
presence of LAB in later times. It was determined
that the dominant LAB flora during fermentation
consisted of Lactiplantibacillus paraplantarum,
Lactiplantibacillus pentosus, Oenococcus
kitaharae and Pediococcus parvulus (Reis et al.,
2022).

6. Fermentation under controlled conditions in
table olive production

Olive fermentation is a process influenced by
factors such as water activity, pH, presence of
nutrients, salt concentration in brine and presence
of phenolic substances. In an spontanous
fermentation, the growth of microorganisms that
cause product spoilage and economic losses are
likely to occur because of product spoilage. For this
reason, continuous adjustment of the salt
concentration of the brine and acidification of the
brine are industrial practices applied to control the
process and prevent abnormal fermentation. Starter
cultures can also be used in controlled
fermentations (Grounta and Panagou, 2017). The
use of starter cultures will increase the
fermentation rate and ensure a rapid decrease in
pH. In this way, unwanted microorganisms will be
eliminated in the environment. LAB such as
Lactobacillus pentosus, Lactobacillus plantarum
and Lactobacillus paracasei are frequently used as
starter cultures in olive fermentations. In addition,
these LAB are potential probiotic bacteria (Rokni
etal., 2017).

In a study conducted, the effect of bacterial
community and dynamics on metabolome
formation during fermentation of Nocellara Etnea
table olives was investigated. The fermentation
process lasted for 120 days at 20°C+2 during
fermentation, the salt amount of the brine was kept
constant to be 8%. 6 Different combinations of
Lactobacillus plantarum UT2.1, Lactobacillus
pentosus TH969 and Lactobacillus paracasei N24
bacteria were used in fermentation. The group that
was left to spontaneous fermentation without
adding starter was evaluated as a negative control.
as a result of the analyses performed at the
beginning of fermentation, it was determined that
Lactobacillus plantarum was the dominant in the
environment. Of fermentation 60. and 120. as a
result of the analyses performed on the day, it was
observed that there was the development of
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Pediococcus parvulus, Lactobacillus acidipiscis
and Lactobacillus  paracollinoides.  When
fermentation ended, a significant decrease in the
Enterobacteriaceae population occurred in all
samples except the negative control group
(Randazzo et al., 2017).

In a study investigating the technological
performance of two starter cultures in the
processing of Tonda di Cagliari olives sourced
from Sardinia, Italy, a single strain of Lactobacillus
plantarum (SSL) and a mixture of Lactobacillus
pentosus strain (SIE) were used as starting cultures
and spontaneous fermentation (SF) were accepted
as the control group.The salt concentration was
kept constant at 7% during the process and
fermentation was carried out in an air-conditioned
room and the temperature of the room was adjusted
to 27° C and then to 24° C until a constant pH was
reached for all groups. Studies have shown that SIE
is more effective in inhibiting the microflora that
causes deterioration compared to SSL and NF
methods. Microorganisms belonging to the
Enterobacteriaceae were not found in the SIE
samples from the 10 day of fermentation, in the
SSL and NF samples from the 30 day of
fermentation. Yeasts were detected throughout the
fermentation, although they decreased during the
first 7 days in brine. However, mould population
could not be detected in any sample. It was
observed that the starter cultures used in the study
rapidly acidified the brine and decreased the pH
value below 4 after the 12th day of fermentation. In
SF samples, the pH value decreased to 4.3 after 45"
day of fermentation. In addition, high levels of
hydroxytyrosol were detected in the samples of
both starter cultures at the end of the process
compared to SF samples (Campus et al., 2015).
This shows that starter cultures are very effective
in removing the natural bitterness of olives.

In a study to control the spontaneous fermentation
process (5% NaCl and 30°C) of Moroccan
Picholine green olives without alcali treatment,
they were inoculated with two Lactobacillus strains
(Lactobacillus pentosus S100 and Lactobacillus
plantarum S175 ). Physicochemical parameters
(reducing sugar, pH, sodium chloride, free acidity,
hydrolysis  products and oleuropein) and
microbiological parameters (LAB, mesophilic
aerobic bacteria, Staphylococcus spp., coliforms,
moulds and yeasts) were regularly examined
during fermentation. According to the results of the

research, lactic acid population increased in the
first 15 days in inoculated samples and in the first
20 days in non-inoculated samples and then
slightly decreased. Yeast, mould and mesophilic
bacteria population increased in the first 15 days
and then decreased and became stable. It was
observed that the use of starter culture was
effective on yeast and mould population.
Especially Lactobacillus pentosus S100 strain was
more effective on yeast and mould population at
certain times of fermentation compared to the
samples inoculated with Lactobacillus plantarum
S175 and control group samples. Coliform bacteria
showed a rapid increase in the first 5 days in the
inoculated samples and in the first 10 days in the
non-inoculated samples in the first 5 days, and then
decreased rapidly and were eliminated.
Staphylococcus population showed a rapid increase
in the first 10 days in all samples and was
eliminated after a drastic decrease in the 3" week
of fermentation. It was also observed that the added
starter cultures hydrolysed the bittering agent
oleuropein, improving the hygienic quality and
sensory characteristics of the final product. In
addition, it was concluded that LAB strains are
dominant species against spoilage and pathogenic
microorganisms in the environment (Ghabbour et
al., 2016).

Chranioti et al. (2018) evaluated the efficacy of
commercial (CM: Lactobacillus pentosus) and
autochthonous starter cultures (OSC: belonging to
the Lactobacillus plantarum group isolated from
olives) on physicochemical and microbiological
profile parameters during the fermentation of
Conservolea green olives. SF was considered as a
control group. Salt concentration was kept constant
at 6% during fermentation. Olive samples were
prepared in two groups. The first group (A) was
prepared without any bitterness removal before
fermentation and the second group (B) was
prepared by removing bitterness with alkali.
According to the results of the study, LAB
population varied between the groups. In the first
days of fermentation, a decrease in the amount of
LAB o was observed depending on the treatment.
While a decrease was observed in samples
inoculated with CM in groups A (0.6 log cfu/ml)
and B (2.5 log cfu/ml), no decrease was observed
in samples inoculated with OSC in both groups.
The numbers of LAB in both groups were
determined as OSC > CM > SF According to the
results of the analyses, autochthonous starter
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cultures survived better than commercial starter
cultures. Yeast population increased during
fermentation and showed almost no change after
the 45th day of fermentation. Enterobacteriaceae
were present in all groups at the initial stage of
fermentation. Although they showed a certain level
of increase in the first stage of fermentation, their
numbers decreased rapidly and disappeared in the
following stages. They were not detected after 30
days of fermentation in SF samples and after 20
days in CM and OSC samples. The mould
population remained below the detection limit
during fermentation. It was also observed that
autochthonous starter cultures were more effective
than other treatments in removing bitterness in
olives and increasing the acidity of the medium by
rapidly decreasing the pH.

In a study investigating the yeast diversity of
naturally fermented black olives produced from
Gemlik-type olives grown in Serinyol, Tarsus and
Bahge districts of Tiirkiye, olives were subjected to
fermentation for 180 days at different salt
concentrations of 6%, 8% and 10%. The salt
content of brines containing 10% and 8% NaCl was
kept constant during the fermentation period. It has
been observed that natural microflora Candida
boidnii,  Wickerhamomyces anomalus and
Saccharomyces sp. are the dominant in Tarsus and
Garden districts. It has been understood that
Candida boidnii and Saccahromyces sp. are the
dominant natural microflora in Serinyol district
(Leventdurur et al., 2016).

Olives harvested from a garden in Cyprus were
subjected to three different fermentation processes
(a-spontaneous fermentation at 10% NaCl
(Control); b-fermentation with Lactobacillus
plantarum starter culture at 10% NaCl and c-
fermentation with Lactobacillus plantarum starter
culture at 7% NacCl) in brines to which 0.33% wi/v
citric acid was added after breaking, and the
microbial population was monitored for 365 days
at 23+2°C. According to the results obtained;
Enterobacteriaceae and coliforms were present in
the brine at the beginning of fermentation, but
rapidly decreased and could not be detected after
the 15" day in the samples inoculated with starter
culture and after the 22" day in the control group.
LAB population was observed to be the dominant
microorganisms in the samples inoculated with
starter culture. In the control group, LAB
population increased until the 22" day of
fermentation and reached the maximum level and

after a slight decrease at this point, LAB population
remained constant until the end of fermentation. In
the samples inoculated with starter culture, it was
observed that it increased after a slight decrease in
the first 8 days and reached the highest level on the
120" day of fermentation. Yeast population
reached the highest level in approximately 8 days
in all treatments. While the yeast population
maintained their numbers from the 8" day onwards
in the control group, a rapid decrease was observed
in the samples inoculated with starter culture and
they maintained their numbers from the 60th day of
fermentation. Staphylococcus could not be detected
throughout the whole process. In the study, it was
observed that olive samples became consumable
from the 120" day (Anagnostopoulos et al., 2020).

In a study investigating the effect of sequential
inoculation ~ with  B-glucosidase  positive
Lactobacillus plantarum F3.3 strain and probiotic
Lactobacillus paracasei N24 strains as starter
culture on brine fermentation to produce low salt
Sicilian table olives, Nocellara Etnea variety olives
obtained from a local company in Sicily were used.
Olives were processed without any alcali treatment
and fermented in brines containing 5% and 8%
(w/v) NaCl for 120 days at room temperature (18
+2°C). The experimental fermentation design was
designed to consist of 8 treatments at 5% and 8%
(w/v) NaCl with (F5A, F5B, F8A, F8B) and
without (F5C, F5D, F8C, F8D) starter culture
additions. On the 60th day of fermentation, F5B,
F5D, F8B, F8D samples were inoculated with the
potential probiotic Lactobacillus paracasei N24
strain. Uninoculated samples were considered as
control group. Sea salt was added periodically to
maintain the initial salt concentration in the
samples. At certain stages of fermentation, 600
LAB and 200 yeasts were isolated and identified.
In the species-level identification of LAB, strains
belonging to Lactobacillus paracasei,
Lactobacillus plantarum, Lactobacillus casei
andLactobacillus pentosus species were detected.
Pichia kluyveri, Candida boidinii Candida
diddensiae, Meyerozyma guilliermondii and
Wickerhamomyces anomalus  species  were
identified in yeast isolates obtained during
fermentation. It was observed that the dominant
LAB and yeast species were Wickerhamomyces
anomalusand Lactobacillus plantarum,
respectively. It was also observed that the potential
probiotic Lactobacillus paracasei N24 strain
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survived the fermentation process (Pino et al.,
2019).

In a study, the effects of six selected yeast starter
cultures (Wickerhamomyces anomalus 1960,
Candida adriatica 1985, Nakazawaea molendini-
olei 2004, Cyteromyces matritensis 2005, Candida
diddensiae 2011 and Saccharomyces cerevisiae
2046) on the fermentation of black table olives
produced from Taggiasca variety olives using the
Greek method at different salt concentrations and
the survival of these yeasts under different
fermentation ~ conditions  were  evaluated.
Fermentation was carried out in three different
brines under ambient conditions (15-20°C) for 120
days. Brines; A: Unacidified brines containing 8%
(m/v) NaCl; B: Unacidified brines containing 12%
(m/v) NaCl; C: Brines containing 12% NaCl
acidified with 0.3% citric acid are prepared in such
a way. In addition, an uninoculated control group
was formed for each type of brine. Microbiological
analyses were carried out at the beginning, 30" day
and 120" day of fermentation. According to the
results obtained, it was observed that the inoculated
yeasts survived differently depending on the salt
concentration during the first 30 days, but on the
120" day of fermentation, Candida adriatica 1985,
Wickerhamomyces anomalus 1960 and Candida
diddensiae 2011 were the starter yeasts with the
best survival capacity under all conditions. The
yeast strain Nakazawaea molendini-olei 2004 was
detected in brine containing 8% NacCl, but not in
brine containing 12% NaCl. Cyteromyces
matritensis 2005 was not detected in 12% NaCl
brine acidified with citric acid. In addition, it has
been observed that the yeast population of the
Pichia manshurica species, which is included in the
natural microflora, increases during fermentation
(Ciafardini and Zullo, 2019).

In a study conducted by Pino et al. (2018), the
effect of different salt concentrations on the
formation of physicochemical, microbiological,
sensory and volatile organic compounds in order to
produce Nocellara Ethnea table olives has been
investigated. Lactobacillus paracasei N24, which
is thought to have probiotic properties and
Lactobacillus plantarum UT2.1 were used as
starter cultures. All fermentations were carried out
at room temperature (18+2°C) and monitored over
a period of 120 days. Sea salt was added to
maintain the brine salt concentration at the initial
level. In addition, fresh brine was periodically fed

so that the olives were completely immersed in the
brine to prevent the growth of moulds on the brine
surfaces. The results of the analyses showed the
dominance of LAB from the 7" day of fermentation
and the decrease of yeasts and Enterobacteriaceae
species in the starter-inoculated samples during
fermentation. At the end of the fermentation,
Enterobacteriaceae species could be counted only
in the control group samples. In addition, LAB
were identified, and the identified species were
Lactobacillus plantarum, Lactobacillus paracasei,
Lactobacillus casei and Lactobacillus pentosus. At
the end of fermentation, Lactobacillus plantarum
and Lactobacillus pentosus species were detected
in all samples. It was also observed that
Lactobacillus paracasei N24 strain showed high
survival performance in all samples.

Kazachstania humilis AG5, Kluyveromyces lactis
L39, Nakazawaea molendinolei 1G9, Candida
adriatica L30 and Candida diddensiae 1G12 yeasts
were used during the fermentation of Gordal and
Manzanilla green table olives under controlled
conditions. The natural culture medium obtained
from olives was used in the selection of yeasts, and
the amount of phenolic matter, the amount of
volatile matter and organoleptic properties such as
bitterness, odor, acidity, salinity and hardness were
monitored during the fermentation period.

The yeast that increased the amount of volatile
compounds the most in Gordal olives was
Kluyveromyces lactis L39, while the yeasts that
increased the amount of volatile compounds the
most in Manzanilla olives were Candida adriatica
L30 and Kluyveromyces lactis L39. Candida
diddensiae 1G12, Nakazawaea molendinolei 1G9
and Candida adriatica L30 were effective in
reducing the amount of phenolic substances at the
end of fermentation in both olive genera. It has
been observed that there is a correlation between
the total amount of phenolic substances and
bitterness during fermentation. (Ruiz-Barba et al.,
2024).

Three different fermentation processes were
carried out from Chalkidiki olives under controlled
conditions according to the composition of chloride
salts of brine (8% NaCl, 4% NaCl-4% KCI and 4%
NaCl-3% KCI-1% CaCly). It has been observed
that lactic acid bacteria are responsible for the
fermentation of olives processed at low NaCl
concentrations, and a radical increase in the amount
of acetic acid in the advanced stages of
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fermentation confirms the existence of hetero-
fermentative LAB metabolisms. The presence of 3-
methyl-1-butanol in groups containing high NaCl
indicates that yeasts are the dominant microflora
(Alvanoudi et al., 2024).

In a study in which the spontaneous and controlled
fermentation of Gemlik black olive was examined
by comparison, Lactiplantibacillus plantarum and
Lactiplantibacillus  pentosus  crimes  were
vaccinated into separate groups during fermnation
under controlled conditions. Brine containing 10%
NaCl was used in two types of fermentation and the
amount of salt in the brine was kept constant during
the fermentation period under controlled
conditions. It was observed that the pH value of
both olive meat and brine juice was lower in the
olive groups to which starter culture was added
compared to the group obtained at the end of
spontaneous fermentation. During the fermentation
period, it was understood that the olive groups to
which starter culture was added increased the
acidity more compared to the group obtained as a
result of spontaneous fermentation. In addition,
both the LAB number and the yeast number were
found to be higher in the fermentation of olives to
which starter culture was added than the numbers
obtained as a result of spontaneous fermentation. It
has been determined that Lactiplantibacillus
pentosus causes an improvement in sensory
characteristics at the end of fermentation and has a
higher potential to reduce reduced sugar faster,
acidify faster, and promote microbial growth
(Koyuncu and Cabaroglu, 2024).
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Abstract

Objective: Lemons and limes, characterized by their heightened acidity compared to other citrus fruits, play
essential roles as flavoring agents and sweeteners in various markets. Extracting valuable essential oils from
limes involves both traditional and non-traditional methods. Lemons and limes, among the most intricate citrus
fruit varieties to analyze, are subjects of limited scholarly discourse, with scant literature available. This article
brings together the results of studies that looked at encapsulation techniques that were meant to improve the
quality of components made by extracting lime species oils and how well they kept their essential oil
compositions. These encapsulation techniques have the potential to be influential in realizing future food safety
objectives. Their efficacy lies in their ability to safeguard the intricate characteristics of essential oils, thereby
contributing to the overarching goals of ensuring product integrity and safety within the realm of food
production.

Conclusion: These encapsulation techniques have the potential to be influential in realizing future food safety
objectives. Their efficacy lies in their ability to safeguard the intricate characteristics of essential oils, thereby
contributing to the overarching goals of ensuring product integrity and safety within the realm of food
production.

Keywords: Citrus aurantifolia oil, bioactive components, encapsulation, extraction, methods

Oz

Amag: Misket limonlari ve limonlar diger turunggillere kiyasla yiiksek asitlikte olup ¢esitli pazarlarda
tatlandiric1 ve aroma verici olarak 6nemli bir rol oynamaktadir. Misket limonlarindan degerli ugucu yaglarin
elde edilmesi hem geleneksel hem de geleneksel olmayan yontemler ile saglanmaktadir. Analiz edilmesi en
zor narenciye cesitleri arasinda yer alan limon ve misket limonu, sinirli literatiirle sinirli bilimsel arastirma
konusudur. Bu makale, misket limonu tiirlerinin yaglarinin ¢ikarilmastyla elde edilen bilesenlerin kalitesini ve
ucucu yag bilesenlerini ne kadar iyi koruyup iyilestirmeyi amaglayan kapsiilleme tekniklerini inceleyen
calismalarin sonuglarimni bir araya getirmektedir.

Sonug: Bu kapsiilleme teknikleri, gelecekteki gida giivenligi hedeflerinin gergeklestirilmesinde etkili olma
potansiyeline sahiptir. Etkinlikleri, ugucu yaglarin karmagsik 6zelliklerini koruma &zelliklerine baghdir ve
boylece gida iiretimi alaninda iiriin bitiinliigti ve giivenligini saglamaya yonelik genel hedeflere katkida
bulunmaktadir.

Anahtar kelimeler: Citrus aurantifolia yagi, biyoaktif bilesenler, enkapsiilasyon, ekstraksiyon,
yontemler
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1. Introduction

The lime (C. aurantifolia), said to have originated
in Malaysia or the East Indian archipelago, is a
hybrid created by combining C. maxima with C.
medica. C. medica was introduced to the eastern
Mediterranean in the fifth and fourth centuries BC.
C. aurantium, C. aurantifolia and C. maxima did
not reach the Mediterranean until the 10th century
AD, after the Islamic conquest. The diffusion of
these citrus varieties to the Western world began in
the 10th century AD, facilitated by Muslim
influences, likely via routes passing through Sicily
and the Iberian Peninsula (Langgut, 2017).
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Figure 1. Pedigree of cultivable Citrus species

Additionally, the commercially significant citrus
fruits within the Rutaceae family, experiencing
heightened demand, trace their origin primarily to
sexual hybridization involving four ancestral taxa.
The phenotypic diversity observed within these
familial groups predominantly arises from somatic
mutations stabilized by apomixis in citrus species
or grafting practices facilitating clonal propagation.
However, utilizing the genealogical tree alone
proves inadequate for comprehensively studying
citrus domestication. Debates persist in the citrus
taxonomy and lineage formation, particularly
concerning the compatibility of genera within the
citrus family and their related counterparts. This
ongoing discourse necessitates a continual
reevaluation of citrus taxonomy. Concurrently,
extensive genomic studies are underway to
elucidate the intricate phylogenetic relationships
inherent in citrus. The broader endeavor
comprehensively explores citrus taxonomy,
diversity, origin, and domestication. Such an
encompassing perspective is poised to contribute
significantly to unraveling the nuanced history of
citrus domestication (Kalita et al., 2021).

However, the European Food Safety Authority
(EFSA)'s review, based on reported sound
agricultural practices, believes that long-term
consumption of residues arising from using
potassium phosphonates is unlikely to endanger
consumers' health. This is based on the residue
definition of fosetyl-Al, which is made up of
phosetyl, phosphonic acid, and their salts.
Analytical methods, specifically tandem mass
spectrometry and  high-performance liquid
chromatography, are recommended for detecting
potassium phosphonate residues in plant matrices,
including those with a high acid content, such as
citrus fruits. High-fat diets contain more than 0.5
mg/kg of phosphonic acid. The EFSA also
conducted a preliminary risk assessment using the
updated acceptable dietary intake for phosphonic
acid of 1 mg/kg body weight per day, as proposed
in the EFSA decision on fosetyl. However, it is
vital to note that this value has yet to get formal
attention (Bellisai et al., 2021).

A study found that a combination of fish-fed B.
licheniformis and 3% lemon peel produced
extremely good growth performance in fish. This
was partly due to the lemon peel's antibacterial
capabilities, which successfully reduced harmful
microbes in the gut flora, promoting B.
licheniformis proliferation. The study also found
that fish treated with B. licheniformis and/or lemon
peel had significantly higher levels of blood
albumin and total protein than the control group.
Furthermore, including B. [licheniformis and/or
lemon peel in the diet improved humoral and
cutaneous mucus immunity and antioxidative
responses to Aeromonas hydrophila infection in
fish (Sadeghi et al., 2021). Supplementation of
probiotics and lemon peel reduced serum
malondialdehyde levels, indicative of decreased
oxidative stress and increased activity of
antioxidant enzymes. This collective evidence
underscores the potential synergistic benefits of
incorporating probiotics and lemon peel in fish
diets for growth enhancement and improving
immune responses and antioxidant capabilities
(Sadeghi et al., 2021).

Encapsulation technology is currently used in
many different sectors, such as pharmacology,
chemistry, cosmetics, food, and paints.
Furthermore, this technology is becoming
increasingly crucial in the world and can be a
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means for future research (Calderon-Oliver and

encapsulation methods for recovering bioactive

Ponce-Alquicira, 2022). This review summarizes compounds from C. aurantifolia species,
recent research on extraction (Table 1) and commonly known as lime.
Table 1. Summary of extraction studies with lime
Extraction methods Solvent Devices Components  Percentage(oils) References
y—Terpinene 13.09
Cold Pressing - GC-FID* Limonene 54.63 (Liu et al., 2022)
fS-Pinene 10.21
Ethanol GC/FID* Limonene 50.6
Cold Pressing “hexane GC/MS* y-Terpinene 8.96 (Bitterling et al., 2022)
" UV/Vis* p-Cymene 5.8
d-Limonene 35.98
Hydro-distillation Water GC-MS* [S-Pinene 9.02 (Sandra et al., 2020)
Terpineol. 8.12
- Limonene 59.10
*
i;‘;ﬁg‘“cal carbon Gas ng%ss . B-Pinene 18,07 (Akolade et al., 2020)
y-Terpinene 10,57
Steam distillation Aceticacid  Genviex Limonene 48.43 (Etta-Francis et al.,
chloroform pectin 2022)
Limonene
. Linalool persample, .
Ult.rasomcally . Methanol CapLC* Farnesene different (Ponce-Rodriguez et
assisted extraction ) . al., 2021)
o-Pinene concentrations
Myrcene
5'Lg§‘r);e“e 2222
Hydro-distillation n-Hexane GC-MS* . 14.60 (Pratiwi et al., 2022)
[S-Pinene
14.21
Cosmene
d-Limonene
Cyclohexene 30.34
TS 4-Methylene-1- 24.71
- - _ *
Hydro-distillation n-Hexane GC-MS (1-methylethyl) 389 (Julacha et al., 2022)
Citral 6.38
p-Citral
a-Terpinol 44.74
P Limonene 11.88 (de Paiva Silva et al.
-MS* )
Steam distillation Water GC-MS 3-Terpinen-1-ol 45 2023)
S-Terpineol 3.18
TSR Limonene 44,69+2,11 (Hassanein et al.
_ _ % s s s
Hydro-distillation Water GC-MS J-Terpinene 16.22+1.05 2024)

*Gas chromatography-flame ionization detector (GC-FID), mass spectrometry (GC/MS), spectrophotometric analysis (UV/VIS), capillary liquid
chromatography (CAPLC), high-performance liquid chromatography (HPLC)

2. Bioactive components of lime oil
2.1. Antioxidants

The isolation of antioxidants from Mediterranean
plants is an appropriate alternative (Pavli¢ et al.,
2021). Besides, plant extracts were found to be an
important source of chemical compounds having
powerful antioxidant activity (Rojas and Buitrago,
2019).

C. aurantifolia Swingle is recognized as the
inaugural variety of lime designed to withstand
cold conditions, while C. latifolia is acknowledged
as the authentic lime. Varieties cultivated in
tropical regions exhibit larger physical dimensions

compared to their counterparts. People have
historically attributed the fruit's efficacy in
preventing scurvy to its consumption. Notably,
lime peels and pulp, characterized by their
thinness, undergo drying processes in lemon
processing plants. These by-products are premium
sources for extracting high-quality pectin,
renowned as a vegetarian gelatin substitute. They
can be used in nutrition and to make useful by-
products that can be used in many different
industries. Lime acids possess the capability to
react with amines in fish, forming non-volatile
ammonium salts. Additionally, these acids
demonstrate the ability to hydrolyze resilient
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collagen fibers. Notably, the primary mineral in
lime juice is potassium (Liu et al., 2022).

As an important antioxidant source of lime,
flavonoids are thought to have a stronger
neuroprotective effect as they change the signals
inside neurons that control their survival, death,
and differentiation. Flavonoids are prevalent in
plant tissues, primarily occurring in relatively high
concentrations as sugar conjugates. The rutinosez
flavanones found in lemons and limes contribute to
a neutral flavor, with neoeriocitrin being a
distinctive component exclusive to limes.
Eriocitrin is one of the glycoside flavonoids that
has the best antioxidant activity. In lime, hesperidin
is the main flavanone. It has been revealed that lime
oil contains 15.64 mg/100 g of hesperidin (Liu et
al., 2022). Oil from lemons and limes encompasses
oxygen-containing  heterocyclic =~ compounds.
Bioactive substances and phytochemicals, like
hesperidin and eriocitrin, have been shown to
improve oxidative stress and lipid profiles, which
is especially helpful for people with metabolic
syndrome. Also, coumarins and furocoumarins,
especially bergamottin and 5-geranyloxy-7-
methoxycoumarin parts, have strong anti-tumor
and anti-cancer properties (Liu et al., 2022). This
shows that lime components have a lot of different
drug-like potential. The acidity of lime fruit
depends on the carbohydrate concentration in the
fruit (Balyan et al., 2024). This acid was found to
maintain the quality properties of gel coats
(Yousefi et al., 2024).

The peels of the lime types were all different in
terms of phenolic content. However, it was more
abundant in bioactive compounds, as indicated by
their higher antioxidant capacity (Cioni et al.,
2022). Mexican lemons showed a strong positive
correlation between antioxidant capacity and
phenolics (Mohammed et al., 2024).

The research identified myristic acid, 1,4-
butanediol, n-hexadecanoic acid, 1,2-
benzenedicarboxylic acid, diisooctyl ester,
stigmasterol, and  spathulenol by  gas
chromatography combined with mass
spectrometry. N-hexane was used as the solvent
and a Soxhlet extractor. Other lemons do not
contain the terpenoids found in these extracted oils
from lime seeds. However, the lime seed did not
contain flavonoids, phenolics, or tannins. Lemon
seeds and peel had greater antioxidant activity and
proportion of tetradecanoic acid (Oluwatobi et al.,

2023). Furanocoumarins are not present when
distilled essential oils are used. However, the
expressed oils pose a modest hazard to
phototoxicity (Lin et al., 2019).

2.2. Essential oils

Essential oils contain terpenoids or isoprenoids,
which are many plants' most common and
structurally varied natural compounds with various
structural variations (Powder-George, 2024).
Terpenoid groups such as monoterpenes,
sesquiterpenes, and oxygenated terpene derivatives
are most of the chemicals in essential oils.
Additionally, oxygenated terpenes, which include
alcohols, aldehydes, and ketones. Essential oil
compounds are influenced by plant genetics and
numerous environmental stress factors, as proven
in research analyzing extraction methods (Julacha
et al.,, 2022b). However, limonene is a key
component (Etta-Francis et al., 2022). Therefore,
it's worth noting that d-limonene is highly preferred
in the industry due to its numerous properties
(Bellisai et al., 2021).

UV-A irradiation tests with bergamot, lemon, and
lime oils have shown that furocoumarins have
photo-protective properties for terpene stability.
Keeping important molecules like R-(+)-limonene
and y-terpinene from breaking down too quickly
stops the formation of unwanted oxidation products
like limonene hydroperoxides and p-simene. This
outcome holds considerable importance, given the
pivotal role of odor in the essential oil, perfume,
and cosmetics industries. Consequently, the natural
presence of furocoumarins in citrus and other
essential oils contributes to extended shelf life and
enhanced stability in the final consumer products
(Bitterling et al., 2022).

The beneficial impact of natural furocoumarins in
cold-pressed citrus oils is particularly notable,
owing to their photo-protective effects on essential
oils. Furthermore, these furocoumarins can serve as
effective photo-protective agents when added to
highly sensitive essential oils. Acting as a
protective shield, furocoumarins shield sensitive
terpenes from direct exposure to UV radiation,
effectively absorbing most radiation energy.
Additionally,  fluorescence deactivation is
associated with a pronounced bathochromic shift to
wavelengths exceeding 400 nm. Consequently,
low-energy radiation lacks the potency to initiate
direct terpene oxidation (Bitterling et al., 2022).
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Furocoumarins also reach the triplet state through
intersystem transition (ISC), which makes it easier
for high-voltage UV radiation to be turned into
lower-energy visible light. This mechanism
significantly favors the stability of terpenes, further
emphasizing the photo-protective role of
furocoumarins in essential oils. The component y-
terpinene exhibited a relatively abundant presence
in all three oils, whereas the degradation of R-(+)-
limonene occurred at varying rates, with lime and
lemon oils experiencing. Notably, R-(+)-limonene,
a monocyclic monoterpene, is highly susceptible to
dehydrogenation, rendering it particularly sensitive
to degradation. The undesirable formation of p-
simene from terpinene is associated with an
unpleasant kerosene-like odor. Adding
furocoumarins significantly mitigates the loss of y-
terpinene while simultaneously reducing the
formation of the unpleasant compound p-simene.
Concurrently, a  notable  formation  of
hydroperoxides was observed. Beyond
preservation, furocoumarins' protective impact
improved olfactory quality, possibly due to a
bathochromic shift of radiated light towards fewer
harmful, wider wavelengths. The fact that stable
furocoumarins and unstable terpenes work together
shows that photosensitized citrus compounds can
be stored for longer (Bitterling et al., 2022).

The lime peel essential oil contains triterpenoid
steroids (Julianti Wijayadi and Rusliati Rusli,
2020). In a study analyzing 36 constituents by gas
chromatography combined with mass
spectrometry, the five major components of C.
aurantifolia oil were d-limonene, cyclohexene, 4-
methylene-1-(1-methylethyl), citral, cis-citral, and
o-farnesene (Julaecha et al., 2022a). In the study
with 33 mg/mL, the lime solution was prepared as
the median lethal concentration, the amount of
essential oil was determined as 44.74%, and a-
terpineol was determined by gas chromatography
combined with mass spectrometry (De Paiva Silva
et al., 2023). The study set the instrument
conditions as a 45-400 mass load range and the
mass spectrum time as 0.5 seconds. Relative
retention indices were defined based on Co-C20,
Cs-Co6 (Hassanein et al., 2023), and Cs-C»s (Lin et
al., 2019), n-alkane sequences. The monoterpene
alcohol a-terpinol was the main component of lime
(Da Silva et al., 2022).

Among the 18 components in lime peel oil, the
highest amount of o-terpineol, non-polar d-
limonene, f-pinene, and citral components affected

by geographical conditions were found. In the
microencapsulation process, the oil yield was
51.46%, and the oil content was 58.66%, the
essential oils found in lime (C. aurantifolia) peel
included a-pinene  (81%), p-pinene, f-
phellandrene, (+)-4-carene, d-limonene (35.98%),
o-cymene, f-ocimene, j-terpinene, 2-carene
(1.61%), p-myrcene, terpinen-4-ol, and f-myrcene
(Sandra et al., 2020). The oil consisted of 39.23%
d-limonene, 22.82% p-pinene, 5.63% citral, and
3.74% o-terpineol (Julacha et al., 2021a). Key
components include d-limonene (Mohammed et
al., 2024), f-pinene, and terpineol (Da Silva et al.,
2022).

Lime (C.aurantifolia) oil volatiles were found to be
98.3% monoterpenes. In the study, the
monoterpene components limonene and citral are
hydrophobic with a ring structure. The mixture in
lemon oil was also significantly protective against
Staphylococcus aureus (G+) (Allam et al., 2022).
The lime essential oil contains 36% oxygen
compounds. These compounds have strong
antimicrobial  activity compared to nitro
compounds (Mohammed et al., 2024).

Citral, geraniol, linalool, and thymol are among the
components found in Orange (C. sinensis L.O),
Lemon (C. limon L.0), and Lime (C. aurantifolia
L.O) fruit peel oils that show more phenolic and
antiseptic properties. Additionally, the study found
saponification values of 146 mg KOH/g, 158 mg
KOH/g, and 123 mg KOH/g. The moisture content
of pectin extracted from orange, lemon, and lime
peels was 3.2%, 3.7%, and 4.4%. The pectin
derived from orange peel and lemon peel was light
brown, but that obtained from lime peel was dark
brown. It is suggested that it can be supported as a
supplement in animal feeding. Based on the
research data, it is predicted that this study will
positively impact future studies due to its low acid
values, high oil yield rates, and excellent storage
life (Etta-Francis et al., 2022).

Limes and lemons have different peel oil
compositions (Jungen et al., 2023). The essential
oil of lime also has a natural analgesic effect
(Harahap et al., 2023). Higher photocatalytic
activity was observed for the components with lime
added (Hidayat et al., 2024).

D-limonene, phytol, a-tocopherol, and 5,7-
dimethoxycoumarin have been identified in lime
peels extracted with ethyl acetate, chloroform, and
n-hexane solvents. Many of these are of biological
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importance, such as stigmasterol, d-limonene,
vitamin E, and a-tocopherol (Asmah et al., 2020).

The active chemicals discovered in the study on C.
aurantifolia  (Christm.)  species  included
germacrene isomers (61.2%), pineene, linalool
dimer, bornane, citral, anethole, anisole, safrol, and
demitol. Lime peel oils, considered beneficial to
human health, should be used in specific doses.
However, the lime essential oil is thought to have
mild hematotoxic, nephrotoxic, and hepatotoxic
effects (Adokoh et al., 2019).

Compounds such as  f-bisabolene, (E)-
caryophyllene, = geranyl  acetate, trans-a-
bergamotene, and o-humulene can decrease
radionuclides (Salem et al., 2024). Lemon peel
essential oil had an average repellency of 70.0 to
94.0 mg/cm?. The absence of phytotoxicity
suggests that these discarded waste essential oils
might be used to safeguard the storage core (Visakh
et al., 2022).

3. Essential oil extraction methods

Both conventional and unconventional methods are
used in the extraction of essential oils.
Conventional  techniques  include  Hydro-
distillation, Soxhlet Extraction, Cold Pressing, and
Solvent Extraction. In contrast, non-conventional
methods include supercritical fluid extraction,
microwave-assisted hydro-distillation, solvent-free
microwave extraction, microwave hydrodiffusion,
and gravity. Hydro-distillation is the most
commonly utilized method among these techniques
(Figure 2) (Julaeha et al., 2022a).

Various physical properties, such as an increased
refractive index due to longer chain components or
oxygen-containing mechanisms, influence the
composition of essential oils. These oils contribute
to a higher medium density, impeding the
refraction of incident light. The weight percentage
of constituent components also affects physical
properties specific gravity, and the acid number
indicates the amount of free acids in a solution. in
addition, most of the chemicals found in essential
oils, such as f-pinene and d-limonene, are non-
polar, which is anticipated to affect their solubility
in alcohol (Sandra et al., 2020).

3.1. Distillation

It is housed in a distillation flask attached to a
water-filled balloon with a round bottom. Pipes
attach the condensation unit to the distillation

bottle. The essential oil is distilled using steam and
filtered through the shells. After using an extraction
condenser to extract the water phase, the diethyl
ether phase is gathered, and the water is dried using
a few drips of anhydrous magnesium salt. After
that, the fat is measured and sent to a vapor
extractor to remove any leftover diethyl ether (Etta-
Francis et al., 2022).

A steam distillation study yielded 2.3% (w/w)
volatile oil (Lin et al., 2019). The distillation
method identified components such as citral,
carveol, terpinen-4-ol, p-cymene, sabinene, and
pinene at a higher rate than other citrus species
(Dmitrieva et al., 2024). Sabinene, f-pinene, and
limonene were the most prevalent volatile
components in the essential oil derived from
hydrodistilling Kaffir lime (C. Aystrix). This kind
of lemon's attractive aroma and high concentration
of minerals and bioactive substances make it a
valuable ingredient in nutritional supplements in
capsule form (Lubinska-Szczygel et al., 2023). C.
aurantifolia rip extract also has antioxidant activity
and stabilizes membranes by gelling free radicals
(Oyinloye et al., 2024). Specifically, the ratio of
phenolic acids, the kind or quantity of flavonoids,
and the absence of furanocoumarins are key
requirements for the technique (Lee et al., 2022).

critical Fluid Extraction

erowave-assisted Ixtraction
Ultrasound-assisted Extraction
Solvent Free Microwave Extraction

Microwave Water Diffusion and Gravity

N on - convenbional

methods

Convention

methods

Direct Water Distillation
Water und Stewm Distillution
Direet Steam Distillation
Soxhlet extraction

Solvent Extraction

Figure 2. Extraction methods

3.2. Cold pressing

These methods are mainly employed for laboratory
purposes, which involve pressing the flavado layer
by hand to expose the lipid bubble. The fat can be
gathered in saltwater and kept frozen. However,
this method has not been widely used due to lesser
yields than solvent, steam, or hydro-distillation
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procedures (Etta-Francis et al., 2022). The industry
faces a noteworthy challenge in employing the
cold-pressing method due to the exceedingly thin
peel of these limes. Consequently, a two-step
process is adopted, wherein initial pressing yields
an emulsion of juice and oil. Subsequently, direct
steam distillation separates the lime oil from the
juice (Liu et al., 2022).

3.3. Ultrasound-assisted extraction

In research utilizing C. aurantium (bitter orange)
and lemon and orange tree leaves, analytes were
extracted in methanol using an ultrasound-assisted
extraction procedure. The study employed
ultrasound-assisted  extraction-capillary  liquid
chromatography for the first time to analyze
limonene, linalool, farnesene, a-pinene, and
myrcene components. The shorter analysis time
provides an advantage over other approaches. Gas
chromatography is commonly used to analyze
terpenes in plants and plant-derived products. The
terpene concentrations observable by gas
chromatography-mass spectrometry are
comparable or slightly lower. However, this is
partially related to the preconcentration produced
by solid-phase extraction or solid-phase
microextraction techniques. The suggested
capillary liquid chromatography approach has
several benefits over gas chromatography-based
diagnostics, including simplicity and speed. As a
result, the approach may be used to analyze
biological activity attributed to particular terpenes
like those used in this study. It may also be used to
compare the biological activity of various items by
estimating the total quantity of certain terpenes.
Although terpenes were the only substances
evaluated in this work, it is worth noting that
capillary liquid chromatography is a flexible
technology that may be used to determine volatile
and non-volatile plant elements simultaneously.
The main constraint is the need for a capillary
liquid chromatography system, which provides
advantages in analytical performance and
application. This approach positively influenced
biological activity, raw material quality, storage
conditions, and processes (Ponce-Rodriguez et al.,
2021).

Lemon juice was centrifuged, and the solid residue
was sonicated in 1 ml of fresh acetonitrile at 20°C
for 5 min. The samples were passed through
methanol cartridges. A serum extract was prepared
by eluting the retained oxygenated heterocyclic

compounds with ethyl acetate. Ultrasonication
(300 w, 20°C, 5 min) was used to redissolve the
dried extract in methanol. At the end of the study,
the oxygenated heterocyclic compounds 8-
geranyloxypsoralen, byacangelicin, 5-geranoxy-7-
methoxycoumarin, phellopterin, and
methoxyflavones in lemon and lemon juice were
characterized. These compounds have also been
proven to possess medicinal properties (Li et al.,
2021).

3.4. Supercritical fluid extraction

When essential oils dissolved in aqueous media
undergo thermal-oxidative processes, inactive
components are formed. One study focused on the
antidiabetic properties of lime oil using treatment
with polyethylene glycol and lauric acid via
supercritical carbon dioxide at 120 psi and 45°C.
Polymer-oil ~ combinations  produced  co-
precipitates, were then micronized using a 500 um
nozzle. The addition of polyethylene glycol and
lauric acid to lime oil in a gas-saturated solution
made spherical microparticles that were
approximately 2 pum in size. The encapsulation of
these particles resulted in a lower melting point and
fusion heat than those enclosed with just
polyethylene glycol. This has resulted in enhanced
oil holding capacity and performance. The
encapsulation procedure increased the average
release time, reducing evaporation in physiological
fluids. The ability of encapsulation to protect the
anti-free radical and a-amylase inhibitory effects of
essential oils shows that they can keep their
medicinal properties (Akolade et al., 2020).
Distillation, cold pressing, microwave-assisted
extraction, and supercritical fluid are generally
applied as extraction methods for essential oils
(Razola-Diaz et al., 2021).

3.5. Microwave extraction

The microwave-extracted oil from the sample was
cooled in the condenser. The condensate was
routed via a separation funnel to separate the oil
from the water. A vacuum pump produced the
necessary suction pressure. Optimal circumstances
were discovered with 797,844 W microwave
power and 500 to 1000 W microwave power for
approximately 30 minutes. Under these settings,
the essential oil yield was 0.792+0.03 %, and
antibacterial activity was 18.25£1.45 mm. In
addition, delicious lemon peels were ultrasonically
pretreated before microwave extraction. As a
result, the essential oil yield rose from 0.84% to
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1.06%. D-limonene, bergamol, f-pinene, linalool,
o-pinene, 1,8-cineol, and a-terpineol components
were identified in sweet lime peels in the highest
ratio (Arafat et al., 2020).

4. Encapsulation

Microcapsules are formed through the attraction
between oppositely charged molecules, creating an
insoluble colloidal phase. The technique
encapsulates the core with a polymer and reduces
surface tension. During co-acervation, amide
groups are formed when carboxyl groups in
polysaccharides combine with amino groups in
proteins. To ensure the presence of reactive ends
toward specific functional groups, it is necessary to
stimulate this need. A notable example is
glutaraldehyde, which is often used to form
covalent bonds between the carbonyl and amine
groups in glutaraldehyde/gelatin. The formation of
covalent bonds presence of cross-linking sites both
affect microcapsule density. In particular, the
mixing speed during the process is critical. Rapid
particle movement promotes microcapsule
bursting, resulting in a less homogeneous size
distribution. This underscores the importance of
carefully controlling mixing conditions to achieve
the desired microcapsule characteristics (Figure 3)
(Sandra et al., 2020).
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Figure 3. Encapsulation

Lime was identified using scanning electron
microscopy, the content of C. aurantifolia essential
oil within the microcapsules was determined using
ultraviolet-visible spectrophotometry, and the oil
content was calculated using regression equations
developed from standard curves. Equations (1) and
(2) are used to compute oil content and
encapsulation efficiency, respectively (Julacha et
al., 2021a).

(Actual coating oil amount I/weight of
microcapsule *100 @)

(Actual coating oil amount/amount of oil
added*100) 2)

Lime seed essential oil capsules were round and
supple, with a mean particle size of 1.554 um. It is
worth noting that 79% of the oil was discharged
within 2 hours due to an interaction of mechanical
and chemical forces. A 4% citric acid binding agent
improved fixation, resulting in just 3% mass loss
after 15 washes. The functional fabric coated with
4% binder had significant antibacterial action. This
highlights the potential of utilizing essential oil
microcapsules for developing antibacterial
functional fabrics with enhanced durability through
optimized binding methods (Julacha et al., 2021b).

In the study demonstrating the suitability of C.
aurantifolia shoot tips for encapsulating artificial
seeds, the beaded shoot tips exhibited a maximum
germination rate of 81.43%. Autoclaving at 121°C
and 104 kPa, with pH correction to 5.8, proved
effective for sterilization. The procedure for
creating synthetic seed encapsulation from shoot
tips was as follows: First, mix 200 mL of liquid
seed sodium alginate solution with 30g of sucrose.
This methodology is aimed at creating
encapsulated synthetic seeds for further utilization
in plant propagation and cultivation (Sharma and
Roy, 2021).

A particle size analyzer can also be used to
determine the size and distribution of
microcapsules. All microcapsules can have well-
distributed particle sizes and homogeneity based on
mean/median ratios close to one. According to
scanning electron microscopy, micrographs of oil
microcapsules cross-linked with 15% CaCl,,
mostly spherical and clustered microcapsules, were
observed. Fourier may identify more efficient
interactions to transform the infrared spectroscopy
study of the microcapsules. Among all
microcapsules, 15% of cross-linkers retained up to
73% of the essential oil core. The study observed a
decrease in essential oil capsules stored for three
weeks. This was thought to be due to physical and
chemical changes in the coating, oil diffusion, and
capsule disintegration. Moderate inhibition of S.
aureus, S. epidermidis, E. coli, and K. pneumoniae
bacteria was found. As a result, antibacterial oil
microcapsules have a broad application in the
cosmetic and textile industries (Pratiw et al., 2022).

The essential oils isolated from C. aurantifolia
were packaged in gelatin alginate capsules. The
microcapsules were immobilized on cotton fabric
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by pad-drying with a citric acid binder. The
microcapsules were tested for their antibacterial
efficacy against gram-positive S. aureus. The
findings revealed that the components of C.
aurantifolia essential oils work together to enhance
their effectiveness. The antibacterial activity of the
microcapsules was comparable to that of the
positive controls, ampicillin and limonene,
indicating that the microcapsules can sustain
antibacterial efficacy (Julacha et al., 2022). In
addition, as a result of a study with 58.66% oil
content and 92.04% encapsulation efficiency, it is
understood that more oil is absorbed in
microcapsules of C. aurantifolia bark essential oils
in 1:2.0 ratios of gelatin and sodium alginate
coatings (Sandra et al., 2020).

Essential oils are fragrant, fatty organic compounds
produced naturally in plants. Microcapsules play
an important role in preserving and using essential
oils' antibacterial and insecticidal properties in
various sectors. Microcapsules help to preserve
food during long-term storage. In medicine, the
prolonged release of encapsulated essential oils has
shown efficacy against multi-resistant bacteria,
skin irritation, and cancer cells in animals.
Furthermore, in the textile business, fabrics
containing encapsulated essential oils have
demonstrated remarkable repellency against
mosquitoes and microorganisms and UV
protection, even after several washing cycles
(Nguyen et al., 2021).

The Food and Drug Administration classifies
essential oils as medicines based on their intended
use. As a result, the coating procedure is crucial in
determining average size, stability, encapsulation
efficiency, and release profile. Essential oils'
nature, amount, and stereochemistry are
significantly altered during extraction. Several
factors must be addressed when establishing an
acceptable delivery system for individual essential
oils, including the manufacturing process (heat or
organic solvent) (Cimino et al., 2021).

The effect of adding nanogel loaded with gelatin
and lemon peel extract, composed of guar gum and
gelatin, to a casein/basil seed chewing gum film
revealed significant nanoparticle accumulation on
the surface at higher percentages. Regardless of
concentration, the films containing nanogel
exhibited good antioxidant properties (Mei KR.,
2021), which are considered positive for coating
techniques. Coating processes conducted at various

concentration levels contribute to extending the
final product's shelf life. Green technology views
encapsulation as a valuable approach to enhancing
food safety (Mortazavi Moghadam et al., 2023).

Polymeric nanoencapsulation is a widely adopted
strategy for preserving essential oils, and among
the various techniques for designing polymeric
nanoparticles, nanoprecipitation has garnered
significant attention. Putting essential oils inside
polymeric nanoparticles makes them better at many
important jobs, like killing microorganisms,
stopping oxidation, fighting fungal infections,
lowering inflammation, and getting rid of pests and
insects. This approach, employing polymeric
nanoparticles for delivering essential oils,
represents a cutting-edge development in
pharmaceutical technology. Additionally, scaling
up nanoprecipitation for industrial applications is
essential to implementing this technology on a
larger scale (Lammari et al., 2020).

Copper oxide nanoparticles were synthesized in
research utilizing C.aurantifolia leaf extract. The
biosynthesized CuO nanoparticles had medium
crystalline characteristics, with a crystal size of
roughly 22 nm and a band gap of 3.48-3.51 eV.
(Rafique et al., 2020).

The size of the nanocapsule oil obtained in the
study was about 28 nm. A nano-emulsion is a
heterogeneous mixture of a sparsely dispersed
liquid in droplets in another liquid. These nano-
emulsion droplets are measured between 20 and
500 nm. The surfactants Tween 80 and Span 20
were used for the encapsulation study in the
dextrose agar medium (Allam et al., 2022).

Protect against toxin-induced biochemical changes
with lime peel oil and nano-emulsion (Sabry et al.,
2022). Essential oils' components are responsible
for their pharmaceutical qualities. Some of the
most researched qualities include antioxidant, anti-
inflammatory, antibacterial, wound healing, and
anxiolytic activity. Encapsulation helps to increase
bioavailability, improve chemical stability, and
reduce the volatility and toxicity of essential oils.
Recent research has focused on various
encapsulation strategies, such as micro- and nano-
emulsions, liposomes, solid lipid nanoparticles,
and nanostructured lipid carriers, to improve
essential oil delivery and therapeutic potential
(Cimino et al., 2021).

Characterization and encapsulation methods of lime (Citrus aurantifolia) oil: A review
Niliifer Giilcan Akalan;Ash Gok



42 Gida ve Yem Bilimi - Teknolojisi Dergisi / Journal of Food and Feed Science - Technology 34:33-49 (2025/2)

New food packaging trends include encapsulated
bioactive essential oil components. This method
improves food shelf life by utilizing essential oils'
significant antibacterial and anti-pathogenic
qualities (Shaaban and Farouk, 2022). The shelf
life of the lime fruit in the coating is increased by
the combination of pomegranate seed oil and
gelatin  (Mohammadi et al., 2024). A new
composite of lime peel oil, whey protein, gum
arabic, carboxymethyl cellulose, and gelatin was
found to have favorable nanocapsulation (Hassanei
et al., 2023). Essential oil coating inhibited fungal
spores on rubberwood (Owolab et al., 2021)

4.1. Encapsulation methods of lime oil

Research has revealed that limonene is extremely
efficient against a wide spectrum of bacteria and
fungi, often outperforming other terpenes, extracts,
and essential oils. Its applications in food
processing, storage, and packaging are significant.
Encapsulation may be the best way to maintain its
action and prevent oxidation. These include simple
and sophisticated co-acervation, nano- or
microencapsulation with various wall materials,
including polysaccharides or proteins, molecular
entrapment with cyclodextrins, spray drying,
electrospinning, and nano-emulsion. Less
prevalent methods include electrospraying and
supercritical fluid technologies (Ibafiez et al.,
2020).

4.1.1. Coacervation

One significant advantage of this approach is that
the encapsulated limonene's form, size, and release
rate may be adjusted by simply adjusting the
concentration and ratio of chitosan and NaOH
solution. Release profiles are typically created in
two stages. Encapsulation via co-acervation, which
provides a good barrier against the oxidation of
sensitive components, looks to be an excellent
method for encapsulating limonene flavor. The
most critical criteria for creating co-acervation
biopolymer complexes with maximum limonene
encapsulation are viscosity and pH (Ibafiez et al.,
2020).

Microcapsules containing C. aurantifolia essential
oil, alginate/gelatin polymers, and different
concentrations of CaCl, cross-linking agents were
optimized for essential oil co-acervation utilizing
Tween 80 emulsifying agents. The study used
Avrami's kinetic equation (k=1.60£3.68 x10-5s-1)
to simulate the microcapsule structure and release

mechanism, with an average particle size of 1.394
um. 43.56% encapsulation effect was observed at
ambient temperature for three weeks, showing
good thermal stability up to 100°C. Combining
essential oil and alginate-gelatin shells containing
varying concentrations of CaCl, cross-linking
agent resulted in a microcapsule yield of 35-41%.
The optimum number of microcapsules was
obtained at 10-20% crosslinker (Pratiwi et al.,
2022).

Essential oil capsules were obtained through
complicated co-acervation with two biopolymers:
alginate-gelatin, gum arabic-gelatin, and gum
arabic-chitosan as shell, all under identical
conditions. The alginate/gelatin combination
yielded the most spherical and thinnest
microcapsules, ranging in size from 5 to 33.1 um
without any aggregation. The gum Arabic/gelatin
shell pair resulted in coarse and partially
agglomerated microcapsules in the 7-10.1 pum
range. Gum arabic/chitosan exfoliants are small
clustered microcapsules (2.1-5.1 um) dispersed on
the surface. Because essential oils are often soluble
in non-polar solvents, n-hexane was utilized to
extract the released essential oils for measurement.
The alginate/gelatin biopolymers produced the best
essential oil microcapsules with well-dispersed
particle size and homogeneity (Julacha et al.,
2022a).

The mixed conservation method study used
separate 2% alginate and gelatin coatings. To
achieve a 60+1°C temperature, and agitated at 1250
rpm. Tween 80 (0.8g) and essential oils were
combined in drops. The sodium alginate solution
(40 mL) was then added gradually. The resultant
liquid was agitated for 15 minutes before adding
2.5% acetic acid to achieve a pH of 3.75. The
resultant microcapsules were then filtered via a
Buchner funnel. The finished product was washed
with demineralized water. Research has reported
that microcapsules made with this technique can
function as oil mimics (Sandra et al., 2020).

The peel oil of lime was microencapsulated
utilizing the co-acervation procedure, which used
gelatin and alginate as the wall material at 2%
(w/v), Tween 80 as the emulsifier, and calcium
chloride as the cross-linker. The diameters of these
capsules ranged from 52 to 178 pm. The increase
in the amount of oil did not affect the diameter of
the capsule particles, and the wvariation of the
microcapsule yield between 26% and 31% was due
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to the different weights of the essential oils.
Particle size and morphology were also affected by
processing at various mixing temperatures.
Microcapsules generated at 35°C had a slightly
lower particle diameter than those created at 40°C,
but the shape was more uniform and spherical.
Different mixing speeds resulted in microcapsules
measuring 1.40-1.52 um and yielding 23-30%.
Increasing the speed beyond 600 rpm destroys the
encapsulated oil. This decreases both oil content
and yield. The mixing method controls both the
microcapsule size and the size distribution (Julacha
et al., 2022a).

The viscosity of the emulsion is reduced, and the
demulsification rate is increased by increasing the
citric acid content. Citric acid has a higher
emulsifying efficiency than other acids due to the
high number of carboxyl groups. Suspended
droplets coalesce, and the emulsion separates
easily, with a balanced separation between the
aqueous and emulsion phases. Each emulsification
is optimized at 80°C. An inexpensive emulsifier is
an effective method of remediating contaminated
water (Moodley et al., 2022).

The microemulsions were then impromptu
prepared by combining all the components and
mixing in a vortex mixer. The research were
formed using decyl glucoside and butylene glycol
as surfactant and co-surfactant in a 2:1 weight ratio.
The irritancy of these oils was shown to be reduced
by microencapsulation (Prommaban and Chaiyana,
2022).

4.1.2. Spray drying

The spray drying method results in uniform
morphologies due to the effects of wall
composition, atomisation, drying parameters,
uneven shrinkage in the first drying stages and the
directed surface pressure of the viscous fluid
(Compelo-Felix et al., 2017).

The essential oils of lime peel (C. aurantifolia) are
complex metabolites used as preservatives.
Physical methods such as spray drying,
lyophilisation, supercritical fluidisation, and
solvent  evaporation are  examples  of
physicochemical techniques: co-conservation,
ionic gelation, and electrostatic film formation.
Chemical  approaches include interfacial
polymerisation  and  molecular  inclusion
complexation (Da Silvet al.,, 2022). An
encapsulation technique has proven effective in

protecting essential oils from environmental
conditions, including oxidation and biological
activity. In the industry, spray drying and
emulsification are among the most preferred
methods for encapsulation (Shaaban and Farouk et
al., 2022).

4.1.3. Electrospinning technique

Increasing the polymer content via electrospinning
will either raise the viscosity of the emulsion or
precipitate the polymer, decreasing or even
eliminating the probability of the encapsulated
limonene spreading. Relative humidity was
discovered to have an important impact on
component release. This makes this approach
appealing in active packaging, particularly for
fresh foods, where the risk of microbial
deterioration is greater in environments with high
water activity. Emulsion electrospinning is utilized
to create animal serum albumin-controlled delivery
systems. One of the most significant benefits of
employing supercritical fluid technology to
encapsulate limonene is that it operates at low
temperatures, allowing sensitive compounds to be
encapsulated. The efficiency of encapsulating the
limonene component was lower than that of
conventional spray drying techniques. Limonene's
preservation properties, health advantages, and
pleasant taste and odor make it valuable in the
cosmetics, food, and beverage sectors. It has
proven antimicrobial activity in food products as
well as antioxidant potential in preventing decay
and extending shelf life. With its broad biological
activities, limonene's non-toxicity and numerous
modes of action make it an attractive natural
alternative to synthetic pesticides and preservatives
for a growing industry. Ambient conditions highly
influence this compound (Ibafiez et al., 2020).

4.1.4. Freeze-drying (lyophilization)

Lyophilization is a preferred method for essential
oil extraction because it protects compounds from
high temperatures. Among various extraction
methods, ultrasound-assisted  extraction is
considered the best, followed by microwave-
assisted extraction and agitation extraction.
Essential oils are sensitive to high temperatures,
and these methods help preserve their quality.
Cold-pressed lime oil, obtained by mechanical
pressing of the peel, contains citral, high levels of
sesquiterpenes, and aldehydes. Monoterpenes are
found in lower amounts in the oil from the peel than
in the water, and approximately 20% of non-
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volatile chemicals are present (Liu et al., 2022).
With spray cooling, a thin coating film is formed
around solid, liquid and gas particles or live
organisms (Abdul-Al et al., 2022).

Contrarily, distillation does not yield essential oil
that contains non-volatile substances. People are
now more interested in the oxygen heterocyclic
compounds found in lime oil. To check their
quality, high-performance liquid chromatography
analysis has replaced the older total UV absorption

methods. Different processing methods can
influence the composition of these non-volatile
compounds. It's noted that bergamottin, a
compound found in lime oil, possesses natural anti-
cancer properties. Therefore, caution is advised
during extraction to avoid affecting its beneficial
properties and overall metabolism (Liu et al.,
2022). The data from the literature studies and the
conditions of the research with lime peel oil are
summarized in Table 2.

Table 2: C. aurantifolia application methods and their effects

. Encapsulated Lo
Interf;.mal solvent/Wall material shape and Application Key findings References
material . method
size

Irregular
Distilled water: Copper and spherical-like Biological .. . . (Rafique et al.,
sulfate pentahydrate nanoparticles synthesis Activity against S. aureus and E. coli 2020)

(22 nm)
n-Hexane- acetic _acid, Microcapsules with Complex Increasing the coating ratio increased (Sandra et al.,

tween-80 /gelatin and

sodium alginate various shapes co-acervation encapsulation efficiency and yield 2020)
Hexane,
dichloromethane, Rough spherical Gas-saturated ~ The overall average lime oil release time

. . . . . . . . (Akolade et al.,
dimethylsulphoxide; microparticles solution was increased. The encapsulation yield 2020)
Polyethylene glycol and (~2 pm) technology was raised.
lauric acid

Spherical Gram-positive and Gram-negative

Tween 80, CaCly, acetic

Co-acervation

and agglomerated

acid; alginate—gelatin shape (1.394 um)

antibacterial activity, effectively
coacervated with 15% CaCl> cross-linker

(Pratiwi et al.,
2022)

n-Hexane, citric acid, Pad-dry—cure
method . .
Tween 80; Spherical capsules usin Microcapsules covered with
glutaraldehyde, alginate- P P ing biodegradable polymers Moderate (Julaeha et al.,
. . (1.802+0.082/1.554 various o . -
gelatin-gum Arabic- . antimicrobial activity was detected. 2022)
. . pm) concentrations, . . -,
chitosan, sodium Superior bactericidal activity
. Complex
alginate .
Co-acervation
n-Hexane, Tween 80, Homogeneous and Microcapsules were optimally
acetic acid; calcium rounder Complex characterized and manufactured (Julaeha at al.,
chloride, gelatine, morphology Co-acervation successfully. 2021)
alginate, (1.40-1.52um)
Sodium periodate, Nanocansulation:
ethylene glycol, acetone; cap ’ A novel nano gel was fabricated by (Mortazavi
. . Smooth inverse . . . A
casein, gelatin, guar . .. . inverse miniemulsion synthesis with an Moghadam et al.,
: nanoparticle miniemulsion . .~ - . .
gum, dialdehyde-guar svnthesis inhibitory effect against microorganisms. 2023)
gum Y
Tween80, deionized Spherical shane Nzng;ﬁ;rrl:élj:gn; Gram-positive microbes were more
water; oil phase (oil and P P pont . susceptible and could be used as (Mei K.R., 2021)
. (20-60 nm) emulsification . . .
corn oil) functional ingredients.
method.
Glacial  acetic  acid, Homogencousl Nanocapsulation;
tween80, 108 Y ionic gelation Prevents acne vulgaris and treats acne (Julianti et al.,
. . distributed . .
sodiumtripolyphosphate; (271.7 nm) method; freeze effectively and efficiently 2020)

chitosan

drying method

5. Conclusion

These fruits are cultivated commercially across
diverse countries, including India, the United
States, Spain, Italy, Argentina, Egypt, and Iran. In
contrast, due to their sensitivity to cold climates,
limes are exclusively grown in tropical regions,
with Mexico and Brazil standing out as primary

producers. Due to their versatility and consistent
demand, lemons contribute significantly to food
safety while offering numerous health benefits.
Recent advancements in extraction techniques aim
to improve the quality yield of essential oils while
simultaneously reducing energy consumption,
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reflecting a progressive evolution in lime
processing methodologies.

Lime's bioactive components benefit human
health. However, these components also have
active properties that ensure the safety and
reliability of food products. Recently, oil extraction
trials using green techniques have improved the
quality of these sensitive-structure oils.
Contemporary approaches use coating methods
such as coacervation, spray drying, freeze drying,
ve electrospinning to preserve the qualitative and
quantitative attributes of essential oils extracted
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Amag: Beta glukan, yararl saglik etkileri olan tahillar, maya, mantar ve alglerden elde edilebilen ¢ok yonlii
bir nisasta olmayan polisakkarittir. Cesitli glikozidik baglarla birbirine baglanmis dogrusal B-D-glikoz
zincirlerinden olusan yapisi beta glukanin islevselliginde 6nemli bir rol oynar. Beta glukanlarin ¢oziintirliik,
viskozite ve fermente edilebilirlik gibi benzersiz 6zellikleri, yapisal ¢esitliliklerinden kaynaklanir. Beta glukan
kaynaklari ise, tahillarda; arpa, yulaf, ¢cavdar, bugday ve piringte, mayalarda; Saccharomyces cerevisiae ve
Candida Utilis 'te, mantarlarda; shiitake, maitake, reishi, istiridye, chaga, alglerde ise; Euglena gracilis ve E.
pisciformis gibi suslarda bulunur. Beta glukanlarin biyoyararlanimi ve saglik etkileri, kaynaga ve yapisal
bilesime bagl olarak degismekte olup, gida, ila¢ ve kozmetikte genis uygulamalara yol agmaktadir. Birgok
arastirmada, kardiyovaskiiler saglik, diyabet yonetimi, bagisiklik modiilasyonu, agirlik kontrolii basta olmak
iizere saglik lizerinde daha bir¢ok olumlu etkileri vurgulamistir. Tahil beta glukanlari, kolesterol ve kan sekeri
seviyelerini diizenlemede 6zellikle etkilidir; maya ve mantar beta glukanlari ise etkileyici immiinomodiilator
ve kanser karsiti 6zellikler gostermektedir. Ayrica, beta glukanlarin gida endiistrisinde kullanimi, baz1 yeni
uygulama alanlar1 ve fonksiyonel iiriin gelistirme agisindan 6nemli bir potansiyeli vardir. Diistik kalorili,
yliksek lifli iirinlerin gelistirilmesinde islevsel bir bilesen olarak rolleri, tiiketici saglik bilinci arttik¢a ivme
kazanmaktadir.

Sonug¢: Bu derleme calismasinda, beta glukanlarin genis yelpazedeki faydali etkileri nedeniyle insan sagligin
iyilestirme potansiyeli degerlendirilmis, gidalarda kullanilabilecegi alanlar irdelenmistir. Beta glukanlarin
saglk yararlarii destekleyen onemli kanitlara ragmen, calismalardaki tutarsizliklar, genellikle kaynak ve
molekiiler agirlik gibi gézden kacan degiskenlerden kaynaklanir. Bu sorunlar ele almak ve gelecekteki
aragtirmalara katkida bulunmak igin, ekstrakte edilen beta glukan yapilarinin karakterizasyonuna oncelik
verilmelidir.

Anahtar Kelimeler: Beta glukan, beta glukanlarin saglik yararlari, gida katki maddesi, besin zenginlestirmesi,
fonksiyonel besinler

Abstract

Objective: Beta-glucan is a versatile non-starch polysaccharide derived from cereals, yeast, fungi, and algae,
with beneficial health effects. Its structure, consisting of linear -D-glucose chains linked together by various
glycosidic bonds, plays an important role in the functionality of beta glucan. The unique properties of beta-
glucans, such as solubility, viscosity, and fermentability, are due to their structural diversity. Sources of beta
glucan are found in grains such as barley, oats, rye, wheat and rice, in yeasts such as Saccharomyces cerevisiae
and Candida Utilis, in mushrooms such as shiitake, maitake, reishi, oysters, chaga, and in algae such as
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Euglena gracilis and E. pisciformis. The bioavailability and health effects of beta-glucans vary depending on
the source and structural-composition, leading to wide applications in food, pharmaceuticals, cosmetics. Many
studies have highlighted its positive effects on health, including cardiovascular health, diabetes management,
immune modulation, weight control, and more. Cereal-beta-glucans are particularly effective in regulating
cholesterol and blood sugar levels; yeast and fungal-beta-glucans show impressive immunomodulatory and
anti-cancer properties. In addition, the use of beta glucans in the food industry has significant potential in terms
of some new application areas and functional product development. Their role as functional ingredient in the
development of low-calorie, high-fiber products is gaining momentum as consumer health awareness
increases.

Conclusion: In this review, the potential of beta glucans to improve human health due to their wide range of
beneficial effects was evaluated and the areas where they can be used in foods were examined. Despite
significant evidence supporting the health benefits of beta glucans, inconsistencies across studies are often due
to overlooked variables such as source and molecular weight. To address these issues, future research should
prioritize characterization of beta-glucan structures and extraction methods.

Keywords: Beta glucan, health benefits of beta glucans, food additive, food fortification, functional foods.
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1. Giris

Beta glukan, B-D-glukozun dogrusal zincirlerinden
olusan yapisal bilesimiyle ayirt edilen énemli bir
nisasta olmayan polisakkarittir. Bu zincirler,
ozellikle B-(1—3), (1—4) ve/veya (1—6) olmak
iizere ¢esitli tipte glikozidik baglarla birbirine
baghdir ve hem dallanmig hem de dallanmamis
formda bulunabilirler. Beta glukan dogada birgok
kaynakta, arpa ve yulaf gibi tahillar, baz1 bakteriler,
bazi mantarlar, likenler ve alglerde bulunabilir.
Coziinebilir beta glukanlarin biyoyararlanimi %0,5
ile %4,9 arasinda degisiklik gosterir (Bobade vd.,
2021). Ogiitme, ¢imlendirme, pisirme, firmlama,
ekstriizyon, kavurma ve dondurma gibi ¢ok sayida
gida isleme teknigi, beta glukan icerigi, ¢oziiniirlik
ve viskozite, molekiiler agirlik dahil olmak {izere
bir¢ok 6zelligini dnemli dl¢iide etkileyebilir. Genel
olarak, bu yontemler ¢oziiniir beta glukanlarin
ekstraksiyon verimini veya safligim1 artirmak
icindir ama molekiiller agirhk dagilimlarim
azaltabilir ve Dbu da fizyolojik etkilerini
etkileyebilir (Bobade vd., 2021; Tosh vd., 2010).

Beta glukanin saglik iizerindeki yararh etkileri
incelendiginde; kan serumunda total kolesterolii ve
LDL kolesterolii azaltmas: (Yu vd., 2022),
postprandiyal kan glukozu yiikselmesini inhibe
etmesi (Aoe vd., 2021), kronik gastritte mukozal
hasar1 hafifletmesi (Gudej vd., 2021), c¢esitli
duygusal ve fiziksel duygu durumlari tizerindeki
pozitif etkileri (Wolever vd., 2021), prebiyotik
etkileri  nedeniyle bagisiklik  fonksiyonunu
artirmasi (Mio vd., 2021), immiinomodiilator, anti-
enflamatuvar, anti-tiimor ve anti-metastatik etkileri
olmasi, grip ve besin alerjilerini semptomlarini
hafifletmesi, stresi azaltmasi, bagirsak mukozasini
korumasi, yag emilimini azaltmasi, kemik sagligim
ve mide tilserlerini iyilestirmesi (Suzuki vd., 2021)
gibi bir¢ok saglik yararindan s6z edilebilir. Ayrica
ABD Saglik Bakanhigima bagh Gida ve ilag Idaresi
(FDA) tarafindan onaylanan saglik iddialar
arasinda “Koroner kalp hastalig1 riskini azaltmak
icin gerekli olan ¢oziliniir lif kaynagimin giinliik
diyet alimini ve {iriiniin bir porsiyonunun belirtilen
giinliitk diyet alim seviyesine yaptig1 katkiy
belirtir.” ifadesi yer almaktadir. Bu iddiada beta
glukana iliskin olarak, “Tam yulaf veya arpadan
veya biitiin yulaf ve arpa kombinasyonundan giinde
3 g veya daha fazla beta glukan ¢6ziintir lif.” ifadesi
beta glukan kaynagin1 vurgulamaktadir. (Food and
Drug Administration [FDA], 2021).

Beta glukanim insan ve hayvan sagligi tizerindeki
zararli etkilerine bakildiginda ise, bugiline kadar
yapilan c¢aligmalarda beta glukan tiiketimiyle
iliskili herhangi bir toksisite bildirilmemistir. Beta
glukanin giivenligini ele alan ¢esitli arastirmalar,
tilketiminin giivenli oldugunu ve olumsuz saglik
etkilerinden uzak oldugunu tutarli bir sekilde
gostermistir. Ozellikle, hayvan calismalarinda,
yiiksek dozlarda bile hicbir toksisite sonucu
gbzlemlenmemistir (Bobade vd., 2021). Ornegin
yapilan bir hayvan caligmasinda, viicut agirlig
kilogram1 basina 2000 mg gibi oldukea yiiksek bir
konsantrasyonda bile yapilan denemede higbir
denekte toksisite gozlemlenmemistir (Delaney vd.,
2004).

Beta glukan hakkinda Profesor Somsak Varakamin
“Tibbi bir krizde, saglhigimmizi ve bagisikliginizi
korumak i¢in hastaliklarla miicadele eden sadece
tek bir maddeyle sinirli olsaydiniz, istisnasiz,
se¢meniz gereken madde “beta glukan” olmalidir.”
demistir. Saglik alaninda potansiyel terapotik
etkileri nedeniyle beta glukan, bir ¢ok
arastirmacinin  ilgisini son yillarda daha ¢ok
cekmektedir (Muthuramalingam vd., 2022).

2. Beta Glukan Kaynaklari

Arpa, yulaf ve bugday gibi tahillar beta glukanin en
uzun siredir bilinen kaynaklarindandir. Son
zamanlarda arastirmacilarin beta glukana olan
ilgisiyle birlikte, mikroorganizmalarin (maya,
mantar, bakteri), mantarlarin, likenlerin ve deniz
yosunlari/alglerin beta glukan kaynagi oldugu
saptand1 (Bobade vd., 2021). Farkli kaynaklardan
elde edilen beta glukanlarin her biri farkli kimyasal
yapilara ve saglik yararlarina sahiptir:

2.1. Tahil Beta Glukanlar1

Tahil beta glukanlari, esas olarak (1—3), (1—4) B
D glukandan olusur (Sekil 1). Tahil beta glukan
kaynaklari arpa, yulaf, ¢avdar, bugday ve piringtir
(Du et al., 2019; Maheshwari et al., 2017; Murphy
et al.,, 2020). Beta glukan igerigi arpada %?2,5-
%11,3, yulafta %2,2-7,8, ¢avdarda %1,2-2,0 ve
bugdayda 9%0,4-1,4 arasinda degismektedir.
Arpada, beta glukanlar nigastali endospermin her
yerinde bulunurken, bugdayda en yliksek
konsantrasyonda subaleurone tabakasinda bulunur
ve bugday endosperminin geri kalaninda c¢ok az
miktarda bulunur (Khaleghdoust vd., 2023).
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Sekil 1. Tahil beta glukanlar1 (§ (1—3), (1—4) 3D
glukanlar) (Abuajah, 2017)

Tahil beta glukanlarmin kalp sagligi iizerinde
oldukca yararli etkileri bulunmaktadir. LDL
kolesterolii  diisirme ve HDL seviyelerini
destekleme  Ozelliklerinden  dolayi,  arter
duvarlarinda plak olusumunu engelleyici 6zellik
gosterir.  BOylece  ateroskleroz  olusumunu
engelleyebilir. Ayrica kan basincini diizenleyerek
hipertansiyon riskini azaltir (Ege ve Koseoglu
Aydenk, 2021; Joyce vd., 2019; Sima vd., 2018).

Bu etkiler literatiirde c¢esitli mekanizmalar ile
aciklanmaktadir. Beta glukanlar ¢oziiniir ve viskoz
diyet lifleridir. Bagirsaklarin yiizeyinde mukozal
bir jel yap1 olusturmaktadir. Bu jel yapi, safra
tuzlarimin  emilimini engelleyerek karacigerin
yeniden safra tuzu sentezlemesini saglamaktadir.
Miktar1 artan safra asitleri ise dolasimda bulunan
kolesteroliin kullanilmasini tesvik ederek kanda
bulunan kolesterol seviyelerinin azalmasini saglar.
Ayrica bu jel yapi ve beta glukanin vizkoziteyi
artirmas1  sayesinde kolesteroliin  bagirsaktan
emilimi azalir (Ege ve Kdseoglu Aydenk, 2021;
Joyce vd., 2019; Sima vd., 2018).

Tahil beta glukanlarinin saglik tiizerindeki en
onemli etkilerinden biri de diyabet {iizerindeki
pozitif etkileridir. Kan glukozu regiilasyonu ve
tokluk hissi olugturma etkileri, glukoz emilimini
yavaglatma etkileri, Ozellikle tip 2 diyabetli
bireylerde insiilin duyarliligini artici etkileri vardir
(Biorklund vd., 2005; Canfora vd., 2015; El
Khoury vd., 2012; Mékela vd., 2020).

Beta glukanin insiilin duyarliligini artirma ve kan
glukozunu azaltma mekanizmalari incelendiginde,
viskozite oOzelligi O6n plana c¢ikmaktadir. Beta
glukanin tiiketilmesi ile, sindirim sisteminde
bulunan maddeler daha viskoz bir hal almaktadir,
bu sayede, sindirim sistemi daha yavas
bosalmaktadir. Sindirim ve emilim yavaslamakta,
enzim diflizyonu azalmakta ve enterositlere glukoz
gecisi azalmaktadir (El Khoury vd., 2012). Beta
glukanin viskozitesinin artmas1 molekiil agirligi ile

iliskilidir (Mikeld vd., 2020). Ornegin beta
glukanin serum lipoproteinleri ve yemek sonrasi
glukoz ve insiilin konsantrasyonlarini {izerine
etkisi arastiran bir ¢alismada, denekler 5 gruba
ayrilmistir. Kontrol grubu, 5 g ve 10 g molekiil
agirlig1 70000 Da olan yulaf beta glukan1 verilen ve
5 g ve 10 g molekiil agirligi 40000 Da olan arpa
beta glukani verilen gruplara igecekler verilmistir.
Eniyi etki, 5 g yliksek molekiil agirlikli beta glukan
verilen grupta goriiliirken, diger gruplarda anlamli
etki saptanmamistir (Bidrklund vd., 2005).

Bagka bir mekanizma ise, beta glukanin fermente
olabilme &zelligi ile agiklanmaktadir. Bagirsakta
fermente olan beta glukandan kisa zincirli yag
asitleri olusur. Bu yag asitleri reseptérleri uyararak
kaslarin  insiilin  duyarliliginin ~ artmasinm
saglamaktadir (Canfora vd., 2015; EI Khoury vd.,
2012). Cozinen, fermente edilebilir, yiiksek
molekiil agirlikli ve viskozitesi yliksek beta
glukanlar, HbAlc, tokluk kan sekeri, insiilin
diizeylerinde azalma saglamakta, kardiyovaskiiler
hastalik riskini azaltmakta, doygunluk hissini
artirarak ~ viicut agirhgt  kontrolinde  yarar
saglamaktadir. Diyabet yonetiminde de 6nemli bir
potansiyeli vardir.  Yeterli miktarda diyet lifi
tiketiminin yanm sira, FDA’nin da 6nerdigi gibi
giinliik 3 g beta glukan tiikketimi saglik igin yarar
saglamaktadir (Karagil & Akbulut, 2013).

Tahil beta glukanlarinin sindirim sistemi iizerinde
de oldukga yararli etkileri bulunmaktadir. Bagirsak
sagligl, gilinlimiizde gida alanindaki en c¢ok
odaklanilan arastirma alanlarindan biridir. Yapilan
klinik aragtirmalarda, tahil beta glukanlarinin
bagirsak mikrobiyotasi iizerinde olumlu bir etki
sagladigi, bagirsak  gecirgenligini  azalttigi,
bagirsak bagisiklik sistemini aktive edici 6zellikler
gosterdigi, kisa zincirli yag asitleri tretimini
artirdigi ve inflamatuar yaniti azaltici etkiler
gosterdigi saptanmistir (Shoukat ve Sorrentino,
2021). Arpanin yiiksek molekiiler agirlikli beta
glukan igerigi prebiyotik gorevi goriir, mikrobiyom
modiilasyonu ve kisa zincirli yag asidi {iretimi
yoluyla bagirsak sagligini destekler, potansiyel
olarak kolon kanserini &nler ve bagisikligi artirir
(Alivd., 2024).

Gastrointestinal sistemdeki kommensal bakteriler,
doku olusumundan sindirilemeyen
karbonhidratlarin =~ parcalanmasina,  bagisiklik
sistemi gelisimine, vitamin sentezine, patojenlerin
kolonizasyonunu engellemeye ve bagirsagin
bariyer fonksiyonuna kadar ¢ok sayida islevi yerine
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getirir. Bagirsak mikrobiyotasinin bilesiminde ve
cesitliliginde herhangi bir degisiklik, cesitli
metabolik bozukluklara yol agcan disbiyoza neden
olabilir. Bununla birlikte, 06zellikle tahil beta
glukanlart  disbiyozu geciktirmeye yardimeci
olabilecek hem Lactobacilli hem de Bifidobacteria
Spp.'nin biiytimesini desteklemektedir. Boylelikle
bagirsak mikrobiyotasi modiilasyonu
saglamaktadir (Shoukat ve Sorrentino, 2021).

Hayvanlarda yapilan bir inceleme ¢alismasinda,
kisa zincirli yag asitlerinin, bagirsak pH'min ve
liiminal oksijen seviyelerinin azaltilmasinda rol
oynadigi, su ve iyon emilimini iyilestirdigi, siki
baglanti proteinlerini ve villiis yliksekligini
gliclendirdigi, = mukoza  hiicrelerine  enerji
saglandigl, mukus kalinlasmasin1  sagladigi,
dogustan ve adaptif bagisikligi artirdigi ifade
edilmistir (Adebowale vd., 2019). Bagka bir
hayvanlar iizerinde yapilan arastirmada tahil beta
glukanlarmin spesifik kimyasal yapilar1 nedeniyle,
diger diyet liflerinden daha hizli fermente
edilebildigi goriilmiistiir. Fermantasyon sonucunda
ana {Urlinler asetat, propiyonat ve biitirattir
(Drzikova vd., 2005). insanlarda yapilan diyete
arpa beta glukani eklenen bir aragtirmada ise digki
orneklerinde kisa zincirli yag asitlerinde artis
goriilmistiir (Thandapilly vd., 2018).

Yiksek oranda yag acisindan zengin ve lif
acisindan disiik, yiiksek oranda islenmis besinler
ile karakterize “Batili” tarzi beslenme modeli,
noroinflamasyon ve bilissel bozukluk da dahil
olmak iizere bir¢ok metabolik islev bozukluguyla
iliskilidir. Beta glukan, alt gastrointestinal sistemde
fermente edilerek, potansiyel olarak mikrobiyal
ekosistemi etkiler ve dolayisiyla bagirsak-beyin
ekseni yoluyla bilis ve beyin fonksiyonlarini
iyilestirebilir. Yiiksek yag ve yetersiz lif ile
beslenen obez fareler ile yapilan bir aragtirmada,
15 hafta boyunca uzun siireli takviyenin ardindan
beta glukan takviyesi, nesne konumu, yeni nesne
tanima ve yuva olusturma testleri ile davranigsal
olarak degerlendirilen batili beslenme tarzinin
neden oldugu Dbiligsel bozuklugu oOnledigi
gorilmistiir (Shi vd., 2020; Zhang vd., 2019).

Saglikli yetiskinler iizerinde yapilan baska bir
aragtirmada ise giinde 3 kez 1 g beta glukan verilen
bireylerde, plasebo grubuna kiyasla, 2. haftada bas
agris1 siddetinde azalma, anksiyete ve iislime
hissinde azalma, eklem/uzuv agrisinda azalma,
konsantrasyon giicliigiinde azalma, 4. haftada
yorgunluk ve sicak basmasi hissinde azalma

saptanmistir. Bu veriler, beta glukanin saglikl
yetigkinlerde g¢esitli gastrointestinal sistem disi
semptomlar1 azaltabilecegine dair 6n hipotez
olusturan kanitlar saglar (Wolever vd., 2021).

2.2. Maya Beta Glukanlari

Maya beta glukanlari (1—3), (1—6) B D glukandan
olugur (Sekil 2). Maya beta glukanlari bira mayasi
veya firinct mayasi olarak bilinen, ekmek, sarap ve
bira yapiminda cogunlukla kullanilan
Saccharomyces cerevisiae hiicre duvarlarinda
bulunur. S. cerevisiae, hiicrenin i¢ bdlmelerini
koruyan polisakkaritler ve proteinlerden olusan
kalin bir hiicre duvarina sahiptir (Thomas vd.,
2022). S. cerevisiae'nin hiicre duvari, hiicre kuru
kiitlesinin %20-30'una kadarini olusturabilir (Kim
ve Yun, 2006). Beta glukan (1—3), beta glukan
(1—-6)  swrastyla  toplam  hiicre  duvart
polisakkaritinin yaklasik %50-55'ini ve %10-15'ini
olusturur (Zhou vd., 2019). Candida Utilis'ten elde
edilen beta glukan da yeni bir maya beta glukan
kaynagi olarak tanitilmigtir (Suzuki vd., 2021).

CH,0H
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6« OH
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Sekil 2. Maya beta glukanlar1 (f (1—3), (1—46 3 D
glukanlar) (Ansari ve Darvishi, 2024)

Maya beta glukanlarinin, hem dogustan hem de
kazanilmis  bagisiklik  sistemleri  tizerindeki
diizenleyici etkileri, anti-enflamasyon, anti-timor
ve immin modiilator etkilerdir. Beta glukanlar,
fagositozun diizenlenmesi, sitokin iretimi ve
salgilanmasi, antikor olusumu ve hiicre igi
sinyalleme dahil olmak iizere cesitli biyolojik
aktivitelerin kokli aktivatorleri ve
modiilatorleridir. Dektin-1, tip 3 kompleman
reseptorlerinin (CR3) ve toll benzeri reseptorler
(TLR'ler) gibi reseptorlerle etkilesim yoluyla, beta
glukanlar dogrudan makrofajlar1, nétrofilleri ve
dogal oldiriicii hiicreleri (NK) aktive edebilir ve
ayrica T hiicrelerini ve B hiicrelerini aktive ederek
TNF-0, interlokinler (IL'ler) ve antikorlarin
tiretimini ve salgilanmasini artirabilir (Zhong vd.,
2021).
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Maya beta glukanlari kis aylarmda siklikla
rastlanan {ist solunum hastaliklarinda etkilidir.
Yapilan bir arastirmada ginlik 900 mg maya
glukani verilen saglikli bireylerde {ist solunum yolu
enfeksiyonun siddetinde pozitif etkiler
gorilmiistir. Ayrica kan basinci ve ruh hali
tizerinde pozitif etkiler tespit edilmistir. (Dharsono
vd., 2019).

Li ve digerlerinin (2024) yaptigi bir aragtirmada, S.
cerevisiae'den elde edilen suda ¢oziinen
stilfatlanmis beta glukan tiirevi (SCGS), belirgin
anti-tiimor ve anti-metastatik etkiler gostermistir.
SCGS, B16F10 melanom hiicrelerinin in vitro
canliligini 6nemli dl¢lide engellemis ve RAW?264.7
bagisiklik hiicrelerine karsi diisiik sitotoksisite
sergilemistir. Buna ek olarak, B16F10 hiicrelerinin
in vitro gociinii baskilayarak anti-metastatik 6zellik
gostermistir. SCGS tedavisi, IFN-a, TNF-a ve IL-
1B diizeylerinde artig saglayarak
immiinomodiilator etkiler ortaya koymaktadir.
Ayrica SCGS, pargalayici enzimleri diizenleyerek
ekstraseliiler matriksi korumaktadir. Ozellikle,
timor invazyonu ve metastazinda kritik rol
oynayan matriks metalloproteinazlardan MMP-2
ve MMP-9’u inhibe etmekte ve ekstraseliiler
matriks Ogelerinden heparan siilfat proteoglikani
korumaktadir. Timor hiicrelerinin gdciiniin bloke
edilmesi ve immiinomodiilatdr etkiler, timor
kargit1 aktivitenin artmasina katki saglamaktadir.
SCGS, yeni bir tlimor karsit1 ve metastaz onleyici
ilag olarak umut vadetmektedir (Li vd., 2024).
Mayadan elde edilen beta glukanin kanser
tedavisindeki bazi yeni yaklasimlari ise; timor
mikrogevresi modiilasyonu, egitilmis bagisiklik,
ilag dagitimi ve kombinasyon tedavileridir. Timor
mikrogevresi modiilasyonunu, bagigiklik hiicresi
fenotiplerini degistirerek, ornegin, M2
makrofajlarint M1'e doniistiirerek, tiimor mikra
¢evresinin immiinosiipresiften immiinostimiilatore
donistiirebilmesidir.  Egitilmis  bagisiklik ise,
dogustan gelen bagisiklik hiicrelerinde "egitilmis
bagisiklik"  tepkisini  tetikleyerek,  sonraki
zorluklara karsi gelismis tepkileri saglamasidir.
[lag dagitimi, partikiil beta glukanm ici bos
yapisinin, diger kanser tedavileri i¢in bir dagitim
araci olarak siRNA gibi kullanilabilme potansiyeli
sayesinde olusmaktadir. Kombinasyon tedavisi ise
beta glukanin, immiinoterapi, kemoterapi gibi
diger kanser tedavileriyle birlikte kullanilmasidir.
Beta glukan preparatlarinin standardize edilmesi ve
kanser Onleme ve tedavisindeki potansiyelinin

daha fazla aragtirilmasi gerekmektedir (Geller vd.,
2019).

Maya  beta  glukanlart  ayrica  bagirsak
mikrobiyotasini  diizenlemede, gida alerjisini
azaltmada, yara iyilesmesinde, kan glikozunu,
trigliseridi ve kolesterolii diistirmede 6nemli roller
oynar. (Zhong vd., 2021). Maya beta glukanlarinin
aliminin ardindan saglikli bireylerde artan tiikiiriik
IgA, obez bireylerde artan IL-10 diizeyleri, alerjik
hastalarda immiinolojik parametrelerde faydali
degisiklikler ve kanser hastalarinda aktive olmus
monositler Dbildirilmistir. Hayvan modellerinde,
bakteriyel enfeksiyonlarm sikligimi ve stres
kaynakl1 sitokin diizeylerini azaltmis ve sitotoksik
ajanlarmn anti-neoplastik etkilerini artirmustir. ilag
zehirlenmesi ve iskemi/reperfiizyon hasarina karst
koruyucu etkiler de bildirilmistir (Samuelsen vd.,
2014).

Ayrica baska bir ¢calisma diigiik melatonin diizeyine
bagli olarak gelisen kotli uyku kalitesi olan otizm
spektrum bozuklugunda, beta glukan
miidahalesinde bulunulan 13 ¢ocuk iizerinde
yapilan arastirmada melatonin diizeylerinin arttigi,
uyku diizeni ve kalitesinde iyilesme goriildiigi
bildirilmistir (Raghavan vd., 2022).

2.3. Mantar Beta Glukanlar:

Mantar beta glukanlar1 mantarlarin  hiicre
duvarlarinda bulunan uzun veya kisa zincirli glikoz
polimerleridir. Glukanlar, mantarlarda su (%90),
proteinler ve aminoasitler (%10-40), yaglar (%2-
8), vitaminler, antioksidanlar, tuzlar ve metallerin
yani sira bulunan baglica polisakkaritlerdir.
Polisakkaritler dahil toplam karbonhidratlar
mantarlarin kuru maddesinin yaklasik %50'sini
olusturur. Beta glukanlarin § (1—3) ve  (1—06)
baglar1 vardir ve dogrusal ve dallanmis yapilar
olustururlar (Sekil 3). Bu yapi, yalnizca p (1—3)
ve B (1—4) baglar1 olan ve dallanma olmayan
tahillardaki beta glukanlarla tezat olusturur. Bircok
mantar tiiriinde beta glukan bulunur, 6zellikle
Lentinan olarak bilinen Shiitake (Lentinula
Edodes), Maitake (Grifola Frondosa), Reishi
(Ganoderma  Lucidum), Istiridye  (Pleurotus
tiirleri, Pleurotus Ostreatus), Trametes
Versicolor), Chaga (Inonotus Obliquus) mantar
tirleri 0rnek olarak verilebilir. Kuru agirliklarinda,
beta glukan icerigi % 20-58 arasinda analiz
edilmistir (Cerletti vd., 2021).
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Sekil 3. Mantar beta glukanlar1 (f (1—3), (1—6) B
D glukanlar) (Abuajah, 2017)

Fungal  beta  glukanlarin  norodejeneratif
hastaliklar1 6nlemedeki rolii, bagirsak-beyin ekseni
tizerindeki etkileri anti-inflamatuar ve antioksidan
ozellikleriyle baglantilidir. Bagirsak-beyin ekseni,
bagirsak mikrobiyomu ile beyin arasindaki cift
yonlii iletisimi tanimlar. Mantar beta glukaninin
norodejeneratif  hastaliklar1  6nleme  etkileri,
bagirsak  mikrobiyotast modiilasyonu, anti-
inflamatuar ve antioksidan etkiler, noroprotektif
etkiler olarak gruplandirilabilir (Barcan vd., 2024).
Prebiyotik olan mantar beta glukanlari, bagirsak
mikrobiyotas1 modiilasyonu saglayarak, bagirsak
mikrobiyotasinin bilesimini ve islevini
degistirebilir ve potansiyel olarak bagirsak
iltihabin1 ve oksidatif stresi azaltabilir. Bu pozitif
bagirsak ortami daha sonra bagirsak-beyin ekseni
araciligtyla  beyin iizerinde pozitif etkiler
saglayabilir. Calismalar, faydali bakteri tiirlerini
artirarak ve zararlt bakteri tlirlerini azaltarak etki
gosterdigini ortaya koymustur (Zhao vd., 2023).
Anti-inflamatuar ve antioksidan etkiler ise, beta
glukanlarin, beyne ulastiklarinda nérodejeneratif
hastaliklarla baglantili ndroinflamasyonu ve
oksidatif stresi azaltabilmesidir (Chen vd., 2024).
Bazi klinik 6ncesi hayvan caligmalarinda, fungal
beta glukanlarin beyin hiicrelerini hasardan
koruyabilecegi ve hatta norodejenerasyonlu
hayvan modellerinde bilissel islevi
iyilestirebilecegi bu sayede noroprotektif etkiler
gosterebilecegi ortaya konulmustur. Mekanizmalar
tam olarak belirlenememistir (Dimopoulou vd.,
2022).

Kanser tedavisinde adjuvan tedavi olarak
kullanilan fungal beta glukanlarin incelendigi bir
arastirmada, beta glukanlarin, kemoterapi veya
radyoterapinin ~ neden oldugu bagisiklik
baskilanmasin1  azalttigi, beyaz kan hiicresi
iyilesmesini hizlandirdigi, bulant1 semptomlarinda
ise belirgin bir fark goriilmedigi tespit edilmistir.

Bu alanda daha detayli aragtirmalara ihtiyag¢ vardir
(Steimbach vd., 2021).

Son arastirmalar, beta glukanlarim COVID-19'un
onlenmesinde ve tedavisinde potansiyeli oldugunu
one siirmektedir. Diger kaynaklardan elde edilen
beta glukanlarin aksine, mantarlardan elde edilen
beta glukanlar kisa  (1—6) yan zincirlerine sahip
B (1—3) glukanlardir. Bu yap1, bagisiklik
hiicrelerinin ~ ylizeyinde bulunan reseptorler
tarafindan tanmnir; bu nedenle, mantar beta
glukanlar1 spesifik immiinomodiilatér 6zelliklere
sahiptir ve biyolojik yanmit degistirici olarak kabul
edilir. Dahasi, mantar beta glukanlar1 da
ozelliklerini, mantar  beta glukanlarinin
biyoaktivitesini etkileyen temel faktdrlerden biri
olan ii¢li sarmal konformasyonuna bor¢ludur
(Mironczuk-Chodakowska vd., 2021). Bagisiklik
sistemi iizerindeki etkilerinden bazilari, fagositoz,
interlokin ~ (IL)-2  {iretimi, antikor {iretimi,
sliperoksit {iretimi, interferon gama (IFN-gama)
tretimidir. COVID-19 ig¢in makrofajlar1 aktive
eden etkileri, dogal 6ldiriicii - Natural Killer (NK)
hiicreleri ve baskilayici T hiicre yanitint uyardigi
bildirilmistir (Siriny1ldiz ve Mavi Bulut, 2022).
COVID-19 sendromu, akut olarak gelisen,
bagisiklik hiicrelerinin asir1 tepkisine neden olan
sitokin firtinasina yol agabilir. Dolayisiyla
COVID-19 ile miicadelede sitokin firtinasini
baskilayabilmek Onemli bir potansiyel tedavi
secenegidir. Beta glukan alimi sitokin firtinasini
baskilayabilmek i¢in 6nemli bir potansiyel ¢6ziim
sunabilir (Lionetti vd., 2021).

2.4. Alg Beta Glukanlari

Beta glukan kaynaklar1 igerisinde algler de 6nemi
bir yer tutar. Kuru hiicre agirliginin %80’i kadar
beta glukan igeren alg tiirleri vardir. Ayrica
alglerden elde edilen beta glukanin kimyasal yapisi
tekdiize degildir; alg tiirline bagh olarak degisir.
Dogrusal B (1-3)-glukan, dogrusal  (1—3, 1—4)-
glukan, yan zincir dalli B (1—3, 1—6)-glukan,
siklik B (1—2)-glukan yapilarinda goriilebilir
(Sekil 4). Euglena gracilis ve E. pisciformis suslari
kuru maddede %70-80 beta glukan igerigine sahip
alg suslaridir. Beta glukan kaynagi olarak algler,
spesifik kimyasal yapilarinin yani sira, daha
yiksek verim, daha basit ekstraksiyon ve
stirdiiriilebilirlik (daha az arazi ve kaynak)
nedeniyle tercih edilebilmektedir (Kumar vd.,
2025).
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Sekil 4. Alg beta glukanlari (a) Dogrusal B-(1—3)-glukanin yapisi (b) Dogrusal f-(1—3, 1—4)-glukan (c) Yan zincir
dalli B-(1—3, 1—6)-glukan (d) Siklik B-(1—2)-glukan (Kumar vd., 2025).

Beta glukan, yara iyilesmesindeki ¢ok yonlii
aktiviteleri nedeniyle cesitli cilt rahatsizliklarini
tedavi etmek i¢in iyi bir tamamlayic1 tedavi
segenegi potansiyelidir. Laminarin (alglerden elde
edilen bir beta glukan) anti-bakteriyel dzellikleri ve
stabilitesi sayesinde hem dogrudan hem de dolayl
sinyal yollartyla, immiinositleri ve deri hiicrelerini
etkileyen etkili bir yara iyilestirme ajanidir. Beta
glukan, graniilasyon dokusundaki makrofajlari
uyararak, hiicre ¢gogalmasini, anjiyogenezi artiran
Dektin-1 reseptorii  aracihi@iyla  biliylime
faktorlerinin ve inflamatuar sitokinlerin salinimini
tesvik ederek yara iyilesmesini destekler (Younis
vd., 2022).

Kozmetik sektoriinde de alg beta glukanlar
oldukca onemlidir. Ciltten kolaylikla
emilmektedir.  Cildin  nemlendirilmesine  ve
genglesmesine yardimci oldugu, hassas ciltlerde su
tutma kapasitesini arttirdigi, eritem olmaksizin su
kaybini azalttig1 ve erken cilt yaslanmasi sorununu
hafiflettigi ~ gosterilmistir.  Beta  glukanlarin
kirigiklik karsiti etki gosterdigi, ylizdeki ¢izgileri
ve cilt piiriizliliglinii azalttigi ortaya konulmustur.
Oksidatif strese karsi koruyucu etki gostermistir ve
UV igilarinin neden oldugu hasari azaltmstir (S.
Ahmad vd., 2024).

Kaynaklarma gore beta glukanlarin baz1 yapisal
ozellikleri ve saglik yararlar1 potansiyellerinin
ozeti Cizelge 1°de 6zetlenmistir.
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Cizelge 1. Kaynaklarina gore beta glukanlarin bazi 6zellikleri ve saglik yararlar

Grup Kaynak Yap1 Potansiyel Saghk yararlar

LDL Kolesterolii diisiirme, HDL kolesterol
seviyelerini  destekleme, damarlarda plak
olusumunu  engelleme, kan  basincini
diizenleme, kan glukozu regiilasyonu, tokluk
hissi olusturma, insiilin duyarliligini artirma,
bagirsak gecirgenligini azaltma, prebiyotik

Tahil Beta Arpa, yulaf, cavdar, (1-3), (1—4) olma, bagirsak sagligimi destekleme, kolon

Glukanlar1 bugday ve piring B D glukan kanserini Onleme, bagisikligi destekleme,
bagirsak mikrobiyotasi modiilasyonu, biligsel
bozuklugu oOnleme, bas agrist1 siddetinde
azalma, anksiyete ve isiime hissinde azalma,
eklem/uzuv agrisinda azalma, konsantrasyon
giicliiginde azalma, yorgunluk hissinde azalma,
sicak basmasi hissinde azalma

Immiinomodiilatér,  anti-enfeksiyon,  anti-
enflamasyon, anti-tiimoér, anti-metastatik, st
solunum yolu enfeksiyonun siddetinde azalma,

Ekmek, sarap ve bira kan basincini diizenleme, olumlu ruh hali, anti-
Maya . o . .
Beta yapiminda ¢ogunlukla (1-3), (1—06) kanser., gida aler!.lsml azaltrn.a, yara %yll"CaneSI,
kullanilan Saccharomyces 3 D glukan kan glikozunu diizenleme, trigliseriti diigiirme,
Glukanlart . - . e e . - .
cerevisiae, Candida Utilis kolesterolii diisiirme, ilag zehirlenmesine karsi
koruyucu etkileri, iskemi/reperfiizyon hasarina
karst koruyucu etkileri, uyku diizeni ve
kalitesinde iyilesme
Shiitake (Lentinula Anti-inflamatuar, antioksidan, norodejeneratif
Edodes), Maitake hastaliklar Onleme etkileri,  bagirsak
(Grifola Frondosa), B (1—3) ve p mikrobiyotasi modiilasyonu, noroprotektif
Mantar Reishi (Ganoderma (1—-06) etkiler, kanser tedavisinde adjuvan tedavi,
Beta Lucidurm), Is“tzrzd).z ¢ dogrusal ~ ve COVID-19'un onlenmesinde ve tedavisinde
Glukanlart  (Pleurotus tiirleri, dallanmis alternatif potansiyeli
Pleurotus Ostreatus), yapilar
Trametes Versicolor),
Chaga (Inonotus bliquus)
Dogrusal B (1- Yara  iyilesmesi,  anti-bakteriyel, cilt
3)-glukan, nemlendirme ve yiliz ¢izgilerinde azaltict
dogrusal B etkileri,  kirnisiklik  karsiti  etki,  cilt
(1-3, 1—4)- plrizliligini azaltma, UV 1sinlarinin neden
Alg Beta Euglena gracilis, E. glukan,  yan oldugu hasari azaltma
Glukanlar1 pisciformis zincir dalli B
(1-3, 1-6)-
glukan, siklik B
(1—2)-glukan
yapilarinda
3. Beta Glukanlarin Gidalarda Kullanim ilag sektoriinde yerini almaktadir. Gida Kkatki

maddeleri olarak, enkapsiilasyon yoluyla ilag ve

Beta glukanlar, et drilinleri, siit riinleri, igecek, ) g oY
ilag salinimi1 saglayarak ve farkli gida matrislerine

firin Griinleri, makarna triinleri, hayvan yemleri ve
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dahil edilerek nutrasétik ve fonksiyonel gidalarin
gelistirilmesinde kullanilmaktadir (S. Ahmad vd.,
2024). Diyet lifinin de degerli bir bileseni olan beta
glukan, immiino modiilasyon, anti-timdr, anti-
obezojenik, anti-diyabetik, anti-kolesterol, anti-
kanser, anti-viral, anti-inflamatuvar, anti-
metastatik, antioksidan aktiviteler dahil olmak
iizere ¢cok sayida saglik yararina sahiptir.

Yasam tarzi hastaliklar1 olarak kabul edilen
obezite, diyabet ve kalp hastaliklar1 gibi birgok
hastaligin tedavisini yonetmek ig¢in, beta glukan
kullanilarak {iretilen fonksiyonel besinler dnemli
alternatiflerdir. Kolesterol diisiiriicii etkileri FDA
tarafindan da onaylanan beta glukanin, giinliik 3 g
miktarinda besinlere eklenmesi kalp sagligini
korumak i¢in onerilir (FDA, 2021). Ayrica tip 2
diyabetli erkek hastalarda ayni dozla kahvaltilik
gida (3 g beta glukan igeren tam tahilli ekmek ve
misli) tiketimi ile daha iyi glisemik kontrol
saglamigtir ve daha diisiik plazma kolesterol
seviyelerine ulagilmistir (Kabir vd., 2002). Son
yillarda obezite ile miicadele kapsaminda,
tilketiciler tarafindan da yogun ilgi goren diigiik
kalorili ve yiiksek lifli besinlerin iiretiminde de
beta glukandan yararlanilir. Bir diyet lifi olan beta
glukan, ayni zamanda iyi bir yag ikamesidir.
Ornegin et iiriinlerinde son yillarda daha diisiik
enerji, yag, kolesterol ve sodyum igeriginde iiriin
elde etmek igin, et iirlinlerine et disi bilesenlerin
eklenebilecegi ve ayni zamanda bu bilesenlerin ek
fonksiyonel faydalarindan yararlanilabilecegi
goriisii dogrultusunda, tahil beta glukani eklenerek,
daha diistik yagh et emiilsiyonlar1 olusturulmustur.
Emiilsiyonlarda yiiksek miktarda beta glukan
kullanimi analiz edilmistir. Nigasta miktar1 diigiik
olan beta glukanin, sertlik harig, pisirme kaybini,
driiniin  rengini ve fonksiyonel ozelliklerini
iyilestirdigi, protein matriksine yeterli diizeyde
dahil oldugu gorilmustir (Vasquez Mejia vd.,
2018). Benzer bir ¢alismada, yine farkli oranlarda
tahil beta glukanlar1 eklenerek diisiik yagli dana
burgerleri gelistirilmistir. Kontrol Ornegine gore
daha diisiik kolesterol igerigine ve benzer miisteri
cekiciligine sahip daha saglikli diisiik yagh bir et
irtinii olugturmustur. (Szpicer vd., 2020).

Bir arastirmada Hindistan’da yogurt olarak
tiketilen “dahi”, yagsiz manda siitinden
tiretilmistir ve farkli oranlarda (%0,25, 0,50, 0,75
ve 1,0) beta glukan eklenmistir. Miktar olarak %0,5
beta glukan eklenen o6rneklerde, diger orneklere
gore daha {istiin kalite, daha az peynir alt1 suyu ve
daha iyi dokusal 6zellikler goriilmiistiir. Viskozite

olumlu yonde etkilenmistir. Beta glukan ile
zenginlestirilmis dahi, kontrol dérnegine gore daha
fazla sertlik ve tutarlilik gOstermistir. %0,5
seviyesinde beta glukan ilavesiyle hazirlanan dahi,
kontrol 6rnekleri ve farkli beta glukan seviyeleriyle
hazirlanan diger dahi ornekleriyle
karsilastirildiginda, ¢ekici veya dogal rengiyle,
onemli Olc¢iide daha iyi renk degerleri ve duyusal
puanlar elde etmistir. Bu sayede diisiik yagh
dahinin olumsuz duyusal 6zellikleri giderilmistir
ve daha fonksiyonel bir iriin elde edilmistir
(Bhaskar vd., 2017).

Disik yaghh ve enerjisi azaltilmis dondurma
iretiminde de beta glukanin pozitif etkileri
gorlilmustiir. Farkli beta glukan yapilarinin B
(1-3, 1—>4) ve B (1—3), degisen oranlarda (%0,5
ve %1) eklenerek denendigi az yagli ve az kalorili
dondurma o6rnekleri olusturulmustur. Bu érnekler
tam yagli ve dengeleyici maddelerle desteklenmisg
kontrol dondurmasiyla islevsel ozellikleri ve
duyusal nitelikleri bakimindan kiyaslanmigtir.
Yulaftan izole edilen B (1—3, 1—4) yapisindaki
beta glukan eklenmesi, kontrol dondurmasima en
cok benzeyen diisiik kalorili dondurma {iretimini
desteklemistir  (Aljewicz vd., 2020). Beta
glukanlarin yliksek viskozitesi, su tutma kapasitesi,
emiilsifiye yetenegi ve stabilize edici Ozelligi
nedeniyle beta glukan, et ve siit iiriinlerinde yag
ikamesi olarak kullanilma potansiyeline sahiptir.
Diistik kalorili ve kolesterolii azaltilmis, duyusal ve
dokusal ozellikleri gelistirilmis diisilk yagh
irtinler, kahvaltilik sosislere, sosisli sandviglere ve
mayonezlere beta glukan eklenerek gelistirilmistir
(Mishra, 2020).

Beta glukan bir¢ok saglik faydasinin yani sira gida
endiistrisi i¢in de degerli bir gida katki maddesidir.
Koyulastirma, stabilize etme, emiilsifikasyon ve
jellestirme gibi bircok islevsel Ozelliklere de
sahiptir. Bu oOzellikler, beta glukanin g¢orbalara,
soslara, iceceklere ve diger gida {irlinlerine
eklenmesini saglar. Arpa beta glukanlarinin agizda
yumusak bir his biraktigi i¢in iceceklerde
kullanilma potansiyeli vardir. Aljinatlar, pektin,
ksantan zamki ve karboksimetil seliilloz yerine
kullanilabilir. Ekmek ve firmcilik endiistrisinde de
viskoziteyi artirmak i¢in koyulastirict madde, yag
ikamesi, diyet lifi kaynag1 ve reolojik 6zelliklerin
iyilestirilmesi gibi cesitli uygulamalar1 vardir.
Arabinoksilan ve beta glukan ile zenginlestirilmis
unla yapilan ekmeklerde, hacmin iyilestigi ve
¢coziinlir 1if iceriginin arttigr goriilmiistiir. Tahil
beta glukanlarinin, kek hamurunda da reolojik ve
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fiziksel oOzellikleri gelistirdigi gorilmiistir (A.
Ahmad vd., 2012).

Saglik beyanlarinda belirtilen beta glukan
eklenmesinin  olumlu etkileri iizerine gida
endiistrisinde besin zenginlestirme uygulamalari
da wvardir. Tiketicilerin son yillarda bilingli
beslenme konusunda farkindaliginin da artmasinin
etkisiyle beta glukanla zenginlestirilmis triinlerin
sayist ve cesitliligi de artmaktadir. Beta glukanla
zenginlestirilmis kahvaltilik gevrek, ekmek, kek
gibi firin mamulleri ve siit iiriinleri gibi fonksiyonel
besinler artmaktadir. Ozellikle tahillar genis bir
niifus tarafindan yaygin olarak tiiketildigi icin hem
arzu edilen miktar1 saglama hem de birden fazla
oglinde tiiketilebilme kolaylig1 sayesinde kalp
saghgini korumak icin uygun bir secgenektir.
Firmcilik endiistrisinde bugday unu ¢oziiniir bir lif
olan beta glukan ile zenginlestirerek basaril
sonuclar elde edilmistir. Gelistirilen iriinlerde,
organoleptik  6zelliklerin, fiziko-kimyasal ve
reolojik  Ozelliklerin iyilestirildigi aragtirmalar
bulunmaktadir. Bazi arastirmalar beta glukan
katkili hamurun muhtemelen daha iyi gaz tuttugu
icin reolojik ve viskoelastik  Ozelliklerini
gelistirdigini gostermistir (Mishra, 2020). Ekmege
beta glukan eklenmesi, indirgeyici sekerlerin
salmimini yavaglatma (in vitro) ve sonug¢ olarak
sindirim i¢in nisasta bulunabilirligini artirma
kapasitesine sahiptir bu sayede hiperglisemi ve
hiperinsiilinemide iyilesme saglamaktadir (A.
Ahmad vd., 2012).

Stit endiistrisinde beta glukan kullanimi konusunda
artan bir ilgi vardir. Siit ve siit tirlinlerinde tahil beta
glukanlari, doku olusumu, siit yagiin tadim taklit
etme, igeceklerin viskozitesini artirma, reolojik
ozellikleri iyilestirme gibi etkiler saglarken, aym
zamanda plazma kolesterol diizeylerinde diisis,
bagirsak {izerinde olumlu etkiler gibi saglik
yararlar1 da gozlemlenmistir. Maya ve yenilebilir
mantarlardan elde edilen beta glukanlar ise bagisik
sisteminde olumlu etki gostermektedir. Gelistirilen
fonksiyonel besinlerde kullanilabilir beta glukan
orani ise, siitlii icecekler i¢in %1,9-3,0; fermente
stit driinleri i¢in %0,1-0,5; peynirler ve peynir
benzeri urlinler i¢in %0,2-1,4; dondurma ve
dondurulmus tathlar igin: %0,5-2,0 araligindadir
(Mykhalevych vd., 2022). Mikroorganizmalar ve
beta glukanin simbiyotik iliskisi, siit proteinlerinin
ve polisakkaritlerin faz ayrilmasinm kontrol ederek
siit Uriinlerinin dokusal &zelliklerini degistiren
cesitli biyoaktif bilesiklerin salinmasina neden
olur. Simbiyotik (probiyotik+prebiyotik) gida

tiriinlerine yonelik farkindalik tiiketicilerde ve
dolayisiyla gida endiistrilerinde  artmaktadir
(Mishra, 2020). Bir arastirmada, laktik asit
bakterileri tarafindan tam yulaf taneleri fermente
edilerek beta glukanla zenginlestirilmis bir igecek
olusturulmustur (Angelov vd., 2006). Baska bir
arastirmada ise, portakal aromasi ve peynir altt
suyu proteini izolat1 kullanarak, %0,5 beta glukan
iceren zenginlestirilmis igecek formiile edilmistir
(Temelli vd., 2004). Porsiyon bagina en az 0,75 g
yulaf beta glukani igeren raf omrii uzun yiliksek
proteinli siit gelistirilen bir aragtirmada ise,
iceceklerinin fonksiyonel Ozellikleri ve duyusal
kabul edilebilirligi iizerine yulaf unu ve siit
proteininin  etkisi  degerlendirilmistir.  Farkli
oranlarda yulaf unu ve siit proteini izolatt
kullanilan bu arastirmada, igeceklerin kabul
edilebilirligini etkileyen ana dzelliklerin agiz hissi
(kalinlik), tatlilik ve agizda kalan tat oldugu
sonucuna varilmigtir. Yulaf unu ve siit proteini
izolat1 i¢erigindeki azalmanin genel duyusal kabul
edilebilirligi artirdig1 bulunmustur. Bu nedenle, bu
iyilesmenin algilanan kalinliktaki azalmadan
kaynaklandigi  distinilmuistir. Bu  sayede,
kardiyovaskiiler hastalik riskini azaltma ve ytliksek
protein igerigi iddialarin1  kargilayan kabul
edilebilir bir fonksiyonel siit igcecegi formiile
etmenin miimkiin oldugu gosterilmistir (Vasquez-
Orejarena vd., 2018).

Makarna iiriinlerine beta glukan eklenmesi daha
diisiik glisemik yanit1 ortaya koymustur (A. Ahmad
et al.,, 2012). Benzer sekilde, beta glukanla
zenginlestirilmis kahvaltiik barlarda ve beta
glukan iceren ekmeklerde glisemik indeksin
azaldig1 bildirilmistir. Durum bugdayi irmiginin
%0, %4, %8, %12 ve %16 oranlarinda yulaf beta
glukan lifi ile zenginlestirilmesiyle iiretilen taze
makarna ornekleri, 150 tiiketici ve 10 panelistten
olusan bir grup tarafindan degerlendirilmis ve %16
yulaf beta glukani iceren 6rnek en ¢ok begenilen
iiriin olmustur (Jaworska vd., 2020).

Beta glukanin gida ve ilag endiistrisinde heniiz yeni
sayillan  bagka bir kullanom alam1  da
enkapsiilasyondur. Glinlimiizde arastirmacilar, ilag
veya degerli gida bilesenlerini olumsuz kosullar
altinda stabilize etmenin yollarim arastirmaktadir
ve bunlar arasinda kapstilleme teknigi, neme, 1s1ya,
1518a veya oksidasyona duyarli aktif bilesikler icin
umut verici bir koruyucu yontem olarak kabul
edilmektedir. Kapsiilleme, daha kii¢iik boyutlu
cekirdek malzemenin duvar matrisinin i¢i bos
yapilari i¢ine paketlenmesini igerir. Maltodekstrin,
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sodyum aljinat, pektin, beta siklodekstrin ve
digerleri  gibi  ¢esitli  duvar  malzemeleri
kullanilmaktadir. Tahillarda (1 — 4) ve (1 — 3)
glikozidik baglar ve mantarlarda (1 — 6) B
glikozidik baglar araciligiyla baglanan p-D-
glukopiranoz tinitelerinden olusan dallanmamis bir
beta glukan yapisi, benzersiz bal petegi yapisina
sahiptir. Ayrica serum kolesterol seviyesini
disiirme, glisemik yaniti azaltma, bagisiklik
sistemini  gelistirme ve bagirsakta yararh
mikrofloranin biiyiimesi gibi ek saglik yararlari,
duvar malzemesi olarak kullanimi i¢in beta glukani
daha avantajli kilar. Safran antosiyaninlerinin
stabilizasyonunu saglamak ve beta glukan i¢inde
kapsiillenerek bagirsaktaki biyoyararlanimlarini
artirmayr amac¢ edinen bir arastirmada, beta
glukanin  safran  biyoaktiflerini  kapsiilleme
potansiyeline sahip oldugunu ve simiile edilmis
gastrointestinal yoldan gegerken stabilitesini
iyilestirdigini gostermistir. Kapsiilleme, bagirsak
boliimiinde  antosiyaninlerin  bulunabilirligini
artirarak oral sindirim sirasinda maksimum emilim
saglayabilecegi, farkli gida sistemlerinde bu
biyoaktiflerin gii¢clendirilmesi i¢in ¢ok etkili bir yol
olabilecegi ve beta glukanin biyoaktiflerin
kapsiillenmesi i¢in bir duvar malzemesi olarak
kullanabilecegini gosterir. Ayrica beta glukanin
saglik destekleyici Ozelliklerinden dolay1r daha
fazla yarar saglayabilecegi de ortaya konulmustur
(M. Ahmad vd., 2018).

4. Mevcut Sorunlarin Analizi ve Gelecek
Coziimleri

Beta glukan ile ilgili yapilan arastirmalar
incelendiginde 6zellikle klinik arastirmalarda bazi
tutarsizliklar gozlenebilir. Klinik bir arastirmada
elde edilen sonucglar tiim beta glukanlar adina
genellenebilmektedir. Aslinda beta glukanlar ile
yapilan her bir ¢calismada beta glukanin kaynagi,
yapisi, ekstraksiyon teknigi, viskozitesi, molekiil
agirlig detaylari oldukca onemlidir.
Arastirmalardaki tutarsiz sonuglar bu detaylardaki
farkliliklardan  kaynaklanabilir. Ornegin, beta
glukanlarmm immiinolojik aktiviteleriyle ilgili
10.000 yayimin %?20'sinden azi, makale metninin
basliginda veya Ozet bolimiinde kullanilan beta
glukanin yapisina yer vermektedir (Murphy vd.,
2020).

Beta glukanin saglik faydalarindan s6z ederken
aragtirmalarda, beta glukanin kaynagina, kimyasal
yapisina, hazirlama yontemine detaylan ile yer
vermek gerekli ve 6nemlidir. Kullanilan ekstraktin,

suda ¢ozlinirligi, viskozitesi, molekiil agirligi,
fermente edilebilirligi saglik yararlar i¢in oldukga
onemlidir ve tamimlamak gereklidir. Bu amagla
potansiyel olarak kullanilabilecek ydntemler
arasinda yapisal analiz igin; niikleer manyetik
rezonans (NMR), kemolitik yontemler (metilasyon
analizi), titresimsel spektroskopik yoOntemler
(Fourier doniistliriilmiis kizilotesi spektroskopisi
FTIR, Raman) ve molekiiler agirlik tayini i¢in jel
gecirgenlik  kromatografisi  yontemleri (GPC)
kullanilabilir. Bu sayede beta glukanlarin temel
kaynagi, yapisi, fonksiyon iliskileri daha saglikli ve
dogru sekilde kurulabilir (Murphy vd., 2020).

5. Sonuc¢

Son yillarda oldukea dikkat ¢eken bir polisakkarit
olan beta glukan, bir¢ok saglik yararlar1 ve ¢ok
yonlii uygulamalar1 nedeniyle ilgi gdérmektedir.
Tahillarda, mayalarda, mantarlarda ve alglerde
bulunan beta glukanlarin, islevselliklerine katkida
bulunan belirgin yapisal 6zellikleri vardir. Beta
glukanlarin  saghk yararlar1 yaygin olarak
bilinmektedir. Kardiyovaskiiler ve metabolik
saglik, bagisiklik giiclendirme basta olmak {izere
bircok alanda faydasi bulunmaktadir. Tahil beta
glukanlar1 LDL kolesterolii etkili bir sekilde
disiirir ve kan sekeri seviyelerini ydOnetir,
aterosklerozu Onlemede ve diyabeti ydnetmede
onemli destek saglar. Benzer sekilde, maya ve
mantar beta glukanlar, (1—-3) ve (1—6)
baglantilariyla, bagisiklik sistemini uyarmada
onemli bir rol oynar, anti-inflamatuar, anti-timor
ve anti-viral ozellikler gosterir. Alg beta glukanlari
yara iyilestirme, oksidatif stresle miicadele ve
kozmetik sektoriinde One ¢ikmaktadir. Beta
glukanlarla zenginlestirilmis fonksiyonel gidalar,
obezite, diyabet ve kardiyovaskiiler rahatsizliklar
gibi yasam tarzi hastaliklarin1 hafifletmek icin
umut verici bir strateji olarak ortaya c¢ikmustir.
Ureticiler, beta glukanlar1 gesitli gida iiriinlerine
dahil ederek, besin profilini iyilestirebilir ve
fonksiyonel faydalari ile saglikli gidalara yonelik
tiiketici talebini karsilayabilirler.

Cikar catismasi: Yazarlar, bu yaz1 igin gergek,
potansiyel veya algilanan ¢ikar catismasi
olmadigini beyan etmislerdir.

Etik izin: Aragtirma niteligi bakimindan etik izne
tabii degildir.

Finansal destek: Bu calisma herhangi bir fon
tarafindan desteklenmemistir.
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Amag: Bu calisma, kuru incirlerde aflatoksin analizine yonelik kullanilan analitik yontemlerin dogrulugunu,
giivenilirligini ve tekrarlanabilirligini degerlendirmek amaciyla i¢ ice tasarim (nested design) yaklagimini
incelemektedir. Analitik yontemlerin giivenilir sonuglar verebilmesi i¢in verifikasyon siiregleri biiylik 6nem
tasimaktadir. Nested design, laboratuvar kosullarinda farkli faktorlerin varyans tizerindeki etkilerini ANOVA
yontemi ile analiz ederek metodun saglamligini ve kesinligini ayni anda verebilmektedir.

Materyal ve yontem: Aflatoksin analizi, AOAC Official Method 999.07 nin modifiye edilmis bir versiyonu
ile gerceklestirilmistir. Modifikasyon, ekstraksiyon ve ¢ozelti oranlarinda yapilan degisiklikleri
kapsamaktadir. Analizler, HPLC-FLD cihazi kullanilarak gergeklestirilmistir. Calismada cihaz performansi,
standart analiz testleri ve matris etkileri gibi parametreler detayli bir sekilde incelenmistir. Deneyler; farkl
operatdrler, cihazlar ve giinlerde gergeklestirilmis, veriler ANOVA ile analiz edilerek tekrarlanabilirlik (RSDr)
ve tekrartiretilebilirlik (RSDR) hesaplamalar1 yapilmistir. Ayrica yontem performansi, diigilk ve yiiksek
aflatoksin seviyelerinde test edilmistir.

Tartisma ve sonug: Sonuglar, modifiye yontem ile orijinal yontem arasinda istatistiksel olarak anlamli bir
fark olmadigim (t<tkritik; tkritik=2.228) ve modifiye metodun giivenilir oldugunu ortaya koymustur.
Kalibrasyon egrisi i¢in elde edilen R? degeri 0.9996 olup, yontem yiiksek bir dogruluk saglamistir. Limit of
Detection (LOD) degeri 0.5 pg/kg, Limit of Quantification (LOQ) degeri ise 1.0 pg/kg olarak hesaplanmstir.
Toplam aflatoksin analizinde modifiye yontem ile 6l¢iilen degerler % 92.89-91.05 geri kazanim oran1 saglamis
ve bu oran yasal smirlarin (%80-110) i¢inde kalmustir. I¢ ice Tasarim (Nested design) yaklasimu ile elde edilen
degerler sirasiyla; Sr (Tekrarlanabilirlik Standart Sapmasi): 0.015, SR (Tekrartiretilebilirlik Standart Sapmasi):
0.045, %RSDr (Tekrarlanabilirlik Bagil Standart Sapma): 1.683, %RSDR (Tekrariiretilebilirlik Bagil Standart
Sapma): 5.036’dir. Calisma, i¢ ice tasarim analitik yontem verifikasyonunda etkin bir ara¢ oldugunu ve matris
etkisi ylksek iirtinlerde basaril bir sekilde uygulanabilecegini gostermistir.

Anahtar Kelimeler: incir; aflatoksin; metot verifikasyonu; i¢ ice tasarimi
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Abstract

Objective: This study aims to evaluate the accuracy, reliability, and repeatability of analytical methods used
for aflatoxin analysis in dried figs through the nested design approach. Verification processes are critical to
ensuring that analytical methods produce reliable results. The nested design statistically analyzes the effects
of various factors on variance using the ANOVA method, providing both the robustness and precision of the
method simultaneously.

Material and methods: Aflatoxin analyze was conducted using a modified version of AOAC Official Method
999.07. The modifications included adjustments in extraction and solvent ratios. Analyses were performed
using an HPLC-FLD system. Parameters such as device performance, standard analysis tests, and matrix
effects were thoroughly examined. Experiments were conducted under different conditions, including
variations in operators, devices, and days. Data were analyzed using ANOVA, and repeatability (RSDr) and
reproducibility (RSDR) calculations were performed. The method’s performance was also tested at low and
high aflatoxin levels.

Results and conclusion: The results showed no statistically significant difference between the original and
modified methods (t<tcritical; tcritical=2.228), confirming the reliability of the modified method. The
calibration curve yielded an R? value of 0.9996, demonstrating high accuracy. The Limit of Detection (LOD)
was calculated as 0.5 pg/kg, and the Limit of Quantification (LOQ) was 1.0 pug/kg. Recovery rates in total
aflatoxin analysis using the modified method ranged between 92.89% and 91.05%, falling within the legal
limits of 80-110%. The values obtained through the Nested Design approach were as follows: Sr (Repeatability
Standard Deviation): 0.015, SR (Reproducibility Standard Deviation): 0.045, %RSDr (Relative Standard
Deviation for Repeatability): 1.683, and %RSDR (Relative Standard Deviation for Reproducibility): 5.036.
This study demonstrated that the nested design is an effective tool for verifying analytical methods and can be
successfully applied to products with high matrix effects.

Keywords: Fig, aflatoxin, method verification, nested design
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1. Giris

Kimyasal analizlerde metot verifikasyonlar1 6nem
arz etmektedir. Dogru, giivenilir ve tekrarlanabilir
analitik sonuclar elde etmek i¢in, kullanilan analiz
yontemlerinin performansinin kapsamli bir sekilde
degerlendirilmesi ve dogrulanmasi1 gerekmektedir
(Rao ve Srinivas, 2015). Metotlarin dogrulanmasi,
TS EN ISO/IEC 17025:2017 standardinin 7.2.1.5
maddesinde belirtilen  bir gerekliliktir. Bu
maddede, laboratuvarin yontemlerin diizglin bir
sekilde calisgtigini ve gereken performansin elde
edilebildigini dogrulamasi gerektigi
belirtilmektedir. Eger yontem yayimlayan kurulus
tarafindan giincellenirse, dogrulama ¢alismalarinin
gerekli Olgiide tekrarlanmasi gerekmektedir. Bu
ifade, laboratuvarin yontemlerin dogrulanmasi igin
bazi1 deneysel calismalar yapmasi gerektigini
gostermektedir. Dogrulama caligmalart,
laboratuvar  kosullarinda  yapilan  deneysel
caligmalar1 igermekte olup, yayimlanmis metot
performans parametrelerinin istatistiksel olarak
anlamli bir sekilde elde edilebildigini kanitlamay1
amagclamaktadir (Anonim, 2018a, TURKAK,
2023).

Dogrulama  calismalari, laboratuvarin  yeni
gelistirilmis bir yontemi gecerli kilmaya kiyasla
daha az is ylikili gerektirmektedir. Bununla birlikte,
dogrulama c¢aligmalar1 yeterli ve kapsamh
olmalidir, boylece gecerli kilinmig ydntemin
yaymnlanmis performans parametrelerini elde
edebilecegini istatistiksel olarak kanitlanabilir
(TURKAK, 2022).

Analitik metot validasyonu ve verifikasyonu,
analitik yontemlerin dogrulugunu, hassasiyetini ve
giivenilirligini  degerlendirmek i¢in kullanilan
sireglerdir.  Analitik metot validasyonu ve
verifikasyonun bazi yaygin cesitleri
(EURACHEM/CITAC, 2012) Cizelge 1’de
verilmistir.

Bu ¢esitler, analitik metot validasyonu ve
verifikasyonu  siirecinin  temel  bilesenlerini
kapsamaktadir. Ancak, analizin tiiriine ve spesifik
gerekliliklere bagli olarak farkli c¢esitler ve
parametreler de degerlendirilebilir (Anonim 2018a,
Anonim 2018b, TURKAK, 2023, B. Magnusson ve
U. Ornemark, 2014).

Kimyasal analizlerde metot verifikasyonlarinda i¢
ice tasarim yaklasimi (nested design), analitik
metodun dogrulugunu ve giivenilirligini saglamak
icin farkli seviyelerde testlerin uygulanmasini

icerir. Bu yaklasim, her seviyede elde edilen
verilerin bir sonraki seviye igin temel olusturdugu
bir hiyerarsik yapiyi takip eder.

Cizelge 1. Analitik Yontem Performans Parametreleri.

Terminoloji Tanim

Dogruluk Analitik yontemin gercek degerlere ne

(Accuracy) kadar yakin Olglimler gergeklestirdigini
degerlendirir. Gergek degerlere yakin
Ol¢lim sonuglari elde etmek hedeflenir.

Hassasiyet Analitik yontemin tekrarlanabilirligini ve

(Precision) tutarliigim  degerlendirir. Aym  Ornegi
tekrarlayan Sl¢iimlerin tutarliligi incelenir.

Belirlilik Analitik yontemin, analitin en diisiik tespit

Sinir1 (LOD)  edilebilir derisimini belirleme yetenegini
degerlendirir.

Olgiim Analitik yontemin dogru ve giivenilir

Aralig1 sonuglar elde edebilecegi derisim araligini

(Range) belirler.  Minimum  ve  maksimum
derigimleri kapsar.

Kesinlik Analitik  yontemin, analiti  diger

(Specificity)  bilesenlerden etkilenmeden dogru sekilde
Olcebilme yetenegini degerlendirir.

Kimyasal analizlerde i¢ i¢e tasarim yaklagiminin
seviyeleri Cizelge 2 de gdsterilmistir.

Cizelge 2. Analitik Metot Dogrulama Seviyeleri ve
Aciklamalari.

Test Tiirt Agiklama

Cihaz Analitik cihazlarin (6rnegin,
Performans spektrometreler, kromatograflar) dogru
Testleri calisip  caligmadigint  kontrol  eder.

Kalibrasyon, dogrusallik, tekrarlanabilirlik
ve sinir degerleri test edilir.
Standart Analiz yontemindeki her adim standart
Analiz Testleri maddeler veya ornekler kullanilarak test
edilir. Ornegin, ekstraksiyon veya tiiretme
reaksiyonlarimnin verimliligi kontrol edilir.
Matris Etkisi ~ Gergek 6rneklerin matris etkileri (girisim
Testleri yapan bilesikler, pH, iyon giicii) dikkate
almarak test yapilir. Ger¢ek Orneklere
yakin kosullarda yontemin performansi

degerlendirilir.
Kesinlik Yontemin tekrarlanabilirligi (ayni cihaz ve
Testleri analist) ve tekrar tretilebilirligi (farkli

cihazlar ve analistler) test edilir. Aym
numunelerin tekrar analizleriyle kesinlik

belirlenir.
Dogruluk Yontemin dogrulugu, sertifikali referans
Testleri maddeler  veya  alternatif  referans
yontemlerle karsilastirilarak

degerlendirilir. Geri kazanim deneyleri
veya katma maddesi testleri uygulanir.
Rutin Ornekler Metot, gergek rutin drnekler {izerinde test
Uzerinde edilerek performansi dogrulanir. Metot
Dogrulama validasyon parametrelerinin timii bu
asamada degerlendirilir.
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Sekil 1. i¢ ice Deney Tasarimi1 (TURKAK, 2022).

Sekil 1'de gosterilen i¢ ice (nested design) deneysel
tasarim,  genellikle  varyans  bilesenlerinin
degerlendirilmesinde kullanilir. Bu nedenle,
gecerli kilma c¢alismalarinda kesinligin tespiti,
laboratuvar numunesinin homojenliginin kontrolii
ve numune alma ¢aligmalarinda siklikla uygulanir.
Laboratuvar numunesinin homojenligini
istatistiksel olarak kanitlamak i¢in, homojen
laboratuvar numunesinden alinan bir dizi numune
ile bu numuneden alinan alt numuneler ve tekrar
analizleri i¢in hiyerarsik bir i¢c ice desen
olusturulur.

Dengeli bir i¢c ice deneysel tasarimda, ayni

veya iki etkenli ANOVA ile incelenir (TURKAK,
2022).

2. Materyal ve yontem

Bu c¢alismada, kuru incirde Aflatoksin B; ve
Toplam Aflatoksin analizi Kuru Meyvelerde
Aflatoksin  Analizi  AOAC Official Method
999.07°den modifiye edilmis yontem kullanilarak
gerceklestirilmistir.  Modifiye edilen asamalar;
Orijinal metotta ekstraksiyon i¢in kullanilan 300
mL (240+60) MeOH-H20 miktar;, 200 mL
(160+40) olarak degistirilmig, Siiziintiiden alinan
10 mL ve lizerine ilave edilen 60 mL PBS, 10 mL
tizerine 40 mL ultra saf su olarak degistirilmis ve 3
mL’ye tamamlanan son hacim 2 mL’ye
tamamlanmistir. Yapilan bu degisiklikler igin
dogrulama caligmasi olarak incir numunesine 5,2
ppb’lik spike yapilarak her iki metot ile
calisilmigtir. Caligma sonucu Cizelge 3’te detayl
olarak verilmis ve istatiksel olarak orijinal metot ile
modifiye edilmis metot arasinda t-testi yapilmistir
(Cizelge 4). Her durumda, mutlak t-degeri kritik t-
degerinden (tcrt=2,228) daha kiiclik oldugundan,
iki metodun sonuglar1 arasinda istatistiksel olarak
anlamli bir fark bulunmamaktadir. Bu durum,
modifiye metodun orijinal metotla uyumlu

. . . . oldugun e benzer sonuglar erdigini
seviyedeki gruplardan esit sayida gozlem . ugunu - v z ue verdig
S gostermektedir.
yapilmasi planlanir. I¢ ige deneysel tasarim, tek
Cizelge 3. Orijinal ve Modifiye Yéntemlerin Kuru incir Ornegindeki Aflatoksin Sonuglari (ppb).
AFL G2 AFL G1 AFL B2 AFL B1 AFL TOPLAM
(0,6 ppb) (2 ppb) (0,6 ppb) (2 ppb) (5,2 ppb)
Orijinal Modifiye Orijinal Modifiye Orijinal Modifiye Orijinal Modifiye Orijinal Modifiye
0,543 0,574 1,895 1,876 0,557 0,557 1,913 1,913 4,907 4,957
0,587 0,573 1,959 1,852 0,606 0,568 1,912 1,913 5,064 4,948
0,540 0,556 1,858 1,877 0,567 0,583 1,928 1,907 4,894 5,000
0,587 0,576 1,864 1,880 0,581 0,571 1,969 1,873 5,001 4,900
0,561 0,565 1,832 1,835 0,555 0,548 1,803 1,923 4,751 4,871
0,536 0,571 1,912 1,848 0,556 0,568 1,835 1,892 4,839 4,912

Cizelge 4. Orijinal ve Modifiye Yontemlerin Istatistiksel
Karsilagtirma Sonuglari (t-Test).

AFB1 t=-0,445 tcrt=2,228 t<tcrt UYGUN
AFB2 t=-0,471 tcrt=2,228 t<tcrt UYGUN
AFG1 t= 1,265 tert=2,228 t<tcrt UYGUN
AFG2 t=-1,017 tcrt=2,228 t<tcrt UYGUN

Toplam AF  t=-0,445 tcrt=2,228 t<tcrt UYGUN

Cizelge 5’te calismada kullanilan yiiksek basing
stvi  kromatografisi (HPLC) cihazinin marka-
model ve analiz ¢alisma kosullar1 gosterilmistir.
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Cizelge 5. HPLC Cihaz1 Konfigiirasyonu ve Analiz
Calisma Sartlari.

Ekipman Marka-Model Sartlar

HPLC Dionex Ultimate

Pompa Dionex P680 1 mi/dak.
<300 bar

Oto Dionex ASI-100 100 uL

Ornekleyici

Dedektor Dionex RF 2000 Ex: 360nm;
Em: 440nm

Kolon Firm  TCC-100 25°C

Yazilim Packer Bell, Chromeleon

Avantor ACE, C18 -250
mm-5um- 4,6 mm

Kolon

2.1. Kimyasallar ve Sarf Malzemeler

Sodyum Kloriir (7647-14-5), asetonitril (75-05-8),
metanol (67-56-1) kimyasallarr HPLC grade
saflikta, potasyum bromiir (7758-02-3) %99,5 ve
nitrik asit (7697-37-2) %65. Triology Aflatoksin
B1, B2, G1, G2 kuru Kkristal toz standart
kullanilmustir.

2.2. Orneklerin hazirlanmasi

Kuru incir numuneleri, Silverson laboratuvar
cihazi kullanilarak homojenize edilmis ve analize
hazirlanmistir. Bu islemde, 1000 mL’lik bir
blender kabma 50 +0.01 g numune tartilmig ve
iizerine 5 g NaCl, 100 mL saf su ve 150 mL MeOH
ilave edilerek 2 dakika boyunca yiiksek devirde
karistirllmigtir. Karisim, cam huni ve ardindan
kaba filtre kagidi ile Whatman No:4 filtre
kagidindan siiziilerek filtrat elde edilmistir.
Filtrattan 20 mL pipetle alinarak, tizerine 20 mL
PBS (8.1.) soliisyonu veya saf su eklenmis ve
1:100’1iik bir meziirde karigtirilmustir.

Sonrasinda, IAC kolonunun mavi kismi ¢ikarilmis,
u¢ kismi kesilmis ve tekrar takilarak kolon

enjektore sabitlenmistir. Pipetle alinan 10 mL
ekstrakt (kabuklu numunelerde 20 mL), kolondan
saniyede 1 damla olacak sekilde gecirilmistir.
Ardindan, kolon iki kez 10 mL saf su ile yikanmis
ve akis hizi 5 mL/dk’y1 asmayacak sekilde
diizenlenmistir. Kolondan su tamamen
cikarildiktan sonra, 1 mL MeOH kolona eklenerck
yavagga gecirilmis ve 15 mL’lik koyu renkli bir
vialde toplanmistir. Daha sonra, islem 1 mL saf su
kullanilarak tekrarlanmig ve bu su da aym vialde
birlestirilerek toplam hacim 2 mL’ye ulasmistir.
Karigim, vorteks cihazinda iyice karistirildiktan
sonra 2 mL’lik bir vialde enjeksiyona hazir hale
getirilmistir (AOAC, 2003).

3. Tartisma

Aflatoksin analizinde dogru ve tekrarlanabilir
sonuglar elde etmek icin dogrulama siiregleri
bliyllk 6nem tasir (Williams & Zhao, 2019).
Metodun gegerliligini belirlemek i¢in 6rnek korti,
bilinen konsantrasyonlardaki ornekler, referans
materyalleri ~ veya  kirletilmis  numuneler
kullanilabilir. ISO 11095 standardina gore, metot
calismast i¢in en az ii¢ farkli konsantrasyon
seviyesinde ya da ilgili mevzuatin belirledigi
seviyelerde standart cozeltilerle en az iki kez
tekrarlanan analizler yapilmalidir. Bu analizlerin
her biri, metot uygulandiktan sonra en az iki defa
cihazda o6l¢iilmelidir. Sekil 2°de Aflatoksin B1 igin
cizilen kalibrasyon grafigi R? (0,9996) degeri,
kalibrasyon noktalar1 ve HPLC’de gelen alan
biiytikliikleri goriilmektedir. Sekil 6’da ise elde
edilen kalibrasyon grafiginin 6l¢lim belirsizliginin
nasil hesaplanacagini gdsteren formiilasyon yer
almaktadir. Hesaplamalar sonucunda Kalibrasyon
grafiginden gelen genisletilmis belirsizlik biitcesi
U(x)=0,012 olarak hesaplanmistir.

A B
Conc. (ppb) Area

1 0 0
2 0,8 0,7743
3 2.4 2,3115
4 4 3,8788
5 5,6 5,3444
6 7.2 6,8878
7 8,8 8,2824
8 10 9,3239

10
9
8
7
6
5
4 y =0,9365x + 0,0586
3 R>=0,9996
2
1
0
0 2 4 6 8 10

Sekil 2. Aflatoksin B1 HPLC Cihazi Kalibrasyon Grafigi.
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Cogu modern analitik yontem ig¢in LOD, yontem
saptama smir1 (MDL) ve enstriimantal saptama
stnirt (IDL) olmak {izere iki bilesene ayrilabilir.
MDL, belirli analitlerin analizi i¢in gelistirilen
ekstraksiyon ve analiz yontemlerine uygulanmasi
gereken bir terimdir. MDL, belirli bir matris icin
(belirli bir yontemle) giivenilir bir sekilde tespit

edilebilen veya arka plandan ayirt edilebilen bir
analitin en kiiclik miktar1 veya konsantrasyonu
olarak tanimlanabilir. Bagka bir deyisle LOD, bir
yontemle Olgiilen ve kendisiyle iliskilendirilen
belirsizlikten daha biiyiik olan en diisiik degerdir
(Taylor, 1989). MDL belirlenirken tiim matris
girisimleri dikkate alinmalidir (NATA, 2012).

Cizelge 6. Kalibrasyonda Gelen Olgiim Belirsizligi Hesaplama Formiilii

y

( X X hasaplanan )

r(x,) 7 ; i : i 5.
S 0,061
b 09365 Lineer kalibrasyon standart belirsizligi (u(xo)) yukaridaki formiile gére hesaplanir.
p 1
n 10 U(Xo): Kalibrasyon standart belirsizligi
Xo 5,6 S: Residuel standart sapma
X hesaplanan 4,85 b: Kalibrasyon dogrusunun egimi
Sxx 94,88 p: Her bir konsantrasyon i¢in okuma sayis1
Kalibrasyon Belirsizlik n: Toplam okuma sayisi
u(Xo) 0,068 Xo: kalibrasyon araligimin ortasina denk gelen bir konsantrasyon degeri alinir.
Xo 5,6 X hesaplanan: Hesaplanan konsantrasyon degerlerinin ortalamasi
u (K) 0,012 Sxx: sample corrected sum of squares degeridir.

Codex Alimentarius Komisyonu Prosediir El
kitabina gore yontemin belirtilen hiikiim, belirtilen
iirlin ve belirtilen seviye(ler) (maksimum ve/veya
minimum) (ML) i¢in gecerli olmasi gerekir.
Yontemin  uygulanabilir ~ minimum  aralhigi,
degerlendirilecek  belirlenen  seviyeye (ML)
baghdir ve tekrar iiretilebilirlik standart sapmasi
(SR) veya LOD ve LOQ cinsinden ifade edilebilir
denmektedir. El kitabina gore uygulanabilir
minimum araligin belirlenmesine alternatif olarak
kriterler LOD ve LOQ i¢in sayisal degerler olabilir.
Bu kapsamda LOD i¢in sayisal deger su sekilde
hesaplanabilir: 0,1 mg/kg veya iizerindeki
seviyeler icin belirtilen ML'nin 1/10'undan fazla
olmamali veya 0,1 mg/kg'in altindaki seviyeler i¢in
belirtilen ML'nin 1/5'inden fazla olmamalidir. Aym

Limit of detection (LOD):

sekilde LOQ'nun sayisal degeri su sekilde
hesaplanabilir: 0,1 mgkg veya iizerindeki
seviyeler igin belirtilen ML'min 1/5'inden fazla
olmamali veya 0,1 mg/kg'in altindaki seviyeler i¢in
belirtilen ML'nin en fazla 2/5'i. kadar olmalidir
(FAO ve WHO, 2023).

Tiirk Gida Kodeksi Bulaganlar Tebligi (2023/11)
kuru incir numunelerinde Toplam Aflatoksin
maksimum izin verilen limit degeri 10 pg/kg olarak
belirlenmistir (Cizelge 7). Metot verifikasyon
calismamizda LOD ve LOQ degeri
hesaplanmasinda 10 ug/kg Toplam Aflatoksin
degeri baz alinarak hesaplama yapilmistir
(Anonim, 2023).

For ML > 0,1 mg/kg, LOD <ML « 1/10

For ML < 0,1 mg/kg, LOD <ML » 1/5

Limit of quantification (LOQ):

For ML > 0,1 mg/kg, LOQ <ML » 1/5

For ML < 0,1 mg/kg, LOQ < ML » 2/5
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Cizelge 7. Tiirk Gida Kodeksi Bulusanlar Yonetmeligi
Antep Fistig1 Aflatoksin Limit Degerleri, (Anonim, 2023).

LOD ve LOQ
Max Limit .
10,00 (Toplam Aflatoksin
(ng/kg) (Top )
LOD < 1/5 ML 2,0 ug/kg
LOQ<2/5ML 4,0 ng/kg
LOD AFB1 0,5 AFG1 0,5
AFB2  pnug/kg AFG2 ng/kg
AFB1 AFG1
LOQ AFB2  !heke  apgy  Dneke

Geri kazanim calismalari, sertifikali referans
malzeme, belirlenmis referans metodoloji ve
yeterlilik testi mevcut olmayan durumlar igin
uygulanan bir yontemdir. Bu yontemin en 6nemli
yarari, analizlerin orijinal matris {izerinde, yani
testin gergeklestirildigi gergcek Ornek iizerinde
yapilabilmesidir. Geri kazanim ¢alismasi sirasinda,
analiz edilecek madde orijinal matrise eklenerek
zenginlestirilir. Ancak, bu yontemin dezavantaji,
zenginlestirme islemi sirasinda, oOrneklerdeki

Cizelge 8. Kuru Incir Aflatoksin Geri Kazanim Degerleri.

analitlerin orijinal drneklerdeki gibi giiclii fiziksel
ve kimyasal baglara sahip olmamasidir. Bu,
disaridan eklendigi icin, analitlerin matrisle aym
giiclii baglart olusturamamasidir. Buna ragmen,
geri kazanim c¢aligmalart genellikle daha dogru
sonugclar iiretmektedir.

Basarili bir geri kazanim orani, aksi belirtilmedigi
stirece, %80 ile %110 arasinda degisen sonuglarla
tanimlanir, Cizelge 8’de verilen aflatoksin Bi, Bp,
G: ve G i¢in geri kazamim degerleri yasal
mevzuatin belirttigi siir degerler arasinda kaldigi
goriilmektedir. Sonuglarin konsantrasyona gore
degisebilecegi goz oniinde bulundurularak, yasal
sinirlamalarin =~ oldugu  durumlarda  diisiik
konsantrasyonlarda da testler yapilmalidir.
Eurachem kilavuzu, etkin bir geri kazanim
calismasinin en az alt1 tekrar igermesi gerektigini
Onerir ve c¢aligmalarin, farklt konsantrasyon
seviyelerinde, Olglim araligina uygun sekilde
gerceklestirilmesi tavsiye edilir (Yilmaz, 2012).

Okunan Deger

Hesaplanan (%)

Analist G2 Gl B2 Bl G2 Gl B2 Bl
1 0,30 0,90 0,25 0,89 99,67 90,10 84,67 88,90
0,28 0,91 0,27 0,90 93,67 90,80 90,67 89,70
2 0,28 0,90 0,26 0,90 94,33 89,50 87,33 90,10
0,29 0,87 0,26 0,88 97,67 87,40 87,67 88,20
3 0,29 0,87 0,27 0,90 95,67 86,50 89,67 89,80
0,29 0,90 0,26 0,89 98,00 89,90 88,00 88,50
4 0,28 0,93 0,27 0,94 92,33 92,60 90,33 93,80
0,25 0,87 0,26 0,94 84,67 87,20 85,67 94,20
5 0,26 0,88 0,26 0,92 87,33 88,00 85,33 91,60
0,29 0,90 0,26 0,93 95,00 90,10 85,00 93,00
6 0,25 0,92 0,26 0,93 83,33 92,10 88,00 93,00
0,28 0,88 0,28 0,92 93,00 87,70 93,67 91,80
Ortalama 0,28 0,89 0,26 0,91 92,89 89,33 88,00 91,05
Standart Sapma 0,02 0,02 0,01 0,02 5,22 1,97 2,71 2,12
% RSD 5,62 2,21 3,08 2,33 5,62 2,21 3,08 2,33

ISO 3534-1(2006), kesinligi, ongoriilen kosullar
altinda elde edilen bagimsiz test sonuglar
arasindaki yakinligin (dagilma derecesi) bir dlgiisii
olarak tamimlar (Ongoriilen kosullar, Ornegin,
tekrarlanabilirlik, ara kesinlik veya tekrar
iiretilebilirlik). Gerekli hassasiyet, test sonuglarinin
karar vermede oynayacagi role gore belirlenir. Not:
"Bagimsiz test sonuglar1”, ayni veya benzer test
nesnesi tizerindeki onceki sonuglardan
etkilenmeyecek sekilde elde edilen sonuglar

anlamina gelir; ayn1 zamanda test materyalleri
bagimsiz olarak hazirlanmigtir ve bu nedenle,
Olciilen popiilasyondan rastgele ornekler olarak
kabul edilir.

Kesinlik genellikle standart sapma (daha az
kesinlik daha biliyiik bir standart sapma ile
yansitilir) veya tekrarlanan sonuglarin goreceli
standart sapmas1 (varyans katsayis1) gibi kesin
olmayan Olc¢limlerle sayisal olarak ifade edilir.
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Ancak diger uygun Onlemler de uygulanabilir.
Belirtilen kesinligin, yontemin normal c¢aligma
kosullar1 altindaki performansini ger¢ek anlamda
yansitabilmesi  i¢in, bu  kosullar altinda
belirlenmesi gerekir (NATA,2012).

Kesinlik, Ol¢iimlerin giivenilirligini belirlemede
onemli bir rol oynar ve dort temel faktore baglidir.
Zaman unsuru, kisa ve uzun vadede yapilan
Olciimlerin  tutarliligin1  etkileyebilir; cevresel
kosullardaki  degisimler 6l¢iim  sonuglarini
farklilastirabilir. Kalibrasyon, aymi ekipmanla
yapilan Olglimlerin tutarliligimi saglamak igin
diizenli olarak yapilmali, bdylece sapmalar
diizeltilmelidir. Operator degiskenligi, farkli
operatorler veya ayni operatoriin farkli zamanlarda
yaptig1 6l¢iimler arasindaki tutarliligi etkileyebilir.
Son  olarak, kullanilan ekipman, Ol¢lim
sonuglarinin tutarliligi izerinde dogrudan etkilidir.
Bu dort faktor, tekrarlanabilirlik ve tekrar
iiretilebilirlik ¢cergevesinde degerlendirilir (Yilmaz,
2012).

Eurachem rehberinde (2012), tekrariiretilebilirlik,
laboratuvarlar aras1  (inter-laboratory) tekrar
tiretilebilirlik ve laboratuvar i¢i (intra-laboratory)
tekrartiretilebilirlik olarak ikiye ayrilmistir.

Eurachem rehberinde kesinlik i¢in 10 tekrardan
bahsederken TS ISO 5725-3 standardinda en az 15
tekrar ongorilmiistiir,

TURKAK’m Metodun Gegerli Kilmmas1 ve
Dogrulanmast i¢in Bilgilendirme Kilavuzu (2023),
kesinlik parametresinin hesaplanmasi siirecinde;
kesinlik standart sapmasi basit tekrarlar igeren bir
deneysel tasarim ile hesaplanabilecegi gibi i¢ ice
deney tasarimi (nested design) kullanilarak
ANOVA ile de hesaplanabilecegini bildirmektedir.
I¢ ige tasarim (nested design), karmasik analizlerde
farkli varyans bilesenlerini degerlendirmede etkili
bir yontemdir (Smith ve Chen, 2020).

Deney metodunun dogas1 geregi ayni giin
icerisinde yeterli sayida deney yapma imkéni1 yoksa
kesinlik caligmasinda tekrarlanabilirlik ve ara
kesinlik standart sapmalarini ayni anda vermesi
nedeni ile ANOVA en etkili istatistiksel
degerlendirme yontemidir. Dogrulama amagh
calisma sonuglarinin degerlendirilmesinde
ANOVA kullanilacaksa c¢aligmaya katilacak
personelin tecriibesi goz Oniine alinarak yeterli
sayida ¢alisma yapilmasi saglanir.

Buradaki deney tasariminin giinliik olarak (en az 2
tekrar ile) en az 5 giin yapilmasi onerilmektedir.
Kuru incirde aflatoksin analizi verifikasyon
caligmasinda diisiik ve yiiksek seviye olmak iizere
2 farkli toksin seviyesinde, 3 farkli laboratuvar
personeli, 9 farkli giinde her bir analiz 3’er paraleli
olacak sekilde calismalar yapilmistir. Elde edilen
veriler i¢ ice tasarim yoOnetimi kullanilarak
tekrarlanabilirlik (RSDy) ve tekrariiretilebilirlik
(RSDRr) degerleri aym anda ANOVA analizi
yardimi ile hesaplanmistir (Cizelge 9 ve Cizelge
10).

Farkli seviyelerde, iiriin kategorilerinde, analitik
partilerde vb. farkli kosullarda elde edilen, n
sayidaki Ol¢limlerin standart sapmalar1 ve/veya
bagil standart sapmalar1 asagidaki formiiller (ve
ANOVA testi oncesinde varyanslarin
homojenliginin uygun bir istatistiksel yaklasimla,
ornegin Cochran testi, ispatlanmak kosulu) ile
birlestirilebilir (TURKAK, 2022).

Cochran testi, kategorik verilerin (6rnegin,
evet/hayir, kirmizi/mavi/yesil gibi) bir grup i¢inde
homojen dagilip dagilmadigini test etmek igin
kullanilan istatistiksel bir yontemdir. Ozellikle, bir
orneklemin farkli alt gruplarinda go6zlenen
frekanslarin esit olup olmadigini degerlendirmek
icin kullanilir.

Burada sirasiyla her bir veri setine ait df; serbestlik
derecesini, s; standart sapmasini, ve RSD; bagil
standart sapmasini ve K ise toplam veri seti sayisini
ifade eder. Elde edilen birlestirilmis standart
sapmanin toplam serbestlik derecesiise ( 1+ 2+
-+ 4+ )dir. (TURKAK, 2022).

Varyans analizinin (ANOVA) arkasindaki temel
fikir, tekrar analizlerinin Grnegin, analist, cihaz,
giin, laboratuvar, metot vb. gibi gruplanabilir,
setteki toplam varyans, gruplar arasi ve grup ici
birlestirilmis varyanslar (s2) ile ifade edilebilir.
ANOVA Sekil C.1°de gosterildigi gibi bir deneysel
calisma tirii ile elde edilen sonuglarin
degerlendirilmesinde kullanilabilir. Bu “i¢ ige
tasaritm” da, tekrar Olglimleri (tipik olarak
tekrarlanabilirlik kosullar1 altinda elde edilmis) p
grup veriyi saglamak i¢in degisik gozlemlerdeki
Olciimlerle tekrarlanir. Ara kesinlik hesabi igin bu
tiir bir caligmada goézlemler arasi kosullarda en
yiiksek varyasyon saglanmalidir (degisik giinler,
degisik analist vb.) (Magnusson ve Ornemark,
2014)
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Cizelge 9. Diisiik Seviye Kuru Incir Orneginde Aflatoksin B1 Istatiksel Veri Analizi.

Analiz AFB1 AFB1 AFB1 AFB1 AFB1 AFB1 AFB1 AFB1 AFB1
Matriks Incir Incir Incir incir incir Incir incir Incir Incir
Kisi 1.Kisi 2 Kisi 3 Kisi 1.Kisi 2 Kisi 3 Kisi 1.Kisi 2 Kisi 3 Kisi
Uygulama Spike Spike Spike Spike Spike Spike Spike Spike Spike
Seviye 1 ppb 1 ppb 1 ppb 1 ppb 1 ppb 1 ppb 1 ppb 1 ppb 1 ppb
1 0,921 0,902 0,890 0,906 0,931 0,912 0,899 0,932 0,794
2 0,943 0,875 0,861 0,901 0,958 0,917 0,861 0,924 0,807
3 0,910 0,874 0,858 0,900 0,937 0,907 0,855 0,900 0,788
Ortalama 0,925 0,884 0,870 0,902 0,942 0,912 0,872 0,919 0,796
Toplam
Orgalama 0,891
SD 0,0168 0,0159 0,0177 0,0032 0,0142 0,0050 0,0239 0,0167  0,0097
T.SD 0,0433
RSD 0,0182 0,0180 0,0203 0,0036 0,0151 0,0055 0,0274 0,0181  0,0122
%RSD 1,82 1,80 2,03 0,36 151 0,55 2,74 1,81 1,22
Varyans 0,000282 0,000252 0,000312 0,000010 0,000201 0,000025 0,000569 0,000277 0,000094
Min. 0,910 0,874 0,858 0,900 0,931 0,907 0,855 0,900 0,788
Max. 0,943 0,902 0,890 0,906 0,958 0,917 0,899 0,932 0,807

Cochran Hesaplanan 0,281

Cochran Kritik 0,871

Varyans Homojenligi . uew

Tekrar. Smuri(r) ="f" 3,300 0,055 0,052 0,058 0,011 0,047 0,017 0,079 0,055 0,032

Xmax-Xmin 0,033 0,028 0,032 0,006 0,027 0,010 0,044 0,032 0,019

Tekrar. Limit Degerlendirme

Grubbs Kiigiik Stipheli 0,873 0,609 0,660 0,726 0,776 1,000 0,698 1,121 0,858

Grubbs Biiyiik Siipheli 1,091 1,154 1,151 1,141 1,129 1,000 1,146 0,801 1,098

Grubbs Degerlendirme 1,155

Sr-Tekrarlanabilirlik Standart Sapmasi 0,015

SR- Tekrartiretilebilirlik Standart Sapmasi 0,045

%RSDr tekrarlanabilirlik 1,683

%RSDR Tekrariiretilebilirlik 5,036

Cizelge 9 diisiik konsantrasyon seviyesindeki kuru
incir orneklerinde yapilan aflatoksin B1 analizine
dair istatistiksel veriler sunulmustur.
Tekrarlanabilirlik standart sapmast (Sr) 0,015
olarak belirlenmis ve %RSD degeri 1,683 olarak
hesaplanmistir. Bu degerler, yoOntemin diigik
seviye konsantrasyonlarda tutarli ve gilivenilir
Olclimler yapabildigini gostermektedir. Ayrica,
tekrar tiretilebilirlik standart sapmasi (SR) 0,045 ve
%RSD degeri 5,036 olarak hesaplanmistir. Bu
sonuglar, yontem performansinin farkli operatorler
ve cihazlar arasinda bile uyumlu oldugunu
dogrulamaktadir (Magnusson & Ornemark, 2014).
Analiz sirasinda elde edilen diisiik standart sapma
ve %RSD degerleri, metodun diigiik aflatoksin
seviyelerinde bile hassasiyet ve kesinlik agisindan
uygun oldugunu gostermektedir (TS 5822-2 1SO
5725-2, 2000).

Yiksek konsantrasyon seviyesinde yapilan
analizlerde ise tekrarlanabilirlik standart sapmasi
(Sr) ve tekrar iiretilebilirlik standart sapmasi (SR)
degerlerinin yiiksek seviye konsantrasyonlarda
artis gosterdigi gozlemlenmistir (Cizelge 10).

Ancak, %RSD degerlerinin kabul edilebilir simrlar
igerisinde olmasi, metodun yiiksek seviyelerde de
giivenilir oldugunu gostermektedir. Bu durum,
aflatoksin  konsantrasyonunun yiiksek oldugu
orneklerde metodun tutarli sonuglar verdigini ve
analitik performansin  degismedigini ortaya
koymaktadir.

Tekrarlanabilirlik (%RSD < 2): Diisiik seviyelerde
%RSD degeri 2’nin altinda kalarak, oOl¢iimlerin
tutarli oldugunu kanitlamaktadir [(ISO 3534-1,
2006)]. Tekrar Uretilebilirlik (%RSD < 5): Yiiksek
seviyelerde %RSD degeri 5 civarinda seyrederek,
farkli kosullar altinda metodun giivenilirligini
korudugunu gdstermektedir (Taylor, 1989).

Bu bulgular, metodun modifiye edilmis
versiyonunun orijinal yontemle uyumlu oldugunu
desteklemektedir (AOAC, 2003). Ayrica, i¢ ige
tasarimin farkl faktorlerin etkisini degerlendirme
konusunda giiglii bir ara¢ oldugunu ortaya
koymaktadir (Anonim, 2018a).
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Cizelge 10. Yiiksek Seviye Kuru incir Omeginde Aflatoksin Bu Istatiksel Veri Analizi.

Analiz AFB1 AFB1 AFB1 AFB1 AFB1 AFB1 AFB1 AFB1 AFB1
Matriks Incir Incir Incir incir Incir incir Incir Incir Incir
Kisi 1.Kisi 2 Kisi 3 Kisi 1.Kisi 2 Kisi 3 Kisi 1.Kisi 2 Kisi 3 Kisi
Uygulama Spike Spike Spike Spike Spike Spike Spike Spike Spike
Seviye 2 ppb 2 ppb 2 ppb 2 ppb 2 ppb 2 ppb 2 ppb 2 ppb 2 ppb
1 1,871 1,777 1,809 1,824 1,847 1,767 1,859 1,842 1,803
2 1,908 1,889 1,820 1,833 1,841 1,793 1,865 1,834 1,840
3 1,892 1,796 1,822 1,810 1,848 1,842 1,803 1,852 1,827
Ortalama 1,890 1,821 1,817 1,822 1,845 1,801 1,842 1,843 1,823
Toplam
OrtF;Iama 1834
SD 0,0186 0,0599 0,0070 0,0116 0,0038 0,0381 0,0342 0,0090 0,0188
T.SD 0,0341
RSD 0,0098 0,0329 0,0039 0,0064 0,0021 0,0211 0,0186 0,0049 0,0103
%RSD 0,98 3,29 0,39 0,64 0,21 2,11 1,86 0,49 1,03
Varyans 0,000344 0,003592 0,000049 0,000134 0,000014 0,001450 0,001169 0,000081 0,000352
Min. 1,871 1,777 1,809 1,810 1,841 1,767 1,803 1,834 1,803
Max. 1,908 1,889 1,822 1,833 1,848 1,842 1,865 1,852 1,840

Cochran Hesaplanan 0,500

Cochran Kritik 0,871

Varyans Homojenligi S wew

Tekrar. Siiri(r) ="f* 3,300 0,061 0,198 0,023 0,038 0,012 0,126 0,113 0,030 0,062

Xmax-Xmin 0,037 0,112 0,013 0,023 0,007 0,075 0,062 0,018 0,037

Tekrar. Limit Degerlendirme

Grubbs Kiigiik Stipheli 1,042 0,729 1,143 1,064 1,145 0,884 1,150 0,961 1,083

Grubbs Biiyiik Stipheli 0,952 1,140 0,714 0,920 0,704 1,085 0,663 1,035 0,888

Grubbs Degerlendirme 1,155

Sr-Tekrarlanabilirlik Standart Sapmasi 0,028

SR- Tekrariiretilebilirlik Standart Sapmasi 0,040

%RSDr tekrarlanabilirlik 1,541

%RSDR Tekrariretilebilirlik 2,171

Cizelge 11 de verilen kesinlik degerleri (sr ve sR)
asagidaki denklemlerle hesaplanabilir:

1) Tekrarlanabilirlik standart sapmasi (Sr)
“Gruplar  Iginde  Kareler  Ortalamasinin”
karekokiine esittir:

S, = MS,

2) Gruplar Arasindaki varyansin (sb) toplam
varyansa katkisi da ANOVA Tablosundan
hesaplanabilir:

Sy =/ (MS, —MS,,)/n

3) Laboratuvar igi tekrar lretilebilirlik standart
sapmasi (sR), yukaridaki iki bilesenin (Gruplar
icinde ve  gruplar arasinda  varyansin)
birlestirilmesi ile hesaplanabilir:

Sp= |S?+S?

ANOVA bir laboratuvarda uygulandiginda deney
metodunun tekrarlanabilirlik ve ara kesinlik
standart sapmalarinin belirlenmesinde ve ayrica
ikiden fazla 6l¢lim dizisinin aritmetik ortalamalarin
karsilagtirilmasinda  kullanilabilir. ~ Yukarida
verilen 6rnek deney metodunun kesinlik verilerini
(tekrarlanabilirlik ve ara kesinlik) bulmaya
amaclamaktadir. Bu nedenle aritmetik
ortalamalarin  karsilastirllmasinda  uygunluk
degerlendirme kiteri olan F < Folgiitii ¢ikmasi hali
bu ¢aligmalarda aranmaz (TS 5822-1 1SO 5725-1,
(2011), TS 5822-2 1SO 5725-2, (2000)).

I¢ ice tasarim (nested design) yontemi kullamlarak
yapilan bu istatistiksel analizler, analitik metodun
hem diisiik hem de yiliksek seviyelerde giivenilir
sonuglar sagladigimi gostermektedir. Bu yaklagim
sayesinde cihazlar, operatdrler ve zaman faktorleri
arasindaki varyasyonlar detayli olarak incelenmis
ve metodun tekrarlanabilirlik ~ ve tekrar
iiretilebilirlik acisindan yeterli oldugu
dogrulanmistir (TURKAK, 2023).
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Cizelge 11. Tek etken ANOVA hesaplama formiilleri (TURKAK, 2022).

K:%?;l Kareler(nsls])"oplaml SerbGStl(ltlj(f)dereceSI Karelerin Ortalamas: (MS) F P Fritik
Gruplar arasinda SSh p-1 MS;,, =SSb/ (p-1) MSh/MSw
Gruplar iginde SSw N-p MSw = SSw / (N-p)

Toplam SSt=SSh + SSw N-1

Cizelge 12, diisiik seviyedeki aflatoksin Bl
konsantrasyonlarinda metodun tekrarlanabilirlik
(Sr) ve tekrar iretilebilirlik (SR) degerlerini
sunmaktadir. Tekrarlanabilirlik standart sapmasi
(Sr) 0,015 ve tekrar tiretilebilirlik standart sapmasi
(SR) 0,045 olarak hesaplanmistir. Bu degerler,
yontemin diisiik seviyeli konsantrasyonlarda
giivenilir  Olciimler yaptigim1  gostermektedir.
Ayrica, %RSDr (tekrarlanabilirlik i¢in bagil
standart sapma) 1,683 ve %RSDR (tekrar
iiretilebilirlik i¢in bagil standart sapma) 5,036
olarak hesaplanmistir. Bu oranlar, uluslararasi
standartlara gore kabul edilebilir sinirlar igindedir
(TS 5822-3 ISO 5725-3, 2000).

Cizelge 12. Diisiik Seviye Kuru Incir Orneginde
Aflatoksin B1 I¢ Ige Tasarim Yéntemi ile RSDr ve RSDr
Degerlerinin Hesaplanmasi.

Sr-Tekrarlanabilirlik
Standart Sapmasi
SR-Tekrariiretilebilirlik
Standart Sapmasi

S, =,/MS,, 0,015
Sg = J(MS, —MS,,)/n 0,045

%RSDr = Sr/TopIam

%RSD; tekrarlanabilirlik 1,683
Ortalama
%RSDR %RSDR = SR/TopIam 5 036
Tekrariiretilebilirlik Ortalama !
4. Sonug¢

Ic ice tasarim yaklasgimini analitik metot
verifikasyonunda uygulamak, metodolojinin farkli
kosullar altindaki robustlugunu (giicliiliigiinii) ve
giivenilirligini degerlendirmede 6nemli bir aragtir.
Bu yaklasim, ozellikle karmagik testlerin ve
analizlerin dogrulugunu ve tekrarlanabilirligini
saglamak i¢in kritik 6neme sahiptir.

Her seviyede elde edilen wveriler, bir sonraki
seviyenin tasarimina ve degerlendirmesine katkida
bulunur. Ornegin, cihaz performansindaki bir
sorun, sonraki seviyelerdeki testleri etkileyebilir.
Bu nedenle, her seviyenin basarili olmasi
onemlidir.

Bu yaklasim, kimyasal analiz yontemlerinin
giivenilirligini saglamak icin sistematik bir siireg
saglar. Ancak, her yontem ve uygulama alani i¢in
spesifik gereksinimler ve toleranslar gbz oniinde
bulundurulmalidir.

Analitik metot verifikasyonunda i¢ ice tasarim
kullaniminin avantajlar1 sunlardir:

1. Daha Derinlemesine Analiz: Metodun farkli
kosullar altinda nasil performans gosterdigini
detayli bir sekilde analiz etme imkan1 sunar.

2. Faktor Etkilesimlerinin Belirlenmesi: Farkli
faktorlerin (cihaz, operatdr, numune tiiri vb.)
sonuglar iizerindeki etkilesimlerini
degerlendirme olanagi saglar.

3. Etkin Kaynak Kullanimi: Veri toplama ve
analiz silireglerinde kaynaklar1 daha etkin
kullanmay1 miimkiin kilar, ¢iinkii i¢ ige tasarim
veri toplama iglemini daha sistematik hale
getirir.

4. Veri Yorumlama: Veri seti ic¢indeki
degiskenler arasindaki iliskilerin daha net bir
sekilde yorumlanmasina yardimci olur.

Bu ¢alismada, kuru incir numunelerinde aflatoksin
analizine yonelik modifiye edilen analitik metot, i¢
ice tasarim (nested design) yaklagimi ile
dogrulanmistir. Metot verifikasyonu, ydntemin
hassasiyet, dogruluk, kesinlik, LOD (saptama
sinirt) ve LOQ (kantitasyon sinir1) gibi temel
parametreler  agisindan  uygun  oldugunu
gostermistir. Modifiye edilen yontem ile orijinal
yontem arasinda yapilan istatistiksel
karsilastirmalar, iki yontemin sonuglarinin uyumliu
oldugunu ve modifiye yoOntemin giivenilir
oldugunu ortaya koymustur. Ayrica, nested design
yaklasimiyla, cihaz ve operator gibi farkli
faktorlerin varyans {izerindeki etkileri ayrintili
sekilde  degerlendirilmis,  yontemin  farkh
kosullarda tekrarlanabilirligi ve giivenilirligi
kanitlanmugtir.

Elde edilen sonuglar, kuru incir gibi matris
etkisinin yiiksek oldugu iirlinlerde bile yontemin
giivenilir sekilde uygulanabilecegini
gostermektedir. Metodun hem disiik hem de
yiiksek aflatoksin seviyelerinde dogruluk ve
hassasiyet agisindan etkin oldugu belirlenmistir.
Bu bulgular, modifiye edilen analitik yontemin,
yasal limitlerin degerlendirilmesinde ve aflatoksin
analizinde rutin kullanim i¢in uygun oldugunu
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ortaya koymaktadir. Caligma, metot verifikasyonu
sireglerinde i¢ ige tasarim  yaklagiminin
kullanilabilirligini ve avantajlari vurgularken,
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Abstract

Objective: Pollen is a natural bee product known for its rich bioactive content and positive effects on health.
Although previous research has highlighted the antibacterial and antifungal properties of bee pollen, there is
still a lack of comprehensive studies investigating its inhibitory effects on fungi, particularly molds. Our
research seeks to contribute to filling this gap by assessing the antifungal potential of bee pollen against
selected fungal species.

Materials and methods: In this study, the antifungal properties of bee pollen obtained by combining two
multifloral samples from the Bursa region were evaluated. Ethanolic and methanolic extracts of the bee pollen
at varying concentrations (1%, 5%, 7.5%, and 10%) were tested for their inhibitory effects against Alternaria
alternata, Penicillium chrysogenum, Fusarium culmorum, and Aspergillus flavus.

Results and conclusion: Both pollen extracts exhibited dose-dependent antifungal activity against all tested
fungal strains, with the methanol/water extract demonstrating significantly greater efficacy than the
ethanol/water extract. The highest antifungal activity among all tested fungi was consistently observed at the
10% extract concentration. Among the tested strains, F. culmorum demonstrated the highest sensitivity, with
a 7.5% concentration effectively inhibiting its growth. Given the promising antifungal potential, further
investigation is needed to identify the primary bioactive compounds and elucidate their mechanisms of action.

Keywords: Bee pollen, antifungal activity, filamentous fungi, mold

Oz

Amag: Polen, zengin biyoaktifigerigi ve saglik {izerine olumlu etkileri ile bilinen dogal bir ar1 iiriiniidiir. Polen
iizerinde ytiriitiilen bilimsel ¢aligmalar, onun antibakteriyel ve antifungal 6zelliklerini ortaya koymaktadir.
Ancak, oOzellikle kiif mantarlart {izerinde ar1 poleninin inhibisyon etkisine dair yeterli ¢alisma

bulunmamaktadir. Arastirmamiz, ar1 poleninin sec¢ilmis mantar tiirlerine karsi antifungal potansiyelini
degerlendirerek literatiire katkida bulunmay1 amaclamaktadir.

Materyal ve yontem: Bu caligmada, Bursa bolgesinden temin edilen iki multifloral polen 6rneginin
birlestirilmesiyle elde edilen ar1 poleninin antifungal o6zellikleri degerlendirilmistir. Polenin farkli
konsantrasyonlarda hazirlanan etanolik ve metanolik ekstreleri (%1, %5, %7,5, %10), Alternaria alternata,
Penicillium chrysogenum, Fusarium culmorum ve Aspergillus flavus olmak iizere dort filament6z mantar
tiiriine kars1 test edilmistir.

Tartisma ve sonuc: Her iki polen ekstresi de test edilen tiim mantar tiirlerine karst doza bagli antifungal
aktivite gostermis olup, metanol/su ekstresinin etanol/su ekstresine kiyasla belirgin sekilde daha yiiksek
etkinlik sergiledigi gozlemlenmistir. En yiiksek antifungal aktivite, tiim mantar tiirlerinde %10'Tuk ekstre
konsantrasyonunda kaydedilmistir. Test edilen tiirler arasinda F. culmorum, %7,5'lik konsantrasyonda dahi

Bursa Gida ve Yem Kontrol Merkez Aragtirma Enstitiisti Midiirliigii tarafindan yaymlanmistir.
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etkili bir inhibisyon gostererek en yiiksek duyarliligi sergilemistir. Elde edilen umut verici sonuglar
dogrultusunda, polenin antifungal potansiyelini saglayan biyoaktif bilesenlerin tanimlanmasi ve etki
mekanizmalarinin aydinlatilmasi i¢in ileri ¢alismalara ihtiyag duyulmaktadir.

Anahtar kelimeler: Ari poleni, antifungal aktivite, filamentli mantarlar, kiif
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1. Introduction

Pollen is typically yellow or orange in color and a
powdery material, produced by blooming plants
and collected by bees to serve as a nutrient source
for the development and maintenance of the
colony. Besides being a nutrient food for bees, bee
pollen has been used in human nutrition and
apitherapy for many years. Composition of pollen
mainly depends on botanical and geographic
origin, therefore some pollen types are classified as
highly nutritious, while others are characterized by
their therapeutic properties (Kieliszek et al., 2018).
In general, bee pollen contains essential nutrients
like carbohydrates, amino acids, proteins, lipids,
vitamins, minerals and bioactive substances such
as phytosterols, phenolic compounds,
phytochemicals and flavonoids. Due to its
nutrients, it is considered as a potential source of
energy and proteins for human consumption
(Kroyer and Hegedus, 2001; Campos et al., 2010).
With contribution to nutrition, bee pollen exhibits
antioxidants, anti-inflammatory, hepatoprotective,
anti-carcinogenic, antibacterial, anti-fungicidal,
and anti-atherosclerotic activities (Campos et al.,
2010; Komosinska-Vassev et al., 2015; Alvarez-
Suarez, 2017). Owing to its bioactive components
and nutritional benefits, pollen is generally
consumed as a functional food and therapeutic
agent. While bee pollen contains compounds with
potential bioactive and therapeutic properties,
further extensive studies are necessary to fully
understand its applications in therapy (Denisow
and Denisow-Pietrzyk, 2016).

Recent studies have underlined the antibacterial
and antifungal features of bee pollen, attributing
these effects primarily to its rich bioactive
compounds such as flavonoids, phenolic
compounds, and phenol amides (Rodriguez-Polit
et. al., 2023). Studies investigating the correlation
between phenolic content and antimicrobial
activity in bee pollen have identified kaempferol,
quercetin, and caffeic acid as key bioactive
compounds (llie et. Al.,2024). These components
act through multiple mechanisms, including
bacterial membrane disruption, ion channel
interference, and ATP synthesis inhibition against
diverse bacterial pathogens (Bakour et al., 2019).
Also, the precise mechanisms underlying the
differential effects of these phenolics on microbial
growth remain to be fully understood. Further
research is necessary to know the relationships
between these two and specific antifungal efficacy
of individual phenolic constituents.

Research has shown that bee-collected pollen
exhibits antimicrobial effect against diverse

pathogens, including bacteria and fungi. The most
sensitive microorganisms are Gram positive
bacteria, particularly Staphylococcus aureus, as
shown by Carpes et al. (2007), Fatrcova-Sramkova
etal. (2013) and Pascoal et al. (2014). Some studies
have also shown an inhibitory activity opposed to
Gram negative bacteria, such as Pseudomonas
aeruginosa and Escherichia coli, along with yeasts
and fungi (Carpes et al., 2007). Studies about
antibacterial effects of pollen are considerably
more comprehensive and more than those
addressing its antifungal properties. Notably,
investigations into  fungal activity have
predominantly focused on Candida spp., common
yeast species frequently associated with such
research (Didaras et al., 2020). The most extensive
study conducted on the antifungal activity of bee
pollen evaluated its efficacy against a wide range
of fungal species, including Aspergillus niger,
Aspergillus flavus, and Aspergillus fumigatus, as
well as seven different yeast strains: Candida
krusei, Candida  albicans, Rhodotorula
mucilaginosa, Candida glabrata, Geotrichum
candidum, Candida parapsilosis and, Candida
tropicalis (Kacaniova et al., 2012). However, there
is not sufficient research on the inhibitory effects
of bee pollen against fungi, especially molds. Also,
studies exhibit considerable variation depending on
the solvent utilized. This variability underscores
the importance of solvent selection in determining
the efficacy of bioactive compounds, highlighting
the need for careful optimization in antimicrobial
studies. In this study, the antifungal activity of bee
pollen, especially on filamentous molds, was
investigated and the comparative results obtained
using different solvents were evaluated. The
inhibitory potential and efficacy of the bee pollen
on causers of food spoilage and potentially
toxigenic fungi was investigated.

2. Materials and Methods

Pollen was prepared by mixing two multifloral bee
pollen samples which were obtained from different
beekeepers in Kestel and Inegél regions of Bursa,
Turkey. While the flora of these regions has been
investigated in previous studies, palynological
analysis could provide valuable insights for further
research into regional variations in pollen
composition.

The microscopic filamentous fungi (Alternaria
alternata, Penicillium chrysogenum, Aspergillus
flavus and Fusarium culmorum) were provided by
the culture collection of Department of Food
Engineering, Faculty of Engineering and Natural
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Sciences, Bursa Technical University. Sabouraud
dextrose agar (SDA) used as the main medium in
the study.

For the preparation of sample extracts, the method
reported by Morais et al. (2011) was used, with
minor modifications. Prior studies have shown that
bee pollen compounds are soluble in alcohol-based
solvents and, to some extent, in water. Considering
these findings, a solvent mixture combining
ethanol/methanol and water was formulated to
enhance the extraction of such bioactive
compounds. Methanol/water (3:1, v/v) and
ethanol/water (3:1, v/v) were used as solvents.
Pollen (50 g) was extracted 150 ml of solvent by
maceration with stirring at room temperature for 24
h and the solution was filtered by Whatman filter
paper No. 4 and the solid residue was re-extracted.
Then, they were stored in small (20 mL) colorful
bottles under refrigeration until use.

The fungi were cultivated on Sabouraud dextrose
agar (SDA) petries for seven days at 30 °C and the
spores were harvested with 10 mL of 0.1% Tween
80 (Merck, Darmstadt, Germany) solution
sterilized by membrane (0.45 pm) filtration. The
spore suspensions were adjusted with the same
solution to give a final concentration of 10°
spore/mL and used the same day. Pollen extracts
were added to Sabouraud dextrose agar with proper
amounts to prepare of 1%, 5%, 7.5 % and 10%
(v/v) concentrations of extract-containing medium.
Agar solutions, adjusted to the desired
concentrations, were poured into sterile Petri
dishes and point-inoculated with 2 mL of spore
suspension in the center. Plates were incubated at
30 °C for 7 days. Culture medium without pollen
extracts was used as a control and
methanol/ethanol solvents were substituted to
determine inhibition effect of solvents (Yigit and
Korukluoglu, 2007). The fungus was incubated at
30°C for seven days. The Petri plates, in which no
growth was observed were incubated for 14 days.
After seven days of incubation, the colony diameter
was measured, and percent mycelial inhibition was
calculated as follows.

I = (C-T/C)x100

Where | is the inhibition (%), C is the colony
diameter of mycelium from the control Petri plate
(in mm), and T is the colony diameter of mycelium
from the test Petri plate (in mm) (Ozcan, 2004).
Three replications were made for each
concentration and the microorganism, and averages
and standard deviations were calculated.

The statistical analyses were performed using
Minitab, version 22 (Minitab LLC, PA, USA). The
obtained data was expressed as mean + standard
deviation (SD). Differences between means were
determined by one-way analysis of variance
(ANOVA) at a significance level of p<0,05,
followed by Tukey's test as a post-hoc analysis.

3. Results and Discussion

Existing research often focuses on a narrow range
of fungal species. Results generally varied
significantly due to factors such as botanical origin,
extraction methods, and the microorganisms tested.
The choice of solvent also critically influences
outcomes, complicating data interpretation. These
limitations are obstacles to fully understanding the
antifungal potential of bee pollen. Our study aimed
to contribute to this field by increasing the
available data and it was observed that both pollen
extracts demonstrated dose-related antifungal
effect on all test fungi. The antifungal activities of
methanol/water and ethanol/water extracts of
pollen against pathogenic fungus are shown in
Table 1.

Among the applied extract concentrations, the 10%
dose showed the strongest antifungal activity
against all tested fungal species. Alternaria
alternata showed statistically significant inhibition
(p<0.05) across tested concentrations (5%, 7.5%
and 10%) of both methanol and ethanol extracts.
The inhibition zones decreased from 64.3 £ 0.6 mm
to 29.5 + 1.7 mm at the highest concentration
(10%) of the methanol/water extract, while the
ethanol/water extract showed a more dramatic
reduction from 85 mm to 3.42 + 2.8 mm. At 7.5%
concentration, the inhibition of A. alternata was
46% for the methanol/water extract and 44% for
the ethanol/water extract. The highest inhibition
was observed at 10% concentration, with the
methanol/water extract achieving 54% inhibiting
and the ethanol/water extract reaching 60% (Figure
1). According to Ozcan et al. (2004), the percent
inhibition of pollen at concentrations of 2% and 5%
against A. alternata was found to be lower than
50%. This may be attributed to the relatively low
concentration used, as evidenced by the findings in
our study, where at a 5% concentration, the
methanol extract exhibited 37% inhibition, while
the ethanol extract demonstrated 25% inhibition
against A. alternata. As reported by Cabrera and
Montenegro (2013), agueous extract, did not
exhibit a complete inhibitory effect on the fungi;
however, it resulted in delayed growth when
compared to the control group. The study result
reveals the importance of the extraction method.

Antifungal Activity of Bee Pollen Extracts Against Selected Filamentous Fungi
Neslihan Ulubayram;Aycan Yigit Cinar



82 Gida ve Yem Bilimi - Teknolojisi Dergisi / Journal of Food and Feed Science - Technology 35:78-87 (2025/2)

Table 1. Inhibition zone diameters of methanol/water and ethanol/water extracts against fungi at different

concentrations (in mm + S.D.)

Fungi E?;r;‘gt Control 1% 5% 7.5% 10%

) M 043:006°  595:00° 407:03°  348:06° 20517
Alternaria alternata E 85.0+-0.0° 85.0+00° 638+1.6° 473406 342+2.8°
Aspergillus flavus M 6634060 645+00° 3634100 3124065 272406

E 85.0+-00° 85.0+00° 787+12% 482416 3.67+15
Senicillium chrvsogenum M 143£06° 192406 130407 980406  500+0.7°
ysog E 2734060 253+04% 167406  150+14>  123+0.6
Fusarium culmorum M 61.0+1.0% 14.2+0.6° 12.5+0.0° 9.50+0.0° -
E 41.0+1.02 17.7+0.6° 15.8+0.1° - -

(-) No inhibition zone, M: Methanol extract, E: Ethanol extract Within a column, means with distinct letters differ significantly (p < 0.05).

Similarly, the methanol/water extract reduced
Aspergillus flavus growth from 66.3 + 0.6 mm to
27.2 + 0.6 mm, while the ethanol/water extract
showed a more pronounced reduction, from 85 mm
to 3.67 + 1.53 mm. At 10% concentration, the
methanol/water extract achieved the highest
inhibition of Aspergillus flavus at 59%, while the
ethanol/water extract reached 57% inhibition,
demonstrating  the strong  dose-dependent
antifungal potential of both extracts at higher
concentrations (Figure 1). Research about the
antifungal activity of pollen on Aspergillus species
(Aspergillus  flavus, Aspergillus  fumigatus,
Aspergillus niger, Aspergillus ochraceus and
Aspergillus versicolor) provided bee pollen has an
antifungal activity but not completely inhibited
mycelial growth (Ozcan, 2004; Fatrcova-
Sramkova et al., 2016). A study used three different
strains of filamentous fungi, A. niger, A. flavus, A.
fumigatus has confirmed that pollen had antifungal
effect on selected fungus. In this study, methanol
and ethanol were used for extraction, with
concentrations of 99.9% and 70% methanol
(aqueous, v/v) and 96% and 70% ethanol (aqueous,
v/v), respectively. The antifungal activity of the
70% aqueous methanol extract of pollen was found
greater than the ethanol extract with the same
concentration on A. flavus (Kacaniova et al., 2012)
similarly to our findings. The methanol/water
extract demonstrated greater effectiveness overall
compared to the ethanol/water extract, especially at
low concentrations. The study supported earlier
research and contributed to understanding pollen’s
antifungal effect.

Penicillium  chrysogenum exhibited notable
inhibition across all concentrations of both
methanol/water and ethanol/water extracts. The
growth zones of mold decreased progressively with
increasing extract concentrations, reaching their
lowest values at the highest concentration (10%),
where significant growth suppression was
observed. Academic literature has a limited number

of studies investigating the antimicrobial activity of
bee pollen against Penicillium spp. For instance, in
a study by Fernandes et al. (2024), which focused
on selected fungal species, it was reported that bee
bread exhibited no inhibitory effect on Penicillium
sp. In this study, the broth microdilution method
was utilized, and measurements were performed
employing a spectrophotometric  technique.
Despite these findings, a separate study examining
hydroxycinnamic acid amides from bee pollen
revealed that Penicillium verrucosum was the most
susceptible mold to these antifungal compounds.
The compounds not only inhibited the radial
growth of P. verrucosum but also affected its
ability to sporulate (Kyselka et al., 2018). It is
important to consider that the current findings may
be influenced by the methodologies employed.
Results show a need for further research to
determine the efficacy of antifungal components
and determine the relationships between these
components and their antimicrobial activities.

In our study, Fusarium culmorum showed absolute
growth inhibition at the highest concentration
(10%) of both extracts. Furthermore, the 7.5%
concentration of ethanol/water extract inhibited the
growth of F. culmorum. This result is significant,
as F. culmorum is a known plant pathogen
responsible for crop diseases. Research has
demonstrated that F.culmorum is more sensitive
than other species of molds. In these studies which
tested the fungistatic activity of agueous extracts of
plants and essential oils against A. Alternata, A.
candidus, A. niger, F. culmorum and Penicillium
sp., observed F.culmorum was the most sensitive
one (Magro et al., 2006; Sitara et al., 2008).

Generally, A.alternata and A.flavus showed
resistance to all extracts, F.culmorum was the most
sensitive strain as both extracts has low inhibiton
percentage. Considering all the results, antifungal
activity was observed against all test
microorganisms. While the findings align with
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some studies in literature, there are also studies that
present contrasting results. Erkmen and Ozcan,
(2008) carried out a study on Turkish bee pollen
with methanol extracts of (0.02% to 2.5% and
mentioned that pollen showed no activity on
selected spoilage and pathogenic microorganisms
which includes Candida albicans, Saccharomyces
cerevisiae, A. alternata and F. oxysporium. Ozcan
et al., 2004 used methanol extract with the
concentrations of 2,5% and 5% on same fungus.

None of the tested pollen extracts were able to fully
suppress the mycelial growth of the fungi.
Additionally, the inhibition percentage for both
concentrations of pollen against A. alternata and F.
oxysporum was less than 50%. Due to these results,
the increase in inhibition percentages depends on
doses and the usage of lower doses may have
provided unsatisfactory results about inhibition
efficacy of bee pollen.

100 100 100

100
80
;\5\ 60 -
= 20 Ay 37 46 o -
k5 =y
c O
= | 1 5 7.5 10 | 1 5 7.5 10 |

| Methanol/Water Extract

Ethanol/Water Extract |

Concentration (% v/v)

Alternaria alternata = Aspergillus flavus m Penicillium chrysogenum m Fusarium culmorum

Figurel. Inhibition percentage of fungi with different amounts of bee pollen extracts

The methanol/water extract generally exhibited
higher antifungal activity at lower concentrations
in comparison to the ethanol/water extract.
However, the ethanol/water extract exhibited a
more precise effect at higher concentrations,
particularly against Fusarium culmorum, where
complete inhibition was observed. The choice of
solvent and concentration plays an essential role in
the efficacy of antifungal activity. The differences
in the antifungal effect with tested extracts may be
assigned to their ability to dissolve polar
compounds like flavonoids and phenolics which
show good antimicrobial activity (Parekh et al.,
2006; Wang and Weller, 2006).

Methanol and ethanol are the most accepted
extraction agents for antimicrobial analysis,
followed by water. The choice of solvent may
influence the extraction efficiency because of its
specific chemical affinity for certain active
components. For instance, water has been shown to
effectively extract flavonoids, including gquercetin
and kaempferol-linked glycosides (Didaras et al.,
2020). Akhir et al. (2017) extracted bee bread using

ethanol and hexane, and showed ethanol exhibited
higher antioxidant and antimicrobial activity
compared to hexane-extracted samples. Since
antimicrobial activity is primarily attributed to
phenolic compounds, the ethanolic aqueous
solution appears to facilitate greater extraction of
these bioactive constituents. In another study,
among the tested solvents (95% ethanol, 70%
ethanol, dichloromethane, and hexane), 70%
ethanol extraction yielded the highest extract
amount (41.1% w/w) and demonstrated the
strongest antioxidant activity. These results suggest
that the aqueous-ethanolic solution (70%) is more
efficient in extracting bioactive compounds as we
used in our study (Rashid et al., 2023). Methanol
was also used alongside ethanol as both are widely
used in similar studies. Methanol is preferred due
to its potential to extract bioactive antifungal
compounds despite its known toxicity (Suurbaar et
al., 2017; Kabra et al., 2019).

Moreover, existing studies have demonstrated that
the effect of solvent on antifungal activity is
specific to microorganisms. For instance, A.
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fumigatus exhibited the highest susceptibility
among Aspergillus spp. when tested against the
70% ethanol extract, whereas it displayed the
highest resistance against the 70% methanol extract
(Kacaniova et al., 2012). These results highlight the
importance of solvent selection and concentration
in influencing antifungal efficacy, underlining the
need for Detailed analysis of these parameters in
future studies.

The antifungal activity of bee pollen cannot be
properly evaluated without considering the key
bioactive compounds. Flavonoids such as quercetin
and kaempferol glycosides interfere with fungal
cell wall synthesis and increase membrane
permeability, break cellular integrity. Phenolic
acids, including caffeic acid and ferulic acid, show
antifungal effect by inducing oxidative stress,
which damages proteins and DNA. Additionally,
the enzyme glucose oxidase generates hydrogen
peroxide, a potent antimicrobial agent that
suppresses fungal proliferation (Bhattacharyaet al.,
2023).

Non-polar solvent extracts, rich in lipophilic
fractions, have demonstrated efficacy against
common foodborne fungi like Penicillium and
Aspergillus by disrupting their lipid membranes.
Organic acids also make the environment too
acidic for fungi to survive (Kaskoniené et al.,2020).
Importantly, the interaction of these diverse
compounds likely produces synergistic effects,
enhancing the overall antifungal activity.

Besides phenolic compounds, macronutrient
composition of bee pollen also significantly
influences its antimicrobial activity. Phospholipids
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GIDA VE YEM BIiLIiMi-TEKNOLOJiSi DERGISi
ETiK KURALLARI ve INTIHAL KONTROLU

Gida ve Yem Bilimi-Teknolojisi Dergisi, Yayin Etigi Komitesi [Committee on Publication Ethics (COPE)]
tarafindan hazirlanan yonerge (The COPE Code of Conduct for Journal Editors) hiikiimlerine uymay1 kabul ve taahhiit

etmistir.

Dergi tarafindan kabul edilen etik gorev ve sorumluluklar Committee on Publication Ethics (COPE) ve Council
of Science Editors (CSE) tarafindan yaymlanan rehberler ve politikalar dikkate alinarak hazirlanmistir.

A- EDITORLER ve YAYIN KURULUNUN UYMASI GEREKEN ETiK KURALLAR

Gida ve Yem Bilimi-Teknolojisi Dergisi’nin Editorler Kurulu, agik erigim olarak Committee on Publication
Ethics (COPE) tarafindan yayinlanan "COPE Code of Conduct and Best Practice Guidelines for Journal Editors" ve
"COPE Best Practice Guidelines for Journal Editors" rehberleri temelinde belirtilen tiim etik gérev ve sorumluluklara

bagli kalmay1 taahhiit eder.

1-Editorler, dergide basilan tiim makalelerden sorumlu olup derginin niteliginin iyilestirilmesine katki yapmakla

yiikiimliidiirler.
2-Editdrler, okuyuculardan gelen geri bildirimleri dikkate almak ve geri bildirim vermekle yiikiimliidiirler.

3- Editorler, dergiye gonderilen caligmalarin 6nemi, 6zgiin degeri, gecerliligi, anlatimin agiklig1 ve derginin amag ve

hedeflerine uygunlugu bakimimdan degerlendirerek olumlu ya da olumsuz karar vermelidirler.

4-Editorler, dergiye gonderilen ¢aligmalari; yazarlarin sosyal, kiiltiirel, ekonomik 6zellikleri ile dini inanglar1 goz 6niine

alimmaksizin, sadece entelektiiel degerleri ¢ercevesinde degerlendirilmelidir.

5-Editorler ve Yaym Kurulu, dergiye yaymlanmak iizere gonderilen calismalarin, 3 hafta icerisinde degerlendirmeye

alip almayacaklarina karar vermeli ve bunu yazara bildirmelidirler.
6-Editorler ve Yayin Kurulu, makaleyi ilk inceleme sonucunda ret etme hakkia sahiptir.

7-Dergiye gonderilen ¢aligmalar editorler tarafindan dncelikle intihal ihtimaline karsi raporlarin olup olmadigi kontrol
edilmelidir. Bu asamada intihal raporu olmayan g¢alismalar ve intihal ihtimali olan c¢aligmalar, edit6rler tarafindan
reddedilir.

8-Editorler ve Yaym Kurulu Uyeleri Dergiye gonderilen makaleleri hakemler disinda hi¢ kimseye ifsa etmemelidirler.

9-Editorler, dergiye gonderilen c¢aligmalari kabulil i¢in yazarlara dergideki herhangi bir makaleye veya bagka bir

caligmaya atif yapmasi konusunda telkinde bulunmamalidir.
10-Editorler, makaleleri ayni disiplindeki konu uzmanliklarina uygun olan hakemlere géndermelidirler.

11- Yaymn Kurulu, yazarlarla, yazarlarin kurumlar1 ya da yazarlarin bir veya daha fazla ilgi alani ile ilgili herhangi bir
cikar catismasi/cakismasi yasama durumundaysa, gorevlendirilen editdre bilgi vermeli ve degerlendirme siirecinden

¢ekilmelerini istemelidirler.

12-Editorler, hakemleri tarafsiz, bilimsel ve nesnel bir dille calismay1 degerlendirmeleri igin tesvik etmelidirler.



https://dergipark.org.tr/
https://dergipark.org.tr/tr/download/file/6
http://publicationethics.org/
https://www.councilscienceeditors.org/
https://www.councilscienceeditors.org/

13-Editorler, makaleleri objektif degerlendiren, hakemlik silirecini zamaninda yerine getiren, makaleyi yapici

elestirilerle degerlendiren ve etik kurallara uygun davranan bilim insanlarinin olmasina 6zen gostermelidirler.

14-Editorler, yayin kurulu ve hakemler kurulu tiyelerini, uzmanlik alanlarina uygun, katki saglayabilir ve uygun nitelikte

belirleyerek kurullara derginin yayin politikalar1 konusunda bilgi vermekle yiikiimliidiir.
B-YAZARLARIN UYMASI GEREKEN ETiK KURALLAR

Gida ve Yem Bilimi-Teknolojisi Dergisi yaym etigi acisindan, COPE (Committee on Publication Ethics)

tarafindan kabul edilen kriterlere uymayi taahhiit eder.

1-Eserlerin tim sorumlulugu yazarlarina aittir. Eserler, bilim etigi ilkelerine uygun olarak hazirlanmali, Etik Kurul

Raporu gerektiren durumlarda bir kopyas: eklenmelidir.

Asagidaki arastirma konulari ile ilgili Etik Kurul Raporu bilgileri (kurul adi, tarih ve say1 no) yontem boliimiinde

ve ayrica makale son sayfasinda ek olarak verilmelidir.

v Anket, miilakat, odak grup calismasi, gozlem, deney, duyusal analiz, goriisme teknikleri kullanilarak

katilimcilardan veri toplanmasini gerektiren nitel ya da nicel yaklagimlarla yiiriitiilen her tiirlii aragtirmalar.
v' Insan ve hayvanlarin (materyal/veriler dahil) deneysel ya da diger bilimsel amaglarla kullanilmasi,
v Insanlar iizerinde yapilan klinik arastirmalar,
v' Hayvanlar {izerinde yapilan aragtirmalar,
v’ Kisisel verilerin korunmasi kanunu geregince retrospektif ¢aligmalar.

v Ayrica, kullanilan fikir ve sanat eserleri i¢in telif haklari diizenlemelerine riayet edilmeli, baskalarina ait dlgek,

anket, fotograflarin kullanimi i¢in sahiplerinden izin alinmasi.

2-Yayimlanmasi istenilen eserlerin herhangi bir yerde yayimlanmamis veya yayimlanmak iizere herhangi bir dergiye

gonderilmemis olmasi zorunludur.
3-Ancak; yurtici veya yurtdisi kongrelerde sunularak yalnizca 6zeti yayimlanmis makaleler yayima kabul edilmektedir.

4-Dergiye yayimlanmak iizere gonderilen eserlerle birlikte Telif Hakki Devir S6zlesmesi de tiim yazarlarca imzalanarak,

makale ile birlikte gonderilmelidir.

5-Dergi, COPE hiikiimleri dogrultusunda, hakemlerin ve yazarlarin kimliklerinin birbirinden gizlendigi double blind

peer review (Cift Kor) hakem degerlendirmesi sistemini kullanmaktadir

6-Yayin siirecinde, dergi ile yazismalar1 yapan kisi/kisiler “Sorumlu Yazar” olarak kabul edilir. Yazigsmalarin diger
yazarlarla paylasilmasi, gerekli islemlerin zamaninda ve dogru olarak yapilmasi “Sorumlu Yazar’a aittir. “Sorumlu

Yazar” makalenin ilk ismi olmak zorunda degildir.
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7-Degerlendirme siireci baglamis bir ¢calismada yazar ekleme, yazar sirasi degistirme ve yazar ¢ikartma gibi 6zel

durumlar “Sorumlu Yazar” inisiyatifindedir.
8-Son Kontrol Listesi sadece sorumlu yazar tarafindan imzalanarak makale ile birlikte gonderilmelidir.

9-Gida ve Yem Bilimi-Teknolojisi Dergisi yayimlanmak tlizere gonderilen makaleler, hakem siireci baslatildiktan sonra

geri ¢ekilemez.

10-Gida ve Yem Bilimi-Teknolojisi Dergisi Intihal ve Duplicate dniine gegmek iizere sorumlu yazarlardan intihal raporu

talep edilir.
11-Benzerlik orani kaynakea hari¢ en fazla %30 olmalidir.

12-Yazarlar, yaymlanmak iizere gonderilen tiim c¢alismalarin potansiyel ¢ikar ¢atismasi teskil edebilecek durumlari ve

calismalar1 destekleyen kuruluslari makalenin son kisminda beyan etmekle yiikiimliidiirler.

13-Ayrica, ¢alisma lisansiistii tezlerden liretilmis ise ve ¢alismaya katkisi i¢in tesekkiir edilecek kisi veya kurumlar varsa

bu gibi durumlarin da makalenin son kisminda belirtilmesi gerekmektedir.
C-HAKEMLERIN UYMASI GEREKEN ETiK KURALLAR

1-Hakemler, Gida ve Yem Bilimi-Teknolojisi Dergisi’ne gdnderilen bir ¢alisma kendi uzmanlik alaninda degilse,
makale konusu hakkinda yeterli bilgiye sahip degilse ya da zamaninda bir degerlendirme yapamayacak durumda ise,

editorii bu durumdan haberdar ederek degerlendirme gorevinden ayrilmalidir.

2-Hakemler, yazari ile aralarinda rekabet, is birligi veya bagka tiirlii iligki ya da baglantilar bulundugunu tespit ettigi

caligmalar kesinlikle degerlendirmemelidir.
3-Hakemler, gizlilik ilkesine riayet ederek degerlendirmesini yapmali, ¢alismayi tiglincii kisilerle paylasmamalidir.

4-Hakemler, inceleme siirecinde elde etmis oldugu ayricalikli bilgi ve fikirleri gizli tutmali ve kisisel ¢ikart i¢in

kullanmamalidir.

5-Hakemler, elestiri ve dnerilerini nazik bir dille objektif ve yapict bir sekilde yapmalidir.
6-Yazara kars1 iftira ve hakaret igeren asagilayict yorum ve elestiri kullanilmamalidir.
7-Hakemler, fikirlerini acik bigimde destekleyen belgelerle desteklemelidir.

8-Hakemler, degerlendirilen ¢alismanin daha 6nce yayinlanmis baska bir calisma ile arasinda esasli bir benzerlik tespit

etmeleri halinde, durumu editore iletmelidirler.
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GIDA VE YEM BIiLiMi-TEKNOLOJiSi DERGISi
GENEL iILKELER ve YAZIM KURALLARI

Gida ve Yem Kontrol Merkez Arastirma Enstitiisii Gida ve Yem Bilimi-Teknolojisi Dergisi, yilda iki defa (Ocak

ve Temmuz) yayimlanan hakemli bir dergidir.

Dergide, 6zgiin arastirma iriinii makaleler ile belirli bir konuyu yeterli sayida kaynaktan arastirarak hazirlanmig

derleme makaleleri yayimlanir.
Onemli bir potansiyeli ya da bulgusu olmayan ve sadece yerel ilgi cekecek makaleler basima kabul edilmez.
Derleme makalelerde, en az %75’1 son 10 yila ait olmak {izere en az 30 kaynak olmalidir.

Dergide yayimlanacak makaleler; gida, yem, bunlara ait katki maddeleri ve hammaddeler, su-atiksu, su {irtinleri,

gida ile temas eden madde ve malzemelerde;

> Giivenilirlik ve kalite

Isleme teknolojileri

Analiz yontemleri
Biyogiivenlik ve biyoteknoloji
Sosyo-ekonomik aragtirmalar

Mevzuatlar

YV V. V V VYV VY

Diger konular (geleneksel gidalar, organik gida ve yem, beslenme, gida kimlik belirleme, gida ve yem

sanayi atiklarinin degerlendirilmesi vb.) ile ilgili olmalidir.

"Gida ve Yem Bilimi-Teknolojisi" dergisine gonderilmis ve makalenin tamami ya da bir bolimiiniin herhangi
bir dilde daha 6nceden yaymlanmamis (tezler ve kongre sunu 6zetleri harig) baska bir dergiye basim i¢in gonderilmemis
olmasi gerekir. “Gida ve Yem Bilimi-Teknolojisi” dergisinde yayinlanmis olan bir makale baska bir yerde yayinlanamaz

(BGA-FR-104 Telif Hakk1 Devri Formu dikkate alinir).
Etik Kurul izin Belgesi’nin kullanildig1 arastirmalarda bu belgelerin makaleye eklenmesi gerekir.

Yaynlanmasi i¢in “Gida ve Yem Bilimi-Teknolojisi” dergisine gonderilen makalede herhangi bir kurum ya da
kurulustan dogrudan ya da dolayli alman deste§in makale icinde ilk sayfa dipnot veya tesekkiir bashigi altinda

belirtilmesi tiimiiyle yazarlarin sorumlulugundadir.

Tim asamalardan ge¢mis dergimizde yayinlanmasi uygun olarak degerlendirilmis makalenin hangi sayida

yayinlanacagi ile ilgili bilgi sorumlu yazara iletilir.

Asagida verilen yazim kurallarina uymadan hazirlanmis ve/veya dergi yayin ilkeleri ile uyusmayan makaleler,

hakeme gonderilmeden yazara iade edilir.
1.1.1. MAKALE GONDERIMi

Makaleler, basili kopyaya gerek olmaksizin bursagida@tarimorman.gov.tr ve dergi.bursagida@gmail.com

adresine e-posta yolu ile génderilmelidir.

Makaledeki bilgilerin dogrulugunun sorumlulugu yazar(lar)a aittir.
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Yazar isterse, makaleyi degerlendirmek iizere Son Kontrol Listesi Formunda (BGA-FR-103) ilgili boliime ii¢

isme kadar hakem onerebilir. Editdr ve Yayimn Kurulu, hakemleri segme hakkini korur.

Gonderilen yazilar, 6nce dergi editorleri tarafindan dergi ilkelerine uygunluk agisindan incelenir. Uygun

bulunmayanlar i¢in kabul edilmeme sebebi yazara bildirilir.

Uygun bulunanlar, o alandaki en az iki hakeme gonderilir. Hakemlerden birinden olumsuz sonug gelmesi
halinde iiclincii hakeme gonderilir. Dergi, COPE hiikiimleri dogrultusunda, hakemlerin ve yazarlarin kimliklerinin

birbirinden gizlendigi double blind peer review (Cift Kor) hakem degerlendirmesi sistemini kullanmaktadir.

Hakemler, Hakem Degerlendirme Formunu (BGA-FR-102) doldurarak makale ile ilgili degerlendirmelerini
editore iletirler. Hakemlerin ve yazarlarin isimleri gizli tutulur ve raporlar bes yil siireyle saklanir. Hakem raporlarindan
ikisi olumlu, digeri olumsuz oldugu takdirde, yaz1 editdr kurulu kararina gore yayimlanir. Olumsuz goriis bildiren
hakeme durum hakkinda bilgi verilir. Yazarlar, hakemlerin goriis ve Onerileri dogrultusunda diizeltmeleri yaparlar.

Editor ve Yayin Kurulu gerektigi durumlarda yazilarin yazim sekli tizerinde degisiklik yapabilir

Biitiin makaleler ile birlikte Telif Hakki Devri Formu (BGA-FR-104) ile Son Kontrol Listesi (BGA-FR-103)

gonderilmelidir.

http://arastirma.tarimorman.gov.tr/bursagida veya https://dergipark.org.tr/tr/journal/197/file-manager

adreslerindeki Telif Hakki Devri Formu (BGA-FR-104) doldurulup sorumlu yazar tarafindan imzalandiktan sonra

tarayicidan gecirilmeli ve elektronik dosya olarak dergi.bursagida@gmail.com adresine mail ile gonderilmelidir.

Makale basim i¢in kabul edilmezse Telif Hakki Devri Formunun (BGA-FR-104) yasal bir 6nemi kalmaz ve hiikiimstiiz

olarak kabul edilir.

Telif Hakki Devri Formunun (BGA-FR-104) imzalanmast ile yazar, makalenin Gida ve Yem Bilimi-Teknolojisi
dergisinde basilmasi ve web sayfasinda yayinlamasina ilaveten makalenin tamami ya da bir kisminin yasal olarak
cogaltilmasi, yeniden basilmasi ve dagitilmasi hakkini Gida ve Yem Kontrol Merkez Arastirma Enstitlisii Miidiirliigii'ne

devrederek, kendi haklarindan feragat etmektedir.
1.1.2. MAKALENIN HAZIRLANMASI

Dergiye basvuru sirasinda gonderilecek makale, Microsoft Word yazilimiyla, A4 boyutundaki kagidin tek
yiiziine Times New Roman yaz tipi, 12 punto ve 2 satir aralikla iki yana yaslanmis olarak yazilmali ve satirlar
numaralandirilmalidir. Kenar bosluklari, her bir kenardan 2,5 cm olmalidir. Sayfada gdlgelendirme ve ¢ergeve vb.
uygulamalar yapilmamalidir. Makale igerigi, dil bilgisi kurallarina 6zen gosterilerek akici ve anlasilir bir sekilde
yazilmalidir. Makaleler, cizelge ve sekiller dahil toplam 22 sayfay1 gegmemelidir. Editér ve yayin kurulu, makalenin
kisaltilmasim isteyebilir. Ayn kapak sayfasi digindaki tiim sayfalar numaralandirilmali, ancak metin iginde belirli bir

sayfa numarasina atif olmamalidir.

Makale;
e Makale tiirii (Ozgiin Arastirma / Original Article - Derleme Makale / Review Paper),
e Baslik, Ingilizce Baslik,
e Yazar Isimleri ve Adresleri

e ORCIDID,
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e Oz
o Tiirkge Anahtar Kelimeler,
e Abstract, Keywords,
e Ana Metin:
o Giris,
o Materyal ve yontem (Ozgiin Arastirma),
o Bulgular ve tartisma (Ozgiin Arastirma),
o Sonug,
o Tesekkiir (gerekiyorsa),
o Kaynaklar bagliklar1 altinda hazirlanmalidir.
Kisaltmalar metin icerisinde ilk kullanildig1 yerde tanimlanmalidir. Calisma igerisinde gecen mikroorganizma
isimleri ile Latince ifade ve isimler italik olarak yazilmali ve kisaltmalarda uluslararasi yazim kurallar1 g6z 6niinde

bulundurulmalidir. ingilizce hazirlanacak makalelerde ana metin kistmlar1 aym basliklardan olusmalidir.

Bashk: Makale baslig1 metne uygun kisa ve agik, Ingilizce ve Tiirkce, sadece ilk harfi biiyiik, 12 punto, koyu
ve sayfaya ortalanmis olmalidir. Diger basliklar da sola dayali olarak yazilmali ve sadece ilk kelimenin ilk harfi biiyiik

yazilmalidir.

Yazar isimleri: Eserin yazar ya da yazarlarinin adi1 ve soyadi bashigin hemen altinda bir satir bosluktan sonra,
unvan belirtilmeden, 10 punto, yazarin isim ve soyadi bas harfleri biiyiik ve kelime koyu yazilmalidir. Altina bagh
olduklar1 kurumlar numaralandirilarak italik ve 8 punto olarak yazilmalidir. Kurumlarin altina ise ORCID ID bashg1
koyu renk olacak sekilde, numara ve unvanlar yer almalidir. Bu bilgilerin altinda ise yazigmalardan sorumlu yazara ait

iletisim maili bulunmalidir.

Oz/Abstract: Tiirkgede 250, Ingilizcede 300 kelimeyi ge¢gmeyecek sekilde yazilmalidir. Oz béliinmiis olarak
diizenlenmelidir. Derleme makalelerde boliinmiis 6z, Amag/Objective ve Sonug/Conclusion olarak belirtilmelidir.
Ozgiin arastirma makalelerde ise béliinmiis 6z; Amag/Objective, Materyal ve yontem/Material and method, Bulgular ve

tartigma/Results and discussion ve Sonug/Conclusion, olarak diizenleme yapilmalidir.

Anahtar Kelimeler / Keywords: Ozetlerin altina eser metnini ifade edebilecek en az 3 en gok 7 adet anahtar

kelime 6zel isimler harig kii¢lik harfle yazilmalidir. Anahtar kelimeler 6zet igerisinde yer almalidir.

Metin: Ozgiin Arastirma makalelerde; Giris, Materyal ve yontem, Bulgular ve tartisma ile Sonug kisimlarindan
olugur. Derlemelerde ise konuya uygun olarak bdliimlendirme yapilabilir. Metin igerisinde gegen tiim baslik ve alt

basliklar bir alt satirda Ingilizce ve italik olarak yazilabilir.

Cizelgeler ve Sekiller: Yazi icinde gegen tablolar, “cizelge”; grafik, resim, fotograf, harita ve akim semalari

ise “sekil” olarak isimlendirilmeli ve 11 puntodan diisiik punto kullanilmasindan olabildigince kag¢inilmalidir.

Cizelge basliklari ¢izelgenin {istiine, sekil bagliklar1 ise seklin altina yazilmali ve sirayla numaralandirilmalidir.
Kullanilan ¢izelge ve sekillere metin i¢inde atif mutlaka yapilmalidir. Metin i¢cinde gegen veriler gizelge ve sekillerin
tekrart olmamalidir. Cizelge ve sekillerin basliklari icerikleriyle uyumlu ve anlagilabilir olmalidir. Sekiller ve resimlerin
yiiksek ¢oziiniirliikte olmasina dikkat edilmelidir. Resimler (ve gerekiyorsa sekiller) .jpg veya .png formatinda metin

igerisinde yer almalidir. Cizelge ve sekillerde verilecek dipnotlar ¢izelge ve sekillerin altina 8 punto ve italik olarak
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yazilmalidir. Tercihe baglh olarak Tiirk¢e arasgtirma makalelerinde ¢izelge/sekil basligi ve varsa tiim dipnotlar

cizelgede/sekilde yer alan Tiirkce kelimelerin ingilizcesi de bir alt satirinda italik olarak yazilmalidr.

Metin icinde gecen kaynak bildirimleri ve kaynaklar kismi APA yazim stili kullanilarak hazirlanmalidir.
Kaynaklari yaziminda agagidaki 6rnek yazim bigimleri kullanilmali ve makalelerin yayinlandigi dergi isimleri kisaltma
kullanilmadan ve italik olarak yazilmalidir. Web adreslerine atif yapilacaginda (miimkiin oldugunca Resmi web

sayfalarina atif yapilmalidir) mutlaka ilgili web adresine erisim tarihi verilmelidir.
Kaynaklar:
Metin icinde yazar veya yazarlara yapilan atif

Tek yazar:

Vurarak (2021) ’a gore
(Vurarak, 2021).

iki yazarh:

Ciniviz ve Yilmaz Ersan (2021)’a gore

(Ciniviz ve Yilmaz Ersan, 2021)
Uc ve daha fazla yazarh metinlerde, sadece ilk yazarin adi kullamlip sonrasinda “vd.” ifadesi kullamhr:

Harris vd. (2001) ifade ettigi tizere (...)
Harris vd. (2001)’ne gore (...)
(Harris vd., 2001)

Yazar bir organizasyon veya hiikiimet kurumu ise,
Ik atifta oldugu gibi atif yapihir; eger cok bilinen bir kurum ise, sonraki kullanimlarda kisaltmasi tercih edilir:

Ik ati1f: Association of Official Analytical Collaboration International’a (2021) gore
Ikinci atif: AOAC’a (2021) gore

[lk atif: (Association of Official Analytical Collaboration International [AOAC], 2021)
Ikinci atif: (AOAC, 2021)

Aym parantezde birden fazla esere atifta bulunuldugunda, bunlar harf sirasina gore dizilmeli ve iki eser noktah

virgiil ile ayrilmahdir:

(Ciniviz ve Yilmaz Ersan, 2021; Hamzaoglu vd., 2021; Vurarak, 2021).

Aym soyisme sahip yazarlarda, karisikligi 6nlemek icin ismin ilk harfi de kullanilir:
(E. Kural, 2010; L. Kural, 1999)

Ayn yazarm aym yll yayimlanan iki veya daha fazla eserine atif yapiliyorsa; yildan sonra (a, b, ¢) harfleri

kullanilir:
Rice (2017a)’nin ¢alismasina gore
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Rice (2017b)’nin galismasina gore
Dipnotlar ve sonnotlar

APA yazim stilinde, dipnot ve son not kullanim1 pek tercih edilmemektedir. Bundan dolayr miimkiin oldugu

kadar az dipnot kullanilmalidir. Yalnizca ¢ok elzem bir agiklayici not gerektiginde dipnot kullaniimalidir.

Onemli not: APA atif ve kaynakcada “and” yerine “&” kullamlmasin1 énermektedir. Ancak Tiirkcede “&”
sembolii “ve” yerine kullanilmadigindan, Tiirk¢e olarak yazilan metinlerde atif yaparken ve kaynakca yazarken “&”
sembolii kullanilmamalidir. Ayrica, ii¢ kisiden ¢ok yazarli metinlere atif yaparken APA “et al.” (Hamzaoglu et al., 2021)
kullanilmasin1 6nermektedir. Ancak Tiirkgede “et al.” yerine “vd.” (Hamzaoglu vd., 2021) kullanilmalidir. Makale

Ingilizce ise yerine gore “&” sembolii ve “and” kullanilmalidir.
Kaynak listesi:

Yararlanilan kaynaklar sira numarasi verilmeksizin yazarin soyadi dikkate alinarak alfabetik siraya gore

yazilmalidir. Ayn1 yazara ait fazla sayidaki eserler kronolojik olarak siralanmalidir.
Tek yazar:

Vurarak, Y. (2021). Semi-Mechanical Harvesting method effect on oil content and fat composition of sesame. Gida ve
Yem Bilimi Teknolojisi Dergisi, (25), 39-47. Retrieved from
https://dergipark.org.tr/tr/pub/bursagida/issue/60450/886028

iki yazar:

Ciniviz, M. ve Yilmaz Ersan, L. (2021). Siit diriinleri tiiketiminin kolorektal kanser lizerine etkisi. Gida ve Yem Bilimi

Teknolojisi Dergisi, (25), 1-14. Erisim: https://dergipark.org.tr/tr/pub/bursagida/issue/60450/885980

Ug ile yedi yazar aras::

Hamzaoglu, M., Demir, S., Tosunoglu, H., Zengingoniil Gékgay, R. ve Deniz, A. (2021). QuEChERS -LC MS/MS
yonteminin ballarda bazi pestisit kalintilari i¢in metot validasyonu. Gida ve Yem Bilimi Teknolojisi Derdisi, (25), 48-
56. Erigim: https://dergipark.org.tr/tr/pub/bursagida/issue/60450/886069

Yedi yazardan fazla ise; ilk alti yazarin adi listelendikten sonra ii¢ nokta koyup son yazarin adi eklenir.

Yedi isimden fazlas1 yer almamahdir:

Miller, F. H., Choi, M. J., Angeli, L. L., Harland, A. A., Stamos, J. A., Thomas, S. T., .. .and Rubin, L. H. (2009). Web

site usability for the blind and low-vision user. Technical Communication, 57, 323-335.
Organizasyonun yazar oldugu durumlarda:
AOAC. (2021).
Ayni yazarin iki ve daha fazla ¢calismasi kullanilmigsa; kaynaklar tarih sirasina gore dizilmelidir:

Cetin, T. (2019).
Cetin, T. (2020).
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https://dergipark.org.tr/tr/pub/bursagida/issue/60450/885980
https://dergipark.org.tr/tr/pub/bursagida/issue/60450/886069

Eger yazar bir ¢calismada tek yazar ve baska calismada ortak yazar ise, once tek yazarh olan calisma

listelenmelidir:

I¢, E. (2000). Hiyar tursusu salamurasinda kalsiyum kloriir kullanarak tuz konsantrasyonunun azaltilma olanag iizerine

arastirma. Ankara Universitesi Fen Bilimleri Enstitiisii, Doktora Tezi-117 s. Ankara.

I¢, E., Ozgelik, F. ve Denli, Y. (1999). Hiyar tursularinin depolanmas: iizerine kalsiyum asetat ve pastdrizasyonun etkisi.

Gida, 24 (4): 243-250.

Eger bir yazarin farkh yazarla yayimladig eserler varsa, siralama alfabetik olarak ikinci veya sonraki

isme bagh olarak yapilir:

Wegener, D. T. Kerr, N. L., Fleming, M. A. and Petty, R. E. (2000). Flexible corrections of juror judgments: Implications
for jury instructions. Psychology, Public Policy, and Law, 6, 629-654.

Wegener, D. T., Petty, R. E. and Klein, D. J. (1994). Effects of mood on high elaboration attitude change: The mediating
role of likelihood judgments. European Journal of Social Psychology, 24, 25-43.4

Bir yazarin aym y1l yayimlanmuis iki veya daha fazla calismasi varsa, (a, b, ¢) gibi harfler kullanilir:

Rice, W.E. (2017a). Alkalinity 2320 B, Standard methods for the examination of water and wastewater, 23rd Edition,
ISBN: 9780875532875.

Rice, W.E. (2017b). Chloride 4500 CL, Standard methods for the examination of water and wastewater, 23rd edition,
ISBN: 9780875532875.

Kitap yazar bilinmeyen durumlarda:

Anonim (1983). Gida maddeleri muayene ve analiz yontemleri. TOKB Koy Hiz. Gen. Miid. Yayinlari, Genel Yayin
No: 65, 796 s, Ankara.

Kongre bildiri veya poster:

Parsons, C.M. (1994). Amino acid availability for poultry. 9th European Poultry Conference, World's Poultry Science
Association, Book of proceedings, Glasgow, UK, Vol: 2, 356-359.

Makale:

Karakaya, M., Sarigoban, C. ve Aksogan, M. (2003). Tavsan etinin prerigor ve postrigor asamalarinda bazi teknolojik

ozelliklerinin tespiti. Gida ve Yem Bilimi-Teknolojisi Dergisi, 3, 15-19.
Internet Kaynagi:

Warrence, N.J., Bauder J.W. and Pearson K.E. (2004). Basics of salinity and sodicity effects on soil physical properties.
Land Resources and Environmental Sciences Department, Montana State University,

http://waterquality.montana.edu/docs/methane/basics.pdf (Erisim Tarihi/Access Date: 15.12.2004).
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