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ANALYTICAL STUDIES ON BIOACTIVE COMPONENTS OF NATURAL
MATERIALS

SUMMARY

Since historical eras, plants have been considered the most valuable resource in
nature due to their high nutritional value as food and their healing properties. Many
plants are classified as herbal medicines as a result of their use as traditional
remedies. The various healing properties of plants have been discovered and
documented over time, and these medicinal plants have been used for the treatment
of heart diseases and skin problems, lowering high cholesterol and sugar levels in the
blood, and also curing cold-like symptoms. Today, the demand for medicinal plants
persists. These plants not only grow in the geography where they originated, but they
have propagated across many parts of the world.

Plants are rich in phenolic compounds, and carotenoids, as well as vitamins and
minerals, and they mostly have antioxidant and anticancer effects. A diet rich in
plants is crucial for maintaining health, but identification and isolation of the
bioactive components are also necessary for the production of new products and drug
formulations, as encouraged by the World Health Organization (WHO). Tiirkiye has
different climates and ecological conditions in different regions, which leads to a rich
plant flora. Thus, the determination of the bioactive constituents in local medicinal
and aromatic plants is especially significant and contributes to their commercial and
export value.

Determination and separation of the active ingredients and components in medicinal
plants, herbs, and spices have been studied by using many analytical techniques. A
relatively new but also very powerful technique, capillary electrophoresis (CE),
which was introduced in the 1980s, facilitates studies in this field. Diminution of the
sample and solvent consumption, very short analysis time, and high resolution are
highlighted as the advantages of CE. The separation principle depends on the
formation of a bulk flow in capillaries under high voltage during separation, where
all analytes separate within the column according to their relative motion.

Moreover, traditional medicinal plants and some plants with therapeutic effects
attract great attention as a good source of additives in food products and the
development of some food packaging materials. Large polymeric molecules derived
from living organisms or from their products are called biopolymers, which are
extensively used for this purpose due to their non-toxic nature and biodegradability.
Nowadays, the development of novel materials with desirable properties is achieved
by using biopolymer blends, and enhancement of the protective properties of the
materials with the addition of natural extracts and products has become a highly
investigated research area. The studies are focused on limiting the use of plastics and
diminishing waste accumulation; however, replacing them with safer alternatives and
increasing food protection with natural additives also meet consumers' demands.
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In the first part of the thesis study, two important bioactive components khellin and
visnagin amounts were determined in 5 different plant parts of Ammi visnaga L. and
Ammi majus L., two plants used as traditional herbal medicine. A micellar
electrokinetic chromatography (MEKC) method was successfully applied and
completed in 8.5 minutes. Separation conditions were optimized, 20 mM borate, 20
mM SDS and 5% (v/v), and pH 9.6. Detection of the species was carried out with a
UV detector at 245 nm wavelength. There are a limited number of studies on the
determination of khellin and visnagin from A. visnaga and A. majus flowers.
However, this study is the first report on the determination and comparison of the
khellin and visnagin contents of these two plants grown in Tirkiye in their five
different parts, namely: flowers, leaves, roots, seeds and stems, as well as the
determination of the antioxidant properties applied to the plant extracts. Linear
calibration curves were constructed and regression coefficients were calculated as
0.997 and 0.998 for khellin and visnagin, respectively. The applied method was
successfully validated, and the amounts of khellin and visnagin in the samples were
calculated in the range of 1.60 to 22.60 mg g™ dry weight of the plant. The limit of
detection (LOD) of the method was calculated as 0.83 mg L™ for khellin and 0.99 mg
L™ for visnagin. Visnagin was found only in A. visnaga and its amount was found to
be between 5.80 and 18.50 mg g™ dry weight of the plant. The antioxidant power of
the extracts was determined by the DPPH method, which measured the ability to
react with the 2,2-diphenyl-1-picrylhydrazyl radical, and the highest effect was found
in the flowers of both species, followed by the seeds and leaves.

In the second part of the thesis, a capillary electrophoresis method was developed to
determine the amounts of rosmarinic and carnosic acids, in 14 Salvia species
obtained from various regions of Anatolia. There are numerous literature studies on
the determination of Salvia ingredients grown in various regions and countries.
However, this study covers 14 Salvia species growing in Anatolia were examined
and the correlation between the amount of bioactive species and antioxidant
properties was reported. Optimized separation conditions were 20 mM borate and pH
9.6. A silica capillary column with an effective length of 59 cm was used for
separations, and the detection of the analytes was carried out with UV detection at a
wavelength of 210 nm. The migration time for carnosic acid was 4.1 minutes, while
for rosmarinic acid was 5.8 minutes. Linear calibration curves were constructed for
both analytes and the regression coefficients were calculated as 0.998 for rosmarinic
and carnosic acids. The detection limit of the method was calculated as 1.86 mg mL™
for rosmarinic acid and 1.72 mg mL™ for carnosic acid. Recovery studies were
carried out for the validation of the method, and the values were found to be between
94.8% and 101% for rosmarinic acid and 90.2% and 96.7% for carnosic acid. While
rosmarinic acid contents in Salvia species were found to be between 1.08 and 18.70
mg g™ dry plant, carnosic acid was found to be 11.00 mg g™ dry plant in only one
Salvia specie. The antioxidant power of the extracts was determined using the iron
(111 ion-reducing antioxidant power method (FRAP) and the DPPH method, in
which the 2,2-diphenyl-1-picrylhydrazyl radical is used and the ability of the studied
substance to undergo radical reactions is measured. The Follin-Ciocalteu method was
used for total phenolic substance determination. The correlation between rosmarinic
acid content and DPPH method results is 0.77, and the correlation between
rosmarinic acid content and FRAP method results was found to be 0.82.
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In the third part of the thesis, vinegars which were obtained by fermentation of
various fruits were used as safe and non-toxic solvents to produce chitosan-based,
non-toxic, biodegradable materials with improved properties. Since chitosan is a
natural biopolymer and obtained by the deacetylation of chitin, which is abundant in
the shells of crustaceans, and dissolves in dilute solutions of organic acids, films
were prepared by dissolving 1% (w/v) chitosan in vinegar and water ratio of 1:1
(v/v). Chitosan was also preferred due to its antimicrobial and non-toxic properties,
and its physical and mechanical properties are compatible with the desired coating
materials. In this study, kinds of vinegar produced from pomegranate, apple, grape
and hawthorn fruits were used. The spectroscopic, physical and mechanical
properties of these films were compared with each other. It was observed that
vinegar films had the ability of blocking ultraviolet rays in the range of 200 to 350
nm, and especially the increase in the elasticity of the film prepared with
pomegranate vinegar was obtained. An 11-fold increase in the antioxidant power of
the film prepared with pomegranate vinegar, determined by the 2,2-Diphenyl-1-
picrylhydrazyl (DPPH) method, was observed compared to the control film i.e.
chitosan film prepared in commercial acetic acid. It was also determined that
prepared films showed a higher antimicrobial effect against gram-positive and gram-
negative bacteria, compared to the control film. Materials prepared with four vinegar
varieties showed improved antimicrobial, antioxidant, optical and elastic properties,
and they are promising in the application of these materials as potential and
economical food packaging materials.

In the fourth and last part of this thesis, a potential biopolymer-based food packaging
material was produced by using the extract of the purple basil
(Ocimumbasilicumpurpurascen). Aromatic basil leaves, known for their antioxidant,
antiviral and antibacterial properties, are rich in phenolic compounds, minerals,
vitamins, and anthocyanins, which are the pigments responsible for the strong purple
color of the plant. The chemical structures of the anthocyanins change with pH
variation, and as a result, color changes are observed. Thus, the prepared material is
non-toxic and biodegradable, and it can be used as a natural indicator for the
determination of food freshness. In order to provide the desired physical properties of
the material, pectin and alginate biopolymers were used together. Films were
prepared by mixing 1% (w/v) pectin and 0.5% (w/v) alginate with purple basil
extract in 1:1 (v/v) water in a total volume of 30 mL for 5 hours. The polymer mass
was formed. It was prepared by adding 1:1 glycerol by mass and dissolving it, then
pouring it into petri dishes and drying it. In order to prevent the obtained
biopolymeric films from dissolving in water, the films were cross-linked with CaCl,
solution. The optical, spectroscopic and physical properties of the obtained material
(swelling, water solubility, water vapor permeability, moisture content analysis),
antioxidant and antimicrobial properties, and the release of anthocyanins over time
were evaluated. In addition, it was tested with a real food sample to see if this
material could detect food spoilage as expected. The resulting material showed high
antioxidant properties and antimicrobial power against both gram-positive and gram-
negative bacteria and was observed to block ultraviolet light. It has been proven that
its physical properties are close to the values stated in the literature for these
materials and that it is a potential food packaging material with a potential natural
indicator feature, with the color change that accompanies food degradation, which is
also accompanied by pH change.
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DOGAL MALZEMELERIN BiYOAKTIF BiLESENLERi UZERINE
ANALITIK CALISMALAR

OZET

Doganin en degerli kaynaklarindan olan bitkiler, tarihi ¢aglardan itibaren yalnizca
yiyecek olarak tiiketilmemis, ayn1 zamanda iyilestirici giiclerinden yararlanilmis ve
tedavi edici iiriinler olarak da one ¢ikmistir. Bazi bitkilerin sahip oldugu farkli
iyilestirici Ozellikleri zamanla ve insanoglunun artan tecriibesiyle kesfedilmis ve
kaydedilmistir. Bu tibbi bitkiler kalp rahatsizliklarindan cilt problemlerinin
tedavisine, yiiksek kolesterol ve sekerin disiirilmesine, soguk alginliginin
tyilestirilmesine kadar pek ¢cok durumda kullanilmis ve halen de talep gormektedir.
Bu bitkiler yalnizca ortaya ciktiklar cografyada kullanilmakla kalmamis; Diinya’nin
pek cok yerine de yayilmistir.

Bitkiler; vitamin, mineral igeriklerinin yani sira fenolik bilesikler, flavanoidler ve
karotenoidler igerdiginden antioksidan etkilerinin yiikksek olmasi, antikanser etkiye
sahip olmalari, besleyiciliginin yiiksek olmasindan dolay1 saglikli yasam agisindan
onem kazanmigtir. Saglikli ve dogal tiriinler olan bu bitkilerin gida olarak tiiketilmesi
kadar bu iiriinlerin katkistyla yeni firiinlerin gelistirilmesi son yillarda 6nem
kazanmistir. Ayrica dogal kaynaklardan elde edilen bilesenler ile hazirlanan ilaglarin
Diinya Saglik Orgiitii (DSO) tarafindan da tesvik edilmesi ve her gegen giin bu ilag
etken maddelerinin sayisinin artisi ile bu kaynaklarin igeriklerinin aydinlatilmasina
dair yapilan arastirmalar da 6n plana ¢ikmuistir.

Tiirkiye; farkli iklim ve ekolojik kosullart barindirdigindan, zengin bir bitki florasina
sahiptir. Ozellikle iilkemizde yetisen baz1 yerel bitkisel kaynaklarin ¢esitli
boliimlerindeki biyoaktif bilesen iceriklerinin belirlenmesi ve bu bilesen miktarlar
ile antioksidan etki gibi biyoaktif 6zelliklerin belirlenmesi ve arasindaki iligkinin
incelenmesi oldukga 6nemli bir bilgi kaynagidir. Yetistigi cografyaya 6zgii olan bu
bitkilerdeki onemli bilesen miktarlarin bilinmesi, bu kaynaklarin ticari tirtinlerin
gelistirilmesinde ya da ilag etken maddesi eldesinde kullanilmalarinin 6niinii
acmaktadir. Bir bagka deyisle, bu bitkilerin {ilke c¢apindaki ticari degeri ve ihrag
degerinin artmasi saglanmaktadir. Bu iirlinler hakkindaki bilgilerin artmasi ile gida
katkis1 olarak kullanilmalari ile yeni gida ile iligkili tirlin gelistirmeleri adina yapilan
calismalar artmaktadir.

Bu iyilestirici etkilere sahip tibbi ve aromatik bitki, bitkisel dogal iirinler ve
baharatlarin, biyoaktif bilesen icerikleri yliksek performansl sivi kromatografisi gibi
siklikla  kullanilan analitik  yontemlerle belirlenmeye ¢alisilmaktadir. Bu
yontemlerden biri, gorece daha yeni ve oldukc¢a gii¢lii bir yontem olan ve basit bir
ayirma ve analiz prensibini kullanan kapiler elektroforezdir. Yiiksek voltaj altinda,
ince kapiler kolonlara doldurulan tampon ¢ozelti igerisinde meydana gelen yigin
akis1 sonucunda kiigiik iyonlardan biiyiik molekiillere kadar her bir tiirtin ayrilmasini
saglayan bu yontem 1980°li yillarda bugiinkii haline kavusmustur. Kapiler
elektroforez, yliksek ayrim giiclinlin yani sira, kisa analiz siiresi ve az ¢ozelti ve
ornek sarfiyati sebebiyle cevresel sebeplerle de tercih edilmektedir.
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Ayrica son yillarda gittikce artan ve pek ¢ogu yenilebilir olan yenilik¢i ve glivenli
gida ambalaji adaylarinin iretilmesi ile bu alana olan ilgi de artmistir. Gidalarin
Ozellikle uzun siireler, bozulmadan korunmasi, gidanin gozle goriilebilmesi,
koruyucu malzemenin antimikrobiyal &zellikleri olmasi siklikla tercih edilen
ozellikler oldugundan bu gibi malzemelerin hazirlanmasi i¢in biyopolimerler tercih
edilmektedir. Biyopolimerler, biyolojik yapida olan biiyiik molekiillerdir, dogada
bozunur olmalar1 da bu amagla plastiklerin yerine tercih edilme sebepleri arasindadir.
Bu yenilik¢i malzemelerin hazirlanmasi sirasinda dogal bitkisel kaynaklar 6zellikle
bu malzemelerin koruyucu o6zelliklerinin arttirilmasi i¢in eklenmektedir. Farkli
biyopolimerle ve farkli dogal iiriinler ya da ekstraktlariyla hazirlanan malzemelerin
incelenmesi ve potansiyellerinin degerlendirilmesi iizerine ¢alismalar yapilmaktadir.

Bu tez calismasinin ilk asamasinda, tibbi ozellikleri ile pek cok rahatsizligin
tedavisinde kullanilan ve ticari formlar1 da bulunan Ammi tiirtine ait Hatay ve
Balikesir illerinden toplanmis iki bitki olan, Ammi visnaga L. ve Ammi majus L.
bitkilerinin 5 farkli bélgesinde bulunan iki 6nemli bilesen olan kelin ve visnagin
miktarlart misel elektrokinetkik kromatografi (MEKC) yontemiyle 8.5 dakika
icerisinde yiiksek hassasiyetle belirlenmistir. Kelin ve visnagin yiiksiiz molekiiller
oldugundan, bu iki bilesenin birbirinden ayrilmasi amaciyla kapiler kolon igerisine,
kritik misel konsantrasyonu tizerinde yiizey aktif madde ilave edilerek misel yapilari
olusturulmus ve polarite farklilarina gére ayrim gergeklesmistir. Ayirma sartlart 20
mM borat, 20 mM SDS ve %5 (h/h) ve pH 9,6 olarak optimize edilmistir. Calismada,
50 um i¢ gapli, etkin uzunlugu 50 cm olan silika kapiler kullanilmistir. Tirlerin
dedeksiyonu UV dedektor ile 245 nm dalga boyunda gergeklestirilmistir.
Injeksiyonlar hidrodinamik ydntemle olup 50 mbar basingta 6 saniye siireyle
yapilmis olup analiz sirasinda uygulanan voltaj 25 kV’tur.

A. visnaga ve A. majus ciceklerinde bulunan kelin ve visnagin miktari tayinine ait
caligmalar literatiirde smirli sayida mevcuttur; ancak bu calismanin 6zgiin yani
Tiirkiye’de yetisen bu iki bitkinin kelin ve visnaginin igeriginin bitkilerin ¢igek,
yaprak, kok, tohum ve saplarinda belirlenmesi ve karsilagtirilmas: ile bitki
ekstraklarina uygulananan antioksidan 6zelliklerin de belirlenmesi olmustur. Lineer
kalibrasyon dogrulari olusturulmus ardindan regresyon katsayilart kelin ve visnagin
i¢cin sirastyla 0,997 ve 0,998 olarak hesaplanmistir. Uygulanan yontem basar ile
valide edilmis ve ornekler igerisindeki kelin ve visnagin miktarlar1 kelin igin 1,60 ile
22,60 mg g™ kuru bitki araliginda, visnagin iginse 5,80 ile 18,50 mg g™ kuru bitki
araliginda bulunmustur. Visnagine ise yalnizca A. visnaga bitkisinin ¢igekleri,
yapraklar1 ve tohumlarinda rastlanmigtir. Yontemin gozlenebilme sinirt (LOD) kelin
icin 0,83 mg Lt visnagin i¢in ise 0,99 mg L™ olarak hesaplanmistir. Metod
validasyonu giin i¢i ve giinler arasi tekrarlanirliklar hesaplanmis ve gergek 6rnekler
kullanilarak geri kazanim ¢alismalar1 gerceklestirilmistir. Kelin ve visnagin i¢in geri
kazanimlar %89,7 ile %100,6 arasinda bulunmustur. Ekstraktlarin antioksidan giicii,
2,2-difenil-1-pikrilhidrazil radikali ile reaksiyona girme kabiliyetinin olgiildigii
(DPPH) yontemi ile belirlenmis ve en yiiksek etki her iki tiire ait ¢igeklerde
bulunmus bunu tohumlar ve yapraklar takip etmistir.

Tez calismasiin ikinci asamasinda, Anadolu cografyasinin cesitli bolgelerinden
temin edilmis Salvia (Adagay1) tiirlerinde bulunan ve bitkinin 6nemli iyilestirici
ozellikleri ve antioksidan giictinden sorumlu iki organik asit yapisindaki rozmarinik
ve karnosik asit miktarlarinin tayin edilmesi i¢in Kkapiler elektroforez yontemi
gelistirilmigtir. Cesitli bolge ve iilkelerde yetisen Salvia igeriklerinin belirlenmesi ile
ilgili cok sayida ve ilgi goren literatiir ¢alismalart mevcuttur; ancak bu ¢alismanin
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O0zgiin yanm1 Anadolu cografyasinda yetisen 14 Salvia tiriiniin incelenmis ve
raporlanmis olmasidir. Uygun ayirma sartlari, 20 mM borat ve pH 9,6 olarak
secilmistir. Ayirmalarda etkin uzunlugu 59 cm, i¢ ¢ap1 50 um silika kapiler kolon
kullanilmig, analitlerin dedeksiyonu 210 nm dalga boyunda UV dedeksiyonla
gerceklestirilmistir. Injeksiyonlar hidrodinamik yontemle gergeklestirilmis ve 50
mbar basingta 6 sn siireyle yapilmis olup ayirma voltaji 28 kV’tur. Analiz sirasinda,
karnosik asit i¢in gog¢ siiresi 4,1 dakika iken rozmarinik asit i¢in bu silire 5,8
dakikadir. Lineer kalibrasyon dogrulari, olusturulmus ve regresyon Kkatsayilari
rozmarinik ve karnosik asit i¢in 0,998 olarak hesaplanmistir. Yontemin gozlenebilme
siir1 rozmarinik asit i¢in 1,86 mg mL ™ ve karnosik asit i¢in 1,72 mg mL™ olarak
hesaplanmistir. Metodun validasyonu i¢in geri kazanim ¢alismalar1 uygulanmis olup,
degerler rozmarinik asit igin %94,8 ile %101 ve karnosik asit i¢in ise %90,2 ile
%96,7 arasinda bulunmustur. Salvia tiirlerindeki rozmarinik asit icerikleri 1,08 ile
18,70 mg g™ kuru bitki arasinda bulunmusken karnosik asite yalmzca bir Salvia
tiirlinde rastlanmis ve miktar1 11,00 mg g'1 kuru bitki olarak bulunmustur.
Ekstraktlarin antioksidan giicii 2,2-difenil-1-pikrilhidrazil radikalinin kullanildigi,
calisilan maddenin radikalik reaksiyona girme kabiliyetinin Olciildiigii (DPPH)
yontemi ile demir (III) iyonu indirgeyici antioksidan giic yontemi (FRAP)
kullanilarak belirlenmistir. Toplam fenolik madde tayini iginse Follin-Ciocalteu
metodu kullanilmistir. Rozmarinik asit igerigi ile DPPH yontemi sonuglart arasindaki
korelasyon 0,77; rozmarinik asit igerigi ile FRAP yontemi sonuglari arasindaki
korelasyon ise 0,82 olarak bulunmustur.

Tez calismasinin {igiincii boliimiinde ise, seker igerigi yiiksek olan ozellikle cesitli
meyvelerin fermentasyonu ile elde edilen ve eski caglardan beri gidalarin
korunmasinda ve tatlandirilmasinda ilk akla gelen iirlin olan sirkeler gilivenli ve
toksik olmayan c¢oziiciiler olarak kullanilarak kitosan bazli toksik olmayan, biyo
bozunur ve ¢esitli 6zellikleri iyilestirilmis malzemeler hazirlanmistir. Dogal bir
biyopolimer olan ve kabuklu deniz canlilarinin kabuklarinda ¢ok¢a bulunan kitinin
deasetillenmesi ile meydana gelen kitosan organik asitlerin seyreltik ¢ozeltilerinde
¢ozlindligiinden asetik asit kaynagi olan sirkeler ve su igerisinde 1:1 (h/h), %1 (a/h)
oraninda ¢oziilerek filmler hazirlanmigtir. Kitosan ayrica, antimikrobiyal 6zellige
sahip olmasi, toksik olmamasi ile fiziksel ve mekanik Ozelliklerinin arzu edilen
malzemelere gore uygunlugu ile de tercih edilmistir. Bu ¢alismada nar, elma, iiziim
ve ali¢ meyvelerinden tretilmis sirkeler kullanilmistir. Bu filmlerin spektroskopik,
fiziksel ve mekanik Ozellikleri birbirleri ile karsilastirmali olarak incelenmistir. Sirke
filmlerinin 200 ile 350 nm araliginda ultraviyole 1sinlar1 bloke etme gii¢leri oldugu
gozlenmis ve oOzellikle nar sirkesi ile hazirlanan filmin elastikiyetinde artis
kaydedilmistir. Yine nar sirkesi ile hazirlanan filmin, asetik asitle hazirlanan kitosan
kontrol filmine kiyasla DPPH yontemiyle belirlenen antioksidan giiciinde 11 kat artis
g6zlenmistir. Antimikrobiyal etkiye sahip kontrol filmine oranla nar ve alig sirkesi
ile hazirlanan filmlerin gram pozitif ve gram negatif bakterilere karsin antimikrobiyal
etkisinin arttig1 belirlenmistir. Bu malzemelerin gidalarin paketlenmesi, korunmasi
ve saklanmalar1 sirasinda kullanilabilecegi sonucuna ulagilmistir.

Bu tez ¢aligmasiin dordiincii ve son boliimiinde ise, Tiirkiye sinirlari igerisinde de
yetistirilen mor reyhan (Ocimumbasilicumpurpurascen) bitkisinin ekstrakti
kullanilarak, biyopolimer bazli potansiyel bir gida ambalaj malzemesi iiretilmistir.
Antioksidan,  antiviral ve antibakteriyal o6zellikleri bilinen aromatik reyhan
yapraklarinin, flavanoidler ile fenolik bilesenlerin yani sira vitaminler ve mineraller
bakimindan zengin oldugu bildirilmistir; ancak bu c¢alismada tercih edilmesinin
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baslica sebebi mor reyhanin, glicli mor renginden sorumlu pigmentler olan
antosiyaninlerin pH’a kars1 yiiksek duyarliliga sahip olmasidir. Antosiyaninlerin,
degisen pH’a kars1 kimyasal yapilar1 degismekte ve bunun sonucunda ise renk
degisimi gozlenmektedir. Bu 6zellikleri sebebiyle hazirlanan malzemenin, toksik
olmayan, biyo bozunur ve koruyucu olmasinin yani sira, reyhanin renk degistirmesi
ile gida tazeliginin tespit edilmesinde dogal bir indikator olarak kullanilmasi
amaglanmistir. Bu amacla hazirlanan malzemenin istenen fiziksel ozelliklerinin
saglanabilmesi i¢in, pektin ve aljinat biyopolimerleri bir arada kullanilmistir. Pektin,
bitkilerin hiicre duvarindan elde edilen bir karbonhidrat olup, jellesme kabiliyeti
sebebiyle gida endiistrisinde cokca tercih edilmektedir. Kullanilan bir diger
biyopolimer sodyum aljinat ise, kahverengi alglerden elde edilir, anyonik yapidadir
ve gida endiistrisinde siklikla ve benzer sebeplerle tercih edilmektedir.

Bu amagla hazirlanan, %1 (a/h) pektin ve %0,5 (a/h) aljinatin toplam 30 mL hacimde
1:1 (h/h) suda ekstrakte edilen mor reyhan ekstrakti ve su igerisinde 5 saat
karistirilmasi, polimer kiitlesine oranla kiitlece 1:1 gliserol ilavesi ve ¢oziilmesi
ardindan petri kaplarina dokiliip, Kkurutulmasiyla hazirlanmistir. Elde edilen
biyopolimerik filmlerin suda ¢dziinmelerinin Oniine gecilmesi icin, filmler CaCl;
¢ozeltisi ile ¢apraz baglanma islemine tabi tutulmustur. Elde edilen malzemenin
optik, spektroskopik, fiziksel 6zellikleri ile antioksidan ve antimikrobiyal 6zellikleri
ile zamanla gerceklesen antosiyaninlerin salim miktar1 degerlendirilmistir. Ek olarak
bu malzemenin beklenildigi gibi, gida bozunmasini tespit edip edemedigi gergek bir
gida Ornegi paketlemesi ile denenmistir. Elde edilen malzeme oldukg¢a yliksek
antioksidan ozellik gostermis, hem gram pozitif hem de gram negatif bakteriler
tizerinde antimikrobiyal gilicii oldugu kanitlanmig, ultraviyole 15181 bloke ettigi
gbzlenmis; fiziksel 6zelliklerinin bu malzemeler i¢in literatiirde belrtilen degerlere
yakin oldugu ve ayni zamanda pH degisminin de beraberinde gerceklestigi gida
bozunmasina eslik eden renk degisimi ile potansiyel bir dogal indikator ozellige
sahip potansiyel bir gida ambalaj malzemesi oldugu kanitlanmistir.
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1. INTRODUCTION

Plants are one of the most valuable resources nature provides to humanity and have
been utilized for a variety of purposes since ancient times. Being one of the best
sources of nutrition, plants are also widely used for their health-promoting properties
and are referred to as medicinal plants. These herbal medicines are still considered
alternative treatments and support treatment all over the world (Teke & Kuete,
2014). The molecules naturally found in medicinal herbs responsible from their
positive physiologic and immunologic properties are bioactive constituents
(Hamzalioglu & Gokmen, 2024).

The plants are rich in minerals and primary and secondary metabolites, which are
known as bioactive components, namely polyphenols, dietary fiber, carotenoids,
organic acids, nucleotides, and vitamins (Kamiloglu et al, 2021; Samtiya et al, 2021).
Bioactive constituents obtained from plants are reported to have mainly antioxidant
properties, an anticancer effect on various types of cancer, an anti-diabetic effect,
prevent cardiovascular diseases, maintain brain health, regulate the blood lipid
profile, and also have an antiviral and anti-inflammatory effect (Samtiya et al, 2021;
Dincheva et al, 2023). Especially, chemical compounds in phenolic structures are
considered primary antioxidants or free radical inhibitors due to their ability to
donate hydrogen ions or electrons, resulting in many other beneficial aspects of
human health (Singh et al, 2016; Kim et al, 2016).

The traditional uses of medicinal herbs as remedies finally led to the development of
novel drug molecules after intensive clinical research on those natural sources (Dias
et al, 2012). Since the process of drug discovery is laborious, time-consuming and
highly expensive and also has a huge risk of failure, during drug development
studies, the compounds isolated from natural sources and their chemically
synthesized forms have become promising sources. Morphine a drug molecule
obtained from opium and aspirin, a commonly known anti-inflammatory agent, a
great example of a compound derived from salicin obtained from Salix alba L. white

willow bark are drug molecules in the market (Dias et al, 2012; Gurnani et al, 2014 ).



Following the success of the natural bioactive compounds and their derivatives as
novel drugs many new drug molecules were introduced (Gurnani et al, 2014). It was
reported that since 1994, almost 50% of the approved novel drugs were prepared
from natural products (Katiyar et al, 2012). Lately, natural sources are especially
under study for their potential in treatments of cancer (Butler, 2008; Gurnani et al,
2014).

The isolation and quantification of the compounds in plant extracts and study on their
pharmacological properties have been studied, especially after the realization of their
importance as potential drug candidates. Studies include several analytical
techniques such as capillary electrophoresis (CE), which is an effective technique
frequently employed for pharmaceutical analysis nowadays. CE offers rapid, highly
sensitive and simple analysis of a wide range of analytes from small ions to large

molecules.

Besides the medicinal importance and traditional uses of the natural sources and they
are also good alternatives to use as a food additive to increase the nutritive value of
food. In addition, novel materials such as non-toxic, and biodegradable food
packaging prepared with the addition of plant extracts and natural sources with
known bioactivities are getting a considerable amount of attention from consumers.
Intelligent and safer materials from edible and biodegradable sources are under study
(Sun et al, 2017 ; Rambabu et al, 2019 ; Sani et al 2021).

The main purpose of this thesis study was to determine the amount of bioactive
substances in plants grown in our country which was used in traditional medicine and
to determine the antioxidant properties of the extracts with several methods.
Antioxidant tests were used to establish a correlation between the amounts of active
substances in the plants and their bioactivities. In this way, the bioactive substances
and bioactivities of different plant families and different species of the same family
were elucidated. Additionally, due to the ascending interest in using renewable
sources instead of large plastic consumption and waste accumulation, biodegradable
and non-toxic food packaging materials from biopolymers with the addition of some
extracts and natural products were prepared and their physical and bioactive
properties were evaluated comparatively.



In the first part of this thesis, two main bioactive components in two plant species
from Apiaceae family were investigated with the CE method. The amounts of khellin
and visnagin in five different organs of Ammi visnaga L. and Ammi majus L. plants
were studied and the amounts were compared for the first time in our study. The
plant parts were also compared for their antioxidative abilities. The plants are both
well-known for their health benefits and have traditionally been used for a long time

and their trade values were revealed.

In the second part of the thesis, a successful CE method was developed for the
determination and quantification of the rosmarinic and carnosic amounts in 14
different Salvia species collected from Anatolia including endemic species. The on
capillary UV detection was performed and the method was validated. The important
bioactive components in each plant species were reported and also the correlation
between their amounts in the species and the antioxidant properties and total
phenolic contents were investigated and evaluated. There are several studies
including rosmarinic acid quantification (Jordan et al, 2012 ; Kosar et al, 2011 ; Li et
al, 2019), however, this study covered the investigation of a large number of

Anatolian Salvia species and their bioactivities.

The third part of the thesis was focussed on the use of five different vinegar varieties
and the preparation of safe and non-toxic biopolymeric material with enhanced
properties for potential food packaging. Natural sources usually employed for the
preparation of that kind of materials. The developed materials were comparatively
investigated and their different tensile, optical, spectroscopical, and physical
properties and bioactivities namely antioxidant and antimicrobial activities were

comparatively evaluated.

The fourth and last part of the thesis was aimed at preparing an intelligent
biopolymeric material using a natural purple basil (Ocimumbasilicumpurpurascen)
extract in order to monitor real-time food freshness via the color change in the
material due to the strong color sensitivity of the anthocyanins present in purple
basil. In the literature, pectin and sodium alginate biopolymer blends were not
frequently studied. Alginate-pectin composite films with purple basil extract were
developed and the indicator property of the material was proved for the first time.



The increased antioxidant and antibacterial properties of the film with the addition of
natural plant extract were evaluated. Also, the spectroscopic and physical properties
of the prepared film were comperatively investigated with the film prepared without

extract.



2. GENERAL SCIENTIFIC INFORMATION

2.1 Capillary Electrophoresis

Capillary electrophoresis (CE) is a relatively new analytical technique that was
introduced around the 1980s and is used for both the separation and quantification of
a wide range of analytes. CE offers separation of analytes of different sizes, from
very small ions to large molecules such as DNA, as well as charged or uncharged,
chiral or achiral compounds. CE analysis is performed in small capillaries under high
voltage, which offers fast analysis, diminution of sample and solvent volume
consumption, and high resolution and sensitivity. The advantages of using thin
columns made it easier to analyze many analytes and CE has been widely used in

food analysis, clinical, pharmaceutical and environmental studies (Whatley, 2001).
2.1.1 Historical background of capillary electrophoresis

Electrophoresis, the basis of CE, is simply defined as the separation of charged
particles as a result of their differential movement under the influence of an electrical
field. The 1948 Nobel Prize winner Swedish biochemist Arne Tiselius first
introduced the separation technique in 1937. He studied serum proteins and observed
that the proteins in the sample moved in a certain direction and speed under the
electric field resulting from the direct current applied to the sample mixture added
into a tube filled with buffer solution. The electrophoresis technique has been used

for many years to analyze proteins and similar molecules. (Li, 1992).

In 1967, Hijerten successfully separated a group of analytes in a 3 mm wide glass
tube filled with gel. The widths of the tubes used here are in the millimeter range;
however, over time, this width has been expressed in um. In 1979, Mikkers and
colleagues performed electrophoresis in polymeric capillary tubes. The biggest
disadvantage of the applied method was the determination of analytes at low
concentrations, and this problem paved the way for the development of modern

capillary electrophoresis.



The first and highly approved introduction of capillary electrophoresis was
performed by Jorgenson and Lukacs in 1981. In the method, meter-long fused silica
capillaries with an inner diameter of 75 um were used and fluorescent amino acids
and peptides were separated. They also clarify the relationship between the power of
separation, that is, the resolution, and the conditions of the system; and also explain
the theory of the capillary electrophoresis method. Then, the commercial CE
instrument became available not until the late 1980s and afterwards rapidly gained

popularity and today it is still used in routine analytical procedures (Li, 1992).

2.1.2 Advantages of capillary electrophoresis over electrophoresis

One of the two different methods used in electrophoretic separation is gel
electrophoresis and the other is CE. Although gel electrophoresis has been the
classical method used for the separation of high molecular weight molecules for
years, it is still preferred today with different support media. CE, has gained
popularity in recent years and is an instrumental version of electrophoresis, has
replaced gel electrophoresis in most cases with many advantages which is listed in
Table 2.1.

Table 2.1 Comparison of gel electrophoresis and capillary electrophoresis.

Gel Electrophoresis Capillary Electrophoresis
Low voltage applicability High voltage applicability
Longer analysis time Shorter analysis time
A large amount of sample and solvent Diminution of the sample and solvent
consumption volume consumption
Manual procedure Instrumentation
A limited number of analytes A wide range of analytes
Variable conditions Optimization of the analysis conditions

2.1.3 Theory of capillary electrophoresis

2.1.3.1 Electrophoretic mobility

The heart of the separation in electrophoresis depends on the movement of the
sample ions at different speeds under an electrical field as a result of an applied
potential. lonic species move from one electrode to the other, placed at both ends
migrate at their own speeds. There are two factors that affect the migration speed of a
charged particle. The first of these is the intensity of the electric field, E (Vem™), and
the other is the electrophoretic mobility, also known as mobility, pe (cm?V's™). The



product of these two terms gives the migration velocity of the relevant ion (Li, 1992 ;
Dziubakiewicz and Buszewski, 2013).

v = peE (2.1)

v
V=He (2.2)

Where v is the migration velocity, pe IS the electrophoretic mobility, E is the
electrical field and the, V is the running voltage, and L represents the length of the
separation capillary. As expressed in the equation, the intensity of the electric field is
directly proportional to the applied potential and inversely proportional to the length

of the column. The migration velocity of ions increases with voltage.

The electrophoretic mobility of a charged species is constant under specified
conditions and is a characteristic feature of ions (Dziubakiewicz and Buszewski,
2013). The electrophoretic mobility of all ionic species is proportional to the
electrical force acting on them and the friction force in the environment, and when

these two forces balance each other, the electrophoretic mobility can be calculated.

. Electrical Force (Fe)

He ~ Frictional Force (F¢) (2'3)

Electrical Force,

Frictional force of an ion according to the Stokes' law for a spherical particle

represent as,

Ff= —6IInrv (2.5)
Where, q is the ionic charge, 1 is the viscosity of the solution, r is the ionic radius,

and v 1s the migration velocity.
During electrophoresis, these two forces are equal and opposite to each other.
Fe = —Ff (2.6)
qE = 6élInrv (2.7)

If equation 2.1 substituted and solved instead of velocity in this equation,

electrophoretic mobility is obtained.

—_4
6Ilnr

e (2.8)



According to the equation, the electrophoretic mobility of a particle is directly
proportional to its charge and inversely proportional to its radius. While highly
charged particles with a small radius have higher mobility and move faster, particles

with a larger radius and lower charges move slowly due to their low mobility.

2.1.3.2 Electroosmotic flow (EOF)

The basis of analysis and separation performed by capillary electrophoresis depends
on electroosmosis. The bulk flow of the electrolyte solution along the capillary is
called electroosmotic flow. This flow occurs as a result of high voltage applied to the
electrolyte solution and causes all ionic species in the column to move in the same

direction.

The ionization of the silanol groups on the inner surface of the fused silica capillary
column causes an excess negative charge at the interphase with the aqueous
electrolytic solution (Marina et al, 2005). The ionization of the silanol groups
depends on the pH value of the background electrolyte (BGE) solution filled in
capillary and stated as following reaction equation (Dziubakiewicz and Buszewski,
2013). When the pH value of the BGE solution is 3 or above, the inner surface of the

capillary becomes negatively charged due to the ionization.
SiOH(s) = SiO(s) + H'(aq)

Owing to the negatively charged surface of the capillary wall, the ions with opposite
charges are attracted to the wall forming an electrical double layer by a stationary
coat known as the Stern layer and a weakly bounded mobile layer called Gouy-
Chapman (Dziubakiewicz and Buszewski, 2013 ; Marina et al, 2005). Under the
influence of the electrical field caused by the applied high voltage to the column,
positive charges that are solvated move rapidly towards the cathode, dragging the
solvent with them and creating strong bulk flow. The creation of the electrical double

layer and the electroosmotic flow are represented in Figure 2.1.



Stern layar Diffuse layer

Figure 2.1 : Electrical double layer formed in capillary column (Dziubakiewicz and
Buszewski, 2013).

EOF mobility and velocity can be calculated by using some equations, including
using the potential occurring at the boundary of two layers, defined as zeta potential
(©). € depends on the pH of the electrolyte solution which directly affects the charge
density on the inner wall of the column.

I
¢ = keof g”eof (2.9)
T

Here, 1 represents the viscosity of the solution, peor IS electroosmotic flow mobility
and & is the dielectric constant of the solution respectively. The velocity of EOF
(Veof) Can be calculated as follows:

€CE
4IIn

Veof = (2.10)

Where E represents the strength of the electric field during analysis. Another value

for describing electroosmotic flow is peor Which is expressed as:

Heof = ~2 (2.11)
Sr
Following the substitution of equation 2.10 in equation 2.11 the peor EXPress as:

&rC

Heof = o, (2.12)

The main difference between the pressure driven separations, as in liquid
chromatography and CE is flow profiles. The pressure driven systems, the flow has a
parabolic profile throughout the column, where the flow rate is higher in the middle
parts of the column, it drops to almost zero where it approaches the stationary phase,

causing the pressure to drop significantly throughout the column. On the other hand,



in CE since an electric field is used instead of pressure, the flow progresses regularly
throughout the column. It does not show any change along the column as there is no
pressure change. Therefore, in CE the separation efficiency is high and the peaks

obtained are quite sharp. The flow profiles are provided in Figure 2.2.

—_—
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Parabolic or laminar flow
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Plug flow

Figure 2.2 : Difference between electroosmotic and laminar flow profiles (Whatley,
2001).

2.1.3.3 Factors affecting electroosmotic flow
a) pH value of the electrolyte solution

As explained in the previous section, the ionization degree of the silanol groups at
the inner side of the capillary wall strongly depends on the pH of the buffer solution.
As the silanol groups are completely ionized at pH values from 3 to 9, the charge
density on the inner wall of the capillary increases, resulting in a high zeta potential
and greater electrical double layer. Therefore, electroosmotic flow mobility increases
and EOF accelerates, and the time for analytes to reach the detector shortens. On the
other hand, pH values below 2 will not be able to ionize the capillary wall, leaving

the silica surface neutral. (Marina et al, 2005).
b) Concentration of the electrolyte solution

The increase in buffer solution concentration, or other words, ionic strength, causes
the EOF to slow down and thus, reach the detector late. The increase in ionic strength
in the capillaries creates a phenomenon called Joule heating in the capillary column.
As a result, the system tries to reduce the temperature and causes the flow to slow
down (Landers, 2007).

c) Temperature

Temperature is one of the key parameters in CE analysis, especially the repeatability

of the analysis. An increase in the temperature decreases the viscosity of the water
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(Jorgenson and Lukacs, 1985 ; Lechnou, 2008). As a result of the decrease in the
viscosity of the electrolyte solution, the electroosmotic flow rate increases and the
analysis time decreases, but may decrease the efficiency. Furthermore, an
uncontrolled increase in the temperature produces Joule heating can cause the central
zone in the column to migrate faster than the zones near the wall, creating a variation
in the migration rates (Dziubakiewicz and Buszewski, 2013). Thus, Joule heating
causes more broadened peak shapes. Temperature must be controlled and optimized

during operation.
d) Electric field strength

Any change in voltage primarily affects the electric field and therefore the EOF. As
the voltage increases, the electric field will increase, so the EOF rate also will
increase. Therefore, the time it takes for analytes to reach the detector will be
shortened and the resolution will be improved (Landers, 2007). However, the voltage
should be increased in some extent in order to prevent the formation of Joule heating
(Landers, 2007). In order to prevent the changes in EOF rate during analysis, the

voltage is required to remain constant.
e) Addition of an organic solvent

The addition of organic solvents to the buffer solution affects mainly viscosity and
zeta potential. It generally causes a decrease in the current in the capillary column,
causing a slowdown in the EOF rate. It is known that with the addition of acetonitrile

or methanol, viscosity increases and EOF decreases.
) Addition of surfactants

Surfactant addition in buffer composition is to increase, decrease or completely
reverse EOF. With the use of anionic surfactants, the EOF rate increases as the
negative charge density on the inner wall of the capillary increases, whereas with the
addition of cationic surfactants, the EOF rate can be reduced by reducing the amount
of negative charge on the wall. Using high concentrations of cationic surfactants, the
wall can be made positively charged with ionic and hydrophobic interactions and the

EOF direction can be switched from cathode to anode.
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g) Addition of polymeric substances

The rate of EOF can be modified by adding hydrophobic or hydrophilic polymeric
substances to the buffer. It can be reduced or increased by using charged polymers,
and the EOF rate can be reduced and reversed with cationic polymers. Neutral
polymers, on the other hand, can significantly slow down or even stop the EOF.
These substances are used for coating the inner wall of the capillary for changing its
nature; such as polyethyleneimine (PEI) and polyvinyl alcohol (PVA)

(Dziubakiewicz and Buszewski, 2013).

2.1.4 Separation modes of capillary electrophoresis

CE is not only used for the separation of charged species and includes the analysis of
many different compounds. Different modes, differing in their separation
mechanisms, have been developed. For instance, while micellar electrokinetic
chromatography is used to separate neutral molecules from each other, in gel
electrophoresis, molecules are separated according to size differences by passing
through pores. Table 2.2 below shows the applied methods and separation

mechanisms in CE analysis.

Table 2.2: Modes and separation mechanisms in CE (Whatley, 2001).

CE Mode Mechanism of Separation

Capillary Zone Electrophoresis (CZE) Separation of charged particles according to
charge/mass in solution.

Micellar  Electrokinetic Chromatography Difference in  hydrophobic/hydrophilic

(MEKC) interactions with micelles formed by
surfactants added above the critical micelle
concentration.

Capillary Gel Electrophoresis (CGE) Separation of macromolecules in a gel
environment according to size and shape
differences.

Capillary Isotachophoresis (CITP) Separation of analytes according to their

charge/size ratio between two buffer
solutions with different conductivities.

Capillary Isoelectric Focussing (CIEF) Separation of proteins according to their
isoelectric points by gradual pH change in
the capillary.

Capillary Electrochromatography (CEC) Distribution of non-ionic species between the

stationary phase placed in the capillary
column and the stationary and mobile phase.
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2.1.4.1 Capillary zone electrophoresis (CZE)

CZE is the simplest mode in CE analysis where the charged particles are separated
into specific zones, in a capillary column filled with a buffer solution, under the
influence of high voltage. All the species are separated from each other according to
their charge/mass ratios. CZE is frequently used, due to its simplicity, ease of
adaptability, and efficiency during analysis (Marina et al, 2005). The separation
principle of CZE completely reflects the principle of CE. Buffer solution
composition and separation conditions are the same throughout the capillary column;
separation of analytes from each other is achieved by changing parameters such as
pH and buffer concentration and can be carried out in an aqueous or non-agqueous

buffer solution environment.

In the mode of CZE, the charged analytes and the analytes that become charged can
be separated, while neutral analytes cannot be separated. CZE is frequently preferred
especially in pharmaceutical and food analysis; because most components are mostly
polar due to the amino, carboxyl or hydroxyl groups present in their structure. The

basic CZE mode is represented in Figure 2.3.

Unseparated zone Negatively charged
T capillary inner surface

T

Anode Cathode
inlet outlet

Figure 2.3: Separation of charged species in CZE (Shallan et al, 2013).
2.1.4.2 Micellar electrokinetic chromatography (MEKC)

Following the simplest mode, CZE, MEKC is also frequently used in CE separations.
Since nonionic species cannot be separated by CZE only using electrolytic buffer
solution filled capillary, MEKC developed. MEKC was first introduced in 1984 by
Terabe and colleagues (Garcia et al, 2005). Unlike the CZE in MEKC, the buffer
solution contains surfactant molecules. Surfactants are molecules both containing
hydrophilic and hydrophobic parts. In order to separate nonionic molecules or
increase selectivity between ionic species, surfactants form spherical structures

called micelles as a result of the aggregation in the buffer. In MEKC, different kinds
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of surfactant molecules above their critical micelle concentrations (CMC) form
micelles which work as an additional phase in the column like chromatographic
techniques (Garcia et al, 2005 ; Shallan et al, 2013 ; Kalaycioglu ans Erim, 2022).
Mostly anionic surfactants are used especially, sodium dodecyl sulfate (SDS); but
also, different ionic or neutral surfactants or charged additives can be used (Altira,
1996). Analytes interact with the micelles depending on their differences in
hydrophilicity and differentiate in migration times and separate from each other. The
separation principle is simple, like reverse phase HPLC, micelles turn the capillary
column to a chromatographic column (Altira, 1996). With MEKC mode, a wide
range of analytes can be separated such as aromatic compounds, nucleic acids,
vitamins, and pharmaceutical compounds which proved to be separated faster than
the HPLC technique (Garcia et al, 2005). The separation principle in MEKC mode is
given in Figure 2.4.

anode <3p;‘ ;Z%% p:> cathode
oG Rpe o % |
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Figure 2.4 : Separation of species in MEKC (Garcia et al, 2005). PS: Pseudo micelle
phase, A: neutral hydrophobic species and O: neutral small molecule.

2.1.5 Electrophoretic mobilities and migration times of analytes

In CE analysis, absence of stationary phase in the column, resulting no retention of
the analytes. Thus, arrival times of the analytes from injection end to the detector at
the detection end stated as migration time (tn). Under the influence of electroosmotic
flow, all ionic species injected from the anodic end moves towards the cathodic end
where detector is placed and detected in a certain order. EOF is a bulk flow and
because of it all particles move to the same direction in the column; positive, neutral

and negative particles have different migration times, due to the difference in their
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velocities (Shallan et al, 2013). The observed (apparent) mobilities (pops) Of the
species are their net mobilities in the presence of EOF (Shallan et al, 2013).

Since the direction of movement of cations is towards the cathode, their own
mobility contributes to electroosmotic mobility. For this reason, cations become the
fastest moving species and are detected first. Since neutral species do not have their
own electroosmotic mobility, they move with the same mobility as the
electroosmotic flow and reach the detector at the same time. Since negatively
charged ions will want to move towards the positive anode instead of the cathode
direction, their electrophoretic mobility is oppoite to the EOF mobility accordingly.
For this reason, anions become the slowest moving species and the last to leave the
column. Below are the relationships between visible mobility and speed of species

and figure 2.5 represents the movements of the ions in the column.

Mobs = Me T Heof (2.13)
v, = (Heof + e LE (2.14)
vo = (Keof)E (2.15)
v_= (Heof — e _)E (2.16)

where, pops IS the observed mobility, v is the velocity of the species and pe represents

the electrophoretic mobilities of the species.

The order of the species with the same charge is in accordance with Equation 2.8 .
The charge/size ratio affects the magnitude of the electrophoretic mobility of ions. A
cation with a small diameter with high electrophoretic mobility will move faster,
whereas in the opposite case, a negatively charged ion is willing to move in the
opposite direction, causing its apparent mobility to be low.

EOF
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Figure 2.5 : Order of the separated species in capillary (Dziubakiewicz and
Buszewski, 2013).
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In order to calculate the tm and peps Of the analytes, some experimental parameters
can be used. Migration time is simply related to the distance and the velocity as

follows.
ty = (2.17)

where, Lg is the length of the column from injection to the detector which is also

called effective length. Thus, pops can be calculated:

L L,4L
Hobs = & = ket (2.18)

E, is the electrical field strength, Ltot is the total length of the capillary and V is the

running voltage.

2.1.6 Instrumentation

Modern CE instruments are simply constructed systems available in the market (Lele
et al, 2001). CE instrument consists of some main components including anode and
cathode electrodes, sample and inlet and outlet buffer vials, a capillary column where
separation occurs, a high voltage power supply and a detection system. Construction
of a CE instrument does not require high levels of expertise; however, the control
over temperature must be handled in order to develop methods and perform
separations (Lele et al, 2001). The sample introduction is usually performed via
anodic side hydrodynamically or electrokinetically and analytes are separated in the
column under the influence of an electrical field and detected from a detector placed

on the cathodic side. The modern CE instrument is given in Figure 2.6.

Computer or
Detector integrator

Net flow

Anode < > Cathode
Temperature
controlled area
Inlet buffer vial/ Outlet buffer
sample injection vial

High-voltage power
supply
(5-30 kV)

Figure 2.6 : A scheme of a modern CE instrument (Shallan et al, 2013).
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2.1.6.1 High voltage power supply

The necessary electric field within the capillary is generated by a power supply. A
high-voltage power supply can generate voltages of 5 to 30 kV which creates up to
60 kV/m electric field strength (Kuhn and Hoffstetter-Kuhn, 2013 ; Fekete and
Schmitt-Kopplin, 2007). Since high voltages are used during analysis, it is important
that the power supply has the necessary safety mechanisms and offers programming
in case of the need for switching polarities (Marina et al, 2005). Also, the power
source must be very stable and the voltage must remain constant throughout the
analysis for the repeatability of migration times. Apart from voltage, it is also
possible to work with constant current or constant power, and especially working
with constant current can be preferred in cases where there is no thermostat since

solution viscosity depends on temperature.

2.1.6.2 Capillary column

As the capillary column is crucial in CE separation, various types of capillaries were
employed. Several materials such as fused silica, glass and Teflon were used for the
construction of columns. Among these materials, fused silica was the most preferred
material due to its many advantages, such as ease of production, low impurities and
costs and optical transparency to UV radiation (Marina et al, 2005 ; Shallan et al,
2013).

Fused silica columns, with polyimide coating which makes them easy to handle and
more flexible, are widely in use. The capillary column between 50 to 100 cm in
length with inner diameters of 25 um, 50 um and 75 pum are frequently preferred in
cylindrical shapes (Marina et al, 2005). Even, smaller diameters provide shorter
analysis time and increase efficiency, however sensitivity decreases. Also, the shorter
capillaries decrease analysis time; but the increase in field strength should be
controlled. Prior to the first use of the capillary columns, activation of the silanol
groups and formation of EOF ensures with the washing of the capillary for 30
minutes with 1 M NaOH, water and buffer respectively. As long as necessary, the
capillary column should be regenerated with washings between runs, with 0.1 M

NaOH, water and buffer respectively.
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2.1.6.3 Sample injection systems

The sample was introduced into the capillary column in a narrow band. One of the
advantages of CE which provides high resolution due to the very small amount of
sample injection. Sample injection into the column is achieved in two main different

ways.
a) Electrokinetic Injection

A sample may be introduced into the capillary column by using the same and simple
principle as electrophoresis (Breadmore, 2009). Applying potential to the sample-
containing solution for few a seconds after exchanging the buffer reservoir with the
sample reservoir is the method of application of electrokinetic injection (Camilleri
1997 ; Shallan et al, 2013). The applied voltage is usually lower than the separation
voltage and applied only for shorter periods. Thus, the electric field strength is low as

the time of applied voltage ensures that the amount of sample injected is quite small.

In this injection method, analytes are introduced to the capillary in a narrow zone,
however the amount of the analytes in the sample enters in capillary according to
EOF, and also their mobilities. If the mobilities are different between the analytes, a
non-homogeneous sample mixture containing more of the ions with higher mobilities
and fewer amount of the ions with low mobilities, will be introduced into the
column. In this case, it is necessary to use internal standards for more accurate
results. Since the composition of the sample in the sample container may change
after each injection, the solution must be prepared again before being injected into
the device. The repeatability of this method is lower than hydrodynamic injection.
The amount of sample given by electrokinetic injection depends on the applied
voltage, time and capillary length as in the formula below (Altira, 1996 ; Breadmore,
2009).

Q — (He"'HeOE)VHFZCt (2.19)

where, Q is the amount of sample introduced, pe and peor are the mobilities of the
ionic specie and EOF respectively, V is the applied voltage, C is the concentration of
the sample, t is the time of voltage applied, r is the capillary radius and L, is the

length of the capillary.
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b) Hydrodynamic injection

In hydrodynamic injection, the sample introduction is achieved by applying pressure
or vacuum-as negative pressure to the end of the capillary to obtain a difference in
pressure between the vials in which capillary column placed (Altira, 1996).
However, another simple technique was also practiced for sample introduction.
Elevating the inlet vial above from the outlet and creating siphoning of the sample
was also practiced; but this technique allows the introduction only a small amount of

sample which is not suitable for viscous electrolytes (Altira, 1996).

Hydrodynamic injection with applying pressure is widely used for sample
introduction in commercial instruments. The amount of sample introduced to the
column is generally around 1 to 3% volume of the capillary for preventing the
broadening of the peaks (Altira, 1996). The volume of the sample introduced (Vinj)

via the hydrodynamic approach can be calculated as the following equation:

Vln] - 8nL (220)

where, Ap is the pressure difference, rd is the inner diameter of the column, t
corresponds to the injection time, L is the total length of the capillary column and
is the viscosity of the buffer solution. Representation of different injection methods

are given in Figure 2.7.

A Hydrodynamic

Pressure e
Sample Buffer

Siphoning
B
—
% Sample

Buffer

C Electrokinetic

——
Sample . - Buffer

Figure 2.7 : Injection methods used in CE instruments (Altira, 1996).
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2.1.6.4 Detector

Highly sensitive detectors are crucial in CE, due to the small volumes of sample
injected to the columns which have very small inner diameters. Detection of the
analytes can be performed either on-capillary when analytes are still in the column or
end-capillary by collecting the samples from the column into the detector. On-
column detections such as spectrophotometric and conductivity detection do not
reduce the resolution and do not cause any distortion in peak shapes unlike end-
capillary methods (Shallan et al, 2013). The widely accepted detection methods,
advantages and disadvantages and also detection limits range are summarized in
Table 2.3.

Table 2.3 : Most common detection methods in CE (Shallan et al, 2013).

Method Detection Limit (M) Advantages/Disadvantages
UV-Vis Absorption 10” to 107 Universal, cheap, DAD offers
spectral data
Laser-induced 10* to 10 Sensitive/Expensive and needs
fluorescence derivatization of the analytes
Amperometry 10" to 10™ Sensitive and  selective/Only

useful for electroactive species,
need special requirements

Conductivity 10" to 10° Universal and simple

Mass spectrometry 10®to 10° Sensitive and gives information
about structure

Indirect UV, fluorescence, - Universal and detection limits are

amperometry lower than direct methods

UV-Visible absorption spectroscopy detection

Spectroscopic detection in CE depends on the investigation of the interaction
between the analyte and the light. Detection is performed while analytes migrate in
the column to the detector side. A window is usually created by removal of the
polymeric coating of the column. The sensitivity of the detection strictly depends on
the path length, which is related to the capillary diameter (Shallan et al, 2013). The
widely used detection system is UV-Vis absorption detection since it is universal and
applicable to many analytes. Recent instruments are mostly equipped with a diode
array detector (DAD) which gives spectral information by measuring more than one
wavelength (Shallan et al, 2013). Low costs and no need for any derivatization of

analytes make UV-Vis detection one of the simplest detection methods.
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2.2 Biopolymers

In the last decades, there has been a huge growing attention on environmental issues
related to the negative impacts of the accumulation of non-degradable industrial
waste and the excessive use of non-renewable sources. Synthetic polymers are
becoming the main problem since they are used in great amounts worldwide, nearly
140 million tonnes in each year (Rao et al, 2014). Their extreme resistance to
biodegradation and toxicity are the main reasons behind the efforts to limit in use of
conventional plastics (Rao et al, 2014 ; Niaounakis, 2015). To encourage to reduction
of the use of petroleum-based plastics, biopolymers become a highly promising
alternative (Balart et al, 2021). Biopolymers are replacing traditional polymeric
materials since they are environmentally friendly and safer and have similar

properties as plastics.

The specific term of biopolymer or bioplastic, even though many other terms are
wrongly confused, such as biodegradable, bio-based or compostable, is used
depending on two features; biodegradability and the origin of the raw material
(Niaounakis, 2015). Three different classifications can be summarized depending on
the source and degradability. The first group is biopolymers produced from
renewable and biodegradable materials, the second group is also produced from
renewable materials, but not biodegradable, and the third and last class includes
biopolymers formed from fossil fuels and biodegradable (Niaounakis, 2015). To sum
up; biopolymers are polymeric structures produced from renewable sources and also
biodegradable polymers obtained from biological or fossil-fuel sources. Table 2.4

represents the classification and examples of some biopolymers.
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Table 2.4: Classification and examples of biopolymers (Niaounakis, 2015).

Biopolymers

Biodegradable

Non-biodegradable

Biological Source Fossil Based Biological Source
Plants Animals Microorganisms
Polysaccharides Polysaccharides PHAs Poly(alkylene PE, PP and PVC
(Cellulose, (Chitin/Chitosan, dicarboxylates)
Alginate, Pectin) Hyaluronan)
Monosaccharides Proteins (Whey, PHF PGA PET and PPT
(Starch) Casein, Collagen,
Albumin, Keratin,
Leather)
Triglycerides Bacterial PCL PU
(Lipids) Cellulose
Proteins (Wheat, Polysaccharides Poly(vinyl PC
corn etc.) (Hyaluronan, alcohol)
Xanthan, Curdlan,
Pullulan)
Lignin Protein (Silk) Poly(ortho Poly(ether-esters)
ester)
Gums Polyanhydrides Polyamides,
Polyester amides,
Unsaturated
polyesters
Carrageenan PPHOS Epoxy
PLA Phenolic resins

2.2.1 Applications of biopolymers

Biopolymers have been using in vast number of applications since their properties
are adjustable with blending different biopolymers together. Desired mechanical
properties, transparencies, resistance to extrinsic factors, barrier properties could be
obtained for specific purposes. Thus, they are highly in use for many different
applications. Biopolymers largely studied for use in medical applications. So far,
health related applications including wound dressings for closure and healing ability,
implants, scaffolds in tissue engineering studies, biosensing devices working in vivo,
some materials such as clips, staples and sutures and drug delivery approaches were
reported (Van de Velde and Kiekens, 2002 ; Niaounakis, 2015). These materials are
using due to their ability to degrade into non-toxic products in body over longer
periods of time (Niaounakis, 2015).

Another area where biopolymers are highly in use is packaging applications. Plastics
are generally used for protection of a product from environmental factors, even
longer or shorter periods of time use or for single use or use for more than once
(Niaounakis, 2015). The waste accumulation due to plastics, sources of raw materials

and their disposal problems are promoting the design and use of materials prepared
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from renewable sources with biodegradable behavior. The film forming ability of
some biopolymers, especially increasing the number of studies on the area. From
different kinds of films to bags or nets like materials were reported so far (Van de
Velde and Kiekens, 2002 ; Niaounakis, 2015). Food packaging applications are also
highly under studied since safer packaging materials in contact with food are favored

by consumers in last years.

Biopolymers are also using in many other fields including electronics, cosmetics,
agricultural purposes, fishery and related products, manufacturing of toys and other
households and sports related items, construction industry includes making cement,
and lime. Biopolymers are frequently using in food industry effectively for
enhancing the properties of product such as stability and emulsification
(McClements, 2009).

2.2.2 Biopolymers in polysaccharide structure

Polysaccharides are very common types of biopolymers present in nature and they
are consisting of long carbohydrate chains as repeating units (Gupta et al, 2022).
Monosaccharides are connecting with glycosidic bonds to each other. Chitin,
chitosan, pectin, alginate, cellulose, dextran, xanthan gum are the most known

examples of the polysaccharides.

2.2.2.1 Chitosan

Chitosan is a well-known biopolymer derivative of chitin, which is known as the
second most abundant natural polymer in nature (Honarkar and Barikani, 2009 ;
Gongalves et al, 2021). Chitin presents in exoskeletons of shrimps and other
crustaceans also insects and even found in bacteria, fungi and mushrooms
(Gongalves et al, 2021 ; Kou et al, 2021). Chitosan is a chitin derivative, obtained
from deacetylation of chitin under alkaline conditions with several methods. The
repeating units of chitosan are D-glucosamine and N-acetyl-D-glucosamine with 3-
1-4 links and the chemical structure of chitin and chitosan are represented in Figure
2.8. Chitin and then chitosan in recent years, are mostly obtaining from biowastes of
sea creatures (Kim, 2010). The natural source, deacetylation degree (DD) and

molecular weight are the main features of the chitosan.
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Figure 2.8 : Structures of chitin and chitosan (Honarkar and Barikani, 2009).

Chitosan is in the form of a pale yellowish colored powder. As a result of being a
cationic biopolymer, it dissolves in dilute solutions of weak organic acids by
protonation of the -NH, units (Kumar, 2020). It forms a slightly yellow viscous
solution. Chitosan is usually prepared in acetic acid solution of 1% (v/v); the
protonated amine groups of chitosan using acetic acid increase solubility as a result
of the repulsion of charged groups (Giraldo and Rivas, 2021). The commercial
chitosan differs in molecular weight, and ranges from between 50-2000 kDa and DD
ranging from 50 -100% (Gongalves et al, 2021). The molecular weight and solubility
are dependent. The low molecular weight chitosan has higher solubility in acidic
solutions and is mostly used (Aider, 2010). Another parameter is considered as DD,
which has an effect on physical properties. The water solubility increases in high DD

chitosan, which also shows greater biological actives (Kou et al, 2021).

Chitosan is highly known and worldwide popular polysaccharide type biopolymer
due to its properties such as low-toxicity, biodegradability and also biocompatibility
and antimicrobial and antioxidant ability (Pillai et al, 2009). Also, possibility of
modification of the properties and even enhance with using other biopolymers or
compounds makes the chitosan a good candidate to use in scientific and industrial
purposes. Different forms of the materials can be prepared with chitosan such as

membranes, films, hydrogels.

Chitosan is used as a food additive, as a preservative and gelling agent. Chitosan is
often used in the preparation of edible biofilms with casting method for many food
related applications, including antimicrobial food packaging materials and their

properties were investigated and improved (Honarkar and Barikani, 2009 ; Rahman
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and Goswami, 2021 ; Zhu, 2021). Moreover, chitosan is used in the production of
coatings, surface conditioners and also in biosensors (Honarkar and Barikani, 2009).
Chitosan products are also used in biomedical applications, including drug delivery
and preparation of materials for treatment in the form of multicarbon nanotubes,
nanofibers, nanosheets, scaffolds, nanoparticles, sponge-like structures (Honarkar
and Barikani, 2009 ; Kumar, 2020). Apart from medical studies, chitosan is in use
for agricultural purposes as a pesticide, in the textile industry, for paper production

and water treatment purposes.

2.2.2.2 Pectin

Pectin has a complicated polysaccharide structure and it is an important part of plants
cell walls (Rolin, 1993 ; Thakur et al, 1997). Pectin is a structural component in
plants also responsible for hydration of the plant and grows also in softer parts
(Thakur et al, 1997). Many fruits contain pectin in different amounts (Thakur et al,
1997). Even though many plants have pectin in their structure, commercially
available pectin is usually obtaining from apple pomace or citrus peels. The physical
properties of the pectin such as gelation ability, solubility depend on the source.
Pectin has been using in food and cosmetic industry due to its gelling ability as well
as pharmaceutical purposes. Pectin is an edible polysaccharide and has a part in
human diet; but not nutritive and mainly using in jams, ice creams and some dietary
products. Pectin also has emulsifying, stabilizing and thickening abilities (Ropartz
and Ralet, 2020).

The complexity of pectin is due to its different branching units and molecular weight.
The main part of the commercial pectin molecule consists of linear galacturonic acid
units linked with covalent bonds. Pectin and pectic biopolymers are
heteropolysaccharides that have 70% or more galacturonic acid units linked at the O-
1 and the O-4 positions and some of the carboxylic groups are esterified with methyl
units (Rollin 1993 ; Mohnen, 2008 ; Ropartz and Ralet, 2020). The structure of the
pectin molecule is given in Figure 2.9. In the figure, the arrow showing the group at

O-2 position which is seldom presented in commercial pectin (Rolin, 1993).
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Figure 2.9 : The main structure of methyl esterified pectin molecule (Rolin, 1993).

Degree of the methoxyl esterified groups in pectin molecule, plays a role on the
solubility and gel formation. Pectins can classified into two groups depend on the
number of those groups. High methoxyl (HM) pectin contains 20-50% and low
methoxyl (LM) pectin contains 50-80% methoxyl groups (Thakur et al, 1997). It can
be said that solubility increases with the increase in the esterified groups and
decrease in the molecular weight (Thakur et al, 1997). HM pectin are forms gels in
the presence of sugars at low pH values, on the other hand LM pectin forms gels in
the presence of Ca®* ions. The gel formation in LM pectin rely on the formation of
bridge structure with Ca®* ions between carboxylic acid groups (Thakur et al, 1997).
The egg box model structure formed with Ca®* ions is represented in Figure 2.10.
Recent reports suggest that also HM pectin forms gels with Ca®* (Yang et al, 2013 ;
Cao et al, 2020). The intrinsic and extrinsic factors affecting the gelling ability of

pectin were also explained (Cao et al, 2020).
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Figure 2.10 : Egg-box model representation of pectin molecule. a) dimer structure,
b) dimer aggregates, c) ionic bridge (Thakur et al, 1997).
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Pectin has also some positive effects reported on health including decreasing levels
of cholesterol and glucose, immune response stimulation and causing apoptosis of
cancer cells (Inngjerdingen et al, 2007 ; Jackson et al, 2007 ; Mohnen, 2008). The
possibility of modification of the properties, pectin has been using in many other
purposes and preparation of materials and devices such as implants, drug delivery
agents, edible films, adhesives, foams which are some of the examples (Mohnen,
2008).

2.2.2.3 Alginate

Alginate is another well-known biopolymer in polysaccaharide structure. Alginate is
biocompatible, biodegradable, low toxic, low cost and has good gelling ability (Lee
and Mooney, 2012 ; Hurtado et al, 2022). It is an anionic, linear copolymer of
homopolymeric units of (1-4) linked a-L-guluronic acid (G) and B-D-mannuronic
acid (M) in alternating order. The physical properties were depended on the
distribution of these units and the ratio of G and M units which is related with its

source.

Alginate is obtained from brown seaweeds (algae) and also present in few bacteria
(Raus et al, 2021). The extraction from algae usually perform with alkaline solutions
and then precipitated into the salts. Molecular weights of commercially available
alginates are in between 32,000 and 400,000 g/mol (Lee and Mooney, 2012). It has
white to pale yellow colored appearance. Alginate is non-toxic and water soluble.
The solubility strongly depends on the molecular weight and pH. Increase in the
molecular weight also increases the viscosity of the solution. Similarly to pectin
alginate also forms gels in the presence of divalent or trivalent cations such as Ca*".
The structure of the alginate structure and the egg-box model gelation are
represented in Figure 2.11. Cations are trapping between the chains during gel

formation.
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Figure 2.11 : a)The chemical structure of alglnate G: Gluronic acid units, M:
Mannuronic acid units, b) egg-box model, ¢) Ca“" crosslinking (Hurtado et al, 2022).

Alginates are safe and approved for the use in food production and also biomedical,
biotechnological and pharmaceutical applications. In food industry, due to their good
gel forming abilities they are using in ice cream production as well as beer (Hurtado
et al, 2022). Owing to their abilities, alginates are using for drug delivery, tissue
engineering, production dressings for wound healing, dental molding and also as
supplements (Mandal et al, 2009 ; Kaygusuz et al, 2015 ; Hurtado et al, 2022 ;
Kostenko et al, 2022). Alginates are also using in many other industries such as
textile, paper, construction, cosmetics and art & crafts for production of some

materials such as adhesives, cleaning compounds, insulation materials and toys.

2.3 Bioactive Compounds and Their Plant Sources

2.3.1 Ammi visnaga L. and Ammi majus L.

The species known as Ammi comes from the family of Apiaceae (Umbelliferae)
commonly known as the parsley family (Hashim et al, 2014). The Parsley family
includes carrot, parsnip, celery as vegetables and some herbs such as cumin, anise,
coriander and have about 455 genera and over 3000 species (Hashim et al, 2014).
They are cultivated largely in many different areas in Europe, Asia and Africa and
lately in America. Ammi species are herbal plants and have great value as well as
their natural products. These are rich in bioactive components especially in

coumarins and flavonoids. Ammi visnaga L. (A. visnaga) and Ammi majus L. (A.
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majus) are two highly investigated Ammi species due to their rich chemical
constituents and known for their positive health effects. In Figure 2.12 A. visnaga

and A. majus were shown.

Figure 2.12 : A.visnaga (left) and A. majus (right) plants (Hashim et al, 2014 ;
Hossain and Touby 2020).

A. visnaga is also known by some other names: bisnaga, Toothpick weed, Bishop’s
weed in English and khella in Arabic, disotu, hiltan in Turkish (Giinaydin and
Beyazit, 2004 ; Khalil et al, 2020). A. visnaga is a known medicinal plant that grows
about 1-meter in height (Khalil et al, 2020). It originated in the Mediterranean
region, including the Aegean region, the South and West parts of Anatolia in Tiirkiye
(Gtinaydin and Beyazit, 2004). A. visnaga traditionally were used for the treatment of
several medical conditions. Flowers of the plant was found to be useful for
supporting the treatment of respiratory related conditions asthma and bronchitis
(Gtinaydin and Beyazit, 2004 ; Al-Snafi, 2013 ; Hashim et al, 2014). Also, extraction
of the plant was used to treat skin conditions vitiligo and psoriasis. It was also
employed as diuretic substance and used to treat vertigo, diabetes and kidney stones.
Different parts including seeds were also used for treatment of aches and pains. More
recently, it has been employed due to its antispasmodic effect coming from its fruits
which have vasodilator activity (Giinaydin and Beyazit, 2004). The extract of the
plant had also showed antimicrobial, antioxidant, antidiabetic, and anti-inflammatory
activity (Hashim et al, 2014 ; Ahmed et al, 2021). Furthermore, it was reported that
A. visnaga showed cytotoxic activity towards several cancer lines namely: cervical
and breast cancer (Pakfetrat et al, 2015 ; Khalil et al, 2020). The diverse chemical
constituents are present in different parts of the plant in different amounts were listed
(Khalil et al, 2020 ; Ahmed et al, 2020). The region of the plant harvested, conditions
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while growing has an influence on the amounts of those bioactive compounds
(Sellami et al, 2013). Main groups of those compounds are: y-pyrones, coumarins,
flavonoids and as minor constituents include essential oils (Al-Snafi, 2013). y-
pyrones are furanochromone derivatives and their amounts are about 4% and two
major compounds known as khellin and visnagin (Al-Snafi, 2013). Some other v-
pyrones are khellinol, visammiol, khellol. The second major group called coumarins
and their amount are in reported in between 0.2 to 0.5% (Al-Snafi, 2013). Primarily,
y-pyrone constituents of A. visnaga are responsible for the positive health effects.

Two main components visnagin, and khellin are isolated and studied.

A. majus is from the same family as A. visnaga and is also used as herbal medicine.
A. majus locally known as Khella shaytani, Greater Ammi or Bishop’s weed Al-
Snafi, 2013). Plant was first discovered in Egypt and then distributed all around the
world. It grows about 1 to 2-meter height (Hossain and Touby 2020). From the
ancient times different parts and forms of the plant was used as cure for some
medical conditions. Aerial part was used for skin problems such as vitiligo while
different forms of fruits was used for kidney and gallbladder stones, for curing
infections. Also, fruits used by Egyptians after extraction for treatment of
hypertension, depression and allergic symptoms and rashes also as diuretic and for
leukoderma (Hossain and Touby 2020 ; Otman et al, 2023). A. majus is also known
with beneficial effects on coronary and chronic asthma and also for its antispasmodic
and antiseptic activities. The extract of plant with several solvents also reported to
have some properties such as cytotoxic effects, antihyperlipidemic, antioxidant,
antimicrobial, antidiabetic, anti-inflammatory, analgesic, antipyretic and wound
healing activities (Koriem et al, 2012 ; Hossain and Touby 2020). The chemical
composition of A. majus mainly consists furanocoumarins followed with imperatorin
total amount of 1.9% (Al-Snafi, 2013). Aerials and flowers and fruits were also

investigated in specific regions.
2.3.1.1 Khellin and visnagin

Khellin and visnagin are bioactive chemical compounds in the furanochromone
structure. They are both insoluble in water, and soluble in alcohol, chloroform and
acetone. Khellin and visnagin does not have any color or odor and they are stable in

the solid state. The chemical structures of both compounds are given in Figure 2.13.
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Figure 2.13 : Chemical structures of A) Khellin and B) Visnagin.

The both bioactive constituents are responsible from the reported health benefits of
the Ammi species explained in previous section, since they are the major components
in A. visnaga and A. majus. Specifically, khellin and visnagin reported to have
calcium channel blocking ability, vasolidator activity to use in treatment of heart
related diseases, and antispasmodic activity (Rauwald et al, 1994 ; Hashim et al,
2014 ; Duarte et al, 2000). Visnagin reported to have an effect of reducing vascular
resistance and khellin increases the HDL-cholesterol (Schindler, 1953 ; Harvengt and
Desager, 1983). Also, it was prooved that khellin and visnagin can prevent renal
epithelial cell damage (Vanachayangkul et al, 2010). Cytotoxic activities of the
khellin and visnagin were also showed against various cell lines (Beltagy and
Beltagy, 2015).

2.3.2 Salvia Officinalis L.

Salvia Officinalis L. is a plant commonly known as sage has a great reputation and
importance since early times. Sage is a medicinal and also highly aromatic plant have
been using both for medical and culinary purposes. It belongs to the Lamiaceae
family and originated in Mediterranean parts of the world. Sage has around 1000
different species and distributed to all over the Europe, Southeastern part of Asia and
America (Jakovljevié et al, 2019). Salvia species have wood like stems, green leaves
and purple colored flowers (Miraj and Kiani, 2016). The appearance of plant Salvia

is shown in Figure 2.14.
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Figure 2.14 : The plant of Salvia Officinalis L.

Highly aromatic Salvia species are important in the kitchen; However, over time, its
pharmacological positive effects have become well known. Traditional uses of Salvia
species include treating dizziness, inflammation, seizures, tremors, paralysis, ulcers,
and hyperglycemia. The widespread use of Salvia species as medicine has led to the
investigation of the biological activities of the plant, and it has been reported that the
species has anticancer, anti-inflammatory, antioxidant, antimicrobial, antimutagenic,
antidementia, hypoglycemic and also hypolipidemic effects (Hernandez-Saavedra et
al, 2016 ; Ghorbani and Esmaeilizadeh, 2017).

Active chemical constituents in Salvia species were identified and reported. Salvia
species are rich in phenolic compounds, alkoloids, carbohydrates, steroids, terpenes
and terpene derivatives (Ghorbani and Esmaeilizadeh, 2017). Flavonoid-type
compounds, including rosmarinic acid, uteolin-7-glucoside and some phenolic acids
like caffeic acid, were identified in the alcoholic extracts of the species and two main
bioactice components were identified as rosmarinic acid and ellagic acid as the most
abundant compounds in Salvia species and rutin, chlorogenic acid, and quercetin
were found in high amounts and biological activities of bioactive compounds have

been under investigation.
2.3.2.1 Rosmarinic and carnosic acid

Rosmarinic acid (RA) and some other active ingredients are formerly known as
Labiatengerbstoffe, from family of Lamiaceae. However, RA was purely isolated
from and named after Rosmarinus officinalis (rosemary) by two chemists (Petersen
and Simmonds, 2003 ; Petersen, 2013). It is an ester molecule of caffeic and 3,4-
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dihydroxyphenyllactic acid (Petersen and Simmonds, 2003). Many RA derivatives
and natural compounds were then identified. RA can be found in many plants and
herbs using for their medicinal properties. RA can be found in subfamily of
Lamiaceae called Nepetoideae, including rosemary, spearmint and lemon balm and
also in some other plants from different families especially from Boraginaceae
(Petersen, 2013 ; Amoah et al, 2016). The are several extraction and isolation

methods for RA and they were summarized by Amoah et al. (2016).

RA and derivatives were largely investigated since the plants with RA were showed
great properties. The biological and also pharmacological activities of RA and
similar compounds were proved that RA have antioxidant, anti-inflammatory,
anticancer, anti-allergic, antimutagen, antibacterial, antiviral and antifungal activities
and were summarized in reviews (Petersen and Simmonds, 2003 ; Petersen, 2013 ;
Nadeem et al, 2019). The RA was also showed that it has very low toxicity and the
amount in bloodstream decreases rapidly (Petersen and Simmonds, 2003). In the
light of these studies, RA have been using in cosmetic industry due to its high
antioxidant ability and Rosmarinus officinalis and Sanicula europaea are using as
plant sources (D'Amelio Sr, 1998).

Carnosic acid (CA) is a phenolic compound in diterpene structure. The main natural
sources of CA are known as sage and rosemary. The chemical structures of RA and
CA were both represented in Figure 2.15. CA is a secondary metabolite in plants and
firstly discovered as carnasol as a result of the oxidation of CA, and then as CA from
Rosmarinus officinalis L (Birti¢ et al, 2015 ; Bahri et al, 2016). The compound has a
protective role in plants and can be transform into several derivatives in the case of
excess exposure to solar UV radiation and enormous lack of water. CA works as
protector against free radicals and improves cell integrity. The biologic activities of
CA also under study and so far, antioxidative, antimicrobial and anti-inflammatory
abilities were reported (Birti¢ et al, 2015). Furthermore, CA showed the ability to
reduce the fat gain on mice by inhibition of triglyceride accumulation (Ninomiya et
al, 2004). CA, is also reported to be unstable and transform into carnasol and
rosmanol type compounds however, it was proved that it increases the stability of
food and approved as additives as an antioxidant by European Commission (Birti¢ et
al, 2015). Since both RA and CA has protective abilities, their sources are become

significant products in use for food and cosmetic industry. Thus, there are several
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studies on determination of their amounts in plant species of Salvia and Rosmarinus
officinalis L with chromatographic techniques (Hidalgo et al, 1998 ; Bonoli et al,
2003 ; Baskan et al, 2007 ; Jordan et al, 2012 ; Cao et al, 2014 ; Li et al, 2019).

A
HO
O. CO,H
HO Z .
0 OH
OH
Figure 2.15 : Chemical structures of A) Rosmarinic and B) Carnosic acid.
2.3.3 Vinegar

Vinegar is a well-known fermented food product with a characteristic pungent and
sour taste. The name vinegar is coming from French word ‘vin aigre’, translate as
sour wine (Conner and Allgeier, 1976). Vinegar have been using for centuries and
first records about vinegar was found about 5,000 years ago (Johnston and Gaas,
2006). In culinary, vinegar is mainly using for preservation of foods and for
seasoning purposes. It is widely in use for preparation of various kinds of pickles and
sauces. Following to the realization of its many positive properties today vinegar is

using for cleaning and medicinal approaches.

Any natural raw material including fermentable sugars and starches can be used for
vinegar production such as fruits, fruit juices, molasses, beets and malts. Vinegar
produced by process known as fermentation in two steps including formation of
ethanol by yeasts and then followed by oxidation of ethanol to acetic acid. Oxidation
of ethanol is carried out by 2 main type of bacteria Acetobacter and Gluconobacter
belonging to the Acetobacteraceae family (Budak et al, 2014). Thus, acetic acid is
the most significant compound present in the vinegar. There are 2 main methods
used in production of commercial vinegar varieties namely: surface and submerged
culture fermentation (Budak et al, 2014). In surface culture technique, the oxygen
presents at the surface used for the bacteria to grow, meanwhile submerged culture in
order to shorten fermentation oxygen provides during the fermentation process
(Garcia-Parilla et al, 1997 ; Fan et al, 2021). A study reported that the latter method
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causing loss of many bioactive compounds of source material compared to the
surface culture method (Molelekoa et al, 2018). Furthermore, the fermentation
process during vinegar production can either be slow or rapid (Fan et al, 2021). The
slow process can take even years using for traditional vinegar production whereas the
fast fermentation occurs within hours or days by addition of acetic acid bacteria (Fan
et al, 2021). Following to the fermentation, filtration, clarification and also
distillation and pasteurization steps are necessary to produce bottled vinegar (Fan et
al, 2021). The general reaction mechanisms of the fermentation steps were shown in
Figure 2.16.

CsHi120s (Glucose) _ Yeast +  2C:HsOH (Ethyl Alcohol) + 2CO: + Energy (ATP)

2C:H:QH  fieAddBacei ) oo .CHO (Acetaldehyde) + 2H:
Oxidation

Acetic Acid Bacteria

2CH:CHO + Q: 200N CHsCOOH (Acetic Acid) + 2H:20
Oxidation

Figure 2.16 : The reaction mechanisms of fermentation reactions.

The acetic acid amount in vinegar varieties varies in between 5-7% (Johnston and
Gaas, 2006). After reaching the desired amounts of acetic acid fermentation process
is terminated. Besides acetic acid, there are many different types of organic acids
such as citric, tartaric, formic and lactic present in different amounts due to the acetic
acid bacteria. The table about the organic acid contents in different vinegars was
given in a review (Budak et al, 2014). The ingredients and their amounts in the
vinegar depends on both the choice of raw material and the process of fermentation
and effects the taste (Johnston and Gaas, 2006). The selection of the raw materials is
usually depending on the climate of the region and the economic concerns (Conner
and Allgeier, 1976). There are many different types of vinegars such as; wine, rice,
apple cider, balsamic, potato, tarragon and also vinegars prepared with different
fruits including pomegranate, hawthorn, grape and apple. Thus, vinegars contain
several organic acids, polyphenols, vitamins, and minerals. Local products are in use
for production of specific well-known vinegar types such as balsamic vinegar

producing from sugary grapes originated to Modena, Italy (Hailu et al, 2012).

Over the years, vinegars have been using for medicinal purposes. The first records on
vinegar using as medicine was goes back to ancient times. The antioxidative ability

of vinegars is high due to their high polyphenolic content and also the presence of
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melanoidins (negatively charged macromolecules) by the mechanism of free radical
scavenging, chelating of the metal ions and reducing the oxidants (Chen et al, 2016 ;
Kelebek et al, 2017 ; Ousaaid et al, 2021). Vinegar varieties and especially fruit
vinegars fights with inflammation by decreasing the levels of cytokins (Ousaaid et al,
2021). Vinegar has also some positive effects on cardiovascular diseases. The blood
pressures of the rats with hypertension were reduced with diet including vinegar
regularly (Na et al, 2016). Beside antihypertensive effect, vinegar also have effects
on lowering the cholesterol levels due to their polyphenolic content. (Laranjinha et al
1994 ; Budak et al, 2011). Vinegar has also ability to decrease the blood glucose
levels when digested working as antidiabetic and also has antiobesity effect (Ebihara
and Nakajima 1988 ; Brighenti et al, 1995 ; Budak et al, 2014). It has also been
proven that vinegar has anticancer properties on leukemia cancer cells and that it
inhibits proliferation of cancer cells (Samad et al, 2016). Vinegar has antimicrobial
activity and especially using for protection of food and food products safely (Entani
et al, 1998 ; Rhee et al, 2003). This feature also has been using as natural remedy for

hair lice, nail fungus and some infections (Rutala et al, 2000).

2.3.4 Purple basil (Ocimumbasilicumpurpurascen)

The economical and pharmacologically valuable plant Ocimum basilicum L. known
as basil in English, basilic in French, and reihan in Persian language (Shahrajabian et
al, 2020). Basil plant is a member of the Lamiaceae family. The genus known as
Ocimum includes 30 different species (Shahrajabian et al, 2020). Basil species
differentiates in the color of the flowers, morphologic structures, and chemical
compositions. Purple basil (Ocimumbasilicumpurpurascens) has a very unique

purple colored leaves and also very strong odor.

Figure 2.17 : The leaves of Ocimum basilicum L. species.
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Widespread distribution and highly aromatic nature of the basil plays an important
role in its use for culinary purposes. Thus, basil has a great reputation in culinary use
since historical times and called as “God of spices” (Dhama et al, 2023). Basil is a
herb with high nutritional value, rich in vitamins including C, E, K, A, B-carotene,
thiamine (B,), riboflavin (B,), niacin (Bs), and minerals including Ca, Fe, Mg, and
Zn and also contains great amounts of essential oils, phenolic compounds,
flavanoids, anthocyanins, tannins (Filip, 2017 ; Dhama et al, 2023).

Basil species are traditionally used for treatments of some disorders and after the
further research on their pharmacological properties, it was proved that the species
have anticancer, antifungal, antiviral, antibacterial, and antispasmodic activity
(Shahrajabian et al, 2020 ; Dhama et al, 2023). Moreover, basil extracts were showed
analgesic and anti-inflammatory effect by inhibiting the mediators of inflammation
(Ch et al, 2015 ; Dhama et al, 2023). Alcholic, chloroform and carbon tetrachloride
extracts of basil species are also showed antioxidant activity, while the water extracts
of basil proved to decrease the cholesterol levels in blood and both aqueous and
alcholic extracts showed immunomodulatory and antidiabetic effects (Mousavi et
al, 2018 ; Shahrajabian et al, 2020 ; Dhama et al, 2023).

Basil is a medicinal herb, rich in essential oils, polyphenols, flavonoids, phenolic
acids, and anthocyanins. Purple basil has a unique property due to its high
anthocyanin content, which extracts of the plant undergoes visible color change in
different pH values. Thus, the plant has a great color sensitivity to detect pH cahnge,
working as a natural pH indicator. In the light of the studies revealing the positive
aspects of the basil, it become a great candidate as food additive to increase the
nutritive value and aslo protective properties. Furthermore, a natural polysaccharide
from basil seeds known as basil seed gum (BSG). BSG has many features including
emulsifying, thickening, stabilizing, texurizing effects and a good natural source for
food related application especially enhancing the quality of the frozen food products
(Khazaei et al, 2014 ; Shahrajabian et al, 2020).
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3. MATERIALS AND INSTRUMENTATION

3.1 Chemicals and Reagents

3.1.1 Chemicals used for capillary electrophoretic separations

Sodium tetraborate decahydrate (Na;B40;.10H,0), sodium hydroxide (NaOH),
sodium dodecyl sulfate (SDS) and methanol were obtained from Merck (Darmstadt,
Germany). Rosmarinic and carnosic acid were obtained from Sigma Aldrich (St.
Louis, MO, USA). Khellin and visnagin from A. visnaga was obtained and used as
reference compounds for analysis from Associate Professor Neslihan Beyazit after

isolation. The compounds purity were confirmed with the following information.

Khellin. Crystallized from MeOH-water, m.p. 154-155 °C, UV Anax NM: 275, 322.
1H-NMR (200MHz; CDCls): o, ppm 7.65 (d, J = 2 Hz, H-2) 7.03 (d, J = 2 Hz, H-3)
6.06 (s, H-6) 4.19 (s,0CHj3) 4.06 (s,OCHs) 2.40 (s, CH3).

Visnagin. Crystallized from MeOH-water, m.p. 142143 °C, UV Amax NM: 270, 320.
1H-NMR (200 MHz; CDCI3): 6, ppm 7.59 (d, J = 2 Hz, H-2) 7.03 (d, J = 2 Hz, H-3)
7.20 (s, H-9)6.02 (s, H-6) 4.18 (s, OCH3) 2.32 (s, CH3)

3.1.2 Chemicals used for antioxidant and antimicrobial tests

Folin—Ciocalteu reagent, gallic acid, 2,2 diphenyl-1-picrylhydrazyl (DPPH), 2,4,6-
tripyridyl-s-triazine (TPTZ), and FeCl3;.6H,O were purchased from Sigma Aldrich
(St. Louis, MO, USA). Methanol (CH30H), sodium hydroxide (NaOH), hydrochloric
acid (HCI), acetic acid (CH3COOH) (glacial) 100%, and ferrous sulfate heptahydrate
(FeSO4.7H,0) were obtained from Merck (Darmstadt, Germany).

Lyophilized cultures of Escherichia coli (ATCC 25922) and Staphylococcus aureus
(ATCC 6538), Brain Heart Infusion Broth, Nutrient Agar, and Nutrient Broth were
supplied from Liofilchem (RosetoDegli Abruzzi, Italy) and from Lab M (Burry,

UK). All reagents were analytical grade and were used as received.
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3.1.3 Chemicals used for biopolymeric film preparation

Low molecular weight chitosan (50,000-190,000 Da) with viscosity of 20-300cP,
1wt % in 1% acetic acid, 25 °C and 75-85 % degree of deacetylation, and acetic acid
(CH3COOH) (glacial) 100%, were purchased from Merck (Darmstadt, Germany).
Pectin Citrus (yellow to pale brown powder, galacturonic acid units >74.0% and
methoxy groups >6.7%) was purchased from Alfa-Aesar (Haverhill, Massachusetts,
USA). Alginic acid sodium salt (medium viscosity) was purchased from Sigma
Aldrich (St. Louis, MO, USA). All other reagents were analytical grade and were
used as received. The commercial pomegranate, hawthorn, grape, and apple vinegar
were obtained from local markets. Also, commercial package of dried leaves of

purple basil was purchased from a well-known local herb market known as Arifoglu.

3.2 Plant Materials

3.2.1 Ammi visnaga L. and Ammi majus L.

The plant A. Visnaga L. was obtained from Salam Farm located in Hatay city of
Tiirkiye. A. Majus L. was obtained from Balikesir city of Tiirkiye by collecting from
9 km Northen region of Ayvalik. The both plants were obtained from Professor
Keriman Giinaydin. The botanist Professor Emine Akalin Urusak from, Istanbul
University, Faculty of Pharmacy was authenticated the plants. Both plants have
voucher specimens, Number 83915 for A. majus L. and Number 83916 for A.

visnaga L. kept at Herbarium of Faculty of Pharmacy of Istanbul University.

3.2.2 Salvia Officinalis L. species

Anatolian Salvia species which were collected from 7 different locations were used
in the studies explained in Chapter 5. The 14 samples included three endemic species
which are Salvia potentillifolia, Salvia pisidica, and Salvia euphratica var.
leocalycina. The table 3.1 below indicates the detail about the species such as
collection dates, coordinates, and Taxon numbers. The identification of the species
was performed by Ahmet Kahraman and Tuncay Dirmenci. Their voucher specimens

were kept in the Balikesir and Usak University.
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Table 3.1 : Taxon numbers, collection dates and localities, height, coordinate, and
endemism information of the Salvia species studied.

Salvia Species Taxon Number Collection dates and Height (m) Coordinate
Name localities

S. pisidica AK-2481 June 2016, Antalya : 1285 N36 58 840
Elmali, Cedar Research
Forest

S. euphratica var. TD-4569 June 2016, Sivas:

leocalycina* between Divrigi - Ilig,
47. km

S. palaestina TD-4574 June 2016, Sivas:
between Divrigi -
Kemaliye

S. potentillifolia* AK-2478 June 2016, Antalya : 1200
Elmali, Cedar Research
Forest

S. candidisima TD-4578 June 2016, Kayseri: 1040

subsp. candidissima roadsides

S. chionantha* AK-2505 June 2016, Antalya 1300 N36 85 903
Elmal: to Korkuteli, E30 02 339
roadsides

S. hedgeana TD-4570 June 2016, Sivas: 1428
between Karayol - Divrigi

S. hypargeia TD-4576 June 2016, Kayseri : 1690
between Pinarbasi - Sariz

S. nutans AK-2417 May 2016, istanbul: Agva Sea level N41 15 428
to Sile, Mahmutdere E29 73 032

S. aramiensis AK-2348 April 2016, Hatay: 608 N38 16 341
Arsuz, Haciahmetli- E37 17 460
Karagoz
road, above Karagdz
village

S. caespitosa AK-2155 June 2015, K.Maras, : 1619 N38 16 341
Elbistan, Sar Mountain, E37 17 460
rocky and stony slope

S. cerino-pruinosa  TD-4568 June 2016, Sivas:
between Divrigi - Ilig,
47. km

S. blephorocleana TD-4575 June 2016, Kayseri 1640
between Pinarbagi - Sariz
8. km

S. verbenaca AK-2321 April 2016, Burdur: 397 N37 48 627
Isparta-Antalya road, E30 73 544
Camlik village to
Kremna, roadsides

*: Endemic Salvia species, N: Nort, E: East, AK: Ahmet Kahraman, TD: Tuncay Dirmenci.
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3.3 Instrumentation

3.3.1 CE system

An Agilent 1600 capillary electrophoresis system (Waldbronn, Germany) with a bare
capillary column with a 50 pm inner diameter obtained from Polymicro Technology
(Phoenix, AZ, USA) was used in separation. The CE system was coupled with online
DAD system. The detection window was created at the detection side by removing
the polymer coating of the column. The data analysis was performed by using
Agilent ChemStation software. In the first use, the fused silica capillary column was
conditioned by flushing with 1 mol L™ NaOH for 30 min and then deionized water
for 15 min before use.

3.3.2 Laboratory apparatus

During preparation standard and sample solutions IKA KS 260 (Staufen, Germany)
orbital shaker, and vortex, Bandelin SONOREX (Berlin, Germany) ultrasonic bath,
and IKA (Staufen, Germany) magnetic stirrers were used. pH adjustments were
performed by Thermo Scientific Orion Dual Star pH meter (Beverly, MA, USA).
MColorpHast™ Merck (Darmstadt, Germany) pH indicator strips were used for pH
testing. Electrical balance from Mettler Toledo (tare range: 0-100 g; sensitivity:
0.00001, Ohio, USA) was used. A hand-held Digital Caliper (0-150 mm) was
employed.

The prepared film samples were stored in test cabinet of Niive TK 120, Ankara,
Tiirkiye. Shimadzu UV-1800 model UV-VIS spectrophotometer (Kyoto, Japan) was
used for spectroscopic analysis and transmittance studies. Optical measurements
were performed by using Agilent Cary 630 Fourier transform infrared (FTIR)
Spectrometer (CA, USA), X-ray diffractometer (XRD RIGAKU, SmartLab 9kW,
Tokyo, Japan), Scanning electron microscope (SEM) from METU Central
Laboratory with QUANTA 400F Field Emission and Polaron Sputtering system.
White Lenata cards were used for determination of color properties.

Mechanical properties were determined with Instron 3345 testing machine
(Norwood, MA, USA) attached to a 10 N force transducer. Shimadzu MOC63U
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UniBloc Moisture Analyzer (Kyoto, Japan), an oven (Niive EV 018, Ankara,
Tiirkiye), a Niive ST-402 shaking water bath (Ankara, Tirkiye) were also used

during investigation of physical properties.

All solutions were prepared in pure water obtained by Elga Purelab Option-7-15

model system with 18.2 Q resistivity.

3.4 Statistical Analysis

The mean values of the obtained data from analysis of bioactive components in
different plant samples and data from physical properties of the film samples were
statistically evaluated. One-way ANOVA for multiple comparisons and Tukey’s
post-hoc (p <0.05) test was used to reveal the significant differences between the
groups in pairs. IBM® SPSS® 24 (NY, USA) was used for statistical analyses.

Different letters indicate significant differences among the groups.
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4. DETERMINATION OF KHELLIN AND VISNAGIN AMOUNTS IN FIVE
DIFFERENT PARTS OF AMMI VISNAGA AND AMMI MAJUS AND
THEIR FREE RADICAL SCAVENGING ABILITIES

4.1 Preparation of the Plant Materials and Standard Solutions of Khellin and

Visnagin

4.1.1 Plant materials

The five different parts of both A. Visnaga and A. Majus were finely grained,
homogenized and then 100 mg of each part was weighed. Mehanol was used for the
extraction solvent as methanol was selected as the optimum solvent in a previous
study reported by our group (Giinaydin and Erim, 2002) .10 mL methanol was added
in plant parts and the mixtures was vortexed about 5 min. Afterwards, the mixtures
were ultrasonicated about an hour. The extracts were filtrated through a Whatmann
No:1 filter paper and the volumes were adjusted to 10 mL with methanol. The
filtrates were again filtered from 0.45 um pore sized cellulose acetate microfilters

before introducing into the CE column.

4.1.2 Preparation of khellin and visnagin standard solutions

Bioactive compounds of khellin and visnagin were dissolved in methanol at a
concentration of 800 mg L™ were prepared. The diluted standard solutions from each
stock solution were prepared freshly with methanol as needed. The stock solutions

were kept at 4 °C in a refrigerator.

4.1.3 Operation conditions

Bare fused silica capillary column was used for separations with 50 pm inner
diameter, total length of 65 cm and effective length of 50 cm. The sample was
introduced to the capillary column hydrodynamically at 50 mbar for 6 seconds from
the anodic side. Detection was carried out online with UV detection, which was
performed at 245 nm. Separation voltage was 25 kV and was set constant during
analysis. All analysis and sample injections were carried out at 25 °C.
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The regeneration of the capillary column for daily use was performed. Capillary
column was flushed by 1 M NaOH solution for 15 minutes, water and buffer
solutions for 10 minutes respectively. Between each run during analysis, capillary
was washed with 0.1 M NaOH solution, water, and buffer for 5 minutes each

respectively.

4.1.4 Evaluation of free radical scavenging activity

Free radical scavenging activity of each part of the plant extracts was tested with the
method reported by Blois (1958) with some minor changes. A hundred uL of plant
extracts were mixed with the methanolic solution of 20 mg L™ DPPH volume of
1900 pL. Following to the incubation at dark for 30 minutes, the absorbance of the
solutions was measured at 517 nm against the blank solution of methanol. The results

were calculated as percentage inhibition % according to the equation given below.

A control—A sample

Inhibition% = 4.1)

A control
where A sample is the absorbance of the samples and A control is the absorbance of

the control solution prepared with addition of methanol as sample.

4.2 Results and Discussions

4.2.1 Optimization of the MEKC method

Khellin and visnagin are both nonionic compounds and their structures were given in
Figure 2.13. They both are not soluble in water. The successful capillary
electrophoretic separation of the compounds can be performed by using MEKC
method. The separation principle in this method depending on the polarity
differences between molecules as in chromatographic separations. In order to
perform the separation, a surfactant was used in buffer solution above its critical
micelle concentration (CMC). Surfactants, forms micelle structures within the
columns where the partition of analytes occurs between the micelles and aqueous
phase. Phosphate and borate as BGE solution were studied and borate was provided
stable baseline signal. Borate concentrations between 5 and 30 mM were tested and
the best resolution for the separation in real plant samples were obtained with 20 mM
of borate. SDS was used at a concentration of 20 mM where micelles formed. The

pH was used as it is. Methanol and acetonitrile addition to the buffer solution were
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studied in order to enhance the sensitivity and resolution. The optimum separation
electrolyte composition was selected as 20 mM borate solution and 20 mM SDS at
pH of 9.6 with 5% (v/v) methanol. All analysis was performed under optimized
conditions under constant voltage of 25 kV and the conditions given 4.1.3. The
standard electropherogram of khellin and visnagin obtained under optimized
separation conditions was represented in Figure 4.1.
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Figure 4.1 : Standard electropherogram of 20 mg L™ khellin and visnagin under
optimized separation conditions. 1: Khellin, 2: Visnagin, *: Electroosmotic flow.

4.2.2 Method validation

The linear calibration curves were plotted with using khellin and visnagin standard
solutions concentrations against corrected peak areas (peak area/migration time) in
the concentration levels of 3, 6, 10, 25, 50 and 100 mg L™ and 4, 6, 10, 25, 50 and
100 mg L™ for khellin and visnagin respectively. The regression equations were
given in Table 4.1. The regression coefficients were found to be 0.997 and 0.998
respectively for khellin and visnagin. Limit of detection (LOD) and limit of
quantification (LOQ) values were calculated as three and ten times the average signal
to noise ratio, respectively. The LOD and LOQ values for khellin and visnagin were
given in Table 4.1. The repeatability of the method was tested for migration times
and corrected peak areas for intra-day and inter-day measurements and results were
listed in Table 4.1. The precision results were calculated for seven injections for the
same day and seven injections for three consecutive days. Relative standard

deviations (RSD)% of migration times were < 0.31 for intra-day and < 1.92 for inter-
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day measurements. The precision of the corrected peak areas in terms of RSD% were
<3.12 and < 4.89 for intra-day and inter-day measurements respectively.

Table 4.1 : MEKC method validation parameters.

Method Validation Parameters Khellin Vishagin
Regression Equation y=0.00314x + 0.00126 y=0.00373x + 0.00129
Correlation Coefficient (R?) 0.997 0.998
LOD (mg L) 0.83 0.99
LOQ (mg L™ 2.77 3.30

Intra-day Precision (RSD%)
Migration Time (t)

(n=7) 0.29 0.31
Corrected Peak Area (A/t)
(n=7) 1.91 3.12
Concentration
(n=7) 2.47 2.82
Inter-day Presicion (RSD%)
Migration Time (t)
(n=21) 1.42 1.92
Corrected Peak Area (A/t)
(n=21) 3.83 4.89
Concentration
(n=21) 4.74 5.41

RSD%: Relative Standard Deviation.

Method validation was also performed by applying recovery experiments. Standard
khellin and visnagin solutions were added to A. visnaga and A. majus plant extract
samples at three different concentration levels (50%, 100% and 200% of the amount
determined in sample). The good recovery results were calculated between 89.7 and

100.6% and results are given in Table 4.2.
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Table 4.2 : Recovery results.

Analyte Amount Amount Amount Recovery %
Determined Added Found + SD
Khellin 11.8 317 89.7+£0.7
A.Visnaga 23.5 23.5 42.5 90.3+0.9
46.1 69.5 100.6 £ 0.9
Visnagin 94 26.3 934+03
A.Visnaga 18.8 18.8 35.2 93.7+0.7
37.5 52.1 92.4+£04
Khellin 7.9 22.9 96.8 £ 1.1
A.Majus 15.8 15.8 28.9 91.6 0.7
315 43.0 91.0+0.9

n=2, + SD: Standard Deviations.

4.2.3 Analysis of plant samples

The amounts of bioactive components in plants parts were calculated from the
equations of calibration curves constructed with standard substances. The extracts
were sufficiently diluted with methanol and directly injected to the column after
filtration without any further pretreatment. The analysis for each part of the plants
was duplicated. The electropherogram of a plant extract is shown in Figure 4.2. The
khellin amounts were found in between 6.80 and 22.60 mg g™ dry weight of A.
Visnaga plant parts. Visnagin only found in some parts of A. visnaga in between 5.80
and 18.50 mg g™ dry weight of plant part and did not detected in any parts of A.
majus. The respective khellin and visnagin amounts in different parts of Ammi

species were represented in Table 4.3.
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Table 4.3 : Amounts of khellin and visnagin in different parts of Ammi species.

Plant Sample Khellin Visnagin
(mg g™ dry weight + SD) (mg g™ dry weight + SD)
A. Visnaga Flower 22.60 = 0.06 18.50 £ 0.06
A. Visnaga Leaf 6.80+0.14 13.20 £ 0.27
A. Visnaga Seed 11.00 £0.03 5.80+0.01
A. Visnaga Stem n.d n.d
A. Visnaga Root n.d n.d
A. Majus Flower 2.40+0.01 n.d
A. Majus Leaf n.d n.d
A. Majus Seed 1.60 £ 0.01 n.d
A. Majus Stem n.d n.d
A. Majus Root n.d n.d

n=2, n.d: not detected, =SD: Standard Deviations.
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Figure 4.2 : 10 times diluted A. visnaga flower extract electropherogram under
optimized separation conditions. 1: Khellin, 2: Visnagin, *: Electroosmotic flow.

4.2.4 Free radical scavenging activity of the plant extracts

Free radicals or reactive oxygen species (ROS) are compounds formed as a result of
oxidative stress, causing serious damage to the biological systems including aging,
immune related disorders and even cancer (Baliyan et al, 2022). Antioxidant

compounds are working as inhibtors by reacting with those reactive species and
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eliminate their undsired and harmful chain reactions. Especially, secondary
metabolites in the plants posses antioxidant activity by blocking the activity of ROS.
Thus, the natural sources of antioxidant compounds are getting considerable attention
since those antioxidants are safer alternatives due to their low toxicity. In order to
evaluate the antioxidant power, DPPH method is usually applied. DPPH is a rapid,
simple and easily accessible well-known technique used for determination of the
antioxidantive power of plant extracts. DPPH is a stable radical molecule with
characteristic purple color, in DPPH method the molecule mixed with a solution
containing compound capable of hydrogen transfer, as a result the color changes

from the purple to yellow and absorbance was measured.

The results of the antioxidant power of five different parts of both Ammi species as
DPPH inhibition % are represented in Figure 4.3. The flowers of A. majus and
followed with the flowers of A. visnaga were showed higher DPPH % inhibition
activity 76.68% and 63.21% respectively where stems and roots of both species were
showed lower DPPH % inhibition.
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Figure 4.3 : DPPH inhibition % values of different parts of Ammi species.

4.2.5 Discussions

In this study, khellin and visnagin amounts in five different organs of two plants
were investigated together first time with using a sensitive, simple and rapid MEKC
analysis method with UV detection in about 8.5 minutes. A. visnaga was found to be

a good source of khellin and visnagin and these bioactive components were found in
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flowers, seeds and leaves. Visnagin did not found in any plant part of A. majus,
however khellin were detected in flowers and seeds of A. majus. Moreover, the
antioxidative power of the plant parts were evaluated and the flowers of each species
were found to be good sources of antioxidants. The previous studies were reported
the khellin and visnagin amounts especially in A. visnaga fruits. Giinaydin and Erim
(2002) reported khellin amounts as 5.8 mg g™ dry weight and visnagin amounts as
1.6 mg g* only in fruits. The developed method offers simple, sensitive and
especially rapid analysis compared to the previous reports including spectroscopic
and chromatographic techniques such as HPLC and GC technique (Martelli et al,
1984 ; ElI-Domiaty, 1992 ; Zgorka et al, 1998 ; Kursinszki et al, 2000 ; Glinaydin and
Beyazit, 2004 ; Badr et al, 2014 ; Algasoumi et al, 2014).
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5. DETERMINATION OF ROSMARINIC AND CARNOSIC ACID
AMOUNTS IN ANATOLIAN SALVIA SPECIES AND INVESTIGATION OF
THEIR TOTAL PHENOLIC CONTENTS AND ANTIOXIDANT
ACTIVITIES

5.1 Preparation of the Salvia Extracts and Standard Solutions
5.1.1 Salvia plants

Leaves of 14 Salvia species collected from different regions of Anatolia were dried
and homogeneously grounded before weighing. 0.1 g of leaves were extracted with
10 mL methanol. The mixtures were vortexed for a minute and then ultrasonicated
for 30 minutes. Before the analysis, the extracts were filtered from a Whatmann No:1
filter paper and completed to a final volume of 10 mL. The second filtration was
performed through cellulose acetate microfilters with a pore size of 0.22 um before
injection to the CE system. After the necessary dilutions with methanol, the solutions
were also used for antioxidant activity tests.

5.1.2 Preparation of rosmarinic and carnosic acid standard solutions

Standard solutions of rosmarinic and carnosic acids at a concentration of 1000 mg L™
were prepared by dissolving the necessary amount of the standard substance in
methanol. The stock solutions were kept in a refrigerator set at —20 °C. Each day of
the study, the working standard solutions were freshly prepared by dilution with

methanol.

5.1.3 Operation conditions

Uncoated silica capillary with a total length of 67 cm and effective length of 57 cm
with an inner diameter of 50 um was used for separations. Prior to its first use
capillary was conditioned by washing with 1 M of NaOH solution for 30 minutes
then 10 minutes with water. Each working day the regeneration was also performed
by flushing the capillary with 1 M NaOH for 15 minutes and 10 minutes with water
and the separation electrolyte consecutively. The capillary column was washed with
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0.1 M NaOH solution for 2 minutes, water for 2 minutes, and buffer for 5 minutes
after each injection. All the analysis procedures were performed at 25 °C. CE
analysis was performed at constant voltage set at 28 kV and the sample injections
were performed hydrodynamically 50 mbar for 6 seconds from anodic side and

detection was carried out with UV detection performed at 210 nm.
5.1.4 Evaluation of free radical scavenging activity

Antioxidative power of the Salvia extracts was evaluated with using a common
radical scavenging method. The molecules present in the extract with antioxidant
power reacts with DPPH radical. The method was performed with slight
modifications as explained in Section 4.1.4. The 1980 pL methanolic 20 mg L™
solution of DPPH was mixed with twenty pLof extract. The mixtures were vortexed
and than incubated for 30 minutes at dark and absorbances were measured at 517 nm.
The resulting DPPH inhibiton % of the each Salvia extract was determined by using
the equation 4.1.

5.1.5 Determination of total phenolic contents (TPC)

Total phenolic contents of the Salvia species were evaluated with the method known
as Folin-Ciocalteu proposed by Singleton and Rossi (1965) with some slight
modifications. The prepared extracts (0.3 mL) were mixed with 1:10 diluted aqueous
Folin-Ciocalteu reagent (1.5 mL) and aqueous sodium carbonate solution (1.2 mL) at
a concentration 7.5% (w/v) in a small glass vial. The mixture incubated at room
temperature for 15 minutes and absorbance was measured at 760 nm against water as
blank. A calibration curve was constructed with the same method by using gallic acid
(GA) as standard substance. The results were calculated as gallic acid equivalents

(GAE) and expressed as mg GAE /g dry weight.

5.1.6 Evaluation of ferric reducing antioxidant power (FRAP)

The FRAP evaluation of 14 Salvia species extracts were performed accordingly a
proposed method by Benzie and Strain (1996). The FRAP reagent was prepared by
mixing 10 mM 2,4,6-tripyridyl-s-triazine (TPTZ) solution dissolved in 40 mM
aqueous HCI, 20 mM FeCls, and 0.3 mM acetate buffer at pH 3.6 in 1:1:10 ratio. The
reagent was incubated for 10 minutes at 37 °C. Salvia extract (0.1 mL), FRAP
reagent (1.8 mL) and deionized water (0.1 mL) was mixed and again incubated for
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10 minutes at 37 °C. Following to the cooling down to room temperature the
absorbance was measured at 593 nm against deionized water as blank. The FRAP

results calculated as mg Fe(ll) in g dry weight of Salvia species.

5.2 Results and Discussions

5.2.1 Optimization of the CZE method

The separation of two components in acidic structures where given in Figure 2.15,
can be achieved by CZE method with using buffer solutions with increased pH
values. According to the findings of a previous study conducted in our laboratory,
borate buffer was selected as the separation electrolyte (Baskan et al, 2007).
Concentrations in the range 10-40 mM were examined and the best resolution with
the lowest noise was obtained at a borate concentration of 20 mM. The pH was set at
9.6. All analysis was performed under optimized conditions explained in 5.1.3 under
constant voltage of 28 kV at 25 °C. Under the optimized conditions migration times
of carnosic acid and rosmarinic acid were 4.1 and 5.8 minutes respectively. The
standard electropherogram of carnosic and rosmarinic was given in Figure 5.1. The
whole analysis procedure was completed in a total of one hour in order to prevent the
decomposition of carnosic acid into carnosol under the influence of heat and light.
The standard solutions were prepared daily.
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Figure 5.1 : Standard electropherogram of 20 mg L™ CA and RA under optimized
separation conditions. 1: CA, 2: RA, *: Electroosmotic flow.
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5.2.2 Method validation

Method linearity was shown by the construction of six-point linear calibration curves
for carnosic and rosmarinic acid from the standard solution concentration levels of 6,
10, 20, 50, 100, 200 mg L™ and 7, 10, 20, 50, 100 and 200 mg L™ respectively
against corrected peak areas (peak area/migration time). The regression equations
and correlation coefficients of both rosmarinic and carnosic acid and other method
validation parameters were given Table 5.1. The calibration equations for carnosic
and rosmarinic acid were y=0.2371x-0.3335 and y=0.1053x-0.1754 respectively.
LOD values (S/N=3) were calculated 1.72 g mL™ and 1.86 g mL™ for carnosic and
rosmarinic acid respectively where LOQ values (S/N=10) were 5.72 g mL™ for
carnosic acid and 6.20 g mL™ for rosmarinic acid. The reproducibility of the method
was tested in terms of intra and inter-day precisions of carnosic and rosmarinic acid.
The precision results were represented as RSD% values listed in Table 5.1 for
migration times and corrected peak areas. Seven injections were made on the same

day, and seven injections were performed on each three consecutive days.

Table 5.1 : CZE method validation parameters.

Method Validation Parameters Rosmarinic Acid Carnosic Acid
Correlation Coefficient (R?) 0.998 0.998
LOD (mg L™ 1.86 1.72
LOQ (mg L™ 6.20 5.72
Intra-day Precision (RSD%)
Migration Time (t) 1.16 1.39
(n=7)
Corrected Peak Area (A/t) 1.77 1.90
(n=7)
Concentration 212 2.34
(n=7)
Inter-day Precision (RSD%)
Migration Time (t) 1.98 1.64
(n=21)
Corrected Peak Area (A/t) 5.15 4.85
(n=21)
Concentration 5.31 5.10
(n=21)

RSD%: Relative Standard Deviation.

The recovery studies were applied to Salvia species extract by addition of standard

carnosic and rosmarinic acid in 50%, 100% and 200% levels of the amount found for
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each acid in extract. Satisfactory recovery values were obtained in between 94.8 +
2.8 and 101.0 + 5.0 for rosmarinic acid and 90.2 + 2.9 and 96.7 + 1.4 for carnosic

acid.

5.2.3 Method application to Salvia samples

According to the results of the CE analysis, rosmarinic acid was found in all 14
Salvia species in a range of 1.08 and 18.70 mg g™ dry weight. The highest amount of
rosmarinic acid was found in S. caespitosa, followed by S. hypargeia at 14.40, S.
nutans at 13.60 and S. aramiensis at 10.10 mg g™ dry weight. Among the endemic
species, S. chionantha contains the lowest amount of rosmarinic acid. Furthermore,
S. caespitosa is the only Salvia species that contains carnosic acid. The amounts of
rosmarinic and carnosic acids with standard deviations and as average values were
summarized in Table 5.2 with indicating the significant difference within the groups
by different letters according to the test of Tukey’s post hoc comparisons (p < 0.05).
The electropherogram of Salvia extracts under optimized conditions, S. potentillifolia

(@) and S. caespitosa (b) are represented in Figure 5.2.

Table 5.2 : Rosmarinic and carnosic acid amounts in Salvia species.

Rosmarinic Acid Carnosic Acid
Salvia Species Name (mg g™ dry weight (mg g™ dry weight
+ SD) + SD)

S. pisidica 8.64 +0.13°* n.d

S. euphratica var. 9.81 +0.23™ n.d
leocalycina

S. palaestina 2.65 +0.01%" n.d

S. potentillifolia 7.96 + 0.89% n.d

S. candidisima subsp. 2.96 +0.10% n.d
candidissima

S. chionantha 1.08 +£0.01" n.d

S. hedgeana 3.88 +0.13% n.d

S. hypargeia 14.40 + 1.20% n.d

S. nutans 13.60 + 2.40™° n.d

S. aramiensis 10.10 + 0.82°“ n.d

S. caespitosa 18.70 + 1.97° 11.00 +0.20

S. cerino-pruinosa 6.35 + 0.15%" n.d

S. blephorocleana 1.76 £ 0.07" n.d

S. verbenaca 3.35 + 0.45 n.d

n=2, n.d: not detected, + SD: Standard Deviations. Mean values with the different letter are
significantly different from each other according to Tukey’s test (p < 0.05).
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Figure 5.2 : Electropherograms of A) Salvia potentillifolia B) Salvia caespitosa
extract under optimized separation conditions. CA: Carnosic acid, RA: Rosmarinic
acid.

5.2.4 TPC, DPPH activity and FRAP results of Salvia samples

The DPPH method was used for the radical scavenging activity evaluation of the
species. The results are listed in Table 5.3. Among the Salvia species, the higher
DPPH inhibition percentages were calculated for S. aramiensis and S. caespitosa at
93.2% and 92.3%, respectively. The values for DPPH inhibition activities varied
between 3.76% and 93.2%.

The total phenolics of the Salvia species were determined to be between 6.5 and
260.0 mg GAE g™ dry weight of the plants. S. aramiensis showed the highest TPC,
followed by S. caespitosa where both species showed a higher DPPH% as well. The

results are summarized in Table 5.3.
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The FRAP test depends on the measurement of a biological system or an extract's
defense ability to resist oxidative damage (Benzie and Strain, 1996). In the method,
the formed Fe(111)-TPTZ complex reduces Fe(ll) form as a result of the ability of the
sample, and the results were expressed as mg Fe(11) g™ dry weight of the plant. The
FRAP results were calculated between 10.9 and 138.0 mg Fe(ll) g dry weight. S.
caespitosa showed the highest antioxidant power, while S. palaestina showed the

lowest antioxidant power. The results are presented in Table 5.3.

Table 5.3 : TPC, DPPH and FRAP assay results of Salvia species.

Salvia Species (mg-;PACE o dry DPPH Activity FRAP
Name weight - SD) (% inhibition £ SD) (mg Fe(Il) g* £SD)

S. pisidica 27.0+1.5" 42.7+0.1° 115.0 + 7.1%¢

S. euphratica var. 97.3 +0.2° 36.7 + 1.5 85.8 + 8.4
leocalycina

S. palaestina 51.4+0.1° 12.4 +0.9" 10.9 +0.1°

S. potentillifolia 86.1 +0.5° 66.2 + 2.8° 132.0 + 5.6%

S. candidisima 94.5+0.1° 222+ 0.6% 44.1 + 4.2
subsp. candidissima

S. chionantha 6.5+ 0.1 3.76 £ 0.1' 15.6 +0.1%

S. hedgeana 12.1+0.9% 30.3 +0.3% 66.4 +5.5%

S. hypargeia 413 +0.1° 46.1 + 1.4° 114.0 + 8.5

S. nutans 105.0 £ 0.1° 82.1 +3.5" 146.0 + 0.1°

S. aramiensis 260.0 + 1.0° 932 +4.5° 133.0+ 10.0®

S. caespitosa 221.0+0.2° 92.3+1.9® 138.0 + 6.0%

S. cerino-pruinosa 85.4+0.1° 733+ 1.0 122.0+1.1%

S. blephorocleana 153 +0.1" 423+0.9° 77.2 +5.0°

S. verbenaca 12.5 + 1.4% 36.5 + 0.3 64.9 £ 5.6%

n=2, £SD: Standard Deviations. Mean values with the different letter are significantly different from
each other according to Tukey’s test (p < 0.05).

5.2.5 Discussions

The RA amounts of various Salvia species have been reported so far. The amounts
were differentiated between the species. A study reported the RA amounts of 3
Chinese Salvia species by Cao and colleagues (2014), in the range of 1.30 and 21.4
mg g™ where no CA were reported. The RA amounts were reported in the range of
13.7 to 18.4 mg g™ for Salvia samples from Tunusia (Ben Farhat et al, 2013). The
RA amounts in samples of Salvia halophila from Tiirkiye were reported in the range
of 5.98 - 48.90 mg g™* (Kosar et al, 2011). Another study was reported the RA levels
in eight different Salvia samples from Tirkiye in the range of 2.3 - 114 mg g™
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(Tosun et al, 2011). Another study was conducted by Tepe and coworkers (2007),
and the RA levels reported 28.7 and 24.1 mg g™* for two Salvia species S. verticillata
subsp. verticillata and S. verticillata subsp. amasiaca respectively and it was stated
that there is a strong correlation between the antioxidant activity and RA amounts.
Tepe (2008) reported similar values for RA amounts found in this study as well as
Zengin and coworkers (2018) reported for different Salvia species. The commercial
sage tea samples were reported and RA amounts were between 2.50 - 4.01 mg g™
(Baskan et al, 2007).

The antioxidant abilities of the Salvia samples were compared with the previous
reports. FRAP results of another group of Salvia species from Anatolia were reported
between 5.8 - 93.7 mg Fe**g” dry weight (Gezek et al, 2019). DPPH inhibition %
values were also reported between 1.90% and 24.5% (Gezek et al, 2019). The
antioxidant abilities of the species in this study found to be higher. A study was
reported DPPH scavenging values for Anatolian Salvia samples between 0.74 - 89.23
ng mL™ (Senol et al, 2010). DPPH scavenging values for another group of samples
were reported between 18.3 - 88.2% (Tosun et al, 2009).

TPC contents of the Salvia species in this study was found to be higher as in
antioxidant abilities. Tosun et al. (2010), reported TPC values of Salvia species
between 50.3-167.1 mg g™ dry weight, while another study was reported TPC values
of 4 Salvia species in the range of 67.67 and 161.37 mg g™ dry weight (Ben Farhat et
al, 2013).

The correlations between the DPPH inhibition % and the significant bioactive
component RA, and FRAP and RA were investigated and found to be 0.77 and 0.82
respectively. In this work, large number of Salvia species were evaluated and

information about their bioctive components and bioactivities were revealed.
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6. PREPARATION AND INVESTIGATION OF THE PROPERTIES OF THE
CHITOSAN BASED BIOPOLYMERIC FILMS PREPARED IN BIOACTIVE
FRUIT VINEGARS

6.1 Preparation of the Chitosan Films in Vinegar Varieties

Chitosan films at a final chitosan concentration of 1% (w/v) were prepared by
dissolving in a mixture of 50% (v/v) vinegar: water. Four different fruit vinegars
were used as bioactive and safer solvent namely: pomegranate, grape, apple and
hawthorn. Each film solution at a total volume of 30 mL were allowed to stir on a
magnetic stirrer at a rate of 200 rpm for 24 hours at room temperature. Below 30 mL
the films were not easily processed. The beakers were sealed during stirring with
parafilm. A control film without containing vinegar varieties was prepared by
dissolving the same amount of chitosan in 1% (v/v) aqueous acetic acid solution at
the same conditions. Only apple vinegar containing film was not obtained smooth
enough and was fragile as a proposed food packaging material a small amount of

glycerol (0.2% (v/v)) was added to the film formulation.

Following to the 24 hours of stirring the all film solutions were poured into 9 cm
plastic petri dishes after quick filtration through the Whatman No:1 filter paper. The
films were dried for 48 h at 25 °C at dark in controlled environment without
increasing temperature. All the film samples were stored in a preconditioned test
cabinet until further studies (Niive TK 120) at 25 °C £+ 0.1 and 50 = 5% relative
humidity (RH). The physical appearances of the films are represented in Figure 6.1

61



— @
B\ N5/ . -
ITj iTi
AcOH/Chit PV/Chit GV/Chit
P N \\
ITU @
HV/Chit AV/Chit

Figure 6.1 : Vinegar/Chitosan film samples. AcOH: Acetic acid, Chit: Chitosan,
GV: Grape vinegar, AV: Apple vinegar, HV: Hawthorn vinegar, PV: Pomegranate
vinegar.

6.2 Investigation of Optical, Spectroscopic and Morphological Properties of the

Prepared Films

The film thickness of each film was measured with using a hand-held digital caliper
from five different random positions of the films. The average values were used in

further calculations comparatively.

The morphological structures of the films were investigated comparatively for both
the film surfaces and the cross-sections by using scanning electron microscope (SEM
-QUANTA 400F Field Emission) analysis conducted at 20 kV. All the films were
coated 3 mm in thickness with Au-Pd particles in order to provide electrical
conductivity. The morphological data were obtained in different and suitable

magnifications.

The films are transparent enough to provide visual examination of the food as a
potent food packaging, also their transmittance spectra were recorded by using a
Shimadzu UV-1800 UV-Vis spectrophotometer and their UV-light blocking abilities
were also investigated and compared with sole chitosan film. The opacity values
(mm™) were calculated at 600 nm according to the following formula 6.1 as used in
the literature to ease the comparison of the results. The opacity reveals the ligth
scattering ability of the material, as used in turbidity determination in microbiologic

studies for detection of cell concentration (Myers et al, 2013).
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Opacityeoo = % (6.1)
d is the average thickness value of the films in mm.

Each vinegar variety has different and unique color depending on their source raw
material thus, the films prepared by dissolving in vinegars are also different in their
colors. The color properties of the films, according to the CIE-L*a*b* system
introduced by International Optical Committee as color space coordinates were
determined by using white Leneta card and measurements were performed in two
different positions. Color of the films represents with several indices. According to
the system, L* stands for lightness ranging from 0 (complete darkness) to 100, a*
stands for greenness to redness in the range of -128 to +127, b* represents the color
blueness to yellowness again ranging from -128 to +127, and AE reveals the color
difference between different color points in the coordinate system (Martin, 2015).
Also, WI represents the whiteness index, C is the chroma, which is the saturation of

the color, and h is the hue, which means the distinct value for each color.

The FTIR analysis was performed in order to investigate the interactions between the
compounds in the vinegar varieties and chitosan. The transmittance spectra of the 5
films were obtained in the range of 400-4000 cm™ with a resolution of 4 cm™ and 64

scans for both background (air) and samples.

The X-ray diffraction patterns of the film samples were also investigated with an X-
ray diffractometer. Direction angles were scanned (260) from 5° to 40° with an

increment of 0.01° per second.

6.3 Determination Physical and Mechanical Properties of the Prepared Films

The physical properties of the films were also investigated. The surface pH values of
the films were tested in order to evaluate the acidity level of the films. The pH test
strips were used for this evaluation. The film surfaces were wetted with a little
amount of water, and then the test was performed with strips, and the corresponding

color changes were noted.

The moisture content of the films during storage was comparatively evaluated by
using a Shimadzu MOC63U UniBloc Moisture Analyzer gravimetrically. The

moisture content of each sample was measured twice, and average values were
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calculated. The small pieces of the films in 2 x 2 cm? dimensions were taken and
then placed on the balance. The pieces were subjected to heating up to 105 °C, which
was the maximum suitable heat for food and food-related materials, with a constant
rate of 1 °C increments every 30 seconds. Moisture contents were recorded

gravimetrically when the change in moisture content in the sample reached 0.03%.

The properties related to the water uptake such as swelling was also investigated.
The swelling properties of the stored films were measured in distilled water at room
temperature. The films were cut into 2 X 2 cm? pieces and then placed into Niive EV
018 oven for completely drying at 40 °C for 24 h as reaches the constant weight. The
completely dried film pieces were weighed immediately after cooling down and
immersed in a 50 mL distilled water containing beakers. The beakers were placed in
a Niive ST-402 shaking water bath and they were shaken at 50 rpm constant rate. All
film pieces were taken out and wiped gently with a filter paper for removing of the
excess water and then weighed at 1, 5, 15, 30, 45, and 60 minutes. The results were
expressed as average values for each films piece and the swelling percentages
(Swelling %) were calculated. The following equation was used calculations.

Swelling % = (anﬁ—%ﬂ x 100 (6.2)
where Minitial and Mfinal are masses of films before and after swelling.

ASTM E96-95M (1994) “Water Method” is a common method for gravimetric
determination of the barrier properties of the materials proposed for use in especially
food related applications since it is affecting the both quality and the shelf-life of the
product. In this part of the study, two samples for each type of film were mounted on
the glass vials. The vials filled with distilled water below 2 cm from the top and then
tightly covered with the films. The initial weighing of the vials was taken with a
Mettler Toledo electrical balance and then the vials were placed in a test cabinet
conditioned at 37 °C £0.1 and 20% +5 room humidity. The changes in their weights
were recorded for several time at predetermined time intervals. The curve was
constructed according to the weight loss over time and linear regression was used for
the calculation of the slope. The water vapor transmission rate (WVTR) for each film
was calculated with the following equation 6.3 as given below.

WVTR = = (6.3)

A
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Where m, represents slope and A represents the area of the films subjected to the

water vapor transmission.

Permeance = WXPT R (6.4)

Permeance can be derived from the equation 6.4 above by using the pressure
difference between the sides of the film and then the water vapor permeance (WVP)
can be calculated by taken consideration of the film thickness as expressed in

equation 6.5.
WVP = Permeance X Thickness (mm) (6.5)

The mechanical endurance of the packaging materials designed for the protection of
food has to be evaluated in order to evaluate their potential and processability. The
mechanical properties of the films were determined comparatively by employing
Instron 3345 testing machine (USA) attached to a 10 N force transducer. For the
analysis, the films were cut into pieces of 5 x 40 mm?and placed between the 15 mm
distanced jaws and the measurements were performed at a speed of 0.05 mm/s at
room temperature. Stress-strain curves were constructed and from the curves
Young’s modulus (E), Elongation at break percentage % (EB %), and Ultimate
strengths were calculated.

6.4 Investigation of the Antioxidant and Antimicrobial Properties of the

Prepared Films

Antioxidant properties of the films were determined and also the antioxidant power
of each vinegar type was evaluated. In order to enhance the protection ability of a
food packaging material usually an antioxidant compound is used in formulation.
The common method known as DPPH as explained in previous sections was
employed for this evaluation. The measurement of radical scavenging activity was
performed with using 0.05 mM DPPH solution which was prepared in methanol.
Vinegar samples were firstly filtered from 0.45 pm pore-sized microfilters, and then
40 pL of each vinegar solution was mixed with 1960 pL. DPPH solution. The
mixtures were vortexed for 30 seconds at 1000 rpm and they were incubated at dark
and room temperature for 30 minutes. The absorbance measurements were
performed at 517 nm against blank solution of methanol. In order to measure the
antioxidant abilities of the films, the conditions were optimized and according to the
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conditions, 50 mg of each dried film sample was mixed with 4 mL of distilled water
and vortexed for a minute at 1000 rpm and ultrasonicated for 30 minutes. The 250
uL portion of film solutions were mixed with 1750 uL of the DPPH solution and
followed the same procedure as vinegar samples. After 30 minutes, the absorbance
values were measured at 517 nm against blank and the inhibition % were calculated
according to the equation 4.1. All the measurements were duplicated.

The antimicrobial activities of the five different film were also measured and
compared according to the ISO 22196 standard (2007). Two different bacteria
Escherichia coli (ATCC 25922) as Gram-negative and Staphylococcus aureus
(ATCC 6538) as Gram-positive were used. Film samples (50 mm x 50 mm) were UV
sterilized and placed on glass plates and plates were placed into Petri dishes. A 200
uL of test inoculums which were prepared in 1/500 nutrient broth (Lab M, Burry,
UK) at a density of approximately 6 log colony-forming unit (CFU)/mL were placed
onto the film samples. The film samples were covered with plain sterile
polypropylene (PP) film (40 mm x 40 mm) and incubated for about 4 h at 35 °C
under relative humidity above 90%. Antimicrobial activity was determined after
incubation by the number of viable microorganisms on the film samples was
determined and the results were expressed as a logarithmic reduction in the number

of viable microorganisms.

6.5 Results and Discussions

6.5.1 Optical, spectroscopic and morphological properties of the prepared films

The slight increase in the film thickness were observed in all films prepared by
dissolving chitosan in bioactive vinegar species, compared to the film prepared
dissolving chitosan in 1% acetic acid solution however, higher increase in the film
thickness was observed for the film prepared with the pomegranate vinegar. The
average film thickness for each film are listed in Table 6.1. The differences between
the thickness values were depend on the type of vinegar used. The vinegars produced
from different natural fruits also differ in color, pH, and taste. The thickness of the
material increases with the higher amount of solid incorporated to the structure with
natural extracts also making compact structure (Rambabu et al, 2019 ; Wu et al,
2022). Moreover, the film prepared with the pomegranate vinegar showed the higher

increase in thickness may due interaction of chitosan with the large phenolic

66



compound called punicalagin which is also responsible for the high antioxidant
power of pomegranate juices compared to the other fruit juices (Kalaycioglu and
Erim, 2017).

The differences in the color parameters measured as L*, a*, b*, C and h values were
also compatible with the distinctive and unique colors of the films. The redness (+a*)
values were significantly increase for the films which have more intense in color
such as hawthorn and pomegranate as showed in digital images in Figure 6.1. The

color parameters of the films are listed in Table 6.2.

The transmittance spectra of the films were also measured between 200-800 nm, and
the results proved that the all films prepared with the vinegar varieties have UV-light
blocking ability between 200 nm and 350 nm, which is strongly desirable for the
potential food packaging material, as also reported for the films enriched with
extracts (Kalaycioglu et al, 2017 ; Rambabu et al, 2019 ; Zeng et al, 2021 ; Wu et al,
2022). The transmittance spectra of the films were represented in Figure 6.2
comparatively. The control film prepared in a 1% (v/v) acetic acid solution did not
have any UV-light blocking property. Furthermore, the opacity values were
calculated and are also provided in Table 6.1. The grape and hawthorn vinegar
included films showed increased opacity, and other films have closer opacity values
to the control film. All films are transparent enough to fulfill the consumer’s demand

for examining the food product.

Table 6.1 : Thickness, and opacity values of the vinegar/chitosan film samples.

Film Thickness** (mm) Opacity (mm™)
Sample +SD +SD
AcOH/Chit 0.040 £ 0.005 1.05+0.04
GV/Chit 0.060 = 0.012 1.99+0.13
AV/Chit 0.070 £ 0.017 1.08 £0.01
HV/Chit 0.090 £ 0.009 2.20+0.16
PV/Chit 0.150+0.017 1.01 £0.01

n=2, ** n=5, = SD: Standard Deviations, AcOH: Acetic acid, Chit: Chitosan, GV: Grape vinegar, AV:
Apple vinegar, HV: Hawthorn vinegar, PV: Pomegranate vinegar.
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Table 6.2 : Color properties of the vinegar/chitosan film samples.

Film L* a* b* C h
Sample +SD +SD +SD +SD + SD
AcOH/ 92.15+0.12  -1.73+£0.03  590+0.15 6.14+0.14  106.4+0.2

Chit

GV/ 7449+292  632+327  5854+559 5891+591 83.97+2.60

Chit

AV/ 82.00 + 0.63 1.41+0.79  68.54+1.56 68.55+1.58 88.83+0.64

Chit

HV/ 60.81+5.81  2829+5.58 57.03+£7.29 63.92+4.04 63.39+7.40

Chit

PV/ 5781+4.76  26.16+3.71  53.25+339 5943+1.41 63.79+4.66

Chit

n=2, + SD: Standard Deviations, AcOH: Acetic acid, Chit: Chitosan, GV: Grape vinegar, AV: Apple
vinegar, HV: Hawthorn vinegar, PV: Pomegranate vinegar. L*: Ligthness, a*: Redness, b*:
Yellowness, C: Chroma, h: Hue.

The SEM images of the films were revealed the surface morphologies and cross-
sectional area of the films. The SEM images of the films are given in Figure 6.3. The
images showed that the films have uniform surfaces due to the smooth distribution of

the vinegar species beside the grape vinegar. The SEM image of the film prepared
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with grape vinegar showed a slightly rough structure compared to the other vinegar
films and sole chitosan film. The reports on SEM images were similar for the films

prepared with natural extracts (Rambabu et al, 2019 ; Bras et al, 2020).

Figure 6.3 : SEM images of the surface (left) and cross-section (middle) and higher
magnification of cross-section (right) of each vinegar/chitosan film sample. a)
AcOH/Chitosan film b) Pomegranate V/Chitosan film c) Grape V/Chitosan film d)
Hawthorn V/Chitosan film e) Apple V/Chitosan film.



The FTIR spectra of the films were measured and investigated. The spectra of the
vinegar containing films did not showed distinct differences from the spectrum of the
chitosan film prepared only in acetic acid solution as can be seen in the Figure 6.4.
However, the intensities were increased and slight shifts were observed as expected
(Bras et al, 2020). The slight shifts of the characteristic peaks and changes in the
intensities indicating the absence of the covalent bond formation between the
chitosan and the vinegar (Bras et al, 2020).

N-H stretching vibrations overlapped with the O-H stretchings were observed at
3265 cm™ as characteristic broad peaks, and also the peak at 2916 cm™ corresponded
to the C-H stretching vibrations (Anicuta et al, 2010 ; Kalaycioglu et al, 2017). The
characteristic amide | and amide 11 vibrations were assigned at 1636 cm™ and 1543
cm™ for amide | and amide 11 structures respectively (Bras et al, 2020). At 1013 cm™
C-O stretching vibration peak was observed, and asymmetric C—-O-C and C-N
stretches were observed at 1151 cm™, and also -CH3 symmetrical vibrations at 1377
cm™ and the -CH, bending vibrations at 1403 cm™ were assigned (Anicuta et al,
2010 ; Melro et al, 2020).
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Figure 6.4 : The FTIR spectra of the vinegar/chitosan film samples.

The XRD patterns of the films prepared with vinegars and sole chitosan are
represented in Figure 6.5. As in presented in figure peaks around 26 of 8°, 11°, and
20° were observed for the film prepared with sole chitosan. The peak at 20° (260)
indicating the amorphous structure of the chitosan (Zhang et al, 2020). The peaks
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both observed at 8° and 11° were not shown in the images of apple, hawthorn and
pomegranate films. On the other hand, the film prepared with grape vinegar showed
a weak diffraction peak around 11° might indicating semi-crystallinity. The
intensities of the peak around 20° showed slightly increase in pomegranate vinegar
added film may be attributed to the thickness of the film while the decrease was
observed for grape vinegar added film. The other vinegar added films were not
shown difference in intensities with sole chitosan film. The difference in the SEM
images of the grape vinegar film is compatible with the results in XRD and also

FTIR analysis.

AcOH/Chitosan

Grape V/Chitosan

Apple V/Chitosan
Hawthorn V/Chitosan
Pomegranate V/Chitosan

Intensity

5 10 15 20 25 30 35 40
2 Theta

Figure 6.5 : XRD patterns of the vinegar/chitosan film samples.

6.5.2 Physical and mechanical properties of the prepared films

The surface pH values of the films were determined between 4 and 5, showing
slightly acidic nature, higher than the pH values of the vinegar varieties itself. The
pH values of the studied vinegars were between 2.8 and 3.3. It was reported that,
enhancement of protection ability of chitosan achieved by moderate acidic nature of
the films (Dutta et al, 2009).

The moisture contents of the films are listed in Table 6.2. The slight increase of the
moisture contents of the films prepared with grape and apple vinegars were obtained
compared to the control film prepared with sole chitosan. The decrease in the
moisture contents were observed for the films prepared with pomegranate and

hawthorn vinegar which have higher thickness values. The results may indicate the

71



strong indication of the vinegar components and the functional groups of the chitosan
such as hydroxyl and amino groups and limitation of the hydrogen bond formation
between biopolymer and the water (Wang et al, 2019).

Swelling % of the films were determined and compared to the sole chitosan film and
the results are showed in Table 6.2 and indicating that all films were swelled. The
highest swelling % was observed for the sole chitosan film after an hour and this
might be related with the lack of crosslinking and also due to the hydrophilic units in
chitosan structure (Rohindra et al, 2004 ; Cadogan et al, 2014). Grape vinegar film
was swelled about 200 times greater than its initial weight and the swelling ratios
were differentiated between the vinegar films probably depending on their raw
material and its unique organic acid and phenolic contents. The organic compounds
in vinegar may provide crosslinking like interactions thus decreasing the swelling %
of the films from sole chitosan film. In Figure 6.6, the swelling % trends of the films
are represented.
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Figure 6.6 : The swelling % of the vinegar/chitosan film samples.

During the shelf life of the product the amount of moisture transfer is one of the
crucial parameters for food quality. The moisture exchange should be prevented in
order to maintain the freshness and the quality of the packaged food (Adjouman et al,
2017). As a result of the lack of crosslinking, sole chitosan film was showed the
highest WVTR due to the less porous structure of the film and was found to be closer
in the previous reports (Kalaycioglu et al, 2017). The rest of the films prepared with
vinegar were showed slightly decrease. In the case of WVP, a slight increase was
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observed for the films prepared with vinegar varieties especially hawthorn and
pomegranate vinegar films. The result may indicate the interaction of the
components in vinegar and chitosan limiting the amount of moisture absorbed within
the structure where permeance increased as in accordance with the swelling

properties of the films. The results are presented in Table 6.3.

Table 6.3 : Physical properties of the vinegar/ chitosan film samples.

. Moisture Swelling % WVTR WVP
im Content % (1 h) (g/day.m?)  (g.mm/day.m’mm Hg)
Sample
+SD + SD +SD +SD
AcOH/Chit 20.90 + 3.06° 811.00+ 17.00° 1132+ 18P 0.96 + 0.02°
GVIChit 28.84+2.72" 215.00+25.00° 1011 + 6 1.29+0.01°
AV/Chit 29.43 +1.22° 41.79 £4.11° 1017+ 112 1.52 +0.02°
HV/Chit 7.56 +1.10° 13.56 + 1.64° 1121 +£32° 2.14 £ 0.06°
PV/Chit 11.76 £2.48% 20.32 £ 3.66° 1027 £ 5° 3.28+0.01°

n=2, + SD: Standard Deviations. Different letters within a column indicate significant differences
among film samples (p <0.05). AcOH: Acetic acid, Chit: Chitosan, GV: Grape vinegar, AV: Apple
vinegar, HV: Hawthorn vinegar, PV: Pomegranate vinegar.

The tensile properties of the films were also investigated. The elasticity of a potential
food packaging material is significant due to its processability. Young’s modulus is
a measure of the strength and elasticity of a solid substance. The higher Young’s
modulus indicates lower flexibility. Among the films, the smaller Young’s modulus
was calculated for the film prepared with pomegranate vinegar, which is also the
most flexible film. The rest of the vinegar films also showed a lower Young’s
modulus than the sole chitosan film. The significantly low Young’s modulus of the
film prepared with pomegranate vinegar is quite similar to rubber-like elastomers.
The films prepared with especially pomegranate and hawthorn vinegars are flexible
and highly suitable for the use as potential food packaging. The ultimate strength
values of the films were decreased for the films prepared with vinegars which is in
accordance with the Young’s modulus. Furthermore, elongation at break % values
were increased for the films prepared with vinegar varieties. This increase shows the
materials higher ductility. The vinegar films can easily deform without breaking
compared to the sole chitosan film. Pomegranate vinegar film showed higher

elongation at break % may be related with the interaction of the biopolymer chains
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with the large phenolic compounds as discussed in 6.5.2. The results according to the
tensile test are given in Table 6.4. The addition of glycerol into the apple vinegar
film did not caused a significant flexibility such as pomegranate vinegar film since
the added glycerol amount is limited. The physical properties of the films were
mainly affected by the type of the vinegar. The report on the chitosan films suggested
that the acid type used during film preparation such as acetic, malic, lactic or citric,

changes the physical properties of the obtained material (Park et al, 2002).

Table 6.4 : Mechanical properties of the vinegar/chitosan film samples.

Young’s Modulus Ultimate Elongation at
Film Sample
(MPa) Strength (MPa) Break %
AcOH/Chit 1927 23.10 4.28
GV/Chit 1034 9.927 10.1
AV/Chit 660.4 11.43 9.44
HV/Chit 79.12 4.258 8.31
PV/Chit 0.663 0.151 22.2

AcOH: Acetic acid, Chit: Chitosan, GV: Grape vinegar, AV: Apple vinegar, HV: Hawthorn vinegar,
PV: Pomegranate vinegar.

6.5.3 Antioxidant and antimicrobial properties of the prepared films

Food deterioration due to the reactive free radicals are usually overcome by using
antioxidant substances as additives to the food itself or to the packaging material. As
discussed in Section 2.3.3 vinegars are known for their antioxidant properties. The
films prepared with vinegars were expected to have higher antioxidant power than
the film prepared with dissolving chitosan in acetic acid. Pomegranate is an
antioxidant rich fruit, due to its phenolic content (Bakir et al, 2017 ; Kalaycioglu and
Erim, 2017). Also, the antioxidant power of the adulterated fruit juices of
pomegranate with apple juice was showed significant decrease (Tezcan et al, 2009).
Pomegranate peels were also employed for increasing antioxidant properties of the
films (Zeng et al, 2021). Thus, the first part of the study the vinegar varieties were
tested and as expected pomegranate vinegar showed higher antioxidant activity,
followed by hawthorn, grape, and apple vinegar. The quite similar trend was

observed from the analysis of the film samples and the pomegranate vinegar film was

74



increased the antioxidant property of the sole chitosan film 11 times. Dissolving
chitosan in vinegar varieties has enhanced the protective ability of the materials
prepared for food packaging. The inhibition % results are provided in Figure 6.7

comparatively for film samples and fruit vinegars.
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Figure 6.7 : DPPH inhibition % values of the A) Film samples B) Vinegar varieties.
ACOH: Acetic acid, Chit: Chitosan, GV: Grape vinegar, AV: Apple vinegar, HV:
Hawthorn vinegar, PV: Pomegranate vinegar.
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The antimicrobial activity of a food packaging material is also enhancing the
protection ability of the materials. The antimicrobial activity of chitosan towards
gram-positive and gram-negative bacteria also some yeast and fungi were reported so
far (Li and Zhuang, 2020) and also vinegar varieties known for their antimicrobial
properties as discussed in Section 2.3.3. The antimicrobial activity of the films
prepared in vinegar were tested against Staphylococcus aureus (S. Aureus) and
Escherichia coli (E. coli). The findings proved that the vinegar addition enhanced the
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antimicrobial activity of the sole chitosan film for both bacteria type. The film
prepared with pomegranate vinegar showed the highest protection ability towards S.
aureus, followed by the film prepared with hawthorn vinegar and the results are
shown in Figure 6.8 A. On the other hand, the films prepared with hawthorn vinegar,
followed by pomegranate vinegar showed higher protection for E. coli and also the
results are represented in Figure 6.8 B. The antimicrobial activities of the film
samples in terms of logarithmic reduction of the viable microorganisms. The
different enhancement in antimicrobial activity of the films depend on again the
content of the vinegar varieties since different acids showed different antimicrobial

activity (Cherrington et al, 1991).
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Figure 6.8 : Antimicrobial activities of the vinegar/chitosan film samples against
A) Staphylococcus aureus B) Escherichia coli.
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7. PREPARATION AND INVESTIGATION OF INTELLIGENT
BIOPOLYMERIC FILM WITH pH SENSING ABILITY FOR FOOD
FRESHNESS DETECTION BY USING PURPLE BASIL EXTRACT

7.1 Preparation of the Purple Basil Extract and Biopolymeric Films

Finely grounded and homogenized dried purple basil leaves were used and ten grams
of the leaves were extracted with freshly boiled deionized water. Following to the
incubation for 5 minutes in water bath the filtration was performed from Whatman
No:41 filter paper. Freshly prepared extract was used for film preparations and the
extract was protected from day light and heat and kept in the laboratory refrigerator

wrapped with aluminum foil until use.

Citrus pectin and sodium alginate were both used to produce biopolymer films with
optimized physical properties. For all film-forming solutions citrus pectin 1% (w/v)
was dissolved in 1:1 (v/v) aqueous purple basil and water. Each film solution was
allowed constant stirring at a rate of 300 rpm on a magnetic stirrer for 2 hours at
room temperature. Then, an amount of sodium alginate corresponding to 0.5% (w/v)
was weighed and added to the mixture and allowed to stir for 2 h more. Glycerol was
added to the film-forming solution mixture (350 nL) and allowed to stir for an hour.
During agitation of the film-forming solutions including purple basil extract, beakers

were wrapped with aluminum foil in order to prevent anthocyanins from degradation.

As a control film sample for comparison of the enhancement of the purple basil film,
a film was prepared by dissolving 1% (w/v) citrus pectin and 0.5% (w/v) sodium
alginate in deionized water and after glycerol addition mixture was allowed to stir for
a total of 5 hours at room temperature. All film forming solutions were poured into
plastic 9 cm diameter Petri dishes and left to dry homogeneously in an Niive EV 018
oven (Ankara, Tiirkiye) for 48 h at 40 °C.

The dried films after casting were not physically stable when placed in water. The
films were disintegrating and solubilized, proving that they are not suitable for use in
food-related applications. For this purpose, the films were subjected to crosslinking

to produce films with water resistance. 3% (w/v) CaCl, solution was prepared and
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the dried films were immersed in 30 mL of this solution and left for 15 minutes.
Following to the crosslinking, films were washed with deionized water to remove
excess CaCl, and left to dry in dark and at room temperature for about 12 hours and

then used for further analysis. The prepared films are shown in Figure 7.1.

ITU

Purple Basil Film Control Film

Figure 7.1 : Digital photographs of purple basil and control films.

7.2 Investigation of Optical and Spectroscopic Properties of the Purple Basil

Extract and Films

Color changes with respective pH of the purple basil extract were observed in the pH
range of 2.0 to 12.0. pH levels of the extract adjusted with adding HCI or NaOH
solutions and digital images were recorded. The UV-visible spectra of the extracts
were measured by using a Shimadzu UV-1800 model UV-VIS spectrophotometer in
the range of 400 and 800 nm. Ultra-purified water was the extraction solvent and
thus used as the blank solution.

The film thickness of both films was measured with using a digital, hand-held caliper
from five different random positions of the films. The average values were calculated

used in further calculations.

The light transparency of the films was measured with Shimadzu UV-1800 model
UV-VIS spectrophotometer. An apparatus was used for standard sample cell and the

films were cut into 2 x 2.5 cm? dimensions. The transmittance spectrum of each film
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was obtained at the wavelength range of 200-800 nm against air was used as
reference. The opacity values were calculated at 600 nm with the equation 6.1.

The Fourier transform infrared (FTIR) spectroscopic analysis of both films was
performed by using an Agilent Cary 630 FTIR Spectrometer. The transmittance
spectra of the films were recorded for both air as background and samples in the
wavenumber range of 4000 and 400 cm™ with a resolution of 4 cm™ and 64 scans.

7.3 Determination Physical Properties of the Prepared Films

Surface acidity of the biopolymeric films were assessed by using MColorpHast™
Merck (Darmstadt, Germany) pH indicator strips. The pH strips were placed on the
wetted surfaces of each film until the strip was wet enough and the color change was

evaluated according to the color change.

The amount of water present in the films, moisture contents (MC) were determined
in according to the method explained in Section 6.3. 2 x 2 cm? pieces of each film
was placed on the balance of the moisture analyzer and heated up to 105 °C with a
constant rate of 1°C increment of 30 seconds. When the difference between masses

reached 0.03%, moisture content was recorded. Measurements were triplicated.

The swelling properties of each film were determined according to the method
explained in Chapter 6.3 with few changes. Films were cut into 2 x 2 cm? pieces and
completely dried in an oven (Niive EV 018) at 70 °C for 24 h. Then the initial
weighing of the films was recorded, and films were rapidly immersed in 50 mL
distilled water containing beakers shaken at 50 rpm at 25 °C in Niive ST-402 shaking
water bath (Ankara, Tiirkiye). At predetermined time intervals (1, 5, 15, 30, 45, and
60 mins to 2, 3, 24 hours) films were taken from the water, and excess surface water
on the films was dried gently and carefully weighed. All measurements were
conducted with three samples for each film. The swelling percentages (Swelling %)

were calculated according to equation 6.2.

The water vapor permeabilities (WVP) and the water vapor transmission rate
(WVTR) of the control and the purple basil films were determined gravimetrically as
explained in Chapter 6.3 with minor changes. Both types of films were cut into
circular shapes and then tightly mounted on the glass bottles containing distilled
water 2 cm below the top. Each bottle was delicately weighed before and then placed
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in a desiccator at 25 °C preconditioned to 75% humidity with using saturated NaCl
solution. The bottles were weighed with an electrical balance for definite time
intervals. (Mettler Toledo, tare range: 0-100 g; sensitivity: 0.00001). The WVP and
WVTR values were calculated according to the equations 6.3, 6.4, and 6.5 given at
Chapter 6.3.

Also, physical integrity of the films was assessed as calculating the total water
solubility (TWS) of each film. The prepared films were cut into 2 x 2 cm?
dimensions and completely dried in an oven at 70 °C for 24 hours (Niive EV 018).
Then the initial weighing of the films was recorded, and films were immersed in 50
mL distilled water containing beakers at 25 °C placed in Niive ST-402 shaking water
bath and shaken at a constant rate of 50 rpm for 24 h. Then the pieces were carefully
taken and dried in the oven at 70 °C for another 24 h to allow completely dry. Then
the films were re-weighed. The difference between the masses was calculated as
following equation 7.1 and the total water solubility % values were recorded. The

experiment was triplicated for each film.

M2-M1

where M; and M; are masses of the films, where M; dried film before immersing in

water, M, dried film following the immersing in water.

7.4 Determination Bioactivities of the Purple Basil Extract and the Films

The antioxidative power of the purple basil extract was determined with a well-
known technique based on the measurement of radical scavenging activity by using
DPPH solution. 0.05 M methanolic DPPH solution was prepared. The extract of
dried leaves was diluted with water to five different concentrations and 40 puL of
each solution was mixed with 1960 uL of DPPH solution and vortexed for 30
seconds. Then the solutions were incubated in the dark for 30 minutes at room
temperature. The absorbance values of the solutions were measured at 517 nm using
methanol as a blank solution with a Shimadzu UV-1800 model UV-VIS
spectrophotometer. The antioxidant activity was reported as inhibition % and was
calculated with equation given as 4.1. Then a calibration curve was constructed with
% inhibition against mg/L of extract. Ascorbic acid was used as a standard substance

and the same procedure was applied. The regression equations for basil extract and
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the standard ascorbic acid were found y = 24505x + 11.576, R* = 0.9708 and y =
2.252x + 0.0985, R® = 0.9927, respectively. The concentrations where 50%

inhibition was achieved were reported as 1Csy values.

The radical scavenging activities of the films were also determined by DPPH
method. Between 2 mg to 25 mg film samples were mixed with 5 mL of distilled
water. The mixture was vortexed for a minute and then ultrasonicated for 20 minutes.
50 uL from the solutions were mixed with 1950 uL of the DPPH solution, vortexed,
and kept dark for 30 minutes, and again the absorbance values of the solutions were
measured at 517 nm against methanol. The antioxidant activity reports as I1Cs; values
where 50% inhibition was achieved. The equation of the calibration curve is y =
4.699x + 6.362, R? = 0.9996. All experiments were duplicated.

The total phenolic contents of the film solutions were evaluated based on the Folin-
Ciocalteu method explained in Chapter 5.1.5 with some minor modifications. Three
hundred pL of film extract was mixed with 1:10 diluted Folin-Ciocalteu’s reagent
(1.5 mL) and 7.5% (w/v) aqueous sodium carbonate solution (1.2 mL). The mixture
was allowed to stand for 15 min at room temperature and absorbance was measured
at 760 nm against water as blank. The total phenolic content was calculated from the
calibration curve constructed with standard gallic acid solutions. The 5-point
calibration equation is y = 0.0953x + 0.0014 with a regression coefficient of 0.9995.
The results were expressed as mg gallic acid equivalents (GAE) in the g film sample.
For the extraction of the film sample, 10 mg of film samples were extracted in 5 mL
of deionized water. The mixture was vortexed for a minute and then ultrasonicated

for 20 minutes. All experiments were duplicated.

As one of the major constituents of the basil extracts, the total anthocyanin content
was determined for purple basil extract using the pH differential method.
Anthocyanin pigments change their structures with pH reversibly, thus absorbance
spectrums are also changing. The color differences at pH 1.0 and pH 4.5 were
recorded using UV-Vis spectroscopy. The absorbance spectrums were obtained for
the extract with different dilution ratios, to obtain absorbance values within the range
of 0.4-0.9 at 516 nm. After the appropriate dilution ratio was determined, 10 mL
from the diluted extract was taken and pH values were adjusted to pH 1.0 and 4.5
using 1 M and 0.1 M HCI solutions. Afterward, each solution was diluted to 50 mL

using appropriate buffer solutions, potassium chloride buffer for pH 1.0, and sodium
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acetate buffer for pH 4.5. After incubating the solutions in the dark and in containers
wrapped with aluminum foil in the refrigerator for 2 hours, absorbance (A) values
were measured. The absorbances were measured against a blank cell filled with
distilled water at 516 and 700 nm. To facilitate the comparison of the results with the
literature they were expressed as cyanidin-3-glucoside (Cy-3-glc) equivalents by
using equation 7.3

A = (Asis— Azo0) PH10 — (Asie— Az0) PHas (7.2)

_ AXMW xDF x1000

Total anthocyanin amount (TAA) (mg/L) = i (7.3)

where MW is the molecular weight, DF is the total dilution factor, € is the molar
absorption coefficient, | is the path length. TAA calculated as cyanidin-3-glucoside
as common anthocyanin, MW = 449.2 g/mol and &= 26900 (L/mol.cm)

The released total anthocyanin amount (TAA) with time was calculated. 30 mg film
samples were placed in a 50 mL distilled water-containing beaker wrapped with an
aluminum foil and shaken at a constant rate of 150 rpm with IKA KS 260 (Staufen,
Germany) orbital shaker at room temperature. The calculation of the TAA amount in
the solution was determined by using the pH differential method. The same volume
of 4 mL (2 mL used for each pH) was removed from the release medium and fresh
distilled water was added each time. The released TAA from the purple basil film

was calculated using the following equation. The experiment was duplicated.
TAA Release % = =t X 100 (7.4)
1

where M is the calculated TAA released at predetermined times (5 min, 15 min, 30
min, 1 h, 2 h, 4 h, and 6 h), M; is the TAA amount present in the films after the
crosslinking procedure.

Antibacterial activities of films were determined by quantifying the survival of
bacteria held in intimate contact with film samples according to 1SO 22196 (2007)
standard. Two microorganism species representing Gram negatives and positives
were used in the antibacterial assay of the films. Stock cultures of microorganisms
were stored in Brain Heart Infusion Broth (Liofilchem) supplemented with 20%
glycerol at —18 °C. Working cultures were grown on Nutrient Agar (Liofilchem)
slants. The overnight slant cultures were transferred in 1/500 Nutrient Broth

(Liofilchem) and the cell density of suspensions was adjusted to the 0.5 McFarland
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turbidity standard, which represents approximately 1.5 x 108 colony forming units
(CFU)/mL. These suspensions were diluted in 1/500 Nutrient Broth to obtain a
working concentration of about 1.0 x 106 CFU/mL. Test film samples of 50 x 50
mm square dimensions, sterilized under UV light, were placed in separate sterile
Petri dishes and 200 pL of test inoculum of microorganisms was pipetted onto the
film samples. Then, the inoculated film samples were covered with sterilized plain
polypropylene (PP) film pieces of 40 x 40 mm to spread the inoculum on the test
films. Sterile plain PP film pieces of the same size as the film samples were used as
controls. Petri dishes containing the inoculated test and control films for 6 h at 35 °C

under a relative humidity of above 90%.

The numbers of viable microorganisms on the test and control films were determined
by plate count technique immediately after inoculation and after 6 h of contact time.
The microorganisms on the films were recovered in D/E Neutralizing Broth
(Acumedia, Lansing, USA). Then, D/E Neutralizing Broth and its decimal dilutions
prepared with phosphate-buffered physiological saline were plated on Plate Count
Agar (Liofilchem), and inoculated plates were incubated at 35°C for 48 hours. The
resultant colonies were counted, and the number of viable microorganisms were

calculated as log CFU/sample.

7.5 Application to a Real Food Sample and Determination of Changes in Color

Properties

The developed potential intelligent film was tested for its applicability as an indicator
of food freshness. Firstly, prepared films were placed in several buffer solutions with
different pH values (2.0, 4.0, 6.0, 8.0, 10.0, and 12.0) where distinct and strong color
changes were observed. Then, as a protein-rich food, fresh chicken breast meat was
used for testing purposes. A 4 x 4 cm? square piece of film containing purple basil
extract was placed inside the package, without touching the chicken breast, and the
mouth of the petri dish was closed so as not to come into contact with air. The visual
observations for chicken breast meat and the film sample indicating the freshness of
the product were conducted in two different conditions of 4 °C and 25 °C. After the
change in the color of the film with the deterioration of the food, color properties

were measured by using white Lenata cards from three different positions of each
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film pieces, and average values were calculated and total color change of the films
were also calculated by the equation 7.5.

AE = (L - L" D%+ (@ p—-a 1)?+ (b 2—b 1) (7.5)

Where, L*1, a*1 and b*1 reference color parameters and L*2, a*2 and b*2 for

changed color gives the AE color change.

7.6 Results and Discussions

7.6.1 Optical and spectroscopic properties of the purple basil extract and films

Anthocyanins are plant pigments in color and undergo structural changes with
varying pH and the color change also accompanies the pH change due to the high
color sensitivity (Prinsi et al, 2019). The characteristic purple color of the basil
extract represents the intact color of the anthocyanins. A drastic decrease of pH at
2.0, the strong reddish color observed due to the flavylium cation, while the increase
in the pH, around 4.0 - 5.0, hydration of flavylium decreases the strong red color and
turns colorless to a grey-colored carbinol pseudobase form (Sani et al, 2021). Violet
to bluish color is observed with an elevated pH (6.0 - 8.0) due to the quinonoidal
base formation and further increases in pH to strong alkaline conditions, chalcone
forms, and a yellowish color is seen (Sani et al, 2021 ; Hoffmann et al, 2022). The
changes in the structures of anthocyanins are shown in Figure 7.2.
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Figure 7.2 : The structural changes and respective colors of the anthocyanins at
different pH values.
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The color changes of basil extract regarding the pH changes between 2.0 and 12.0
were recorded, and a digital image of the color changes is represented in Figure 7.3.
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Figure 7.3 : The color changes of the purple basil extract at different pH values
between 2.0 and 12.0.

The UV-Vis spectra of the extract were also recorded and the color changes proved
with the changing maximum wavelengths. At lower pH values the maximum
wavelength was 520 nm whereas with the increase in the pH, the maximum
wavelengths were shifted to higher values around 595 nm and the peak intensities
were decreased. In Figure 7.4 the UV-Visible spectra of the extract at different pH

values are provided.
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Figure 7.4 : UV-Visible spectra between the wavelength range of 400 and 800 nm of
the purple basil extract at different pH values from 2.0 to 12.0.

The film thickness values were determined, and a slight decrease in thickness was
observed for the purple basil film. The results are given in Table 7.1. The average
thickness value of the films was used for the calculation of opacity values at 600 nm.
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The opacity of the films was comparatively calculated. The opacity value of the film
prepared with the extract was increased significantly and can be seen from Table 7.1,
as a result of the natural and strong purple color. The light transmittance of the film
was decreased as a result and contributed to the protection ability of the film. Higher
opacity is desirable for a packaging material especially since the food could easily
spoil by light (Oluwasina et al, 2019 ; Sudheesh et al, 2023). The UV-Vis light
transmittance of the films was recorded and the film with basil was showed better
light-blocking ability in the range of 200 and 400 nm, however still enough
transparent to give a chance to visual examination of the product. The transmittance

spectra of both films in between 200 and 800 nm are represented in Figure 7.5.
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Figure 7.5 : The UV-Vis transmittance spectra of the purple basil and the control
film prepared without extract.

The FTIR spectra of the both films were compared. Characteristic O-H stretching
vibration of the sole pectin-alginate film was obtained at the frequency of 3267 cm™,
asymmetric -COO™ stretching was obtained at 1595 cm™ and symmetric -COO"
stretching was observed at 1418 cm™. Also, the -C=0 vibrations of the -COOCHj
group were observed at 1735 cm™ (Makaremi et al, 2019). The minor shifts and the
absence of a new peak indicates the lack of covalent interactions between the
polymer blend and the extract. The spectra of the film obtained with the purple basil
extract was similar, however the peak intensities were increased and slight shifts
were obtained due to the interactions. O-H stretching and asymmetric -COO"
stretching vibrations were shifted to shorter wavenumbers, 3246 cm™ and 1593 cm™

respectively. The FTIR spectra of the both films are provided in Figure 7.6.
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Figure 7.6 : The FTIR spectra of the purple basil film and the film prepared without
extract.

7.6.2 Physical properties of the prepared films

The surface pH level of the film with the extract was found to be around 3. Purple
basil extract pH was also measured as pH 5. The slightly acidic nature of the extract
was decreased when incorporated in the pectin including structure. It was reported
that acidic character of the films increases the protection ability of the material (Lund
et al, 2020).

The moisture content of the films was evaluated and summarized in Table 7.1. The
amount of water present at the room temperature and storage conditions were
revealed that the film with the purple basil extract has lower moisture content. The
result suggested that the interaction between the moisture and the material is limited
due to the interaction between the plant extract and the polymer backbones of pectin
and alginic acid. It is consistent with the previous study explained in Chapter 6 and
also reported for the materials enriched with natural hibiscus extract (Peralta et al,
2019).

The swelling abilities of the films were investigated. The water uptake of the film
with purple basil extract was found to be 1.5 times higher than the film prepared
without extract. The swelling % of the films after 24 hours are presented in Table
7.1. Purple basil extract as many natural plants extract rich in hydrophilic
constituents like polyphenols and makes water molecules contact easier with the
biopolymeric film. The results are in accordance with the studies using natural

extracts (Sun et al, 2017). The swelling trends of the films are given in Figure 7.7.
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Figure 7.7 : The swelling % of the purple basil film and the film prepared without
extract.

The water solubility % of the both films were assessed and the results are shown in
Table 7.1 and proved that the films did not disintegrates in the water completely the
water solubility amounts were consistent with the similar studies (Prietto et al, 2017 ;
Wang et al, 2019 ; Zhang et al, 2020 ; Hoffmann et al, 2022). The water solubility of
the purple basil included film was slightly increased due to the hydrophilic
constituents which has affinity of water.

Barrier properties as WVP and WVTR of the films were also comparatively
investigated. The WVTR of the film with the extract was slightly increased. The
crosslinking like interactions between purple basil components and biopolymer blend
increased the porous structure and thus WVTR. The WVP of the films were found to
be similar and slightly decreased for the film with the extract, since it is related to the
film thickness. The results are given in Table 7.1.
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Table 7.1 : Physical and optical properties of the prepared biopolymeric film

samples.

Physical Properties Control Film Purple Basil Film
Thickness (mm) * + SD 0.124 +£0.024 0.074 £ 0.011
Opacity (mm™) = SD 0.77 £ 0.01 11.31 +0.04
Moisture Content % + SD 26.96 + 1.46 15.24 +1.93
Total Water Solubility % + SD 21.08 +2.07 32.38 +£0.82
Swelling % + SD 441 £ 26 777 £25
WVTR (g/day.m?) + SD 12.92 + 0.02 20.79 +0.01
WVP (g.mm/day.m’>.mmHg) + SD  0.067 + 0.001 0.065 = 0.001

n=3, *n=5, = SD: Standard Deviations.
7.6.3 Bioactive properties of the purple basil extract and the films

The antioxidant power of the purple basil extract and the film were evaluated by
using the DPPH method and the ICso values calculated. The extract was diluted for
different ratios and then the ICs value was found to be 1.57 + 0.06 mg/mL. The ICsg
value of the ascorbic acid standard substance was also tested and found to be 22.16 +
3.87 mg/mL. The antioxidative power of the purple basil extract was found to be
higher, it is a good natural product to use as an additive for food packaging

applications.

The control film prepared without purple basil extract did not show any antioxidant
activity while the antioxidant ability of the film containing basil extract as ICs, value
was found to be 1.86 + 0.7 mg film /mL. Comparatively high antioxidant activity
increases the protection ability of a material which is strongly desired for the
materials designed for use in food-related fields. Similar results were reported in the
increased antioxidant activities of the films prepared using several extracts such as

green tea, murta leaves, and borage added to chitosan and gelatin (Wang et al, 2012).

The total phenolic content of the purple basil film extract was evaluated. The control
film showed no TPC, however the basil film showed a TPC value of 24.1 + 1.66 mg
GAE g' film sample. The high amounts of phenolic compounds increase the
potential protection ability of the film. Purple basil is well known for its beneficial

properties and the result supported the literature reports (Dhama et al, 2021).

The total anthocyanin amount of the basil extract was determined by the pH

differential method. The method is based on the color change of the anthocyanins
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regarding the changes in their structures. The total monomeric anthocyanin content
of the purple basil extract was found to be 4.87 + 0.49 mg/g as cyanidin-3-glucoside
(Cy-3-glc) equivalents. The results were found to be in the range of the literature

values given for purple basil extracts (Giilhan et al, 2022).

The release of the anthocyanins from the biopolymeric materials enriched with a
natural extract was investigated. Food freshness indicator property and potential food
preservation ability of the prepared material depend on the anthocyanin content in
the film. Thus, the release behavior of these compounds from the film into distilled
water used as a water-containing food simulant was studied. After 2 hours total
release % reached the limit of 27.06%. It was understood that a significant amount of
the anthocyanins was still in the film structure. Therefore, it can be assumed that the
decrease in the contents of anthocyanins did not reduce the indicator properties of the
film. The limited release of these compounds may also prove the interaction between
the purple basil extract and the biopolymers via hydrogen bonding (Wang et al,
2023). Similar release trends were also reported for biopolymeric films prepared with

different natural extracts (Wu et al, 2021 ; Nguyen et al, 2022 ; Wang et al, 2023).

TAA Release %

0 50 100 150 200 250 300 350 400

Time (min)

Figure 7.8 : Total anthocyanin release % of the film prepared with purple basil
extract.

In the light of the previous studies which proved that the purple basil extracts and
their essential oils have a great antimicrobial effect towards various bacteria
(Stanojevic et al, 2017 ; Adigiizel et al, 2005). In our study, the film enriched with
the extract had great antimicrobial effect after 6 h of contact time for both gram-
positive and gram-negative bacteria. The control film prepared without extract had

very limited antimicrobial effect as expected. The improvement of the antimicrobial
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ability of the purple basil film was due to the natural extract addition. The results are
represented comparatively in Figure 7.9.
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Figure 7.9 : Antimicrobial activities of the film prepared with and without purple
basil extract against bacterial species A) Escherichia coli and B) Staphylococcus
aureus. Control Plain: Sterile control polypropylene film and Control: Film prepared
without purple basil extract.

7.6.4 Application to a real food sample and color changes of the films

As mentioned in Section 7.6.1 pH sensitive property of the purple basil extract, was
tested by using several buffer solutions. The films were cut into rectangular-shaped
pieces and were immersed in buffer solutions and the changing colors were recorded
and given in Figure 7.10. The intact original purple color of the film was turned into
strong pink at lower pH values and got paler around pH 4 and then get darker at high
pH values and at pH 12 color was turned green. The prepared material proved to
have color sensitivity to use as indicator of a pH change occurs during food spoilage.
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Figure 7.10 : Digital images of the color changes of the pH sensitive film in various
buffer solutions.

Food spoilage is the term used for foods that are no longer safe to consume regarding
to some chemical, microbial, or physical changes (Petruzzi et al, 2017). Both
manufacturers and consumers share food safety concerns and promote the necessity
of intelligent packaging materials. The film prepared with purple basil is a promising
material for prolonging the shelf life of the product due to its antioxidant and
antibacterial activity, but also color-changing property of the anthocyanins in the
film enables the film as a natural indicator of food freshness. All species of animal
meat and meat products are good sources of protein and are consumed in daily life
and they all deteriorate even in chilled storage conditions (Triki et al, 2018). They all
undergo spoilage depending on several factors such as pH, contents and structure of
food and also storage conditions, and packaging (Comi, 2017). During deterioration,
microbial growth and proteolysis occur (Triki et al, 2018). The peptides and free
amino acids formed by proteolysis are used by microorganisms, and then the
products such as biogenic amines form (Triki et al, 2017). As a result, the pH value
of the chicken meat was found to increase with the storage time proportionally with
the spoilage (Yang and Chen, 1993 ; Allen et al, 1997). The applicability of the
prepared material as an intelligent packaging to serve as an indicator for food
spoilage was tested by using chicken breast meat stored in two different conditions:
at room temperature of 25 °C and in a refrigerator at 4 °C. After 3 days the color
change was started for the film placed inner surface of the package of the chicken
breast stored at room temperature. The film placed on the inner surface of the

package of the refrigerated chicken meat changed color after 12 days. The visual

92



changes in both the color of the film and the meat are represented in Figure 7.11. The
changes in color properties of the films are represented in Table 7.2. Redness (a)
values were significantly decreased as expected due to the color change from purple
to green. Yellowness (b) values were also slight, especially for the film stored with
chicken breast meat at 25 °C. AE, the color differences were calculated and
represented indicating the pH-sensitive color-changing ability of the prepared
material.

Stored at 25°C Stored at 4°C

A v A0

Figure 7.11 : The color change of the film prepared with the purple basil extract
during 2 different storage conditions of chicken breast meat.
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Table 7.2 : Changes in color properties of the films.

Sample L* +SD a* +SD

b* + SD C+SD WI+SD AE = SD

Original 28.37+0.32 10.07+0.40
Film
Stored 30.41 +1.48 4.52+0.23
at 25 °C
Stored 28.71 £0.80 2.27+0.04

at4°C

-2.18£0.66 10.32+£0.51 29.67+7.00 -

0.23+£0.11 4.53+0.22 4.32+0.70 43.16 +2.65

-1.19+0.86 2.63+£0.40 19.14+£9.60 63.21 £6.82

n=3, =+ SD: Standard Deviations. L*:
Whiteness index, AE: Color difference.

Ligthness, a*: Redness, b*: Yellowness, C: Chroma, WI:
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8. CONCLUSIONS AND FUTURE ASPECTS

In the scope of the first part of the thesis study, the amounts of khellin and visnagin
in five different organs: leaves, flowers, stems, roots and seeds of two significant
medicinal Ammi species, Ammi visnaga and Ammi majus collected from Tiirkiye
were investigated for the first time. Khellin and visnagin, which are the two main
bioactive compounds responsible for the positive pharmacological properties of these
species, were quantified by using a simple, rapid, low-cost and highly sensitive
MEKC method. There are few studies on those herbs, which are significant
traditional medicinal herbs. Furthermore, the free radical scavenging abilities of the

plant parts were evaluated and compared.

In the second part of the thesis, the study covered the investigation of the rosmarinic
and carnosic acid contents of Salvia species from Anatolia and also correlated
antioxidant abilities and total phenolic contents. A simple and sensitive CE method
was developed and successfully applied to numerous species. Salvia is an aromatic
plant and traditional herbal medicine, and the results of the study contribute to the
scientific literature on Salvia species. Rosmarinic acid is the most common bioactive
component of Salvia species and is responsible for their important pharmacological
properties. The correlation between the antioxidant power of plants and rosmarinic

acid contents was also provided.

The results of CE analysis and bioactivity studies provide significant and reliable
information for the scientists working on developing pharmaceutical formulations,
including these medicinal herbs, which are highly rated topics of investigation. The
results will also reveal the values of Anatolian Ammi and Salvia species in terms of

trade and export.

In the third part of the study, bioactive vinegar species were used as both solvents
and as an additive for the preparation of chitosan films. The mechanical properties of
chitosan films were enhanced by using economical alternative natural sources as
solvents. The films prepared with pomegranate, hawthorn, grape and apple kinds of

vinegar showed enhanced antioxidant and antimicrobial activities. The obtained
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films have, UV-light blocking ability; but they are still transparent, also they are
elastic enough to process, to conclude materials are promising, environmentally
friendly, non-toxic and alternative active food packaging, instead of food packaging

made from petroleum-based plastics.

In the last part of the study another natural source, purple basil extract was used for
the preparation of an intelligent packaging material with alginate and pectin, to
monitor the food freshness and quality in real-time. Additionally, the antioxidant and
antimicrobial ability of the material was highly increased. The anthocyanin structures
present in the extract provided a color change of the biopolymer matrix respective to
the pH changes during food spoilage. The successful results were obtained and the
physical and optical properties were also tested and the film proved to have a UV-
light barrier ability. As a result, prepared material is a good alternative for use in
food-related applications as a safe, edible, and the promising results from especially
standard testing of antimicrobial activity and barrier properties. This alternative
active and smart material for use as food packaging may lead to developing industrial

scale production of these materials with further engineering and testing.
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