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ABSTRACT

INVESTIGATION OF THE ANTIMICROBIAL AND
ANTIOXIDANT ACTIVITY OF EUCALYPTUS RADIATA
LEAF ESSENTIAL OIL AND NANOEMULSION: IN
VITRO AND MEAT APPLICATION

O*****N, AFFFTKY

Master of Science Thesis, Department of Food Engineering
Supervisor: Asst. Prof. A**g G*******J
Jun 2024, 62 pages

In this study, the antimicrobial and antioxidant activities of Eucalyptus radiata
essential oil and its nanoemulsion were examined in in vitro assays. Besides, the
antimicrobial potential of the nanoemulsion was assessed against pathogenic bacteria
and spoilage organisms in fresh meat. The results of the GC-MS showed that o-
cymene, 2-bornene, and 1,8-cineole were the most abundant compounds. The
nanoemulsion characteristics were droplet size: 52.04+31.44 nm, zeta potential: —9.16
mV, viscosity: 82.67 mPa-s., and whiteness index: 48.91. The ICso values of
eucalyptus oil and its nanoemulsion were 53.71 and 240.41 pg/mL, respectively.
Bacillus cereus NRRL B3711 and Staphylococcus epidermidis ATCC 12228 bacteria
showed the highest inhibition area at 24 mm and 20.5 mm in the disc diffusion assay.
Similarly, the same bacteria also had lower minimum inhibitory concentration values.
In the time-kill assay, the nanoemulsion inhibited Escherichia coli 7 logio CFU/g after
60 min of interaction time, while only a 1 logig CFU/g reduction was achieved for S.
aureus. The dipping of fresh beef pieces into the nanoemulsion was very successful as
an antimicrobial application. The nanoemulsion caused a significant (P < 0.05)
reduction in the S. aureus count in contaminated fresh beef pieces. In addition, the
nanoemulsion controlled (P < 0.05) the growth of total coliform, Pseudomonas spp.,
yeast, and mold counts and extended the shelf life of fresh beef pieces by 4 days. This
study has shown that E. radiata oil nanoemulsion can be used in the food industry to
extend the shelf life and enhance the safety of meat products.

Keywords: biomaterial, natural antimicrobials, dipping, microwave extraction, beef,
shelf life.



OZET

INVESTIGATION OF THE ANTIMICROBIAL AND
ANTIOXIDANT ACTIVITY OF EUCALYPTUS RADIATA
LEAF ESSENTIAL OIL AND NANOEMULSION: IN
VITRO AND MEAT APPLICATION

0*****N, AFFFFR

Yiiksek Lisans Tezi, Gida Miihendisligi Anabilim Dali
Danigman: Dr. Ogr. Uyesi A**a G*******J
Haziran 2024, 62 sayfa

Bu tez c¢alismasinda Eucalyptus radiata esansiyel yagi ve
nanoemiilsiyonunun antimikrobiyal ve antioksidan aktiviteleri in vitro
analizlerde incelenmistir. Ayrica nanoemiilsiyonun patojen bakterilere ve
bozulmaya neden olan organizmalara kars1 antimikrobiyal potansiyeli taze
ette degerlendirilmistir. GC-MS sonuglar1 o-simen, 2-bornen ve 1,8-sineoliin
en bol bulunan bilesikler oldugunu gosterdi. Nanoemiilsiyon o6zellikleri
damlacik boyutu: 52,04+31,44 nm, zeta potansiyeli: 9,16 mV, viskozite:
82,67 mPas. ve beyazlik indeksi: 4891'dir. Okaliptiis yag1 ve
nanoemiilsiyonunun ICso degerleri sirasiyla 53,71 ve 240,41 pg/mL idi.
Bacillus cereus NRRL B3711 ve Staphylococcus epidermidis ATCC 12228
bakterileri, disk diflizyon testinde 24 mm ve 20,5 mm'de en yiiksek inhibisyon
alanim1 gosterdi. Benzer sekilde ayni bakterilerin minimum inhibitor
konsantrasyon degerleri de daha diisiiktii. Zamana bagl 6ldiirme testinde
nanoemiilsiyon, 60 dakikalik etkilesim siiresinden sonra Escherichia coli'yi
tamamen inhibe ederken, S. aureus i¢in yalnizca 1 log CFU/g azalma elde
edildi. Taze sig1r eti parcalarinin nanoemiilsiyona batirilmasi antimikrobiyal
uygulama olarak oldukga basarili olmustur. Nanoemiilsiyon, kontamine taze
sig1ir eti pargalarindaki S. aureus sayisinda énemli (P < 0.05) bir azalmaya
neden oldu. Ayrica nanoemiilsiyon toplam koliform, Pseudomonas spp.,
maya ve kiif sayimlarmin bilyiimesini kontrol altina almis (P < 0.05) ve taze
s1gir eti pargalarinin raf dmriinii 4 giin uzatmistir. Bu ¢alisma, E. radiata yagi
nanoemiilsiyonunun gida endiistrisinde raf omriinii uzatmak ve et iirtinlerinin
giivenligini arttirmak icin yaygin olarak kullanilabilecegini gostermistir.

Anahtar kelimeler: biyomateryal, dogal antimikrobiyeller, daldirma,
mikrodalga ektraksiyonu, dana eti, raf 6mrii
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1. INTRODUCTION

Essential oils (EOs) obtained from different plants by different methods are secondary
plant metabolites. Secondary metabolites are compounds that are not necessary for the
survival of an organism in processes such as growth and reproduction. They play an
important role in the interaction of the organism with its environment, can affect the
smell and colors of the plant, help plants fight against pests, and protect plants against
environmental stress (Bennett, & Wallsgrove, 1994; Pagare et al., 2015). Secondary
metabolites in plants can be divided into different groups such as alkaloids, phenolic
compounds, terpenoids, glycosides, etc. Essential oils obtained from plants are in the
class of terpenoids produced from isoprene units (Gershenzon, & Dudareva, 2007;
Pandita, & Pandita, 2021). Plant secondary metabolites can be classified in different
ways based on their solubility and chemical structure. The basic classification is given

in Figure 1.1.
Plant Secondary
Metabolites
[
[ [ [ ] [ I
Terpene Phenolic Nitrogen Sulfur Containing Glycosides Tannins
Compounds Compounds Containing Compounds
Compounds

Figure 1.1. Classification of plant secondary metabolites

(Das, & Gezici, 2018; Nawrot-Chorabik et al., 2022)




The basic compounds of essential oils are terpenoids, which are organic compounds
and aromatic molecules found naturally and widely in the plant kingdom. Terpenoids
consist of multiple isoprene (CsHs) units and also contribute to the biological activities
of essential oils. In addition to their therapeutic and antimicrobial activities, essential
oils can be used for flavoring purposes, and those with a pleasant scent can be used in
perfumery (Nazzaro et al., 2013; Sharmeen et al., 2021).

Essential oils have different chemical compositions depending on the nature of the
plant where it grows and the season in which it is harvested (lacobellis et al., 2005;
McGimpsey et al., 1994). It has been seen in studies that essential oils obtained from
plants such as eucalyptus, coriander, and cumin have antibacterial properties (Jahan et
al., 2011; Sodzim, 2012).

Eucalyptus, belonging to the Mytaceae family, is an aromatic, fragrant tree.
Eucalyptus, which generally grows in subtropical regions, is thought to secrete
compounds that have antagonistic effects against various microorganisms (Takahashi
et al., 2004). Due to its analgesic and anti-inflammatory effects, eucalyptus leaves are

used in pharmacy, especially in the treatment of colds and throat and nose disorders.

The essential oil obtained from Eucalyptus radiata, which belongs to the Eucalyptus
genus, is rich in 1,8-cineole (eucalyptol) (Ogunwande et al., 2003). The compound,
which has anti-inflammatory and antioxidant effects, works by showing different
pathways and mechanisms, and studies on this subject are continuing in the
pharmacological field (Cai et al., 2021).

Emulsions, are thermodynamically unstable systems, in which two insoluble
substances are held together with the help of an emulsifier. The term
thermodynamically unstable describes the tendency of the dispersed phase to combine

and separate from the continuous phase (Kabalnov, 1998).

Emulsifying agents ensure the stability of the system by reducing the interfacial
tension between the dispersed and continuous phases (McClements & Jafari, 2018).



Emulsions are divided into three main groups according to particle sizes:
macroemulsion, microemulsion, and nanoemulsion (Solans et al., 2003).
Nanoemulsions have smaller particle sizes than macroemulsions and microemulsions;
they are submicron-sized emulsions, and their effect is more effective because the

penetration area is wider (Shah et al., 2010).

In this study, in vitro and in situ studies of Eucalyptus radiata essential oil and
nanoemulsion on fresh red meat, which is microbiologically risky, are included. For
this, E.radiata leaves were subjected to microwave extraction, and the chemical
composition of the resulting essential oil was determined. Although essential oils are
obtained with different methods, microwave extraction, which was used in this study,
differs from other traditional methods in that it has a shortened extraction time, less or
no solvent consumption, no need for toxic solvents, and less environmental pollution
(Li et al., 2012; Michel et al., 2011; Veggqi et al., 2012). Nanoemulsion was prepared
with essential oil (EO) using pectin as a coating material, and the characteristic
properties, antimicrobial properties, and antioxidant activity of essential oil
nanoemulsion were determined. Broth dilution, disc diffusion, and time-kill assay
procedures were applied in in vitro studies to assess antimicrobial activity. In the part
of the study to be carried out with red meat, the efficacy of the nanoemulsion was
tested against Staphylococcus aureus-contaminated meat as an antimicrobial dipping
agent. Lastly, shelf-life studies were performed by evaluating the counts of total
coliform, Pseudomonas species., lactic acid bacteria, yeast, and mold.



2. LITERATURE REVIEW

2.1. Eucalyptus radiata Plant

Eucalyptus is a large genus of the Myrtaceae family, containing approximately 900
species and subspecies. Eucalyptus species attract attention due to their potential
therapeutic effects, such as antimicrobial activity, anti-inflammatory effects, and stress
relief (Mahumane et al., 2016). Food and plants have been used for therapeutic
purposes for centuries due to their health potential. Today, plants and plant extracts

are frequently used in wide areas, such as health, cosmetics, and the food industry.

One of the plant genera whose essential oil is most researched in the literature is the
Eucalyptus species. Eucalyptus radiata, or Eucalyptus australiana, also known as
narrow-leaf mint and belonging to the Myrtaceae family, is a species of Eucalyptus
native to southeastern Australia. Eucalyptus radiata is one of the well-known species
from which eucalyptol-rich essential oil is obtained (Bendaoud et al., 2009; Luis et al.,
2016). Eucalyptus radiata is a tall, perennial tree, typically growing to heights between
20 and 30 m. Its bark is smooth and can appear whitish or gray, shedding in strips to
expose a light green or cream-colored trunk. The foliage consists of slender, lance-
shaped leaves arranged alternately along the branches. This species bears clusters of
petite, creamy white flowers, which are known to attract various pollinators, including
bees (Boland et al., 2006).

2.1.1. Chemical Composition of Eucalyptus radiata Essential Oil

Essential oils are odorous, aromatic liquids extracted from different parts of the plant,
such as flowers, roots, and leaves. They are volatile structures with a characteristic and
persistent scent and are secondary metabolites with antimicrobial and antioxidant
potential (Abdelhafed et al., 2015; Ahmad et al., 2021). The antimicrobial activity of
essential oils is mostly associated with the presence of terpenes and phenolic

compounds. Essential oils can be obtained from plants by different methods, such as
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distillation, extraction, and pressing. They have been used in various cultures for
centuries due to their therapeutic properties and pleasant scent (Bakkali et al. 2008).
In recent years, essential oils have gained popularity as natural remedies for a wide
variety of ailments and as ingredients in personal care products. They are also the

subject of research due to their antimicrobial and antioxidant properties.

The essential oil obtained from Eucalyptus species is rich in eucalyptol, or 1,8-cineole.
It generally constitutes a large part of the chemical composition of the oil. It is
responsible for the dominant aroma and smell of eucalyptus oil (Bakkali et al., 2008;
Dogan et al., 2017).

Eucalyptus radiata oil also contains significant amounts of a-pinene and limonene,
which contribute to its scent and therapeutic benefits. a-pinene has been shown to have
anti-inflammatory properties, while limonene exhibits antimicrobial effects,
increasing the oil's effectiveness in fighting infections and supporting the immune
system (Gupta et al., 2021; Khoshnazar et al., 2020).

Eucalyptus radiata essential oil contains a complex mixture of bioactive compounds,
of which 1,8-cineole is generally the predominant component. The various chemical

compositions of the oil are effective in showing different therapeutic effects.

2.1.2. The Bioactivity and Application Area of Eucalyptus radiata
Essential Oil

For centuries, essential oils have been used in cosmetic applications, medical
complementary therapies, the agricultural sector, pharmacy, and the food industry due
to their antibacterial, antimicrobial, and fungicidal effects and have potential for use
in different sectors (Nazari et al., 2019; Mihai & Popa, 2013). Essential oils that can
be extracted by various methods from different parts of plants, such as roots and leaves,
contain terpenes and aromatic and aliphatic compounds associated with low molecular
weight. The properties of essential oils can be classified according to the compounds
found in them. While chemical structures such as limonene and myrcene show
antibacterial, antiviral, and stimulant effects in hydrocarbon-containing essential oils,

structures classified as esters such as geranyl acetate and bornly acetate show
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antifungal and anti-inflammatory effects (Jugreet et al., 2020). Due to the compounds
EOs contain, they are expected to reduce or prevent the growth of microorganisms and
show antioxidant properties (Abad et al., 2012; Bakkali et al., 2008).

Essential oils are also preferred in the cosmetic and pharmaceutical industries due to
their different effects. It is known that essential oils obtained from plants and fruits
containing vitamin C have an improving effect on skin health (Sharmeen et al., 2021).
D-limonene, which is abundant in citrus peels, is used in cosmetics, aromatherapy, and
household industries due to its pleasant lemon-like smell (Bakkali et al., 2008; Ibafez
et al., 2020). Because it has good solvent properties and antimicrobial activity, it can
be used in cosmetic formulations and is therefore preferred in facial cleansers and
make-up removers. In skin care formulations, D-limonene acts as a natural emollient,
imparting moisturizing properties to lotions, creams, and serums. Its antioxidant
properties also contribute to skin protection against oxidative stress and environmental
aggressors and control skin rejuvenation (Haiyan et al., 2016; Thombare, & Shirsath
etal., 2023).

The food industry frequently encounters microbial hazards such as bacteria, yeasts,
and molds in different sectors. It is generally aimed at preventing such risks by
applying heat treatment, pasteurization, or sterilization. Such practices affect the
organoleptic properties of foods and, in some cases, can also affect their nutritional
value (Salanta, & Cropotova, 2022). In addition to its disadvantages, some food
products are not suitable for heat treatment or may require the use of hurdle
technologies (Khan et al., 2017).

In order to prevent contamination in meat, different chemicals, such as chlorine and
ozone, are used. The purpose of using chemicals is to provide a bactericidal effect by
inhibiting glucose oxidation (Dokuzlu, 2006). Ozone application, generally recognized
as safe, has a strong sanitizing effect (Khanashyam et al., 2022). This practice has also
disadvantages; considering its toxic effects, it is not accepted by consumers. In
addition, it may cause the polyphenol content of the product to decrease and negatively
affect its sensory properties by affecting its color and hardness. Moreover, there are
some concerns with the use of chemicals in food industry. There is a demand for

natural source additives and eco-friendly solutions by the consumers. As targeted in
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this study, decontamination effects can also be seen in methods such as dipping,
spraying, and coating using emulsions (Brodowska et al., 2018; Frewer et al., 2003;
Miller et al., 2013).

Due to their antimicrobial and antioxidant activity, essential oils are considered a
natural solution alternative instead of synthetic additives and preservatives used in the
food industry for purposes such as extending the shelf life of foods and improving their
organoleptic properties (Saeed et al., 2022). In addition to concerns such as
microbiological and chemical spoilage, food-grade oils can also be used as natural
flavorings. The volatility of essential oils, their pungent odor, and their unstable

structure may be a challenge for industrial use (Maurya et al., 2021).

The use of essential oils in edible films for food applications has also been explored.
For example, when the edible coating containing a mixture of oregano and thyme was
applied to fresh ground beef, it showed an inhibitory effect on E. coli, E. coli 0157:H7,
Staphylococcus aureus, Pseudomonas aeruginosa, and Lactobacillus plantarum
(Emiroglu etal., 2010). In another study, it was observed that green tea extract reduced
the water activity, number of S. aureus, Lactococcus, and total bacteria in quark cheese
(Pluta-Kubica et al., 2021). With the increasing demand of consumers for eco-friendly
and clean-label foods, areas of use can be investigated through studies in the field,

natural preservatives can be obtained, and their use can be expanded.

2.1.3. Extraction Methods of Essential Oils

Essential oils are obtained from different parts of many plants through various
extraction methods. Depending on the plant type and extraction method, the yield and
quality of the oil obtained may vary, and even the properties and bioactivity of the oil
may change. Essential oils can be obtained by solvent extraction, distillation,
microwave extraction, or a combination of solvent and steam (Tongnuanchan, &
Benjakul, 2014).



Solvent extraction is a method for the extraction of essential oils. In this method, plants
are treated with a solvent that can dissolve them (Stratakos & Koidis, 2016). Following
the extraction process, the liquid blend containing the essential oil, among other
constituents, undergoes filtration and subsequent distillation. Commonly utilized
solvents for extraction encompass alcohol, hexane, ethanol, petroleum ether, and
methanol. In this process, heat is not used, so the chance of degradation of compounds
and the production of artifacts is lowered. Besides these properties, solvent extraction
comes forward with its simplicity, being less time consuming, and cost-effectiveness
(Adepoju, 2014). However, the use of chemical solvents is not beneficial for the

environment (Geow, 2021).

In the distillation method, for releasing essential oils from plants, plants are treated
with boiling water or steam (Reyes-Jurado et al., 2015). To get back the essential oils,
they are distilled with water, which they do not mix with each other because of their
density differences. This process is accomplished when the boiling point, combined
with the vapor pressure, equals the ambient pressure. For the separation of essential
oils and water, essential oils are evaporated at the temperature of water. Distillation
methods are a common method for the extraction of essential oils; however, they have
some disadvantages, such as that during the process, plants are treated with boiling
water (Stratakos, & Koidis, 2016). Also, by heat exposure, some compounds might go

through degradation.

Microwave extraction (MAE) is a promising method that shows a high yield with a
lower cost and time (Cardoso-Ugarte et al., 2013). In this method, microwave energy,
which is electromagnetic energy, is used for the extraction of plants (Chan et al., 2011).
This energy has a direct influence on molecules via ionic conduction and dipole
rotation (Eskilsson & Bjorklund, 2000). Heating the sample facilitates the transfer of
analytes from the sample matrix to the solvent. This method is considered
environmentally friendly due to minimizing the use of solvents during the process (Teo
etal., 2013).



2.2. Emulsions

Emulsions are colloidal structures consisting of two immiscible liquids in the presence
of surfactants, stabilized by an emulsifier. Therefore, it shows the properties of
colloidal structures (Bibette et al., 1999). Metastability is achieved in emulsions by
Brownian motion, thus providing kinetic stability in emulsions created with essential
oils (Helgeson, 2016; McClements & Rao, 2011).

Emulsions are used in different industries, such as food, medicine, cosmetics, and dye.
It is important to ensure stabilization for all areas of use, so appropriate emulsifying
materials should be used (Tadros, 2016). Emulsifiers used in emulsion preparation can
be adsorbed at the oil-water interface, reducing interfacial tension and preventing the
agglomeration of droplets in the emulsion. Amphilic surface active molecules, that is,
having both hydrophilic and hydrophobic properties, are surfactants responsible for
reducing attractive forces and helping develop the emulsion structure (Ghosh et al.,
2020; Ozturk & McClements, 2016).

Although essential oils are used in many areas, it is necessary to use an appropriate
structure to ensure their stability and preserve their effects. Therefore, it is preferred
to use essential oils in emulsions (Buranasuksombat et al., 2011; Donsi et al., 2012).
By using essential oils in emulsions, the effect of uncontrolled distribution can be
eliminated. By creating appropriate colloidal distribution systems, the effects of
problems such as high volatility and low solubility in water can be eliminated (Hou &
Sheng, 2023).



2.2.1. Classification of Emulsions

Emulsions, which are systems in which an immiscible liquid phase is dispersed as
spheres in the second phase of the immiscible liquid, are basically divided into three
classes based on their type (Fatima et al., 2014). These are oil-in-water emulsions,
water-in-oil emulsions, and multiple emulsions. Water in oil emulsion is formed when
water particles are dispersed in the oil phase; oil in water emulsion is formed when oil
particles are dispersed in the water phase; and multiple emulsions are formed when
o/w or w/o emulsions are dispersed in another phase (Hou & Sheng, 2023; Khan et al.,
2011; Tahaet al., 2020; Wong et al., 2015).

Emulsions are divided into three categories according to droplet size: macroemulsions,
microemulsions, and nanoemulsions as shown in Table 2.1. Droplet sizes affect the
disruption process of emulsions. Thus, important properties such as stability, flow

properties, and viscosity are determined (Karbstein & Schubert, 1995).

Macroemulsions: These are systems with droplet sizes ranging from 0.1 to 100 pum.
Macroemulsions have larger droplet sizes that are visible to the naked eye
(McClements, 2004). Their color is white or milky because they allow light to be
dispersed. Macroemulsions are thermodynamically unstable and kinetically stable
systems (Kundu et al., 2013). Stabilizers or emulsifying agents are often added to
macroemulsions to increase their stability by reducing droplet coalescence and phase

separation (Fatima et al., 2014).

Microemulsions: These are systems with droplet sizes ranging from 10 to 100 nm
(Madhav & Gupta, 2011). Microemulsions are isotropic liquid mixtures of oil, water,
and surfactant. They are transparent and more thermodynamically stable than

macroemulsions (Kumar & Mittal, 1999).

Nanoemulsions: Nanoemulsions are systems with very small droplet sizes, have high
Kinetic stability, and are generally applied for controlled release and drug delivery.

Kinetically stable structures can be thermodynamically unstable. Thermodynamic
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instability defines the ability of nanoemulsions to have less energy than their current
energy, while the ability to remain without visible agglomeration defines their physical
stability. Although the diameters of droplet sizes vary in different sources, they are
less than 100 nm, and nanoemulsions are thermodynamically unstable systems (Cinar,
2017; Fatima et al., 2014; Fryd & Mason, 2012; Souto et al., 2022). Since
nanoemulsions have small particle sizes, attractive forces are weaker, providing
Kinetic stability (Tadros et al., 2004).

Table 2.1 Comparison of macroemulsions, microemulsions and nanoemulsions

Macroemulsions

Microemulsions

Nanoemulsions

References

Particle Size Large Small Very Small (Callender et al.,
>400 nm 100-400 nm 10-100 nm 2017;
Souto et al., 2022)
Shape Spherical Droplets Spherical Droplets Spherical Droplets, (Deverajan &
Lamellar, Ravichandran,
Disruption of 2011; Fernandez
bicontinuous et al., 2004; Gupta
structures is et al., 2016).
responsible for
nanoemulsion
formation
Stability Thermodynamically ~ Thermodynamically Thermodynamically (Guptaetal.,
unstable, kinetically unstable, kinetically stable, kinetically 2016).
weakly stable stable stable
Appearance Turbid Transparent Transparent (Thakur et al.,
2018)
2.3. Red Meat

High-moisture red meat provides some of the nutrients required for the daily diet of a
healthy individual. It is rich in amino acids, B-complex vitamins, iron, and zinc. It
contains approximately 20% protein, 5% fat, and 1.5% carbohydrates (Darwish et al.,
2024; Mann, 2000).

Due to its high moisture content, fresh meat is susceptible to microbial contamination
and can cause foodborne diseases (Biswas et al., 2008). Methods such as drying,
smoking, fermentation, refrigeration, and canning have been used in the past to extend

shelf life during storage, and in the food industry, chemical, biological, and nonthermal
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techniques are additionally used (Nychas et al., 2008). The important thing is to
prevent undesirable physical, chemical, and microbial changes while extending the
shelf life of the food, preserving its nutritional value, and ensuring that added food
additives do not adversely affect consumer health. For this reason, food additives and
preservatives are generally used in industrial production. For example, ascorbic acid,
or vitamin C, has antioxidant properties, thus preventing the oxidation of meat and
preventing its color from deteriorating (Sanchez-Escalante et al., 2001). Phosphoric
acid's sodium, potassium, or calcium salts, in the form of diphosphates (E451),
triphosphates (E451), and polyphosphates (E452) are frequently employed as additives
(Younes et al., 2021).They are used as stabilizers and texture improvers in processed
meat products. Additives such as sodium nitrate (E251), potassium nitrate (E252),
sodium nitrite (E250), and potassium nitrite (E249), which are the subject of
controversy due to their transformation into potentially carcinogenic nitrosamines, are
used in different products as both preservatives and coloring agents (Sindelar &
Milkowski et al., 2011; Xie et al., 2016).

2.3.1. Microbial Properties of Fresh Red Meat

Red meat, which can be obtained from different animals such as sheep and cattle,
shows microbial properties that will affect its shelf life, characteristics, and food
safety. Due to high water activity of meat, the possibility of contamination during
production and processing stages, and failure to ensure storage and distribution under
appropriate temperature and humidity conditions may cause foodborne diseases in red
meat (Sofos, 2014).

Meat safety problems are often associated with microbial pathogens. Especially
bacterial pathogens have been linked with many of the foodborne-related outbreaks.
According to the Food Safety and Inspection Service (FSIS) and recalls, Escherichia
coli O157:H7, Salmonella spp., Listeria monocytogenes, and Staphylococcus aureus
are pathogens of concern in this regard (Selim, 2011; Sofos, 2008).
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E. coli are Gram-negative, facultative anaerobic microorganisms that belong to the
Enterobacteriaceae family, are a diverse group of bacteria, and are microorganisms
found in the intestinal flora of many animal species (Guabiraba & Schouler, 2015).
Although many species are harmless, their harm and effects vary depending on their
type. Enterohemorrhagic E. coli O157:H7 produces shiga toxin and causes diseases
like hemorrhagic colitis and hemolytic uremic syndrome in humans. It is acquired into
the body through consumption of contaminated food and water and in contact with
infected creatures (Bosilevac, & Koohmaraie, 2011; Lim et al., 2010; Lynnes et al.,
2014).

L. monocytogenes is a Gram-positive, facultative anaerobe, and sporeless bacterium
that can even grow under refrigeration. It is known that it can cause contamination at
stages such as production, processing, and storage because its serotypes can be found
in every environment (Thakur et al., 2018). L. monocytogenes is a food-borne,

pathogenic bacteria that can cause listeriosis in humans (Holch et al., 2013).

Salmonella spp. is a common bacterial pathogen that can contaminate various types of
meat and pose significant risks to human health if consumed. The presence of
Salmonella in meat products is a major concern for food safety authorities and meat
producers worldwide (FDA, 2020). Cross-contamination may occur during meat
processing through contaminated surfaces, equipment, or contact with other meat
products (CDC, 2021; Kurpas et al., 2018). Salmonella species are Gram-negative,
rod-shaped, and motile, belonging to the family Enterobacteriaceae. Salmonella causes

symptoms such as diarrhea, fever, and vomiting in living organisms.

S. aureus, which is one of the leading contributors of foodborne illnesses (CDC, 2021),
is a Gram-positive facultatively anaerobe. It causes staphylococcal food poisoning
through the formation of enterotoxins in foods (Thwala et al., 2021). Contamination
with S. aureus generally results from poor production techniques, the slaughterhouse
process, food storage, and poor hygiene conditions in the production process
(Abdalrahman et al., 2015). S. aureus, which can colonize different areas in humans,

may cause cross-contamination due to a lack of hygiene on surfaces such as cutting
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boards (Ebert, 2018). It has been isolated from different meat products, such as raw
beef, sheep, poultry, and lamb meat (Sanlibaba, 2022). The presence of antibiotic-
resistant strains of S. aureus was observed in the examined foods, such as meat, lamb,
and chicken. For this reason, it is one of the species that should be taken into

consideration in the safety of food products (Gundogan et al., 2005).
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3. MATERIALS AND METHODS

3.1. Materials

Eucalyptus radiata plant was collected from Tarsus, Mersin, Tiirkiye during
September in 2022. Sodium sulfate anhydrous and 2,2-diphenyl-1-picrylhydrazyl
(DPPH) used for antioxidant determination and microwave extraction were purchased
from Sigma-Aldrich (Germany). Peptone water used in microbiological analysis;
tryptic soy broth; Mueller-Hinton agar (MHA); Baird-Parker agar (BPA); egg yolk
tellurite; potato dextrose agar; violet red bile (VRB) agar; Pseudomonas CFC/CN agar;
de Man, Rogosa, and Sharpe (MRS) agar; Tween 80®; glycerol; and NaCl were
obtained from Merck KgaA (Germany).

3.2. Methods

3.2.1. Microwave Extraction of Eucalyptus radiata

The method of Gedikoglu et al. (2019) was used with minor changes for this analysis.
Eucalyptus radiata leaves were cleaned, brought to a constant weight, and dried. The
dried leaves were roughly ground. A sample was weighed and kept in distilled water
(1:5, w/v) for 15 min. After resting, the extraction procedure was carried out for 45
min at 550 W using a NEOS microwave extractor (MA 125 Milestone, Italy). Then
the collected eucalyptus oil was placed in a bottle, and anhydrous NaSO4 was added
to the bottle to bind to the remaining water. After the removal of water from the
essential oil ,the eucalyptus oil was transferred to a new bottle. Finally, the vials were

tightly capped and kept at 4 °C for further analysis.
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3.2.2.  Gas Chromatography-Mass Spectrometry (GC-MS) Analysis of

Eucalyptus radiata Essential Oil

Qualitative analysis of Eucalyptus radiata essential oil was conducted utilizing a GC-
MS QP2020 outfitted with an Rxi-5Sil MS column (5% diphenyl-95%
dimethylpolysiloxane 30 m x 0.25 mm i.d., df = 0.25 um), as supplied by RESTEK
GC Columns, USA and analysis conditions are shown in Table 3.1. The injector and
detector temperatures were established at 250 °C. The oven temperature was
programmed to remain at 40 °C for 2 minutes before ramping up at a rate of 4 °C per
minute to 240 °C and holding for 53 minutes. Helium, with a linear velocity of 43.4
cm/s, was employed as the carrier gas. Samples were diluted with n-hexane (in a 1:10,
v/v ratio), and a 1.0-uL volume was introduced into the GC using the syringe in split
mode (with a split ratio of 1:25). An ionization voltage of 70 eV (electron volts) was
applied, and the mass-to-charge ratio (m/z) mass range spanned from 40 to 400 amu
(atomic mass units). The National Institute of Standards and Technology (NIST),
WILEY 7 mass spectral library data, and original standards were utilized to correlate
the isolated constituents. Peak area integration facilitated the determination of
combination percentages (Gedikoglu et al., 2019). This analytical procedure was

executed in duplicate.

Table 3.1. GC-MS qualitative analysis conditions

Properties Conditions
Dilution ratio (Sample: n-hexane) 1:10 (v/v)
Split ratio 1:25
Volume of injection 1.-0-pLt
Carrier gas Helium
Flow rate of carrier gas 43.4 cm/s
lonization voltage 70 eV
Starting temperature 40 °C

End temperature 240 °C

3.3. Preparation of Eucalyptus radiata Oil Nanoemulsion

To formulate the nanoemulsion containing eucalyptus essential oil, a 1% solution of
high-methoxyl pectin was dissolved in sterile Milli-Q® water at 90 °C under
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continuous stirring. Subsequently, the pectin solution was cooled to 25 °C, and a
mixture comprising 2% eucalyptus essential oil, 5% glycerol, and 5% Tween 80® was
gradually incorporated. Following this, an o/w nanoemulsion was generated using the
robust shearing action of the WiseTis® Homogenizer HG-15D (DAIHAN Scientific
Co., Korea) at a speed of 13,415 x g for a duration of 8 minutes. The resultant emulsion
was deaerated and was carefully transferred into sterile, opaque glass containers,
where it was stored in light-shielded conditions at temperatures ranging between 20

and 25 °C for further analytical investigations.

3.4. Characteristics of Eucalyptus radiata Nanoemulsion

Particle size and zeta potential, viscosity, and whiteness index were investigated to

determine the characteristic properties of the prepared emulsion.

3.4.1. Particle Size and Zeta Potential

The droplet size of the nanoemulsion containing eucalyptus essential oil and pectin
was analyzed using a Zetasizer NanoZS laser diffractometer (Malvern Instrument Ltd.,
UK). Measurements were conducted at a wavelength of 633 nm on the laser
diffractometer, which was equipped with a backscatter detector set at an angle of 173°,
all at a constant temperature of 25 °C. Additionally, the surface electrical charge of the
emulsion’s continuous phase was assessed through phase analysis light scattering,
utilizing the same Zetasizer NanoZS laser diffractometer, following the method
described by Artiga-Artigas et al. (2018).
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3.4.2. Viscosity and Whiteness Index (W1)

The viscosity of the nanoemulsion was assessed in triplicate utilizing a Vibrio SV-10
viscometer (manufactured in Japan) at a temperature of 25 °C. The gold sensor plates
of the viscometer induced oscillatory vibration with an amplitude below 1 mm at a

frequency of 30 Hz.

To determine the whiteness index (WI) of the nanoemulsion, first the L (black =0 and
white = 100), a (a+ = red and a— = green), and b (b+ = yellow and b— = blue) values
were obtained using a Ser-Lab SL400 colorimeter (Turkey). Then, the following

formula was used to calculate the WI (Chang et al., 2015):

WI =100 — /(100 — L ¥)2 + (a *2 + b *2)

By applying this equation, the value of the whiteness index was attained.

3.5. 2,2-Diphenyl-1-picrylhydrazyl (DPPH) Rree Radical Scavenging Activity

Analysis of Essential Oil and Nanoemulsion

For this analysis, we employed the multi-plate method as previously outlined by
Gedikoglu (2022a). Initially, each well was filled with 100 pL of methanol.
Subsequently, the first column of wells (excluding the final row) received 100 pL of
eucalyptus essential oil. Following thorough mixing, half of the volume was
transferred to the adjacent well, resulting in a 50% dilution for each subsequent well.
The last row was designated for the blank, containing the methanol-DPPH radical.
Subsequently, 100 uL of 0.004% (w/v) DPPH methanolic solution was added to all
wells, and the multi-well plate was incubated at 25 °C in darkness for 30 min. Finally,

the results were measured at 517 nm using a Synergy H1 microplate reader from
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BioTek (manufactured by Agilent, USA). The following formula was applied to
calculate the inhibitions (%) of the DPPH radical.

Equation (3.2)

(Ablank - Asample)

I (%) = X 100

Ablank

Ablank: absorbance of the methanol and DPPH radicals

Asample: absorbance of a methanolic sample with the DPPH radical

Following the computation of inhibition percentages, the sample concentrations were
graphed against them. Subsequently, the equation derived from the graph was
employed to ascertain the sample concentration necessary for achieving 50%

inhibition (ICso). This process was carried out in triplicate.

3.6. Antimicrobial Activity of Eucalyptus radiata Essential Oil and Its

Nanoemulsion

The antimicrobial activity of E. radiata essential oil was determined by an agar disc
diffusion assay and a broth dilution assay, while the antimicrobial activity of the

nanoemulsion was examined by a time-kill assay.

3.6.1. Preparation of Bacterial Cultures

Cultures of Bacillus cereus NRRL B3711, Enterococcus faecalis ATCC 29212,
Staphylococcus aureus ATCC 9144, Staphylococcus epidermidis ATCC 12228,
Escherichia coli ATCC 25922, Salmonella Enteritidis ATCC 13076, and Salmonella
Typhimurium ATCC 14028 were used for the antimicrobial assays. For culture
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activation, a loop was taken from the cell suspensions, transferred separately to tryptic
strain broth, and kept at 37 °C for 24 h. The next day, the same process was repeated,
and the transfer was carried out in two cycles. The tubes were centrifuged at 1714 x g

for 10 min to obtain pellets, and the resulting pellets were washed.

3.6.2.  Agar Disc Diffusion Assay

A disc diffusion assay was used to examine the activity of essential oils against
pathogens. During the culture preparation phase, the pellets obtained by centrifugation
were diluted in a 0.9% NaCl solution. A densitometer (Novolab, Belgium) was used
to determine concentration. The concentration was adjusted to 1x108 CFU/mL, or 0.5
McFarland number, with the densitometer. 10 puL of essential oil was dropped onto the
discs and placed on the agar. Plates were incubated at 35 °C for 18 to 24 hours. The
antimicrobial activity of eucalyptus oil was obtained by measuring the clean area
around the disc in mm on incubated plates and subtracting the radius of the disc.

3.6.3. Broth Dilution Assay

Following the method of Gedikoglu and Cikriker Eriinsal (2023), sterile 96-well
multiplates were used for this assay. A hundred pL of tryptic soybean water was added
to the well and 100 pL of eucalyptus oil was added to the wells in the first column.
Half of the volume in the well of the first column -(100 pL)- was transferred to the
adjacent well by pipetting to ensure homogeneous mixing. This process was repeated,
and the concentration was reduced by 50%. The oil concentration was in the range of
0.091- 46.5 mg/mL after the dilution process. In the plate with 12 columns, the 11t"
column was left for positive control (broth inoculated with microorganisms) and the
12 column was left for negative control (sterile broth without any inoculation).
Cultures were prepared and diluted to 1-2 x 10° CFU/mL as described in the
preparation of cultures section. A hundred pL of microbial suspension was added to

the negative control wells.
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After the process was completed, the plates were placed in the incubator and incubated
at 37 °C for 18-24 h. The minimum inhibitory concentration was determined by

determining that there was no visible growth on the plates.

3.6.4. Time Kill Assay

The antibacterial activity of eucalyptus oil nanoemulsion was tested on S. aureus
ATCC 9144 and E. coli ATCC 25922. Cultures of these species were mixed with
nanoemulsion and sterile water. For this, cultures, nanoemulsion, and sterile water
were added at a ratio of 1:1:9 (v/v/v). A hundred pL of bacterial cultures were added
to the selective agars of the cultures, Baird Parker agar for S. aureus and purple red
bile agar for E. coli, at 5, 30, and 60 minutes and incubated at 37 °C for 24 h, and the
colonies were counted. From the dilutions prepared for planting in 5, 30 and 60
minutes, the results were obtained at the 5th minute by planting at the time of dilution
preparation, the results at the 30th minute were obtained by waiting for 30 minutes,

and the results at the 60th minute were obtained by waiting for 60 minutes.

3.7. Antimicrobial Activity of Eucalyptus radiata Essential Oil Nanoemulsion on
Fresh Beef Chunks

3.7.1.  Staphylococcus aureus Enumeration

3.7.1.1. Preparation of Staphylococcus aureus

As previously mentioned, a loop of S. aureus culture was taken from the cell
suspension, transferred separately to tryptic soy broth, and kept at 37 °C for 24 h. The
following day, the same process was repeated, and the transfer was carried out. Next,

the cell suspension was centrifuged at 1714 x g for 10 min. The pellets were rinsed

21



and diluted in 0.1% sterile peptone water (w/v). A dilution series was prepared, and

the final inoculum concentration was determined as 1x 10° CFU/qg.

3.7.1.2. Application of Eucalyptus radiata Essential Oil
Nanoemulsion on Fresh Beef Chunks Contaminated with

Staphylococcus aureus

Fresh beef pieces were provided for analysis from Konya province. Meats obtained
from different delicatessens were weighed, and 10-g samples were prepared. The
samples were divided into two: control and experimental groups. No application was
done for the control group, and nanoemulsion was applied to the experimental group.
The meat pieces were allocated to the nanoemulsion group were dipped into the
nanoemulsion and kept for 10 min. The samples soaked in the nanoemulsion mixture
were removed and dried in sterilized steel trays as shown in Figure 3.1. A hundred pL
(1 x10% CFU/g) of S. aureus ATCC 9144 was inoculated into the samples. After
waiting for a while, the applications and their replications were placed in petri dishes
individually and covered with parafilm to prevent air. In order to monitor the shelf life,
it was kept at 4 °C for 8 days to be examined on days 0, 2, 4, 6, and 8. Thus, the
antimicrobial activity of the nanoemulsion was evaluated in fresh beef pieces
contaminated with S. aureus. Ten g of sample was taken and homogenized with 90
mL of sterile peptone water for 2 minutes using the LS-700A stomacher automatic
blending system (BNF, Korea). Serial dilutions were prepared from the homogenized
mixture, spread on Baird-Parker agar, and incubated at 4 °C for 48 hours. The number

of colonies was expressed as logio CFU/g of meat sample.
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Figure 3.1. Dipping and filtering process of fresh beef

3.7.2.  Enumeration of Spoilage Microorganisms

3.7.2.1. Preparation of Meat Samples

To determine the shelf life of meat pieces immersed in nanoemulsion, spoilage
microorganisms were counted. In this analysis, the inhibitory effect of the prepared
eucalyptus oil nanoemulsion on total coliform, Pseudomonas spp., lactic acid bacteria,
yeast, and mold was examined. The counting of these microorganisms was repeated
on days 0, 2, 4, 6, and 8 for control and nanoemulsion.

Ten grams of fresh red meat pieces were cut, some of them dipped into the
nanoemulsion, and some of them used as controls and added to sterile petri dishes.
Petri dishes are labelled as days 0, 2, 4, 6, and 8, and they were stored under refrigerator
conditions (+4 °C). When the day indicated on the petri dish arrived, fresh meat pieces
were mixed with sterile peptone water at a ratio of 1:9 (w/v), and 10 serial dilutions
were prepared. The prepared peptone water-meat mixtures (0.1 mL) were spread onto
agars using the spread plating method onto selective agars of microorganisms.
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3.7.2.2. Total Coliform Count

VRB agar was used for total coliform bacteria, and the plates were incubated at 35 °C
for 48 h and repeated on 0, 2, 4, 6, and 8. days. The colony count was represented as

logi0 CFU/g of the meat sample.

3.7.2.3.  Pseudomonas spp. count

For Pseudomonas spp., Pseudomonas CFC/CN agar was used, and the plates were
incubated at 30 °C for 48 h and repeated on 0, 2, 4, 6, and 8. days. The colony count

was represented as logio CFU/g of the meat sample.

3.7.2.4. Lactic Acid Bacteria Count

MRS agar was used for lactic acid bacteria, and the plates were incubated at 35 °C for
48 h and repeated on 0, 2, 4, 6, and 8. days. The colony count was represented as logio

CFU/g of the meat sample.

3.7.2.5. Yeast and Mold Count

Potato dextrose agar was employed for the yeast and mold counts, and the plates were
maintained at 25 °C for 72 h and repeated on 0, 2, 4, 6, and 8. days. The colony count

was represented as logio CFU/g of the meat sample.
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3.8. Statistical Analysis

Using Stata IC 14 (produced by Stata Corp., USA), a two-sample t-test was used to
examine the in vitro data. A two-way ANOVA (analysis of variance) was used to
examine data from on-site trials. A generalized linear mixed model was used for
statistical analysis, in which replicates were treated as random effects and treatments
and storage duration were designated as fixed variables. To identify any significant
differences between the same treatments at various storage intervals, a Tukey multiple
comparison test was employed. Furthermore, significant differences between the
means of the two treatments on the same day were found using the least significant
difference (LSD) approach (P < 0.05).
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4. RESULTS AND DISCUSSION

4.1. Chemical Composition of Eucalyptus radiata Essential Oil

The chemical profile of E. radiata essential oil was determined using gas
chromatography coupled with mass spectrometry. As a result of GC-MS, 53
compounds were identified in the essential oil. Table 4.1 lists the chemical compounds
with a peak area greater than 0.5%. The most abundant o-cymene (45,4%), 2-bornene
(26,29%), 1,8-cineole (11,31%), a-pinene (9,25%), Neoalloocimene (1,37%),
Myrcene (0,98%), B-pinene (0,75%), were found in E. radiata essential oil,

respectively.

Table 4.1 Chemical composition of Eucalyptus radiata essential oil obtained by
microwave extraction

No Compounds RI Relative Peak Area (%)*
1 a-Pinene 12.911 9.25+0.01

2 B-Pinene 14.644 0.75+£0.01

3 Myrcene 15.095 0.98 £0.02

4 0-Cymene 17.338 45.4+£0.05

5 2-Bornene 17.525 26.29 £ 0.02

6 1,8-Cineole 17.610 11.31 £0.01

7 Neoalloocimene 32.736 1.37+0.01

Total peak area (%) 95.35%

* Values are expressed as mean + standard deviation (n = 2).

Bendaoud et al. (2009) investigated the chemical composition of Tunisian E. radiata
essential oil and discovered that the largest concentrations were 1,8-cineole (69.53%),
a-pinene (11.94%), and trans-pinocarveol (4.81%). Studies on E. radiata have shown
that 1,8-cineole and o-cymene are the most abundant compounds in the essential oils
obtained from this plant (Mulyaningsih et al., 2011).

Luis et al. (2016) determined the main components of E. radiata obtained from a
pharmacy as limonene (68.51%), a-terpineol (8.60%), a-terpinyl acetate (6.07%), and
a-pinene (3.01%).
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Pinenes are utilized to create flavor and odor and have fungicidal activity in plants. a-
and B-pinene are the two active constitutional isomers of pinenes and their chemical
structures are shown in Figure 4.1. The composition of essential oils is rich in a-
pinene, also known as monoterpene, with the formula C1oH16. a- and B-pinene isomers
are used as antibacterial agents due to their toxic effects on cell membranes (da Silva
Rivas et al., 2012). The antiviral, antibacterial, antifungal, anti-inflammatory,
antioxidative, and neuroprotective properties of the compound have been proven by
different studies (Allenspach, & Steuer, 2021; Astani, & Schnitzler, 2014; da Silva
Rivas et al., 2012).

o.-pinene B-pinene

Figure 4.1. Chemical structure of a-Pinene and B-pinene

O-cymene, which belongs to the terpene group, is an abundant compound in E. radiata
essential oil. O-cymene exhibits antibacterial, antifungal, and antiparasitic properties
and is present in the essential oils of over 100 different plants (Marchese et al., 2017).
The antimicrobial activity of Thymus vulgaris has been associated with o-cymene and
its ability to dissolve in the membrane of the bacterial cell. Its antimicrobial activity

may be associated with this feature (Al Magqtari et al., 2011).

The typical source of eucalyptol, or 1,8-cineole, is the leaves of eucalyptus species and
its chemical structure is shown in Figure 4.2. It has been found that 1,8-cineole causes
structural alterations in the bacterial cell, which is how it is assumed to be effective in
the oil's antibacterial activity (Campos, & Berteina-Raboin, 2022; Li et al., 2014).
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Figure 4.2. Chemical structure of o-cymene (left) and eucalyptol (right)

4.2. 2,2-Diphenyl-1-picrylhydrazyl (DPPH) Free Radical Scavenging Activity of

Essential Oil and Its Nanoemulsion

The free radical scavenging activity of E. radiata essential oil and nanoemulsion was
measured using the DPPH method, and the ICso value was determined. ICsg refers to
the sample concentration required to capture fifty percent of free radicals, meaning a
higher ICso value is associated with lower antioxidant activity (Shahbazi, 2019). E.
radiata essential oil showed high antioxidant activity with an I1Cso value of 53.71
ug/mL, as shown in Table 4.2. It was observed that the oil obtained by microwave

extraction showed higher antioxidant acitivity (Fernandez-Marin et al., 2021).

In a study, the ICso (%) value of E. radiata essential oil was found as 4.56 + 0.70 (v/v)
by DPPH method (Luis et al., 2016). When other species belonging to the Eucalyptus
genus were examined, the antioxidant activity of E. gillii essential oil had an ICso of
163.5 + 10.7 mg/L with DPPH method (Hassine et al., 2012). The ICso value of E.
globulus oil was found as 33.72 (v/v) (Mishra et al., 2010). In another study conducted
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by Elkolli et al. (2023), the ICso value of E. radiata was obtained as 0.19 + 0.03
mg/mL.

The ICsg value for eucalyptus nanoemulsion was determined as 240.41 pg/mL, which
was lower than that of pure essential oil. In studies, essential oils generally showed
higher antioxidant activity than their nanoemulsions. The ICso value for the DPPH
scavenging activity of Ocimum basilicum L. essential oil was 13.21 pg/mL and
nanoemulsion was 10.47 pg/mL, indicating that nanoemulsion showed higher
antioxidant activity (Sundararajan et al., 2018). The ICso value of essential oil for Vitex
negundo L. and nanoemulsion were determined as 28.87 pg/mL and 23.26 pg/mL,
respectively (Balasubramani et al., 2017). In this case, the preparation method of the
nanoemulsion and the behavior of the oil in the nanoemulsion can be related to the

characteristic features of the nanoemulsion.

4.3. Characteristics of Eucalyptus radiata Nanoemulsion

To evaluate the characteristic properties of the emulsion, size, zeta potential, viscosity,
and whiteness index values were determined and displayed in Table 4.2.

Table 4.2 Characterization of the Eucalyptus radiata essential oil nanoemulsion

Properties Nanoemulsion*
Size (nm) 52.04 £31.44
Zeta potential (mV) 9.16 £ 0.63
Viscosity (mPa.s) 82.67 £3.68
Whiteness index (WI) 48.91 +1.24
DPPH (ICso, pg/mL) 240.41 + 0.05

* Values are expressed as mean + standard deviation (n = 3).
DPPH: 2,2-diphenyl-1-picrylhydrazyl, ICso: half of the maximal inhibitory concentration.
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4.3.1. Size of Nanoemulsion

The particle size of the E. radiata nanoemulsion was 52.04+31.44 nm and result is
shown in Figure 4.3. Since this is in agreement with previos studies for nanoemulsion,
the emulsion we obtained is called nanoemulsion (Jaiswal et al., 2015). As discovered
previously, nanoemulsions have small particle sizes; their surface areas are large, so
they dissolve more easily and act faster. In addition, they show high stability against
agglomeration due to their small particle sizes (Aswathanarayan &Vittal, 2019; Cinar,
2017).

Particle size can be evaluated as an indicator of the homogeneity, stability and
therefore effectiveness of the nanoemulsion. In addition, the purpose of the surfactant
used in nanoemulsion preparation is to stabilize oil droplets, and it does this by using
its ability to adsorb at the oil-water interface (Kralova, & Sjoblom, 2009). It can be
said that the materials used in the nanoemulsion formulation and the recipe of the

formulation affect all analyses.
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Figure 4.3. Droplet size of the E. radiata essential oil nanoemulsion
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4.3.2. Zeta Potential of Nanoemulsion

The zeta potential of the eucalyptus nanoemulsion was measured at —9.16 mV, as
shown in Figure 4.4. Nanoparticles show negative zeta potential due to phosphates on
the surface; the results support nanoemulsions (Sharifi et al., 2021). Zeta potential is a
parameter that affects emulsion stability (Wigcek & Chibowski, 1999). Zeta potential
is important as the nanoemulsion formulation affects the surface charge and the
consistency of the emulsion (Almasi et al., 2021). Aggregation occurs when the zeta
potential is below 5 mV and above 30 mV, producing a dispersed excess of uniformly
sized particles (Gumustas et al., 2017). Since the nanoemulsion we obtained is not in
this range, there may be doubts about its stability. This problem can be prevented by

examining the nanoemulsion and adding stabilizers.
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Figure 4.4. Zeta potential of the E. radiata essential oil nanoemulsion

4.3.3.  Viscosity of Nanoemulsion

The viscosity of the nanoemulsion was measured at 82.67 mPa-s. Viscosity, a crucial
thermophysical characteristic of nanoemulsions, is influenced by various factors such
as the biopolymer type, surfactant presence, essential oil variety and concentrations,
and the methods employed in emulsion preparation, which are crucial for their

stability, flow behavior, and application performance (Salvia-Trujillo & McClements,
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2016). The viscosity of the nanoemulsion is affected by many parameters:
composition, droplet size, surfactant properties, temperature, and shear rate. High oil
content increases viscosity due to higher interfacial tension between oil and water
phases (Gupta et al., 2016; Tontul, 2019). Small droplet sizes generally result in low
viscosity. Since surfactants reduce interfacial tension, they also reduce viscosity. To
obtain sufficient viscosity, high phospholipid usage is required (Salvia-Trujillo &
McClements, 2016; Tadros, 2015).

4.3.4. \Whiteness Index of Nanoemulsion

The whiteness index of the prepared nanoemulsion was measured at 48.91 (WI).
Nanoemulsions have a lower whiteness index than macroemulsions. There are many
studies investigating the relationship between particle size and optical properties in
emulsions. For example, in the food industry, the particle size distribution of emulsions
can affect their opacity, light scattering, and overall visual appearance (Hu et al.,
2017). Emulsifiers capable of producing smaller and more uniform droplets can lead
to emulsions with higher whiteness indices (Dickinson, 2012). Lower WI values
correlate with improved transparency, a crucial characteristic that can influence the
acceptability of coated food items. (McClements, 2011).

4.4. Evaluation of the Antimicrobial Activity of Essential Oil and Nanoemulsion
In Vitro Assays

The antimicrobial activity of E.radiata essential oil and nanoemulsion was determined
by in vitro studies. The microorganisms on which the studies were carried out are

shown in Figure 4.5.

32



Figure 4.5 Plating for antimicrobial activity assays

4.4.1. Results of Disc Diffusion Assay

The in vitro antibacterial activity analysis findings for E. radiata essential oil are
shown in Table 4.3. In the disk diffusion test results, it was seen that the largest
inhibition area belonged to B. cereus NRRL B3711 and S. epidermidis ATCC 12228
bacteria, 24 mm and 20.5 mm, respectively; both bacteria are Gram-positive. The ones
with the lowest inhibition area are Gram-positive E. faecalis ATCC 29212 and Gram-
negative S. Typhimurium ATCC 14028. From these results, it can be deduced that the
inhibition effect of E. radiata essential oil on Gram-positive is more effective than on-
Gram negative.
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Table 4.3 Antibacterial activity of the microwave-extracted Eucalyptus radiata
essential oil

Disc diffusion assay Broth dilution assay

Bacterial species Inhibition zone (mm)* MIC (mg/mL)

Bacillus cereus NRRL B3711 24 +2.00 11.63 +0.00
Enterococcus faecalis ATCC 29212 5.5+0.50 11.63 +0.00
Staphylococcus aureus ATCC 9144 15+0.50 11.63 +0.00
Staphylococcus epidermidis ATCC 12228 20.5+0.50 11.63 +0.00
Escherichia coli ATCC 25922 15+0.50 11.63 +0.00
Salmonella Enteritidis ATCC 13076 9.5+0.50 23.25+0.00
Salmonella Typhimurium ATCC 14028 4 +0.00 23.25+0.00

*Values are expressed as mean + standard deviation (n = 2).

4.4.2. Results of Broth Dilution Assay

The results of the broth dilution test are shown in Table 4.3, and when the results were
examined, the MIC values for all Gram-positive bacteria and E. coli tested were
obtained as 11.63 mg/mL. When the results for Gram-negative bacteria and
Salmonella were examined, a result of 23.25 mg/mL was obtained. In other words, E.
radiata essential oil is more effective on Gram-positives and E. coli than on Gram-
negatives. The antibacterial activities of essential oils can be attributed to the
compounds they contain. 1,8-cineole and pinenes found in E. radiata essential oil are
compounds that show antimicrobial activity (Allenspach & Steuer, 2021; Bachir &
Benali, 2012; Leite et al., 2007).

4.4.3. Results of Time-Kill Assay

The results of the antibacterial activity of E. radiata essential oil nanoemulsion against
Gram-positive and Gram-negative bacteria obtained by the time kill assay are shown
in Figure 4.6. Colonies incubated at 37 °C for 24 h after inoculation of S. aureus and
E. coli microorganisms at 0, 30 and 60 min were counted as explained in the methods

session.
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Figure 4.6. Antibacterial activity of the E. radiata essential oil nanoemulsion against
Gram-positive and Gram-negative bacteria

With this assay, the inhibitory effect of the nanoemulsion against Staphylococcus
aureus and Escherichia coli cultures was measured at 5, 30, and 60 min. While a
decrease of 1 logio CFU/mL was observed in Gram-positive S. aureus, a decrease of 7
log CFU/mL was observed in Gram-negative E. coli from 5" minutes to 60" minutes.
From these results, it was seen that eucalyptus oil nanoemulsion was more effective
against Gram-negative bacteria. Similar results were reported in a previous study by
Gedikoglu and Cikriker Ertinsal (2023). It was found that Thymbra spicata essential
oil was effective against Gram-positive bacteria, while in the nanoemulsion form,
antimicrobial potential improved against Gram-negative bacteria. It is thought that
chemical components such as terpenes found in essential oils and terpenoids, which
represent a group of phytochemicals with known antimicrobial effects, react with the
lipids in the bacterial membrane, disrupting the bacterial cell structure, causing leakage
of cell material, and ultimately leading to cell death (Mahizan et al., 2019; Mazarei &
Rafati, 2019; Zengin & Baysal, 2014). The thinner cell walls of Gram-negative
microorganisms compared to Gram-positive microorganisms may enable essential oils

and the resulting emulsions to have a high inhibitory effect.
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The antimicrobial activity of essential oils is mainly evaluated based on cell membrane
and cell wall destruction, but our studies have also shown that the effectiveness of
Gram-positive and Gram-negative bacteria varies. When Gram-positive bacteria are
compared with Gram-negative bacteria, the difference in the peptidoglycan layer is
remarkable (Angane et al., 2022), this difference is shown in Figure 4.7. Differences
in the cell walls of Gram-positive and Gram-negative bacteria particularly explain that.
Porin proteins, which are water-filled channels in the outer membrane of Gram-
negative bacteria, serve as hydrophilic pores and facilitate the uptake of substances
into the cell (Galdiero et al., 2012). Intracellular substance uptake is affected
depending on whether porins are specific or non-specific, while non-specific porins

allow the passage of low molecular weight substances (Vergalli et al., 2020).

Peptidoglycan <

Pe”pbsn“csDace V0000000000 00000000000000000000000000000002000000000000000000

Inner membrane
00000000000000000000006000000000000000000000000060000000000000

& S, Foa e { & P " f ¥ - - - r
O-specific side chains ;-*‘I §-' ! t z i t ! t i t z t z I i :

Porin «—Outer Membrane

Periplasmic space | suewsseneseseserororonesesesssssesoreorones

P90000000 L adddd 4l ddddd g ® ® ® b addddl L

Inner Membrane

Figure 4.7. Schematic view of the cell wall structure of Gram-positive(up) and
Gram-negative bacteria (down)
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Since the surfactants used in the nanoemulsion prepared with essential oil affect the
hydrophilicity, they may be infused into the cell more easily compared to oil. This
structural difference seen in gram-negative cells may also explain the higher
antimicrobial effect of E. radiata essential oil nanoemulsion on E. coli compared to S.

aureus.

45.In Situ Antimicrobial Activity of Eucalyptus radiata Essential Oil

Nanoemulsion

In addition to what we obtained as a result of in vitro studies, the antimicrobial activity
of eucalyptus essential oil nanoemulsion was also evaluated on the food matrix. For
this purpose, the inhibitory effect of the nanoemulsion was assessed against a
foodborne pathogen and spoilage microorganisms, which affected the safety and shelf
life of fresh meat. Testing was conducted on fresh beef pieces that are aerobically

stored at 4 °C, and data was collected on days 0, 2, 4, 6, and 8.

45.1. Antimicrobial Activity of Eucalyptus radiata Essential Oil
Nanoemulsion on Fresh Beef Chunks Against Staphylococcus aureus

The antimicrobial effectiveness of the nanoemulsion prepared with E. radiata essential
oil on beef pieces contaminated with S. aureus was determined by the applying dipping
process. Fresh beef pieces (10 g) were contaminated with 10 CFU/g of S. aureus for
two treatment which are control and meat pieces dipped in E. radiata essential oil
nanoemulsion. When colonies were counted at different days, significant differences
(P < 0.05) were observed between control and nanoemulsion-treated meat pieces, as
shown in Figure 4.8. While the number of S. aureus observed in the control on day 0
was 5.65 logio CFU/qg, it was observed to increase to 6.62 logio CFU/g on day 8; while
the nanoemulsion was 3.47 logio CFU/g on day 0, it increased to 5.08 logio CFU/ml
on day 8. There was a significant (P < 0.05) reduction in the S. aureus counts in

nanoemulsion treatments compared to the control throughout the storage period. This
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study showed that eucalyptus oil nanoemulsion is an effective antimicrobial agent, and
application of it as a dip is a feasible method.
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Figure 4.8. Effect of the E. radiata essential oil nanoemulsion as an antimicrobial
dipping solution on the inhibition of Staphylococcus aureus ATCC 9144-
contaminated fresh beef chunks.

Different uppercase letters indicate significant (P < 0.05) difference between two groups.
Different lowercase letters indicate a significant (P < 0.05) difference within the treatment at

different storage times.

Similarly, in a previous study by Hu et al. (2011), the antimicrobial activity of the
extract obtained from the Magnolia officinalis plant was tested on S. aureus. It was
observed that S. aureus was effectively and significantly inhibited by the extract. The
result of the investigation showed that the extract damaged the cell wall and
membrane, altering the structure of the cell. As a result, the cell membrane's
permeability increased, which caused the cells to die, as demonstrated by a scanning

electron microscope (Hu et al., 2011).
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4.5.2. Antimicrobial Activity of Eucalyptus radiata Essential Oil
Nanoemulsion on Fresh Beef Chunks Against Total Coliform

The findings of this study for total coliform are given in Table 4.4. There were two
treatments. The first one was the control treatment, in which the meat pieces had no
application of an antimicrobial. The second treatment was the nanoemulsion, in which
the meat pieces were immersed in the E. radiata nanoemulsion for 10 min before
packaging. Data were collected on days 0, 2, 4, 6, and 8 and stored under refrigerator

conditions.

Table 4.4 Effect of the Eucalyptus radiata essential oil-nanoemulsion as an
antimicrobial dipping application on the microbial count of fresh beef chunks during
cold storage

Treatments Storage time (days)
0 2 4 6 8
Total coliform count (log CFU/g)
Control 444 +0.06Ba 5.68+0.07Bb 7.48+0.08Bc 7.67+0.15Bc 8.63 +£0.14Bd
Nanoemulsion 3.14 +£0.03Aa 4.45+0.01Ab 5.52+0.03Ac 6.69+0.03Ad 7.07+0.02Ae
Pseudomonas spp. count (log CFU/g)
Control 476 +0.04Ba 5.86+0.02Bb 7.60+0.04Bc 7.90+0.07Bc  8.49+0.21Bd
Nanoemulsion 3.40+£0.03Aa 4.86+£0.02Ab 5.51 £0.03Ac 6.96+0.03Ad 7.62+0.14Ae

Lactic acid bacteria count (log CFU/qg)

Control ND 220+0.03Ab 3.42+0.09Ac 3.34+0.02Ac 3.43 +£0.06Ac

Nanoemulsion ND 2.51+0.24Bb 3.28 £0.09Ac 3.74+0.03Bd 4.10+0.07Bd
Yeast and mold count (log CFU/qg)

Control 497+0.01Ba 5.80+0.06Bb 7.51+0.13Bc  7.79+0.11Bc  8.29 + 0.06Bd

Nanoemulsion 3.69 +0.05Aa 3.82+0.27Aa 5.33+0.08Ab 6.54+0.16Ac 7.84+0.02Ad

Values are expressed as mean =+ standard errors (S.E.). Different uppercase letters in the same column
indicate a significant (P < 0.05) difference between two groups. Different lowercase letters in the same

row indicate a significant (P < 0.05) difference within the treatment at different storage times. ND =
not detected.

The effectiveness of E. radiata essential oil-nanoemulsion on total coliform count was
examined in fresh beef pieces during cold storage. Significant changes (P < 0.05) in
total coliform counts were observed between the control and eucalyptus oil
nanoemulsion samples during the 8-day storage period. For total coliform count,

samples retained in the emulsion ranged from 3.14 to 7.07 logio CFU/g, while control
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samples ranged from 4.44 to 8.63 logio CFU/g, providing significant (P < 0.05)
differences between the treatments on all the days of storage. Additionally, the number
of coliform colonies increased significantly (P < 0.05) for both treatments during the
course of the storage days. It was also observed that the control group's colony count
reached the spoiling level on day 4, whereas the nanoemulsion treatment required an
additional 4 days to reach that level. These changes can also be seen in Figure 4.9. The
largest difference between the groups was on day 4. The dipping application of the
eucalyptus nanoemulsion slowed down the increase in the total coliform count on fresh
beef pieces. In another study, the effect of essential oils obtained from different parts
of different plants, such as flowers or bark, on the total coliform count during the shelf
life of pork back fat was examined. It was reported that the total coliform count was
reduced by a minimum 16 days with Cinnamomum zeylanicum essential oil and by a
minimum 6 days with a mixture of Origanum compactum and Thymus zygis essential
oils (Van Haute et al., 2016). These findings demonstrate the potential of essential oils

and their emulsions as an antimicrobial agent for meat products.
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Figure 4.9. Effect of the E. radiata essential oil nanoemulsion as an antimicrobial
dipping solution on the delay the growth of total coliform
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45.3. Antimicrobial Activity of Eucalyptus radiata Essential Oil

Nanoemulsion on Fresh Beef Chunks Against Pseudomonas spp.

The results of the Pseudomonas spp. counts are displayed in Table 4.4. Similarly, we
found that E. radiata oil nanoemulsion had significant (P <0.05) antimicrobial activity
against Pseudomonas spp. throughout the storage period. The differences in the
number of colonies between groups ranged from 0.87 to 2.09 logigo CFU/g. In addition,
the biggest difference between the two groups was observed on day 4, as seen in Figure
4.10. Once more, the nanoemulsion group achieved the spoiling level on day 8, but the

control group's Pseudomonas spp. levels reached that level on day 4.
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Figure 4.10. Effect of the E. radiata essential oil nanoemulsion as an antimicrobial
dipping solution on the delay the growth of Pseudomonas spp.

In a study examining the antibacterial activity of essential oils obtained from different
plants on fish against Pseudomonas species, it was reported that Cinnamomum
zeylanicum, Cymbopogon nardus, Origanum vulgare, Foeniculum vulgare, and
Thymus serpyllum essential oils showed strong antimicrobial activity. When the GC-
MS results of Cinnamomum zeylanicum, the most effective of these essential oils, were
examined, it was seen that it contained the most (E)-cinnamaldehyde, Linalool,

Eugenol, and 1,4-cineole compounds, respectively (Kacaniova et al., 2017). This
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suggests that the potent antibacterial action of the E. radiata essential oil nanoemulsion
against Pseudomonas spp. in fresh beef is probably caused by the abundance of
monoterpenoids (o-cymene, 2-bornene, 1,8-cineole, and o-pinene) present in the

eucalyptus essential oil.

45.4. Antimicrobial Activity of Eucalyptus radiata Essential Oil

Nanoemulsion on Fresh Beef Chunks Against Lactic Acid Bacteria

Table 4.4 displays the impact of applying the nanoemulsion on the lactic acid bacteria
count. The results demonstrate that the eucalyptus nanoemulsion had no antimicrobial
effect on the lactic acid bacteria. Besides, due to the presence of other predominant
spoilage microorganisms, the lactic acid bacteria count has been low in both groups;
nonetheless, it has varied between 2.20 and 3.43 logio CFU/g in the control group and
2.51 and 4.10 log CFU/g in the nanoemulsion group. When the results are examined
at different days, on day 0, no lactic acid bacteria were found in either the control or
the emulsion. While significant differences were found on day 2, similar results were
obtained on day 4, but after that, samples kept in the emulsion had higher lactic acid
bacteria counts, which is seen in Figure 4.11. Contrarily to our findings, a recent study
by Gedikoglu (2022b) reported that the essential oils of Thymus vulgaris and Thymbra
spicata have exhibited strong inhibitory effects against lactic acid bacteria. Only 1%
of the essential oil mixture has provided a 3.02 log CFU/g reduction in the lactic acid
bacteria count for the essential oil-coated bologna samples in comparison to the control
bolognas. Despite the fact that the eucalyptus nanoemulsion has shown no
antimicrobial activity against lactic acid bacteria in this study, it has demonstrated

strong antimicrobial activity against a wide range of microorganisms.
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Figure 4.11. Effect of the E. radiata essential oil nanoemulsion as an antimicrobial
dipping solution on the growth of lactic acid bacteria

45.5. Antimicrobial Activity of Eucalyptus radiata Essential Oil
Nanoemulsion on Fresh Beef Chunks Against Yeast and Mold

The changes in the number of yeasts and mold counts of fresh beef samples treated
with the eucalyptus nanoemulsion in comparison to the control groups are displayed
in Table 4.4. Similar to the results of total coliform and Pseudomonas spp. counts,
eucalyptus oil nanoemulsion treatment has shown a significant (P < 0.05) reduction in
yeast and mold counts during 8 days of cold storage. Maximum antifungal activity was
observed on the 4" day, proving a 2.18 log CFU/g difference between the control and

the nanoemulsion treatments (Figure 4.12).
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Figure 4.12. Effect of the E. radiata essential oil nanoemulsion as an antimicrobial
dipping solution on the growth of yeast and mold

In the study conducted by Noori et al. (2018), a sodium caseinate-based nanoemulsion
containing 6% Zingiber officinale essential oil exhibited antimicrobial activity against
mold and yeast in chicken fillets. It was observed that the formation of the number of
organisms was delayed until the 4th day. Furthermore, Gedikoglu (2022b) found that
a 1% thyme oil-pectin coating effectively inhibited the growth of yeast and mold on
bologna samples and slowed down their growth by 3.56 logio CFU/g at the end of the
storage. Effective results occur when the antimicrobial activity of bioactive
compounds found in essential oils is combined with a nanoemulsion formulation. The
smaller size of nanoemulsions results in a larger surface area, the entry of
nanoemulsions into the cells of microorganisms becomes easier; the binding tendency

increases; and thus, the effectiveness of essential oils increases.

Despite the fact that research on the in vitro antimicrobial activities of essential oils of
different plants and their by-products has been ongoing, to the best of our knowledge,
no studies have been found comparing the antimicrobial activity of eucalyptus oils’ or
their nanoemulsions’ in meat products. As a result, this study demonstrates the

antimicrobial potential of eucalyptus nanoemulsion by controlling the growth of S.
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aureus and delaying the spoilage of fresh red meat, while also providing new
information to the body of literature in this field.
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5. CONCLUSION

Red meat is susceptible to microbial contamination because of its high nutritional
value and its highly available water content. Natural substances, such as essential oils,
can be used in food applications to reduce the risk of pathogen contamination and
delay the spoilage of meat products. In this study, both the in vitro and in situ
antimicrobial activity of an essential oil obtained from natural sources, namely the E.
radiata plant, were examined. Eucalyptus oil was extracted using microwave
extraction technology with a microwave power of 550 W for 45 min. The eucalyptus
oil nanoemulsion was prepared using a high-shear blending of 2% Eucalyptus radiata
essential oil, 1% high-methoxyl pectin, 5% glycerol, and 5% Tween 80®. To evaluate
the nanoemulsion’s characteristic properties, particle size, zeta potential, viscosity, and
whiteness index values were determined. Results showed that the eucalyptus oil
nanoemulsion had a particle size of 52.04 nm and a low zeta potential of -9.16 mV.
Additionally, the in vitro antibacterial activity of eucalyptus essential oil and
nanoemulsions was examined against foodborne pathogens. The results of the in vitro
studies showed that the eucalyptus oil exhibited an inhibitory effect, especially against
Gram-positive bacteria, while the nanoemulsion had a stronger antimicrobial effect
against Gram-negative bacteria. For the testing of the food matrix, the application of
the nanoemulsion as a dipping solution was evaluated against S. aureus-contaminated
meat samples. In addition, the effect of the nanoemulsion on the shelf life of fresh beef
chunks was determined by assessing total coliform, E. coli, Pseudomonas spp., lactic
acid bacteria, yeast, and mold counts. The results demonstrated that the nanoemulsion
application had a significant (P < 0.05) effect on controlling the growth of S. aureus
on fresh beef pieces, providing a 1.54 to 2.5 logio CFU/g decline in the bacteria count
in comparison to control samples. Moreover, the nanoemulsion application negatively
affected the growth of spoilage microorganisms and delayed the spoilage of fresh beef
pieces by 4 days. In conclusion, this study demonstrated that use of E. radiata essential
oil nanoemulsions as a dipping application can be used as a hurdle technology to
improve the food safety and shelf life of fresh meat products. New strategies can be
developed by increasing studies on the synergistic mechanism between different

components.
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APPENDIX-1

7. APPENDIX
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i | PFinene <heta 14 644 TIC | ERI9452 0,75 1.3 568 977
7| Myroene 15095 TIC | 11591489 | 098 .56 113 DEE
8 [a-Cymene 17338 TIC | 5345 199
A BICYCLO2 2.1 17375 17555 | TIC | 3096461 25,18 103
10 | ELCALYPTOL ¢ 17555 17.745 | TIC | 133168022 [ 11531 | 30510686 2555 436 1049
11 | gamma - Terping 15245 | TIC | 3399401 029 F95588 83 34l 1061
12 | Epoxylinalal 15545 15795 | TIC 105025 009 538 1075
15 | ALPHA-TERPIY 19.105 19285 | TIC 475 1087
14 | Benzene, 1-meth 19 285 19585 | TIC 0.1 230692 0,19 5.3 1092
15 [ BETA-PINEROX] 19.595 TIC 0,14 315525 .26 5,19 1102
5-Verhena TIC 1114
17 | xFenchyl alcaly 20635 TIC 1124
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3-CYCLOHEXEN 22745 22475 TIC | 225938 531
Pinocamphane | 22914 22815 TIC | 1051239 6,27
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25 | cis=p=Menitha-1§ TIC | 18627140 0,14 276929 .23 6,73
26 | ALPHA TERFIN TIC | 4355607 037 698252 .58 624
27 |Carveal <drans TIC H55972 THETTE LILIE 554
28 | 6-METHYL- (A TIC | 278980 63116 442 1231
trans-p-Mentha TIC | B48662 0.1 707 1235
10-PINANOL, A TIC | 1373584 0,12 0,19 6,13 1248
31| Camphenal, & TIC | 214634 003 6.54 1295
32| Phenal, S-methy TIC | B18335 0,12 5.5 1300
33| 1-P-MENTHEN TIC 499 1314
34| 1+ alpha-liydr TIC 005 525 1330
35| 1-{ alpha-lydr TIC 4,74 1340
26 | Terpiny ] acetate TIC 1348
37 | FARNESYL ACE TIC 05 4,69 1375
38 | 1 H-Cyclaprap|e TIC .11 423 1414
39 | TRANS{ BETAp TIC 5,36
40| 5-BETA-ILT-BE TIC 442
A1 |+ -CALAREN] TIC 176700 {15 486
A2 | NEQALLOOCTM TIC 3352229 Z51 452
43 | alpha-{uaiene 32985 | TIC 82079 381
44 | NEOALLOOCTM IREAS | TIC 40630 0,54 43
45 | Maphthalene, 1.3 3965 | TIC| 319210 58
46 | 1 H-Cyclaprap|e 34565 | TIC [ 1660 52
47| 3-METHYL-5-2 TIC | 291675 482
4% | Veriditlaral 36.765 TIC | 1398267 505
49 [ Veridiflaral 37128 36975 TIC 1582
50 | Veridiflaral 37648 TIC 494 1599
51 | Veridiflaral 37937 TIC 4.99 1608
52 |Mootkatone (CA[ 35365 IRARS | TIC 3,37 1622
53 | Rosifalial 3H.793 IRA1S | TIC | 289378 523 1636
54 | HENATRIACON] 53359 53.195 53535 | TIC | 1069567 0,09 1163%1 .1 9.19 2173
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