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Abstract

Microbial growth and oxidation are considered to be the major causes of beef burger
deterioration. Because of that, synthetic antimicrobial and antioxidants are used to
prevent or delay the microbial growth and oxidation process. Unfortunately, these
substances are not safe and may cause harmful impacts on human health, which arose
the need to search for natural alternatives in the food industry. In this study, essential
oils of clove, thyme, and rosemary serve as natural preservatives to increase the shelf
life of refrigerated beef burger up to 7 days without using synthetic antimicrobial and

antioxidant agents.

Essential oils were added to beef burger at different concentrations for each essential
oil (1 and 1.5% v/w). In addition, two positive control samples for antimicrobial and
antioxidant agent were treated with 2% potassium lactate (PL) and 100 ppm Butylated
hydroxytoluene (BHT) respectively. All samples were kept at 4°C for 7 days (study
period). Measurement of the antimicrobial activity of essential oils was performed by
testing total plate count, total coliforms, and Staphylococcus aureus. The oxidation
stability test was carried out by thiobarbituric acid reactive substances (TBARS) test,
and expressed as mg of malonaldehyde/ kg beef burger, in addition to that, the pH of

each sample was examined.

Essential oils added to beef burger showed strong antimicrobial effects against the
examined microbes. The obtained results revealed that, clove essential oil (CEO)
added at concentration 1.5% reduced the microbial activity of Staphylococcus aureus

by 54% compared with negative control sample, also, there is a significant difference



between it and all treated samples. In addition, results indicated that CEO at both
concentrations 1% and 1.5% had the most effect on reducing microbial growth of total
coliform (TC) compared with other stored samples. Total plate count results showed
that essential oils at all different concentrations used in this study led to reduction in
microbial growth in the burger samples without any significant differences between

these essential oils (EOs).

Regarding the chemical indicators, CEO at concentrations of 1% and 1.5% were the
most effective and retard oxidation by 24% and 35%, respectively compared with
negative control sample. Moreover, Thyme essential oil (TEO) at a concentration of
1% and 1.5%, reduced the percentage of oxidation by 14% and 31%, respectively

compared with the negative control sample.
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Chapter One: Introduction

1.1 Background

Foods are produced typically from plants or animals and include a lot of important
nutrients such as: (fats, proteins, vitamins, minerals, and carbohydrates). Food is
consumed by an organism and digested by the organism cells to provide energy,
sustain life, or stimulate growth (Abdulmumeen et al., 2012). A lot of food products,
require protection from deterioration during production, storage, and distribution in

order to maintain desired shelf-life (Rasooli, 2007).

Nowadays, mostly all food products contain food preservatives. The trends are to
retain the natural characteristics of food, extend its shelf life and prevent natural
ageing and discoloration that might occurred during food preparation steps (Sharma,
2015). Food preservation refers to the process of keeping foods safe and undamaged
(Amit et al., 2017). It is accomplished by creating an unfavorable environment for
microbiological spoilage and retarding chemical oxidation (Vaclavik et al., 2021).
Preservation methods include techniques such as reducing accessible water (water
activity), controlling temperature (low or high) and adding preservatives (Tapia et al.,

2020).

It is well known that food products can be spoiled by chemicals, microbes, and
enzymes found in the food itself. In addition, food deterioration can occur during food
transportation, in terms of loss or decrease in morphological attraction and decrease in

food nutritional value (Ahmad et al., 2021).



Synthetic methods of food maintenance can be achieved through nuclear radiation,
vacuum packing, and hypobaric packing. Today, specific synthetic chemical
substances are used as food preservatives. These Preservatives, are considered
primarily effective for an extended time span and pausing or postponing the increase
of bacteria, quell the chemical reactions when food is exposed to either oxygen or
heat (Zaccheo et al., 2016). However, Food preservatives also prohibit the loss of
some major amino acids, and vitamins, and promote the flavors and colors of food

(Sharma, 2015).

The ultimate strategy that is used to stretch fresh meat lifetime is the use of
antimicrobial and antioxidant additives of synthetic origin, which are being
questioned due to an increasing consumer demand for natural, healthy and safe
preservatives (Yu et al., 2021). It was reported that, essential oils (EOs) exhibit their
antimicrobial activity against food-borne pathogens by interfering with and
destabilizing the phospholipid bilayer of the cell membrane, the enzyme systems and
the genetic material of bacteria (Burt, 2004; Kim et al., 1995). Therefore, the use of
natural preservation methods is very important, and hence this research will study the

use of essential oils in preserving beef burgers.

Many medicinal and aromatic plants have been discovered for their essential oils over
the past several decades. However, essential oils are complex volatile compounds,
which are naturally synthesized in different parts of the plant during secondary
metabolism (Akthar et al., 2014). Essential oils have great potential in the biomedical
field since they effectively break down a number of pathogens caused by bacteria,

fungi, and viruses (Swamy et al., 2016). The presence of aldehydes, phenols, terpenes



and other antibacterial compounds makes essential oils effective against a wide range

of pathogens (Swamy et al., 2016).

Meat and meat products such as beef burgers can be damaged by microbes or by fat
oxidation. Therefore, it is a significant thing to conserve meat products from spoilage
by adding preservatives, especially natural preservatives, to prolong their shelf life
and improve their properties (Alsaigali et al., 2016; Aminzare et al., 2016). Lipid
oxidation is considered to be the main cause of meat spoilage and meat products due
to its high fat content. These damages lead to a loss of some nutritional value,

repulsive taste and texture, and loss of water retention (Aminzare et al., 2019)

In recent years, and due to the increasing of consumer awareness towards synthetic
preservatives, interest in essential oils and their applications in food preservation has
increased (Chouhan et al. events, 2017). To elongate shelf life in the refrigerator, this
is the most common method used to preserve fresh meat and meat products. Many

synthetic additives have been used for many years (Liu et al., 1992)

Synthetic additives can be correlated with the carcinogenic and toxic properties of
preserved foods. Accordingly, the growing consumer interest in healthier meat and
meat products and the demand for natural food additives has led the researchers to
consider natural alternatives to the food additive (Mariutti et al., 2011). Natural
additives are expected to improve meat quality without leaving any remains in the
product or in the environment (Simitzis et al., 2008). Essential oils are aromatic and
volatile oil extracts obtained from parts of medicinal and aromatic plants, including

flowers, roots, twigs, leaves, seeds, buds, bark and pods. They are stored in secretory



cells, ducts or glandular trichomes, but their qualitative and quantitative composition

determines their antimicrobial and antioxidant capacity (Taban et al., 2021).

There is a global need to look for conservation alternatives that cover the same
antimicrobial properties and compatibility with food. Intoxication, cancer, and other
degenerative disorders are linked to the usage of synthetic preservatives and chemical
additives (Laranjo et al., 2017). As a result, public concern has grown, as the desire to
eat healthier products that use natural preservatives and chemicals rather than

synthetic ones (Laranjo et al., 2017).

Several plant-derived EOs can be effectively used in meat and meat products as
natural alternatives to synthetic food additives, particularly as effective antimicrobial
agents. Moreover, phenolic compounds, such as carvacrol, eugenol, and thymol, are
mainly responsible for the antimicrobial activity of EOs to increase the permeability
of cell membranes and leading to loss of cellular constituents (Liu et al., 2013).
Therefore, it is possible to use these compounds in preserving meat, since meat and
meat products are highly prone to microbial deterioration because they are rich in
essential nutrients and perishable in nature and if they are not properly preserved,

public health problems may occur (Aminzare et al., 2016).

Traditional methods of preservation usually aim to exclude air, moisture, and
microorganisms, or to provide environments in which organisms that might cause
spoilage cannot survive. Nevertheless, food preservation can be done by boiling,

freezing, pasteurizing, dehydrating, smoking, pickling (Sharma, 2015). Such



traditional methods, are efficiently decreasing the growth of bacteria in preserved

food (Sharma, 2015).

1.2 Essential oils

Essential oils (EOs) are mixtures of natural, volatile and aromatic compounds
extracted from plants (Valdivieso-Ugarte et al., 2019). EOs are generally known as
safe (GRAS), so they can be seen as a substitute to extending the shelf life of highly
perishable food products by preventing the growth of pathogens in food and inhibiting
lipid oxidation (Angane et al., 2022; Shaltout & Koura, 2017). Due to the antibacterial
properties of EOs against pathogens caused by bacteria, fungi and viruses, many
medicinal plants have been examined and tested then used for their essential oils
worldwide (Akthar et al., 2014). Essential oils are considered very distinctive when it
comes to fighting against microorganisms due to the existence of mass numbers of
alkaloids, phenolic compounds, terpene-derived compounds and other antibacterial
compounds. (Akthar et al., 2014; Chouhan et al., 2017). Therefore, essential oils can
be used as an alternative against pathogenic microorganisms and have antioxidant

effects (Valdivieso-Ugarte et al., 2019).

Cinnamon, cloves, thyme, marjoram and rosemary have strong inhibitory effects on
various types of bacteria (Ouattara et al., 1997). Essential oils extracted from several
medicinal plants (Table 1.1) have also been reported to have antibacterial effects
against foodborne pathogens due to the presence of phenolic compounds such as

carvacrol, eugenol and thymol (Gray et al., 1996).



Clove essential oil has many biological activities, however, 22 essential oil
components obtained from clove buds have been identified, and eugenol is the major
component (76.23%). The essential oil showed strong antibacterial activity against
Staphylococcus aureus (Xu et al., 2016). In terms of mode of action, essential oils
have the ability to interact first with cell walls and membranes. On the one hand, they
destroy cell walls and membranes, then lose important intracellular materials, which
causes the death of the cell (Xu et al. 2016). In addition, the essential oil penetrates
the cytoplasmic membrane or penetrates into the interior of the cell after the cell
structure is destroyed, and then inhibits the normal synthesis of DNA and proteins

necessary for the growth of bacteria (Xu et al., 2016).

Table 1. 1 Major components of selected EOs that exhibit antibacterial
properties

Common name of EO

Latin name of plant source

Major components

Clove Syzygium aromaticum Eugenol, 123Eugenyl acetate
Rosemary Rosmarinus officinalis a-pinene

Bornyl acetate

Camphor

1,8-cineole
Thyme Thymus vulgaris Thymol, Carvacrol,

y-terpinene, p-cymene,
Linalool

Adapted from (Burt, 2004).

1.3 Microbial deterioration of meat and meat products

There is a wide variety of meat products including cured meats, patties, nuggets, and
meatballs which considered as excellent source of essential nutrients with high-quality
proteins, fat, and minerals (Aminzare et al., 2019). Meat spoilage results from the

development of off-odor known as putrefaction. Microbial growth, alongside with




biochemical and enzymatic degradation, are commonly responsible for the spoilage of
meat and meat products (Devlieghere et al., 2004). In fact, bacterial contamination is
one of the major contributors to fresh meat quality deterioration, as these products are

highly susceptible to microbial contamination if not properly stored and handled.

1.4 Mechanism of essential oil as antimicrobial

Some researches demonstrated that the antimicrobial effects of the essential oils act
by causing structural and functional damages to the bacterial cell membrane (Gofii et
al., 2009). It has been shown that plant compounds affect microbial cells through
various antimicrobial mechanisms, including attacking the phospholipid bilayer of the
cell membrane, disrupting enzyme systems, and affecting the genetic material of
bacteria (Viuda-Martos et al., 2011). Although the antibacterial properties of essential
oils and their constituents have been previously reviewed, the mechanism of action

has not been studied in detail (Lambert et al., 2001).

Given the large number of different classes of compounds existing in EQs, it is known
that their antibacterial activity is not due to a specific mechanism and has a multiple

targets within the cell (Lambert et al., 2001).

An important characteristic of essential oils and their components is the
hydrophobicity, which enables them to partition with the lipids present in the cell
membrane of bacteria and mitochondria, rendering them more permeable by
disturbing the cell structures (Chouhan et al., 2017). Subsequent leaks of ions and
other cell contents can occur. Some leakage from bacterial cells is tolerable without

the loss of viability, while massive loss of cell contents or leakage of important



molecules and ions is fatal (Denyer, 1991). There is some evidence that tea tree oil

can induce cell death with E. coli (Cox et al., 1998; Cox et al., 2000)

In general, EOs, which have the strongest antibacterial properties against food-derived
pathogens, contain a high proportion of phenolic compounds such as carvacrol,
eugenol, and thymol (Farag et al., 1989). Therefore, it seems reasonable that their
mechanism of action is similar to that of other phenols. This is commonly thought as
cytoplasmic membrane disruption, Proton Motive Force (PMF) disruption, electron

flow, active transport, and cell content coagulation (Mohammed & Al-Bayati, 2009).

The action and antibacterial activity of individual E.O components method is
influenced by their chemical structure. The importance of the presence of hydroxyl
groups in phenolic compounds such as carvacrol and thymol has been confirmed. The
relative position of the hydroxyl groups on the phenolic ring does not appear to have a
significant effect on the level of antibacterial activity. It appears to be comparable
(Lambert et al., 2001; Ultee et al., 2002). However, a study conducted by (Dorman &
Deans, 2000) found that carvacrol and thymol have different effects on Gram-positive
and Gram-negative bacteria.

The phenolic ring is important due to the shortage of activity of menthol in
comparison with carvacrol (Ultee et al., 2002). The antibacterial activity is stimulated
when an acetate is added to the molecule. On the other hand, the geranyl acetate has
shown more activity against various types of gram-positive and negative kinds than
geraniol (Dorman & Deans, 2000). In the case of non-phenolic components of EOs,

the kind of alkyl group has been discovered to have an effect on EOs activity. For



example, limonene (1-methyl-4-(1-methylethenyl) - cyclohexene) is more active than

p-cymene (Dorman & Deans, 2000).

The mechanism of action of EOs has not been studied in detail (Lambert et al., 2001).
Given the large number of different groups of chemical compounds found in EOs, it is
very likely that although bacterial cells have multiple targets, their antibacterial
activity is not due to any specific mechanism. Another important parameter for the
action of food preservatives is their ability to lower pH level. The pH of both E. coli
and Salmonella has been shown to be lowered by the action of mustard EOs (Turgis et

al., 2009).

In fact, the mechanisms of action of the EOs include cell wall degradation,
cytoplasmic membrane damage, cytoplasmic coagulation, and membrane proteins
damage, increased permeability leading to leakage of cell contents, decreased proton
motive force and intracellular ATP pool. Aside from decreased ATP synthesis,
increased hydrolysis, increased membrane permeability and decreased membrane
potential due to increased membrane permeability (Nazzaro et al., 2013; Pellegrini et

al., 2017).

1.5 Mechanisms of Lipid Oxidation

Lipid oxidation is a major cause of deterioration in meat and meat products due to
their high fat content and high water activity leading to loss of nutritional value,
unpleasant flavor, texture, and water holding capacity (Aminzare et al., 2019; Garcia-

Lomillo et al., 2017).



Oxidation of lipids is one of the most serious problems that shortens the shelf life of
meat and meat products. Antioxidants are used to regenerate free radicals, thereby
slowing the oxidation of lipids, delaying the development of off-flavors, and
improving color stability. The use of synthetic antioxidants to reduce oxidative
damage can be considered a disadvantage to consumers. In addition, recent growing
consumer understanding of these dangers has replaced synthetic antioxidants with
naturally occurring bioactive compounds. Plant materials are a rich source of
bioactive phenolic compounds. Therefore, they can be effective alternatives to
synthetic antioxidants. Aminzare et al., (2019) used natural antioxidant compounds
such as herbs, spices, fruits, plant essential oils and extracts in meat and meat

products to improve their quality and shelf-life.

Lipid oxidation can be described as the oxygen-dependent oxidative degradation of
saturated and unsaturated fatty acids. This fatty acid modification is primarily carried
out by an autocatalytic free radical mechanism called autoxidation, which consists of

three phases (Kumar et al., 2015).

Undesired chemical reactions can take place among which lipid oxidation is the most
unfavorable and can negatively affect the colour of the meat product (Youssef, 2014).
Lipid oxidation has been recognized through three different mechanisms (free radical
mechanisms, photo-oxidation, and processes associated with lipoxygenase activity)
that produce different oxidation products. Auto-oxidation is the spontaneous reaction
of molecular oxygen with lipids, leading to oxidative degradation. It proceeds through

a free radical chain mechanism that involves three steps:

10



1. Initiation step — homolytic hydrogen atom abstraction from a methylene group

that leads to alkyl radical (Re) formation.

initiator

RH » R

2. Propagation step — formation of peroxy radicals (ROO¢) able to react with

unsaturated fatty acids and form hydroperoxides (ROOH).

fast

R*+0, = > ROO"

slow

ROO"+RH > ROOH+R’

3. Termination step — formation of non-radical products by interaction of Re and

ROO-.
R*+R" » RR
NON-RADI-
R*+ROO0O° » ROOR CAL
PRODUCTS

ROO*+RO0Q* —— > ROOR+0;,

Where: Re — fatty acid radical; ROOH — fatty acid hydroperoxide; ROO+ — peroxy

radical (Shahidi & Wanasundara, 2002).

1.6 Antioxidant
The term "antioxidant™ means any substance that can delay or prevent the oxidation of

oxidizable substrates. Various factors, such as oxygen, metal ions, moisture, heat, and

11



the presence of light can accelerate the oxidation of lipids. Therefore, to prevent or
delay the oxidation of sensitive foods, oxygen and metal catalysts must be removed to
keep foods cool and protected from light (Wang et al., 2021). Antioxidants inhibit
chain reactions, remove reactive oxygen species (ROS), interfere with self-oxidation
chain reactions, quench O radicals, prevent peroxide formation, and adhere to
catalysts such as metal ions. By doing so, it inhibits lipid peroxidation. Antioxidant

properties have been proposed for a variety of substances (Aminzare et al., 2019).

Free radicals and the production of reactive oxygen species (ROS) are both inhibited
by natural antioxidants (Ouslimani et al., 2005). Phenolic compounds are the
substances that contribute the most to the antioxidant activity in different medicinal
plants essential oil (Fokou et al., 2020). Their antioxidant action is attributed to their
molecular structure, in particular, the number and positions of hydroxyl groups, and
the substitutions of aromatic rings, and to their ability to eliminate free radicals

through the donation of hydrogen atoms (Soethe et al., 2022).

1.7 Consequences of Lipid Oxidation on Meat and Meat Products quality

For lipid oxidation of meat and meat products, there are several elements that affect it
including high levels of polyunsaturated fatty acids (PUFAs) as components of
membrane phospholipids, lack of antioxidants, high concentrations of antioxidants
and reactive radicals, high levels of salts, the presence of (NaCl) and free molecules
Oxygen, which is usually introduced into the meat mixture during processing.
Researchers have demonstrated that salts can reduce the activity of glutathione

peroxidase, superoxide dismutase, and catalase (Jiang & Xiong, 2016).

12



Oxidative spoilage of meat and meat products leads to off-flavour development,
discoloration, formation of toxic compounds, loss of nutrients, loss of drips, and
shortened shelf life (Aminzare et al., 2019; Contini et al., 2014; Fallowo et al., 2014).
Under normal physiological conditions, oxygen molecules release a series of reactions
leading to the formation of free radicals. During metabolic reactions, small amounts
of consumed oxygen are converted to reactive oxygen species (ROS). Free radicals,
especially ROS and reactive nitrogen species (RNS), which can interact with fatty
acids, nucleic acids, and proteins, are involved as intermediates in several homeostatic

processes (Moylan et al., 2014).

Oxidative stress is a problem caused by an imbalance between ROS (reactive oxygen
species) and antioxidant production. This can damage muscle organelles, cells, and
tissues. Myofibril proteins can be affected by ROS during storage, affecting meat
quality and damaging cellular structures. ROS have been shown to decrease collagen
production in muscle tissue, resulting in a firmer meat texture and reduced collagen

solubility (Archile-Contreras & Purslow, 2011; Falowo et al., 2014).

1.8 Consequences of Lipid Oxidation on Human Health.

Although a major concern for lipid oxidation has been evolved on the effects on
sensory and functional qualities of meat. On consequence, lipid oxidation also
produces free radicals and toxic compounds that can cause diseases, or have negative
impacts on the health of humans who consume the products. Many primary and
secondary by-products of lipid oxidation such as 4-hydroxynonenal, malonaldehyde

are known as potential carcinogens (Csala et al., 2015).

13



Free radicals can harm a variety of biological components, including nucleic acids,
lipids, and proteins thus disrupting the usual redox balance and causing increase in
oxidative stress. Diabetes mellitus, neurodegenerative disorders (Parkinson's disease,
Alzheimer's disease), cardiovascular diseases (atherosclerosis and hypertension),
respiratory diseases (asthma), cataract development, rheumatoid arthritis, and various
cancers have all been linked to free radical-induced oxidative stress (colorectal,
prostate, breast, lung, bladder cancers) (Phaniendra et al., 2015). Although, excessive
amounts of reactive oxygen species are directly or indirectly involved in various
diseases such as inflammatory diseases, cancer, diabetes, autism, Alzheimer’s disease,
Parkinson’s disease, atherosclerosis, heart failure, fatty liver, chronic fatigue

syndrome, obesity, and depression (Huang & Ahn, 2019)

1.9 Chemical preservatives in meat products.

Some food additives and preservatives have been shown to have the following side
effects in human and animal models: Butylated hydroxytoluene (BHT) and butylated
hydroxyanisole (BHA). (BHT) and (BHA) are synthetic monocyclic phenolic
compounds that are widely used in many food formulations as food preservatives due
to their antioxidant properties (Parke & Lewis, 1992). BHA and BHT are suspected of
causing health risks such as hyperactivity in children, lung, liver and kidney damage,
and most importantly cancer (Ukwo et al., 2022). Studies have shown that BHA and
BHT are carcinogenic at high doses and induce squamous cell carcinoma of the
posterior gastric region of rodents at concentrations above 3000 ppm, but 250 mg / kg
of BHT. Increases naturally occurring neoplasms and tumor-promoting activity

(Williams et al., 1999).

14



BHA can chemically induce gastric tumors in rats, and BHA and BHT act as
Chemopreventive agents at low doses, but can be carcinogenic at high doses

(Inetianbor et al., 2015)

1.10 Natural Antioxidant in Meat and Meat Products

Natural antioxidants are ubiquitous in food and medicinal plants. These natural
antioxidants, especially polyphenols and carotenoids, exhibit a wide range of
biological effects, including anti-inflammatory, anti-aging, anti-atherosclerotic and
anti-cancer effects (Nikhade et al., 2019). Appropriate evaluation of antioxidants from
food and medicinal plants is important for investigating potential antioxidant sources
and facilitating their application in functional foods, pharmaceuticals, and food

additives (Xu et al., 2017).

Natural antioxidants contain active ingredients that enhance the antioxidant capacity
of meat products. The antioxidant activity of these ingredients is most often due to
phenolic acids, flavonoids and essential oils (Tomovi¢ et al., 2017). The most
important source of natural antioxidants comes from the daily intake of vegetables
and fruits. But antioxidants from other plants and agricultural waste should not be

ignored (Anwar et al., 2018).

1.11  Plant Polyphenols.
Polyphenols are natural compounds synthesized exclusively by plants with chemical
features related to phenolic substances and eliciting strong antioxidants properties

(Singla et al., 2019). In the last two decades, there has been more interest in the

15



potential health benefits (Fig. 1.1) of dietary polyphenols as antioxidant (Ganesan &

Xu, 2017).

Anti-
Infla mmatory Cerebrovascular
& Anti- protection
Infective

Cardio protective

: : Anti-
Anti-Ageing & Asthmatic &

Osteoprotective Antihypertensive

Figure 1. 1 Health benefits of polyphenols

Epidemiological studies strongly suggest that, long term consumption of diets rich in
plant polyphenols offer protection against the development of certain cancers, lung
damage, pancreatitis, cardiovascular diseases, gastrointestinal problems, type 2
diabetes, osteoporosis, and neurodegenerative diseases (Cory et al., 2018; Pandey &

Rizvi, 2009).

The exact mode of antibacterial action of phenolic compounds is still unknown, but it is
generally accepted that they have a variety of cellular sites of action. Antibacterial
phenols can be added directly to fresh food formulations or incorporated into food
contact materials and released into the direct environment of fresh foods (Bouarab

Chibane et al., 2019).
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1.12 Problem statement

Refrigerated beef burgers have short shelf life due to the processing methods used,
their properties, chemical composition, and the potential for mutual contamination. In
addition, the oxidation of lipids during storage of refrigerated beef burgers leads to
discoloration, rancidification, offensive odors and reduced nutritional value. The short
shelf life of fresh beef burgers and the formation of oxidation products affect the quality
of beef burgers. Moreover, the use of chemical preservatives to protect beef burgers

from spoilage has a negative impact on human health.

1.13 Hypothesis

1. Essential oils of rosemary, thyme, and clove have antimicrobial activity on the
growth of the beef burger pathogenic and spoilage bacteria.

2. Antimicrobial active compounds of essential oils could substitute potassium
lactate as antimicrobial agent.

3. Antioxidant active compounds of essential oils could substitute butylated
hydroxytoluene (BHT) as antioxidant agent.

4. The shelf life of beef burger could be extended using EOs of different

aromatic herbs as natural preservatives.
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1.14 Objectives

The objectives of this study were:

1. To measure the antimicrobial activity of essential oils of thyme, clove, and
rosemary on most common bacteria found in beef burger.

2. To determine the optimum concentration of essential oil which reduces
microbial growth or retard oxidation in refrigerated beef burger.

3. To substitute the use of synthetic preservatives by natural preservatives from
essential oils.

4. To increase the shelf life of beef burger from four days to seven days by
inhibit microbial growth and retard lipid oxidation by adding natural
preservatives (essential oil).

5. To compare the effect of natural and synthetic preservatives during the storage
time of refrigerated beef burger.

6. To produce natural meat product (refrigerated beef burger) without addition of

chemical preservatives.
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Chapter Two: Literature Review

2.1 Antimicrobial activity of essential oils in meat and meat products.

Many microbes are beneficial, but some can cause illness or even death after eating
contaminated food (Abebe et al., 2020). Several preservation methods have been
developed to ensure the microbial safety of food, as well as its nutritional value and
sensory characteristics (Quinto et al., 2019). Those methods sometimes have
undesired effects on the nutritional and/or organoleptic aspects of food, the use of
natural antimicrobial food preservatives could ensure the safety and quality of food
being an alternative to other systems of preservation such as chemical or thermal

ones.

Intoxication, cancer, and other degenerative disorders are linked to the usage of
synthetic preservatives and chemical additives. As a result, public concern has grown,
as has the desire to eat healthier products that use natural preservatives rather than
chemicals and synthetic preservatives. This necessitates the search for conservation
alternatives with similar antibacterial characteristics and food compatibility (Laranjo

etal., 2017).

Essential oils and their components have become increasingly popular as present
antimicrobial and antioxidant agents. Many recent studies are conducted to estimate
the effect of EOs obtained from sources like oregano, rosemary, thyme, sage, basil,
turmeric, coriander, ginger, garlic, nutmeg, clove, mace, savory, and fennel, so as to

enhance the sensory qualities and extend the shelf life of meat and meat products
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(Goulas & Kontominas, 2007; Jayasena & Jo, 2013). Generally, essential oils can
consist of more than 60 individual organic components with low molecular weights

and large differences in antimicrobial and antioxidative activities (Burt, 2004).

The antimicrobial effect of thyme essential oil at supplementation levels of 0.3%,
0.6%, and 0.9% against Escherichia coli O157:H7 has been examined in minced beef
meat by Solomakos et al. (2008). However, the results showed that, EO at 0.3%
possessed a weak antibacterial activity against the pathogen. On the other hand,
treatment of minced beef meat with EO at 0.6% showed an inhibitory activity against
E. coli O157:H7 during storage at 10 °C, but not at 4 °C. The same study indicated
that treatment of minced beef meat at 0.9% showed unacceptable organoleptic

properties in minced meat.

Sheeladevi and Ramanathan (2012) investigated the antibacterial activity of plant
essential oils against five types of food-borne bacteria. Antimicrobial activity of
essential oils of cinnamon, clove, oregano, rosemary and thyme against
Campylobacter sp., Listeria sp., Yersinia sp., Salmonella sp. and Pseudomonas sp.
has been studied. Most essential oils have shown high antibacterial activity against all
bacteria in food. Among the essential oils studied, clove, cinnamon, and thyme were

better able to inhibit all five types of bacteria in food.

Selim (2011) tested the antimicrobial activity of clove and thyme essential oils with
concentrations of 0.5% and 1%, against Escherichia coli O157:H7 in minced beef
meat stored at 7°C for 14 days, he showed that, thyme was active against bacteria, but

clove didn’t show any effect.
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Alsaigali et al. (2016) assess the antibacterial activity of three different
concentrations (0.3, 0.6, and 1.2%) of thyme essential oils against Staphylococcus
aureus, Salmonella, Pseudomonas aeruginosa, and E. coli. Bacterial species were
artificially inoculated into beef burgers stored at 4 £ 1 °C for 4 days. The results
showed that high concentrations of thyme EO (0.6 and 1.2%) had a better reduction

effect on bacterial counts compared with low concentrations (0.3%).

Most of the essential oils are regarded as safe, and the use of essential oils and their
component as natural preservatives in food reduces the count of yeast cells, in
addition, essential oils prevent or reduce the growth of molds (Krisch et al., 2011).
Also, Plant-derived EOs have shown remarkable antimicrobial potency against
spoilage and pathogenic microorganisms in meat and meat products (Jayasena & Jo,

2013).

Laranjo et al. (2017) found that, the use of essential oils in food preservation has an
antimicrobial activity against a wide range of microorganisms, which generally
attributed to the phenolic compounds owned by EOs. Moreover Kassem et al. (2011b)
studied the improvement of the quality and stability of the burgers by adding thyme
EO at different concentrations (0.02, 0.04, and 0.06%) which was stored at a
temperature of 5 °C. The results revealed that, samples treated with 0.04 and 0.06% of
thyme EO revealed significant reduction of microbial load after 12 days of storage as
compared with the control samples. In addition, thyme essential oil at a concentration

of 0.06% improves sensory quality of treated samples.
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The antibacterial effects of thyme EO supplemented at 0.3, 0.6, and 0.9% levels
against E. coli O157:H7 were studied in ground beef by Solomakos et al. (2008b),
treatment of ground beef sample with thyme EO (0.6%) inhibited the growth of E.
coli O157:H7 during storage at 10 °C . In addition, Marino et al. (2001) reported that
clove, rosemary and thyme essential oils had a high inhibitory effect, especially

against gram-positive bacteria.

Shaltout and Koura (2017) studied the effectiveness of thyme oil on microbial growth
at different concentrations (0.5%, 1.5%, 2%) as a natural preservative to increase the
shelf life of minced meat stored at 2°C for 12 days. The results showed that, the
treated samples induced a decrease in microbial growth compared with the control
sample. Moreover, thyme oil added at 2% concentration showed the best value

compared to other EOs used in this study.

Fratianni et al., 2010 evaluated the effect of thyme essential oil on the stored fresh
chicken breast meat for 3 weeks at 4°C. They found that thyme essential oil reduced
the microflora which is naturally present in meat. They noticed that the total microbial
content was also reduced by 50% compared to the control sample. In addition, a clear
effect on the growth of lactic acid bacteria was noted, while thyme essential oil

effectively inhibited the growth of Escherichia coli.

2.2 Antioxidants activity of essential oils in Meat and Meat Products
Antioxidants are substances that help slow the oxidation of molecules by inhibiting
the ongoing formation of free radicals (Fennema, 1996). It can bind to metals and

remove species that initiate or sustain oxidation. Antioxidants can also quench high-
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energy oxygen species and prevent peroxide formation. Finally, antioxidants break
down lipid peroxides and improve the stability of both meat color and flavor (Brewer,

2008).

In the food industry, especially meat industry, researchers are in continuous search of
natural solutions for minimization of oxidative rancidity and extension of the shelf-
life of meat products as alternatives of synthetic antioxidants such as BHT and BHA

(Horbanczuk et al., 2019; Naveena et al., 2008).

Natural antioxidants are commonly found in foods and herbal medicines. These
natural antioxidants, especially polyphenols and carotenoids, have many biological
effects, including anti-inflammatory, anti-aging, anti-atherosclerotic, and anti-cancer.
Proper evaluation of antioxidants in food and herbal medicine is essential to explore
potential sources of antioxidants and promote their application in functional foods,

pharmaceuticals and functional foods (Xu et al., 2017).

Antioxidants have been used in the food processing industries as means of preventing
oxidation, improving taste, aroma, and colour. Although synthetic antioxidants such
as butylated hydroxytoluene (BHT) can have adverse effects on human health, they
are still widely used in the food processing industries (Admassu & Kebede, 2019). As
a result, essential oils of plant origin and spices have become well known as a natural
substitute for compounds of synthetic origin. (Cardoso-Ugarte & Sosa-Morales,

2021).
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Youssef (2014), compared the effects of adding rosemary and clove extracts with
BHA/BHT, on lipid oxidation of fresh beef burger during refrigerated storage at
4+1°C for 15 days. He observed a significant reduction in TBARS values for all
treated samples compared with control sample. The study also showed that, TBARS
values were significantly low in rosemary extract and clove extract than BHA/BHT
treated samples. According to these results, rosemary and clove extracts could be used
in place of synthetic antioxidants. In another study carried by Laranjo et al. (2017),
they found that the use of essential oils in food preservation have antioxidant activity,

generally attributing this to the phenolic compounds owned by EOs.

The antioxidant activity of rosemary lyophilized extract (RLE) was estimated in
chicken burger stored at 4 °C for 21 days. The RLE showed strong antioxidant
capacity and inhibited 48.29% of lipid oxidation in comparison to the control with

low production of malonaldehyde (Pereira et al., 2017).

Alsaigali et al. (2016), evaluated the activity of antioxidant effect of thyme essential
oil at different concentrations (0.3, 0.6 and 1.2 %) in beef burger stored at 4+1°C for 4
days. The results indicated that, high concentration of thyme oil (1.2 %) reduced the
values of thiobarbituric acid (TBA) compared to the control sample. Additionally,
Kassem et al. (2011b) studied the improvement of the quality and stability of
refrigerated burgers by using thyme EO at different concentrations (0.02, 0.04, and
0.06%). They found that, the storage time significantly affected the thiobarbituric acid
(TBA) values, as treated samples with thyme EO showed lower values of TBA

compared with the control samples.
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The effectiveness of thyme essential oil at different concentrations (0.5, 1.5, and 2%)
as natural antioxidants was evaluated in a study conducted by Shaltout and Koura
(2017) on a minced meat stored at 2°C for 12 days. The obtained results showed that

thyme oil reduced the rate of oxidation thus increasing the shelf life of the product.

Zahid et al. (2019) compared the effects amongst butylated hydroxytoluene (BHT)
and clove extract (CE), as antioxidants on the oxidative stability in fresh beef patties
during refrigerated storage. The study showed that addition of BHT and CE to patties
significantly restrained lipid oxidation respect to the control sample. Furthermore, CE
as a natural antioxidant evinced its efficiency in term of oxidative stability of fresh
beef patties. The same study concluded that CE could substitute the use of BHT when

making beef patties during storage.
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Chapter Three: Materials and Methods

3.1 Materials:

3.1.1 Essential oils

Different Essential oils (analytical grade) were purchased from Al-shams Company
(Nablus, Palestine).

These essential oils are:

1. Thyme oil (Thymus vulgaris)

2. Clove oil (Syzygium aromaticum)

3. Rosemary oil (Rosmarinus officinalis)

3.1.2 Chemicals and microbiological media

All chemicals used in this investigation were of analytical reagent grade.
Thiobarbituric  acid, trichloroacetic acid, Hydrochloric acid, Butylated
hydroxytoluene, and Potassium lactate were purchased from Sigma Aldrich
(Germany). While microbiological media including Plate Count Agar, Violet Red Bile
Agar, Baird Parker Agar, and Eosin Methylene Blue were also purchased from (Oxoid

Company).

3.2 Methods:

3.2.1 Preparation of beef burger samples

The packed vacuum frozen boneless beef was obtained from Siniora Food Industries
Company (Jerusalem-Palestine). Meat was thawed until it reached - 5°C degree at its

core, then the plastic cover was removed, and the meat was minced into sizes of 4
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mm. Fat ingredient, was minced by the aid of mincer machine into 4 mm and mixed
in with the other ingredients. The mixture was then mixed and homogenized for about
four minutes. After that, beef burger was divided into nine Formulas (1.5 kg each):
one formula remained as negative control (without antimicrobial or antioxidant

agents) and the rest eight were treated and prepared as follows:

Formula 2- added with antioxidant positive control (100 ppm Butylated
hydroxytoluene).

Formula 3- added with antimicrobial positive control (2 % potassium lactate).
Formula 4- added with 1% rosemary essential oil (REO).

Formula 5- added with 1.5 % REO.

Formula 6- added with 1 % thyme essential oil (TEO).

Formula 7- added with 1.5 % TEO.

Formula 8- added with 1 % clove essential oil (CEO).

Formula 9 -added with 1.5 % CEO.

The samples then chilled to 0°C, shaped into patties (90g per patty), packed in plastic
bags, and closed tightly before being stored in the refrigerator at 4°C for 7 days (study

period).
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Figure 3. 1 Preparation of beef burger patties.

3.2.2 Microbial analysis

The microbial analysis performed was total plate counts (TPC), total coliform (TC),
and Staphylococcus aureus. Peptone water and Plate Count Agar were sterilized by
autoclaving at 121°C for 15 min. Violet Red Bile Agar (VRBA) used for
determination of coliform counts was sterilized by boiling. S. aureus analysis was
performed using Baird-Parker Agar. The media used were prepared and sterilized

according to the guidelines given by the manufacturers.

3.2.2.1 Total plate count determination

Briefly, 10 g beef burger sample was added into 90 ml peptone water then thoroughly
homogenized using stomacher, the prepared sample at 10t was used for all microbial
determination (TPC, TC and Staphylococcus aureus). Appropriate decimal dilution

up to 107 of samples were pour-plated with 15 ml of PCA in triplicate, the poured
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plates were allowed to solidify and incubated in inverted positions at 37 °C for 36 h
(Adam & Abugroun, 2010). Colony counts for microbiological tests were made using

colony counter (Gerber, Colony Star 8500).

3.2.2.2 Total Coliform count

From the same prepared sample for TPC, appropriate decimal dilutions (101-10%) of
beef burger samples were pour-plated on 15 ml VRBA. The medium was allowed to
solidify before incubating at 37 °C for 24 h. Typical dark red colonies were

considered as coliform colonies (Firstenberg-Eden et al., 2004).

3.2.2.3 Staphylococcus aureus count

Appropriate decimal dilutions (102-10"%) of beef burger samples were pour-plated on
15 ml Baird Parker Agar. The medium was allowed to solidify before incubating at 37
°C for 24 h. At the end of the incubation period, the colonies were counted and their

numbers were determined (Shahbazi & Shavisi, 2018).

For microbial assay, colony counts between 25 and 250 were used for calculating the
number of colony-forming units (CFU) per gram of sample according to the formula,
colony count = n * 1/V * 1/d (Shewail et al., 2018). Where n is the number of
colonies counted per plate, V is the volume of inoculum in each plate (ml), and d is
the dilution factor used to determine the colony count. The average number of the
countable colonies after the incubation time of the triplicate plates was used for the

calculations.
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3.2.3 Chemical analysis

A thiobarbituric acid reactive substances (TBARS) assay was performed to determine
the oxidative stability of refrigerated beef burgers as described by Aytul (2010). For
analysis, 5 g of sample was placed in a beaker containing 50 ml of 0.38% TBA and
15% trichloroacetic acid prepared in 0.25N HCI solution. The sample was
homogenized (IKA T-25 Ultra Turrax Homogenizer) at 10,000 rpm for 3 min., and
three 15 ml aliquots from the homogenate were heated in a boiling water bath for 1
hour to develop a pink color and cooled in tap water. The boiled samples were then
clarified by centrifugation (Labnet International C0226R) at 5000 rpm for 10 min.,
and absorbance was measured at 532 nm using a spectrophotometer (Jenway 74
Series Spectrophotometer). Higher oxidation of the beef burger sample indicates
higher absorbance. An average of three absorbance values were used to determine the
oxidative stability of the refrigerated samples (Aytul, 2010; Bekhit et al., 2003). On
the calibration curve, the absorbance of malondialdehyde (MDA) at various
concentrations (1-15 ppm) was used to determine the amount of oxidation products
(mg MDA / kg beef burger sample). The pH measurement of beef samples was

determined using a pH Meter (Hanna HI 2210) according to Ouerfelli et al. (2019).

3.3  Data analysis

The data were expressed as mean + SD, statistical analysis was performed with one-
way analysis of variance (ANOVA), followed by LSD’s fisher test and letters of mean
separation. A p value of less than 0.05 (p < 0.05) was considered statistically
significant. The statistical analysis was performed using the Sigma Stat software

(version 2.03).
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Chapter Four: Results

4.1 Antimicrobial Activities of essential oils on Beef burger patties

4.1.1 Effect of essential oils on total plate count of beef burger patties

All burger samples that were kept for 7 days at 4°C showed an increase in bacterial
growth from the first day until the seventh day. However, negative control sample
showed the numerous developments of bacterial growth compared to treated samples
which showed a very clear decrease in microbial growth during the preservation

period.

Similar effect of each of essential oils against microbial growth (Table 4.1) was
observed as follows, TEO at a concentration of 1% and 1.5% led to a reduction in
microbial growth by 69% and 71%, respectively. As for REO, at a concentration of
1% and 1.5%, it reduced microbial growth by 70% and 65%, respectively. In
consequence, CEO at a concentration of 1% and 1.5% had its effect on reducing
microbial growth by 69% and 63%, respectively, compared to the negative control,
and the results also showed that the burger sample with potassium lactate had the
lowest microbial growth at seven days. The results (Table 4.1) summarized that all
essential oils used in this study led to a reduction in microbial growth in the burger
samples, without any significant differences between the concentrations of these oils

and without any significant difference according to the potassium lactate.
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Table 4. 1 Microbial analysis of total plate count content (cfu/gm) in beef burger
during 7 days at different essential oil concentrations.

Treatments 0 day 4 days 7days
Negative control | 1.6E+04+7.8E+02e | 7.1E+04+3.6E+03 b | 24E+04 +2.5E+04 a
P.L2% 1.6E+04+7.8E+02 e | 1.7E+04+1.1E+03 e | 5.3E+04+4.9E+03c,b
TEO 1% 1.6E+04+7.8E+02 e | 2.3E+04+£1.5E+03 e | 7.1E+04+1.1E+04 b
TEO 1.5% 1.6E+04+7.8E+02 e | 1.8E+04+1.7E+03 e | 8.5E+04+1.1E+04 b
REO 1% 1.6E+04+7.8E+02 e | 4.9E+04+3.6E+03c,b | 7.3E+04+7.0E+03 b
REO 1.5% 1.6E+04+7.8E+02 e | 3.5E+04+2.0E+03d | 7.1E+04+3.2E+03 b
CEO 1% 1.6E+04+7.8E+02 e | 1.3E+04+1.2E+03 e | 9.0E+04+5.6E+03 b
CEO 1.5% 1.6E+04+7.8E+02 e | 0.9E+04+4.0E+02e | 7.3E+04+2.5E+03 b

- Small letters (a-e) indicates significant differences in number of total bacterial count
among samples during storage time, LSDs= 21860

4.1.2 Effect of essential oil on total coliform count of beef burger patties

Microbial growth of coliform bacteria in all treated and untreated burger samples,

which were kept for seven days at a temperature of 4 °C, increased with the progress

of storage up to the seventh day. The highest value appeared in the burger sample

containing 1% TEO, while the lowest value was determined in the burger sample

containing potassium lactate (Table 4.2).

The results showed that CEO had a clear effect on reduction of microbial growth in

both concentrations (1 and 1.5%). Nevertheless, treatment of beef burger with 1.5%

CEO showed greater inhibitory action compared with that obtained for beef burger

treated with 1% CEO (Table 4.2). A concentration of 1% and 1.5% CEO reduced




microbial growth by 80% and 95% respectively compared with the negative control
sample. Moreover, 1% and 1.5% REO, had an effect on reducing the microbial count
by 10% and 14%, respectively, compared to the negative control sample. Whereas,
thyme essential oil, at a concentration of 1.5%, reducing the total number of coliform

bacteria by 13%, compared to the negative control (Table 4.2).

In comparison with the potassium lactate added burger sample, there is no significant
difference between PL and CEO at a concentration of 1.5%. Also, there is no
significant difference between TEO and REO at the same concentration, while 1%
concentration of TEO had no effect on microbial growth. The results indicate that
CEO at both concentrations had the most effect on reducing microbial growth

compared to the negative control sample and the rest of the other samples.

Table 4.2 Effect of essential oils (thyme, rosemary, and clove) at concentrations
(1%and 1.5%) on total coliform (cfu/gm) in refrigerated beef burger after 7 days
of storage.

Treatment 0 day 4 days 7 days
Negative Control 1.5E+01+1j 38E+02+265 e 5.5E+03+306 b
P. L 2% 1.5E+01+1 3.1E+02+31 | 0.09E+03+10 |
TEO 1% 1.5E+01+1 | 8.8E+02+125 h,i | 8.0E+03+0.0a
TEO 1.5% 1.5E+01+1 | 5.3E+02+61 i,j 4.8E+03+322 d
REO 1% 1.5E+01+1 | 36E+02+153 e 5.0E+03+400 ¢
REO 1.5% 1.5E+01+1 | 21E+02+252 f 4.8E+03+100d
CEO 1% 1.5E+01+1 3.0E+02+29 1.1E+03%58 g,h
CEO 1.5% 1.5E+01+1 | 2.1E+02+21 0.27E+03%26 |

- Small letters (a-j) indicates significant differences in number of total bacterial count
among samples during storage time, LSDs= 348
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4.1.3 Effect of essential oil on Staphylococcus aureus count of beef burger patties

The effect of different essential oil on the Staphylococcus aureus during 7 days of
storage of refrigerated beef burger at 4 °C was shown in (Table 4.3). The results
indicated that, the growth of Staphylococcus aureus in all samples increased
significantly during the period of storage. However, the highest value was obtained
from the beef patties of control sample, and the lowest value was in beef patties

treated with 1.5% CEO at seventh days.

It was found that, CEO at a concentration 1% and 1.5% significantly reduced the
number of colonies by 15% & 54% respectively after 7 days of storage compared with
the negative control sample (Table 4.3). Also, TEO at concentration 1% and 1.5%
were significantly reduced the number of colonies by 22% & 35% respectively after 7
days of storage compared with the negative control sample. In addition, the clove at
1.5% concentration significantly reduced the number of colonies by 36% compared

with potassium lactate after 7 days of storage.

Thyme essential oil at concentrations 1% and 1.5% didn’t significantly affect the S.
aureus growth compared with potassium lactate. However, REO didn’t significantly
affect the microbial activity at both concentrations compared with negative control.
The results revealed that CEO at concentration 1.5% reduced the microbial activity of
S. aureus by 54% compared of negative control after 7 days of storage, also, there is
significant difference between it and all treated samples. Clove and thyme EOs are
both natural substances that are not harmful when consumed in medicine and food

products.
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Table 4.3 Effect of essential oils of medicinal plants (thyme, rosemary, and clove)
at concentrations 1% and 1.5% on total count of Staphylococcus aureus (cfu /gm)
in beef burger after 7 days of storage.

Treatments 0 day 4 days 7 days
Negative Control | 1.9E+02+21 f 3.5E+02+32 d,e 6.4E+02+40 a
P.L 2% 1.9E+02+21 f 3.2E+02+30d,e 4.6E+02+23 c,d
TEO 1% 1.9E+02+21 f 2.8E+02+21 e 5.0E+02+30 b,c
TEO1.5% 1.9E+02+21 f 2.7TE+02+25 e 4.2E+02+25 c,d
REO 1% 1.9E+02+21 f 3.1E+02+30d,e 6.2E+02+105 a,b
REO 1.5% 1.9E+02+21 f 3.8E+02+65 d 5.9E+02+47 a,b
CEO 1% 1.9E+02+21 f 3.1E+02+31d,e 5.4E+02+57 b,c
CEO 1.5% 1.9E+02+21 f 2.3E+02+31 e,f 2.9E+02+25 e

- Small letters (a-f) indicates significant differences in number of total bacterial count
among samples during storage time, LSDs=83

4.2 Antioxidant activity of different essential oils on beef burger patties

The TBA test has been widely used to measure lipid oxidation in meat and meat
products (Hu et al., 2010). Essential oils of thyme, rosemary, and clove were added to
refrigerated beef burger as natural antioxidant in two concentrations (1% and 1.5%).
The oxidative stability of beef patties was examined by conducting thiobarbituric acid
reactive substances (TBARS) assay. Absorbance obtained from these assays at 532
nm, were then used to calculate amount of oxidation by TBARS. Results are given in

Table (4.4) as mg of MDA/ kg beef burger.

The initial TBARS value of refrigerated beef burger was determined as 3.27 mg
MDAV/kg beef burger. Although the level of lipid oxidation was increased in all
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samples during the study period it was noticed that treatment with essential oils
reduced the lipid oxidation of beef burger by different percentages, the best

antioxidant activity was obtained from beef sample treated with 1.5 % CEO.

The results of the oxidation test for beef burger samples kept at a temperature of 4°C
for a period of 7 days, in which the amount of MDA/kg was measured using the
TBARs method (Table 4.4), showed that, all samples had the oxidation developed,
and this was evident by the increase in the amount of MDA compound produced
during the study period. However, some essential oils used in this study led to reduce
oxidation compared with the negative control sample, whereas, clove essential oil at a
concentration of 1% and 1.5% was the most effective in oxidation reduction by 24%

and 35%, respectively compared to the negative control sample.

Thyme essential oil, at a concentration 1% and 1.5%, reduced the percentage of
oxidation by 14% and 31%, respectively compared with the negative control sample.
Compared with BHT, CEO and REO at a concentration of 1.5% were better than BHT
by 13% and 7%, respectively. Also, there is no significant difference between BHT
and CEO at a concentration of 1%. Results showed that REO at both concentrations

did not show any effect on reducing oxidation.
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Table 4.4 Oxidation products of refrigerated beef burger samples treated with
different concentrations of essential oils (1%, and 1.5%) determined by TBARS

(mg MDA/ kg) method.

Treatments 0 day 4 days 7 days
Negative control 3.27£0.19 ] 12.78+0.15 g 26.34+0.51 Db
BHT 100 ppm 3.27£0.19 5.37£0.511i 19.64+1.26 d,e
TEO 1% 3.27£0.19 11.82+0.51 g 22.78+£1.09 ¢
TEO 1.5% 3.27£0.19 11.40+0.32 g 18.26+0.95 e, f
REO 1% 3.27£0.19 12.53+0.63 g 28.52+1.19 a
REO 1.5% 3.27£0.19 11.94+0.32 g 28.69+1.12 a
CEO 1% 3.27£0.19 ] 6.92+0.44 h 19.98+1.02 d
CEO 1.5% 3.27£0.19 ] 5.87£0.19 i 17.17+0.07 f

Small letters (a-j) indicate differences in the amounts of oxidation products for control
samples and treated samples (1%, and 1.5%) at each storage time, LSDs=1.58

4.3 Changes in pH of beef burger patties.

Storage time affected all the treatments by changing the pH values during the storage
period with a slight effect. Lowest pH was found for the sample with potassium
lactate with a pH of 5.86. It was shown in (Table 4.5, and Figure 4.1), that pH of P.L
sample changed more on day 7 than other stored samples. Similar results were
obtained for BHT treated sample showing a decrease in pH value (5.98) after 6 days
of storage. The treated samples with essential oils didn’t show significant difference

compared with negative control sample.
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Table 4. 5 pH of refrigerated beef burger samples (controls and treated samples)

Treatments 0 day 4 days 7 days
Negative control 6.03+0.04 b,c 6.02+0.02 b,c 6.02+0.04 b,c
P.L 2% 6.03+0.04 b,c 5.83+0.03 e 5.86+0.04 d,e
BHT 100ppm 6.03+0.04 b,c 5.97+0.03 ¢ 5.98+0.09 ¢
TEO 1% 6.03+0.04 b,c 5.94+0.04 c 6.05+0.05 b,c
TEO 1.5% 6.03+0.04 b,c 6.05+0.05 b,c 6.03+0.04 b,c
REO 1% 6.03+0.04 b,c 6.19+0.04 a 6.03+0.04 b,c
REO 1.5% 6.03+0.04 b,c 6.16+0.05 a 6.05+0.03 b,c
CEO 1% 6.03+0.04 b,c 5.98+0.14 ¢ 6.02+0.03 b,c
CEO 1.5% 6.03+0.04 b,c 6.21+0.02 a 6.03+0.02 b,c

Small letters (a-e) indicate differences in the pH values of products for control sample
and treated samples (1%, and 1.5%) at each storage time, LSDs=0.07
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Figure 4. 1 pH values of refrigerated beef burger samples at zero and 7 days.
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Chapter Five: Discussion

5.1 Microbial activity

Total plate count, total coliform, and Staphylococcus aureus count of the three
different essential oils (TEO, REO, and CEOQO) are given in Tables (4.1-4.3)
respectively. Plenty of spices and herbs exert antibacterial influences due to their
essential oil fractions. Studies revealed that the essential oils from plants like thyme,
sage, rosemary, clove, garlic, and onion show antimicrobial activity against both
bacteria and molds (Fu et al., 2007; Sahalie et al., 2018). The antimicrobial activity of
the plants varies depending on the composition, structure and functional groups of the

oils (Bhavaniramya et al., 2019).

The phenolic compounds present in essential oils are responsible for their
antimicrobial activity (Medina et al., 2006; Silva et al., 2012). The mechanism of
action of phenolic compounds on bacterial cell has been partially attributed to interact
with protein membranes, causing deformation in their structure and interfering with
their functionality (Alvarez-Martinez et al., 2020). In addition, Nieto (2020) reported
that carvacrol and thymol are capable of inactivating essential enzymes, reacting with

cell membranes and altering genetic material.

Essential oils of clove, thyme, and rosemary were shown to possess strong
antibacterial activity against Salmonella typhi, Staphylococcus aureus, and
Pseudomonas aeruginosa (Conner, 1993). Furthermore, clove and rosemary essential
oils showed antibacterial effect against meat spoilage pathogenic bacteria (Gonelimali

et al., 2018; Ouattara et al., 1997; Sharafati Chaleshtori et al., 2015). Our results agree
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with the findings of Xu et al. (2016), who showed that clove essential oil exhibited
strong antibacterial activity against Staphylococcus aureus. These results might be
attributed to the presence of phenolic compounds such as carvacrol, eugenol and
thymol that are able to inhibit bacterial growth (Kim & Wei, 1995; Ojagh et al.,

2011).

Radlnz et al. (2019) reported that, clove essential oil showed inhibitory effect up to
the concentration of 0.304 mg/ml against S. aureus, E. coli, L. monocytogenes and S.
typhimurium bacteria. Thus, this effect was independent of the characteristics of the
microorganism membranes. The action of clove essential oil is ascribed to the
presence of eugenol which promotes the rupture of the bacterial cytoplasmic
membrane, so increasing its permeability and allowing the extravasation of the ions
and the loss of intracellular proteins, causing bacterial death (Devi et al., 2010;

Radnz et al., 2019; Sharafati Chaleshtori et al., 2015).

Thyme essential oils exhibit antimicrobial activities against a wide range of
pathogenic microorganisms (Cai et al., 2019). Many studies have demonstrated that,
carvacrol and thymol possess potent antibacterial agents against both Gram-positive
and Gram-negative bacteria (Kachur & Suntres, 2020). Ghaderi-Ghahfarokhi et al.
(2016) studied the antimicrobial activity of thyme essential oil and they showed that
thyme essential oil had an effect on reducing the microbial growth of Staphylococcus

aureus bacteria in refrigerated beef burgers.
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Treatment of minced beef with 1% TEO inhibited E. coli O157:H7 growth during
storage at 7°C (Selim, 2011). Similar action of TEO against E. coli O157:H7 was
previously confirmed in vitro at temperatures higher than that of refrigeration (Burt &
Reinders, 2003; Imelouane et al., 2009). It was found that, the major phenolic
compound of thyme essential oil (ie, thymol, and carvacrol) are primarily responsible
for their significant antimicrobial activity against bacterial growth (Kachur & Suntres,

2020).

Thyme essential oil effectively inhibited the growth of Escherichia coli and lactic acid
bacteria in chicken breast meat stored at 4°C. This prevents the chicken meat spoilage

and extends the shelf life of the fresh product (Fratianni et al., 2010).

Thymol is the major component of TEO which is structurally similar to carvacrol
having hydroxyl group at a distinct position on the phenolic ring (Mousavian et al.,
2021). It is evident that the interaction of thymol affects membrane permeability
which in turn causes loss of membrane potential, leakage of K*ions, and ATP and
carboxy fluorescein (Jafri et al., 2019; Zhou et al., 2019). In addition to this, thymol
also interacts with periplasmic proteins by hydrophilic and hydrophobic interactions

(Jafri et al., 2019).

The rosemary essential oil inhibitory effects on total coliform during the study period
shown in (Table 4.2). The inhibitory activity of rosemary essential oil was
significantly lower than clove essential oil. Our results agree with the finding of
Canillac and Mourey (2001) who reported that rosemary essential oil rich in

monoterpenes, are permissive for the growth of E. coli and E. aerogenes. However,
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these bacteria are susceptible to essential oils containing large amounts of phenolic

and oxygenated compounds.

5.2 Chemical analysis

Lipids oxidation considered a major cause of deterioration in the quality of muscle
foods and can directly affect many quality characteristics such as flavor, color,
texture, nutritive value, and safety of the food (Bienkiewicz & Kotakowska, 2003;
Gallo et al., 2012; Youssef, 2014). Phenolic compounds are important dietary
components and they have antioxidant activity as well as other health benefits.
Epidemiological evidence suggests that a diet high in antioxidant fruits and vegetables
reduces the risk of many oxidative stress-related diseases, cancers, diabetes, and
cardiovascular diseases (Kumar & Goel, 2019). The number and position of the
hydroxyl groups in a particular phenolic compound leads to the variation in their
antioxidant potential (Balasundram et al., 2006). Furthermore, phenolic acids are
found ubiquitously and well documented for other health protective effects like
antimicrobial, anticancer, anti-inflammatory, and anti-mutagenic (Kumar & Goel,
2019). The major component of the clove oil includes eugenol, and eugenol acetate
whereas the minor constituent includes vanillin, tannins, the constituents like methyl
amyl ketone, and methyl salicylate add up to the characteristic pleasant odours

(Kumar et al., 2021).

Our findings (Table 4.4) is consistent with Kong et al. (2010), who observed that
clove extracts are highly effective antioxidants in cooked pork patties and stabilized
red color (myoglobin) during refrigerated storage. The results indicate that an
increasing of clove essential concentration from 1% to 1.5% leading to decrease the
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oxidation rate of beef burger. These results could be related to the amount of hydroxyl
groups within the phenolic structures of constituents present in clove essential oil. It is
assumed that inhibition of lipid oxidation and hydrogen donor ability is enhanced with

the increasing amount of hydroxyl groups (McDonald et al., 2001).

In this study, the antioxidant activity of clove and thyme EOs at concentration of
(1.5%) showed significantly inhibition compared to BHT which agreed with Jirovetz
et al. (2006) who investigated that the antioxidant property of phenolic compounds
surpass the activity of synthetic antioxidant such as BHT. Moreover, other researchers
found that ethanol extract of the clove buds exhibit remarkable scavenging activity,
compared with synthetic antioxidants such as butylated hydroxyl toluene (Nassar et
al., 2007). Such findings may be attributed to the high antioxidant effect of thyme
essential oil, which is related to the scavenger nature of its flavonoids and phenolic
content as apigenin, luteolin, thymonin, carvacrol, 1,8-cineole, and thymol (Kassem et
al., 2011a). Our results in (Table 4.4), also steady with Ghaderi-Ghahfarokhi et al.
(2016) that showed a significant improvement in the reduction of thiobarbituric acid
reactive substances (TBARS) amount for thyme essential oil treated burgers in

comparison with control samples after 8 days of chilled storage.

The role of the antioxidants is to neutralize the free radicals in biological cells, the
free radicals having a negative impact on living organisms. A special role in
neutralizing the effects of the oxidative stress related to the presence of free radicals is
played by the enzyme called superoxide dismutase (Munteanu & Apetrei, 2021).
Hence, the use of natural antioxidants in meat products appears as a good option to

reduce the consumption of synthetic additives, since they are widely consumed by the
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general population without showing signs of low toxicity, besides carrying out

functional activities beneficial to human health.

The effect of natural and synthetic antioxidants on pH values of beef burgers stored at
4 °C for 7 days is presented in (Table 4.5). At zero day, the pH of the controls and all
tested samples had the values (6.03). The pH values of all treatments with essential
oils were similar therefore, it was not affected by essential oil addition. These results
are in agreement with the results obtained by Mohamed and Mansour (2012) which
reported that, addition of natural herbal extracts to beef patties did not significantly
change the pH values of all formulas after preparation and during storage. However,
after the storage period, the pH values of beef burger samples treated with potassium

lactate and BHT decreased to 5.86 and 5.98, respectively.
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Chapter Six: Conclusion and Recommendations

In the last few decades, consumers are demanding healthy safe food with least
concentration of synthetic food additives and least heat treatment. There are many
ongoing studies on the biological properties of essential oils for their possible use as
alternatives to synthetic antioxidant such as BHT. EOs which have a wide spectrum of
antimicrobial activity are major source of polyphenols, which can be used in many
types of food such as meat products as an alternative to chemical preservatives. In this
study, three types of essential oils have been used for detection of their antibacterial
activity against total plate count, total coliform, and S. aureus. Antioxidant activity of

the EOs was also studied using TBARS test.

All EOs exhibit antibacterial activity, clove was amongst the strongest. These
activities are mainly attributed to the presence of the active compounds in their
compositions. An increase in the clove and thyme essential oils concentrations lead to
a decrease in bacterial counts of S. aureus and total coliform. All essential oils, clove,
thyme, and rosemary have good antibacterial properties on total plate count without
significant difference between the two concentrations (1% and 1.5%). This means that
there is no point in using a high concentration of oils, thus, the lower concentration
(1%) can be used. Although the results clearly indicated that rosemary essential oils
showed a reduction in total plate count and total coliform, it showed no effect on

growth of S. aureus.

The clove and thyme provided the best antioxidant protection against beef burgers

deterioration during 7 days of storage at 4°C. Moreover, clove at 1.5% was superior to
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BHT in inhibiting the lipid oxidation. However, rosemary essential oil demonstrated a
decrease in their antioxidant capacity. In conclusion, the application of essential oils
on beef burger reduces the microbial growth and delayed oxidative deterioration, thus
can be used as alternatives to synthetic preservatives to increase the shelf life of

refrigerated beef burger.

Further studies on the essential oil compounds are needed to link the chemical
content with particular functional properties. Extraction of the active ingredients of
these oils or other oils and their applications as preservatives or antioxidants on food
may give appreciable results, further research is necessary to study if there is a

synergistic effect.
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