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Gida ve Yem igin Hizli Alarm Sistemi; Avrupa Komisyonu tarafindan olusturulmus, gida zincirinde halk sagligina
yonelik riskler tespit edildiginde hizli sekilde bilgi akisini ve tepki verilmesini saglayan bir veri tabanidir. Bu ¢a-
lisma kapsaminda, 2000-2020 yillart arasinda Hizli Alarm Sistemi veri tabaninda yer alan gidalarda bulunan cev-
resel kirletici kaynakli bildirimler ile ilgili ayrintili bir rapor hazirlanmstir. Sistemden elde edilen tiim veriler Mic-
rosoft Office Excel 2010 kullanilarak degerlendirilmistir. Yirmi bir yil igerisinde gergeklestirilmis 774 bildirim
incelendiginde, bildirimlerin %32’sinin “balik ve balik tiriinleri”, %29 unun “siv1 ve katt yaglar” ve %11’inin “di-
yetetik {iriinler ve gida takviyeleri” hakkinda olusturuldugu belirlenmistir. Temel problemin (bildirimlerin %12’si)
“polisiklik aromatik hidrokarbonlar” oldugu saptanmustir. Tiim bildirimler i¢inde %33 iiniin “ciddi risk” derecesine
sahip oldugu bulunmustur. En fazla bildirim (81 bildirim) 2001 yilinda bulunmaktadir. Ek olarak, bildirimlerin
%611 “alarm”, %131 “bilgi”, %11°1 “dikkat gerektiren bilgi”, %11°1 “sinir iadesi” ve %41 “takip gerektiren bilgi”
bildirimleri tiiriindedir. Bildirimlerin biiyiik bir kismi (415 bildirim) piyasadaki resmi kontroller sonucunda olustu-
rulmustur. Almanya, 178 bildirim ile en yiiksek bildirimde bulunan iilkedir. Bildirimler sonucunda genellikle “iiriin-
lerin piyasadan toplatilmas1” ve “{iretici firmanin iirlinleri piyasadan geri ¢gekmesi” yaptirimlari uygulanmustir.

Anahtar Kelimeler: Cevresel kirleticiler, Gida giivenligi, Hizli Alarm Sistemi, Rapid Alert System for Food and
Feed (RASFF), RASFF bildirimleri

ABSTRACT
Environmental pollutants notifications in Rapid Alert System for Food and Feed

Rapid Alarm System for Food and Feed (RASFF); is a database created by the European Commission that provides
rapid information flow and response when risks to public health are identified in the food chain. Within the scope
of this study, a detailed report was prepared on the notifications of environmental pollutants in foods in the Rapid
Alarm System database between 2000 and 2020. All data obtained from the system were evaluated using Microsoft
Office Excel 2010. When 774 notifications made in 21 years were examined, it was determined that 32% of the
notifications were about “fish and fish products”, 29% about “oils and fats” and 11% about “dietetic products and
food supplements”. The main problem (12% of the notifications) was determined to be “polycyclic aromatic hydro-
carbons”. Among all notifications, 33% of them were found to have a “serious risk” degree. The highest number of
notifications (81 notifications) was detected in 2001. Additionally, 61% of the notifications were in the “alert”, 13%
“information”, 11% “information for attention”, 11% “border rejection” and 4% “information follow-up” notifica-
tions. Most of the notifications (415 notifications) were created as a result of official controls in the market. Ger-
many was the country with the highest notifications, with 178 notifications. As a result of the notifications, sanctions
were generally imposed on “withdrawal of products from the market” and “withdrawal of products from the market
by the manufacturer”. Considering the decrease in PAH notifications from food-related environmental pollutants
over the years, it can be thought that the Rapid Alert System was effective in the decrease in the number of notifi-
cations.

Keywords: Environmental pollutants, Food safety, Rapid Alert System for Food and Feed (RASFF),
RASFF notifications
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Giris

Gida giivenligi; gidalarda olusabilecek biyolojik, kimyasal ve
fiziksel tiim zararlar1 ortadan kaldirmak amaciyla alinan 6n-
lemlerin tiimii anlamina gelmektedir (Tarim ve Koyisleri Ba-
kanligi, 2008). Birlesmis Milletler Gida ve Tarim Orgiitii
(FAO)’ne gore ise gida giivenligi insanlarin saglikli bir ya-
sam i¢in giivenli ve yeterli gidaya ulasabilmeleridir (Karabal,
2019). Gida ve Yem i¢in Hizli Alarm Sistemi (RASFF); Av-
rupa Komisyonu tarafindan gelistirilmis, Avrupa Birligi (AB)
iiye llkeleri igin gida giivenligi ile ilgili bilgileri toplamak
amaciyla merkezi bir veri tabani olarak hizmet veren izleme
ve bildirim aracidir (Dada ve ark., 2021). Bu ¢evrimigi veri
taban1 “tarih, iilke, tip (gida, yem), iiriin (kategori), risk du-
rumu, referans numarasi, bildirim konusu” gibi kriterler kul-
lanilarak gida giivenligi ile ilgili bilgilere ulagilmasina imkan
tamir (RASFF, 2021). Insan ve hayvan sagligi agisindan riskli
bir durum ortaya ¢iktig1 takdirde iiyeler tarafindan bildirimler
olusturularak, komisyona haber verilir (Cinar ve ark., 2017).
Veri tabani iizerinde 24 saat kesintisiz bilgi akis1 mevcuttur
(Dada ve ark., 2021). Sistem gida giivenliginin yani sira gida
sahtekarlig1, ikameler ve dogrudan gida tehlikesi olarak kabul
edilmese dahi ekonomik 6nem tagiyan tagsisleri izlemek i¢in
de kullanilabilir (Dada ve ark., 2021).

Hizli Alarm Sistemi’nin kurulusu Avrupa Konseyi’nin (EC)
178/2002 sayili karar1 olan “Genel Gida Yasas1” ile resmiles-
tirilmistir (Cinar ve ark., 2017; RASFF, 2021). Bu sistemin
yasal temeli Avrupa Konseyi Yonetmeligi’nin 50. madde-
sinde belirtilmektedir. Olusturulmus bu bilgi ag1 igerisinde
AB’nin 28 iye iilkesi, Avrupa Ekonomik Alani (AEA)’nin {i¢
iilkesi Norveg, Izlanda ve Lihtenstayn, ek olarak Isvicre, Av-
rupa Komisyonu-Saglik ve Gida Giivenligi Genel Miidiirligii
ve Avrupa Gida Giivenligi Otoritesi (EFSA) tarafindan temsil
edilen Avrupa Komisyonu (EC), Avrupa Serbest Ticaret Bir-
ligi (EFTA) Gozetim Kurumu (ESA) yer almaktadir (Calde-
ira ve ark., 2021). Sistemde yer alan bildirimler; alarm, bilgi,
sinir iadesi ve haber bildirimleri olarak doért grup altinda in-
celenmektedir. Alarm bildirimleri, ciddi saglik riski tasiyan
bir gida veya yem iirlinii piyasaya sunuldugunda, hizli 6nlem
almmas gerektigi durumlarda gerceklestirilir. Bilgi bildirim-
leri, piyasaya siiriilen {iriinler ile ilgili bir risk tespit edildi-
ginde ancak, heniiz {irlinlin pazarlarina ulagsmadig ya da artik
pazarlarinda bulunmayan {ilkelerde, hizli 6nlem gerektirme-
yen durumlarda olusturulur. Sinir iadesi, saglik riski tespit
edildiginde AB’nin dis sinirlarindan reddedilen {iriinler igin
gergeklestirilirken, haber bildirimleri ise hakkinda alarm,
bilgi ve sinir iadesi bildirimleri olusturulmamus tirtinler ile il-
gili yetkililerin dikkatini ¢eken bir durum ortaya ¢iktig: tak-
dirde iiyeleri bilgilendirmek amaciyla olusturulmaktadir
(RASFF, 2021).

Son yillarda Hizli Alarm Sistemi’nden; gidalarda yabanci
madde kontaminasyonlarinin incelenmesinde, deniz tiriinle-
rini etkileyen uygunsuzluklarin degerlendirilmesinde, gida
kirleticileri (gida ile temas eden maddeler, farmakolojik ola-
rak aktif maddeler ve diger gida kirleticileri) hakkinda yer
alan bildirimlerden faydalanilarak kirletici madde maruziye-
tinin daha hizli tespitinde, Listeria monocytogenes ile konta-
mine olmus gida triinlerine iligkin bildirimler analiz edilerek
tilketicinin gida kaynakli listeriosis hastaligindan korunma-
sinda, gida alerjenleri ile ilgili bildirimler esas alinarak
1169/2011 sayil1 AB tiiziigii ile bildirimler arasindaki iligki-
nin belirlenmesinde ve mikotoksinler ile ilgili bildirimlerin
analizinde faydalamilmistir (Djekic ve ark., 2017; Amico ve
ark., 2018; Fiirst ve ark., 2019; Lith ve ark., 2019; Padua ve
ark., 2019; Piglowski, 2019). Ayrica Alshannaq ve Yu (2021)
tarafindan yapilan ¢alismada, 2010-2019 donemi i¢in basta
aflatoksin olmak {izere mikotoksinlerle kirlenmis gida ve
yem iriinlerine iligkin bildirimler incelenmistir. Caldeira ve
ark. (2021) tarafindan yapilan calismada, 1979-2019 yillar
arasinda baliklarda gozlenen bir parazit tiirii ile ilgili gercek-
lestirilmis olan bildirimler degerlendirilmistir. Son olarak
Dada ve ark. (2021) tarafindan yapilan ¢aligmada ise, 2000-
2020 yillar1 arasinda Asya ve Pasifik bolgesinden gelen gida-
larin mikrobiyolojik giivenligini test etmek amaciyla Hizl
Alarm Sistemi’nde yer alan bildirimlerden faydalanilmistir.

Ulkemiz kaynakl bildirimlerin incelendigi ¢aligmalar da lite-
ratiirde mevcuttur. Cebi ve Olhan (2017) tarafindan yapilan
calismada, 2011-2015 yillar1 arasinda tilkemiz kaynakli gida-
lar i¢in olusturulmus bildirimler incelenmis ve en problemli
iiriin kategorilerinin meyve ve sebzeler ile sert kabuklu ye-
misler oldugu belirtilmistir. Bu ¢alismada mikotoksin ve pes-
tisit kaynakli bildirimler en tehlikeli bildirim konularini olus-
turmustur. Cinar ve ark. (2017) tarafindan yapilan ¢alismada,
2009-2016 yillar1 arasinda Hizli Alarm Sistemi’nde yer alan
iilkemiz kaynakli bildirimler degerlendirilmis ve ihrag edilen
iiriinlerdeki temel problemin aflatoksin oldugu bulgulanmisg-
tir. Bu calismada da problemli gida kategorileri meyve,
sebze, kuru yemis ve tohumlar olarak belirlenmistir. Deniz
Sirinyildiz ve Yorulmaz (2019) tarafindan yapilan ¢calismada,
2004-2019 yillar1 arasinda iilkemiz i¢in 6nemli bir ihrag
tiriinii olan kuru incir ile ilgili bildirimler degerlendirilmis ve
en temel problem olarak iiriinlerde aflatoksin varlig tespit
edilmistir. Calismada en fazla bildirimde bulunan iki iilkenin
Fransa ve Almanya oldugu, bildirimlerin biiyiik bir kisminin
sinir kontrolleri sirasinda olusturuldugu ve ciddi risk derece-
sine sahip oldugu rapor edilmistir. Kiirekci ve Sahin (2019)
tarafindan yapilan ¢alismada, 1992-2018 yillar1 arasinda ka-
natl eti ve liriinleri ile ilgili gerceklestirilen bildirimler gida
giivenligi agisindan incelenmistir. Kanath eti ve iiriinleri ile
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ilgili esas sorunun patojen mikroorganizmalar veya toksinleri
oldugu saptanmigtir. Saglam ve Masatcioglu (2020) tarafin-
dan yapilan ¢alismada ise, 2009-2018 yillar1 arasinda siste-
min iiye tlkeleri ve tilkemiz kaynakli gidalarda yapilmis olan
bildirimler incelenmis ve en problemli iiriin kategorisi olarak
onceki caligmalarla benzer sekilde meyve ve sebzeler (%20)
bulgulanmistir. En fazla bildirim yapilan konu yine mikotok-
sinler (6zellikle aflatoksinler-%89) olmustur.

Cevre kirliligi insan sagligim etkileyen en ciddi problemler-
den biridir. Cevre kirliligi, diinyanin fiziksel ve biyolojik bi-
lesenlerinin normal ¢evresel siiregleri olumsuz yonde etkile-
yecek sekilde zararli kimyasallarla kirlenmesi olarak tanim-
lanmistir. Bu kimyasal maddeler, olmasi1 gereken seviyelerin
iizerinde biriktiklerinde veya zehirli olduklarinda “cevresel
kirletici” olarak kabul edilirler ve hava, toprak ile suyun kir-
lenmesine neden olurlar (Gupta, 2007; Suzuki ve ark., 2020).
Polisiklik aromatik hidrokarbon (PAH)’lar, heterosiklik
aminler ve poliklorlu aromatik bilesikler (dioksinler, diben-
zofuranlar ve bifeniller) ¢cevresel kirleticilere 6rnek verilebilir
(Hoffman ve ark., 1991; Suzuki ve ark., 2020). Viicutta bu
kirleticilerin konsantrasyonlarinin belirli esigi asmasi duru-
munda insan saglig1 olumsuz yonde etkilenebilir (Suzuki ve
ark., 2020). Postolache ve ark. (2020) tarafindan yapilan ca-
lismada, 2000-2020 yillar1 arasinda siit ve siit iirlinleri igin
Hizli Alarm Sistemi’nde yer alan bildirimler analiz edildi-
ginde cevresel kirleticiler (6ncelikle dioksin ve dioksin ben-
zeri bilesikler) siit tiriinleri i¢in en 6nemli kimyasal kirletici-
lerden biri olarak belirtilmistir. Siit ve siit iiriinleri hakkinda
fazla sayida bildirimde bulunan iilkeler Fransa, Almanya ve
Italya olurken; bildirimler genellikle sirketlerin kendi kont-
rolleri ve piyasadaki resmi kontroller sirasinda olusturulmus-
tur. Bildirimler sonucunda geri cagirma, geri ¢cekme ve imha
olmak tizere farkli yaptirimlar uygulanmistir.

Cevresel kirleticiler igerisinde bahsedilen PAH’lar, organik
malzemelerin (6rnegin komiir, yag, petrol ve odun) eksik
yanmasi sirasinda agiga ¢ikan ve her yerde bulunabilen ¢ev-
resel kirleticilerdendir. PAH’larin baslica kaynaklari arasinda
konut 1sitmasi, asfalt, kok, aliiminyum iiretimi, petrol rafine-
rilerindeki faaliyetler, motorlu araglarin egzoz gazlar1 vb. yer
almaktadir. PAH’larin 6zellikle atmosferde taginmalari ¢ok
kolaydir ve bir¢ogu toksik, mutajenik ve/veya karsinojenik
ozelliklere sahiptir. PAH’lar yagda yiiksek oranda ¢6ziinebil-
diklerinden, insan viicuduna alinmasi halinde gastrointestinal
sistemde kolayca emilerek, saglik agisindan biiyiik risk olus-
turmaktadir (Abdel-Shafy ve Mansour, 2016).

Bu c¢alismanin amaci, 2000-2020 yillar1 arasinda Gida ve
Yem i¢in Hizli Alarm Sistemi veri tabaninda yer alan bildi-
rimlerden yola ¢ikilarak ¢evresel kirleticiler ile ilgili ayrintili
bir rapor hazirlamaktir.

Research Article

Materyal ve Metot

Calisma kapsaminda materyal olarak 1 Ocak 2000 ile 31 Ara-
lik 2020 tarihleri arasinda Hizli Alarm Sistemi’ne yapilan
gida kaynakli “Cevresel Kirletici” bildirimlerine ait veriler
kullanilmistir.  Sistemin resmi sitesinde tiir (gida), tarih
(01/01/2000-31/12/2020) ve tehlike (¢evresel kirletici) bilgi-
leri girilerek, bildirimde bulunulan {irtinler ile ilgili “iiriin ka-
tegorisi”, “bildirim konusu”, “risk derecesi”, “bildirim y1l1”,
“bildirim tiird”, “bildirim kaynagi”, “bildirimde bulunan
iilke”, “uygulanan yaptirim” ve “lirliniin dagitim bilgileri”
hakkindaki veriler kategorilere ayrilarak incelenmistir. Elde
edilen veriler Microsoft Office Excel 2010 (Microsoft Corp.,
Redmond, ABD) kullanilarak islenmistir ve ilgili grafikler ile
tablolar olusturulmustur.

Bulgular ve Tartisma

Yapilan incelemeler sonucunda 2000 ile 2020 yillar1 arasinda
Hizli1 Alarm Sistemi’nde ¢evresel kirleticiler hakkinda gida
kaynakl1 toplam 774 bildirim tespit edilmistir.

Uriin Kategorisine Gire Bildirimler

Farkl1 iiriin gruplarina ait bildirim say1 ve oranlar1 Tablo 1°de
verildigi gibidir. Tiim bildirimler iiriin kategorilerine gore
incelendiginde, en fazla bildirimin %32 ile “balik ve balik
iiriinleri” hakkinda oldugu g6zlenmistir. Bu {iriin kategorisini
%29 dagilim orami ile “kat1 ve sivi yaglar” takip etmistir.
Ayrica “diyetetik gidalar, gida takviyeleri ve gii¢lendirilmis
gidalar”, “et ve et iiriinleri (kiimes hayvanlar1 disinda kalan)”,
“meyve ve sebzeler”, “yumurta ve yumurta tiriinleri”, “otlar
ve baharatlar”, “kakao ve kakao karisimlari, kahve, cay”,
“tahillar ve wunlu mamuller”, “alkolsiiz icecgekler”,
“kabuklular ve kabuklu t{iriinleri”, “kanath eti ve lriinleri”,
“corbalar, et sular1, soslar ve ¢esniler”, “siit ve siit iiriinleri”,
“yumusakcalar ve kabuklular hari¢ vahsi avlanmig balik
driinleri”, “gida katki maddeleri ve tatlandiricilar”

“sekerlemeler”, “yumusakgalar ve triinleri”, “cerezler ve

tohumlar”, “hazir yemekler ve atistirmaliklar”, “igme suyu”,
“saraplar”, “diger gida iirtinleri, karisimlar”, “dogal maden
suyu” ve “gida ile temas eden maddeler” hakkinda da
bildirimlerde bulunulmustur. Hizli Alarm Sistemi hakkinda
yapilan farkli caligmalar incelendiginde ozellikle meyve,
sebze ve kuru yemisgler problemli iirlin kategorileri olarak
karsimiza ¢ikmigtir (Cebi ve Olhan, 2017; Cinar ve ark.,
2017). Mevcut ¢alisma kapsaminda bu kategoriler ile ilgili
olusturulmus olan bildirimlerin orami diistiktiir.

Konularina Gore Bildirimler

Uriin konularina ait bildirim say1 ve oranlar1 Tablo 2’de ve-
rildigi gibidir. Tablo incelendiginde en ¢ok bildirime konu
olan ¢evresel kirleticinin polisiklik aromatik hidrokarbonlar


https://doi.org/10.3153/FH22009

Research Article

Food Health 8(2), 92-102 (2022) e https://doi.org/10.3153/FH22009

oldugu goriilmektedir. PAH’lar1 sirasiyla dioksinler, mineral
yaglar ve dioksin benzeri olmayan poliklorobifeniller takip
etmistir.  Polisiklik aromatik hidrokarbonlarin, fiime
tavuklarda ve baliklarda, dioksin ve dioksin benzeri bilesik-
lerin 6zellikle siit ve siit {irlinlerinde ciddi birer ¢evresel kir-
letici oldugunu belirten ¢aligmalar da literatiirde yer almakta-
dir (Beia ve ark., 2020; Postolache ve ark., 2020).

Bu calisma kapsaminda gazyagi, bromat, dizel yakat, toluen,
benzen, perklorat, petrol hidrokarbonlari, izinsiz kullanilan
gida katki maddeleri ve diger yagli maddeler ile kontaminas-
yon gibi konularin da gida kaynakli ¢evresel kirletici bildi-
rimlerinin gerceklestirilmesine sebep oldugu bulgulanmistir.
En biiyiik problem olarak karsimiza ¢ikan PAH’lar hakkinda
gerceklestirilen bildirimlerin her gegen yil azaldigi gozlen-
mistir. PAH bildirimlerinin yillara gére degisimi Sekil 1°de
verildigi gibidir. En fazla PAH bildirimi 2000 y1linda 80 bil-
dirim olarak saptanmustir. En az bildirim ise 1 bildirim sayisi
ile 2020 yilinda gerceklestirilmistir.

Risk Derecelerine Gore Bildirimler

Tim bildirimler gida giivenligi agisindan degerlendirildi-
ginde ciddi risk derecesine sahip, kararsiz kalinmig ve ciddi
olmayan risk derecesine sahip bildirimler olmak tiizere 3
gruba ayrilmistir. Risk derecesine gore bildirim say1 ve oran-
lar1 Tablo 3’te verildigi gibidir. Tespit edilen 774 bildirimin
%65 1nin risk derecesini belirleme konusunda kararsiz kalin-
mistir. Gergeklestirilmis olan bildirimlerin %33’{inlin ciddi
risk derecesine sahip oldugu saptanmustir. Yalnizca %2’lik
bir kisim ciddi risk derecesine sahip olmayan bildirimler ola-
rak adlandirilmistir.

Yillara Gore Bildirimler

Bildirim sayilarinin yillara gore degisimi Sekil 2’de verildigi
gibidir. En az bildirim sayis1 2000 yilinda 2 bildirim olarak
belirlenirken, en fazla bildirim sayis1 80 bildirim ile 2001 y1-
linda tespit edilmistir. ilerleyen yillar ile birlikte bildirim sa-
yilarinda kararli bir degisim gozlenmemektedir.

Tiirlerine Gore Bildirimler

Hizli Alarm Sistemi’nde yer alan gida kaynakli cevresel kir-
leticiler ile ilgili olusturulmus bildirimler; alarm bildirimleri,
bilgi bildirimleri, dikkat gerektiren bilgi bildirimleri, takip
gerektiren bilgi bildirimleri ve sinir reddi olarak 5 grupta yer
almigtir. Tiirlerine gore bildirim say1 ve oranlar1 Tablo 4’te
verildigi gibidir. En fazla bildirim, alarm tiiriinde
bulunmaktadir. Sistemde 2011 yilina kadar yalnizca alarm,
bilgi ve siur reddi bildirimleri yer alirken, 2011 yili sonrast
bilgi bildirimleri detaylandirilmistir ve bahsedilen ii¢ bildirim
tiiriine dikkat gerektiren bilgi bildirimleri ve takip gerektiren
bilgi bildirimleri de ilave edilmistir. En fazla bildirimin olus-
turuldugu 2001 yilinda gergeklestirilmis olan 81 bildirimin

ise 80’inin alarm tiirtinde, yalnizca 1’inin bilgi bildirimi tii-
riinde oldugu bulgulanmustir.

Kaynagina Gore Bildirimler

Kaynaklarina gore bildirimlerin 2000-2020 yillar1 arasindaki
dagilimi Tablo 5°te verildigi gibidir. Tiim bildirimlerin
%354°1, piyasadaki resmi kontroller sirasinda problemli {iriin-
lerin belirlenmesi sonucu olusturulmus bildirimlerdir. Hizl
Alarm Sistemi’nde yer alan 126 bildirim igin ise kaynak be-
lirtilmemistir. Bildirimlerin 110 adedi sinir kontrolleri sonu-
cunda iiriinlerin geri alinmas1 lizerine; digerleri iiretici firma-
larin kendi kontrolleri sirasinda, sinir kontroliinde iiriinlerin
gegcisine izin verilmesi iizerine, tiiketici sikayeti sonrasi, Hizli
Alarm Sistemi bildirimleri {izerine yapilan kontroller sonu-
cunda, simir kontrolii esnasinda glimriikte yapilan sevkiyatta,
liye olmayan lilkelerde gergeklestirilen resmi kontroller sira-
sinda ve medyanin takibi iizerine olusturulmustur. Sirketlerin
kendi kontrollerinin ve piyasadaki resmi kontrollerin prob-
lemli triinleri bulmada etkili oldugu farkli ¢alismalarda da
tespit edilmistir (Postolache ve ark., 2020).

Ulkelere Gire Bildirimler

Gida ve Yem i¢in Hizli Alarm Sistemi’ne bildirimde bulunan
tilkelerin bildirim sayilar1 ve oranlar1 Tablo 6’da verildigi gi-
bidir. Almanya en fazla bildirimde bulunan {ilke olmustur.
Ardindan sirasiyla Birlesik Krallik, Hollanda, Slovakya, Bel-
cika, Italya, Polonya, Avustralya, Fransa, Finlandiya, Cekya,
Litvanya, irlanda, Norveg, Isve¢, Estonya, Macaristan, Le-
tonya, Yunanistan, Slovenya, Danimarka, Portekiz, ispanya,
Liiksemburg, Romanya, Isvigre, Komisyon Hizmetleri, iz-
landa ve Kibris gelmektedir. Farkli ¢aligmalar incelendiginde
de Almanya, Fransa ve Italya yiiksek sayida bildirimde bulu-
nan lilkeler olarak 6ne ¢ikmaktadir (Deniz Sirinyildiz ve Yo-
rulmaz, 2019; Postolache ve ark., 2020).

Uygulanan Yaptirimlara Gore Bildirimler

Hizli Alarm Sistemi’nde yer alan tiim bildirimler sonucunda
uygulanan yaptirimlar Tablo 7°de verildigi gibidir. Tablo in-
celendiginde agirlikli olarak iriinlerin piyasadan gekildigi,
geri cagirildigl, imha edildigi goriilmektedir. Ayrica, kimi
iiriinlerle ilgili uygulanan yaptirimlar hakkinda bilgi verilme-
mis ve kimi {irlinler de tiiketiciden geri ¢agirilmistir. Ek ola-
rak, gergeklestirilen diger bildirimlerin ardindan yeni iiriin ta-
lep edilmesi, resmi olarak alikoyma, para iadesi, alicilarin bil-
gilendirilmesi, iiriinlere el konulmasi (haciz), yetkililerin bil-
gilendirilmesi, gondericiye iiriiniin geri iadesi ve stokta iiriin
tutmama gibi yaptirimlar da uygulanmistir. Geri kalan bildi-
rimler i¢in farkli yaptirim tiirleri (lirlinlerin baglanmasi, daha
ayrintili kontroller, ticaret yasagi konulmasi, firmanin ithalat
yetkisini kaldirma, kamu uyarisi, basin bildirisi, satig yapan
kisilerce alikonma, gdndericiyi konu hakkinda bilgilendirme,
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iiriinii marketlerden kaldirma, iiriiniin varig noktasini degis- gida ya da yem disinda farkli amaglar i¢in kullanilmasi) uy-
tirme, imha isleminin tekrarlanmasi, fiziksel ya da kimyasal gulanirken, 17 bildirim sonucunda higbir yaptirima ihtiyag
bir islemin uygulanmasi, iiriinlerin geri ¢agirilmast, iiriinlerin duyulmamustir.
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Sekil 1. Polisiklik aromatik hidrokarbon bildirim sayilarinin yillar igindeki degisimi

2004
2005
20006
2007
2008
2009

2001
2002
2003
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020

Figure 1. Changes in the number of polycyclic aromatic hydrocarbon notifications over the years
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Sekil 2. Bildirim sayilarinin yillar i¢indeki degisimi

Figure 2. Changes in the number of notifications over the years
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Dagitim Bilgilerine Gore Bildirimler

Hizli Alarm Sistemi’nde c¢evresel kirleticilere iliskin bildirim
olusturulmus tiriinlerin dagitim bilgileri Tablo 8’de verildigi
gibidir. Hakkinda bildirimde bulunulan {irtinlerin 6nemli bir
kismu ile ilgili dagitim bilgisi yer almamaktadir. Olusturulan
151 bildirim ile ilgili iriinler piyasaya dagitilmis olan {iriin-
lerdir, 145 bildirim ile ilgili tiriinler ise diger iiye tilkelerde de
dagitilmistir. Ayrica dagitimi yalnizca bildirimde bulunan iil-
keler ile simirl olan, dagitim gerceklestirilmeyen, dagitimi

Tablo 1. Uriin kategorilerine gore bildirim say1 ve oranlari

Table 1. Number and rates of notifications by product categories

Research Article

piyasaya arz edilmeyen, artik piyasada olmayan, bildirimde
bulunan iilkeden dagitimi s6z konusu olmayan, heniiz dagi-
tim bilgisi girilmeyen, diger iiye iilkelere dagitimi yapilma-
yan, stogu bulunmayan, iiye olmayan iilkelere dagitim yapil-
mis, kullanim siiresi bitmis, ¢coktan tiiketimi gerceklestiril-
mis, giimriik miihiirleri altinda varig noktasina seyahat etme-
sine izin verilmis, son tiiketim tarihi gegmis ve ¢evrimigi is-
lem goren tiriinler i¢in de Hizl1 Alarm Sistemi’nde bildirimler
mevcuttur.

Uriin kategorisi

Bildirim sayis1 Bildirim oram

(adet) (%)
Balik ve balik triinleri 251 32,43
Kat1 ve s1v1 yaglar 222 28,68
Diyetetik gidalar, gida takviyeleri, giiglendirilmis gidalar 88 11,37
Et ve et {irlinleri (kiimes hayvanlari disinda) 37 4,78
Meyve ve sebzeler 27 3,49
Yumurta ve yumurta {irtinleri 22 2,84
Otlar ve baharatlar 20 2,58
Kakao ve kakao karisimlari, kahve ve ¢ay 19 2,45
Tahillar ve unlu mamuller 16 2,07
Alkolsiiz icecekler 12 1,55
Kabuklular ve kabuklu triinleri 10 1,29
Kanatli eti ve triinleri 8 1,03
Corbalar, et sulari, soslar ve gesniler 7 0,90
Siit ve siit irlinleri 6 0,78
Yumusakgalar ve kabuklular hari¢ vahsi avlanmig balik iiriinleri 5 0,65
Gida katki maddeleri ve tatlandiricilar 5 0,65
Sekerlemeler 4 0,52
Yumusakcalar ve iiriinleri 3 0,39
Cerezler ve tohumlar 3 0,39
Hazir yemekler ve atistirmaliklar 2 0,26
fgme suyu 2 0,26
Saraplar 2 0,26
Diger gida {iriinleri, karigimlar 1 0,13
Dogal maden suyu 1 0,13
Gida ile temas eden maddeler 1 0,13
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Tablo 2. Konularina gore bildirim say1 ve oranlari

Table 2. Number and rates of notifications by subject

Bildirim konusu Bildirim sayis1 (adet) Bildirim orani (%)
Polisiklik aromatik hidrokarbonlar 566 73,13
Dioksinler 106 13,70
Mineral yaglar 30 3,88
Dioksin benzeri olmayan poliklorobifeniller 15 1,94
Digerleri 57 7,36

Tablo 3. Risk derecelerine gore bildirim say1 ve oranlari

Table 3. Number and rates of notifications according to risk decision

Risk derecesi Bildirim sayis1 (adet) Bildirim orani (%)
Kararsiz kalinmig 504 65,12
Ciddi risk derecesi 253 32,69
Ciddi risk derecesine sahip olmayan 17 2,20

Tablo 4. Tiirlerine gore bildirim say1 ve oranlar1

Table 4. Number and rates of notifications by notification type

Bildirim tiirii Bildirim sayisi (adet) Bildirim orani (%)
Alarm bildirimleri 473 61,11
Bilgi bildirimleri 97 12,53
Dikkat gerektiren bilgi bildirimleri 89 11,50
Sinir reddi 82 10,59
Takip gerektiren bilgi bildirimleri 33 4,26

Tablo 5. Kaynagina gore bildirim say1 ve oranlari

Table 5. Number and rates of notifications by notification basis
Kaynagina gore bildirimler Bildirim sayis1 (adet) Bildirim oram (%)
Piyasadaki resmi kontroller sirasinda 415 53,62
Kaynak belirtilmemis 126 16,28
Sinir kontrolleri sonucunda iiriinlerin geri alinmasi tizerine 110 14,21
Uretici firmalarin kendi kontrolleri sirasinda 58 7,49
Sinir kontroliinde iriinlerin gegisine izin verilmesi lizerine 51 6,59
Tiiketici sikayeti sonrasi 8 1,03
Bildirimler sonucu kontrollerde 2 0,26
Sinir kontrolii esnasinda glimriikte yapilan sevkiyatta 2 0,26
Uye olmayan iilkelerde gergeklestirilen resmi kontrollerde 1 0,13
Medyanin takibi {izerine 1 0,13
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Tablo 6. Ulkelere gore bildirim say1 ve oranlari

Table 6. Number and rates of notifications by country

Ulke ad Bildirim sayis1 (adet) Bildirim orani (%)
Almanya 178 23,00
Diger 148 19,12
Birlesik Krallik 64 8,27
Hollanda 63 8,14
Slovakya 45 5,81
Belgika 44 5,68
Italya 41 5,30
Polonya 41 5,30
Avustralya 34 4,39
Fransa 33 4,26
Finlandiya 31 4,01
Cekya 27 3,49
Litvanya 25 3,23

Tablo 7. Uygulanan yaptirimlara gére bildirim say1 ve oranlari

Table 7. Number and rates of notifications according to the action taken

Ulke ad Bildirim sayis1 (adet) Bildirim oram (%)
Uriiniin piyasadan ¢ekilmesi 170 21,96
Uriinlerin geri gekilmesi 128 16,54
Diger yaptirim tiirleri 66 8,53
Uriinlerin imha edilmesi 59 7,62
Yaptirim hakkinda bilgi verilmemis 55 7,11
Uriinlerin tiiketiciden geri ¢agirilmasi 53 6,85
Yeni {iriin talep etme 49 6,33
Resmi olarak alikoyma 36 4,65
Para iadesi 33 4,26
Alicilan bilgilendirme 32 4,13
El konulmasi, haciz 31 4,01
Yetkilileri bilgilendirme 23 2,97
Higbir yaptirim uygulanmamis 17 2,20
Gondericiye iade etme 11 1,42

Stokta iiriin tutmama 11 1,42
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Tablo 8. Dagitim bilgilerine gore bildirim say1 ve oranlari

Table 8. Number and rates of notifications according to distribution status

Ulke adh Bildirim sayis1 (adet) Bildirim orani (%)
Dagitim bilgisi yok 159 20,54
Piyasaya dagitilmig 151 19,51
Diger iiye iilkelere dagitilmis 145 18,73
Dagitimi yalnizca bildirimde bulunan {ilkeler ile sinirh 99 12,79
Heniiz dagitimi gergeklestirilmemis 77 9,95
Heniiz piyasaya arz edilmemis 38 491
Artik piyasada olmayan {irlinler 30 3,88
Bildirimde bulunan tilkeden dagitilmamisg 22 2,84
Heniiz dagitim bilgisi girilmemis 20 2,58
Diger iiye tilkelere dagitimi yapilmamis 6 0,78
Stogu yok 6 0,78
Uye olmayan iilkelere dagitim yapilmis 5 0,65
Kullanim siiresi bitmis 5 0,65
Tiiketilmis 4 0,52
Gumriik onayi ile seyahatine izin verilmis 3 0,39
Son tiiketim tarihi gegmis 3 0,39
Cevrimigi islem goren iiriin 1 0,13

Sonug¢

Bu ¢aligma ile Hizli Alarm Sistemi’nde 2000-2020 yillar1 ara-
sinda yer alan gidalarda gevresel kirleticiler kaynakli bildi-
rimler hakkinda ayrintili bilgi verilmistir. En problemli {iriin
kategorisi balik ve balik {irtinleri iken, en temel problem ola-
rak PAH’lar 6ne ¢ikmistir. PAH’larin yillara gore bildirim sa-
yisinda diisiis oldugu dikkat ¢ekmektedir. Bildirimlerin bii-
yiik bir kismmin ciddi risk derecesine sahip olmasi, daha
giiclii tedbirlerin alinmasi gerekliligini gz Oniine sermekte-
dir.

Hizli Alarm Sistemi’nde yer alan bildirimlerin ayrintili olarak
incelenmesi, gida endiistrisinde gida giivenliginin saglanmast
ve siirdiiriilebilirligi i¢in biiylik 6nem tasimaktadir. Ayrica
gida ihracat1 ve ithalati sirasinda karsilagilan temel sorunlarin
tespiti ve alinmasi gereken tedbirler agisindan da son derece
onemlidir. Avrupa Birligi 6zellikle ithal ettigi {irlinlerin gii-
venligi konusunda oldukga titiz davranmaktadir. Bu veri ta-
bani takibi ile risk yonetimi gelistirilip uluslararasi gida gii-
venligi standartlarinda {iretim saglanarak, AB pazarinda re-
kabet giicii arttirilabilir. Bu sistem tiiketicinin korunmasinda,
dolayistyla halk sagliginda etkili olma potansiyeline sahiptir.
Mevcut ¢aligmanin sonuglarinin, endiistriyi ve tiiketiciyi bi-
linglendirmek adina faydali olacag diigiiniilmektedir.

Etik Standart ile Uyumluluk

Cikar catismasi: Yazarlar bu yazi igin gergek, potansiyel veya al-
gilanan ¢ikar ¢atigmasi olmadigini beyan etmislerdir.

Etik izin: -

Finansal destek: -

Tesekkiir: Derya DENIZ SIRINYILDIZ 100/2000 YOK Doktora
Bursu programi kapsaminda desteklenmistir.

Aciklama: -
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Introduction

The fruit and vegetable processing industry produces signifi-
cant volume of by-products, which could cause problems in
their disposal. Despite considerable improvements in pro-
cessing techniques including the use of depolymerizing en-
zymes, mash heating, and decanter technology, approxi-
mately one third of the raw material remains as pomace. Food
industry wastes might be recycled using new washing, drying
and fermentation techniques. Usually, these products are used
in animal feeding. However, the high amount of dietary fiber
content could permit the use of these products in developing
new natural ingredients for the food industry. The conditions
that are used in pomace processing industry could be effec-
tive on the chemical and physical characteristics and this
might be important for the utilization purpose of the pomace
(Constenla et al., 2002; Pagan et al., 2001; Schieber et al.,
2001). The composition of the dietary fibers of various plant-
originated pomaces was discussed in many literatures. The
health benefits of dietary fiber have led to increased con-
sumption of fiber-rich products and a search for new sources
of fiber as food ingredients. In order to take advantage of the
dietary and functional properties of fiber, some high dietary
fiber formulated foods are currently being developed
(Figuerola et al., 2005).

Dietary fibers are not only desirable for their nutritional prop-
erties, but also for their functional and technological proper-
ties and because of those they can also be used to upgrade
agricultural products and by-products for use as food ingre-
dients (Schieber et al., 2001; Figuerola et al., 2005). Thus, the
functional properties, such as particle size, water retention,
swelling, alcohol insoluble residue, emulsion capacity, emul-
sion stability, water and oil absorbtion, dietary fiber etc.,
which have been more useful for understanding the physio-
logical effects of dietary fiber should be studied, than the
chemical composition alone (Figuerola et al., 2005; Robert-
son et al., 2000).

Black carrot (Daucus carota L.) is cultivated in the southern
regions of Turkey. The extracts of the roots are used in a tra-
ditional drink “Salgam” also, it is known as a rich anthocya-
nin source (Keskin et al., 2021). The anthocyanin pigment
composition of black carrot (Daucus carota L.) was detected
as cy-3-rut-glu-gal acylated with one cinnamic acid (Akhtar
et al., 2017; Giusti et al., 2003). Nawirska (2005) reported
that carrot pomace contains mainly cellulose (% 51.6) and
comparatively high amounts of lignin (32.2 %) also pectin (%

Research Article

3.88) and hemicellulose (12.3 %). Chau et al. (2004) has re-
vealed that carrot pomace was rich in insoluble fiber-rich
fraction 56.3 g/100 g of pomace, which was mainly com-
posed of pectic polysaccharides, hemicellulose, and cellu-
lose. This insoluble fiber-rich fraction was found to have de-
sirable physicochemical properties and in vitro hypoglycemic
properties as compared with cellulose. Various attempts were
made at utilizing carrot pomace in food such as milk, bread,
cake, dressing and pickles, and for the production of func-
tional drinks (Stoll et al., 2003; Pandey et al., 2021).

In this study, it was aimed to investigate the proximate com-
position and the functional properties of the black carrot pom-
ace to be used as a potential fiber rich source in the enrich-
ment of cereal products and to produce dietary cakes and
cookies. For this purpose, total dietary fiber, water retention
capacity, swelling, emulsion capacity, total phenolic content
and anthocyanin content of black carrot pomace were deter-
mined; hence this pomace was used in three different cake
and cookie formulations.

Materials and Methods

The black carrot pomace used in the study was supplied in 5
kg plastic bottles from a local fruit and vegetable processing
facility, Etap Tarim ve Gida Uriinleri Ambalaj San. Ve Tic.
A.S. Mersin, Turkey. The supplied black carrot pomace was
dried in drum drier (VDS 430) at Ege University Vocational
Training School Pilot Plant with drum speed: 6 rpm, vapor
pressure: 75 psi, drying temperature: 150 °C. The dried pom-
ace was blended in Warring blender. The dried pomace,
which has the particle size varying between 425-850 pm, was
used in different cake and cookie formulations.

Production of Cakes and Cookies:

As a result of the preliminary research on the chemical and
the functional properties of carrot pomace, three cookie and
three cake formulations were derived in which dried carrot
pomace to be used as an ingredient. The three formulations
modified to involve 3%, 5% and 7% dried pomace, respec-
tively (Table 1 and Table 2).

Chemical Analysis and Functional Properties of the Black
Carrot Pomace

Moisture content of the dried pomace was determined in vac-
uum oven at 80°C and 600-800 mbar. The ash content was
estimated according to AOAC-1995 method 942.05, total
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sugar was determined by Lane Eynon Method (AOAC-1990
method 923.09). Fat content was determined by Soxhelet
Method (Food and Agriculture Organization, 1986). Protein
content (AOAC-1990 method 920.53) and dietary fiber con-
tent of the dried pomace was calculated (AOAC-1994 method
991.43).

Total phenolic content was measured by using the Folin—Ci-
ocalteu method (Vinson et al., 1995) and the results were ex-
pressed as mg gallic acid equivalents (GAE) per gram of sam-
ple (mg GAE/g). Total anthocyanins were determined by us-
ing a pH differential method (Fuleki and Francis, 1968) and
the results were expressed as miligram of cyanidin-3-gluco-
side equivalents per gram of sample.

Water retention capacity (WRC) 1 g of pomace was hydrated
in 30 mL distilled water in a centrifuge tube at room temper-
ature. After equilibration (18 h), the samples were centrifuged
(3,000g; 20 min), the supernatant was decanted and the sam-
ple was transferred into a weighed sinter to drain. Sample
fresh weight was recorded prior to drying. WRC was calcu-
lated as the amount of water retained by the pellet (g/g dry
weight) after transferring to the sinter and the WRC was used
to measure the water retained by the insoluble matrix (Rob-
ertson et al., 2000).

Swelling the sample (~0,1g) was hydrated in 10 mL of dis-
tilled water, in a calibrated cylinder (1.5 cm diameter) at room
temperature. After equilibration (18 h), the bed volume was
recorded and expressed as volume/g original substrate dry
weight (Robertson et al., 2000).

Alcohol insoluble residues (AIR) AIR were prepared to
characterize the relative contribution of polymeric material
from each test substrate. Samples (~1 g dry weight) were ex-
tracted (x3) in boiling ethanol (30 mL; 5 min; 80-85% v/v).
Alcohol-insoluble material from each extraction step was re-
covered by extraction step was recovered from filtration. Eth-
anolic supernatants were discarded and the ethanol insoluble

material was dried by solvent exchange through absolute eth-
anol (x2) and acetone (x2) to yield a dry powder (Robertson
et al., 2000).

Emulsion capacity one gram of each sample was mixed with
34 mL 1% NaCl solution in a Waring micro blender for 3
second. While continuing blending, 30 mL vegetable oil was
added at a rate of 10 mL / min. Blending was continued for
an additional 30 sec. Each sample was transferred to a 50 mL
graduated centrifuge tube, kept in water bath at 80 °C for 1
min, and then centrifuged at 3000 g for 40 min. The volume
of oil separated from each sample after centrifugation was
read directly from the tube. Emulsion capacity was expressed
as the amount of oil emulsified and held per gram of sample
(Okezie and Bello, 1988).

Water and oil absorbtion one gram of sample was dispersed
in 50 mL of distilled water for water absorbtion and in 50 mL
vegetable oil for oil absorbtion. Then the samples were cen-
trifuged at 5000g for 30 mins. The volume of water and oil
was measured to calculate the amount of water/oil absorbed
by the sample. The results were reported as mL water/oil ab-
sorbed per g of sample.

Sensory Analysis

Sensory evaluation was conducted in an air conditioned sen-
sory test laboratory equipped with individual booths. Cakes
and cookies were served at room temperature to involve 3
cakes and 3 cookies on white plastic plates coded by using
randomly selected 3 digit numbers. Panelists’ sensitivity to
major tastes and odors were tested according to ISO-
3972:2011. Ranking test (Altug and Elmaci, 2005) was ap-
plied to evaluate the preference of trained panelists for ap-
pearance, texture, flavor and overall impression of cake and
cookie formulations. 7 panelists attended the evaluation of
the cookies while 10 panelists attended the evaluation of the
cakes. The ranking test forms used for the evaluation of cake
and cookie samples are given in Figure 1 and 2.

Product:Cake

Appearance Texture

Evaluate and rank the cake samples by assigning sample code of the most like/preferred sample to “1” and
the least liked/preferred sample to “3” for appearance, texture, flavor and overall im pression.
Flavor

O. Impression

Most preferred 1 Tender 1
2

Most preferred 1

|38

- 2
Least preferred 3 Tough 3 Least preferred 3

Most preferred 1
-

Least preferred 3

Figure 1. Ranking test form for the cake samples
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Product: Cookie

Appearance Texture

Evaluate and rank the cookie samples by assigning sample code of the most like/preferred sample to “1”
and the least liked/preferred sample to “3” for appearance, texture, flavor and overall im pression.
Flavor

O. Im pression

Most preferred 1 Tough 1

2 2

Tender 3

Most preferred 1

, 2
Least preferred 3 Least preferred 3

Most preferred 1

-

Least preferred 3

Figure 2. Ranking test form for the cookie samples

Results and Discussion

The results of the chemical analyses applied to the black car-
rot pomace after drying were shown in Table 3. Since the aim
was to produce dietary cake and cookies, it can be concluded
that the low levels of lipid and sugar content is an advantage.
Total phenolic content of the dried pomace was detected to
be 2.30 mg/g dw and the anthocyanin content was calculated
as 0.21 mg/g dw. Kamiloglu et al. (2017) used black carrot
pomace for enhancing the nutritional value of cake in addi-
tion they investigated the digestive stability of polyphenols
from black carrot pomace and traced the changes in antioxi-
dant capacity by using a standardized static in vitro digestion
model. They reported a dose-dependent increase in anthocy-
anins (72-267 pg/g dw), phenolic acids (49-148 ng/g dw),
total phenolics (54-202 mg GAE/100 g dw) and total antiox-
idant capacity (21-129 to 153-478 mg TE/100 g dw).

In our study the dietary fiber content of the sample was cal-
culated as (64.93 g/100g dw). According to the study per-
formed by Figuerola et al. (2005) the dietary fiber contents
were found as: grapefruit (44.2-62.6 %), lemon pomace
(60.1-68.3 %), orange pomace (64.3-78,2 %) and apple pom-
ace (60.2-89.8 %) and also Nawirska et al. (2005) calculated
the dietary fiber contents of apple pomace as 98.74 % and
carrot pomace as 54.2 %. In addition, Chau et al. (2004) re-
ported the dietary fiber of carrot pomace within the ranges
50.1-67.4 %. It can be deducted that black carrot pomace can
be used in dietary cake formulations due to its high dietary
fiber content.

The dried black carrot pomace used in this study has the water
retention capacity of 1.53 g/g and the swelling was deter-
mined to be 1.59. Figuerola et al. (2005) detected the water
retention capacity of grapefruit (2.09-2.26 g/g), lemon pom-

ace (1.74-1.85 g/g), orange pomace (1.65 g/g) and apple pom-
ace (1.62-1.87 g/g) and the swelling values of grapefruit
(6.69-8.02), lemon pomace (7.32-9.19), orange pomace
(6.11) and apple pomace (6.29-8.27) (Figuerola et al.. 2005).
As seen in the above figures the water retention and swelling
values of the black carrot pomace was found to be lower than
the fruit pomaces analyzed in other studies. This difference is
assumed to originate from the difference between the dietary
fiber composition of vegetables and the fruits.

Oil adsorption capacity depends on surface properties, over-
all charge density, thickness, and hydrophobic nature of the
fiber particle. In this study the oil absorbtion of the black car-
rot pomace was calculated as 2.77 mL/g. Likewise the oil ab-
sorbtion capacities of grapefruit (1.20-1.52 g/g), lemon pom-
ace (1.30-1.48 g/g), orange pomace (1.81 g/g) and apple pom-
ace (0.60-1.45 g/g) (Figuerola et al.. 2005). The oil absorbtion
value of the black carrot pomace, which was found to be
higher than the fruit pomaces in the literature, must be taken
into consideration in the fat containing food formulations.

Alcohol insoluble residue was prepared to characterize the
relative contribution of polymeric material from the pomace.
In this study, it was calculated as 737.5 g/kg. In comparison
with the AIR values in Robertson et al. (2000) of pea hull
(953.2 g/kg), apple pulp (690.5 g/kg) and citrus pulp (484.8
g/kg), the AIR value of the black carrot pomace is considera-
bly high.

The results of the sensory analysis (Table 5) applied to the
cakes showed that the appearance of the 3% carrot pomace
containing cakes are superior than the 5 and 7% carrot pom-
ace containing cakes (p<0.05). The texture of the 3% carrot
pomace containing cakes were ranked to be preferred more
than the 5 % and 7% carrot pomace containing cakes
(p<0.05). There was no significant difference among the 3, 5
and 7% carrot containing cakes in flavor (p<0.05). Also no
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significant difference was detected between the 3 and 5% car-
rot containing cakes in overall impression and 7% carrot
pomace containing cakes were found to be inferior (p<0.05).

Table 1. The ingredients of the cake formulations used in sensory analysis

Amount (%)

Ingredients Formulation No.1 Formulation No.2 Formulation No.3
Margarine 9 9 9

Egg 20 20 19

Sugar 14 14 13

Flour 21 20 20

Baking Powder 0.8 0.8 0.8
B.Carrot Pomace 3 5 7

Table 2. The ingredients of the cookie formulations used in sensory analysis

Amount (%)
Ingredients (g) Formulation No.1  Formulation No.2  Formulation No.3
Margarine 9 9 9
Egg 20 20 19
Sugar 14 14 13
Flour 21 20 20
Baking Powder 0.8 0.8 0.8
B.Carrot Pomace 3 5 7
Milk 32 31 30.5

Table 3. Proximate composition of dried black carrot pomace

Property Result
Moisture 6.06 +£0.12 g/100g
Ash 5.65+£0.08 g/100g dw
Lipid 1.60 £0.21 g/100g dw
Protein 8.82 £0.28 g/100g dw
Total sugar 1.16 £0.03 g/100g dw
Dietary fiber 64.93 £2.92 ¢/100g dw
Total Phenolic Compound 2.30 £0.36 mg/g dw
Anthocyanin 0.21 £0.03 mg/g dw
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Table 4. Functional properties of dried black carrot pomace

Research Article

Property Result
Water Retention Capacity 1.53 £0.52 g/g
Swelling 1.59 +£0.20 mL/g

Alcohol Insoluble Residue
Emulsion Capacity

Water Absorbtion

Oil Absorbtion

Table 5. The ranking test results of the cakes and cookies

737.5 £10 g/kg
30.64 £0.40 mL/g
7.46 £0.88 mL/g
2.77 £0.31 mL/g

Cakes Cookies
3% 5% 7% 3% 5% 7%
Appearance 11 22 27 7 14 21
Texture 15 24 21 10 11 21
Flavor 18 19 23 9 14 19
Overall Impression 16 17 27 8 13 21

Similarly the sensory analysis applied to the cookies revealed
that the appearance of the 3 % carrot pomace containing
cookies were superior (p<0.05), also the 7% pomace contain-
ing cookies were found to be inferior. No significant differ-
ence existed between the texture characteristics of the 3 and
5% carrot pomace containing cookies and these were more
preferred to the 7 % carrot pomace containing cookies which
were evaluated as inferior (p<0.05). The flavor of the 3% car-
rot pomace containing cookies were found to be superior and
7 % carrot pomace containing cookies found to be inferior
among the cookies (p<0.05). The general impression of the
3% carrot pomace containing cookies were superior whereas
the 7 % was found to be inferior (p<0.05).

Baltacioglu et al. (2019) used fermented black carrot powder
waste (FBCW) to biscuits in various amounts (10, 20 and 30
%). They reported that 30 % FBCW added samples were
found to be superior in terms of crust color and softness; con-
trol group were chosen as the best in terms of inner biscuit
color, pore homogeneity and smell; 10 % FBCW added sam-
ples were found to be superior in terms of taste and crispiness
and finally 20% FBCW added samples were detected to be
superior in terms of greasy feeling in the mouth by the panel-
ists. The authors also reported that 10 % FBCW added sam-
ples were superior in terms of general impression.

Carson et al. (1994) used dried, powdered unrefined pomace
of three apple cultivars as an ingredient in pie filling and oat-
meal cookies. Two pie filling or three oatmeal cookies were
evaluated by the panelists according to their pomace
amounts. Both food products were rated as moderately liked

and it was reported that pomace amount did not affect color,
cookie size or sensory scores

Canett Romero et al. (2004) made cookies containing four
different levels of deseeded grape pomace (0, 5, 7.5 and 10
%). In result, cookies were well accepted by panelists show-
ing no significant differences among the four levels of de-
seeded grape pomace addition. The addition of deseeded
grape pomace imparted a darker color to the cookies indi-
cated by the lower L color value. The researchers reported
that deseeded grape pomace is a potential ingredient to some
food products.

In many literature studies excessive amounts of pomace were
disliked by the panelists since it disrupts some sensory prop-
erties i.e. texture, color, size, hardness/softness, mouth feel-
ing, greasy feeling in mouth. Likewise, in our study the 3%
carrot pomace containing cakes and cookies were detected
superior to 5 and 7 % containing samples in most of the sen-
sory quality attributes.

Conclusion

In this study it was determined that the black carrot pomace
is a valuable by-product. The final produced black carrot
pomace added cakes and cookies has better functional prop-
erties compared to the control groups. The panelists mostly
preferred 3% carrot pomace containing carrots and cookies in
sensory quality attributes texture, flavor, appearance and
overall impression. In the literature lots of studies on the die-
tary fiber content of apple, peach, grape and citrus pomaces
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can be accessible, but limited research was carried out on car-
rot and other vegetable pomaces. As a result due to the com-
positional and functional properties of the black carrot pom-
ace, which is rich in dietary fiber content, have a potential to
be used as an ingredient in dietary products.
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Introduction

Propolis is a resinous, sticky, natural complex mixture col-
lected by honeybees from various plant sources (Burdock,
1998). It has a characteristic smell and colours changing from
yellow, green, red to dark brown (Burdock, 1998; Orsatti et
al., 2010). Propolis contains more than 300 kinds of chemical
compounds such as polyphenols (flavonoids, phenolic acids,
and their esters, phenolic aldehydes, alcohols, and ketones),
sesquiterpene quinones, coumarins, steroids, amino acids,
and inorganic compounds (Bankova et al., 2000). In recent
years, propolis has gained quite popularity in the food and
beverage industries in order to prevent many diseases such as
cardiovascular disease, diabetes, and cancer and to protect
health (Banskota et al., 2000).

Propolis has a wide range of biological activities such as an-
tioxidant (Nagai et al., 2003; Kumazawa et al., 2004; Mohtar
et al., 2020; Peixoto et al., 2021), antifungal, antibacterial,
antiviral (Kujumgiev et al., 1999), antiproliferative (Banskota
et al., 2002), cytotoxic (Banskota et al., 2000), immunomod-
ulator (Orsolic et al., 2004), antimicrobial (Arslan et al.,
2012), anti-inflammatory (Barlak et al., 2015), radioprotec-
tive (Benkovic et al., 2008), hepatoprotective (Banskota et
al., 2000), preventive and protective effects against DNA
damage (Aliyazicioglu et al., 2011).

It has been suggested that the compounds primarily responsi-
ble for the biological activities of propolis are phenolic com-
pounds such as flavonoids (Havsteen, 2002). It has been
shown that antioxidant activity, which is one of the most im-
portant biological activities of flavonoids in propolis, pro-
vides protection against lipid peroxidation in the cell mem-
brane, thanks to its ability to scavenge free radicals (Pinchuk
and Lichtenberg, 2002).

Since propolis cannot be used in its raw form, it should be
purified by extraction with solvents. In this process, inert sub-
stances should be removed, and polyphenolic fractions
should be protected (Pietta et al., 2002). Propolis extraction
methods may affect the activity of propolis, as the use of dif-
ferent solvents may dissolve and extract different compounds
in propolis (Sforcin, 2007).

The main purpose of this study is to compare the total phe-
nolic contents and antioxidant activities of normal and lyoph-
ilized extracts of propolis, which is collected from different
provinces of Tiirkiye, with the five different solvents deter-
mined as water, ethanol, dimethyl sulfoxide (DMSO), glyc-
erol, and acetone.

Research Article

Materials and Methods
Propolis Origin

Propolis was formed by mixing propolis samples supplied by
Fanus Food Company (Trabzon, Tirkiye) from different
provinces of Tiirkiye.

Preparation of Water, Ethanol, Dimethyl Sulfoxide
(DMSO0), Glycerol and Acetone Extracts of Propolis

First, the propolis sample was frozen at -20°C and grated. The
grated propolis sample was refrozen at -20°C and was ground
in a blender (Arzum AR1002). With our own extraction
method, 500 mg of ground propolis were dissolved in 20 mL
of pure water, ethanol (Riedel-de Haén), DMSO (Carlo
Erba), glycerol (Merck), or acetone (Merck) at 150 rpm and
60°C with the aid of a shaker incubator for 24 hours. After
incubation, each extract was centrifuged at 2057 g for 10
minutes and filtered through filter paper. Collected superna-
tants were stored at 4 °C in the dark for further studies. The
final concentration of each propolis extract including water
extract of propolis (WEP), ethanol extract of propolis (EEP),
DMSO extract of propolis (DEP), glycerol extract of propolis
(GEP), and acetone extract of propolis (AEP) was adjusted to
25 mg/mL (stock solution). A proportion of 5 mL of the wa-
ter, ethanol, and DMSO extracts were kept at -80°C for 30
minutes and lyophilized for 6 hours. 5 mL solvent (water, eth-
anol, or DMSO) was added to those extracts to obtain dis-
solved lyophilized extracts.

Determination of Total Polyphenol Content

Total polyphenol content was determined spectrophotometri-
cally by modifying the Folin-Ciocalteu colorimetric method
and adapting this method to a 96-well microplate reader (Lo-
tito and Frei, 2004). 12.5 pL of diluted (1:50 with deionized
water) propolis extracts were mixed by adding 62.5 uL of Fo-
lin-Ciocalteu reagent (Sigma) (1:10) and 125 pL of sodium
carbonate (Lancaster) (20 %, w/v) into a 96-well microplate.
After 30 minutes of incubation at room temperature and in
the dark, absorbance was read at 700 nm on the microplate
reader (Tunable VERSAmax microplate reader, USA). Gallic
acid (Sigma) was used as a standard in drawing the calibra-
tion curve. Total polyphenol contents were stated as mg Gal-
lic acid (GA)/g propolis.

Determination of Total Flavonoid Content

Total flavonoid content was determined spectrophotometri-
cally by modifying the aluminium nitrate colorimetric
method (Park et al., 1997). 20 pL of diluted (1:20 with deion-
ized water) propolis extracts were mixed by adding 172 pL.
of 80 % ethanol, 4 pL of 10 % aluminium nitrate (Fluka) and
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4 uL of 1 M aqueous potassium acetate (Merck) into a 96-
well microplate. After 40 minutes of incubation at room tem-
perature and in the dark, absorbance was read at 415 nm on
the microplate reader. Quercetin (Fluka) was used as a stand-
ard in drawing the calibration curve. Total flavonoid contents
were stated as mg Quercetin (Q)/g propolis.

Determination of Fe’* (Ferric) Reducing Antioxidant
Power (FRAP)

The reducing antioxidant power was determined spectropho-
tometrically according to the method applied by Oyaizu
(1986) based on ferric to ferrous ion reduction at low pH
(Oyaizu, 1986). To 40 pL of diluted (1:100 with deionized
water) propolis extract in 1.5 mL of microtube (Eppendorf)
was added 100 pL of 0.2 M sodium phosphate buffer (Merck)
(pH 6.6) and 100 pL of 1% potassium ferricyanide (Lancas-
ter) and mixed. The mixture was incubated at 50 °C for 20
minutes and cooled to room temperature. Then, 100 pL of
10% trichloroacetic acid (ABCR) was added to the mixture
and centrifuged at 3000 g (Thermo micromax SN: 8035/2)
for 10 minutes. 100 uL of the upper phase was taken and
transferred to a 96-well plate. The transferred phase was
mixed with 100 pL of deionized water and 20 pL of 0.1%
FeCl; (Sigma) in a 96-well plate. It was incubated for 5
minutes at room temperature in the dark and absorbance was
read at 700 nm on the microplate reader. Trolox (Fluka) was
used as a standard in drawing the calibration curve. Antioxi-
dant potentials of propolis were stated as mg Trolox (Tro)/g
propolis.

Determination of Total Antioxidant Status (TAS)

The total antioxidant status was determined according to the
colorimetric method applied by Erel (2004). TAS was meas-
ured using the TAS kit (Rel Assay Diagnostics, Cat No:
RLOO01) and the results were stated in mmol Trolox (Tro)/100
g propolis.

Results and Discussion

Total Phenolic Contents and Antioxidant Activities of
Propolis Extracts

Total polyphenol content, total flavonoid content, ferric re-
ducing antioxidant power (FRAP) and total antioxidant status
(TAS) of all normal and lyophilized extracts (DEP, EEP,
AEP, GEP, WEP, lyophilized dimethyl sulfoxide extract of
propolis (LDEP), lyophilized ethanol extract of propolis
(LEEP), and lyophilized water extract of propolis (LWEP))
were determined and the results were stated as mg GA/g
propolis, mg Q/g propolis, mg Tro/g propolis and mmol
Tro/100 g propolis, respectively. These results were given in
Table 1 and were found to be consistent with each other in

terms of both the amount of phenolic compounds and antiox-
idant activity.

As we cannot use propolis in the natural state, it must be re-
fined by extraction using solvents (Pietta et al., 2002). Since
different solvents should solve various compositions of prop-
olis in different amounts, the contents of the WEP, EEP, DEP,
GEP, and AEP would be different in quality and/or quantity.
In most studies, the solvents chosen to dissolve propolis are
not used purely, but diluted with water from 15% to 95%, and
these diluted extracts have been studied (Schnitzler et al.,
2010; Silva et al., 2012; Frozza et al., 2013; Siripatrawan et
al. 2013; Wang et al., 2014; Cruz et al. 2021). The reason we
used pure solvents was to determine which solvent would
achieve the best solubility.

Silva et al. (2012) studied polyphenolic and flavonoid con-
tents of propolis, by preparing hydro-alcoholic, methanol,
and water extracts of propolis for every region (Braganga,
Coimbra, and Beja). Polyphenol and flavonoid contents of
hydro-alcoholic extracts were found to be considerably high
as compared to methanol and water extracts. Total phenolic
(277.17 £7.50) and flavonoid (142.32 +4.52) contents of Bra-
ganca propolis were determined to be of quite a high concen-
tration (mg/g), and Coimbra and Beja propolis followed them
respectively. Alencar et al. (2007) found that ethanol extract
of Brazilian red propolis includes 232 £22.3 mg/g polyphenol
and 43 +1.0 mg/g flavonoid. In another study, Frozza et al.
(2013) found that hydro-alcoholic extract of Brazilian red
propolis includes 151.55 +1.95 mg/g polyphenolic composi-
tion as a dry extract. This difference came from the various
methods of extraction, and geographical localization as well.

In addition, each researcher works with different solvents, at
different absorbance values, at different concentrations, and
by modifying the methods, they apply in various ways.
Therefore, this affects the amount of polyphenols and flavo-
noids in propolis extract. For this reason, all these criteria will
also affect the antioxidant activity of propolis. For this rea-
son, it seems difficult to make a clear comparison of the dif-
ferences between the methods in the studies.

The antioxidant activities of propolis samples from different
geographical regions (Argentina, Australia, Brazil, Bulgaria,
Chile, China (Hebei, Hubei and Zhejiang), Hungary, New
Zealand, South Africa, Thailand, Ukraine, Uruguay, United
States and Uzbekistan) were compared by Kumazawa et al.
(2004). EEP originated from Argentina, Australia, China,
Hungary, and New Zealand had comparatively powerful an-
tioxidant activity and stood in correlation with the total poly-
phenol and flavonoid contents. But Thailand propolis was
found to have the lowest values (Kumazawa et al., 2004). Ku-
mazawa et al. (2004) determined that the polyphenol content
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of the ethanolic extract of European and Chinese propolis was
ranged from 200 to 300 mg GA/g propolis.

It is suggested that a single constituent of propolis does not
have more powerful activity than complete extract and there-
fore the general biological qualities of propolis emanated
from the natural combination of its constituents (Sforcin,
2007). For that reason, instead of isolating the constituents of
extracts used in our study and examining their effects sepa-
rately, we preferred using the whole sample.

In our study, the total polyphenol and flavonoid contents of
propolis with DEP were found to be higher than EEP, AEP,
GEP, and WEP. Also, DEP was found to have more FRAP
capacity and were at a higher level in terms of TAS than EEP
AEP, GEP, WEP (Table 1).

Total polyphenol content in the LEEP was found to be higher
than as in the LDEP and LWEP. Total flavonoid content,
FRAP, and TAS in the LDEP was also found to be higher
than as in the LEEP and LWEP (Table 1).

When we used lyophilized propolis, we aimed to separate or-
ganic compounds from the resin available and to see the dif-
ference between lyophilized and non-lyophilized samples of
propolis. But according to the results of our analysis of con-
tents and antioxidant tests, it has been found that there were
no great differences between lyophilized and non-lyophilized
samples of propolis in terms of content and antioxidant ca-
pacity. TAS and FRAP methods to extracts were found to be
proportionate to the amounts of polyphenol and flavonoid
contents.

The materials in propolis mainly lipophilic compounds. Be-
cause it is easy to extract lipophilic compounds by using eth-
anol, that of EEP is well known and interest greatly
(Nakajima et al., 2007). Although using EEP is prevailing,
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research about WEP has increased in number (Mani et al.,
20006).

The WEP has a good antioxidant activity due to its high phe-
nolic compound content. It has been reported that the water
extract of propolis has hepatoprotective effect on both chem-
ical and immunological liver injury models, inhibits platelet
aggregation, and shows antiviral and anti-inflammatory ac-
tivity (Nagai et al., 2003; Mani et al., 2006).

Nakajima et al. (2007), in a study they conducted, revealed
that water extract of Brazilian green propolis and
caffeoylquinic acid derivatives had neuroprotective effects on
retinal damage in vitro and that these effects were due to their
antioxidant properties (Nakajima et al., 2007).

In another study by Nakajima et al. (2009) where they pre-
pared Brazilian WEP and EEP, water extract of royal jelly
and ethanol extract of pollen, comparing radical scavenging
activity of hydrogen peroxide, superoxide anion and hydroxyl
through different antioxidant capacity methods, the antioxi-
dant capacity was found to be in WEP, EEP and ethanol ex-
tract of pollen, respectively (Nakajima et al., 2009).

When Laskar et al. (2010) compared various antioxidant de-
termination methods, they suggested that the water extract of
Indian propolis is more effective than the ethanolic extract,
because of its high polyphenol content, and that it can be used
in the prevention of various diseases related to free radicals
(Laskar et al. 2010).

DEP is used to some extent in cell culture studies (Azarshin-
fam et al., 2021; Liao et al., 2021). Studies on the extraction
of propolis with glycerol (Thamnopoulos et al., 2018) and ac-
etone (Kheiri et al., 2011) are very few, and antioxidant ac-
tivity studies have not been conducted in any of them. There-
fore, in addition to DEP, AEP and GEP were also included in
this study.

Table 1. Total phenolic contents and antioxidant activities of propolis extracts (Arithmetic mean = SD, n=3)

DEP EEP AEP GEP WEP | LDEP | LEEP | LWEP

Total polyphenol content 141.2 122.7 | 100.0 | 88.0 19.7 136.8 | 142.0 | 18.2
(mg GA/g propolis) +9.99 +6.37 | £8.49 | £7.75 | +£0.29 | +4.04 | £1.41 | =£1.15
Total flavonoid content 553 47.8 473 233 1.3 63.5 54.2 24
(mg Q/g propolis) +6.63 +8.66 | £6.43 | £1.91 |+0.12 |£7.07 | +4.86 | +1.02
Ferric reducing power 273.8 2369 | 221.3 141.8 | 26.2 287.1 2329 |24.0
(mg Tro/g propolis +11.62 +13.92 | £14.11 | £18.97 | £8.57 | £8.74 | £19.23 | £5.55
Total antioxidant status 248.5 233.1 157.5 159.8 | 154 2429 2383 |26.0
(mmol Tro/100 g propolis) +5.10 +1.99 | £11.06 | £5.73 | +5.39 | £13.48 | £10.1 | #1.12

DEP: DMSO extract of propolis; EEP: ethanol extract of propolis; AEP: acetone extract of propolis; GEP: glycerol extract
of propolis; WEP: water extract of propolis; LDEP: lyophilized DMSO extract of propolis; LEEP: lyophilized ethanol

extract of propolis; LWEP: lyophilized water extract of propolis
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Conclusion

As a result; after extraction of propolis using water, eth-
anol, DMSO, glycerol, and acetone as solvents, evalu-
ated the total polyphenol and flavonoid content and an-
tioxidant capacity, we concluded that it is mostly dis-
solved in DMSO, and after that in ethanol, acetone,
glycerol respectively, and the least in water.

In the light of all this information, propolis can be a nat-
ural raw material source for various sectors such as food
industry, medicine and cosmetics, thanks to its solubility
in various solvents.
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ABSTRACT

To evaluate the effects of the COVID-19 phobia on mindful eating, eating habits and body weight
change among university students. This study was carried out with 385 university students who
have been in social isolation at home for at least 2 months. The online survey was constituted via
an internet-based questionnaire on Google forms. The survey includes demographics features,
body weight, eating habits, change in appetite and consumption of food/food groups. COVID-19
Phobia Scale (C19P-S) and the Mindful Eating Questionnaire (MEQ) were used. Results: Both
males and females had similar scores from C19P-S and MEQ. Body weight and BMI of students
significantly increased during the pandemic period (p<0.05). The percentage of being underweight
decreased and being pre-obese/obese increased during the pandemic period. The percentage of the
increase in the consumption of sweets, toffees, candies and foods with sugar was high in both
groups (male: 48.2%; female: 47.1%). The most increased consumption of food groups was fruit,
and also fast food was the most decreased among the consumption of food groups in this study. In
addition, a negative correlation was found between C19P-S and MEQ scores (r=-0.214, p<0.001).
And also there was a negative correlation between the MEQ subscale of emotional eating scores
and psychological, psycho-somatic and social subscales of C19P-S (p<0.01). C19P-S scores had
significantly higher in those with increased or decreased appetite and MEQ scores had signifi-
cantly higher in those who have decreased or unchanged appetite. COVID-19 phobia can affect
mindful eating and eating habits during the social isolation/pandemic period in university students.
It is important to increase mindful eating during the pandemic, to provide adequate and balanced
nutrition, to reduce the risk of disease and to affect the course of the disease positively.

Keywords: COVID-19 phobia, Mindful eating, Eating habits, Body weight change
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Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) (generally known as COVID-19) emerged in Wuhan,
China in December 2019 and spread throughout the world.
The World Health Organization (WHO) declared COVID-19
as a pandemic on 11 March 2020 (WHO, 2021a; WHO 2020).
COVID 19 is a fatal and highly infectious disease, which has
several symptoms such as fever, cough, shortness of breath,
muscle ache, sore throat, chest pain, diarrhea, nausea and
vomiting (Chen et al., 2020). Deaths from COVID 19 are still
increasing, and the disease is not yet controlled around the
world (Arpaci et al., 2020). After the rapid spread of COVID-
19, many measures were taken to protect people’s health all
over the world. In Tiirkiye, many preventive precautions
such as the closure of schools, shopping centers, entertain-
ment venues, sports halls, curfew and travel restrictions have
been taken (Karslioglu et al.,2020) University students
started to join online education and quarantined at home in
March 2020 (Karslioglu et al., 2020; Tiirk Tabipler Birligi,
2020)

This new disease caused fear and anxiety. Because of
COVID-19, due to fatal disease, people can worry, fear and
panic about not only their own health, but also the health of
their families and the people around them (CDC, 2021). It
was reported that all of these social restrictions caused fear,
stress, panic, anxiety and depression in students, too (Peters
et al., 2020). Especially the pandemic period, in which social
isolation was aimed, affected the lives of individuals nega-
tively. Individuals in pandemic period have been shown to
have a high frequency of psychological diseases (depression,
stress, insomnia etc) (Brooks et al., 2020; Ahorsu et al.,
2020).

Staying at home constantly can also affect people's eating
habits. People, who are social creatures, may change their eat-
ing habits due to increased fear and anxiety caused by the so-
cial isolation (Abbas and Kamel, 2020). As it is known, psy-
chological states (such as anxiety, fear, stress, sadness) of in-
dividuals can negatively affect their eating behaviors (Fram-
son et al., 2009). When people are stressed, they often change
their calorie intakes by either increasing or decreasing
(Dallman, 2010). Emotional status like stress is related with
higher energy, fat, carbohydrate, and protein intakes (Moyni-
han, 2010). Qurantine period can induce stress, and this stress
might cause overeating and higher consumption of carbohy-
drate rich foods which have positive effect on mood (Mus-
cogiuri et al., 2020).

Therefore, more attention should be paid to a healthy diet and
ideal body weight during this period (Muscogiuri et al.,
2020). It has been reported that healthier food choices can be

made by increasing the attention to eating behavior and re-
ducing the sensitivity to thoughts and feelings during food
consumption (Omiwole et al., 2019; Baer et al., 2005). Mind-
fulness is associated with many positive health outcomes, in-
cluding decreasing anxiety and preventing eating disorders
(Allen et al., 2006). Mindful eating has been described as
noticing how and why eating behavior occurs rather than
what is eaten (Kose et al., 2016). Mindful eating may not only
reduce food cravings (Alberts et al., 2012) but also be effec-
tive in body weight control (Framson et al., 2009; Forman et
al., 2009) .

To our knowledge, this study is the first study, which exam-
ined the association of COVID-19 phobia with mindful eat-
ing in our country. We hypothesized that-COVID-19 Phobia
increases mindful eating and affects eating habits negatively
during pandemic period. Therefore, in this study, it was
aimed to evaluate the effects of COVID-19 phobia, mindful
eating, eating habits and body weight change in university
students, an important risk age group, who underwent social
isolation to protect themselves against the epidemic.

Materials and Methods
Materials

This cross-sectional study was carried out between March
and July 2020 in the city center of Ankara and Antalya,
Tiirkiye. In this study, 329 females and 56 males; totally 385
university students were participated. The mean age of the
male and female was 21.8 £2.09 and 20.9 +1.74 years, re-
spectively (p<0.05). Students who have been in social isola-
tion at home for at least 2 months due to the COVID-19 out-
break were included in the study. Despite contacted with ap-
proximately 1200 students, 32.0 % percentage of the students
returned.

Methods

The online survey was constituted via an internet-based ques-
tionnaire on Google forms. Online approval was obtained
from each student to participate in the study. The self-report
survey includes demographics features (e.g., age, gender, ed-
ucation, and status), body weight, height, eating habits,
change in appetite and consumption of food/food groups. It
was questioned whether the body weight and eating habits of
the participants changed before the pandemic and during pan-
demic period. A questionnaire including the change in appe-
tite of the individuals and the consumption of food groups
was prepared. COVID-19 Phobia Scale (C19P-S) and the
Mindful Eating Questionnaire (MEQ) were used for the
assesment of COVID-19 phobia and mindful eating habits re-
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spectively. The body mass index (BMI) was calculated by di-
viding body weight (kg) by height (m?). After this calculation,
BMI was classified as four groups. (1: Underweight (<18.5
kg/m?), 2: Normal (18.5-24.9 kg/m?), 3: Pre-obesity (25.0—
29.9 kg/m?), 4: Obese (>30.0 kg/m?) (WHO, 2021b)

COVID-19 Phobia Scale (C19P-S)

COVID-19 Phobia Scale (C19P-S) was developed, Turkish
validity and reliability of the scale in was made by Arpaci et
al. (Cronbach alpha: 0.925) (Arpaci et al., 2020). This scale
includes 20 items. The scale consists of 4 sub-factors: psy-
chological, psycho-somatic, economic and social. A five-
point Likert-type scale (from 1“strongly disagree” to 5
“strongly agree”) was used to evaluate the levels of COVID-
19 phobia. The total score of scale ranges from 20 to 100. A
higher total score indicates a greater phobia level.

Mindful Eating Questionnaire (MEQ)

Mindful Eating Questionnaire (MEQ) was developed by
Framson et al (Framson et al., 2009) and adapted into Turkish
by Kose et al. (Cronbach alpha: 0.733) (Kose et al., 2016).
This scale includes 7 subscales: disinhibition, emotional eat-
ing, eating control, mindfulness, eating discipline, conscious
nutrition and interference. A five-point Likert-type scale (1:
never, 2: rarely, 3: sometimes, 4: often, 5: usually) was used
to assess the mindful eating level. In this scale, 10 items (1,
7,9, 11,13, 15, 18, 24, 25 and 27) are scored straight; other
20 items are scored reserve. Higher scores indicate more
mindful eating level.

Statistical Analysis

The data obtained were imported into Microsoft Excel, and
The Statistical Package for the Social Sciences (version 24.0)
software was used for all the analyses. The evaluation of the
demographic characteristics, dietary patterns and obesity of
students was based on numbers and percentages. The #-test
(paired samples) was used to evaluate body weight before and
during pandemic period. The means and SDs of each subscale
and total scores of COVID-19 Phobia Scale and Mindful Eat-
ing Questionnaire of participants according to BMI classifi-
cation during pandemic period were measured. The One-Way
Anova was used for COVID-19 phobia and mindful eating of
participants according to BMI classification during pandemic
period. The Spearman test was used to evalulate the relation-
ship between COVID-19 phobia and mindful eating of stu-
dents. Results were considered statistically significant at p-
values <0.05 for all analyses.

Results and Discussion

Public health emergencies can have many psychological ef-
fects on individuals, which can be expressed as anxiety, fear,
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and worry (Mei et al., 2011; Gritsenko et al.,2020; Ornell et
al., 2020) and to understand the psychological effects of a
pandemic, the emotions such as fear and anger, must be con-
sidered and observed (Arpaci et al., 2020; Cao et al.,2020;
Butler and Barrientos, 2020; Ammar et al., 2020). Social iso-
lation is a very important public health emergency objective
to protect against the COVID-19 (Muscogiuri et al, 2020).
Being forced to stay indoors due to the COVID-19 pandemic
for a long time can eventually lead to anxiety and stress con-
ditions that can cause change in mindfulness, eating hab-
its,body weight change of healthy individuals(Abbas and
Kamel, 2020; Framson et al., 2009; Dallman, 2010; Moyni-
han et al., 2010; Muscogiuri et al, 2020). The evaluation of
body weight of individuals before and during the pandemic
period was given in Table 1. Before pandemic, 12.7% of the
participants are underweight, 70.9% are normal and 16.4%
are overweight according to BMI classification. In present
study, the mean body weight (kg) was 60.6+£11.56 before the
pandemic but was 61.4 =+12.13 during the pandemic
(p<0.001). Also the mean BMI of students significantly in-
creased during the pandemic period (22.2 £3.43 kg/m?) com-
pared to before the pandemic period (21.9 £3.28 kg/m?) (Ta-
ble 1). Similar to our study, it was found that COVID-19 pan-
demic was greatly associated with increased weight gain (Pel-
legrini et al., 2020; Reyes-Olavarria et al., 2020). Higher BMI
is now also thought to be a risk factor for COVID-19 mortal-
ity (Klang et al., 2020). That’s why we can say that pandemic
period can lead to COVID-19 phobia conditions that can
cause increased weight gain and change eating habits of
healthy students in this study.

Ammar et al. (Ammar et al., 2020) stated that that anxiety,
boredom or COVID-19 phobia could cause negative changes
in eating behavior. In a study, 82 % of participants reported
an increase in the amount of unhealthy food during pandemic
(Robinson et al., 2021). Further, constantly hearing or read-
ing about the epidemic without a break during quarantine can
be stressful. Only 18.4 % of students stated their appetite de-
creased but near the half of students (42.9 %) reported that
their appetite increased during pandemic period (data not
shown in table) in present study. Consequently, the stress
pushes people toward overeating, mostly looking for sugary
foods (Muscogiuri et al., 2020). Changes in consumption of
food groups and certain foods in participants during the pan-
demic period were shown in Table 2. Similarly, the percent-
age of the increase in the consumption of sweets, toffees, can-
dies and foods with sugar was high in both groups (male: 48.2
%; female: 47.1 %) in this study (Table 2). During this pan-
demic period, it is important to take care of nutritional habits,
following a healthy and balanced nutritional pattern contain-
ing a high amount of minerals, antioxidants, and vitamins. It
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was reported that fruit and vegetables supplying micronutri-
ents can boost immune function (Abbas and Kamel, 2020;
Muscogiuri et al., 2020; Butler and Barrientos, 2020) It was
found that the most increased consumption of food groups
was fruit, and also fast food was the most decreased among
the consumption of food groups in this study (Table 2). This
may be due to the social isolation and lack of access to fast
food because of the COVID phobia in this age group.

Stress and emotional status influence eating behavior. To
many, stress and negative mood can induce loss of appetite
and hypophagia (Macht,2008). However negative emotions
and stress cause them to eat more and increase emotional eat-
ing (Van Strien,2018) So mindful eating is important to re-
duce food cravings (Alberts et al., 2012) and is associated
with preventing eating disorders and obesity (Allen et al.,
2006; Alberts et al., 2012). Mindful eating has been described
as noticing how and why eating behavior occurs rather than
what is eaten (Kdose et al., 2016), and it is also effective in
body weight control (Framson et al., 2009; Alberts et al.,
2012) Similarly, in present study those who stated that his/her
appetite was decreased or not changed had the significantly
higher score from MEQ than increased appetite (p: 0.021).
Evaluation of COVID-19 phobia and mindful eating of par-
ticipants according to obesity during the pandemic period was
shown in Table 3. Furthermore, total MEQ scores were the
highest in underweight (p<0.001) (Table 3). Total and sub-

scales scores of C19P-S (except social subscale) had not sig-
nificantly difference according to the BMI classification
(p>0.05). Spearman correlation matrix of the relationship be-
tween ages, body weight, BMI, total C19P-S with MEQ
scores were given Table 4. Total C19P-S scores was nega-
tively associated with total MEQ scores (r:-0.203 p<0.001).
There was a significant negative correlation between total
MEQ scores and body weight/BMI during pandemic
(p<0.001). There was a significant positive correlation be-
tween total MEQ scores and age (p<0.001). The percentage
of being underweight decreased, but being pre-obesity/obese
increased during the pandemic period (Table 1).Therefore,
mindful eating is important not only for the prevention of
obesity, but also for the adequate and balanced nutrition (But-
ler and Barrientos,2020; Van Strien,2018) . Total C19P-S
scores was negatively associated with total MEQ scores (r:-
0.203 p<0.001) in this study (Table 4). In addition, Total
CI19P-S score was related negatively MEQ subscales (disin-
hibition, emotional eating, eating control and interference).
Spearman correlation matrix of the relationships between
C19P-S and MEQ subscales were given Table 5. Total C19P-
S score was related negatively disinhibition, emotional eat-
ing, eating control and interference subscale scores of MEQ.
Total MEQ score was related negatively C19P-S subscales
(psychosomatic, social and economic) (p<0.01). (Table 5).
Increased COVID-19 phobia might cause decreasing mind-
fulness.

Table 1. Evaluation of body weight in individuals before and during the pandemic period

Total (n:385)

Before pandemic period During pandemic period
Variables X +SD X +SD p
Body weight (kg) 60.6+11.56 61.4+12.13 <0.001
BMI (kg/m?) 21.9+3.28 22.2+3.43 <0.001
Obesity classification n (%) n (%)
Underweight 49 (12.7) 39 (10.1)
Normal 273 (70.9) 268 (69.6)
Pre-obesity /Obese 63 (16.4) 78 (20.3)

BMI: Body mass index
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Table 2. Changes in consumption of food groups and certain foods in participants during the pandemic period

Male (n:56) Female (n:329)
Increased Decreased Not Increased Decreased Not

changed changed
Food and food groups n (%) n (%) n (%) n (%) n (%) n (%)
Bread and types of bread 26 (46.4) 7(12.5) 23 (41.1) 126(38.3) 65(19.8) 38 (41.9)
Rice/bulgur/ pasta 28 (50.0) 14(25.0) 14(25.0) 133(40.4) 55(16.7) 141 (42.9)
Milk and milk products 28 (50.0) 5(11.4) 23(41.1) 168 (51.1) 39(11.9) 122 (37.1)
Meat and meat products 33(58.9) 6(10.7) 17 (30.4) 168 (51.1) 40(12.2) 121 (36.8)
Legumes 24 (42.9) 10(17.9) 22(39.3) 102(31.0) 48(14.6) 179 (54.4)
Vegetables 31(554) 9(16.1) 16 (28.6) 182 (55.3) 28(8.5) 119 (36.2)
Fruits 33(58.9) 6(10.7) 17 (30.4) 209 (63.5) 35(10.6) 85(25.8)
Sweets, toffees, candies and foods with sugar 27 (48.2) 7 (12.5) 22(39.3) 155(47.1) 70(21.3) 104 (31.6)
Fast foods 10 (17.9) 39(69.6) 7(12.5) 32(9.7) 244 (74.2) 53 (16.1)

Table 3. Evaluation of phobia of COVID-19 and mindful eating of participants according to BMI classification during pan-

demic period

Underweight Normal Pre-obesity/Obese p
(n:39) (n:268) (n:78)
MEQ Subscales X +SD X +SD X +SD
Disinhibition 18,8 £2.67* 16.6 £3.77° 15.8 £3.29° <0.001
Emotional Eating 18.0 £3.68* 16.2 +4.31%° 15.2 +4.75° <0.001
Eating Control 16.4 £3.712 14.3 +£3.73° 14.2 +£3.60° <0.001
Mindfulness 14.8 £1.852 15.9 £1.96° 15.7 £1.87° <0.001
Eating Discipline 12.6 £2.52 13.0 £2.69 13.2 £2.36 0.488
Conscious Nutrition 15.8+2.13 15.7 £2.66 15.3 £2.81 0.523
Interference 7.4 £1.58 6.9 £1.77 7.2 £1.39 0.153
Total MEQ scores 100.7 +11.66 95.0 £13.47° 92.9 +£13.67° <0.001
C19P-S Subscales X +SD X +SD X +SD p
Psychological 18.8 +4.62 19.2 +4.77 19.3 +4.04 0.884
Psycho-Somatic 8.4+£3.11 9.1+3.21 9.2 +£2.98 0.337
Social 12.0 £3.122 13.3 +£3.66%° 13.9 +£3.42° <0.001
Economic 7.4 £2.34 7.9 £2.57 8.5+2.37 0.067
Total C19P-S scores 46.8 £10.40 50.1 +£11.22 51.9+9.42 0.550

MEQ: Mindful Eating Questionnaire, C19P-S: COVID-19 Phobia Scale

Furthermore, pandemic period may lead to emotional disturb-
ance and may be a risk factor for the development of COVID-
19 phobia in university students. Students are generally so-
ciable beings, and this period of social isolation might have
forced them to cope with the growing fear and anxiety (Abbas
and Kamel,2020). A survey indicated that college students
were afflicted with experienced mild and severe anxiety be-
cause of the COVID-19 outbreak (Cao et al.,2020). Another
study reported that students were depressed, exhausted, nerv-
ous and angry due to COVID-19 (Gritsenko et al.,2020). This

study indicated that both males and females had similar
scores from C19P-S (p>0.05). But there was a significantly
difference in perceived appetite. Those who stated that
his/her appetite was increased or decreased had the signifi-
cantly higher score from C19P-S than unchanging appetite
(p<0.001). It can be said that there is a relationship between
appetite change and COVID-19 phobia. COVID-19 phobia
may have influence on weight-related behaviors such as ap-
petite change among university students.Providing reduced
covid phobia can increase mindful eating in students and may
have positive effects on body weight change.
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Table 4. Spearman correlation matrix of the relationship among age, body weight, BMI, total C19P-S and MEQ scores

1 2 3 4 5
1.Age (years) 1
2.Body weight during pandemic (kg) 0.202* 1
3.BMI during pandemic (kg/m?) 0.182* 0.861%* 1
4.Total C19P-S scores 0.074 0.016 0.050 1
5.Total MEQ scores 0.191* -0.202* -0.198* -0.203* 1

*p<0.001, MEQ: Mindful Eating Questionnaire, C19P-S: COVID-19 Phobia Scale

Table 5. Spearman correlation matrix of the relationships between C19P-S and MEQ subscales

C19P-S and MEQ Subscales 1 2 3 4 5 7 8 9 10 11 12 13
1.Psychological 1

2.Psycho-Somatic 0.457** 1

3.Social 0.690** 0.562** 1

0.345%* 0.543** 0.446** 1
0.795%% 0.771** 0.858** 0.669** 1

4.Economic
5.Total C19P-S scores

6.Disinhibition -0.074 -0.145**-0.200** -0.150
7.Emotional Eating -0.147%*%-0.113* -0.247**-0.096

8.Eating Control 0.015 -0.081 -0.134**-0.104*
9.Mindfulness -0.066 -0.094 -0.061 0.030
10.Eating Discipline 0.002 -0.081 -0.072 -0.018
11.Conscious Nutrition -0.024 -0.017 -0.096 -0.080 -0.091
12.Interference -0.105* -0.145**-0.186**-0.121*
13.Total MEQ scores -0.085

-0.192** ]
-0.221**0.618%* 1

-0.108% 0.487** 0.345%* 1
-0.079  0.041

0.096  0.139%* 1

-0.067  0.269%* 0.279** (0.341** 0.293** 1
0.400** 0.269** 0.398** 0.092
-0.173**0.469** 0.461** 0.347** 0.116*
-0.144**-0.228%* -0.138%*-0.214**(.788** 0.753** (.713** 0.228** 0.563** 0.592** 0.627** |

0.296** 1
0.411** 0.338** 1

*p<0.05, ** p<0.01, MEQ: Mindful Eating Questionnaire, C19P-S: COVID-19 Phobia Scale

The best recommendation for staying healthy during pan-
demic is to follow the general health advice such as eating a
balanced diet with mindful eating and managing stress
(Muscogiuri et al., 2020). Patients with anxiety/depression
were strongly associated with weight gain and resulted in be-
ing the more relevant factor in predicting increase in body
weight, after adjusting for consuming unhealthy foods
(Pellegrini et al., 2020).

Present study has some limitations. Firstly, despite contacted
with approximately 1200 students, 32.0 % percentage of the
students returned. This may be due to the online survey forms
that are frequently conducted during this period. Secondly,
the parameter evaluating the anxiety state of the participants
can be added to the study. In our knowledge, there exists no
study about COVID-19 phobia and mindful eating. We think
this is important in terms of guiding future studies.

Conclusion

COVID-19 phobia can affect mindful eating and eating habits
during the social isolation/pandemic period in university stu-

dents. COVID-19 phobia, which increases due to the exten-
sion of the pandemic, is expected to affect students' mindful
eating negatively. It is important to increase the mindful eat-
ing during the pandemic, to provide adequate and balanced
nutrition, to reduce the risk of disease and to affect the course
of the disease positively.
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Bu ¢aligmanin amaci, deniz marulu (Ulva rigida)’nun besin igeriginde meydana gelen mevsimsel
farklar1 saptayarak farkl: tiikketim tercihlerine gore duyusal 6zelliklerini belirlemektir. Bu sebeple,
Canakkale Bogazi’'ndan mevsimsel olarak toplanan U. rigida’nmn hem yas hem de kuru
orneklerinin ham besin bilesimi, amino asit ve yag asidi igerikleri belirlenmistir. Bulgulara gore;
U. rigida yiiksek protein ve amino asit igerigine sahipken, yas drneklerde % 0.46-0.85, kuru
orneklerde ise % 1.81-4.53 arasinda degisen diisiik ham yag oranina sahip oldugu saptanmistir.
Sonrasinda her mevsim elde edilen drneklerden alg salatasi ve alg ¢orbasi elde edilmistir. Yapilan
duyusal analizlere gore en begenilen tiiketim tercihi tiim gruplar i¢inde alg salatasi olarak tespit
edilmigtir. Ayrica, her iki tiikketim tercihi de ilkbahar ve sonbahar 6rneklerinde en yiiksek puanlari
almigtir. Sonug olarak, Ulva rigida tiiketiciler tarafindan begenilen ve besin igerigi ilkbaharda
yiiksek bulunan bir gida kaynagidir.

Anahtar Kelimeler: Amino asit, Yag asidi, Yosun, Besin bilesimi, Gida

ABSTRACT

Evaluation of sea lettuce (Ulva rigida) collected from Canakkale Strait as salad and soup by
determining the seasonal nutritional content

The main aims of this study are determining seasonal chemical composition of green seaweed and
evaluating usage of a food source with different processing techniques. For this purpose, Ulva
rigida were collected from Canakkale Strait, Tiirkiye and amino acid, fatty acid and proximate
composition were determined seasonally in both fresh and dried samples. According to results;
Ulva rigida contains high protein and amino acids content whereas it has low fat content differs in
the range of 0.46-0.85 % in fresh samples and 1.81-4.53 % in dried ones. In the following, the
obtained algae samples in the all seasons were processed into salad and algae soup. Most favorite
consuming options determined as algae salad among groups. Besides, two consuming options were
scored highest in spring and autumn. In a conclusion, Ulva rigida is evaluated a desirable aquatic
food source by the consumers, especially in spring.

Keywords: Amino acid, Fatty acid, Seaweed, Proximate composition, Food
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Giris

Gilinlimiizde artan gida talebini karsilamak igin aragtiricilar
alternatif kaynaklara yonelmislerdir. Makroalgler (deniz yo-
sunlar1) 6n plana ¢ikan denizel gida kaynaklarindandir (Berik
ve Cankiriligil, 2020; Mchugh, 2003; Serensen ve ark.,
2019). Makroalglerin gida olarak kullanimlari Japonya’da
IV., Cin’de V. ylizyila dayanmaktadir. Tiirkiye’de makroalg
tilketimi az olmasina karsin yurtdisinda 6zellikle Cin, Ja-
ponya, Kore, Endonezya, Malezya, Fransa, Amerika, Kanada
ve Iskogya’da tiiketilmektedir (Mchugh, 2003). Amerika Bir-
lesik Devletleri ve Avrupa’ya gergeklestirilen gocler, makro-
alg tiiketimine olan talebi bu kitalara da tasimistir (Turan,
2007). Pek ¢ok calisma makroalglerin yiiksek protein, esan-
siyel amino asitler, algal polisakkaritler ve mineral icerikleri
ile besleyici denizel gida kaynaklar1 oldugunu bildirmektedir
(Ak ve ark., 2015; Lorenzo ve ark., 2017; Vizetto-Duarte ve
ark., 2016). Makroalglerin dogal olarak toplanmalarinin yani
sira, yetistiriciligi de yapilmaktadir (Ak ve ark., 2015). Diinya
capinda 2018 yilinda toplam 32.4 milyon tonluk alg {iretimi
gerceklestirilmis olup bu miktarin biiyiik cogunlugunu mak-
roalg tiirleri olusturmaktadir. Elde edilen makroalgler agir-
likl1 olarak gida tiiketiminde kullanilmakta oldugu gibi ayni
zamanda c¢esitli endiistri kollarinda hammadde olarak da kul-
lanilmaktadirlar (FAO, 2020). Bu 6zellikleri ile makroalgler
pek cok tiirii gida olarak kullanilabilen denizel kaynaklardir.
Ozellikle Tiirkiye denizlerinde genis yayilim gésteren Ulva,
Porphyra, Gelidium, Rhodymenia, Laurencia gida olarak tii-
ketilebilir tiirlerdir (Cirik ve Cirik, 2017).

Bu calismada, hem gida olarak ¢ok eski ¢aglardan beri kulla-
nim alan1 olan hem de kozmopolit bir alg olan Ulva rigida
tercih edilmistir. Deniz marulu olarak da adlandirilan U. ri-
gida 6zellikle denizlerin s1g ve kayalik bdlgelerinde azot ve
fosfor gibi besleyici elementlerin bol oldugu kisimlarda dogal
olarak yayilim gosteren kozmopolit bir tiirdiir (Cirik ve Cirik,
2017). Yiksek Biyolojik degerleri; Ulva tiirlerinin tiiketimini
de en az balik ve cift kabuklular kadar cazip kilmaktadir
(Berik ve Cankiriligil, 2020; Ortiz ve ark., 2006). Ulva tiirleri
yliksek miktarlarda n-3 PUFA, a-linolenik, B12 vitamini,
faydali iz elementler ve ulvan adi verilen oldukca kompleks
yapidaki karbohidratlar icermektedirler (Alves ve ark., 2013;
Berik ve Cankiriligil, 2020; Girao ve ark., 2012). Besin ice-
rigi agisindan zengin bir tiir olan Ulva rigida, talluslar tath
suyla yikanip kurutularak veya taze olarak salatalarda ve gor-
balarda tiiketilebilmektedir (Ova Kaykag, 2007). Ancak her
alg gibi Ulva tiirlerinin de besleyiciligi dogal yayilim alan1 ya
da kiiltiir ortamindaki besin tuzu, su sicakligi, tuzluluk, 1s1k
ve mevsim gibi bir¢ok faktore baglh olarak degismektedir (Ak
ve ark., 2012; Dawes, 1998; Oztaskent ve Ak, 2021). Bu se-
beple, calismamizda Canakkale Bogazi’ndan toplanan Ulva
rigida drneklerinin mevsimsel olarak besin igerigi (ham besin
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bilesimi, amino asitler ve yag asitleri)’nde meydana gelen de-
gisimler incelenmistir. Ayrica her mevsimde toplanan mak-
roalglerin taze formlarindan salata; kurutulmus formlarindan
corba hazirlanarak tiiketici begeni analizleri gergeklestiril-
mistir. Makroalglerden iiretilen gidalarin, biiyiik bir disalim
giicli bulundugu diisiiniiliirse bu ¢aligsma, sonradan yapilacak
calismalara ve dolayisiyla iilke ekonomisine katki saglayaca-
gin1 ongdrmekteyiz.

Materyal ve Metot

Ornekleme ve Isleme

Calisma ana materyali deniz marulu, Ulva rigida (C. Agardh,
1823) olarak secilmistir. Bu ¢alismada, toplam 30 kg deniz
marulu kullanilmistir. Ulva rigida 6rnekleri Canakkale Bo-
gazi’ndaki Kepez ilgesi sahilinden (40° 6' 14.68"K, 26° 23'
45.81"D) mevsimsel olarak 2011-2012 yillar1 arasinda top-
lanmistir. Orneklemeler ocak, nisan, temmuz ve ekim ayla-
rinda gergeklestirilmistir. Orneklemeler sirasinda alglerin
toplandigi istasyonda suyun tuzlulugu yil boyunca %o 24-26
arasinda tespit edilmistir. Su sicakligi ise kig mevsiminde
8°C, ilkbahar mevsiminde 13°C, yaz mevsiminde 20°C ve
sonbahar mevsiminde 13°C olarak tespit edilmistir. Hava si-
cakliklar1 ise kig mevsiminde 4°C, ilkbahar mevsiminde
12°C, yaz mevsiminde 24°C ve sonbahar mevsiminde 16°C
olarak dl¢iilmiistiir. Ornekleme istasyonu ve Akdeniz’deki
Ulva rigida dagilim Sekil 1°de gortilmektedir.

Elde edilen algler, deniz suyu ile dolu tasima kaplarinda
Canakkale Onsekiz Mart Universitesi Deniz Bilimleri ve
Teknolojisi Fakiiltesi Isleme Teknolojisi Laboratuvar’ na
uygun kosullarda getirilmis ve c¢alismalar hemen
baslatilmistir. Oncelikle, algler talluslarinda tasidiklari epifit
bitkiler ve sucul omurgasizlar gibi istenmeyen canlilardan
temizlenmislerdir. Sonrasinda ise, algler %o 25°lik tuzlu suda
yumusak uglu firga ile firgalanarak tiim kum taneciklerinden
temizlenmislerdir. Temizlenmis alg talluslar ikiye ayrilarak
yas ve kuru olarak analizlere tabi tutulmuslardir. Kurutma
islemi 40°C’deki etiivde 48 saat siirmiistiir. Elde edilen yas
ve kurutulmus 6rneklere kimyasal analizler uygulanmustir.

Ayrica yas Orneklerden salata, kuru 6rneklerden ise ¢orba
yapilarak  duyusal Ozellikleri  belirlenmistir.  Deniz
marulundan salata yapmak i¢in; temizlenen alg talluslarinin
tek tek lizerine 15 ml susam yagi ve 2 gr kaya tuzundan
olusan karisim mutfak fircas: ile siiriilmiis ve ardindan her
birine 5 (250 g) yaprak gelecek sekilde rulo yapildiktan sonra
10 dakika marine olmasi beklenmistir. Marine islemi
tamamlaninca rulolar diizlestirilmis ve sicak teflon tavada
165°C’de 3 dakika boyunca kizartilmig ve ardindan 0,5 cm
kalinliginda pargalara dilimlenerek servis edilmistir. Deniz
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marulu ¢orbasi i¢in 6ncelikle 1 L dnceden hazirlanmis tavuk
sular1 kaynatilmis ve iizerine 100 g kurutulmus makroalg
yapraklart ilave edilerek karigtirilmistir.  Makroalg
yapraklarinin yumusamasinin ardindan g¢orba karigiminin
kaynamas1 sonlandirilmistir. Ardindan 15 mL susam yagi,
100g kiyilmis yesil sogan, 5 g kaya tuz ve 5 g karabiber
gorbaya ilave edilerek, karigtirllmis ve servis edilmistir.
Alglerin hazirlanmast sirasinda kullanilan kaya tuzu,
karabiber, taze sogan, zeytinyagl ve susam yagi yerel
marketlerden temin edilmistir.

Besin Bilesiminin Belirlenmesi

Alglerin su (nem) igerikleri Horwitz (2000)’e gore
gergeklestirilmistir. Homojenize edilmis Ornekler darasi
alman petrilere 5 g tartilarak (16-18 saat) 105°C deki etiivde
kurutulmustur. Kurutulan Ornekler tartilarak % su orani
hesaplanmistir. Ham protein analizi Kjeldahl metoduna gore
gergeklestirilmistir (AOAC, 2000). Homojenize edilen

0° 10°E

20°E

orneklerden 0.5 g tartilarak 20 mL H,SO4 ile 420°C’de
yakilmigtir. Yakma iglemi sonrasinda elde edilen 6rneklere
50 mL saf su eklenerek 50 mL NaOH ile distile edilmislerdir.
Filtratlar 0,1 N HCI ile titre edilerek elde edilen degerler
AOAC (2000) metoduna gore hesaplanmustir.

Yag analizi Folch ve ark. (1957)‘nin uyguladigi yontem esas
almarak yapilmistir. Homojenize 6rneklerden 5 g tartilarak
tizerlerine 20 mL metanol/kloroform (1:2) eklenmis ve yag
ekstraksiyonu gergeklestirilmistir (12 saat, 25°C). Elde edilen
coOzeltiler siizillerek 60°C’lik su banyosunda rotary
evaporator (IKA RV 10 basic) kullanilarak distile edilerek son
tartimlant yapilmistir.  Kiil tayininde ise 2 g agirligindaki
homojenize drnekler porselen krozelere alinarak 550°C’de 5
saat siire ile yakma iglemine tabii tutulmuslardir. Yakma
islemi sonrasinda oOrneklerin son tartimlar1 yapilmis ve
sonuglar Horwitz (2000) metoduna gére hesaplanmistir.

P

Sampling Station

- 10.2

Ocean Data View

30°E 40°E

Sekil 1. Deniz marulu (Ulva rigida)’nun Akdeniz’deki yayilim haritasi ve rnekleme istasyonu. Yayilim datas1 Aqua-
maps’dan temin edilmis olup (Kaschner ve ark., 2016) Ocean Data View ile gorsellestirilmistir (Schlitzer, 2020).

Figure 1. Distribution of Ulva rigida in the Mediterranean and the sampling station. The distribution data were obtained from Aquamaps
(Kaschner et al., 2016), and the map was visualized with Ocean Data View (Schlitzer, 2020).
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Amino Asit Kompozisyonunun Belirlenmesi

Alg 6rnekleri 6 N HCl ile 110°C’deki etiivde 24 saat hidrolize
edilmislerdir. Hidrolizi yapilan Ornekler 0.20 um PTFE
siringa filtreden siiziilmiis ve HCI, evaporatorde yliksek
vakum altinda 60°C’de ugurularak; geriye kalan kalint1 pH’1
2.2 olan sodyum sitrat tampon ¢ozeltisiyle (0.1 M, pH 2.2)
seyreltilmistir (Srivastava ve ark., 2006). Hidroliz islemi
tamamlanmig 6rneklerin aminoasit miktarlarinin tespiti i¢in
EZ: faast GC/FID Free (Physiological) amino asit kitleri
kullanilmistir (Badawy ve ark., 2008). Hazirlanan ve
tirevlendirilen ornekler 2.0 pL halinde GC’ye (Finnigan
Trace GC Ultra AI 3000 Thermo Finnigan analyzer) enjekte
edilerek analiz edilmislerdir. Analizlerde sabit faz olarak
Zebron Zebron™ ZB-HAAC GC kolon (10 m x 0.25 mm)
kullanilmis olup, mobil faz olarak helium secilmistir. Akis
hiz1 1.0 mL/dk, alev iyonizasyon dedektdrii (FID) sicakligi
ise 320°C olarak ayarlanmistir. internal standart (IS) olarak
Norvaline kullanilmis ve konsantrasyonu orneklerde 200
nmol/mL olacak sekilde hazirlanmistir. Kolon firininin
sicakligi 110°C’den 320°C’ye kadar 35°C/dakika olacak
sekilde artinnlmistir. Elde edilen pikler standartlar ile
karsilagtirilarak, amino asit miktarlar1 g/mg olarak
hesaplanmistir. Hesaplamalarda, 19 adet amino asidin tayini
yapilmis olup, diger amino asit ve benzeri yapilarin (4-
Hidroksiprolin, hidroksilizin, sarkosin, a-aminobutirik asit,
B-aminoisobutirik  asit, allo-Isol6sin, thioprolin, o-
aminoadipik asit, aminopimalik asit, ornitin, glisin-prolin,
proline-hidroksiprolin, sistatiyonin) toplam miktarlar
verilmistir.

Yag Asidi Kompozisyonunun Belirlenmesi

Yag asidi analizinde oncelikle Folch ve ark. (1957)‘na gore
elde edilen ham yag Orneklerinin esterlestirme islemi
yapilmistir. Bunun i¢in 0.15 g ham yag numunesi balonda
tartilmis ve 5 mL metanolik 0.5 N NaOH ilave edilmistir.
Kaynama tasi atilarak sogutucu baglanmis su banyosunda 15
dakika kaynatilarak  sabunlastirilmistir.  Sogutucunun
tizerinden 5 mL BFj3 reaktifi katildiktan sonra 5 dakika daha
kaynatilmistir. Daha sonra numuneye 2 mL heptan ilave
edilmis ve 1 dakika daha kaynatilmistir. Sogutucu ¢ikarilmisg
ve ornek olarak 25 mL lik balon jojeye almmustir. Balon
doymus NaCl ile ¢alkalanarak, olusan iistteki heptan fazindan
mikro pipetle 1-2 mL alinarak cam viale aktarilmustir. Igine
birkag adet kristal anhidrik Na,SO4 atilmigtir. Bu
sollisyondan enjektorle 6rnek alinarak MS dedektore sahip
gaz kromatografisine (Thermo GS-MS Finnigan Trace DSQ)
2.0 pL enjekte edilmistir IUPAC, 1978). Analizlerde ZB-
WAX 30 m kolon sabit faz olarak kullanilirken, hidrojen gazi
mobil faz olarak tercih edilmistir. Enjeksiyon blogu sicakligi
200°C, dedektor sicakligi 200°C, ilk firin sicakligi ise 100°C
olarak se¢ilmis olup sicaklik artist 1°C/dakika olarak

Research Article

ayarlanmistir. Gaz kromatografisinde okunan degerler
Xcalibur adli programda degerlendirilmistir.

Duyusal Ozelliklerin Belirlenmesi

Duyusal analizlerde, her mevsim toplanan yas makroalgler ile
yapilan salata ve kurutulmus makroalgler kullanilarak
iretilen corbalarin tiiketilebilirliginin Ol¢iilmesi amaciyla
tiikketici begeni analizi ger¢eklestirilmistir. Analiz i¢in yaslari
18-60 yas arasinda degisen COMU Deniz Bilimleri ve
Teknolojisi Fakiiltesi 6grencileri ve personeli hedef tiiketici
kitlesi olarak seg¢ilmistir. Yas drneklerden iiretilen salatanin
analizinde her mevsim 78 kisi denemeye alinmisg, kurutulmus
makroalglerden iiretilen ¢orbanin analizi i¢in her mevsim 82
kisi olacak sekilde duyusal analizler gergeklestirilmistir.
Salatanin ve corba; goriinis, tat, koku ve genel begeni
kriterleri tizerinden degerlendirilmis ve her iki {iriiniin
degerlendirilmesi 7 noktali hedonik skala iizerinden
gerceklestirilmistir. Bu skala, tim ozellikler igin, “hig
begenmedim” (1) ile “gok begendim” (7) degerleri arasinda
puanlanmistir. Analizde ayrica panelistlerin her bir nitelik
i¢in varsa diislincelerini belirtmeleri istenmistir (Meilgaard
ve ark., 1999).

Istatistiksel Analizler

Aragtirmada alglerin besin kompozisyonu, amino asit ve yag
asidi igeriklerin mevsimsel farkliliklarin tespiti amaciyla tek
yonlii varyans analizi (ANOVA) uygulanmistir. Verilerin tek
yonlii varyans analizi (ANOVA) i¢in uygunlugu Anderson—
Darling (normal dagilim i¢in) ve Levene esit varyans
(homojen dagilim igin) testleri uygulanarak belirlenmistir.
Salata ve ¢orba firiinlerine ait duyusal tiiketici begenilerinin,
mevsimsel farkliliklarmin tespiti amaciyla parametrik
olmayan analizlerden Kruskal-Wallis analizi uygulanmustir.
Istatistiki analizlerde Minitab 17 ve IBM SPSS Statistics 21
istatistik paket programlari kullanilmistir.

Bulgular ve Tartisma
Besin Bilesimi

Ulva rigida’nin besin kompozisyonu “su (nem), protein, yag
ve kiil” Tablo 1.”de verilmistir. Sonuglara gore yas 6rneklerde
en yliksek su degeri kis mevsiminde (%83.89) saptanmistir
(P<0.05). Makroalglerin su icerikleri yas agirlikta %80-90
arasinda degismektedir (Garcia-Casal ve ark., 2007). Kuru-
tulmus Orneklerde ise nem icerigi %8.49-12.23 arasinda
tespit edilmigtir. Orneklere uygulanan kurutma islemi
sonrasinda alglerin su (nem) oranlart %85.31 ile %88.76
arasinda azalmis olup en diisiik deger ilkbahar mevsiminde
(%8.49) saptanmustir. Diger aylarda tespit edilen su (nem)
igeriklerinin ise istatistiksel olarak birbirlerinden farksiz
oldugu goriilmektedir (P>0.05). Kurutulmus o&rneklerin
protein, yag ve kiil icerikleri ise yapilan kurutma isleminden
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sonra azalan su oranina bagli olarak nispi olarak artis
gostermis olup, en yiiksek degerler ilkbahar mevsiminde
saptanmustir (P>0.05).

Yas ve kuru orneklerde en yiiksek protein igerigi ilkbahar
mevsiminde toplanan Orneklerde tespit edilmis ve bunu
sirasiyla yaz, sonbahar ve kis mevsimi izlemistir (P<0.05).
Yaz mevsiminde 151k siddetinin ve su sicakliginin artmasi ile
deniz suyunda meydana gelen asir alg cogalmalar1 nedeniyle
sular besin tuzu bakimindan fakirlesmektedir (Cirik ve Cirik,
2017). Bunun sonucunda da sudaki azot miktar1 azalmakta ve
dolayisiyla alglerin yapilarindaki protein orani da diisiik
tespit edilebilmektedir. Benzer sekilde, birincil {iretimde en
yogun iiretim su sicakliginin yiikseldigi ilkbahar aylarinda
goriilirken ortamdaki azot ve fosfatin bu iiretimle
azalmasiyla alglerin protein igerikleri de azalmaya
baglamaktadir. Bu nedenle kis aylarinda hem 151k, hem de
sicaklik alglerin fotosentez hizini etkiledigi i¢in protein
icerikleri de diisiik ¢ikabilmektedir. Alglerin protein
icerikleri bulunduklar1 ortamin tuzluluguna ve mevsimsel
degisimlere bagl olarak degisim gosterebilmektedir (Lobban
ve Harrison, 1994). Bu nedenle ayni bolgelerde toplanan ayni
tiire ait orneklerin icerikleri farkliliklar gdstermistir.

Caligmamizda elde edilen Orneklerin yag icerikleri yas
orneklerde % 0.46 +0.05 — 0.85 +0.02 arasinda, kuru
orneklerde ise % 1.81+0.21 —4.53 +0.60 arasinda birbirlerine
yakin degerlerde tespite edilmesine karsin mevsimler
arasinda istatistiksel farklar tespit edilmistir (P<0.05). Hem
yas ve hem de kuru o6rneklerde en yiiksek yag orani yaz
mevsiminde tespit edilirken, en diisiik yag oram1 kis
mevsiminde tespit edilmistir. Alglerin yag igerikleri ise diger
deniz iirtinlerine gore oldukea diisiik olup, genellikle tiim alg
tirlerinde %1-5 arasinda degismektedir (Ivanova ve ark.,
2013). Ulva tiirleri ile yapilan bagka caligsmalarda da ham yag
orani g¢aligmamiz sonuglart ile benzer bulunmustur (Ak,
2015; Ivanova ve ark., 2013; Ortiz ve ark., 2006).

Orneklerin ham kiil oranlar1 yas ve kuru &rneklerde bahar
aylarinda en yiliksek degerde tespit edilmistir (P<0,05).
[lkbahar aylarinda, kar sularnin erimesi ve yagislarm
baglamasi gibi gevresel etkilerle denizel ortama taginan besin
tuzu miktar1 artmaktadir. Makroalgler azot basta olmak iizere

bu besin tuzlarimi vakuollerinde depolamaktadirlar (Lobban
ve Harrison, 1994). Bu nedenle, protein prosesine benzer bir
sekilde, ham kiil miktar1 bahar aylarinda yiliksek miktarda
bulunurken, daha sonra besin tuzlarinin kullanimlarina bagh
olarak azalmaktadir (Topcu ve Ak, 2013). En diigiik ham kiil
miktar1 ise yas orneklerde yaz ayinda, kurutulan 6rneklerde
ise kig ayinda tespit edilmistir (P<0.05). Kuru ve yas ornekler
arasindaki bu farklilik, kis mevsiminde elde edilen yas
orneklerdeki yiiksek su miktarinin kurutma islemi sebebiyle
yasanan su kaybu ile bazi besin tuzlarinin kaybedilmis olmas1
ile aciklanabilir.

Amino Asit Kompozisyonu

Ulva rigida yas ve kuru 6rneklerinin mevsimlere bagli amino
asit degisimi Tablo 2 ve Tablo 3’de verilmistir. Yapilan bu
calismada, farkli mevsimlerde toplanan makroalglerin amino
asit degisimleri incelenmistir. Triptofan hicbir grupta tespit
edilememistir. Yiiksek 1s1 ve diisiik pH’ya kars1 hassas olan
triptofan 6n yakma islemi nedeniyle kaybedilebilmektedir
(Cankiriligil ve ark., 2020). Triptofan gibi asit hidrolizinden
etkilenen asparajin (ASN) ve glutamin (GLN) ise, sirasiyla
aspartik asit (ASP) ve glutamik asite (GLU) doniigmiistiir. Bu
amino asitlerin bulgularda verilen miktarlari, doniistiikleri
amino asitlerin (ASP+ASN ve GLU+GLN) toplamlari
seklinde sunulmustur. Aspartik asit ve glutamik asit alglere
karakteristik tadini veren amino asitler olup (Yaich ve ark.,
2011), ¢aligmamizda da en yliksek miktarlarda tespit edilen
aminoasitlerdir. Ortiz ve ark. (2006) da g¢aligmalarinda iki
farkli alg tiirtiniin aminoasit kompozisyonunu karsilagtirarak
bu tiirlerden Ulva lactuca’nin glutamik asit agisindan zengin
oldugunu ve bunu aspartik asit, alanin, 16sin ve fenilalaninin
takip ettigini bildirmislerdir. Calismamizda, esansiyel amino
asitlerden isol6sin, 16sin, lizin, fenilalanin, tireonin ve valin
tim gruplarda tespit edilmistir. Metiyonin ise yaz
orneklerinde hi¢ tespit edilememis; kis mevsiminde ise
sadece kurutulan Orneklerde tespit edilememistir. Kuru
orneklerdeki bu degisimin sebebinin, zaten diisiik miktarlarda
bulunan metiyoninin su ¢ikis1 ile kaybedilmesi oldugu
disiiniilmektedir. Ayrica, makroalglerin asparik asit ve
glutamik asit bakimindan zengin oldugu, ancak metiyonin ve
histidin acgisindan fakir oldugu c¢esitli c¢alismalarda
bildirilmistir (Cerné, 2011; Dawczynski ve ark., 2007).
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Tablo 1. Deniz marulu (Ulva rigida)’nun mevsimsel besin bilesimi

Table 1. Seasonal proximate composition of sea lettuce (Ulva rigida)

Research Article

Kis Ilkbahar Yaz Sonbahar
Yas Ornek
Su (nem) (%) 83.89 £1.37* 75.55 +£0.88¢ 78.44 £0.65° 80.60 +0.83°
Ham Protein (%) 8.55+0.304 13.60 £0.57° 11.34 £0.62° 9.52 £0.59¢
Ham Yag (%) 0.46 £0.05¢ 0.85 +0.022 0.64 £0.01° 0.60 £0.02°
Ham Kiil (%) 5.40 £0.07¢ 6.73 £0.30* 4.60 +£0.09¢ 6.16 £0.05°
Kurutulmus Ornek
Su (nem) (%) 12.23 £0.94° 8.49 +0.08° 10.73 £0.58? 11.84 +£0.627
Ham Protein (%) 15.78 £0.63¢ 25.98 £0.12° 20.65 £1.03° 17.93 +£0.15¢
Ham Yag (%) 1.81+0.21¢ 4.53 £0.60* 3.32+0.04° 2.19 £0.03¢
Ham Kiil (%) 24.36 +0.64° 28.54 £0.06° 21.63 £1.01° 25.88 +0.09¢

Veriler ortalama +Standart hata olarak verilmistir. Ayni1 satirdaki farkli harfler istatistiki farklari gostermektedir (P<0,05)

Tablo 2. Ulva rigida yas 6rneklerinin mevsimsel amino asit kompozisyonu (mg/g)

Table 2. Seasonal amino acid composition of non-dried Ulva rigida specimens (mg/g)

Amino Asitler Kis ilkbahar Yaz Sonbahar
Esansiyel Amino Asitler

Triptofan (TRP) T.E. T.E. T.E. T.E.
Isolésin (ILE) 5.92 +0.54° 7.43+0.10* 1.49 +0.16¢ 7.64 +£0.36*
Lésin (LEU) 7.76 £0.89° 10.97 £0.20* 0.96 £0.01°¢ 10.71 £0.582
Lizin (LYS) 6.33 £0.47° 12.54 £0.732 0.84 £0.18°¢ 8.18 £0.22°
Metionin (MET) 1.07 £0.36 3.86 +0.67° T.E. 1.77 £0.19°
Fenilalanin (PHE) 4.50+0.31* 6.03 +£0.32° 0.65 +0.02° 6.00 +0.72*
Tireonin (THR) 4.58 +0.87° 5.12+0.10° 0.49 +0.04° 4.59 +0.09?
Valin (VAL) 8.84 +0.39? 8.30 £0.65% 1.49 +£0.35° 8.36 £0.41?
Toplam EAA 42.34 +£1.24¢ 57.33 £1.36° 8.77 +0.514 50.05 +1.44°
Esansiyel Olmayan Amino Asitler

Histidin (HIS) 3.34 +£0.26° 3.07 £0.54° 2.85 +0.20? 2.79 £0.06°
Alanin (ALA) 5.73 +0.38° 7.08 +£0.03? 1.06 +0.02°¢ 6.77 £0.27*
Aspartat + Asparjin (ASP+ASN) 40.14 £0.97* 26.83 £2.83° 24.61 £0.82° 24.04 £2.25°
Glutamat + Glutamin (GLU+GLN) 14.75 £2.49° 26.69 +0.60* 1.38 +0.00°¢ 25.05 £1.00*
Glisin (GLY) 4.64 £0.25° 9.53 £0.34* 0.76 £0.04¢ 8.48 £0.54%
Prolin (PRO) 6.38 +0.69° 10.66 £1.05* 0.70 +0.01°¢ 9.84 £0.91*
Serin (SER) 3.87 +£0.66* 4.86 +0.75° 0.48 +0.02° 4.36 +0.30°
Tirosin (TYR) 3.10 +£0.77° 4.51+0.16* 0.60 +£0.03° 3.80 +£0.40?
Sistin (C-C) 1.75 +£0.28? 1.57 £0.272 T.E. 1.24 £0.16°
Toplam NEAA 80.35+1.81° 91.73+2.01? 29.58+1.13¢ 83.60+1.71°
EAA/NEAA 0.53 0.62 0.30 0.60
Toplam Amino Asitler 126.03 £3.25° 152.15£3.11*°  41.20+1.57¢ 136.44 +£3.64°
Diger Amino Asit Benzeri Yapilar 28.34* 26.11* 15.46° 21.40°

Veriler ortalama +Standart hata olarak verilmistir. Ayni satirdaki farkli harfler istatistiki farklar1 gostermektedir (P<0.05).

T.E.; tespit edilemedi, EAA; esansiyel amino asitler, NEEA; esansiyel olmayan amino asitler, OAA; diger amino asitler.
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Tablo 3. Ulva rigida kuru 6rneklerinin mevsimsel amino asit kompozisyonu (mg/g)

Table 3. Seasonal amino acid composition of dried Ulva rigida specimens (mg/g)

Amino Asitler Kis ilkbahar Yaz Sonbahar
Esansiyel Amino Asitler

Triptofan (TRP) T.E. T.E. T.E. T.E.
Isol&sin (ILE) 7.58 £1.40° 20.09 £1.56* 1.49 +0.38° 11.40 £0.93°
Losin (LEU) 12.37 £0.29° 33.04 +0.122 1.66 +£0.10° 15.80 £2.19°
Lizin (LYS) 10.07 £0.57° 25.98 +2.302 0.82 £0.06° 14.23 £0.96°
Metionin (MET) T.E. 5.12 +0.28? T.E. 5.13 £0.66*
Fenilalanin (PHE) 7.37 +0.86° 18.76 +0.76% 1.04 £0.12¢ 8.96 £1.02°
Tireonin (THR) 5.42 £0.39° 13.73 +1.57* 0.90 +0.11°¢ 8.14 £0.24°
Valin (VAL) 9.57 £0.65° 25.01 £1.392 1.65 £0.144 14.87 £0.30°
Toplam EAA 57.61 £1.26° 150.14 £2.262 9.38 £0.57¢ 83.76 +1.89°
Esansiyel Olmayan Amino Asitler

Histidin (HIS) 5.24 £0.54% 8.41 £1.832 1.82 £0.20° 5.23 £0.422
Alanin (ALA) 8.30 +0.81° 20.59 +0.09% 1.88 £0.21¢ 10.33 £0.98°
Aspartat + Asparjin (ASP+ASN) 27.81 £0.38° 4721 £5.282 10.89 +1.03¢ 54.94 +£3.282
Glutamat + Glutamin (GLU+GLN) 22.74 £2.88° 70.70 +£6.35% 2.88 £0.22°¢ 39.44 £1.18
Glisin (GLY) 7.03 £0.42¢ 23.48 £1.428 0.52 £0.104 11.50 £1.11°
Prolin (PRO) 10.17 £0.77° 25.11 £1.60% 1.25 +0.03¢ 13.91 £0.92°
Serin (SER) 4.71 £0.43¢ 14.27 +0.172 1.67 £0.15¢ 8.21 +0.39°
Tirosin (TYR) 3.56 £0.23° 12.10 +0.832 0.48 +0.08° 5.22 £0.50°
Sistin (C-C) 0.53 +0.09" 5.12 £0.322 T.E. 1.27 £0.18°
Toplam NEAA 84.84 +2.18¢ 218.59 +4.292 20.58 £0.764 144.82 £3.08>
EAA/NEAA 0.68 0.69 0.46 0.58
Toplam Amino Asitler 147.69 £2.62¢ 377.05 £6.362 31.78 £1.28¢ 233.82 £3.49°
Diger Amino Asit Benzeri Yapilar 29.19° 47.28 19.88¢ 40.49*

Veriler ortalama +Standart hata olarak verilmistir. Ayni satirdaki farkli harfler istatistiki farklar1 gostermektedir (P<0.05).
T.E.; tespit edilemedi, EAA; esansiyel amino asitler, NEEA; esansiyel olmayan amino asitler, OAA; diger amino asitler.

Yapilan analizde yas ve kuru numunelerde toplam amino asit
miktar1 en yiiksek ilkbahar mevsiminde en diisiik ise yaz
mevsiminde tespit edilmistir (P<0.05). Yaz mevsimi amino
asit icerigi yoniinden diger mevsimlere nazaran oldukca
diisiik bir igerige sahiptir (P<0.05). Yaz orneklerinin protein
oranlar1 diger mevsimlerle benzer bulunurken, aminoasit
oranlar1 oldukca diisiik tespit edilmistir. Yiiksek protein
oranina ragmen, total amino asit ig¢eriginin diisiik ¢ikmasi
bahar aylarinda alglerin vakuollerinde azot basta olmak iizere
gesitli besin tuzlarmi biriktirmesi ile agiklanabilir. Algler
azotlu bilesikleri (nitrit, nitrat, iire, amonyak) sucul ortamdan
almakta (Hanisak, 1983; Topgu ve Ak, 2013) ve bunlan
kofullarinda depolayabilmektedirler (Lobban ve Harrison,
1994). Bu azotlu bilesikler amonyum formuna indirgenerek
kloroplastlarda amino asit sentezinde kullaniimaktadir.
Ortamdaki amonyum konsantrasyonu arttikca alglerin
amonyum alimi da artmaktadir (Lobban ve Harrison, 1994;
Topcu ve Ak, 2013). Bahar aylarinda, yagmur sular ile
ortamdaki miktar1 artan bu azotlu bilesikler ve besin
tuzlarinin amino asit sentezinde kullanildig1 sdylenebilir. Bu
sebeple protein ve amino asit miktarlarinda artis saptanmistir.
Yaz aylarinda amino asit miktarinin diisiik tespit edilme
sebebi ise protein olmayan azotlu bilesiklerin var olmasina
ragmen amino asit sentezinde kullanilacak kadar yeterli

olmamalar1 olarak agiklanabilir. Ayrica, Lobban ve Harrison
(1994) alglerdeki amino asitlerin ihtiya¢  halinde
mitokondride  enerji  Uretimi icin  kullanilabildigini
belirtmektedir. Protein oraninin amino asit miktarina kiyasla
fazla bulunmasun sebebi ise; Kjeldahl metodunda protein
oraninin toplam azot miktar1 baz alinarak hesaplanmasi
olarak aciklanabilir. Protein olmayan diger azotlu bilesiklerin
miktar1 protein hesaplamalarini etkilemektedir. Tablo 2 ve
3’de diger amino asit benzeri yapilarin miktarlar
goriilmektedir. Bu maddeler, yaz 6rneklerinde toplam amino
asitlerin yaklasik %29-40’m1 kapsarken, bu oran diger
mevsimlerde %11-18 arasinda bulunmustur.

Yag Asidi Kompozisyonu

Insan beslenmesinde énemli besin 6gelerinden birisi de, yag
asitleridir (Hosomi ve ark., 2012). Yapilan ¢aligmalar ¢oklu
doymamis yag asitleri agirlikli beslenmenin, pek ¢ok ciddi
rahatsizliga karst koruyucu etki yaptigimi gdstermektedir
(Ellulu ve ark., 2015). Makro algler faydali coklu doymamis
yag asitleri agisindan olduk¢a zengin gida kaynaklaridir
(Rodrigues ve ark., 2015). Calismamizda deniz marulu (Ulva
rigida)’nun mevsimsel yag asidi igerigi belirlenmis olup; yas
ve kuru numunelerdeki yag asidi igerikleri Tablo 4 ve Tablo
5’de verilmistir. Analizde 32 adet yag asidi piki tespit edilmis
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ve piklerin tiimii tanimlanmistir. Bu yag asitlerinden 14 adedi
doymus yag asitlerini (SFA), 18 adedi ise doymamis yag
asitlerini (UFA) olusturmaktadir. Yas makroalg 6rneklerinde
doymus yag asitlerinin toplami, deniz suyu sicakliginin
arttig1 yaz aylarinda azaldigi; kis mevsiminde ise arttig1 tespit
edilmistir (P<0.05). Palmitik asit (C16:0) doymus yag asitleri
igerisinde en baskin yag asitidir ve doymus yag asitleri
toplaminin %60-70’ini olusturmaktadir. Alg Orneklerinin
tekli doymamis yag asitleri toplami ise yaz ve sonbahar
mevsimlerinde en yiiksek, ilkbaharda ise en diisik
miktarlarda tespit edilmistir. Ulva rigida orneklerinde en
yiiksek miktarda bulunan tekli doymamis yag asidi
palmitoleik asit (C16:1) olarak tespit edilmistir. Palmitoleik
asit en yiiksek degerine yaz mevsimi yas oOrneklerinde
(%16.80 +0.97) ulagsmistir. Palmitoleik asidi, oleik asit ve
nervonik asit izlemektedir. Coklu doymamis yag asitleri
(PUFA) kompozisyonu incelendiginde ise; yaz mevsiminde
en yiiksek oranda, kis mevsiminde ise en diisiik oranlarda
oldugu tespit edilmistir (P<0.05). Makroalgler diisiik
miktarda ham yag igermektedirler. Ancak bu yag c¢oklu
doymamis yag asitleri (PUFA) agisindan olduk¢a zengindir
(Kumari ve ark., 2010). Benzer ¢aligmalarda Ulva tiirlerinin
diisiik lipid icerigine karsin yiikksek PUFA igerdigini
gostermektedir (Ivanova ve ark., 2013; Ortiz ve ark., 2006).
Besin niteligi bakimindan degerini arttiran O6nemli bir
ozelliktir. Bu grupta ise alfa-linolenik asit (C18:3 n-3) ve
dokosaheksaenoik asit (C22:6 n—3) baskin yag asitleri olarak
gbze carpmaktadir. Sulardaki birincil {ireticiler olarak alg
tirlerinin; insanlar i¢in gidalarla alinmasi elzem olan
esansiyel yag asitlerinden linoleik asit ve o-linolenik asiti
yiiksek oranlarda sentezledikleri bilinmektedir (Santos ve
ark., 2017; Singh, 2005).

Yas makroalg oOrneklerinde PUFA/SFA oranlar1 farkli
mevsimlerde 0,17-0,86 arasinda degisirken omega-6:omega-
3 (n—6/n-3) oram ise 0.51-0.96 arasinda degisim
gostermektedir. Kuru 6rneklerde ise, PUFA/SFA oranlari
0.10-0.52, n—6/n—3 orani ise 0.63-1.31 arasinda belirlenmistir
(Tablo 4, 5). Algler kurutulduktan sonra yas orneklere gore
doymus yag asitleri toplaminda istatistiki olarak artis
saptanirken, doymamis yag asitlerinde azalma tespit
edilmistir (P<0.05). Buna bagli olarak MUFA, PUFA, n-6 ve
n-3 miktarlar1 ile PUFA/SFA ve n—6/n-3 oranlarmmn da
azaldig tespit edilmistir.

Duyusal Ozellikler

Deniz marulunun gida olarak tiiketilebilirligini belirlemek
icin duyusal analiz yapilmistir. Mevsimsel olarak toplanan
yas ve kurutulmus makroalglerden sirasiyla salata ve ¢orba
yapilmis ve s6z konusu {iriinlere tiikketici begeni testi uygu-
lanmistir. Duyusal analizlere ait sonuglar Tablo 7°de goriil-
mektedir. Yas orneklerden elde edilen salatalarin goriiniis,
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lezzet, tekstiir ve genel begeni parametreleri incelenmis ve
analiz sonuglarina gore ilkbahar mevsimi tiim duyusal kriter-
lerde 6’nin {izerinde degerler alarak salatanin en begenildigi
mevsim olmustur. Salatada ilkbahar mevsimini sonbahar
mevsimi takip etmektedir. Sonbahar mevsiminde toplanan
orneklerde ise tekstiir kriteri (5.3) disinda, tiim kriterler 6 ve
tizerinde skor almislardir. Yapilan istatistiki analiz sonugla-
rina gore, duyusal degerler mevsimler arasinda onemli bir
farklilik gostermektedir (P<0.05). Kurutulmus makroalg 6r-
neklerinden elde edilen gorbalar, salatalara gore genel olarak
daha yiiksek duyusal sonuglar almistir. Salatada oldugu gibi
en yiiksek sonuglar ilkbahar ve sonbahar mevsimlerinde top-
lanan 6rneklere aittir. Tiiketici begeni testi kisi frekans gra-
fikleri Sekil 2 ve Sekil 3’de goriilmektedir. Tiiketici begeni
analizi puanlan frekans yoniinden incelendiginde, makroalg
salatasi 6rneklerinde en yiiksek begeni puani olan 7; goriiniis,
lezzet, tekstiir ve genel begeni kriterlerinde sirasiyla ilkbahar
(38 panelist; %49), ilkbahar ve sonbahar (28 panelist; %36),
sonbahar (24 panelist; %31) ve sonbahar (24 panelist; %31)
mevsimlerinde almistir. Bir diger yiiksek puan olan 6 ise yine
ilkbahar ve sonbahar mevsimlerinde duyusal kriterlerde en
yiiksek frekansta tercih edilmislerdir. ilkbahar ve sonbahar
mevsimlerinde 6 ve 7 puan tiim duyusal kriterler iginde
%50’den fazla sayida tercih edilen puanlamalar olmuslardir.
Alg corbasinda ise, goriiniis ve tat ilkbahar mevsiminde; koku
ve genel begeni ise sonbahar mevsiminde 6 ve 7 puanla yiik-
sek olarak bulunmustur.

Sonug¢

Makroalgler 6nemli makro ve mikro besinler agisindan zen-
gindir. Pek ¢ok {ilkede nitelikli biyolojik icerikleri nedeniyle
gida kaynagi olarak kullanilmaktadirlar. Bu ¢alismada ince-
lenen tiim parametreler; deniz marulunun yas ve kuru olarak
tiikketilebilirligini dogrudan etkilemektedir. Sonug olarak ham
besin bilesimi, gerek amino asit, gerekse yag asidi i¢erigi yo-
niinden Ulva rigida, karasal kaynakli gidalarla yarisabilecek
niteliklere sahiptir. Ozellikle bahar aylarinda séz konusu bu
parametreler agisindan makroalgler daha da zenginlesmekte-
dir. Tiirkiye denizlerinde yaygin olan fakat geleneksel mutfa-
gimizda olmayan makroalgler daha fazla ilgiyi hak etmekte-
dir. Asya iilkeleri basta olmak {izere pek ¢ok iilkede salata,
sos, gorba vb. bircok yemekte vazgecilmez gida maddeleridir.
Bu amagla yas alglerden iiretilen salata ile kuru algler kulla-
nilarak elde edilen ¢orba tiiketiciler tarafindan begeni kazan-
mis olup ozellikle Ulva rigida’nin besin igeriginin en zengin
oldugu bahar aylarinda en yiiksek puanlari kazanmislardir.
Bu sonuglar saglikli beslenmek isteyenlerin ve dzellikle et ye-
meyenlerin su bitkileri tiiketimine yatkin olabilecegini; ye-
mek listelerinde makroalg bulunmamasinin tanitim eksikli-
ginden kaynaklandigimi diisiindiirmektedir. Ayrica, s6z ko-
nusu tiiriin biyokimyas ile ilgili Canakkale Bogaz1 kaynakl
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calismalar oldukg¢a sinirlidir. Bu ¢alismalar ile sektorde yeni
arayislar igerisinde olan girisimci ve temsilciler denizleri-
mizde hazir bulunan bu tiirli isleyerek su {irlinleri isleme sek-
toriine de katki saglayacaklardir.

Tablo 4. Ulva rigida yas 6rneklerinin mevsimsel yag asidi kompozisyonu (%)

Table 4. Seasonal fatty acid composition of non-dried Ulva rigida specimens (%)

Yag asitleri Kis [Ikbahar Yaz Sonbahar

C10:0 0.35 +0.04° 0.36 +£0.02° T.E. T.E.
C11:0 0.09 £0.01° 0.06 +0.01° 0.06 +0.01° T.E.
C12:0 5.49 +£0.27* 3.34+0.17¢ 2.38 +0.12¢ 4.50£0.25°
C13:0 4.85 +0.03? 3.03+0.01° 1.80 £0.01°¢ 1.08 £0.02¢
C14:0 5.33 +£0.48* 3.62 +0.36° 2.61 £0.25¢ 3.71 £0.23°
C15:0 0.42 +0.01° 0.42 +£0.02° 0.28 £0.00° T.E.
C16:0 38.04 £0.04* 31.37 £0.65° 28.41 £0.60¢ 33.67 +£0.98°
C17:0 0.56 +0.04° 0.19 £0.02¢ 0.36 £0.04° 0.23 +0.02¢
C18:0 2.20 +0.03* 1.80 +£0.02° 1.64 +£0.01°¢ 1.52+0.01¢
C20:0 2.42 +0.42° 0.89 +£0.00° 0.72 +0.01° 1.85 +0.19?
C21:0 0.58 +0.01° 0.43 £0.01° 0.18 £0.01°¢ 0.13+0.01¢
C22:0 2.78 +0.03? 1.84 +£0.02° 0.74 +0.01¢ 0.80 £0.00¢
C23:0 0.18 +0.02? 0.08 +0.02° 0.04 +0.02°¢ T.E.
C24:0 0.94 +0.01° 0.80 £0.04° 0.50 £0.01°¢ 0.40 £0.02¢
>SFA 64.24 +0.72* 48.23 £0.99" 39.72 +0.86¢ 47.88 +£0.39"
Cl4:1 0.88 £0.01° 0.60 +0.02° 0.28 +£0.02°¢ 0.10 £0.03¢
C15:1 0.20 +0.02? 0.14 £0.03° T.E. T.E.
Cl6:1 14.52 +0.53? 12.03 £0.96° 16.80 £0.972 14.48 £1.01?
C17:1 0.54 +£0.03¢ 0.55+0.09¢ 1.40 £0.18° 2.25 +0.25?
C18:1 4.27 +£0.04¢ 4.40 £0.02°¢ 5.11 +0.20° 8.07 £0.59*
C20:1 1.85 +0.03? 0.90 £0.02° 0.85 +0.02¢ 0.45+0.01¢
C22:1 0.87 +0.14¢ 2.08 +0.21° 1.51+0.16° 2.34 +£0.20?
C24:1 1.44 £0.10° 0.38 £0.06° T.E. T.E.
>MUFA 24.57 +0.38" 21.09 +£0.71¢ 25.95 £0.92% 27.69 +£1.24*
C18:2n-6 2.06 £0.04° 6.64 +£0.30° 7.18 £0.22° 6.72 £0.23%
C18:3n-6 0.57 +£0.13¢ 1.53 +£0.17° 4.60 +0.26° 4.67 £0.43?
C18:3n-3 3.13+0.47°¢ 6.26 £0.32° 8.84 +0.19? 3.53+0.27¢
C20:2 0.72 +0.04¢ 2.70 £0.27° 1.47 £0.26° 0.12 £0.02¢
C20:3n-6 0.50 +0.06* 0.61+0.11* 0.25 £0.02° 0.17 £0.02°
C20:3n-3 0.90 £0.07° 0.91 +0.24° 1.58 +£0.13? 0.53 £0.03¢
C20:4n-6 0.21 £0.03° 0.22 £0.02° 1.54 +£0.10° 0.23 +£0.03°
C20:5n-3 0.52 +0.04* 0.46 +£0.02° 0.17 £0.02¢ 0.32 £0.04°
C22:2 0.52 +0.04¢ 2.72 £0.07° 1.43 £0.11° 0.23 £0.03¢
C22:6n-3 2.06 +0.23¢ 8.64 £0.39? 7.27 +£0.38° 7.91 £0.33%
> PUFA 11.19 £1.03¢ 30.69 +1.54* 34.33 +1.58* 24.44 +1.28
PUFA/SFA 0.17 0.64 0.86 0.51
>n—6 3.34 +£0.22¢ 9.00 £0.5% 13.57 £0.18* 11.79 £0.68¢
>n-3 6.61 +0.80°¢ 16.27 +0.80? 17.86 +0.33? 12.30 £0.57°
n—6/n-3 0.51 0.55 0.76 0.96

Veriler ortalama +Standart hata olarak verilmistir. Ayni1 satirdaki farkli harfler istatistiki farklar1 gostermek-
tedir (P<0.05). T.E.; tespit edilemedi, SFA; doymus yag asitleri, MUFA; tekli doymamus yag asitleri, PUFA;

¢oklu doymamuis yag asitleri, n—3; omega 3 yag asidi, n—6; omega 6 yag asidi.

Research Article

135


https://doi.org/10.3153/FH22013

Food Health 8(2), 127-140 (2022) e https://doi.org/10.3153/FH22013

Tablo 5. Ulva rigida kuru 6rneklerinin mevsimsel yag asidi kompozisyonu (%)

Table 5. Seasonal fatty acid composition dried Ulva rigida specimens (%)

Yag asitleri Kis Ilkbahar Yaz Sonbahar
C10:0 T.E. T.E. T.E. T.E.
C11:0 T.E. T.E. T.E. T.E.
C12:0 6.29 £0.27% 3.78 £0.57¢ 2.92 £0.16° 4.78 £0.16°
C13:0 5.55 +0.29% 4.33 +£0.25° 2.86 £0.30° 2.22 +£0.18¢
C14:0 5.85 +0.28% 4.40 +£0.42° 4.29 +£0.08° 5.28 £0.16%
C15:0 1.43 £0.36* 1.16 £0.21* 0.94 +0.09* 1.03 £0.13?
C16:0 40.20 £1.05? 33.80 +0.93° 30.50 £1.69° 34.24 +£0.75°
C17:0 0.42 +0.042 0.22 +0.03° 0.54 +0.21° 0.24 +0.03°
C18:0 2.33 +£0.30° 2.26 £0.11° 2.45+0.13? 2.18 £0.34?
C20:0 2.49 £0.17° 1.42 +£0.17° 1.99 +0.40 2.04 +£0.27%
C21:0 1.05 £0.08? 0.77 +£0.09° 0.33 £0.044 0.57 £0.06°
C22:0 2.99 +0.31° 2.23+0.11° 1.14 £0.14¢ 1.86+0.17°
C23:0 0.64 £0.20° 0.35+0.11° 0.27 £0.11° 1.28 £0.25?
C24:0 2.25+0.27° 1.60 +£0.32°¢ 2.18 +£0.122 1.33 £0.12¢
>SFA 71.49 +0.99* 56.33 £1.65" 50.41 +1.56¢ 57.04 £0.70°
Cl4:1 1.21 +£0.15° 0.85+0.19* 0.35+0.19° 0.26 £0.09°
C15:1 0.24 +0.08? 0.20 +£0.06* 0.23+£0.11° 0.21 £0.07?
Cle:1 12.74 £0.59° 10.82 +0.68° 15.05 +£0.342 13.37 £0.39°
Cl17:1 0.66 £0.14°¢ 0.64 £0.14¢ 1.72 £0.35° 3.87£0.277
C18:1 2.35£0.24° 2.15+0.21° 2.88 £0.18* 3.01 £0.132
C20:1 0.72 +0.10° 0.54 +0.12% 0.62 +0.15° 0.31+0.03°
C22:1 0.79 +0.15°¢ 1.46 +£0.08% 1.37 +£0.15° 1.75 +0.09*
C24:1 2.48 £0.13% 1.50 £0.19° 1.38 +£0.11° 2.13 £0.22?
>MUFA 21.20 +0.31° 18.17 £0.95¢ 23.61 +£0.36* 24.92 +0.33*
C18:2n—-6 2.13 +0.30° 7.11 +£0.34° 7.76 £0.45* 7.05 +£0.64*
C18:3n-6 T.E. 0.34 £0.06° 1.61 +£0.24° 1.97 £0.06?
C18:3n-3 1.57 +£0.29° 4.80 +0.32° 5.11 +0.19* 1.59 +0.40°
C20:2 0.54 +£0.08¢ 3.03 +0.31° 1.69 +£0.30° 1.43 +£0.12°
C20:3n—-6 0.25 +0.08* 0.27 +£0.05* 0.26 +0.14° 0.19 +0.05*
C20:3n-3 0.40 £0.02° 0.63 £0.13? 0.39 +£0.09° 0.19 £0.05°
C20:4n-6 0.18 +£0.03° 0.18 +£0.05° 0.77 £0.04? 0.13 £0.04°
C20:5n-3 0.58 +0.08? 0.41 £0.15% 0.30 +£0.03° 0.19 +£0.03°
C22:2 0.19 £0.06° 1.91 £0.25° 1.59 £0.15° 0.13 £0.03°
C22:6n-3 1.47 £0.07° 6.82 +£0.97° 6.50 £0.33% 5.17 £1.04%
>PUFA 7.31 £0.84¢ 25.50 +2.45% 25.98 +1.39* 18.05 £0.98°
PUFA/SFA 0.10 0.45 0.52 0.32
>n—6 2.55 +0.37¢ 7.90 +£0.45P 10.41 +0.67* 9.33 +0.57*
>n-3 4.02 £0.46¢ 12.66 +1.45* 12.29 +0.44? 7.15 £0.69°
n—6/n-3 0.63 0.63 0.85 1.31
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Veriler ortalama +Standart hata olarak verilmistir. Ayni satirdaki farkl: harfler istatistiki farklar
gostermektedir (P<0,05). T.E.; tespit edilemedi, SFA; doymus yag asitleri, MUFA; tekli doyma-
mus yag asitleri, PUFA; ¢oklu doymamis yag asitleri, n—3; omega 3 yag asidi, n—6; omega 6 yag
asidi.
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Tablo 6. Ulva rigida’dan elde edilen alg salatas1 ve alg corbasinin duyusal begeni testi sonuglari

Table 6. Sensorial appreciation of algae salad and algae soup prepared by Ulva rigida

Duyusal Kriterler Kis Ilkbahar Yaz Sonbahar
Alg Salatas1 (Yas 6rnek)

Goriiniis 6.1 £0.82 6.2 £0.92 5.0 +1.72 6.0 +£0.82
Lezzet 5.0 +1.3° 6.2 +0.8% 5.4 +0.8° 6.1 +0.9*
Tekstiir 3.7 +1.4° 6.0 +0.6* 3.0 +1.0° 53+1.4%
Genel Begeni 5.1 +0.9? 6.2 +0.7° 5.5 +1.0? 6.0 +0.8?
Alg Corbasi (Kuru érnek)

Goriiniis 6.2 £0.72 6.3 £0.92 5.7+1.12 6.2 +0.92
Tat 5.0 +£1.3° 6.7 +0.7° 5.6 +0.8%° 6.4 +0.8°
Koku 3.8 +1.5° 6.6 +0.5° 5.8 +1.12 6.3 +1.12
Genel Begeni 5.2+£0.9° 6.7 £0.5% 6.1 £1.12 6.5 £0.92

Aymi satirdaki farkli harfler istatistiki farklar gostermektedir (P<0.05).
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Sekil 2. Salata orneklerine ait duyusal begeni analizi kisi frekansi grafigi. 1 ile 7 arasinda degisen her bir puan1 veren
kisi say1s1 (frekans) grafik {izerinde ilgili puan segmentinde gosterilmistir.

Figure 2. Frequency graph of algae salad’s sensorial appreciation test. The person count (frequency) who gave each score varying
between | and 7 was shown in the relevant score segment on the graph.
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Sekil 3. Corba 6rneklerine ait duyusal begeni analizi kisi frekans1 grafigi. 1 ile 7 arasinda degisen her bir puani veren
kisi sayis1 (frekans) grafik tizerinde ilgili puan segmentinde gosterilmistir.

Figure 3. Frequency graph of algae soup’s sensorial appreciation test. The person count (frequency) who gave each score varying
between 1 and 7 was shown in the relevant score segment on the graph.
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ABSTRACT

The study's main aim is to assess the levels of volatile N-nitrosamine (VNA) in sausages based on
different brands, ingredients, and cooking methods. The effects of sausage composition and cook-
ing method on VNA formation, which caused this difference, were studied. For this, sausages from
17 different brands and 3 different ingredients (beef, chicken, and turkey) were bought from the
market, cooked using 3 different techniques (frying, boiling, and microwave), and their VNA lev-
els were determined by GC-MS (Gas chromatography-mass spectrometry). The study found dif-
ferent levels of VNA in all sausages. NDMA, NDEA, NDPA, NPYR, and NPIP were found in
more than 70% of the samples, according to the study's findings. In the samples, the most NDMA,
NPYR, and NPIP formation were observed. Total VNA levels in the study ranged from 0.18 to
109.28 ppb.

Keywords: Volatile nitrosamines, GC-MS, Sausage, Carcinogen
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Introduction

Cured, heat-treated, or emulsified meat products are essential
food industry products that serve consumers. Emulsified meat
products like sausage and salami are popular because they are
delicious and convenient. These products, in addition to their
benefits, pose a risk due to the carcinogenic nitrosamines they
contain. The fact that nitrite gives color (Horsch, 2013) to
meat products and is an effective antimicrobial against C.
Botulinum (Archer, 2002) and both gram-positive and gram-
negative microorganisms (Horsch, 2013) makes it an essen-
tial additive for meat products. However, in spite of these ad-
vantages of nitrite, it is also known that nitrosamines formed
in meat products can pose a risk and danger to consumer
health according to the International Cancer Agency (IARC)
(IARC, 2010). It is known that high temperature, long pro-
cessing time and protein oxidation affect VNA formation in
products. (Lu et al., 2022).

In sausages, Jo et al.(2003), found nitrosamines in concentra-
tions ranging from 10 to 40 ug/kg. Cintya et al., (2019) on the
other hand, found no NDEA in any of the meat products they
purchased from the market in their current study of 5 different
brands of sausage, smoked meat, burger, and canned meat
samples. NDMA and NPYR were found in approximately
90% of fried, grilled, and smoked sausages purchased in Es-
tonian supermarkets. Fried poultry meat with red pepper con-
tains 24.42 pg/kg Nitrosamine, according to the same study
(Yurchenko and Mélder, 20007). In a different study, NDMA
levels in market-provided products such as dry-cured pork,
cooked pork, mortadella (an Italian sausage), and bresaola
(Italian pastrami) were all found to be between 0.3 and 1.1
g/kg (Sannino and Bolzoni, 2013). Yuan et al. (2015) investi-
gated the nitrosamine levels of 28 different meat products
purchased from the market, based on the cooking methods
followed, and found that the highest nitrosamine levels were
found in grilled sausages, with nitrosamine levels ranging
from 0.42 to 51.018 ppb. The researcher claimed in another
study examining the maturation process in terms of nitrosa-
mine formation that three volatile N-nitrosamine (VNA) de-
rivatives (NDMA, NDEA, and NPYR) were formed and the
amount increased in the process. The chemical and microbi-
ological reactions that occur during the ripening process are
the reason for this situation (Xiao et al., 2018). According to
research, cured, salted, or emulsified meat products are risky
in VNA, especially when fried or grilled (Lee, 2019). While
heat treatment applications (cooking time, method, and tem-
perature) greatly affect the process, nitrate, nitrite, primary,
secondary and tertiary amines, amides, proteins, peptides,
amino acids, different precursors, and microbial activity are
required for nitrosamine formation (Yurchenko and Moélder,
20007). In this context, it is of great significance for public
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health that the production of this type of processed food is
carried out carefully in terms of the amount of additives and
processing time (Ozbay et al., 2019).

VNA are potential carcinogens whose exposure should also
be evaluated. The tolerable intake dose of NDMA has been
determined to be 96 ng/day (Anon, 2019a). Another volatile
toxic N-nitrosamine, NDBA, has been related to the develop-
ment of tumors in the liver and esophagus. The urinary blad-
der has been identified as the location where NDBA has the
strongest cancer effect. While NDEA causes tumors in the
liver and esophagus (EPA, 2016), 26.5 ng/day has been re-
ported as a tolerable intake amount for NDEA (Anon, 2019a).
In terms of acute toxicity, a single oral dose of NMEA with
an LD50 of 90 mg/kg in mice has been reported. The geno-
toxic and mutagenic effects of NPYR and its causation of
liver tumors have been detected in in vivo and in vitro studies
(EPA, 2016). The European Union, on the other hand, re-
cently suggested that the use of nitrates and nitrites causes the
formation of nitrosamines, and in this respect, their use with
ascorbic acid will reduce the amount (Anon, 2019b). In addi-
tion, it is important to use natural alternative nitrite and nitrate
sources or to reduce the amount of nitrite-nitrate used in meat
products. (Flores and Toldra, 2021).

In this study, seven different nitrosamines among the nitros-
amines, which have nearly three hundred types in matrices
such as air, water, soil, and food, were studied together with
seven different nitrosamines, which are considered to be pos-
sible carcinogens by the International Agency for Research
on Cancer (IARC), and whose carcinogenic effects are em-
phasized by the United States Environmental Protection
Agency (EPA). These nitrosamine derivatives are N-nitro-
sodimethylamine (NDMA), N-nitrosodiethylamine (NDEA),
N-nitrosodine-butylamine (NDBA), N-nitrosopiperidine
(NPIP) N-nitrosopyrrolidine (NPYR) N-nitrosodine propyla-
mine (NDPA) and N-nitrosomethylethylamine (NMEA) and
their levels were determined in sausage samples with differ-
ent contents and cooking methods of different brands by GC-
MS (Gas Chromatography-Mass Spectrometer) device.

With the study, it was found what level of VNA was formed
in sausage consumption depending on different cooking and
content preferences. Depending on this situation, a viewpoint
can be developed to improve consumption preferences.

Materials and Methods
Chemicals and Standards

All chemicals used in the analysis were of analytical purity.
A nitrosamine standard mixture in dichloromethane (2000
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mg/L) containing N-Nitrosodiethylamine (NDEA), N-Nitro-
sopiperidine (NPIP), N-Nitrosomethylethylamine (NMEA),
Nitrosopyrrolidine (NPYR),  N-Nitrosodi-n-propylamine
(NDPA), N-Nitrosodimethylamine (NDMA), N-Nitrosodibu-
tylamine (NDBA), was obtained from Sigma Aldrich (EPA
521 Nitrosamine Mix, 2000 ppm, Sigma-Aldrich, St Louis,
USA). Different concentrations N-nitrosamine standards in
were stored at -18 °C. N-nitrosamines are potential carcino-
gens, so studies have been done carefully.

Materials

Sausages determined as the sample of analysis has been
taken from the markets in Aksaray province. For this purpose,
samples of 17 different samples has been purchased in order
to examine the effect of different cooking methods on the
formation of N-nitrosamine, these sausages were subjected to
different cooking processes. Uncooked sausage samples were
analyzed as a control group. Thus, sausage samples belonging
to 17 different brands were cut into approximate sizes and
analyzed by cooking with 1 control (uncooked) and 3 cooking
methods (microwave, frying, boiling). Thus, 68 samples
(17x4) belonging to 3 different cooking groups and a control
group of 17 brands of sausages were analyzed. The study was
completed in two parallels. (n=136)

The cooking process parameters were determined by
preliminary tests. Accordingly, the parameters in which the
sausages were cooked without burning were recorded.
Sausage cooking parameters are shown in Table 1.

Table 1. Susage cooking parameters

Cooking Time Ambient Tempera-
Type (min) ture
Boiling 10 Boiling water in a steel pot ~ Water,
100°C
Frying 4 Hot sunflower oil in a teflon ~ Sunflower
pan oil, 200°C

600 W with microwave en- -
ergy in porcelain bowl

Microwave 3

Methods
Determination of N-nitrosamines

Extraction of N-nitrosamines was done using method of
Ozbay and Sireli (2021a). Sausage samples were broken and
homogenized with a blender (Philips, HR1316/00, Istanbul,
Tiirkiye), after 20 g sample was weighed with a precision
scale (KERN, ABJ 220-4NM, Ballingen, Germany). After 40
ml DCIM (Dichloromethane) (Merck, Dichlotomethane for
gas chromatography, Darmstadt, Germany) was added to it.
The samples were then kept in an ultrasonic water bath

(VWR, Ultrasonic Cleaner - USC-TH, Leicestershire, Eng-
land) for 15 minutes. At the end of the period, the samples
were filtered with filter paper (S & H Labware, @125 mm,
Ankara, Tiirkiye) and the filtrate was collected. The samples
were then treated with DCIM (40 ml) again in the water bath
for 15 minutes. The collected filtrate was transferred to the
rotary evaporator (Heidolph, Hei-VAP Advantage, Schwa-
bach, Germany) and the solvent (DCIM) in it was removed.
The extract was collected with 1 ml of methanol (Merck,
Methanol for chromatography, Darmstadt, Germany),
filtered (0.45 um, Sartorius Stedim, G6ttingen, Germany) and
taken into glass vials. The samples taken into the vial were
homogenized by vortexing (VELP Scientifica, Velata, italy).
Samples kept in vials were kept closed and parafilm wrapped
in refrigerator until analysis.

GC (Agilent Technologies, 7890A, Santa Clara, United
States) device and integrated mass spectrometer - MS
(Agilent Technologies, 5975C, Santa Clara, United States)
detector were used for volatile N-nitrosamine analysis.
DB624 (Agilent, Santa Clara, USA) capillary column (30 m,
0.25 mm I.D and 1.40 um) was used as the GC-MS column.
Chromatographic conditions were as follows: inlet
temperature, 180°C; inlet mode, pulsed split-less, septum
purge flow: 3 mL/min, using helium (purity > 99.999%) as
carrier gaz. The oven temperature was programmed as fol-
lows: start temperature of 60°Cfor 2 min, then increased to
120°Cfor 2 min, at a rate of 20°Cper minute followed by a
further increase to 220°Cat a rate of 20 °C per minute. Finally
isothermally at 220°Cfor 2 min. The conditions set for the
mass spectrometer were as follows: transfer line temperature,
180°C, electron impact ionization mode at 70 eV; scan range
from m/z 40 to 200. The time for solvent delay was set to 5
min. The retention times and qualifier ions are shown in Ta-
ble 2. A representative chromatogram from GC analysis is
shown in Figure 1.

Table 2. Retention times, molecular weight, qualifier ions
for the detection in MS SIM mode applied method
for the 7 VNAs using GC-MS

Compound Weight Rt Qualifier ions (m/z)
M/W) (min)
NDMA 74 5.441 74.1/84.0/86.0
NMEA 88 6.82 88.1/71.1/73.1
NDEA 102 7.839 102.1/71.1/73.1
NDPA 130 10.071 70.1/113.1/130.1
NPYR 100 10.426 100.1/71.1/85.1
NPIP 114 10.909 114.1/71.1/85.1
NDBA 158 12.664 84.1/99.1/116.1
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Fig. 1 GC-MS chromatography showing seperation of N-nitrosamines

To calibrate the gas chromatography mass spectrometry (GC-
MS) chromatogram, 7 different standard solutions were pre-

For the recovery experiment, a sample with low content of N-
nitrosamines was chosen and fortified with 3 different levels

pared, which covered the concentration range 0.5 to 75
ug/mL. The lowest detectable concentrations for NAs were
established between 0.06 and 0.17 pg/mL. The limit of quan-
tification (LOQ) was calculated as 3 x LOD (between 0.21
and 0.56 ug/mL).

of standard solutions. Recoveries were found to be between
87.70% and 95.82%. Validation of GC-MS method was car-
ried out by following Eurochem method validation steps
(Magnusson and Ornemark, 2014). Validation study results
are shown in Table 3.

Table 3. Method validation results

Compounds Calibration Lineazlrity LOD LOQ Recovery  Reproducibility
(ng/L) (r?) (ng/kg)  (ng/kg) (%) (%RSD)
NDMA 0.5-75 0.999225 0.11 0.36 87.70 3.5342
NMEA 0.5-75 0.989719 0.12 0.40 92.90 2.0331
NDEA 0.5-75 0.998683 0.11 0.37 90.02 8.1090
NDPA 0.5-75 0.979911 0.10 0.32 87.44 5.0704
NPYR 0.5-75 0.999627 0.06 021 945 3.4497
NPIP 0.5-75 0.995153 0.17 0.56 939 4.5262
NDBA 0.5-75 0.994560 0.08 0.26 95.82 5.0957
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Statistical Analysis

One Way ANOVA was applied to the data by using SPSS
(Statistical Package for the Social Science) 15.0-licensed pro-
gram for the statistical analysis of all samples. Thus, 136 sam-
ples of 17 brands were analyzed in the study.

Results and Discussion

NDMA, NDEA, NDPA, NPYR, and NPIP were found in
more than 70% of the samples, according to the study's find-
ings. In the samples, the most NDMA, NPYR, and NPIP for-
mation were observed. Kaban et al. (2021), found the most
NDMA, NPYR and NPIP in heat-treated sausages similar to
our study. They reported that NPIP occurs at the highest
level. NDMA, NPIP, and NPYR are mainly formed in sau-
sages, according to Lee et al. (2019). According to Campillo
et al. (2011), the most common volatile N-nitrosamine deriv-
atives in processed meat products are NDMA and NPIP,
which is consistent with previous studies. While in another
study, 7.86-29.11 ppb level of VNA was detected in salami
collected from the market (Ozbay and Sireli, 2021b), while
in this study, a varying level of VNA was found at the level
of 8.45-65.2 ppb. This situation was interpreted as a cooking
relationship with VNA formation. Similarly, in a study ex-
amining VNA in raw meat products, NDPA, NDBA and
NPIP were detected in almost all samples (Sun et al., 2020).
The fact that VNA formation and levels are affected by very
complex processes is thought to be the reason for these dif-
ferences.

The VNA values of cooked sausages ranged from 0.9 to
109.28 ppb, according to the findings of the study. In their
review analysis, Gushgari and Halden (2018) found that 118
different processed meat products included a variable amount

Table 4. Statistical analysis results

of total VNA ranging from 0.1 to 121 ppb. Kaban et al. (2021)
reported that they detected NPIP at the level of 5.19 — 16.40
ppb in heat-treated sausage, followed by the formation of
NDMA and NPYR. Cintya et al. (2019) evaluated non-vola-
tile N-nitroso-thiazolidine-4-carboxylic acid (NTCA) in 20
samples of ready-to-eat sausage, smoked meat, burger, and
canned meat purchased from the market. N-nitrosamine de-
rivatives such as N-nitroso-2-methyl thiazolidine-4-carbox-
ylic acid were detected in high concentrations (NMTCA).
The amount of NTCA in the samples varies between 500-
4227 ppb, while NMTCA varies between 20-990 ppb.

Table 4 shows the statistical relationship between the VNA
level in sausages and cooking, brand, and content. The table
shows that there is a significant relationship between cooking
methods and VNA formation (P<,005). In the same table, it
can be seen that the brand has no significant effect on VNA
formation (P>,005). According to the table, the sausage con-
tent only has an effect on the formation of NDPA. In addition
to these findings, it was found that veal sausage contained
higher VNA than other ingredients when the average VNA
levels in Table 5 were evaluated. Turkey sausage and chicken
sausage come after beef sausage. The study obtained results
in parallel with the study of Moradi et al (2021). In both stud-
ies, meat sausages contained significantly higher VNA com-
pared to chicken sausage.

In the Table 5, it is seen that frying causes higher VNA
amount in terms of cooking methods. Next comes the boiling
process. The fact that microwave cooking is the cooking
method that remaining of the lowest level of VNA formation
is observed. The effects of content and cooking method on
the average VNA formation separately are shown in Figure 2
and Figure 3, respectively.

NDMA NMEA NDEA NDPA NPYR NPIP NDBA Total NAs
Cooking (Raw, fried, boiled, microwave) .021 .002 .000 .002 .005 .001 .000 .000
Brand .021 272 .535 .017 124 .004 .200 .040
Contents (Beef, turkey, chicken) 158 .050 .038 .001 .030 .062 .024 .007
Means in the same row with different superscripts are significantly different (P<.005)
Table 5. Average volatile N-nitrosamine results by cooking and content (ppb)
Content NDMA NMEA NDEA NDPA NPYR NPIP NDBA Total NAs
Beef Sausage 2.6996  2.6279 3.3946 3.4283 2.6129 2.6450 2.5396 19.9479
Turkey Sausage 0.7015  0.5335 1.4315 2.0390 0.7195 1.7010 0.8100 7.9360
Chicken Sausage 1.3929  0.4087 1.2287 0.6258 1.0796 0.9317 1.0300 6.6975
Cooking Type
Raw Sausage 04118 0.2659 0.3859 0.3700 0.4876 0.4371 0.2241 2.5824
Fried 35106 3.9765 4.7953 3.6082 3.1912 3.5594 3.6271 26.2682
Boiled 22571  0.6494 2.1188 2.5265 1.7876 2.0347 1.8594 13.2335
Microwave 0.4235 0.0229 09112 1.6176 0.5929 1.0194 0.2818 4.8694
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Figure 2. Average volatile N-nitrosamine levels
(ppb) depending on sausage content

According to the study's findings, total VNA levels in fried
sausage range from 8.24 to 109.28 ppb. The highest value
was obtained from fried beef sausage, while the lowest level
was obtained from turkey sausage. All of the fried samples
revealed NPYR, NMEA, NDPA, NPIP, and NDBA. Simi-
larly, Gloria et al (1997) found NDMA, NDEA, NDBA,
NDEA, NPIP, and NPYR in the samples they examined in
their study by frying 37 processed meat products from the
market, such as bacon and its derivatives. They also found
NPYR at levels ranging from 7 to 25 ppb in all of the products
they examined. In another study, NPYR was found to be
higher (5.02 ppb) than uncooked sausage (3.97 ppb) after fry-
ing dry cured sausages. In parallel, researchers reported that
they detected NPYR in 90% of 386 (raw, fried, smoked,
canned) processed meat products. In the same study, the high-
est volatile VNA level belonged to fried meat, then grilled
meat and finally cured meat (Yurchenko ve Mélder, 2007). In
general, the fact that frying processes contain high levels of
volatile N-nitrosamines exhibits parallelism with this re-
search.

Boiling is another cooking method used in the study. During
the boiling process, a total of 3.67-58.24 ppb VNA was pro-
duced in the sausages. When compared to frying, boiling pro-
vides a smaller amount of total VNA. After boiling the sau-
sages, Li et al. (2012) determined the formation of NDMA,
NDEA, and NPYR volatile N-nitrosamine derivatives.
Yurchenko and Mélder (2007) found similar results with the
study. They analyzed the volatile N-nitrosamine levels of

https://doi.org/10.3153/FH22014

Research Article

Microwave

Boiled

Fried

Raw Sausage

0 5 10 15 20 25 30

W Total NAs m NDBA NPIP NPYR

B NDPA NDEA B NMEA ENDMA

Figure 3. Average volatile N-nitrosamine levels
(ppb) depending on cooking method

sausages purchased directly from the market, fried, grilled,
smoked etc., and found NDMA and NPYR in approximately
90% of all samples.

Microwave cooking is another method that has been studied.
The microwave cooking process yielded the lowest results of
all the cooking methods. According to the findings, the aver-
age total VNA level in sausages cooked in the microwave
ranged from 0.9 to 17.06 ppb. In comparison to frying and
boiling, microwave cooking yields lower total VNA levels.
In microwaved sausage samples, Li et al. (2012) found 1.02
ppb NDMA, 0.18 ppb NDEA, and 3.76 ppb NPYR. In the
same study, lower levels of volatile N-nitrosamine formation
in microwave cooking were found to be similar to those found
in other heat treatments (boiling, frying).

Important data was recorded on volatile N-nitrosamine for-
mation at various levels during cooking methods. Many pa-
rameters, including heat treatment time, temperature, and
method, ambient temperature, nitrosamine precursor concen-
tration, salt concentration, and pH, are found to affect the
complex processes that change the formation of VNA in this
process (Gengcelep, 2010; Herrmann et al., 2015; Honikel,
2008; Ozgelik, 1982). The fact that chemical and physical
factors have a big impact on VNA formation is regarded to
be the main reason why the amount varies by method and ap-
plication. Researchers have reported detecting volatile N-ni-
trosamine results on a wide range of scales in several studies
(Lee, 2019; Gushgari and Halden, 2018).
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Conclusion

In the research, sausage samples belonging to 17 different
brands obtained from the market were evaluated in terms of
possible carcinogenic VNA levels. The VNA values of the
sausages varied widely, depending on the different ingredi-
ents, brands and cooking methods.

As a crucial result of the study, it is possible to conclude that
each cooking method increases the level of VNA in the sau-
sage. As for cooking methods, frying has also been found to
increase the risk of VNA formation. Microwave cooking
might be considered a healthier option for sausage consump-
tion as a cooking method. Furthermore, it is possible to assert
that the sausage's content leads to the formation of VNA.
While veal sausage has a higher overall VNA content, turkey
and chicken sausage come in second and third, respectively.
In this regard, the method of cooking and the composition of
the sausage will help to limit the risks of sausage consump-
tion. The formation of VNA in all sausages, albeit at varying
levels, is also a significant result of the study.

In the future, it will be important to detect VNA derivatives
by conducting similar studies for other foods that are consid-
ered as risk groups (ripened cheeses, pickles, alcoholic bev-
erages, etc.). Furthermore, alternatives to these foods' con-
sumption processes could have a positive impact on public
health.
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Makroalgler ¢cok eski zamanlardan beri insanlar tarafindan gida, gida takviyesi, hayvan yemi, giibre ve ilag olarak
kullanilmaktadir. Birgok kara bitkisinde oldugu gibi makroalgler de insan sagligi i¢in ¢ok 6nemli inorganik ve or-
ganik maddeler icerir. Makroalgler protein, lipit, karbonhidrat ve mineral madde igeriklerinden dolay1 geleneksel
olarak kullanilan bir gida maddesi olmasinin yaninda “biyoaktif maddeler”, “makroalg mineral katkilar1”, “ilag ve
kozmetik hammaddesi” gibi fonksiyonel kullanimlar agisindan da biiyiik bir potansiyele sahiptir. Deniz suyundaki
mineralleri absorbe eden makroalgler, basta demir ve iyot olmak iizere zengin bir mikro element ve kalsiyum, po-
tasyum, magnezyum olmak {izere iyi bir makro element kaynagidir. Bazi makroalglerin mineral diizeyleri kara
bitkilerinden daha yiiksek olabilmektedir. Bilimsel veriler, makroalg kaynakli bazi minerallerin insanlarda biyoya-
rarliliginin, kayaglardan elde edilen minerallere gére daha yiiksek oldugunu ortaya koymustur. Minerallerin insan
saglig1 agisindan 6neminin anlagilmasiyla, yliksek esansiyel element igerigine sahip olan makroalglerin mineral
kaynag1 olarak kullanimina ilgi son yillarda artmistir. Makroalglerin mineral kompozisyonlari lokasyon, mevsim,
suda kalis siiresi, tiirlin fizyolojisi gibi faktorlerin yaninda, deniz suyundaki element miktart, 151k siddeti ve tuzluluk
gibi ¢evresel kosullara bagli olarak da degisebilmektedir. Bu nedenle, insanlarin glinliikk mineral ihtiyaglarini karsi-
lamada kullanilacak alg tiriinlerinin hangi oran ve miktarlarda tiiketilebilecegi ve potansiyel saglik riskleri konula-
rinda yeni aragtirma ve yaklasimlara ihtiya¢ duyulmaktadir. Bu ¢alismada, makroalglerin mineral igerikleri, mine-
rallerin insan saglig1 agisindan 6nemi ve alglerin mineral kaynagi olarak kullanim potansiyelleri incelenmistir.

Anahtar Kelimeler: Makroalgler, Mineral, Mikro elementler, Saglik, Fonksiyonel gida
ABSTRACT

Mineral content of macroalgae and possible uses for human health

Seaweeds have been used since ancient times as food, food additives, fertilizer, and a source of medicine. Like
terrestrial plants, seaweeds contain many inorganic and organic substances which can beneficial to human health.
Seaweeds have great potential as “bioactive compounds for functional use, “algae mineral supplements”, “pharma-
ceuticals and cosmetics” and in addition to their potential of good sources of minerals, trace elements, proteins,
lipids, and carbohydrates as traditional food. Due to the mineral absorption ability of macroalgae from the seawater,
many species are a perfect source of some trace elements such as iron and iodine and a good source of some macro
minerals such as calcium, phosphate, and magnesium. In some cases, the mineral content of the seaweeds may be
higher than that of land plants. Scientific data show that the bioavailability of algae minerals is higher than rock-
based minerals for humans. In recent years, the potential use of seaweed minerals as “algae mineral supplements”
gained attention due to their rich elemental composition and the importance of minerals for human health. Mineral
composition of seaweeds may vary according to locality, season, residence time, species physiology, and environ-
mental conditions such as level of elements in seawater, light intensity, and salinity. Thus, new approaches and
researches are needed on how much seaweeds can be consumed daily and their potential health risks. In this study,
the mineral contents of seaweeds, the importance of minerals for human health, and potential uses of algae minerals
were investigated.

Keywords: Macroalgae, Minerals, Trace elements, Health, Functional food
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Giris

Su yosunlan olarak da bilinen makroalgler, denizel ortam-
larda herbivor beslenen hayvanlarin besinlerini olusturma,
suya oksijen saglama, sucul canlilara korunma ve {ireme or-
tam1 olugturma gibi ¢ok dnemli rollere sahiptir. Makroalgler
binlerce yildan bu yana 6zellikle uzak dogu tilkelerinde insan
gidasi, hayvan yemi ve giibre olmak iizere ¢ok ¢esitli amag-
larla kullamlagelmektedir. Ozellikle Cin, Japonya ve Kore
gibi lilkelerde geleneksel olarak tiiketilen yesil, kahverengi ve
kirmizi alglerin yiiksek oranlarda kullanimi son yillarda Av-
rupa, Giiney Afrika ve Amerika kitasindaki bir¢ok iilkede de
hizla yayginlagmaktadir (Dawes, 1998; McHugh, 2003).
Makroalglerin taze, kurutulmus veya besin katkis1 seklinde
insan gidasi olarak tiiketimi iilkeler arasinda farkliliklar gos-
termekte olup, Japonya’da 2010-2014 yillar arasindaki kisi
bas1 makroalg tiiketiminin 9.6-11.0 g makroalg / giin oldugu
rapor edilmistir (MHLW, 2014). Yapilan ¢ok sayida bilimsel
arastirma makroalglerin geleneksel gida maddesi olmasi ya-
ninda, fonksiyonel gida olma potansiyelinin de ¢ok yiiksek
oldugunu gostermektedir (Mendes ve ark., 2009; Harnedy ve
FitzGerald, 2011; Pangestuti ve Kim, 2011; Cornish ve ark.,
2015; Fleurence ve Levine, 2016). Son yillarda “fonksiyonel
gida”, “makroalg mineral karigimlar”, “ila¢ ve kozmetik
hammaddesi” ve “biyoaktif maddeler” olarak kullanimlari
yaygmlagmis durumdadir. Makroalglerden elde edilen algi-
nat, agar, karragenan, fukoidan ve ¢esitli biyoaktif maddeler
(antibakteriyal, antiviral, antifungal vb.) ¢ok fazla talep gor-
mektedir. Makroalglerin lif igeriginin yiiksek olmasi ve diya-
bet, obezite, kalp rahatsizliklari, kanser gibi rahatsizliklarin
diisiik lif alimiyla iliskilendirilmesi de makroalglere olan il-
giyi artirmistir (Southgate, 1990). Buna bagli olarak makro-
alg ve mikroalg tirlinlerine talep giderek artmakta (Wells ve
ark., 2016) ve artan ihtiyaci karsilamak i¢in denizlerdeki do-
gal popiilasyonlarin hasadinin yaninda birgok tiiriin kiiltiirii
de yapilmaktadir. Diinyada 2006-2015 yillar1 arasinda doga-
dan toplama ve kiiltiir yoluyla yapilan makroalg {iretiminde
en fazla paya sahip olan {ilkeler ve iiretim miktarlar1 (ton yil°
) Tablo 1’de verilmistir (FAO, 2018). Tablo 1°de goriildiigii
gibi 2015 yili diinya makroalg liretim verilerine gore, kiiltiir
yoluyla yapilan makroalg tiretiminin % 85.8’1 Cin ve Endo-
nezya tarafindan, dogal hasat yoluyla yapilan toplam makro-
alg tretiminin % 78’1 ise sirastyla $ili, Cin, Norve¢ ve Ja-
ponya tarafindan gerceklestirilmistir (FAO, 2018). Toplam
30.45 milyon ton y1l"! olan 2015 y1l1 diinya makroalg {iretimi-
nin (dogadan toplama-+kiiltiir) % 46.6’s1 Cin tarafindan ger-
ceklestirilmistir (FAO, 2018). Diinyada 2012 yilinda dogal ve
kiiltiir yoluyla yapilan makroalg iiretiminin % 38’nin insanlar

tarafindan dogrudan gida olarak tiiketildigi kaydedilmistir
(FAO, 2014). Ulkemiz kiyilarinda makroalglerin taksonomisi
ve dagilimlar1 konusunda yapilmig bircok c¢aligma bulun-
makta olup, son yillarda biyokimyasal i¢erikleri konusundaki
calismalarda da artis olmustur. Ancak, {ilkemizde makroalg-
lerin gida olarak tiiketimi heniiz yaygin olmayip, ticari iire-
timi yapilmamaktadir. Makroalg iiretimi konusunda az sayida
da olsa deneysel ¢aligmalar bulunmakla birlikte, diinyadaki
genel yaklagima paralel olarak lilkemizde de uygun makroalg
kiiltiir alanlar1 ve iiretim potansiyelinin aragtirilmasi son de-
rece 6nem arz etmektedir.

Makroalgler protein, lipit, doymamis yag asitleri, vitamin ve
cesitli biyoaktif maddeler yoniinden zengin olmalarimin ya-
ninda bilinen en zengin mineral igerigine sahip besinlerden
biridir. Deniz suyu ile siirekli temasta olmalarindan ve mine-
ralleri dogrudan almalarindan dolayi, 6zellikle mineral ice-
rikleri karasal bitkilere gére daha ytiksektir. Kuzeydogu Ak-
deniz kiyilarindan toplanan kirmizi1 alg, Jania rubens’in top-
lam mineral i¢eriginin kuru maddede % 51.63’e kadar ylikse-
lebildigi (Polat ve Ozogul, 2013), Hindistan kiyilarindan top-
lanan 18 makroalg tiiriiniin toplam mineral iceriginin ise %
20 ile % 50 arasinda degistigi ortaya konmustur (Barot ve
ark., 2019). Makroalglerin mineral igerigi tiire, tiiriin fizyolo-
jik durumuna, lokalite ve mevsim gibi faktorlere gore degi-
siklikler gosterebilmektedir (Nelson ve ark., 2002; Kostetsky
ve ark., 2004). Khairy ve El Sheikh (2015), Akdeniz kiyila-
rinda iic makroalg tiiriinde minerallerin mevsimsel degisi-
mini incelemis, en yliksek kalsiyum, sodyum, potasyum ve
magnezyum igeriginin yaz mevsiminde, en diigiik degerlerin
ise genellikle sonbaharda bulundugunu bildirmistir. Endo-
nezya’da hasat edilen yesil, kahve ve kirmizi alglerin demir
ve ¢inko igeriklerinin Japonya’daki Porphyra, Ulva intesti-
nalis, Sargassum fusiformis’den diisiik oldugu, bu sonuglara
bakilarak sicak ekvatoral bolgelerdeki alglerin mineral dii-
zeylerinin yiiksek enlemlerde bulunanlara gore daha diisiik
olabilecegi one siirlilmiigtiir (Wells ve ark., 2016). Ancak, mi-
neral iceriginin mevsimsel ve bolgesel dagilimu ile ilgili ge-
nelleme yapmak ig¢in bilgiler nispeten smirlidir (Cabrita ve
ark., 2016). Insanlarin yetersiz mineral alimi nedeniyle gesitli
saglik problemleriyle karsilagma riskleri, makroalglerin biyo-
yararlilig1 yiiksek mineral kaynagi olarak incelenmesinin
O6nemini ortaya koymaktadir. Bu ¢alismada makroalglerin
mineral icerikleri incelenerek, mineral kaynag: olarak insan
saglig1 agisindan 6nemi ve kullanim potansiyellerinin deger-
lendirilmesi amag¢lanmustir.
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Tablo 1. Diinyada 2009-2015 yillar1 arasinda dogadan toplanan ve kiiltiirii yapilan makroalg iiretiminde en fazla paya sahip
olan iilkeler ve iiretim miktarlart (ton/y1l) (FAO, 2018 den uyarlanmigtir)

Table 1. World annual cultured and wild (natural harvest) macroalgae production by countries in 2009-2015, weight in tonnes, (adopted

from FAO, 2018)

Ulkeler Dogadan toplanan makroalg miktari (ton yil'!)
Countries Amount of macroalgae collected from nature (ton year™)
2009 2010 2011 2012 2013 2014 2015
Sili 368.032 368.580 403.496 436.035 517.929 417.331 345.704
Cin 276.170 246.620 274.060 257.640 283.010 245.550 261.770
Norveg 160.361 158.516 152.382 140.998 154.150 154.230 147.391
Japonya 104.103 97.231 87.779 98.514 84.498 91.601 93.300
Diinya Toplam Uretimi 1.113.127 1.071.940 1.116.820 1.127.014 1.289.563 1.199.111 1.087.468
Kiiltiir yoluyla iiretilen makroalg miktari (ton yil'")
Amount of cultured macroalgae (ton year”)
2009 2010 2011 2012 2013 2014 2015
Cin 10.495.995 11.092.270 11.549.555 12.832.060 13.561.445 13.326.315 13.924.535
Endonezya 2.963.556 3.915.017 5.170.201 6.514.854 9.298.474 10.076.992 11.269.341
Filipinler 1.739.995 1.801.272 1.840.833 1.751.071 1.558.378 1.549.576 1.566.361
G. Kore 858.659 901.672 992.283 1.022.326 1.131.305 1.087.048 1.197.129
Japonya 456.426 432.796 349.737 440.754 418.365 373.908 399.300
Diinya Toplam Uretimi 17.337.986 18.992.284 | 20.785.191 23.555.401 26.862.752 | 27.354.942 29.363.158

Makroalglerin Mineral Icerigi

Makroalgler genellikle, deniz suyu ile benzer mineral diizey-
lerine sahip olup, deniz suyundaki mineral igerigine gore bu
degerler de farklilik gosterebilmektedir (Cotas ve ark., 2020).
Makroalglerin kalsiyum, magnezyum, sodyum, fosfor, potas-
yum gibi makroelementler ile ¢inko, demir, manganez, iyot,
molibden, selenyum, bakir gibi mikro element igeriklerini be-
lirlemek iizere bir¢ok ¢alisma yapilmistir (Ruperez, 2002; Po-
lat ve Ozogul, 2009; Khairy ve El Sheikh, 2015). Makroalg-
lerin mineral igerikleri ile ilgili genellemeler yapmak, igerik-
lerinin mevsimsel, cografik ve taksonomik varyasyonlar gos-
termesi nedeniyle oldukca gii¢c olmakla birlikte, yapilan ¢a-
lismalar makroalglerin 6zellikle basta demir ve iyot olmak
iizere zengin bir mikroelement kaynagi oldugunu gostermis-
tir. Makroalglerin mineral igerigi bircok meyve ve sebzeye
gore daha yiiksektir (Zaragoza, 2015; Cabrita ve ark., 2016).
Khairy ve El sheikh (2015), kalsiyumun alglerdeki en 6nemli
element oldugunu ve kara bitkilerine gore daha fazla kalsi-
yum biriktirdiklerini bildirmistir. Yesil alglerin, kirmiz1 ve
kahverengi alglere gore daha fazla kalsiyum igerdigi rapor
edilmistir (EI-Said ve El-Sikaily, 2013). Buna karsin, kirmizi
ve kahverengi algler, yesil alglere gore daha yiiksek konsant-
rasyonlarda Na, K ve Zn biriktirme egilimindedir (Circun-
cisdo ve ark., 2018). Barot ve ark. (2019), Hindistan kiyila-

rindan topladiklar kahverengi alglerde kalsiyum ve potasyu-
mun, kirmiz alglerde ise sodyum ve demirin yiiksek diizey-
lerde bulundugunu bildirmistir. Biancarosa ve ark.(2018) ta-
rafindan 21 makroalg tiiriinde yapilan ¢alismada, en yiiksek
kalsiyum igerigi 30 g kg'! kuru madde olarak kahverengi alg-
lerden Fucus vesiculosus ’da bulunmustur. Benzer olarak, Pa-
nayotova ve Stancheva (2013), kahverengi alglerde kalsiyum
ve potasyumun, yesil alglerde ise magnezyum ve sodyumun
daha yiiksek oranlarda bulundugunu bildirmistir (Tablo 2).
Ruperez (2002) ise kahverengi alglerde makroelementlerin
daha yiiksek bulundugunu, en yliksek diizeyde bulunan ele-
mentin potasyum oldugunu belirtmistir (Tablo 2). Cabrita ve
ark. (2016) Portekiz kiyilarinda 15 makroalg tiiriiniin mineral
igerigini inceledigi ¢aligmada, en yiiksek kalsiyum (49.76 g
kg! kuru madde) ve magnezyumu (19.54 g kg'!' kuru madde)
yesil alglerde bulmus olup, bu degerler Eksi ve Ozen (2012)
tarafindan kivi meyvesi (214 mg kg' Ca, 123 mg kg Mg)
icin, Kadiri ve ark. (2015) tarafindan domates (7.49 mg kg’!
Ca, 1.32 mg kg Mg) igin bildirilen degerlerden daha yiik-
sektir. Panayotova ve Stancheva (2013) ise, makroalglerin en
o6nemli kalsiyum ve fosfor kaynaklarindan biri oldugunu ve
igeriklerinin elma, portakal, havug ve patates gibi bitkilerden
daha yiiksek oldugunu bildirmistir.
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Tablo 2. Farkli makroalg tiirlerinin mineral igerikleri

Table 2. Mineral composition of different macroalgae species

Review Article

Grup Tiir Ca Mg Na K Fe Zn 1 Mn Ref.
Group Species
mg 100 g! kuru agirhk
mg 100 g'! dry weight

Chondrus crispus 420422 732+6 4270462 3184+0 3.97+0.11 7.14£0.13 22.1+0.7 | 1.32+0 1,2
50 Gelidium crinale* 8.68+0.70 2.31+0.28 5.32+0.27 5.57+0.11 89.27+2.10 | 3.80+0.30 19.3£0.40 |3
< Halymenia floresia 730 +283.4 900 + 162.7 5540 + 763.5 5960 + 861.3 14.34+0.39 | 2.11+0.01 | - - 4
E Jania rubens 14790.3+1.46 | 2228.08 £2.09 | 1215+ 1.00 627.33+1.52 | 84.93+0.89 | 1.35+0.12 123+£0.15 |5
‘é 5 | Porphyra tenera 390+17 565+11 3627+115 350071 10.3+0.41 2.21+0.17 2.72+0 1
~ | Porphyra spp. 525.0 +1.41 261.75+1.06 348.75+1.06 1395.0+4.24 12.28+0.32 | 2.7940.1 - 2.26+0.04 | 6
Ascophyllum nodosum 984.73+47.26 | 867.82+12.01 4575+50.05 3781.35£13.4 | 13.3440.90 | - - 1.96+0.69 | 7
B Bifurcaria bifurcate 996.424+12.83 | 528.04+8.25 1836.82+52.12 | 9316.28+101.9 | - - - - 7
:‘E‘J Cystoseira barbata* 21.40+2.40 4.14+0.71 1.92+0.04 11.93£2.51 33.43+343 | 1.43£0.29 4.77£0.35 | 3
5 Cystoseira crinata* 19.93+1.60 4.22+0.19 5.16+0.54 17.95+0.69 6.10+0.92 1.63+0.06 1.60+£0.26 | 3
5 Fucus vesiculosus 938+7 994+13 5469+ 60 4322+46 4.20+0.17 3.71+0.37 - 5.50+0.11 |1

§ Laminaria digitata 1005+5 659+6 3818+43 11.579+128 3.29+0.54 1.7740.44 170+5.5 | <0.5 1,8
G Saccorhiza polyschides 1120+ 94.2 560+32.4 2650 + 176.9 10170+ 1124 | 25.12+1.52 | 8.57+0.39 | - - 4

> Undaria pinnatifida 931+38 1181+34 7064+ 166 8699+ 144 7.56+1.13 1.74+0 26+24 | 0.87+0 1,8
. Codium spp. 820+£253.6 | 410+18.8 3960 + 106.8 4500+ 1824 | 4514+0.82 | 0.78+0.14 | - - 4
L0 Chaetomorpha linum* 7.30+0.28 2.50+0.25 3.09+0.31 15.44+0.97 105.9743.95 | 1.87+0.21 29.4+3.56 |3
;E Ulva rigida* 5.52+0.79 7.85+0.70 5.90+0.09 4.60+0.28 24.53+£3.01 | 1.3040.26 3.30+0.10 |3
f 5 | Ulva lactuca 574.6-558.1 825.8-842.4 92.20-93.63 77.32-71.67 163.8-167.8 | 10.06-11.75 | 12.9+0.5 | 7.33-744 |9
~ | Ulva spp. 1030 +321.5 | 2040 +34.7 3670 +216.4 3770 £ 114.6 36.28+0.49 1.91£0.65 | 2.60£0.2 | - 4

* Na, Mg, Na ve K i¢in birim mg g™ kuru agirlik’tir.

(1) Ruperez, 2002; (2) Nunes et al., 2019; (3) Panayotoda ve Stancheva, 2013; (4) Garcia ve ark., 2016; (5) Dixit ve Reddy, 2017; (6) Admassu ve ark.,

2018; (7) Lorenzo ve ark., 2017; (8) Kolb ve ark., 2004; (9) Devi et al. 2015.

Makroalglerin ¢inko, demir, manganez, iyot, molibden, se-
lenyum ve bakir gibi mikroelement igerigi ile ilgili olarak ya-
pilan ¢aligmalarda, tiirlerin birbirlerinden ¢ok farkli igeriklere
sahip oldugu goriilmektedir (Tablo 2). Anantharaman ve ark.
(2010), Hindistan’in giineydogu kiyilarinda Chlorophyceae,
Phaeophyceae ve Rhodophyceae tiirlerinde demir igeriginin
17.83-60.45 ppm arasinda degistigini, en yliksek demir igeri-
ginin yesil alglerden Halimeda macrolaba’da bulundugunu
kaydetmislerdir. Ayn1 aragtirmada magnezyum 32.91-181.5
ppm, mangan 0.73-4.03 ppm araliklarinda bulunmustur. Se-
Kwon Kim (2012) iyot gibi halojenlerin makroalglerde kara
bitkilerine gore 10-20 kat daha fazla bulunabilecegini bildir-
mistir. Kahverengi algler, diger gruplara gore daha fazla iyot
biriktirmektedir (Biancarosa ve ark., 2018). Makroalglerde
demir (3501 mg kg!) ve iyot (957.6 mg kg™!) en yiiksek dii-
zeylerde bulunan mikroelementler olup, bunlar1 ¢inko
(153.62 mg kg') ve manganez (392.7 mg kg!) takip etmek-
tedir, selenyum (2.68 mg kg!) ve kobalt (1.96 mg kg™!) ise
cok daha diigiik diizeylerde bulunmaktadir (Cabrita ve ark.,
2016). Bu mikroelement degerleri Leterme ve ark. (2006) ta-
rafindan muz, patates, misir ve nar gibi bitkiler i¢in verilen
degerlerden daha yiiksektir. Yesil alglerden U. intestinalis 'de
5800 mg kg diizeyinde bulunan demirin, 2 - 4 mg 100g™
araliklarinda demir iceren yesil sebze, baklagil, findik ve ta-
hillar gibi kara bitkilerinden daha yiiksek oldugu goriilmek-
tedir (Coultate, 1996; Biancarosa ve ark., 2018). Tahillarda

ve yagh tohumlarda diisiik diizeylerde bulunan iyot, makro-
alglerden Laminaria digitata’da 10000 mg kg ve Saccha-
rina latissima’da 4600 mg kg™! gibi yiiksek diizeylerde bulu-
nabilmektedir (Biancarosa ve ark., 2018).

Arastirmalar, makroalglerin yiliksek diizeyde mineral madde
igerdigini ve alg minerallerinin gida katki maddesi ve besin
destegi olarak kullanimina olan ilginin son yilllarda arttigini
gostermektedir. Ancak, makroalglerin potansiyel kullanim-
lar1 ile ilgili ¢alismalar son yillarda artmis olmakla birlikte,
kara bitkileriyle karsilastirildiginda halen daha fazla ¢alisma-
nin yapilmasina ihtiya¢ oldugu goriilmektedir.

Minerallerin Insan Saghg Icin Onemi ve Makroalg
Minerallerinin Kullaninmi

Mineraller, insan viicudunda metabolizma ve yagamsal fonk-
siyonlarin siirdiiriilebilmesi i¢in belli diizeylerde bulunmasi
gereken inorganik maddelerdir. Bu maddeler, biyokimyasal
reaksiyonlarda enzim kofaktorii olarak gorev alir (Giingor,
2003). Ayrica, mineraller viicutta ozmotik dengenin korun-
masi, kaslarn uyarilmasi, sinir impulslarinin iletimi gibi
olaylarda rol oynamanin yani sira iskelet, dig, hemoglobin,
hormon ve enzimlerin yapisinda yer alir. Minerallerin yeterli
diizeyde alinmasi, basta kanser, kardiyovaskiiler rahatsizlik-
lar olmak iizere, alzheimer, erken yaslanma ve beslemeye
bagli hastaliklarin 6nlenmesinde nemli katkilar saglayabil-
mektedir (Fenech ve Ferguson, 2001). Bu nedenle, viicudun
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saglikli kalabilmesi ve temel fonksiyonlarini siirdiirebilmesi
icin bir¢ok mineralin diizenli olarak alinmasi gerekmektedir.

Insan saglig1 i¢in 6nemli bazi mineraller gbz oniine alindi-
ginda, kalsiyum insan viicudunda en fazla bulunan mineral
olup, kemik ve dislerin yapisinda yer almaktadir. Kaslarin ka-
silmasi, hormon salgilanmasi gibi olaylarda da kalsiyuma ih-
tiya¢ duyulmaktadir. Ayrica, kalsiyum kanin pihtilagsmasinda
da gorev almaktadir (Kili¢ ve ark., 2002). Kalsiyum, makro-
alglerde en yiiksek diizeyde bulunan elementlerden biridir.
Swarnalatha (2018) makroalglerde kalsiyum fosfat olarak
bulunan kalsiyumun biyolojik olarak kullanilabilirliginin,
siitte kalsiyum karbonat olarak bulunan formundan daha fazla
oldugunu bildirmistir. Assoumani (1997), alglerden saglanan
kalsiyumun kiregtagindan elde edilene gore bliylime ve biyo-
lojik kullanilabilirlik yoniinden daha avantajli oldugunu, Ka-
ats ve ark. (2011) ise, alg kalsiyumu kullaniminin kalsiyum
karbonat ve kalsiyum sitrat gibi tuzlarin kullanimina gore iis-
tiinliik gosterdigini bildirmistir. Arastiricilar, alg kalsiyumu
ile muamele edilen insan osteoblast hiicre kiiltiiriinde alkalin
fosfataz aktivitesinin, kalsiyum karbonat ve kalsiyum sitrat
uygulamasina gore onemli diizeyde arttigini belirtmiglerdir.
Brown ve ark. (2014), kirmiz1 alglerden Lithothamnion cal-
careum ekstraktinin osteoartrit hastalarinda olumlu etkiler
sergiledigini, uygulama sonrasinda eklem agrilarinda azalma
ve hareketlilikte artis oldugunu bildirmistir. Japonya’da gele-
neksel beslenmenin alerjik reaksiyonlar1 6nlemedeki etkileri
konusunda yapilan bir ¢aligmada, besinlerle yiiksek diizeyde
makroalg kalsiyum, magnezyum ve fosforu alimimnin alerjik
rinit olusumunu azaltabilecegi rapor edilmistir (Miyake ve
ark., 20006).

Sodyum elementi, sinir ve kas fonksiyonlarinin uyarilmasi,
hiicredeki sivi dengesi ve diger besinlerin emiliminde gorev
alir. Potasyum ise, adale kasilmasinda sinir impulslarinin ile-
tilmesinde ve enzim faaliyetlerinde rol oynar (Giingor, 2003).
Bunlarin yaninda, kalp ritminin diizenli olmasinda, protein
sentezi, karbonhidrat yikimi ve kanin pH dengesinin saglan-
masinda gorev almaktadir. Makroalgler diisiik Na/K oranina
(0.33-1.34) sahip olduklan i¢in makroalg igeren diyetlerin
yiiksek tansiyon problemi olan kisilerde tansiyon riskini azal-
tabilecegi bildirilmistir (Ruperez, 2002).

Magnezyum, bir¢ok kimyasal reaksiyonda, enzim aktivasyo-
nunda ve kalbin diizenli atmasinda gorev alir (Ensminger ve
ark., 1995). Ayrica, kaslarin giiclenmesi, protein sentezinde,
hiicre biiyiime ve yenilenmesinde énemli rol oynar. Insan vii-
cudunun giinliitk magnezyum ihtiyacinin 280-350 mg oldugu
bildirilmektedir (Gormiis ve Ergene, 2004). Makroalg kalsi-
yum ekstratindaki magnezyumun, yumurtaligi alinmis sigan-
larda kalsiyum dengesi ve kemik yapisina etkisi incelenmis,
makroalg kalsiyum ekstraktinin sentetik kalsiyum ve mag-

e https://doi.org/10.3153/FH22015

Review Article

nezyum destegine kiyasla kemik saglig1 i¢in etkili bir kalsi-
yum ve magnezyum kaynagi oldugunu belirlenmistir (Bae ve
ark., 2011). Frestedt ve ark (2009), makroalglerden elde edi-
len, kalsiyum ve magnezyumca zengin dogal bir multimine-
ral olan aquamin adli maddenin osteoartrit hastalarinda semp-
tomlar1 ve antiinflamasyon ilag ihtiyacini azalttigini, potansi-
yel tedavi edici etkisinin oldugunu rapor etmislerdir.

Cinko, 300’den fazla enzimin fonksiyonu i¢in gerekli olan en
onemli elementlerden birisidir. insanlardaki ¢inkonun % 85’i
kas ve kemik dokuda, % 11’1 deri ve karacigerde, % 4’1 ise
diger dokularda bulunur (MiSurcova ve ark., 2011). Beyinde
de yiiksek diizeyde ¢inko bulunmaktadir (Tapiero ve Tew,
2003). Ayrica, protein ve niikleik asit sentezi, DNA sentezi,
hormonlarin depolanmasi ve salinimi, ndérotransmisyon, bii-
ylime ve gelisme gibi bir¢ok metabolik olayda yer alir ve ke-
mik gelisimi ile ilgili birgok hormonun yapisina katilir (Sal-
gueiro ve ark., 2002). Yetersiz diizeyde ¢inko iceren toprak-
larda yetigen iiriinlerde ¢inko eksikligi goriilebilir. Cinko ayni
zamanda, bir antioksidan gibi etki etmekte olup, immiin sis-
temin gelismesi i¢in en 6nemli minerallerden biridir (Rink ve
Haase, 2007; Akdeniz ve ark., 2016). Ozellikle diisiik prote-
inli ve yiiksek fitat igeren besinlerle beslenen insanlarda sik-
likla karsilagilan ¢inko yetersizligi epiderma, sinir sistemi,
gastrointestinal sistem, kemik ve iireme sistemi {izerinde
olumsuzluklara neden olur (Salgueiro ve ark., 2002; Tapiero
ve Tew, 2003). Giinliik alinmasi 6nerilen ¢inko miktar: 15
mg’dir (Ruperez, 2002). Ulkemizde tarim arazilerinin yakla-
stk % 50’sinin yararl ¢inko yoniinden fakir olmasi, bitkilerde
¢inko eksikligine neden olmakta ve bunun sonucunda tahila
dayal1 beslenmenin yogun oldugu bolgelerde insanlarda bazi
saglik sorunlar1 ortaya ¢ikmaktadir (Yilmaz ve Sonkaya,
2018). Mineral igerigi yoniinden karasal bitkilere gore daha
zengin olan makroalglerin (Circuncisdo ve ark., 2018; Cotas
ve ark., 2020) beslenmede kullanimi bu eksikligin giderilme-
sine katki saglayacaktir.

Demir, viicutta hayati fonksiyonlar1 olan bir elementtir. Vii-
cuttaki demirin %60-70’1 hemoglobine bagl olarak eritrosit-
lerde, % 10’u demir igeren enzimlerde, miyoglobinde ve si-
tokromda, geri kalan1 ise hemosiderin ve ferritin olarak depo-
lanir (Lieu ve ark., 2001). Hemoglobin tarafindan akcigerler-
den dokulara oksijen taginmasinin yaninda, DNA sentezi ve
elektron taginimi gibi son derece dnemli metabolik islemlerde
rol oynayan enzimlerin yapisinda yer alir (FAO/WHO, 1998;
Lieu ve ark., 2001; Puntarulo, 2005). Demirin yetersiz alin-
masi Ozellikle biligsel performans, fiziksel gelisim, immiin
sistem ve gastrointestinal sistemde bozulma gibi hayati fonk-
siyonlarda aksamalara ve rahatsizliklara yol agabilir (Walker,
1998; WHO, 2001). Giinliikk alinmasi1 6nerilen demir miktari
10-18 mg’dir (Ruperez, 2002). Giinliikk alinmast onerilen
miktar (RDA) dikkate alindiginda, 8 g kurutulmus Ulva spp.
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alimimin Fe ihtiyacim % 78, ayn1 miktarda Porphyra spp. ali-
minin % 16 oraninda karsilayabilecegi bildirilmistir (Circun-
cisdo ve ark., 2018).Yesil alglerden Ulva reticulata eklenmis
cikolatada demir biyoyararliginin %21 diizeylerine ulastigi,
bu degerin sade ¢ikolatadaki degerden %10 daha yiiksek ol-
dugu belirlenmistir. Calismada, hemoglobin, serum demiri ve
serum ferritin diizeylerinde de 6nemli artislar oldugu bulun-
mustur (Banu ve Mageswari, 2015). Yapilan ¢aligmalar, mak-
roalg tiiketiminin anemik topluluklarda ve veganizm gibi dii-
stik demir tiiketen kisilerde demir diizeylerini iyilestirebile-
cegini ortaya koymustur (Circuncisdo ve ark., 2018).

Mangan, 6zellikle yiliksek enerji gereksinimi olan beyin ve
retinada yogunlagmis olarak bulunur ve esansiyel bir mikro-
elementtir. Kemik doku, karaciger ve bobrekler mangani
yiiksek diizeyde icerirler (Aschner ve Aschner, 2005). Man-
gan, protein, lipit ve karbonhidrat metabolizmas1 ile iligkili
bir mineral olup, 6zellikle normal immiin fonksiyonu, kan se-
kerinin diizenlenmesi ve beyin fonksiyonlar1 i¢in gereklidir
(Takeda, 2003). Mangan eksikligi ¢esitli hastaliklara (osteo-
poroz, epilepsi, gelisme geriligi, yetersiz kemik gelisimi, gli-
koz, lipit ve protein metabolizmasinda aksamalar) neden ola-
bilmektedir (Aschner ve Aschner, 2005; Nkwenkeu ve ark.,
2002). Mangan yetersizligi kadar asir1 alimina bagli toksik
ozelligi de son derece 6nemli olup, asirt mangan alimi nérop-
sikiyatrik belirtilere, Parkinson ve benzeri hareketlerle ilgili
fonksiyon bozukluklarina neden olabilmektedir (Cersosimo
ve Koller, 2006; Nkwenkeu ve ark., 2002). Chen ve ark.
(2018) yetiskinler i¢in giinliikk 2-5 mg mangan dozunun ye-
terli ve giivenli oldugunu bildirmistir. Giinliik alinmasi1 6ne-
rilen diizeyler (RDA) baglaminda, 8 gr kurutulmus Ulva spp.
aliminin Mn ihtiyacin1 % 49, ayni miktarda Porphyra spp.
alimmin ise % 10 oraninda karsilayabilecegi bildirilmistir
(Circuncisao ve ark., 2018).

Iyot, biiyiime ve gelisme ile birgok fizyolojik olay1 kontrol
eden tiroit hormonunun iiretiminde rol oynar (Giingér, 2003).
Tiroit hormonunun gebeligin 15. haftasindan 3 yasa kadar be-
beklerde beynin ve merkezi sinir sisteminin geligmesinde
onemli rolii vardir (FAO/WHO, 1998; Zimmermann ve Crill,
2010). Iyot eksikligi hipotiroit ve beyin gelisiminde hasara
neden olabilmektedir (Laurberg ve ark., 2010). Basta Avrupa
ve Amerika olmak {izere diinya genelinde yaklasik 1.9 milyar
insanda iyot yetersizligi s6z konusudur (De Benoist ve ark.,
2003). Insanda saglikli tiroit fonksiyonlari icin kilogram ba-
sina glinliik 2 pg olmak iizere, bir yetiskinin giinde yaklasik
140 pg almasi gerekmektedir (Mouritsen ve ark., 2013). Bu
baglamda makroalgler miitkemmel bir iyot kaynagi olarak 6ne
cikmakta ve yiiksek iyot igerikleri nedeniyle halen kahve-
rengi alglerden Sargassum, Laminaria, Ecklonia, Macrocys-
tis, kirmiz1 alglerden Gracilaria, Palmaria yesil alglerden
Enteromorpha ve Ulva gibi cinsler dogal iyot katki maddesi

iiretiminde kullanilmaktadir (MiSurcova ve ark., 2011). Mi-
yai ve ark. (2008), 7-10 giin siiresince giinlik 15-30 g
Saccharina japonica verilen bireylerde tiriner iyot diizeyinin
kisa siirede hizla arttigini rapor etmistir. Kahverengi algler-
den Sargassum vachellianum ve kirmizi alglerden Gracilaria
lemaneiformis tiirlerinde iyot diizeyleri sirastyla 47.51 mg /
8g ve 34.09 mg / 8g olarak belirlenmis olup, bu algler kuru
madde olarak giinde 8 g alindiginda, alinmasi 6nerilen iyot
miktarinin ¢ok daha tizerinde iyot alinmig olacagi bildirilmis-
tir (MiSurcova ve ark., 2011). Bu nedenle, insanlarda iyot tak-
viyesi olarak kullanilacak olan makroalg tiiriiniin icerdigi iyot
diizeyinin iyi tespit edilmesi ve ihtiyacin karsilanmasinda uy-
gun dozun kullanimi son derece dnemlidir. Iyot igerigi yiik-
sek olan makroalglerin fazla tiiketiminin saglik problemle-
rine neden olabilecegi, yetersiz iyot alimi kadar agir1 aliminin
da olumsuz etkilerinin olabilecegi gbz dniine alimmalidir. Bu
nedenle, her bir tiirlin farkli mevsimlerdeki iyot iceriklerinin
arastirilmasi oldukga onemlidir. Farkli iyot formlarinin suda
¢oziinebilir olmas1 ve ugucu 6zellik gosterebilmesi nedeniyle
iyot kaynag1 olarak kullanilacak makroalglerin islenmesinde
bu hususlar dikkate alinmalidir. Ornegin, Nitschke ve Stengel
(2016), makroalglerden Alaire esculenta, Palmaria palmata
ve Ulva intestinalis’in yikanmasi ve kurutulmasi sonrasinda
onemli bir iyot kaybinin olmadigini, ancak kaynatma ve ku-
rutma sonrasinda iyot diizeyinin %14-75 oraninda azaldigini
kaydetmistir.

Diger 6nemli bir mikroelement olan selenyum, viicut dokula-
rinin oksidatif strese karsi korunmasi, enfeksiyonlara karsi
savunma saglanmasi, biiyiime ve gelismenin diizenlenme-
sinde rol oynar. Selenyum iceren enzimler stres, enfeksiyon
yada doku yaralanmalarinda, viicudu hidrojen peroksit yada
serbest radikallerin zararli etkisinden korur (FAO/WHO,
1998). Selenyum, iyot ile birlikte tiroit metabolizmasinda da
rol oynamakta olup, tiroid hormonunun diizenli ¢alismast i¢in
gereklidir. Bu nedenle, insanlarda selenyum eksikligi tiroid
metabolizmasint da etkilemektedir (Cann ve ark., 2000).
Makroalgler selenyum ve iyot yoniinden zengin oldugundan
(Cann ve ark., 2000; Lossow ve ark., 2019), uygun miktar-
larda tiiketimi bu elementlerin eksikliginden kaynaklanan
problemlerin giderilmesine katki saglayacaktir. Giinliik alin-
masi Onerilen diizeyler (RDA) kapsaminda insanlarda 8 g ku-
rutulmus Ulva spp. aliminin Se ihtiyacini % 29, ayni miktarda
F.vesiculosus aliminin ise % 15 oraninda karsilayabilecegi
bildirilmistir (Circuncisdo ve ark., 2018).

Makroalglerin gii¢lii biyoadsorbsiyon ve biyoakiimiilasyon
kapasitelerinden dolayr mineral icerikleri kara bitkilerine
gore 10 ila 100 kat daha yiiksektir (Circuncisdo ve ark.,
2018). Birgok makroalg tiirliniin kalsiyum, magnezyum,
¢inko, demir ve iyot gibi mineral i¢eriklerinin bir¢ok kara bit-
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kisine gore daha yiiksek diizeylerde bulunmasi bu goriisi des-
teklemekte olup (Ruperez, 2002; Swarnalatha, 2018; Panayo-
toda ve Stancheva, 2013; Circuncisao ve ark., 2018), makro-
alglerin insanlarin mineral ihtiyacini karsilamak i¢in iyi bir
kaynak oldugunu gostermektedir. Ancak, 6zellikle bazi1 mi-
nerallerin gilinlik alinmasi tavsiye edilen miktarlardan daha
fazla alinmasi durumunda gesitli saglik problemlerine yol
acabilecegi de bilinmektedir. Diger taraftan, bulunduklari or-
tamdaki agir metalleri yapilarinda biriktirebilmeleri nede-
niyle oOzellikle kirleticilerle kontamine olmus ortamlardan
elde edilen makroalg tiiketiminin ciddi saglik problemlerine
yol agabilecegi de belirtilmektedir (Cherry ve ark., 2019).
Makroalgler elde edildigi ortama bagli olarak ¢esitli agir me-
talleri (kursun, civa, arsenik, kadmiyum, kromiyum, nikel,
vanadyum vb.), pestisitleri, radyoaktif izotop, dioksin ve bazi
antibesinsel maddeleri (lektin, florotanin, fitik asit, antien-
zimler vb.) igerebilirler (Garcia-Vaquero ve Hayes, 2016; Po-
lat ve ark., 2018; Circuncisdo ve ark., 2018). Bu nedenle,
makroalglerin insan saglig1 i¢in kullanim potansiyelinin aras-
tirilmasinin yaninda, 6zellikle gida ve yem amach kullanim-
larindan 6nce gerekli testlerden gecirilmesi, hangi makroal-
gin ne oranlarda tiiketilebilecegi ve neden olabilecekleri risk-
lerin de arastirilmasi son derece 6nem arz etmektedir.

Sonug¢

Makroalgler, insanlarda metabolizmanin saglikli ¢alisabil-
mesi i¢in gereksinim duyulan ve eksikliginde ciddi saglik
problemlerine yol agan birgok mineral yoniinden zengin bir
kaynaktir. Yiiksek mineral madde diizeyleri nedeniyle fonk-
siyonel gida olarak nitelendirilen makroalgler, basta demir ve
iyot olmak iizere birgok minerali karasal besinlere gore ¢ok
daha ytiksek diizeylerde igerirler. Diger 6nemli bir husus da
makroalg minerallerinin biyoyararliliginin, kayaclardan elde
edilen minerallere gore daha yiiksek olmasidir. Halen, mak-
roalg mineralleri tiim diinyada biiyiik ilgi gormektedir. Mak-
roalglerin mineral igerikleri tiire, tiiriin fizyolojik durumuna,
mevsime, suda kalma siiresine ve lokaliteye gore degisebildi-
ginden, daha ayrintili ¢aligmalarin yapilarak en uygun tiirle-
rin, liretim ortamlarinin ve hasat zamaninin belirlenmesi gibi
bilgilerin elde edilmesine ihtiya¢ bulunmaktadir. Tiim bun-
lara ek olarak, alg minerallerinin en etkin yontemlerle elde
edilmesi ve bunlarin kullanildig1 deneysel calismalarin yapi-
larak sonuglarin diger mineral kaynaklariyla karsilastiriimasi
da, alglerin mineral kaynagi olarak kullaniminin yayginlas-
masinda onemli olacaktir. Diinyadaki gelismelere paralel ola-
rak tllkemiz kiyilarindaki kullanilabilir makroalg tiirlerinin
tespit edilmesi, makroalglerin kiiltiire alinma potansiyelinin
arastirilmasi ve biyoaktif bilegenlerinin elde edilmesi ile ilgili
stratejilerin belirlenmesi, bu dogal kaynaklarin etkin ve sir-
diiriilebilir kullanimi igin 6nem arz etmektedir.
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ABSTRACT

Microalgae can be considered an alternative food ingredient thanks to their nutritional composition
and bioactive molecules. Microalgae are considered a rich source of sulfated and non-sulfated
polysaccharides, and certain types of polysaccharides vary depending on their taxonomic groups.
It is thought that valuable bioactive compounds possessed by algae biomass can increase the vi-
tality of probiotic bacteria by stimulating their growth and being a good source for lactic acid
production. Probiotics are defined as living, microbial dietary supplements that beneficially affect
the human organism with their effects on the intestinal tract when they are consumed adequately.
Prebiotics are indigestible or poorly digested food ingredients that stimulate the growth or activity
of probiotic bacteria. Synbiotic is a term that expresses the union of probiotics and prebiotics to
exert health benefits on humans. Spirulina and Chlorella are good sources of protein and polysac-
charides or oligosaccharides that have been suggested as potential prebiotic candidates. These mi-
croalgae are thought to have a stimulating effect on the growth of probiotic bacteria. In this study,
synbiotic efficacy and prebiotic activity of microalgae on probiotic microorganisms will be dis-
cussed and their potential in this area will be revealed.

Keywords: Microalgae, Probiotics, Prebiotics, Bioactive compounds
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Introduction

Algae are the primary producers that synthesize organic mol-
ecules using luminous energy and carbon dioxide, and they
play an important ecological role in the food chain in aquatic
environments. Microalgae are microscopic organisms that
live in a wide variety of habitats such as marine, freshwater,
and extremely salty environments as well as moist soils and
rocks (Yalgin Duygu, 2019). These photosynthetic species,
encompass several different phyla and classes of organisms
that constitute the multi-cellular structure of lengths up to 60
m (Macroalgae) and unicellular organisms with the size of
0.2 um (Microalgae) (Camacho et al., 2019). Depending on
the species, microalgae biomass contains a wide range of bi-
ologically active compounds such as proteins, lipids, polyun-
saturated fatty acids (PUFAs), pigments, vitamins, and min-
erals (Schlagermann et al., 2012). Research on the biotechno-
logical usage areas of these microalgae compounds, which
were discovered by many studies on microalgae, has been
concentrated on these organisms. Nowadays, microalgae are
used as raw materials in many areas such as the pharmaceu-
tical and cosmetic industry, health foods, formulation of food
and feed, fertilizer, and wastewater treatment due to their
high reproduction rate and biochemical structures (Gouveia
et al., 2006; Lum et al., 2013; Wang et al., 2015). Eukaryotic
microalgae and cyanobacteria are seen as promising organ-
isms for fuel production (Culaba et al., 2020). Studies show
that microalgae have anti-inflammatory, antioxidant, anti-
cancer, antimicrobial, and anti-obesity capacities as well as
hypocholesterolemic characteristics (Priyadarshani & Rath,
2012). It is thought that the carbohydrates and proteins that
algae biomass possess can be a good source for lactic acid
production. The lack of lignin in algae biomass compared to
plant biomass provides an additional advantage to algae for
lactic acid production (Nguyen et al., 2012). In this context,
in recent studies, there has been a tendency to add algae bio-
mass to fermented products to increase functional product
and nutritional properties by encouraging the viability of pro-
biotics (Varga et al., 2002). Adding algae and probiotics to-
gether promotes growth and increases the viability and acid
production of probiotic bacteria such as Lactobacillus and
Bifidobacterium (Webb, 1982). Studies have shown that add-
ing algae and lactic acid bacteria to fermented foods can cre-
ate new opportunities in taste, color, texture, and quality
(Omar et al., 2019).

Probiotics refer to beneficial and viable microorganisms that
maintain or improve the host’s health when adequately con-
sumed (Gupta et al., 2017). This group of bacteria is either
natural inhabitants of the gut or can be found in fermented
foods (Sornplang & Piyadeatsoontorn, 2016). The growth

and activities of probiotics are induced by prebiotics. Prebi-
otics are selectively fermented by particular strains of resi-
dent intestinal microbiota and provide a targeted increase in
specific bacteria that deliver health benefits to the host
(Wilson & Whelan, 2017). The relationship between prebiot-
ics and probiotics is referred to as synbiotics. As a result, pro-
biotics and prebiotics work together to encourage well-being
and the creation of new products. Varieties of algal species
have been used in the food and pharmaceutical industries.
The microscopic descriptions of these algal species, as well
as their prebiotic properties, are described (Gupta et al.,
2017). The main purpose of this review is to demonstrate the
findings that microalgae can increase the growth and viability
of probiotics thanks to their valuable bioactive compounds
and examine their potential resources as prebiotic and synbi-
otic.

Probiotics

Probiotics are described as “nonpathogenic living
microorganisms that provide health benefits to the host when
adequately consumed” by FAO/WHO (Plaza-Diaz et al.,
2019; Sun & Yoon, 2011). These bacteria can be originated
from either the gut microbial flora or fermented food.
Probiotics consist of lactobacilli (L. acidophilus, L.
amylovorus, L. bulgaricus, L. crispatus, L. casei, L. gasseri,
L. helveticus, L. johnsonii, L. pentosus, L. reuteri, L.
paracasei, L. plantarum, L. rhamnosus), Lactococcus species
(Lactococcus lactis, L. lactis, L. reuteri, L. rhamnosus, L.
casei, L. acidophilus, L.curvatus, L. plantarum),
Bifidobacterium species (B. animalis, B. breve, B. infantis, B.
bifidum, B. lactis, B. catenulatum, B. longum, B.
adolescentis), Pediococcus species (P. acidilactici and P.
pentosaceus), Saccharomyces species (S. cerevisiae, S.
boulardii), and some Streptococcus species (S. thermophilus,
S. sanguis, S. oralis, S. mitis, and S. salivarius). Probiotics
have been known to regulate dysbiosis of gut microflora
caused by the overuse of antibiotics or prevent inflammatory
bowel diseases, diarrhea, irritable bowel syndrome, gluten
intolerance, gastroenteritis, Helicobacter pylori infection,
prostatitis, colon cancer, urogenital tract disorders, virus
infections, and allergies (Kahraman Ilikkan, 2020; Plaza-
Diaz et al., 2019; Sun & Yoon, 2011). This group of bacteria
strengthens tight junctions and prevents the entrance of
pathogens to host cells. Probiotics also modulate and
reinforce the immune system through mucus production,

short-chain fatty acid (SCFA) synthesis, macrophage
activation, secretory IgA production, stimulation of
cytokines, which include chemokines, interferons,

interleukins, lymphokines, and tumor necrosis factors
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(Rodriguez-Lagunas et al., 2017). Therefore, probiotics are
also called “immunobiotics”.

Prebiotics

Prebiotics were first defined in 1995 as “nondigestible food
ingredients that beneficially affect the host by selectively
stimulating the growth and /or activity of one or a limited
number of bacteria in the colon, thus improving host health”
(Carlson et al., 2018). In 2010 the International Scientific As-
sociation for Prebiotics and Probiotics (ISAPP) modified that
definition: “a selectively fermented ingredient that results in
specific changes in the composition and/or activity of the gas-
trointestinal microbiota, thus conferring benefit(s) upon host
health” (Gibson et al., 2010).

Prebiotics are health-beneficial substrates that are special
functionally. These are non-digestible or low digestible food-
stuffs (Gupta et al., 2017). Prebiotics are selectively fer-
mented by the intestinal microbiota. Fermentation brings
many benefits to the host. These benefits can be listed as fol-
lows; increase in the production of short-chain fatty acids, in-
crease in fecal mass, decrease in end products with nitrogen
and fecal enzymes, a moderate decrease in colonic PH, and
contribution to the development of the immunological system
(by providing immune modulation with increased intestinal-
specific immunoglobulins) beneficial to the host. Prebiotics
promote the growth of beneficial bacteria such as Bifidobac-
teria, Lactobacilli, and Eubacteria, which are critical for hu-
man health. Selective stimulation of the growth activity of in-
testinal bacteria is effective in maintaining health (Torun &
Konuklugil, 2020; Wilson & Whelan, 2017).

Inulin, oligofructose, galactooligosaccharides, and lactulose
are examples of commonly used prebiotics. The prebiotic ac-
tivity has been demonstrated in vitro and in vivo for a variety
of polysaccharides from different sources (O’Sullivan et al.,
2010). Prebiotics such as inulin and pectin have a lot of
health benefits, including reducing the frequency and length
of diarrhea, relieving discomfort and other symptoms associ-
ated with irritable bowel syndrome, and preventing colon
cancer (Pandey et al., 2015).

Synbiotics

Synbiotic is a term that expresses the union of probiotics and
prebiotics to exert health benefits on humans (Pandey et al.,
2015; Sataloff et al., 2016). Studies on synbiotics have shown
that this association between probiotics and prebiotics in-
creases the persistence and survival of probiotics in the gas-
trointestinal tract (GIT) and this is the main aim of this union
(Omar et al., 2019; Sataloff et al., 2016). The most common
prebiotics are fructooligosaccharides (FOS), galactooligosac-
charides (GOS), and trans-galactooligosaccharides (TOS).

However, synbiotics commonly include GOS, fructans (FOS
and inulin) as prebiotics, and Bifidobacterium, Lactobacilli,
S. boulardii, B. coagulans as probiotics (Davani-Davari et al.,
2019; Pandey et al., 2015). Recently, many synbiotic formu-
las are available in pharmacy markets, but, the discovery of
new prebiotics from algae will be an alternative source for the
synbiotics (Gupta et al., 2017). Prebiotic potentials of micro-
algae such as Spirulina spp., Tetraselmis species, Dunaliella
salina, and Chlorella spp. have been evaluated in many types
of research (Table 1). Therefore, the utilization of microalgae
together with probiotics will be an emerging approach in
terms of synbiotics (Omar et al., 2019).

General Characteristics of Micro and Macroalgae

Algae are unicellular or multicellular photosynthetic organ-
isms containing chlorophylls and other pigments. They trans-
form luminous energy into chemical energy through photo-
synthesis and perform the critical functions of the energy cy-
cle in natural ecosystems. Algae generally store this energy
as starch and carbohydrate. The efficient energy transfor-
mation of algae forms an important food network in aquatic
ecosystems (Tipnee S., Ramaraj R., 2015). They are grouped
based on the pigment types used for photosynthesis, cell wall
structure, and carbohydrate compound types stored for en-
ergy. Based on the pigments they have, they can also be di-
vided into three groups brown (Phaeophyceae), red (Rhodo-
phyceae), and green (Chlorophyceae) algae (Dawczynski et
al., 2007). Today, the number of algae species in the world is
estimated to be around ten million, and microalgae constitute
the majority of these species. Cyanobacteria differ from other
bacteria because they carry out oxygen photosynthesis. As a
result of the cyanobacteria's release of oxygen through pho-
tosynthesis, they ensured the survival of other life forms on
Earth (Chu, 2012). Approximately 70% of algae live in water
(seas, lakes, or rivers), but they can also be found in terrestrial
environments (lands, trees, and rocks). Algae generally live
in environments at 20°C to 30°C, but some strains can live at
lower temperatures or in areas full of ice, at higher tempera-
tures (70°C) in spring water, in salty environments, and in
lakes and seas where the light intensity level is low and pres-
sure level is high. Different factors such as substrate, temper-
ature, light, turbidity, saltiness, pH, O2 and CO; rates, nutrient
salts, oligo-elements, and vitamins affect the distribution of
algae to the physical and chemical changes in the environ-
ment. The primary and secondary metabolites produced by
macro and microalgae include minerals, vitamins, proteins,
amino acids, carbohydrates, long-chain polyunsaturated fatty
acids, steroids, dietary minerals, halogenated compounds,
polyketides, and diverse antioxidants, etc., all of which are
used in different fields of industries (Hunt et al., 2010;
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Chandini et al., 2008). These industries include the food sec-
tor, cosmetics, aquaculture, drug industry, wastewater treat-
ment, and production of anti-tumor, anti-bacterial, and anti-
viral compounds (Borowitzka & Borowitzka, 1988; Cohen,
1999; Hosikian et al., 2010; Pal et al., 2014). In addition, al-
gae are well known for their renewable bioenergy potentials.

Algae are divided into microalgae and macroalgae based on
their sizes. The dimensions of microalgae are expressed in
microns, while macroalgae have sizes ranging from 1-2 cm
to 40-60 m depending on the species. Macroalgae constitute
significant elements of algae groups in aquatic habitats.
Moreover, they form environments for feeding, sheltering,
and reproducing aquatic animals (Ak et al., 2011). Macroal-
gae are used in the food and medical sectors but they are also
raised in different regions of the world for the extraction of
phycocolloids. Macroalgae are rich sources of biologically
active metabolites such as minerals, vitamins, protein, and
carbohydrates (Chandini et al., 2008). Most of the studies of
macroalgae consist of evaluations regarding the amount of
macroalgal biomass, the relationship between macroalgal
growth and food material, the effects of extreme growth due
to external factors, and relative effects that emerge in the en-
vironment. Moreover, evidence indicates that macroalgal bi-
omass has the potential for the production of different fluids
and solid biofuels through similar conversion (Grayburn et
al., 2013). Macroalgae are also rich in polysaccharides that
can be utilized as functional compounds of potential prebiot-
ics for both human and animal health applications
(O’Sullivan et al., 2010). The prebiotic and indirect probiotic
activity of macroalgae compounds can be classified as algi-
nates, laminarin, fucoidans, carrageenan, agar, and porpiran
(Torun & Konuklugil, 2020).

Microalgae comprise proteins, amino acids, antioxidant com-
ponents, Fe and Ca, unsaturated fatty acids, vitamins (A, B2,
B6, B8, B12, E, and K). Microalgae are also known and used
as a therapeutic and functional food (Gyenis et al., 2005).
Some microalgae are a potential source of long-chain poly-
unsaturated fatty acids (LC-PUFA), particularly docosahex-
aenoic acid (DHA) and eicosapentaenoic acid (EPA), which
are implied to be useful in preventing cardiovascular disease
(Arterburn et al., 2008). Microalgal lipids can be divided into
two groups according to their structures. These are defined as
follows; polar lipids (phosphoglycerides, glycosylglycerides,
and sphingolipids) and nonpolar lipids (acylglycerols, sterols,
free fatty acids, wax, and steryl esters) (Borowitzka &
Moheimani, 2013). Although the amounts and types of mi-
croalgal lipids vary according to the species of algae, envi-
ronmental factors, and growth conditions, these lipids play
important roles in microalgal metabolism. For many microal-
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gae species, the amount of lipid in dry biomass has been de-
termined between 20-50% (Chen et al., 2018; Mata et al.,
2010). The carotenoids in microalgae are derived from 5-car-
bon isoprene units that are enzymatically polymerized to
form highly conjugated 40-carbon structures. Microalgal ca-
rotenoids are used as an additive for animal feeds, natural
food colorants, and cosmetics. Carotenoids have therapeutic
value with their anti-inflammatory and anti-cancer activities
due to their antioxidant properties, and they also act as B-car-
otene provitamin A from a nutritional perspective (Chu,
2012).

Carbohydrates have two basic functions in microalgae cells,
structural components in cell walls and storage components
within the cell. As storage compounds, carbohydrates provide
the energy needed for the metabolic processes of organisms
(Kromkamp, 1987). Although carbohydrates in algal biomass
have the lowest energy content compared to other organic
compounds such as protein and lipid (Markou et al., 2012).
The carbohydrate content of microalgae in biomass depends
on the microalgae species, the growth, and environmental
conditions. Algal carbohydrates consist of an extensive cate-
gory of sugars (monosaccharides) and their polymers (di-, ol-
igo- and polysaccharides), with the most common carbohy-
drates being glucose, rhamnose, xylose, and mannose
(Mussgnug et al., 2010; Nakamura et al., 2005). The polysac-
charides that microalgae possess are complex and heteroge-
neous macromolecules composed of different monosaccha-
rides and sometimes glucuronic acid and sulfate groups.
These molecules could be used as prebiotics and probiotics
(Sathasivam et al., 2019). Polysaccharides such as laminarin,
alginate, and poly-mannuronic acid obtained from micro and
macroalgae living in aquatic environments act as prebiotics.
Microalgae are considered a rich source of sulfated and non-
sulfated polysaccharides and certain types of polysaccharides
vary depending on their taxonomic groups.

Microalgae as Probiotics

The emergence of microbiota resistance to antibiotics and tra-
ditional drugs has led scientists to find alternative remedies
to this issue. Nano-encapsulated multiplex supplements are
costly to manufacture, therefore commercially expensive and
inconvenient to use (Panghal et al., 2018). With the increase
in the human population, the shortage of natural resources has
made aquaculture a substantial sector. However, disease out-
breaks have become an important problem in this sector and
cause economic losses. Chemotherapeutic drugs used for the
treatment of these types of diseases are both expensive and
some have negative effects on the aquatic environment. Stud-
ies have begun to control infectious disease factors and to find
alternative therapeutic agents that are environmentally
friendly, and the use of probiotics as a food ingredient for the
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solution to this situation is considered promising (Camacho

et al., 2019).
Table 1. Summary of studies conducted with microalgae on probiotics or fermentative products
Microalgae Prebiotic Probiotics/ Products Effects Reference
S. platensis 945 Extracellular L. lactis C2, S. thermophilus LO1, | Growth promotion (Parada et al., 1998)
products L. casei YK3, L.acidophilus JL2,
and L. bulgaricus YL1
S. platensis Biomass S. thermophilus TH4, L. lactis C2, | Growth promotion (De Caire et al., 2000)
and L. delbrueckii YL1
S. platensis Biomass L. casei MTCC1423, Growth promotion (Bhowmik et al., 2009)
Lactobacillus acidophilus
MTCC447, and S. thermophilus
MTCC1938
S. platensis and C. Biomass Yoghurt (Lactobacillus Growth promotion (Beheshtipour et al., 2012)
vulgaris acidophilus LA-5, Bifidobacte-
rium lactis BB-12, Lactobacillus
delbrueckii subsp. bulgaricus, and
Streptococcus thermophilus)
S. platensis and C. Biomass L. plantarum and E. faecium Growth promotion (Gyenis et al., 2005)
vulgaris
C. vulgaris Biomass L. brevis Growth promotion (Scieszka & Klewicka,
2020)
S. maxima S. maxima-derived | Gut microbiota Promoted Bacteroidetes | (Chandrarathna et al., 2020)
modified pectin
S. platensis Biomass L. acidophilus /Cheese Growth promotion (Mazinani et al., 2016)
Isochrysis galbana | Biomass Lactic acid bacteria Growth promotion (Nuiio et al., 2013)
Arthrospira Biomass Bifidobacterium animalis and Growth promotion (Leal et al., 2017)
platensis Lactobacillus casei
(Spirulina) and
Chlorella vulgaris
S. platensis Biomass Yoghurt Growth promotion of (Agustini et al., 2017)
total lactic acid bacteria
in yoghurt

The trace elements, vitamins, and bioactive compounds of the
microalgae biomass have the characteristics of promoting the
growth of the desired bacteria. Some types of microalgae
have qualities that can increase the viability of probiotics by
stimulating the growth of desired probiotic bacteria in yogurt
and fermented milk (Beheshtipour et al., 2012). It has been
reported that co-culturing microalgae and probiotics together
can stimulate growth and increase the viability of probiotics
in the products and also in the gastrointestinal tract due to
their alkaline properties and effective compounds (Parada et
al., 1998). Parada et al. (1998) demonstrated this statement
that by adding products from S. platensis to the culture me-
dium, it acted as a nitrogen-depleting photo-autotropic micro-
organism and releases exopolysaccharides as well as other
compounds. This latter case could be responsible for the stim-
ulating effect on LAB. In the other study, it was revealed that
using S. platensis as algae biomass, significantly stimulated

the growth of thermophilic bacteria and acid production
(Varga et al., 1999). C. vulgaris and S. platensis were used
together in many studies conducted on the increase in the
health and biochemical properties of probiotic bacteria found
in yogurt and milk. As a result, the viability of probiotic bac-
teria in the nutrient medium using these two microalgae were
found to be significantly higher (Beheshtipour et al., 2012;
Gyenis et al., 2005).

Microalgae as Prebiotics

Microalgae synthesize carbohydrates through photosynthe-
sis, and the chemical profile of carbohydrates (mainly starch
and cellulose) varies from species to species. The procedure
of partial hydrolysis of polysaccharides in the microalgae cell
wall is widely used in the food and feed industry. Studies
have shown that microalgal oligosaccharides cannot be com-
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pletely fermented by the regular intestinal microbiota of hu-
mans or animals. However, it is stated that they stimulate the
growth and activity of specific beneficial bacteria present in
the colon and act like prebiotics (Camacho et al., 2019). The
use of microalgae as prebiotics by the food industry has been
limited to dairy products. Technological advances could open
up an opportunity to develop prebiotics from microalgae for
application to foods fermented with lactic acid other than yo-
gurt or cheese.

Polysaccharides and oligosaccharides promote compounds
with potential health benefits, notable for prebiotic applica-
tions. Algal-derived polysaccharides have prebiotic potential,
which has been used for decades to improve animal and hu-
man health. Depending on the taxonomic groups of algae,
their polysaccharide types are different, and algae are consid-
ered a rich source of sulfated polysaccharides. The main func-
tion of these high molecular weight polysaccharides is that
they are rich in hydroxyl (OH) groups and making them hy-
drophilic (Gupta et al., 2017). Some microalgae such as Ar-
throspira platensis can stimulate the growth of beneficial
bacteria such as Streptococcus thermophiles, Lactobacillus
casei, and L. acidophilus (Parada et al., 1998). In the study
conducted by (Liu et al., 2015), it was shown that the biomass
obtained from microalgae Chondrus crispus has prebiotic
properties.

Some Algal Species with Probiotic and Prebiotic Potential

Several algal species have been used in the food and pharma-
cological industries. Recently, various research studies on the
prebiotic and probiotic properties of microalgae have shown
that aqueous algae extract from Spirulina platensis, Chlo-
rella, Dunaliella salina, Chlorococcum are potential sources.

Spirulina

Spirulina is a filamentous blue-green alga, commonly found
in many freshwater environments. Spirulina has been con-
sumed as food or health food since ancient times due to its
high nutritional value. Spirulina is produced on a large scale
in outdoor pools for commercial purposes to be used as a nu-
tritional supplement in some countries such as Thailand,
China, the United States, and India. S. platensis contains
about 4-7% lipids, 13.6% carbohydrates (glucose, rhamnose,
mannose, xylose, and galactose), 78% high-quality proteins,
vitamins (A, B2, B6, E, H, and K, more vitamin B12), all es-
sential minerals, trace elements, as well as enzymes and some
natural pigments (Parada et al., 1998; Shekharam et al.,
1987). Spirulina contains essential fatty acids such as y -lin-
olenic acid (GLA) and linoleic acid (LA). S. platensis de-
pletes nitrogen in the growth medium and releases extracel-
lular carbohydrates and other growth agents responsible for
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stimulating the growth of lactic acid-producing strains. Spir-
ulina biomass has a stimulating effect during fermentation
and storage of Lactobacillus casei, Streptococcus thermoph-
ilus, Lactobacillus acidophilus, Lactobacillus bulgaricus,
and Bifidobacterium spp. (Gupta et al., 2017). The stimulat-
ing effect of the extract obtained from S. platensis on the
growth of three probiotic bacteria (L. bulgaricus, L. lactis,
and B. longum) was shown in the study conducted by Pascal
et al. (2011). Galactose and xylose, which are characterized
by algal biomass, formed oligosaccharides that function as
prebiotic compounds to stimulate probiotic bacteria (Pascal
etal. 2011).

Chlorella

Chlorella is another microalga that has been cultured for the
commercial production of healthy food. Chlorella vulgaris is
a single-celled green alga and is widely distributed in fresh-
water, marine, and terrestrial environments. Thanks to its
high photosynthetic property, Chlorella can grow rapidly un-
der autotrophic, myxotrophic, and heterotrophic conditions.
All these features made it one of the first microalgae to be
considered for commercial production and large-scale culti-
vation (Ru et al., 2020). Chlorella is a good source of nutri-
ents such as protein %61.6, lipid %12.5, carbohydrates %
13.7, elements (selenium, magnesium, phosphorus, zinc, cal-
cium, and aluminum), and vitamins (ascorbic acid, thiamine,
B1, B2, B6, D, E, and K) (Blas-Valdivia et al., 2011). Chlo-
rella, contains B-glucan, an active immunostimulator, and has
other useful impacts in scavenging free radicals and reducing
blood lipids. It also produces an additional product called
"Chlorella Growth Factor" as an agent to improve the growth
of lactic bacteria (Chu, 2012).

The most abundant polysaccharide in C. vulgaris is starch and
cellulose, consisting of amylose and amylopectin, and to-
gether with sugars, they act as an energy store for cells. Ad-
ditionally, one of the most important polysaccharides is -
1,3-glucan, namely as a free radical scavenger with many
health and nutritional benefits (Lee et al., 2007). Several stud-
ies on the health benefits of consuming Chlorella have shown
that it can lower blood sugar levels, increase hemoglobin con-
centrations, and act as hypo-cholesterolemic and hepatopro-
tective agents during malnutrition (Jeong et al., 2009). Chlo-
rella has been reported as an important source of polysaccha-
rides or oligosaccharides that have been suggested as poten-
tial prebiotic candidates. Industrially, Chlorella has been suc-
cessfully added to yogurt and cheeses (Jeon, 2006; Beheshti-
pour et al., 2012).
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Conclusion

Probiotics, prebiotics, and synbiotics have all been described
and evaluated in terms of their systemic impact on the host's
health, metabolism, and immune system. However, studies
on new sources such as probiotics and prebiotics are still on-
going. Microalgae have been studied as one of these new
sources. Although many studies have revealed that microal-
gace have a prebiotic effect thanks to the oligo- and polysac-
charides contents and it improves the intestinal microflora,
there are very few studies in which algae are used together
with probiotics as a food product. Microalgae can be potential
sources in this regard and it is beneficial to increase the re-
search on the probiotic properties to find more scientific evi-
dence.
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Table 1. Limitations for each manuscript type

Type of Abstract Reference
manuscript Page word limit limit
Original Article <25 180 40
Review Article no limits 180 60
Short Communication <5 150 20

Tables

Tables should be included in the main document, presented
after the reference list, and they should be numbered
consecutively in the order they are referred to within the main
text. A descriptive title must be placed above the tables.
Abbreviations used in the tables should be defined below the
tables by footnotes (even if they are defined within the main
text). Tables should be created using the “insert table”
command of the word processing software and they should be
arranged clearly to provide easy reading. Data presented in the
tables should not be a repetition of the data presented within
the main text but should be supporting the main text.

Figures and Figure Legends
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document WORD files (in JPEG or PNG format) through the
submission system. Any information within the images that may
indicate an individual or institution should be blinded.
The minimum resolution of each submitted figure should be 300 DPI.
To prevent delays in the evaluation process, all submitted figures
should be clear in resolution and large (minimum dimensions: 100 x
100 mm). Figure legends should be listed at the end of the
main document.

All acronyms and abbreviations used in the manuscript should be
defined at first use, both in the abstract and in the main text. The
abbreviation should be provided in parentheses following
the definition.

When a drug, product, hardware, or software program is
mentioned within the main text, product information, including
the name of the product, the producer of the product, and city
and the country of the company (including the state if in USA),
should be provided in parentheses in the following format:
“Discovery St PET/CT scanner (General Electric, Milwaukee, WI,
USA)”

All references, tables, and figures should be referred to within the
main text, and they should be numbered consecutively in the
order they are referred to within the main text.

Limitations, drawbacks, and the shortcomings of original
articles should be mentioned in the Discussion section before
the conclusion paragraph.
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The author's last name and the work's date of
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text citations.
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by point how each issue raised by the reviewers has been
covered and where it can be found (each reviewer’s comment,
followed by the author’s reply and line numbers where the
changes have been made) as well as an annotated copy of the
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submitting author(s) believe that additional time is required,
they should request this extension before the initial 30-day
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"The potentially contradictory nature of Moscow's priorities

surfaced first in its policies towards East Germany and Yugoslavia,"

(Crockatt, 1995, p. 1).

Major Citations for a Reference List in Table 2.

Note: All second and third lines in the APA Bibliography should be

indented.
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is sent to the corresponding author and their publication
approvalisrequested within 2 days of their receipt of the proof.
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